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properties of injection form of drugs
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Abstract. An in vitro experimental study was conducted to evaluate the antiradical and immu-
nomodulatory properties of injectable formulations containing 1% and 1.4% hyaluronic acid (HA)
for the prevention and correction of conditions associated with excessive free radical activity,
as well as the regulation of imbalances in oxidative-reduction processes and energy metabolism.
Materials and methods. The experiment utilized model systems generating reactive oxygen
species (ROS). To assess immunomodulatory effects, oxygen-dependent metabolism and ROS
generation by phagocytes were simulated. Parameters of oxygen-dependent metabolism in blood
were analyzed after adding 1% and 1.4% HA preparations, both in unstimulated and zymosan-stim-
ulated conditions. Results. Both HA-containing formulations significantly reduced ROS generation,
indicating their ability to neutralize free radicals and protect cells from oxidative stress. The anti-
oxidant and antiradical properties of HA correlated with decreased ROS production, suggesting
utility in mitigating oxidative damage. Additionally, the 1.0% and 1.4% HA preparations enhanced
immune response efficiency by elevating basal and stimulated phagocyte activity and improving
their functional reserve. Conclusion. The findings demonstrate the high efficacy of injectable
hyaluronic acid formulations (1% and 1.4%) in preventing and correcting conditions linked to ex-
cessive free radical activity and imbalances in redox processes and energy metabolism.

Key words: hyaluronic acid, phagocytic cells, neutrophils, oxidative processes, chemiluminescence,
periodontal tissue
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B cBoeM cocTase 1,0 1 1,4% rnanypoHOBOI KUCIOTbI, MOAENPOBANMN YCUIeHNE KNCTI0PO[03aBU-
cMmoro Metabonmsma parouuTtos u ux rerepaumio AQK, napameTpbl KNCI0pOA03aBUCUMOrO MeTa-
60/113Ma B KpOBY U3yyany Npu JobaBneHn NpenapaToBs, COAepXxallumx B ceoem cocTase 11 1,4%
r1anypoHOBOI KNCOTbI, HE CTUMYNTIMPOBAHHbIX 1 CTUMYNIMPOBAHHbIX 3UMO3aHOM. PesynbraTbl.
06a maTepuana, cogepallyx ruanypoHOBYI0 KUCIOTY, MPUBOAAT K 3HAUMTENIbHOMY CHIKEHWIO
reHepauuu AQK, uTo ABNAeTCA KpUTEpUEM ANs HeTpanu3aLmy cBOOOAHBIX PaJUKasoB 1 3aLiUThl
KNETOK OT NOBPEXAEeHUNA, BbI3BaHHbIX OKUCIUTENbHbIM CTPECCOM. AHTUOKCUAAHTHbIE 1 aHTUPaan-
KanbHble CBOMNCTBA NpenapaToB, COAePKaLLMX B CBOEM COCTaBe rnanypoHOBYIO KUCIIOTY, MPUBOAAT
K 3HAUMTeNIbHOMY CHIKeHWIo reHepauun ADQK, uTo MoXeT ObITb NONE3HO ANA HENTPanM3auum
CBOGOAHDIX PaAMKaNOoB 1 3aWUTbl KNETOK OT NOBPEXAEHUN, BbI3BAHHbIX OKUCIUTENIbHBIM CTPECCOM.
[Mpenapatbl, conepxalyme B ceoem coctase 1,0 1 1,4% rmanypoHOBOW KNCIOTbI, OKa3blBaOT NOS0-
XKuTenbHoe BnuAHMe Ha 3GPEKTUBHOCTb MMMYHHOTO OTBETA, YTO BbIPaXKaeTCA B MOBbILLEHUN KaK
6a3anbHoiA, TaK 1 CTUMYNMPOBAHHO aKTUBHOCTH, a TaKXKe B yBennyeHur GyHKLMOHANbHOIO pe-
3epBa daroynToB. 3aKntoHyeHue. [lonyyeHHble JaHHble YKa3biBalOT Ha BbICOKYIO 3OGEKTNBHOCTD
VHDbEKLMOHHbIX NpenapaTtos, cofepxalyux B ceoem coctase 1,0 n 1,4% ruanypoHOBON KUCNOTbI,
INA NpodUNAKTVKM 1 KOPPEKLMI COCTOAHUI, CBA3aHHBIX C U30bITOYHOI aKTUBHOCTbIO CBOOOAHBIX
PaZVKanos, 1 Ans Perynsauumn COCTOAHUIN, CBA3AHHbIX C JUCOanaHCOM OKNCUTEIbHO-BOCCTaHOBM-
TeNbHbIX MPOLIECCOB M SHEPreTMYeckoro meTabonmsma.

KnioueBble cnoBa: ranypoHoBas KICI0Ta, paroyutapHble KNeTKW, HeNTpodusibl, OKCUAATUBHbIE
NpPOLIeCChbl, XeMONIIOMUHECLEHLNA, NTAPOAOHT
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INTRODUCTION

Hyaluronic acid is a natural polysaccharide, an anionic
sulfate-free glycosaminoglycan, and is the main compo-
nent of the extracellular matrix and gingival fluid [1, 2], has
the ability to absorb water, swell in tissues [3], restore tissue
loss, is a powerful anti-inflammatory agent [4, 5], modulates
wound healing due to its ability to destroy reactive oxygen
species formed as a result of the activity of inflammatory
cells [2, 6, 7]. Tt is capable of stimulating the generation
of active forms of oxygen by phagocytes, which ensures
the effective implementation of the immune response, since
oxidative processes are an important link in the biocidal ap-
paratus of the cellular link of the immune system [8]. Hyal-
uronic acid can regulate the inflammatory response by acting
as an antioxidant, neutralizing excess amounts of reactive
oxygen species [9].

Currently, non-surgical methods of treating periodontal
tissues are particularly relevant, including the application
of gel or spray to the mucous membrane [4], injections into
the transitional fold or into the interdental papillae [5, 9],
and local treatment of chronic periodontitis [10].

In a systematic review by S.B. Alsharif and B. Aljah-
dali (2024) provide convincing data on the effectiveness
of various methods, assess their safety, and provide data
on the results of injections of different concentrations of hy-
aluronic acid in the treatment of black triangles and resto-
ration of lost interdental papilla in the anterior teeth [9],
V. Mehta, et al. (2019) provided data on the effectiveness
of hyaluronic acid in the treatment of patients with gingival
recession [11]. When forming an experimental model of peri-
implantitis, the introduction of calcium hydroxyapatite and

B-tricalcium phosphate modified with hyaluronic acid into
the peri-implant area contributed to the rapid regeneration
of the postoperative jaw defect [12]. When introducing hyal-
uronic acid fillers for the reconstruction of multiple papillae
losses, Z. Turgut Cankaya and E. Tamam (2020) provided
convincing evidence of their effectiveness in the dynamics
of clinical observation [13]. A randomized clinical trial con-
ducted by R. Kumar, et al. (2014) provides data on the ef-
fectiveness of 0.2% hyaluronic acid gel in a complex con-
sisting of root coverage and the use of a coronally advanced
flap [14]. Various randomized controlled clinical trials have
shown convincing results of the use of hyaluronic acid
in the coronally advanced flap procedure in the treatment
of gingival recession of Miller class I recession [15—17].

Samanta S., et al. (2022) created a hydrogel for use
in regenerative medicine based on hyaluronic acid, cross-
linked with hydrazone and functionalized with gallol, which
has pronounced viscoelastic and immunomodulatory, anti-
oxidant properties, protects encapsulated fibroblasts from
peroxide exposure, and gives them antioxidant properties
to suppress oxidative stress [18]. Based on the above, it be-
comes obvious that the task of reducing the inflammatory
process in the gum, closing the black triangles of the gum,
preventing and treating peri-implantitis is complex, i.e.
it consists in achieving an antiradical and immunomodula-
tory effect in the gum tissues due to the influence of 1%
or 14% injectable hyaluronic acid. According to the avail-
able data on the characteristics and properties of hyaluronic
acid, the antiradical and immunomodulatory characteristics
remain poorly understood, in this regard, their study in vi-
tro may be of particular interest, which determined the rel-
evance and purpose of our study.
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The aim of the study is to evaluate in model systems
the antiradical and immunomodulatory properties of the in-
jectable form of drugs containing 1.0% and 1.4% hyaluronic
acid for the prevention and correction of conditions associ-
ated with excessive activity of free radicals and for the regu-
lation of conditions associated with an imbalance of oxida-
tion-reduction processes and energy metabolism.

MATERIALS AND METHODS

The study used in vitro methods aimed at assessing the anti-
radical and immunomodulatory properties of drugs contain-
ing 1% and 1.4% hyaluronic acid.

To evaluate the immunomodulatory and antiradical
properties of the studied preparations containing 1% and
1.4% hyaluronic acid, a chemiluminescent method (CL) was
used on the CL-003 device (Ufa, Russia). The device mea-
sures radiation with a wavelength of 300—600 nm, the sen-
sitivity is 10°*—10” photon/s. ZhS-19 (uranium yellow glass)
emitting light in the visible region of the spectrum and cali-
brated in absolute units (quantum/s-4p-mg) using a stan-
dard radioluminescent source was used as a standard for
assessing the CL intensity. The standard is made in the form
of a parallelepiped measuring 5x8x8 mm and weighing
within 581—614 mg. The glow intensity of the standard
is 5.1-105 quantum/s, which was taken as one conventional
unit.

Antiradical activity was studied in model systems with
generation of reactive oxygen species (ROS). The system
included a phosphate buffer (20 mmol KH,PO,, 105 mmol
KCl, pH 7.45), 50 mmol sodium citrate and luminol (10* M
solution in DMSO, added in an amount of 0.2 ml per 1 liter
of the system). 0.1 ml of the preparation (1% and 1.4%
hyaluronic acid) was added to a sample of the model sys-
tem (20 ml), and ROS hyperproduction was initiated by add-
ing 1 ml of a 50 mmol FeSO,-7H,0 solution.

Chemiluminescence kinetics is recorded using a com-
puter interface. A special program processes signals received
from the device in a time interval determined by the research-
er. The entire process of chemiluminescence measurement
and results processing is carried out automatically, which
allows for increased accuracy and objectivity of the informa-
tion obtained. The program determines the following chemi-
luminescence parameters: light sum, spontaneous luminos-
ity, flash, maximum luminosity, and curve slope. The light
sum (S) and maximum amplitude of the slow flash (I,,,,)
were taken as the most informative chemiluminescence pa-
rameters. During the study, the sample temperature was
maintained at 37°C by an ultrathermostat.

To evaluate the immunomodulatory properties
of preparations containing 1% and 1.4% hyaluronic acid,
we modeled the enhance-
ment of oxygen-dependent
metabolism of phagocytes

202 5; 2 8 (2) AnPENL—WIOHB

Blood with heparin (50 units/ml) was placed in the wells
of a 96-well plastic plate. Spontaneous (basal) and induced
levels of metabolism of phagocytic cells were assessed. To in-
duce oxygen-dependent metabolism, 0.01 ml of zymosan
suspension (a biopolymer from yeast cell membranes based
on glucan) in physiological saline was added to the wells and
incubated at 37°C for 15 minutes.

Oxygen-dependent metabolism, which characterizes
the accumulation of reactive oxygen species (ROS), was
determined using luminol-dependent chemilumines-
cence (LDCL). 0.1 ml of whole blood was added to 2 ml
of physiological solution (0.9% NacCl, pH 7.2) with the ad-
dition of 10~°> M luminol, after which CL was measured
for 3 minutes. LDCL mainly reflects the generation of ROS
by neutrophils. As a result, six preparations were studied:
blood with 1% hyaluronic acid (with and without the addi-
tion of zymosan), blood with 1.4% hyaluronic acid (with and
without the addition of zymosan), whole blood, and blood
with zymosan. The study continued according to the BLOOD
program on the CL-003 device, with the following param-
eters: “Thermostat on”, “Stirrer off”, “Measurement time
10 min.”

Two CL parameters were analyzed: the light sum (S),
reflecting the integral luminescence intensity, and the slow
flash amplitude (I), characterizing the luminosity maxi-
mum. These indicators evaluate the absolute parameters
of oxygen-dependent metabolism. To evaluate the potential
of the phagocytic link, reserve capabilities were additionally
calculated. This indicator (X) was determined as the differ-
ence between the maximum intensity of induced lumines-
cence and spontaneous luminescence, evaluating their ratio:

Iind _Isp
I s

sp

X:

where I, is the maximum intensity of induced blood glow,
I, is the maximum intensity of spontaneous blood glow.
The results of the experiments were expressed in con-
ventional units (1 c.u.=5.1-10° quantum/s) and recalculated
as percentages relative to the control group.
In statistical processing the Student—Welch test was
used to compare the means.

RESULTS

The preparation containing 1% and 1.4% hyaluronic acid
was tested on a model system for measuring chemilumi-
nescence, which allows assessing the level of generation
of active oxygen species (ROS). During the experiment,
two key parameters were studied: light sum (S) and slow
flash amplitude (I), which characterize the intensity and
peak activity of oxidative processes, respectively (table 1).

Table 1. Chemiluminescence parameters of the model system for generating active
forms of oxygen with the addition of preparations containing 1% and 1.4% hyaluronic acid

and their generation of ROS.

Blood control

Hyaluronicacid 1%  p | Hyaluronicacid 1.4% p P

For this purpose, we used

whole heparinized blood col- ~ Hghtsum

18.44+1.54
Slow flash amplitude 13.23+0.80

15.01+0.71 0.044
11.46+0.39 0.048

13.33+0.66 0.003 | 0.085
11.20+0.24 0.016 | 0.571

lected in the morning from
the cubital veins of patients

using a standard technique.  samples of the preparation.

Remark. p — p-level of comparison with control samples, p, — p-level of comparison between the studied
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The control sample was phosphate buffer without the addi-
tion of the studied preparations. The experiment was carried
out on 96 samples (using the appropriate palettes) for hy-
aluronic acid preparations and for phosphate buffer, which
served as a control.

In the control samples (7=96), the chemiluminescence
parameters of the model ROS generation system were as fol-
lows: the luminescence light sum was 18.44 (fig. 1, an area
under the black curve), and the slow flash amplitude was
13.23. These parameters reflect the baseline level of gen-
eration of active oxygen forms in the studied system. Af-
ter adding the preparation containing 1% hyaluronic acid,
the luminescence parameter values significantly decreased:
the light sum dropped to 15.01 (p<0.05; fig. 1, an area un-
der the blue curve), and the amplitude to 11.46 (p<0.05).
When adding a preparation containing 1.4% hyaluronic acid,
a significant decrease in the luminescence parameters was
noted: the light sum dropped to 13.33 (p<0.01; fig. 1, an area
under the green curve), and the amplitude to 11.20 (p<0.05).
These changes were statistically significant, indicating a pro-
nounced antioxidant effect of the preparation, while no sig-
nificant differences were found between samples of 1 and
1.4% hyaluronic acid

A decrease in the light sum indicates a decrease
in the total number of generated free radicals, which indi-
cates the ability of preparations containing hyaluronic acid
to suppress oxidative processes. At the same time, a decrease
in the amplitude of the slow flash reflects the suppression
of intense peaks of free radical generation. Both effects indi-
cate that the preparations actively reduce the level of radical
processes in the model system. Thus, the study confirms
the antioxidant and antiradical properties of preparations
containing hyaluronic acid. Their use leads to a significant
decrease in the generation of active oxygen species, which
can be useful for neutralizing free radicals and protecting
cells from damage caused by oxidative stress.

According to R.J. Waddington, et al. (2000), hyaluron-
ic acid can regulate the inflammatory response by acting
as an antioxidant, burning active forms of oxygen, and has
pronounced free-radical and antioxidant activity [19], which
substantiates the results of our experimental study.

The key factor in the influence of injectable preparations
containing 1% and 1.4% hyaluronic acid is the induction
of reactive oxygen species and other free radicals [2, 20],
which is consistent with the data of our study.

The study of the immunomodulatory activity of a blood
preparation containing 1% and 1.4% hyaluronic acid re-
vealed the following patterns, which were reflected in the pa-
rameters of oxygen-dependent blood metabolism in the form
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of changes in the spontaneous chemiluminescence light
sum (S,,). The parameters describing the ability of cells
to activate and generate reactive oxygen species (ROS) are
presented in the form of zymosan-stimulated light sum (S,,,)
for preparations containing 1 and 1.4% hyaluronic acid (ta-
ble 2).

Addition of the preparation containing 1% hyaluronic
acid to blood samples has a significant effect on the param-
eters of oxygen-dependent metabolism of phagocytes, which
is confirmed by changes in the spontaneous (S,,) and stimu-
lated (S,,4) chemiluminescence light sum indices (table 2).
The basal level of oxidative metabolism (S,), which reflects
the overall functional and metabolic activity of phagocytes,
increased from 0.45 in control samples to 0.71 (p<0.05).
This increase demonstrates the ability of the preparation
to activate phagocytes even under resting conditions. Stimu-
lated light sum (S,,4), which describes the ability of cells
to become activated and generate reactive oxygen spe-
cies (ROS) in response to stimulation, also increased un-
der the influence of the drug: from 0.85 in control samples
to 0.93 (p=0.089).

When adding the preparation containing 1.4% hyal-
uronic acid to blood samples, the basal level of oxidative
metabolism (S,,) increased from 0.45 in the control sam-
ples to 0.74 (p<0.05), and the stimulated light sum (S,,,)
also increased under the influence of the preparation: from
0.85 in the control samples to 0.94 (p<0.05).

In addition, the statistically significant difference be-
tween S, and S,,, when adding the preparation containing

Table 2. Parameters of oxygen-dependent metabolism in the blood with the addition
of preparations containing 1% and 1.4% hyaluronic acid, unstimulated and stimulated by zymosan

Blood control | Hyaluronicacid 1%  p | Hyaluronicacid 1.4% p P
S, Without stimulation 0,45+0,11 0,71+0,07 0,048 0,74+0,09 0,043 0,793
Sina» Zymosan stimulation  0,85+0,04 0,93+0,03 0,089 0,94+0,03 0,049 | 0,808
P, <0,001 0,036 0,004

Remark. p — p-level of comparison with control samples, p, — p-level of comparison between the studied
samples of the preparation; p, — p-level of difference in the light sum, unstimulated and stimulated by zymosan.

Microbioloaz
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Table 3. Functional reserve of phagocytes in the blood

202 5; 2 8 (2) AnPENL—WIOHB

Blood control | Hyaluronicacid 1%  p | Hyaluronic acid 1.4% p D1
S, Without stimulation 1,01+0,02 1,05+0,03 0,269 1,24+0,05 <0,001 | 0,001
Sina» Zymosan stimulation  1,22+0,05 1,35+0,06 0,091 1,60+0,16 0,025 0,145
P2 <0,001 <0,001 0,033

Remark. p — p-level of comparison with control samples, p, — p-level of comparison between the studied
samples of the preparation; p, — p-level of difference in the light sum, unstimulated and stimulated by zymosan.

1% and 1.4% hyaluronic acid (p<0.05) indicates an increase
in the reserve capacity of phagocytes, which indicates the de-
velopment of more pronounced functional activity of cells.
No significant differences in the spontaneous or stimulated
light sum were found between the preparations with 1% and
1.4% hyaluronic acid (p>0.2).

Based on the data obtained by B. Safrankova,
et al. (2010), the production of active forms of oxygen
by phagocytes is associated with the so-called “oxidative
burst”, which is a key process in the fight against invading
pathogens [8], according to H. Yamawaki, et al. (2009), hy-
aluronic acid exhibits a stimulating effect on blood phago-
cytes, as well as on other types of cells [21], which is consis-
tent with the data obtained in our study.

Thus, the data we obtained through an in vitro experi-
ment, the drug containing 1.0% and 1.4% hyaluronic acid
in its composition has immunomodulatory properties, their
action enhances both basal and activated oxidative metab-
olism of phagocytes, which is associated with the ability
to stimulate the functional state of cells of the phagocytic
system, which is consistent with the data of I. Niemietz,
et al. (2020) that hyaluronic acid stimulates an oxida-
tive burst in human neutrophils [22]. To reveal this trend,
a subsequent analysis of the chemiluminescence parameters
was carried out, namely the amplitude of the slow flash,
on the basis of which the functional reserve of phagocytes
is calculated (table 3).

Based on the presented data, it is possible to estimate
the effect of preparations containing 1.0% and 1.4% hyal-
uronic acid on the functional reserve of blood phagocytes,
an indicator characterizing the ability of phagocytes to pass

16 0, W, - 60
Bl Functional reserve, %
1.4
- 50
1.2 pual
40 R
1.0 5
= 5
05% 0.8 30 3
- D
0.6 <
L20 3
04 s
10
0.2
01— -0

Control HA, 1% HA, 1.4%

Fig. 2. Comparative characteristics of the average functional reserve
of phagocytes in the blood with the addition of injectable preparations
containing 1 and 1.4% hyaluronic acid

from a resting state to an activated state. The functional
reserve is calculated as the difference between the ampli-
tude of the slow flash under stimulated (Z;,;) and spontane-
ous (I,) conditions. The functional reserve of phagocytes,
defined as the percentage increase in phagocyte activity after
stimulation, increases on average from 21% in the control
group to 35% with the addition of a preparation contain-
ing 1.0% hyaluronic acid, and to 60% with the addition
of a preparation containing 1.4% hyaluronic acid (fig. 2).
The effect of preparations containing 1 and 1.4% hyaluronic
acid on oxygen-dependent blood metabolism, an increase
in Ssp and Sind indicates its regulatory effect (table 3), which
may be useful for stimulating antioxidant mechanisms.

The growth of the functional reserve indicates an in-
crease in the ability of the phagocytic system to activate
in response to stimuli, which indicates a potential immu-
nomodulatory effect of the drug. Thus, the obtained results
show that drugs containing 1.0% and 1.4% hyaluronic acid
have a positive effect on the effectiveness of the immune
response, which is expressed in an increase in both basal
and stimulated activity, as well as an increase in the func-
tional reserve of phagocytes. This suggests that the use
of the studied drugs can help enhance the protective func-
tions of the body. Drugs containing hyaluronic acid in their
composition, in given concentrations, affect the oxygen-
dependent metabolism of the blood, which demonstrates
a significant increase in the luminescence indices of blood
cells during their stimulation and indicates their regulatory
effect, which can be useful for activating antioxidant mecha-
nisms and maintaining cellular energy.

CONCLUSION

The obtained experimental data in model systems open
up possibilities for the use of injectable preparations con-
taining 1 and 1.4% hyaluronic acid for the prevention and
correction of conditions associated with excessive activity
of free radicals and for the regulation of conditions associ-
ated with an imbalance of oxidation-reduction processes and
energy metabolism.

As a result of the studies, it was found that prepara-
tions containing 1.0 and 1.4% hyaluronic acid in the speci-
tied concentrations do not reduce the functional capacity
of phagocytes.

Thus, preparations containing hyaluronic acid in a con-
centration of 1.0 and 1.4% have antioxidant properties,
while not inhibiting the formation of active oxygen forms
in phagocytic blood cells, which allows them to be used in in-
flammatory processes without causing the risk of inhibition
of oxygen-dependent mechanisms of phagocytosis.
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Based on the presented data, it can be concluded that
preparations containing 1.0 and 1.4% hyaluronic acid have
a positive effect on the functional activity of phagocytes, pri-
marily neutrophils, which play a key role in the implementa-
tion of physiological mechanisms of the immune response
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