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THE EFFECT OF LACTOFERIN ON THE FREE RADICAL AND CYTOKINE STATUS
OF CORNEA IN THE EXPERIMENTAL THERMAL BURN
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The free radical and cytokine statuses of the cornea during its thermal burn and the possibility
of its correction by lactoferrin have been studied in Soviet Chinchilla rabbits. The development of a corneal
thermal burn was accompanied by the development of oxidative stress (increased levels of TBA-reactive
substances and carbonyl derivatives of proteins, decreased activity of SOD and GPx enzymes) and
a pronounced inflammatory reaction with increased levels of TNF-la, IL-10, TGF-1B. The use of lactoferrin
had a pronounced therapeutic effect, which was manifested by accelerated healing, prevention
of the development of complications (corneal perforations), a decrease in the severity of oxidative stress,
an increase in the concentrations of TNF-loa (in the early stages), IL-10 (in the Ilater stages),
TGF-1B (throughout the experiment). At the same time, by the end of regeneration more severe corneal
opacification was recognized compared to the control group. This may be associated with an increased level

of anti-inflammatory cytokines, especially TGF-1p.
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INTRODUCTION

The cornea is an important part of the optical
system of the eye, accounting for 80% of its refractive
power. Pathological changes in the cornea lead
to impaired transparency and decreased visual
acuity [1]. In this context improvement of approaches
to the treatment of corneal injuries is an important
medical and social problem.

Modern studies pay increasing attention
to the analysis of the free radical and immunological
statuses of the cornea as one of the key
biochemical processes involved in the pathogenesis
of the development of corneal damage [2].

It has been shown that in many cases the outcome
of the disease depends on the severity of oxidative
stress and the balance of pro-inflammatory and
anti-inflammatory cytokines [3]. For example,
an excessive increase in pro-inflammatory cytokines
and activation of free radical processes can lead
to the development of corneal perforation, and
conversely, a slight increase in pro-inflammatory
cytokines and reactive oxygen species (ROS) can lead
to chronization of the process and excessive development
of connective tissue in infectious corneal ulcers [4—6].

The free radical and immunological statuses
of the cornea during thermal burns of the cornea still
remain poorly investigated. The influence of correction
of these disorders on the course of this pathological
process has not been evaluated yet. Lactoferrin attracts
attention as a substance for the correction of free radical
and immunological disorders of the cornea.
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Lactoferrin is produced and secreted by human
mucosal epithelial cells and neutrophils. It is detected
in saliva, milk, tears and is secreted by various
organs, including the mammary gland, uterus,
kidneys, and brain [7].

A number of studies demonstrated its antiviral and
anti-inflammatory properties, as well as the ability
to accelerate the skin wound healing process.
At the same time, lactoferrin also exhibits
antioxidant properties, which are due to its ability
to bind iron, blocking the development of Fenton and
Haber-Weiss reactions [8].

We have previously shown that lactoferrin
is effective in treatment of purulent corneal ulcers;
it reduced the severity of oxidative stress,
improved the clinical course, and reduced the rate
of complications [9].

The aim of this study was to investigate features
of the free radical and cytokine statuses of the cornea
during a thermal burn and the possibility of their
correction by lactoferrin.

MATERIALS AND METHODS

The study was carried out on 45 male
of the Soviet Chinchilla rabbits, weighing 3000-3500 g,
aged 9-12 months. The rabbits were kept
in the conventional vivarium of the Ryazan State
Medical University in individual cages.

Animals were randomized into the following
experimental series:
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The first series, intact animals (norm), included
rabbits without modeling pathology and experimental
effects (3 rabbits, 6 eyes).

The second series, pathology control, included
animals in which a thermal burn of the cornea
was modelled and saline solution was instilled
into the conjunctival cavity three times a day (3 rabbits,
6 eyes for each time point).

The third series, correction of free radical and
immunological disorders by lactoferrin, included
rabbits in which a thermal burn of the cornea
was induced and a lactoferrin solution (0.5 mg/ml)
was instilled into the conjunctival cavity (3 rabbits,
6 eyes for each time point).

Animals were withdrawn from the experiment
by Zoletil overdose on day 1, day 3, day 5, day 7,
day 14, day 21, and day 28 after modeling
of the corneal burn. Saline solution and lactoferrin
solution were used 3 times a day in the form
of instillations of 1 drop into each eye every day
for 28 days.

The thermal burn was modeled as follows.
A stainless steel cylinder with a base diameter of 6 mm
and a radius of curvature of the cylinder base of 9.0 mm
was placed on an electric hotplate heated to 200°C
for 2 min. The cylinder temperature was monitored using
a pyrometer. Before thermal exposure, oxybuprocaine
(0.4% solution, Sentiss Pharma, India) was instilled
into the conjunctival cavity. The base of the cylinder,
heated to 200°C, was placed on the central region
of the cornea of experimental animals for 3 s.
Immediately after the thermal exposure, all rabbits
underwent irrigation of the cornea and conjunctival
cavity with a 0.9% sodium chloride solution
at room temperature. After repeated instillation
of oxybuprocaine, scarification of the corneal scab
was carried out within the burned tissue.
All manipulations were performed under visual
control using a Neitz 10-o head-mounted binocular
ophthalmoscope (Neitz, Japan). To assess the area
of the formed defect, the cornea was stained with
FluoStrips test strips (Contacare, India).

After euthanasia of the animals, the eyeballs
were enucleated. The cornea was excised with
a sclera fragment (I mm from the limbus), the mass
of the cornea was measured. It was ground, and
after addition of phosphate buffer (1:10 by mass),
was homogenized using a DIAX 900 homogenizer
(Heidolph, Germany) at 26,000 rpm in for 1 min.
The resultant homogenate was centrifuged at 1800 g
(Eppendorf, Germany) and the supernatant was used
for evaluation of the oxidative stress severity.
The latter was assessed by determining the level
of malondialdehyde (MDA), evaluated by determining
thiobarbituric acid-reactive substances (TBARS) [10],
protein carbonyl derivatives [11], and activity
of superoxide dismutase (SOD) [12] and glutathione
peroxidase (GPx) [13].

The severity of immunological disorders
was also evaluated by the levels of tumor necrosis
factor (TNF-1a), interleukins (IL) 4, 10, transforming
growth factor beta 1 (TGF-1B3), which were analyzed
by ELISA using commercially available kits from
“Cloud-Clone” (China). The obtained values were
normalized per mg of protein, which was determined
by the Bradford method using a commercial kit
(Thermo Fisher, USA) [14].

Mathematical data analysis was performed using
the Statistica 10.0 program. The data distribution
was assessed using the Shapiro-Wilk test.
Since in all cases the data distribution was different
from normal, the results were presented as median
and upper and lower quartiles (ME (Q1; Q3)).
The statistical significance was assessed using
nonparametric  tests: the Kruskal-Wallis test
was used in the case of comparison of more than
two groups, and further pairwise comparisons were
performed using the Mann-Whitney test with
Bonferroni correction; in the case of comparison
of two groups, the Mann-Whitney U test was used.
Differences between groups were considered
statistically significant at p<0.05.

RESULTS

In the control group (thermal burn and saline
instillation) the cornea became more swollen
within the burned tissue from days 1 to 5 after
the application of the corneal burn. Infiltration
of the entire cornea around the burn was observed;
it gradually decreased from the periphery
to the center. The transparency of the cornea
outside the burn was restored during the period
from day 3 to day 7. From day 1 to day 3 a mixed
injection of the bulbar conjunctiva developed and
persisted for up to 7-10 days. Complete epithelization
of the defect in the control group was observed
from day 7 to day 13. In some cases, on days 3-8,
areas of corneal ulceration formed, culminating
in the formation of perforations on day 4 (1 eye),
day 8 (3 eyes), day 10 (1 eye), day 11 (1 eye).
Animals with corneal perforations were removed
from the experiment and were not used in further
research (Fig. 1).

Treatment of the thermal burn of the cornea
with lactoferrin gave the following results. From
day 1 to day 4 after corneal burns, the cornea
became more swollen within the burned tissue,
and the burn site was completely stained with
fluorescein.  Gradually decreasing infiltration
of the entire cornea around the burn was noted.
The transparency of the cornea outside the burn
was restored from day 2 to day 4. Mixed injection
of the bulbar conjunctiva remained during 57 days.
Complete epithelization of the defect was observed
from day 6 to day 8. No perforations were detected
during treatment with lactoferrin.
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Control group, day 0

Control group, day 28

\

Experimental group, day 28

Figure 1. The effect of lactoferrin on the state of the cornea during thermal burn.

Local application of lactoferrin led to the formation
of more intense corneal opacities on day 28 compared
to the control group (Fig. 1).

The thermal burn modeling was accompanied
by the development of oxidative stress in the cornea.
The concentration of TBARS increased from day 1,
reached a maximum by day 7, exceeding
the norm by 120.1% (p<0.05), and then gradually
decreased by day 28, and did not differ from
the values determined in intact animals. The content
of protein carbonyl derivatives also increased
on days 3 and 5 of the burn modeling and exceeded
normal values by 70.9% (p<0.05) and 47.2% (p<0.05),
respectively (Table 1).

On the contrary, the activity of antioxidant
enzymes in the cornea decreased. SOD activity
was lower throughout the experiment with the minimum
value observed on day 7 (by 41.3%; p<0.05 below
normal values), and GPx activity decreased
on days 7-14 by 19.7% (p<0.05) and 40.4% (p<0.05),
respectively (Table 1).

The level of the pro-inflammatory cytokine TNF-1a
increased on day 1, reached its maximum value
on day 7 by 178.3% (p<0.05) exceeding the values
of intact animals, and remained elevated by day 28
of the experiment (Table 2).

The content of the anti-inflammatory cytokine IL-10
also increased from day 1, reached the peak value
exceeding the normal value on day 5 (93.4%; p<0.05),
and normalized by day 28. The level of TGF-1p3
also increased during thermal burn throughout
the experiment, reaching the maximal value exceeding
norm on day 5 (77.8%, p<0.05). The concentration
of the anti-inflammatory cytokine IL-4 did not
demonstrate statistically significant changes throughout
the experiment (Table 2).

The results obtained suggest the development
of oxidative stress and inflammation during modeling
of a corneal thermal burn, and their maximum severity
coincided with the time of the development
of complications, corneal perforations.
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Lactoferrin applications for the correction of free
radical and inflammatory disorders led to the following
results. Lactoferrin had an antioxidant effect,
as evidenced by a decrease in the level of TBARS
compared to control levels on days 14 and 21, and
carbonyl derivatives of proteins on days 14 and 28
(Table 1). Lactoferrin also accelerated the recovery
of SOD activity (the activity of this enzyme
decreased only from days 1 to 14, and then
just insignificantly differed from normal values)
and increased GPx activity, which exceeded
the values of control animals on days 14 and 21
of the experiment (Table 1).

The results obtained indicate that lactoferrin
has an antioxidant effect in the experimental thermal
burn of the cornea.

Studying the effect of lactoferrin on the cytokine
status of the cornea, the following results were
obtained. The level of TNF-la significantly
exceeded normal values throughout the experiment;
on day 5 it exceeded the levels of control
animals by 33.6% (p<0.05). The concentration of IL-10
during lactoferrin application on days 1-7 was lower
than in control animals, while from days 14 to 28
it exceeded control values. Also, this indicator
exceeded the normal values from day 5 to day 28.
The content of TGF-1B during treatment with
lactoferrin  exceeded both normal values and
control values throughout the entire experiment
(from days 1 to 28; Table 2).

Thus, the use of lactoferrin increased the level
of both pro- and anti-inflammatory cytokines
in the cornea during the thermal burn development.

DISCUSSION

In this study we have investigated the development
of oxidative stress and the immunological status
of the cornea during corneal burn modeling and
the possibility of their correction with lactoferrin.
It should be noted that no similar studies have
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been performed so far as and the main attention
of researchers is focused on chemical burns,
although the thermal factor is the cause of eye burns
in 16% of cases [15].

The cornea is constantly exposed to oxygen,
sunlight, ultraviolet radiation, smoke, and other toxic
air pollutants. On the one hand, this predisposes
the cornea to overproduction of free radicals and
the development of oxidative stress [16], and
on the other hand, it has evolutionarily determined
a pronounced antioxidant defense  system.
For example, the cornea is rich in antioxidant
enzymes such as SOD, catalase, GPx and glutathione
reductase, as well as low molecular weight antioxidants
(ascorbic acid, glutathione, vitamin E, ferritin),
which are involved in protecting the cornea from
free radicals [17].

This study has shown that the development
of the corneal thermal burn was accompanied
by the development of oxidative stress, as evidenced
by an increase in the level of end products of lipid
oxidation (TBARS) and products of oxidative
damage of proteins, their carbonyl derivatives.
At the same time, there was a decrease in the activity
of the key antioxidant enzymes SOD and GPx.

The development of the corneal thermal burn
was accompanied by activation of the inflammatory
response as evidenced by the increased production
of the pro-inflammatory cytokine TNF-la and
the anti-inflammatory cytokines IL-10 and TGF-1.

The results obtained in our study are consistent
with the results by Bazikov et al.; these authors
also observed an increase in the production
of TNF-loo and IL-8 within 28 days during
the development of an infected alkaline burn
of the rabbit cornea [18].

TNF-1a is one of the main inflammatory
cytokines involved in the development of resistance
to infectious agents; however, its overproduction
can cause the development of complications [19].
It has been shown that ROS, through the inflammasome
pathway, induce the production of TNF-1a by damaged
corneal epithelium [20, 21]. TNF-1a. is one of the first
mediators formed after oxidative stress at the site
of chemical injury of the eye.

IL-10 is an anti-inflammatory cytokine
that leads to a decrease in the production
of pro-inflammatory cytokines, including TNF-1a. [22];
increased production of IL-10 leads to a decrease
in the anti-infective protection and the development
of septic complications [23].

TGF-1p is amultifunctional cytokine; its expression
is associated with the physiological processes
of growth, differentiation, regeneration, and stress
response in many types of cells of the body.
TGF-1B plays an important role in regulating
the immune system. TGF-1B blocks the activation
of lymphocytes and macrophages [24].
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Increased levels of TGF-B family proteins
are one of the main mechanisms of fibrosis development
in many diseases [25].

In the present study lactoferrin has been used
as the therapeutic agent because it is an endogenous
component, accounting for up to 25% of the total tear
proteins with an average concentration in healthy people
of about 1.42 mg/ml. Most of lactoferrin is secreted
by the main lacrimal gland [26]. On the other hand,
lactoferrin has pronounced antioxidant, antiviral,
antimicrobial and anti-inflammatory effects [7].

In this study, lactoferrin had a pronounced
therapeutic ~ effect, which was  manifested
in accelerating the healing of damage and preventing
the development of complications corneal
perforations (in the treatment group, not a single case
of perforation was recorded).

At the same time, lactoferrin exhibited
a pronounced antioxidant effect: it reduced the level
of TBARS and carbonyl derivatives of proteins,
and increased the activity of the antioxidant enzymes
SOD and GPx.

It is believed that the main antioxidant effect
of lactoferrin is associated with its ability to bind
iron ions and thus prevent the development of Fenton
and Haber-Weiss reactions [8].

Recently, it was shown that lactoferrin could also
activate the expression of catalase, GPx and SOD [27].

The study of the Ilactoferrin  effect
on the immunological status of the cornea
in the early stages revealed an increase in the level
of the pro-inflammatory cytokine TNF-la and
a decrease in the content of the anti-inflammatory
cytokine IL-10. In the later stages the IL-10 level
increased. The content of TGF-1p remained elevated
over the control throughout the experiment.

Other authors have shown that that lactoferrin
also influences cytokine activity, either by increasing
the levels of anti-inflammatory cytokines such as
IL-4 and IL-10, or by modulating pro-inflammatory
cytokines such as TNF-1a, IL-1, IL-6, and granulocytes-
macrophage colony-stimulating factor [28].

It is especially important to note that besides
the positive effect of lactoferrin on the course
of the corneal thermal burn, by the end of regeneration,
more severe corneal opacification, relative to the control
group, was detected. These changes may be associated
with  increased levels of anti-inflammatory
cytokines, especially transforming growth factor.
TGF-1B and other growth factors are known
to overstimulate the healing process, promoting
stromal fibrosis [29].

On the other hand, it has been shown
that lactoferrin inhibits matrix metalloproteases
MMP-9 and MMP-2 [30], which are necessary
for normal corneal regeneration. Chesnokova et al.
found that during the cornea thermal burn, a sharp
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activation of trypsin-like proteases in the cornea
required for burn wound clearance; this activation
occurred from day 3 to day 14 days and then their
activity decreased [31] and repair processes involving
MMP-9 and MMR-2 triggered. The inhibitory effect
of lactoferrin during this period could disrupt
the course of the repair processes and also led
to the formation of a rougher scar.

It is reasonable to suggest that to prevent excessive
growth of connective tissue, the use of lactoferrin
should be limited by the first 14 days.

CONCLUSIONS

In the present study, it was found that
the development of the cornea thermal burn
was accompanied by the development of oxidative
stress (characterized by increased levels of TBARS and
protein carbonyl derivatives, decreased activity
of SOD and GPx), as well as the development
of a pronounced inflammatory reaction (characterized
by increased levels of TNF-la, IL-10, TGF-1p).
The use of lactoferrin had a pronounced therapeutic
effect, which was manifested by accelerated healing,
prevention of complications (corneal perforations),
decreased severity of oxidative stress, increased
concentrations of TNF-la (in the early stages),
IL-10 (in the later stages), and TGF-1p (throughout
the experiment). At the same time, by the end
of regeneration, corneal opacification was more severe
compared to the control group. This may be associated
with an increased level of anti-inflammatory cytokines,
especially TGF-1p.

FUNDING

The work was carried out using funds from Ryazan
State Medical University.

COMPLIANCE WITH ETHICAL STANDARDS
The work protocol was approved by the Bioethical
Commission of Ryazan State Medical University
(protocol no. 17 of November 7, 2018).

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Tangvarasittichai O., Tangvarasittichai S. (2018)
Oxidative stress, ocular disease and diabetes retinopathy.
Curr. Pharm. Des., 24(40), 4726-4741.

DOI: 10.2174/1381612825666190115121531

2.

10.

11.

12.

13.

14.

15.

Ong H.S., Riau A.K., Yam GH.-F., Yusoff N.Z.B.M.,

Han E.J.Y, Goh T.-W., Lai R.C., Lim S.K., Mehta J.S. (2023)
Mesenchymal stem cell exosomes as immunomodulatory
therapy for corneal scarring. Int. J. Mol. Sci., 24(8), 7456.
DOI: 10.3390/ijms24087456

Fagoonee S., Saccu G, Bussolat B. (2023) Innovative
stem cell-based strategies for corneal wound healing:

A step forward. Mol. Ther., 31(8), 2307-2308.

DOI: 10.1016/j.ymthe.2023.07.009

Park J.H., Kim M., Yim B., Park C.Y. (2021) Nitric oxide
attenuated transforming growth factor-f§ induced
myofibroblast differentiation of human keratocytes.

Sci. Rep., 11(1), 8183. DOI: 10.1038/s41598-021-87791-x
Shahriary A., Sabzevari M., Jadidi K., Yazdani F.,
Aghamollae H. (2022) The role of inflammatory cytokines
in neovascularization of chemical ocular injury.

Ocul. Immunol. Inflamm., 30(5), 1149-1161.

DOI: 10.1080/09273948.2020.1870148

Prikhodko V.A., Okovity S.V. (2022) Possibilities and
prospects for antioxidant therapy in ocular diseases,
Meditsinskiy Sovet, 16(23), 263-273.

DOI: 10.21518/2079-701X-2022-16-23-263-273

Vagge A., Senni C., Bernabe F., Pellegrini M., Scorcia V.,
Traverso C.E., Giannaccare G. (2020) Therapeutic effects
of lactoferrin in ocular diseases: from dry eye disease

to infections. Int. J. Mol. Sci., 21(18), 6668.

DOI: 10.3390/ijms21186668

Kruze M.L., Zimecki M., Actor J.K. (2017) Lactoferrin

in a context of inflammation-induced pathology.

Front. Immunol., 8, 1438. DOI: 10.3389/fimmu.2017.01438
Kolesnikov A.V., Nemtsova E.R., Shishkin M.M.,
Shchul’kin A.V., Barenina O.1., Kirsanova L.V, (2023)
Lactoferrin influence on the course of suppurative corneal
ulcer. Ophthalmology in Russia, 20(1), 128-135.

DOI: 10.18008/1816-5095-2023-1-128-135

Gavrilov V.B., Gavrilova A.R., Mazhul L.M. (1987)
Analysis of methods for the determination of lipid
peroxidation products in blood serum using a test with
thiobarbituric acid. Voprosy Meditsinskoi Khimii, 33(1),
118-122.

Weber D., Davies M.J., Grune T. (2015) Determination

of protein carbonyls in plasma, cell extracts, tissue
homogenates, isolated proteins: Focus on sample preparation
and derivatization conditions. Redox Biology, 5, 367-380.
DOI: 10.1016/j.redox.2015.06.005

Kostiuk V.A., Potapovich A.1., Kovaleva Zh.V. (1990)

A simple and sensitive method of determination

of superoxide dismutase activity based on the reaction

of quercetin oxidation. Voprosy Meditsinskoi Khimii,
36(2), 88-91.

Lankin V.Z., Gurevich S.M. (1976) Inbitition of lipid
peroxidation and detoxification of lipoperoxides by protective
enzyme systems (superoxide dismutase, glutathione
peroxidase and glutathione reductase) during experimental
neoplastic growth. Doklady Akademii Nauk SSSR,

226(3), 705-708.

Bradford M.M. (1976) A rapid and sensitive method

for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal. Biochem.,
72, 248-254. DOI: 10.1006/abio.1976.9999

Raghu G, Berk M., Campochiaro PA., Jaeschke H.,
Marenzi G, Richeldi L., Wen F.Q., Nicoletti F.,

Calverley PM.A. (2021) The multifaceted therapeutic role
of N-acetylcysteine (NAC) in disorders characterized

by oxidative stress. Curr. Neuropharmacol., 19(8),
1202-1224. DOI: 10.2174/1570159X19666201230144109

173



LACTOFERIN IN CORNEAL THERMAL BURN

16.

17.

18.

19.

20.

21.

22.

23.

24.

Cabrera M.P, Chihuailaf R.H. (2011) Antioxidants and 25.
the integrity of ocular tissues. Veterinary Medicine
International, 2011, 905153. DOI: 10.4061/2011/905153
Acar U., Bayer 4. (2016) Current concepts and management
of severely traumatized tissues in the inner coatings

(the anterior segment: anterior chamber structures, the iris,
and the lens) of the globe: non-mechanical injuries.

In: Current Concepts and Management of Eye Injuries
(Sobaci G, ed.). Springer, London, pp. 65-73.

DOI: 10.1007/978-1-4471-7302-1_5

Bazikov I A., Batasheva V.S., Kalinkina N.I., Maltsev A.N.,
Kostyukova N.Yu., Domenyuk D.A. (2017) Effectiveness
evaluation of application of the niosomal gel “Regenerin”
in the treatment of chemical burns of cornea.

Saratov Journal of Medical Science, 13(2), 216-220.
Zelova H., Hosek J. (2013) TNF-a signalling and
inflammation: Interactions between old acquaintances.
Inflamm. Res., 62(7), 641-651.

DOI: 10.1007/s00011-013-0633-0

Zheng Q., Ren Y., Reinach P.S., She Y., Xiao B., Hua S.,
Qu J., Chen W. (2014) Reactive oxygen species activated
NLRP3 inflammasomes prime environment-induced
murine dry eye. Exp. Eye Res., 125, 1-8.

DOI: 10.1016/j.exer.2014.05.001

Chen Y, Li M., Li B., Wang W, Lin A., Sheng M. (2013)
Effect of reactive oxygen species generation in rabbit corneal 31.
epithelial cells on inflammatory and apoptotic signaling
pathways in the presence of high osmotic pressure.

PLoS One, 8(8),€72900. DOIL: 10.1371/journal.pone.0072900
Gurina O.P, Varlamova O.N., Mukhitova L.F. (2020)
Interleukin-10. Biological role and clinical significance.
University Therapeutic Journal, 2(4), 66-74.

Ivanenko I.L., Gladilin G P, Nikitina V.V., Veretennikov S.I.
(2015) The role of cytokines in the pathogenesis

of complications in burn disease. Fundamental Research,

1(4), 752-754.

Filippova A.N., Vissarionov S.V., Khalchitsky S.E.,

Sogoyan M.V. (2022) Transforming growth factor beta-1
(TGFBI1) and the development of spinal deformity in children
with idiopathic scoliosis. Modern Problems of Science and
Education, 6(1), 111. DOI: 10.17513/spno.32186

26.

27.

28.

29.

30.

174

Wynn T.A. (2008) Cellular and molecular mechanisms

of fibrosis. J. Pathol., 214(2), 199-210.

DOI: 10.1002/path.2277

Rusciano D., Pezzino S, Olivieri M., Cristaldi M., Gagliano C,
Lupo G, Anfuso C.D. (2018) Age-related dry eye lactoferrin
and lactobionic acid. Ophthalmic Res., 60(2), 94-99.

DOI: 10.1159/000489093

Pan Y, Liu Z., Wang Y., Zhang L., Chua N., Dai L., Chen J.,
Ho C.L. (2021) Evaluation of the anti-inflammatory and
anti-oxidative effects of therapeutic human lactoferrin
fragments. Front. Bioeng. Biotechnol., 9, 779018.

DOI: 10.3389/fbioe.2021.779018

Actor J.K., Hwang S.A., Kruzel M.L. (2009) Lactoferrin

as a natural immune modulator. Curr. Pharm. Des., 15(17),
1956-1973. DOI: 10.2174/138161209788453202

Dixon P, Ghosh T., Mondal K., Konar A., Chauhan A.,
Hazra S. (2018) Controlled delivery of pirfenidone

through vitamin E-loaded contact lens ameliorates corneal
inflammation. Drug Deliv. Transl. Res., 8(5), 1114-1126.
DOI: 10.1007/s13346-018-0541-5

Pattamatta U., Willcox M., Stapleton F., Garrett Q. (2013)
Bovine lactoferrin promotes corneal wound healing and
suppresses IL-1 expression in alkali wounded mouse cornea.
Curr. Eye Res., 38(11), 1110-1117.

DOI: 110.3109/02713683.2013.811259

Chesnokova NB, Bordiugova G.G, Bagdash S., Sosulina N.E.
(1987) Dynamics of proteolytic and antiproteolytic activity
in corneal burns. Oftalmologicheskii Zhurnal, 4(1), 52-55.

Received: 24.03. 2024.
Revised: 29. 04. 2024.
Accepted: 02. 05. 2024.



Kirsanova et al.

BJIMSTHUE JIAKTO®EPUHA HA CBOBO/THOPAJIUKAJIBHBIN U IUTOKUHOBBIN CTATYC
POrosuinbl P SKCIMIEPUMEHTAJIBHOM TEPMHUYECKOM OXKOT'E

HU.B. Kupcanoesa*, A.B. Konecnukos, A.B. Il[ynvkun, I0.B. Abanenuxuna, I1./]. Epoxuna, E.H. fIkywesa

Psazanckuil rocynapcTBEHHBIN MEAMIIMHCKUIM yHUBEpcUTET uMeHH akajemuka M.I1. I1aBnoga,
390026 Ps3anb, yin. BeicokoBonbTHas, 9; *ai1. moura: kirsanova-iv@inbox.ru

Ha xponmkax-camuax mopoxasl Coserckast LuHmmnna u3ydeHbl 0COOSHHOCTH CBOOOJHOPAJMKAIBLHOTO H
LIUTOKUHOBOIO CTaTryca POTOBHULBI NPU €€ TEPMHUUYECKOM OXKOre U BO3MOXHOCTH €ro KOPPEKIUH C MOMOIIBIO
naktodepprHa. Pa3BHTHE TEPMHUYECKOTO 0XKOTa POTOBHUIIBI COMPOBOXKAACTCS Pa3BUTHEM OKHCIHMTEIBHOTO CTpecca
(moBbImeHreM ypoBHsS TBK-peakTHBHBIX MPOAYKTOB M KAPOOHWIBHBIX IIPOU3BOAHBIX OCIKOB, CHIDKCHUEM aKTHBHOCTH
¢depmentoB COJ/] u GPx) 1 BeIpakeHHOI BocniannTeabHOU peakiueii ¢ nopbimienneM yposs TNF-1a, IL-10, TGF-1.
[Mpumenenne nakrodepprHa OKa3bIBaJIO BBIPAKEHHBIH TepaneBTHYECKUH 3P (EKT, KOTOPHI NPOSBISIICS YCKOPEHHEM
3aKUBJICHUS, NMPO(UIAKTHKON pPa3BUTHS OCJIOKHEHHH (mepdopauuii pOTrOBHIbI), CHH)XCHHEM BBIPaKEHHOCTH
OKHCIIUTENBHOTO CTpecca, HoBbiieHrneM KoHueHTpanuii TNF-1a (Ha panHux cpokax), IL-10 (Ha mo3nHHX Cpokax),
TGF-1p (Ha mpoTshkeHHH BCEero 3KcrepruMeHTa). [Ipy 3ToM, K KOHIy pereHepanuu OBUIO BEIABIICHO Oolee Tpyodoe,
OTHOCHUTENNBHO KOHTPOJIBHOW TI'PYIIbI, TOMYTHEHHE POTOBHIBI, YTO MOXET OBITh CBSI3aHO C IOBBIIICHHBIM yPOBHEM
MPOTUBOBOCHAIUTENBHBIX IMTOKMHOB, ocobernno TGF-1.

Ionnwitl mexcm cmamovu HA PYccKom s3vlKe 0ocmynen Ha catime xcyprana (http://pbmc.ibmc.msk.ru).

KaioueBble c10Ba: TepMHIECKHI OKOT' POTOBHIIBI; OKHCIUTEIBHBIN CTPECC; IUTOKUHBI; JIAKTO(QEPPHH

®unancupoBanue. Pabora BemonHena u3 cpencts Pzl MYVY.

[Toctynuna B pemakuuto: 24.03.2024; nocne aopadotku: 29.04.2024; npunsta x nedaru: 02.05.2024.
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