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ABSTRACT

Background. Cataractis one of the main causes of decreased visual acuity in the world,
and therefore scientists are continuing researches on the mechanisms of development
of this ophthalmic pathology.

The aim. To study metabolic changes in a cloudy lens using an experimental model.
Materials and methods. The study was carried out on adult male Wistar rats (n = 60),
which were divided into control (n = 30) and experimental (n = 30) groups. Experimen-
tal cataract were simulated by daily ultraviolet irradiation (A = 300-350 nm) during
6 months for 20 minutes. At the months 2, 4 and 6 of the study, we carried out a bio-
microscopic examination of the anterior eye of animals using a slit lamp to monitor
the development of cataract. Lenses were collected to determine the content of stea-
royl-coenzyme-A desaturases and melatonin using enzyme immunoassay.

Results. At the stage of initial cataract, the content of the stearoyl-coenzyme A desat-
urase was statistically significantly lower than the control values by 38 %; at the stage
of immature cataract — by 30 %; at the stage of mature cataract — by 15.4 %. It was re-
vealed that at the month 6 of the study, the concentration of melatonin in lens homoge-
nates was 17 % lower when compared with the control. A statistically significant correla-
tion was established between stearoyl-coenzyme A desaturase and melatonin (r=0.32).
Conclusion. Melatonin and stearoyl-coenzyme A desaturase play an important role
in a number of biochemical processes that ensure the proper functioning of the visual
analyzer. Changes in the concentration of these biological molecules can play a key
role in the pathogenesis of cataract and a number of other ophthalmic diseases.
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PE3IOME

O6ocHoeaHue. Kamapakma aeasaemcs 00HOU U3 OCHOBHbIX NPUYUH CHUXeHUS 3peHUs
8 MUpe, 8 C8A3U C YeM, YYEHbIMU aKMUBHO NPOOOIXAIMCSA UCCIe008aHUSA NO U3yYe-
HUI0 MexaHu3Mo8 pa3gumus 0aHHoU opmaneMmonamosiozuu.

Llene uccnedosanus. Vizyuume memabonuyeckue UsMeHeHUs 8 MymHewem xXpy-
CMa’suke Ha 3KxchepumeHmMasneHol Modesu.

Mamepuanel u memoodebl. Paboma 6bisia NPo8edeHAa HA 83POC/IbIX KPbICAX-CAMUax
nuHuu Wistar (n = 60), komopeie 6bl1u pasdesneHsl Ha KOHMpOosbHyo (n = 30) u onbim-
Hyto (n = 30) epynnsl. IKCnepuMeHMAaAsnbHAA KAMAPAKMa Mooesauposandcb Nymém
exxe0He8Ho20 ynbmpaguonemosozo 0by4deHusa (A = 300-350 HM) 8 meyeHue 6 Me-
cayes no 20 muHym. Ha 2-0, 4-0 u 6-0 Mecaysbl uccnedosaHus nposoousiocb buomu-
Kpockonuyeckoe 06c/1e008aHue nepedHe20 omoesia 2/1a3a XUBOMHbIX C NOMOWbIO
wenesoli namnsl 051 HAGIO0EHUA 3a pd3suMuUeM Kamapakmel; OCyWecmssissca 3d-
60p xpycmasnukos 0715 onpedesieHus CO0epXXaHUA cmeapus-Ko3H3um-A-0ecamypas
U MesIamoHUHA Memo0oM UMMYHOGepMeHMHO20 aHau3d.

Pesynemamel. Ha cmaduu Ha4yaneHoU Kamapakmel cooepxaHue (hepmeHma cmea-
pus-KO3H3UM-A-Oecamypassl 6bI710 cCMamMucmMuyecku 3HAYUMO HUXe KOHMPOJIbHbIX
3Ha4eHul Ha 38 %; Ha cmaduu He3pesol kamapakmesl — Ha 30 %; Ha cmaouu 3pesnol
kamapakmel — Ha 15,4 %. BvisigneHo, Ymo Ha 6-U MecAay ucci1ie008aHUa KOHUeHmpa-
YusA MesIamoHUHA 8 20MO2eHAMAX XPyCcmanukos bwinia Huxe Ha 17 % npu cpagHeHUU
C KOHMpoJsieM. YCmaHosieHo Haauyue cmamucmuyecku 3Ha4umoUli KoppenayuoHHoU
3asucumMocmu mexo0y cmeapusi-kosH3uM-A-0ecamypasoli u MenamoHuHom (r = 0,32).
3aknroyenue. MenamoHUH U cmedapus-Ko3H3UM-A-0ecamypdssl uzpaom 8aXHYH0
poJ1b 8 pAde bUOXUMUYECKUX NPoyeccos, obecneyusarowjux npasusibHoe yHKYUOHU-
pO8aHue 3pumesibHO20 AHA/IU3AMOpPa. YiameHeHue KOHUeHMpayuu 0aHHbIX 6U0JI02U-
YecKUX MOJIeKyJ1 MOXem u2pamse KJ1o4esyto poJib 8 namozeHe3e Kamapakmel U paoa
Opyaux opmasnsmosioauyeckux 3a6onesaHudl.

Knioueawle cnoea: cmeapun-K03H3UM-A-aecamypa3bl, MeJIamoOHUH, Kamapakma,
XKUPHble KUC/10mebl, Xpycma’siuk esiasa

Ona untnposanma: Yynpos AJl., Hotoea C.B., MapwwnHckaa O.B., Kaszakosa T.B. MeTa-
605Myeckne N3MeHeHNA B XpyCTanmKax rnasa npy NporpeccMpoBaHnn KatapakTbl. Acta
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INTRODUCTION

Cataract is one of the most common ophthalmologi-
cal diseases and one of the leading causes of blindness
along with glaucoma and age-related macular degenera-
tion [1]. According to the World Health Organization, cata-
ract accounts for 47 % of all eye diseases [2]. That is why
understanding the underlying mechanisms of age-related
changes in the structure and function of the ocular appa-
ratus has become critically important for identifying new
therapeutic targets and developing multimodal health
strategies that meet the needs of the population.

A number of numerous studies devoted to the causes
of cataracts have shown that cataracts are a multifactorial
disease [3]. The main causes of this pathology include ex-
posure to ultraviolet (UV) radiation. This is evidenced by ep-
idemiological studies that have established a relationship
between the medium-wave range of UV radiation (UVB,
wavelength 290-315 nm), present in sunlight, and the for-
mation of lens opacities [4]. There is an assumption that
lens lipids of the eye are involved in the development
of the disease, despite their small content (1 %). In particu-
lar, it is known that prolonged exposure to sunlight increas-
es the risk of cataracts due to peroxidation of fatty acids
that are part of the cell membrane of lens cells [5].

One of the actively studied enzymes involved
in the regulation of fatty acid metabolism is membrane-
bound stearyl-coenzyme A desaturase-1 (SCD1; EC
1.14.19.1). This enzyme catalyzes the reaction during
which saturated fatty acids are converted into monounsat-
urated ones. As a rule, stearic and palmitic acids undergo
desaturation reactions with the formation of oleic and pal-
mitoleic acids, respectively [6]. It is known that the ratio
of fatty acids, in particular stearic acid, to oleic acid affects
the viscosity of the lipid bilayer of cell membranes. For this
reason, SCD1 is vital for maintaining the structural integ-
rity and fluidity of membranes. Foreign scientists have
found that changes in the level of desaturases in humans
and animals are associated with the development of oph-
thalmological pathologies [7, 8].

In addition, according to modern literature, the role
of melatonin in the normal and pathological functioning
of the visual system is actively discussed in ophthalmol-
ogy [9, 10]. Melatonin is a hormone secreted by the pineal
gland in accordance with the circadian rhythm and regu-
lates chronobiological processes in the body, including en-
docrine and non-endocrine functions [11]. Other functions
of melatonin are associated with the oxidation-reduction
status of cells and tissues and include its antioxidant
and anti-inflammatory properties [12]. It should be noted
that melatonin is produced not only in the pineal gland -
its synthesis has been found in many organs and tissues.
Using specific antibodies to melatonin, its presence was
found in almost all biological fluids, including cerebrospi-
nal fluid, saliva, bile, amniotic fluid, breast milk and tear flu-
id [11]. Melatonin is also found in the structures of the eye-
ball - the ciliary body, lens and retina [13].

The working hypothesis of the study is based
on the assumption that desaturases and melatonin
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participate in cataractogenesis. In this regard, the assess-
ment of the levels of these enzymes in lens homogenates
is a necessary step in the study of the visual analyzer func-
tional state.

THE AIM OF THE STUDY

To study metabolic changes in a cloudy lens using
an experimental model.

MATERIALS AND METHODS

The studies were conducted in the experimental bio-
logical clinic (vivarium) of the Federal Research Centre
of Biological Systems and Agrotechnologies of the Rus-
sian Academy of Sciences and S. Fyodorov Eye Microsur-
gery Federal State Institution of the Ministry of Health
of the Russian Federation. The experiment was performed
on the Wistar rat model in accordance with the protocols
of the Geneva Convention and the principles of good
laboratory practice (National Standard of the Russian
Federation GOST R 53434-2009), as well as accord-
ing to the recommendations of The Guide for the Care
and Use of Laboratory Animals (National Academy Press
Washington, D.C. 1996). The design of the experiment was
approved by the local Ethics Committee of the Federal Re-
search Centre of Biological Systems and Agrotechnologies
of the Russian Academy of Sciences (protocol No. 4 dated
February 05, 2019).

For the experiment, 60 male rats weighing 180-200 g
and aged 10 months were selected. Two groups were
formed from the selected animals using the pair-analogue
method: control (n =30) and experimental (n = 30). Age-re-
lated cataracts were modeled in the animals of the experi-
mental group by daily ultraviolet irradiation using a mercu-
ry gas discharge lamp DRL (A = 300-350 nm). The exposure
time was 20 minutes for 6 months.

The animals were kept on a standard diet (according
to GOST R 50258-92), with free access to water and food,
at a temperature of 22 + 1 °C and 12-hour lighting.

At the 2", 4" and 6™ months of the study, a biomicro-
scopic examination of the anterior segment of the animal’s
eye was performed using a BQ 900 slit lamp (Haag-Streit,
Switzerland) to monitor the development of cataracts;
the lenses were isolated and then homogenized on ice
in sterile saline (in a ratio of 1:20 - 20 mg of tissue sample
was added to 1 ml of the solution) to determine the con-
tent of stearyl-coenzyme-A desaturase and melatonin us-
ing an enzyme immunoassay and the Rat SCD (Stearoyl
Coenzyme A Desaturase) Elisa Kit and Rat MT (Melatonin)
Elisa Kit according to the instructions.

The obtained data were processed using the methods
of variation statistics using the statistical package Statis-
tica 10 (StatSoft Inc., USA). The compliance of the obtained
data with the normal distribution law was checked us-
ing the Kolmogorov goodness-of-fit test. The hypothesis
of the data belonging to the normal distribution was
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rejected in all cases with a probability of 95%, which justi-
fied the use of nonparametric procedures for processing
statistical populations (Mann - Whitney U-test). The ob-
tained data are presented as the median (Me) and the 25
and 75" centiles (Q25-Q75). The relationships between
the parameters were assessed using the Spearman'’s rank
correlation method.

RESULTS

According to biomicroscopic examination
of the eyeball, no clinical signs of cataract development
were detected in laboratory animals during the first month
of ultraviolet irradiation. Only by the end of the 2" month
of ultraviolet exposure did the rats develop initial subcap-
sular cataract, characterized by heterogeneity of the lens
fibers. In the 4" month of exposure, according to slit lamp
analysis of the eye, signs of subcapsular cataract became
more pronounced, and by the 6" month of irradiation,
signs of mature cataract were observed in the animals -
lens clouding was noted at the equator and in the center
in all layers (fig. 1).

Analysis of the enzyme immunoassay results showed
that in animals of the experimental group, the content

of SCD1 in lens homogenates throughout the experiment
was statistically significantly lower than in the control
(fig. 2).

When comparing centile values, it was found that Q75
of the experimental group was lower than Q25 of the con-
trol group by 38 % (p < 0.05) at the initial cataract stage
(2" month of observation), by 30 % (p < 0.001) at the im-
mature cataract stage (4" month), and by 15.4 % (p < 0.05)
at the mature cataract stage (6" month). It should be noted
that in the 4" month of the experiment, the range of SCD1
enzyme concentrations was the widest, while the 25" cen-
tile value was more than 2 times lower than the same indi-
cator in the 2" and 6" months of observation.

In the experimental group animals, the melatonin
content in lens homogenates was stable throughout
the experiment, but somewhat lower than in the control.
However, against the background of the development
of mature cataract (6™ month), the melatonin concentra-
tion in the experimental group statistically significantly
decreased relative to the control values: the median value
was 17 % lower; Q75 of the experimental group was 5 %
lower than Q25 of the control group (p < 0.05) (fig. 3).

The conducted correlation analysis allowed us to es-
tablish the presence of a positive moderate association
between melatonin and SCD1 (r = 0.32; p < 0.05) in lens

Control group

Observation after 2 months
of the experiment

Observation after 4 months
of the experiment

Observation after 6 months
of the experiment

Experimental group

FIG. 1.
Biomicroscopy of the lens at the different stages of the experiment
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FIG. 2.

Content of stearoyl-coenzyme A desaturase in eye lens homoge-
nates: statistically significant difference between the experimental
group and the control * — at p < 0.05, ** — at p < 0.01; data are pre-
sented as Me (Q25-Q75)

FIG. 4.
Correlation between melatonin and stearyl-coenzyme A desaturase
in eye lens homogenates

homogenates (fig. 4). As can be seen from the presented
graph, the higher the melatonin level, the higher the de-
saturase level.

DISCUSSION

The study found that after 2 months of ultraviolet
irradiation, there was a statistically significant decrease
in the SCD1 level in animal lens homogenates by more
than 30 %.This fact may be due to the protective and com-
pensatory body reaction aimed at ensuring the correct
functioning of the system elements under conditions
exceeding the adaptation norm, due to the reaction
of the structures of the system itself [14]. As is known,
the body maintains physiologically favorable membrane
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FIG. 3.

Melatonin content in eye lens homogenates: * - statistically signifi-
cant difference between the experimental group and the control at
p < 0.05; data are presented as Me (Q25-Q75)

fluidity by changing the ratio of saturated and unsaturat-
ed fatty acids. Ultraviolet radiation promotes the activa-
tion of oxidation processes and the accumulation of pho-
tolysis products. Lipids containing unsaturated fatty
acids are primarily subject to peroxidation. This is due
to the fact that they contain a m-bond, which is less strong
than a o-bond and is more easily broken during chemical
reactions [15]. As a result, there is a loss of phospholip-
ids (phosphatidylcholines and phosphatidylethanol-
amines), which mainly include unsaturated fatty acids.
In order to provide resistance to oxidation and maintain
the transparency of the lens membranes, the acyl chains
of phospholipids are saturated, and the content of lipids
with residues of saturated fatty acids increases [16, 17].
Such processes provide relative physical and chemical
stability of membranes, rigidity and resistance to peroxi-
dation. This is the basis for the physiological compensa-
tory decrease in the concentration of the SCD1 enzyme,
which catalyzes the biosynthesis of unsaturated fatty
acids. It should be noted that the established increase
in the SCD1 content in the 6™ month of the experi-
ment compared to the 2" and 4™ months may indicate
adaptation processes in response to the stress factor,
as well as the high metabolic flexibility of this enzyme.
This is probably due to the fact that in the process
of peroxidation, the fluidity of cell membranes decreas-
es, but remains within a certain range due to the action
of desaturases. On the other hand, it can be assumed
that the activity of desaturase in lens cells is subject
to cyclic changes, allowing to maintain a constant ion-
ic composition in the cells and membrane potential,
thereby preventing the development of cataracts [18,
19]. However, the results of studies by Chinese scientists
show that SCD1 inhibition may be involved in catarac-
togenesis by changing the lipid composition of the lens
[20]. In our previous studies, it was shown that against
the background of cataract development, the content
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of saturated palmitic acid increases and the level of un-
saturated linoleic acid decreases [21]. Such changes pro-
vide an increase in the “rigidity” of the membranes, which
helps protect cells from oxidative stress. However, along
with this, the ratio of saturated and unsaturated fatty
acids changes, which leads to a violation of the fluid-
ity and structural integrity of the lens cell membranes
and, as a consequence, to the development of cataracts.
Thus, chronic exposure to unfavorable environmental
factors on the body, as a rule, causes stress in the regu-
latory mechanisms, which may result in a breakdown
of compensatory reactions, leading to the so-called
state of distress, against the background of which there
is an imbalance in the regulatory systems of the body
and the development of the disease. It is assumed that
the violation of lipid metabolism and damage to cell
membranes is the leading link in the process of changing
the optical and physical properties of the lens.

The decrease in the melatonin level in the studied
biosamples revealed during the experiment is entirely
justified. As is known, in physiological concentrations, this
hormone protects cells from oxidative stress by binding
hydroxyl radicals that are formed during lipid peroxida-
tion, as well as stimulating the expression of antioxidant
genes and inhibiting the genes of prooxidant enzymes
[22]. A number of experimental studies have shown that
melatonin is able to suppress the development of cata-
racts [23-25]. For example, a study by Turkish scientists
found that intraperitoneal administration of melatonin re-
duced the manifestations of oxidative stress and contrib-
uted to the restoration of the lens optical properties after
UV irradiation [26]. Thus, a decrease in the concentration
of this hormone in lens homogenates is due to the high
production of active oxygen forms. The results of the study
also indicate that the antioxidant system cannot cope
with the progression of cataracts.

Of great interest is the fact that there is a direct corre-
lation between the content of melatonin and SCD1 in lens
cells. Perhaps this association is due to the fact that mela-
tonin in this case acts, as described earlier, as a strong an-
tioxidant with direct and indirect antioxidant properties
[27]. Due to these properties of melatonin, the level of ac-
tive oxygen species in lens cells decreases, due to which
the SCD1 enzyme concentration increases and the ratio
of saturated and unsaturated fatty acids is normalized,
thereby restoring the functional activity of membranes.
Thus, we assume that the higher the level of melatonin,
the higher the degree of cell protection from oxidative
stress, and, consequently, the higher the level of unsaturat-
ed fatty acids and desaturases. It is interesting to note that
in 1981, D.F. Horrobin in the journal “Medical Hypotheses”
identified melatonin as one of the factors regulating de-
saturases [28]. Thus, in the 2000s. Japanese scientists have
shown that the introduction of melatonin to rats with type
2 diabetes mellitus contributed to the activity restoration
of one of the enzyme isoforms - liver A-5-desaturase, which
in turn led to the normalization of the ratio of fatty acids
in the blood plasma and liver [29]. In addition, there is evi-
dence that the activity of the enzymes of the isoenzymes

A-5- and A-6-desaturases plays an important role in the ex-
pression and regulation of melatonin itself [30].

CONCLUSION

To summarize the study, it should be concluded that
the enzyme stearyl-coenzyme-A desaturase and the hor-
mone melatonin play an important role in a number of bio-
chemical processes that ensure the proper functioning
of the visual analyzer. The study noted that at the stage
of initial cataract, the content of stearyl-coenzyme-A de-
saturase is statistically significantly lower than the control
values by 38 %, at the stage of immature cataract - by 30 %,
at the stage of mature cataract - by 15.4 %. It was found
that during the mature cataract formation, the melatonin
concentration in lens homogenates statistically decreases
by 17 % when compared with the control. The presence
of a statistically significant correlation between stearyl-co-
enzyme-A desaturase and melatonin (r = 0.32) was estab-
lished. Changes in the concentration of these biological
molecules may play a key role in the pathogenesis of cata-
racts and a number of other ophthalmological diseases.
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