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Electromagnetic radiation (EMR) in the microwave range, even at non-thermal intensity,
causes significant biochemical and physiological changes in living organisms, which are
supposed to be associated with its possible oxidative effect. This work is devoted to the study
of the mechanism of realization of the EMR effect in the eye lens at the level of redox state
elements, based on the fact that this organ is the most suitable model: it functions semi-
autonomously and has a well-organized system of antioxidant protection. The transparency
of the lens is maintained by preserving the redox balance, in which the homeostasis of thiol
compounds of protein and non-protein nature plays an important role. Our experiments
were performed on rats using 460 MHz EMR for exposure at non-thermal intensities (power
flux density between 10 and 30 pnW/cm?). It has been shown that chronic exposure to EMR
for up to two weeks caused changes in the redox state of the lens, which manifested in
changes in the level of lipid peroxidation processes and the content of thiols of various
natures. The substructures of the lens (cortical and nuclear regions) reacted to EMR
exposure in different ways. Depending on the EMR intensity, pro- and antioxidant
characters were revealed in their reactions. The dynamics of the oxidative reaction of lens
substructures were also different under high- and low-intensity exposure. The character of
the Kinetics of changes in the products of oxidative reactions (malondialdehyde and lipid
hydroperoxides) and reducing agents (non-protein and protein SH groups) in the lens of the
irradiated organism suggested the role of the enzymatic thiolation-dethiolation system to
preserve the redox balance in the substructures of the lens. In addition, the results on
changes (Kinetics) in the content of various protein SH-groups, i.e., hidden inside the protein
molecule and exposed on its surface, during EMR exposure, as well as the data available in
the literature, allow us to put forward suggestions about the supramolecular mechanism of
homeostasis regulation, in particular, thiol homeostasis regulation in such high-protein
structures as the lens, which can be realized by aggregation-disaggregation of protein
molecules (crystallins in the case of the lens). Our results can serve as a basis for developing
a new non-invasive approach to cataract prevention using low-intensity microwave
radiation.
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causes significant physiological changes in
living organisms [5, 16]. Interest in these studies
is due to the lack of specific biochemical and
biophysical mechanisms of EMR action,
although a huge amount of experimental data
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has been accumulated on biological systems of
various levels and complexity.

The results of experiments with animals
exposed to microwave radiation obtained in
recent years indicate the oxidative nature of the
radiation effects on organisms [19, 20]. In
particular, the data obtained at our laboratory
(Laboratory  of  Radiation  Physiology)
concerning the chronic effect of decimeter
radiation on the processes of lipid peroxidation
(LPO) and the antioxidant system in some
structures of the brain and eye make a serious
contribution to the experimental substantiation
of the free radical mechanism of EMR action [3,
6, 9].

The data available in the literature on the
redox properties of the eye lens, the mechanisms
of regulation of the processes underlying the
preservation of the transparency of the lens, and
the changes that occur as a result of aging and
diseases (especially cataractogenesis) indicate
that the lens can be a good, convenient model
for studying the oxidative effect of an external
factor, in particular, non-ionizing EMR [2, 3,
12].

We consider the following points to be the
main arguments in favor of such a statement: 1)
in the body, the lens functions (semi)
autonomously, so it’s in vitro studies can be
brought as close as possible to in vivo
conditions; 2) the biochemistry of the lens is
subordinated to the preservation of a simple
physiological function maintaining the
transparency of the crystalline substance by
regulating the redox balance (protein thiols
protection from oxidation and aggregation of
protein molecules); 3) the processes of oxidation
and reduction (of proteins and lipids) occurring
in the lens prevail over other cellular processes
(for example, syntheses), i.e. the lens can be
considered as a system of redox reactions; 4) the
pathogenesis (cataractogenesis) of the lens is
well studied and its indicators can be used as
parameters of the model that is the basis for
studying the influence of the oxidative factor, in
our case, EMR of the decimeter range [10].
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It is already known that ensuring the
transparency of the lens is associated with the
balance of its redox state. High levels of
endogenous thiols, particularly glutathione, play
a vital role in keeping lens proteins in a reduced
state [11, 13]. Along with this, two internal
repair systems (glutaredoxin and thioredoxin
systems) are constantly operating to maintain
the function of the lens, which dethiolate mixed
disulfides of the protein-non-protein thiol type
or protein-protein disulfides formed under
oxidative stress [14, 18].

We have previously shown that
irradiation of rats with decimeter-range EMR
modifies the course of lipid peroxidation (LPO)
in the lens [4, 9]. Since the level of LPO is
closely related to antioxidant protection in
tissues, including the content of endogenous
reduced thiols, the latter is primarily oxidized by
LPO products, thereby protecting other
functional groups and molecules from
oxidation. The shift of the redox state (redox
balance) of the lens, which can occur under the
influence of low-energy radiation in one
direction or another, can serve to modify the
conditions for the development of pathologies of
free radical nature, in particular the pre-cataract
state [17, 21].

The purpose of this work was to find out
whether changes in the process of LPO in the
lens under the action of non-ionizing EMR are
interrelated with changes in the thiol content of
the lens. The expected results will allow us to
start studying the possibility of using radiation
with decimeter electromagnetic waves for the
prevention of such a socially important disease
as cataracts.

MATERIAL AND METHODS

The experiments were carried out on 3-
month-old male rats, which were irradiated
using a "Volna-2" generator (Russia, 460 MHz).
The technique of the experiment was described
in more detail in the article by Abbasova and
Gadzhiev [6]. Experiments with low-intensity
and relatively high-intensity irradiation were
carried out at a power flux density of 10 and 30
uW/cm?. The values of the specific absorption



Crystalline lens: redox changes in response to the action of non-ionizing electromagnetic

rate (SAR) of electromagnetic energy averaged
over the entire animal body were estimated as 5
and 15 pW/kg for two intensity modes,
respectively. For each specific exposure, the rats
were divided into three groups of six rats each,
i.e., one control group (falsely irradiated) and
two experimental groups, respectively, low-
intensity and relatively high-intensity exposed.
Experimental groups were exposed to EMR for
20 min daily for 1, 3,5, 7, 10, and 14 days. After
an appropriate radiation load, the lenses of the
control and experimental groups were isolated
for studies in compliance with the rules of
working with experimental animals. To
determine the content of thiols in lens
homogenates, a modified Sedlak-Lindsay
method based on the Ellman reaction was used
[15]. Concentrations of readily available (RA)
(the sum of low molecular weight thiols and
superficially located protein thiols) and hidden
(masked in the protein structure) thiols in the
cortex and nucleus of the lens were then
recalculated by 1 mg of protein (nmol/mg
protein).

Statistical data analysis was performed
using the SPSS software package for Windows,
version 22.0. The differences between the
control and experimental measurements were
examined using the t-test for paired samples.

RESULTS

We studied the content of readily
available (RA) (the sum of low molecular
weight thiols and superficially located protein
thiol groups, which can also be called
cytoplasmic) and hidden (masked in the protein
structure) thiol groups in the cortex and nucleus
of the lens of rats during chronic irradiation for
a period of up to 14 days. The changes in the
content of cytoplasmic thiols in the cortex and
nucleus of the lens at different exposures are
demonstrated in the Fig. 1 for relatively high-
intensity irradiation.

The level of RA-thiols in the lens cortex,
which had fallen after the 1st day of irradiation,
gradually increased, reached the control level on
days 7-8, and increased by ~60% over the
control by further irradiation; in the nucleus, on
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the contrary, the level of thiols that had
increased after the 1st day of irradiation
gradually fell to the control level on days 8-9,
with a further decrease with respect to the
control by ~30% (see the left diagram in Fig.).
Such changes in the content of RA-thiols were
correlated with changes in the LPO process in
the same tissues.

The dynamics of changes in the content of
hidden thiols in the cortex and nucleus of the
lens under relatively high-intensity irradiation
were opposite to the changes in RA-thiols (Fig.
1, right diagram). With a linear approximation
of the time dependence of the experimental data,
it can be seen that the initial decrease in the level
of hidden thiols by 80% in the nucleus was
replaced by a gradual increase until it was
restored to control at the end of irradiation.

In the lens cortex, at the beginning of
exposure to EMR, there was also a decrease in
the level of hidden thiols (initially by ~20%),
which developed further with the continuation
of irradiation, and by the end of exposure
reached ~60% lower level than the control. An
important result was that the assessment of the
total amount of thiols, both for the cortex and for
the nucleus, showed a stable level during the
entire irradiation period, which was about 20%
lower than the control level.

Exposure to irradiation at low intensity led
to a pattern of changes in thiols of various types
in the cortex and the nucleus of the lens, in
general, opposite to the picture with high-
intensity irradiation (the data has not been given
here). The decrease in the number of readily
available thiols in the lens cortex was
compensated with an increase in hidden protein
thiols under low-intensity irradiation. In the
nucleus, the nature of changes in easily
accessible and hidden thiols was the same as in
the cortex, but these changes were more
moderate.

Experimental studies were carried out in
several stages. First of all, the parameters of the
amplitude of the evoked potential (EP) of
individual components (total, positive, and
negative) were recorded in all studied structures
in intact animals. Then, in accordance with
Noel's methodology, an experimental model of
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retinal dystrophy was created by injecting
MIAA into the ear veins of animals.
Experimental retinal dystrophy of a moderate
degree formed within 28-30 days. 30 days after
injection, EP was recorded again, and a
corresponding decrease in the amplitude
parameters of EP in each structure was
observed. The decrease was 40-50% in CS and
LGB and 20-25% in VC compared to the
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control. Then curcumin was added to animal
food for 30 days. After that, the EP parameters
were recorded again. From the results obtained,
it became known that the amplitude parameters
of EP in all structures after taking curcumin
partially increased. However, the positive effect
of curcumin on the amplitude parameters of EP
in CS and LGB structures was much less than in
VC (Fig. 1).
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Figure 1. Changes in the content of readily available (left) and hidden (right) thiols in the lens
substructures of rats exposed to high intensity irradiation with EMR 460 MHz for various periods of
irradiation ("Volna-2" generator, the output power of 60 watts; daily exposure time: 20 min).

The average concentration of readily available thiols for the control group was 473431 nmol/mg
protein in the nucleus and 464+39 nmol/mg protein in the cortex. The average value of concentration
for hidden intramolecular protein thiols in the control group, calculated from the difference between
the total number of thiols and readily available thiols, was 565+126 nmol/mg protein in the nucleus

and 296+100 nmol/mg protein in the cortex.

Note: Dotted lines indicate the general trend of changes in different substructures and were carried out

using a linear approximation of experimental points.

In the lens cortex, at the beginning of
exposure to EMR, there was also a decrease in
the level of hidden thiols (initially by ~20%),
which developed further with the continuation
of irradiation, and by the end of exposure
reached ~60% lower level than the control. An
important result was that the assessment of the
total amount of thiols, both for the cortex and for
the nucleus, showed a stable level during the
entire irradiation period, which was about 20%
lower than the control level.

Exposure to irradiation at low intensity led
to a pattern of changes in thiols of various types
in the cortex and the nucleus of the lens, in
general, opposite to the picture with high-

43

intensity irradiation (the data has not been given
here). The decrease in the number of readily
available thiols in the lens cortex was
compensated with an increase in hidden protein
thiols under low-intensity irradiation. In the
nucleus, the nature of changes in easily
accessible and hidden thiols was the same as in
the cortex, but these changes were more
moderate.

DISCUSSION
The results of the total exposure of

organisms to relatively high- and low-intensity
EMR revealed shifts in the redox state in the
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lens, respectively, in the direction of oxidation
and in the direction of reduction. And,
apparently, one of the ways to realize the shift in
the redox balance is through the transition
between different types of thiols.

The level of LPO can be considered an
indicator of the redox state of the tissue [3],
because the rate of accumulation of its products
depends on the balance between the speed of
this process and the antioxidant ability of the
medium to destroy its products. The increase in
LPO indicates a shift in the redox state towards
greater oxidation of the cellular environment;
this occurred under high-intensity irradiation. A
decrease in the rate of LPO, as it occurs with
low-intensity irradiation in the lens, indicates a
shift towards lower oxidation, i.e., greater
reduction. Just as with high oxidation of the
tissue environment, when we talk about
oxidative stress with high recovery of the
environment, for some time they began to talk
about reductive (restorative) stress. References
to reports on the phenomenon of reductive stress
in relation to other tissues (liver, muscles) can
be found in the article by Clanton et al. [8].
Apparently, there are systems of protection
against reductive stress in the cells that are able
to mask the excess of reductive agents and
various thiols. With low-intensity irradiation in
the lens, we are faced with just such a situation
[4]. With a reduced level of LPO, open protein
thiols pass into a disguised (hidden) state when
they are unable to restore oxidized LPO
products.

Thus, there is a transition from one type of
thiol to another under the influence of high-
intensity irradiation. Such transformation of
protein thiols in tissues, in particular in the lens,
under the action of oxidative factors is discussed
in the literature, and the regulation of these
processes by thiolation and dethiolation
reactions using certain enzymes is an important
subject in the study of the lens [7].

Based on our results and literature data,
we can discuss the development of a new non-
invasive, non-drug method of cataract
prevention by exposure to low-intensity
decimeter EMR to change two factors, namely
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redox shift and protein aggregation leading to
loss of lens transparency [1, 2].

The transition of protein thiols from one
state to another under the influence of a physical
factor allows us to put forward a suggestion
about a supramolecular mechanism for
regulating homeostasis (in particular, thiol
homeostasis) in such a high-protein structure as
the lens, which can be realized by the
aggregation-disaggregation of protein
molecules called crystallins. There is a certain
threshold size of protein aggregates (molecular
weight: about 107 Da), above which such
aggregates, with sufficient concentration, cause
significant scattering of light falling on the lens,
which manifests itself in the loss of transparency
of the latter. It can be assumed that the proteins
of the lens at the physiological norm are
represented by their small aggregates within
those limits that do not affect transparency. At
the same time, these aggregated molecules hide
their SH groups. Under the action of oxidative-
damaging factors, with the development of
oxidative stress, perhaps at some certain stage of
this development, the path of antioxidant
protection implemented by disaggregation of
the supramolecular protein structure comes into
effect, as a result of which previously hidden
SH-groups can act as additional reducing
agents. When the threat of oxidative damage to
cellular structures or lens enzymes disappears,
protein molecules can form high-molecular-
weight aggregates again without compromising
the transparency of this visual structure.

CONCLUSIONS

It has been established that shifts in the
redox state are detected in the substructures of
the lens (in its nuclear and cortical parts) as a
result of the irradiation of the body with non-
ionizing EMR of a certain intensity. The data
obtained indicate that one of the ways to realize
the shift in the redox balance in the lens is most
likely the transition between different forms of
protein SH groups.

A suggestion is put forward about the
supramolecular mechanism of regulation of
thiol homeostasis in the eye lens, which allows
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crystallins to protect themselves from oxidative-

damaging factors via aggregation-
disaggregation of SH-containing protein
molecules.

REFERENCES

[1] Avetisov SE., Sheremet NL., Muranov KO.,
Polianskiy NB., Bannik KI., Kurova VS.,
Polunin GS., Ostrovskiy MA. [Experimental
study of the influence of disturbing factors
and chaperone-like drugs on
cataractogenesis] Vestn. Oftalmol. 2013;
129(5):155-159.

[2] Gadzhiev AM. [Thiol homeostasis in the eye

lens and redox effects of microwave

irradiation]. Materials of the 5th Congress of

Azerbaijan Physiologists dedicated to the

50th Anniversary of the A.l.Karayev

Institute of Physiology. Baku, 2017; 175-

176.

Ibragimova JM., Gadjiev AM., Ibragimov

AS. Changes in lipid peroxidation under

exposure to electromagnetic radiation of

non-thermal intensity in the prenatal period.

Biophysics. 2021; 66(2):352-355.

https://doi.org/10.1134/S000635092102008

1

[4] Musaev AV., lbragimova JM., Gadzhiev
AM. Modification of experimental oxidative
stress in lens tissues by 460 MHz EMR
irradiation.  Physiotherapy, balneology,
rehabilitation. Moscow. 2009; 2:10-13.

[5] Rodchenko D., Kirichenko M., Sarchuk E.
[The effect of microwave radiation on the
human body: aspects of the problem.
Scientific review]. Fundamental and applied
research. 2020; No.3.

[6] Abbasova MT., Gadzhiev AM. The effects
of electromagnetic radiation on lipid
peroxidation and antioxidant status in rat
blood. Biophysics. 2022; 67(1):100-105.
period. Biophysics. 2021; 66(2):352-355.
https://doi.org/10.1134/S000635092201002
X

[7] Allen EM., Mieyal JJ. Protein-thiol
oxidation and cell death: Regulatory role of
glutaredoxins. Antioxid. Redox. Signal.
2012; 17: 1748-63.

[3]

45

[8] Clanton T., Zuo L., Klawitter P.: Oxidants
and Skeletal Muscle Function: Physiologic
and Pathophysiologic Implications.
PSEBM. 1999; 222:253-262.

[9] Gadzhiev AM. Oxidative Effects of Chronic
Whole Body Exposure to Decimeter
Electromagnetic Radiation on Separate
Brain  Structures. Turkish Journal of
Neurology, 2010, v.16, Suppl.1, p.230. 9th
National Neuroscience Congress, April 13-
17, 2010, University of Yeditepe, Istanbul,
Turkey

[10] Gadzhiev AM. [Thiol homeostasis in the
eye lens and the oxidative effect of exposure
to decimeter electromagnetic radiation].
Azerbaijan Journal of Physiology. 2013;
31:229-40

[11]Lou MF. Thiol regulation in the lens. J.
Ocular  Pharmacol.Therapeutics.  2000;
16:137-148.
https://doi.org/10.1089/jop.2000.16.137

[12]Lou MF. Redox regulation in the lens.
Retinal and Eye Research. 2003; 22(5):657-
682. https://doi.org/10.1016/s1350-
9462(03)00050-8

[13]Lou, M.F. Glutathione and Glutaredoxin in
Redox Regulation and Cell Signaling of the
Lens. Antioxidants 2022, 11, 1973.
https://doi.org/10.3390/antiox11101973

[14] Ogata FT., Branco V., Vale FF., Coppo L.
Glutaredoxin: Discovery, redox defense and
much more. Redox Biol. 2021; 43:10197.
https://doi.org/10.1016/j.redox.2021.10197
5

[15] Sedlak J., Lindsay RH. Estimation of total,
protein-bound, and nonprotein sulfhydryl
groups in tissue with Ellman’s reagent.
Analytical Biochemistry.1968; 25(C):192—
205

[16] Shahbazi-Gahrouei D., Setayandeh SS.,
Aminolroayaei F., Shahbazi-Gahrouei S.
Biological  Effects of  Non-ionizing
Electromagnetic Fields on Human Body and
Biological System: A Systematic Literature
Review. Journal of Medical Sciences. 2018;
18:149-156.
https://doi.org/10.3923/jms.2018.149.156

[17]Wei M., Xing KY., Fan YC., Libondi T.,
Lou MF. Loss of thiol repair systems in



Crystalline lens: redox changes in response to the action of non-ionizing electromagnetic

human cataractous lenses. Investig.
Ophthalmol. Vis. Sci. 2015; 56:598-605.
https://doi.org/10.1167/iovs.14-15452

[18] Xing K-Y., Lou MF. Effect of Age on the

Thioltransferase (Glutaredoxin) and
Thioredoxin Systems in the Human Lens.
Invest. Ophthalmol. Vis. Sci. 2010;
51:6598-6604.
https://doi.org/10.1167/iovs.10-5672

[19] Yakymenko 1., Tsybulin O., Sidorik E.,

Henshel D., Kyrylenko O., Kyrylenko S.
Oxidative mechanisms of biological activity
of low-intensity radiofrequency radiation.
Electromagnetic Biology and Medicine.
2016; 35(2):186-202.

https://doi.org/10.3109/15368378.2015.104
3557

[20] Yurekli, F., Ozkan, M., Kalkan, T. et al.:

GSM base station electromagnetic radiation
and oxidative stress in rats. Electromagnetic
Biology and Medicine. 2006; 25(3):177-
188.
https://doi.org/10.1080/1536837060087504
2

[21]Zhang J., Yan H., Lou MF. Does oxidative

stress play any role in diabetic cataract
formation?  Re-evaluation using a
thioltransferase gene knockout mouse
model. Exp Eye Res. 2017; 161:36-42.
https://doi.org/10.1016/j.exer.2017.05.014

XPYCTAJIMK I'JIA3A: PEJOKC U3BMEHEHMSI B OTBET HA JIEMCTBUE
HEWOHU3UPYIOLEI'O 2JIEKTPOMATI'HUTHOT'O U3JIYYEHUSA

Axmen Maromen orubl I'agkuen, Kaass Myxrap kbi3sl Uoparumona

Hucemumym ¢puzuonocuu um. akaoemuxa A60ynwt I'apaesa, Munucmepcmeo HayKu u
obpazosanus Azepoationcanckou Pecnyonuxu, baxy, Azepbaiioxcan

OnekTpomMarauTHoe wuznydeHue (OMU) MUKpPOBOIHOBOrO Juama3oHa, JaKe HETEIIOBOU
MHTCHCUBHOCTH, BBI3BIBACT 3HAUUTENIbHbIE OMOXMMHUYECKHE M (DU3UOJOTMUECKUE U3MEHEHUs B
KUBBIX OpraHU3Max, KOTOpbI€, KaK IPEJIoaracTcs, CBsI3aHbl C UX BO3MOYKHBIM OKHUCIIUTEIbHBIM
neiicteueM. [lanHas pa0OoTa MocBsllleHa HM3Y4YEHHMIO MeXaHu3Ma peanuzanuu 3ddexkra OSMU B
XpYCTAJIMKE IJ1a3a Ha YPOBHE 3JIEMEHTOB OKHCIUTEIbHO-BOCCTAHOBUTENIBHOTO (PEOKC) COCTOSHUS,
UCXoid M3 TOoro (akrta, 4YTO ATOT OpraH sABJseTcs HauOosiee NOAXOAALIeH MOJENbIO: OH
(YyHKIMOHUPYET  IOJYyaBTOHOMHO W O0JIaJaeT  XOpOLIO  OPraHM30BAaHHOW  CUCTEMOM
AHTUOKCUJIAHTHOW 3amuThl. IIpo3payHOCTh XpycCTalMKa NONIEPKUBAETCS 32 CUET COXPAaHEHUS
penokc-6anaHca, B KOTOPOM Ba)XKHYIO POJIb UTPAeT FOMEOCTa3 THOJIOBBIX COEIMHEHUN OENKOBOH U
HeOeIKoBOH mpupo/bl. Hamm skcrieprMeHTs! ObIIM TPOBEIEHBI Ha KPhICAX ¢ UCHOIb30BaHneM DOMU
gactrotod 460 MI'n nns BO3JAEHCTBUS IPU HETEIUIOBOM WHTEHCHBHOCTH (TUIOTHOCTH MOTOKA
momHocTta 10 u 30 MKBT/CMZ). b0 mokazaHo, 4To XpoHHUYecKoe Bo3aeiictBue OMU B TeueHue
JIBYX HEZENb BBI3bIBACT M3MEHEHHS] B PEJOKC COCTOSIHMM XPYCTalIMKa, KOTOPbIE MPOSBISIOTCS B
WU3MEHEHUHU YPOBHS IPOLIECCOB MIEPEKUCHOTO OKUCIIEHUS JIMIIA0B U CONEP>KAHUS THOJIOB PA3JINYHON
npupoabl. CyOCTpyKTypbl XpycTanuka (KOpTUKallbHas M siiepHas 00JIacTH) pearupyroT Ha
Bozaencteue OMM mno-pasHomy. B 3aBucumoctu oT uHTEHcHMBHOCTH OMM B uX peakmusax
MIPOSBIISIETCS MTPO- M AaHTUOKCUIAHTHBIN XapakTep. JlMHaMHKa OKUCIIUTEIbHON peaku CyOCTPYyKTyp
XpyCTaJIMKa TAaK)KE pa3InyaceTcs NPHU BBICOKOMHTEHCHMBHOM M HU3KOMHTEHCHBHOM BO3/EHCTBHHU.
XapakTep KUHETUKH U3MEHEHUN IPOAYKTOB OKUCIUTEIbHBIX peaklnii (MaJlOHOBOIO AHANIbJETUIA U
THJIPOTIEPEKUCEH JIUTTUIOB) K BOCCTAHOBUTENCH (HEOSIKOBBIX U OCITKOBBIX SH-TpyIIT) B XpycTaINKe
OOJIydeHHOTO  OpraHM3Ma IO3BOJIIET NPEANONOXKHUTH  POJb  (EPMEHTATUBHOW  CHUCTEMBI
THUOJINPOBAHUS-ETHOIMPOBAHUS B COXpPAaHEHHM peloKc-OanaHca B CyOCTPYKTypax XpycTalHKa.
Kpome Toro, noiayyeHHble HAMH PE3yJIbTAaThl 10 U3MEHEHHIO (KMHETUKE) COJIEPIKaHUS Pa3IMUHBIX
SH-rpynm 6emnka, T.e. CKPBITBIX BHYTPH OCIKOBOI MOJIEKYJTBI Ml HAXO/ISIIMXCS Ha €€ TIOBEPXHOCTH BO
BpeMms Bo3zencTBus DM, a Takke 1aHHbIE, UMEIOIIKECS B IUTEPATYPE, NO3BOJIAIOT HaM BBIIBUHYThH
TUIOTE3Y O CYIPaMOJIEKYJSIPHOM MEXaHU3ME PEryJsilUd TOMEOCTa3a, B YaCTHOCTH, PETYJISLUU
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THOJIOBOTO TOMEOCTa3a B TaKMX BBICOKOOEIKOBBIX CTPYKTYpPaX, KaK XPYyCTaJIMK, KOTOPBIH MOET
OBITh peaNM30BaH IYTEM arperanuu-iearperannu OeTKOBBIX MOJEKYJ (KpUCTAJUIMHOB B Cilydae
XpycTanuka). Hamm pe3ynbTaTtel MOTYT CITy’KHTh OCHOBOM JUIs pa3pab0TKM HOBOTO HEMHBA3UBHOTO
MOJIX0Aa K MPO(UIAKTUKE KaTapaKTbl, HCHOJB3YIOIIEr0o HHU3KOMHTEHCHBHOE MHUKPOBOIHOBOE
U3JTy4eHHE.

KiaroueBble cj1oBa: OJICKTPOMArHuTHOC U3ITYYCHUC, XPYCTAIMK I'JIa3a, THUOJIbI, KaTapaKTa
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Mikrodalga diapazonlu elektromaqnit siialanmasi (EMS) hatta geyri-istilik intensivliyinds canli
organizmlords miimkiin oksidlosdirici tasiri ilo bagli oldugu ehtimal olunan shomiyyatli biokimyovi
Vo fizioloji doyisikliklora sobab olur. Bu todgigat isi on miivafiq model kimi g6z biillurunda redoks
vaziyyatinin elementlori soviyyasinde EMS effektinin reallasmasi mexanizminin dyranilmasina hasr
edilmisdir. Goz biillurunun adekvat model olmasi onun (yarim) avtonom soraitds foaliyyat gostormasi
Vo ¢ox yiiksok saviyyads toskil olunmus antioksidant miidafio sistemino malik olmasi ilo tosdiq
olunur. Biillurun soffaflig1 ziilal va geyri-ziilal tabiotli tiol birlogsmalarinin homeostazinin miihiim rol
oynadigi redoks balansin saxlanmasi ilo tomin olunur. Tacriibalarimiz sigovullar tizarinds geyri-istilik
intensivlik diapazonunda 460 MHz EMS-dan istifads edorak aparilmisdir (giic axini sixligi - 10 va
30 mkVt/sm?). iki hofto orzinde EMS-nin xroniki tasirine meruz galan sigcovullarin géz biillurunda
redoks vaziyyatinin doyisikliklarina sabob oldugu gosterilmisdir ki, bu da lipid peroksidlogmasi
proseslorinin saviyyesindo vo mixtalif tobistli tiollarin miqdarinda doyisikliklords 6ziinii gostorir.
Biillurun substrukturlarinda (kortikal vo niiva hissalori) EMS-nin tosirina forgli reaksiya oziini
gostorir. EMS-nin intensivliyindon asili olaraq, onlarin reaksiyalarinda pro-vo antioksidant xarakter
izo c¢ixir. Billurun substrukturlarinin  oksidlosdirici reaksiyalarinin  dinamikas1 da yiiksok
intensivlikdo vo asagi intensivlikdo forglonir. Siialanan organizmin biillurunda oksidlosdirici
reaksiyalarin mohullarinin (malon dialdehidi vo lipid hidroperoksidlori) vo reduksiyaedici agentlorin
(geyri-ziilal vo ziilal SH qruplari) doyisikliklorin kinetikasinin xarakteri biillurun substrukturlarinin
redoks-tarazligin qorunmasinda tiollasdirici va detiollagdirict enzimatik sisteminin rolunun olmasina
isaro edir. Bundan olave, EMS-na moruz qalma zamani miixtolif ziilal SH-qruplarinimn, yoni ziilal
molekulunun igarisinds gizlonmis vo molekulun sathinds yerlosan SH-qgruplarinin miqdarinda
dayisikliklor (Kinetikas1) {izra alds etdiyimiz naticaloar, eloco do adabiyyatda mévcud olan malumatlar
bizo homeostazin, o ciimlodon tiol homeostazinin supramolekulyar mexanizmi ilo tonzimlonmoasi
haqqinda hipotez irsli siirmaya imkan verir. Bu hipotezo gora supramolekulyar tonzimlonma biillur
kimi yiiksok ziilal torkibino malik olan strukturlarda ziilal molekullarinin (biillurda kristallin
ziilallarinin) aqreqasiya-deagregasiya yolu ilo hoyata kegirilo bilor. Noaticolorimiz kataraktin
profilaktikasina asagi intensivlikli mikrodalgali siialanmadan istifado edon yeni geyri-invaziv
yanasmanin inkisafi ti¢iin asas ola bilar.
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