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OXIDATIVE STRESS CORRECTION WITH METABOLIC
PREPARATIONS, NEW POSSIBILITIES OF ANTIOXIDANT
PROTECTION IN PRIMARY GLAUCOMA

There were studied antioxidant action of water-soluble form of quercetin - corvitin and melatonin in rabbits with
glaucoma model. It was shown intravenous injections of corvitin essentially decreased oxidative stress in animals with
advanced stage of experimental glaucoma. Prophylactic-protective apply of melatonin on the basis of model induction
in significant degree protected oxidative stress development.
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INTRODUCTION

Today it is known that mechanisms of free radical
damage and oxidative stress play an important role in
the pathogenesis of primary glaucoma, contributing pri-
marily formation of glaucomatous optic neuropathy [15,
22]. The formation of active atoms or molecules with un-
paired electron in an outer orbit, so-called free radicals,
in the body takes place continuously. However, under
physiological conditions, the amount and rate of their
formation is compensated by the speed of the elimina-
tion with antioxidants. Imbalance in the amount and ac-
tivity of pro-oxidants and antioxidants leads to oxidative
stress. This mechanism, in turn, can lead to damage of
cell macromolecules, membrane degradation and change
functions that contribute to making cell death.

According to some authors [17, 12] the formation
of oxidative stress caused by unstable ocular blood flow
is one of the main risk factors for glaucomatous optic
neuropathy. As it states in repeated mild reperfusion, as
a consequence of unstable blood flow, a large amount of
free radicals is formed. Reperfusion injury occurs when
the blood supply returns to the tissue after a period of
ischemia. This mechanism is probably the most trauma-
tic for the eye tissues, especially the nervous structures
of the eye. Oxidative stress, which occurs in the condi-
tions of reperfusion, the most severely damages the mi-
tochondria. These organelles are present in large num-
bers in the optic nerve, as a structure with high energy
consumption. The damage of the mitochondria disrupts
the production of energy, leading to malnutrition and
neural cell degeneration [11].

Besides effects on the nervous tissue, glaucoma oxi-
dative stress may cause degeneration of the trabecular
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meshwork and be thus trigger mechanism for raising intra-
ocular pressure (IOP), changing the paths of outflow of
intraocular fluid [21, 10]. The idea of a pathogenic role
of oxidative stress in raising IOP is supported by a num-
ber of researchers. Thus, it was shown that patients with
primary open angle glaucoma (POAG) had have a decre-
ase in the total antioxidant activity of intraocular fluid,
reduced glutathione levels [10, 13]. The use of antioxi-
dants in an attempt to treat glaucoma was started by S.C.
Evans. He used of large doses of vitamins A and C [9, 16].
It was assumed that vitamin A supports dehydrated sta-
tus of collagen in the eye drainage system, and hydra-
tion of collagen structures in the outflow tract leading
to increased IOP. High doses of vitamin C reduce IOP by
osmotic effect, although this method is hardly practical
use for the control of glaucoma in the present conditions.

In this regard, it is important that the treatment stra-
tegy of glaucoma gradually changes. It is receding into
the past approach to doctoring it as a disease, not rela-
ted to other organs and the organism as a whole. In search
of strategies to treat this pathology as the suffering of “a
sick organ in a sick body” the use antioxidants with sys-
temic effects is reasonable. The use of the natural origin
medication with minimal side effects, in our view, is the
most appropriate. In this direction, carried out a study
on the effectiveness of glaucoma treatment with the anti-
oxidant effect drugs such as lipoic acid [6], pyridine de-
rivative (an analogue of vitamin B6) emoksipin [1], ca-
rotenoids of ginkgo biloba extract and lutein [4, 20].

In the study of the possibility of increasing the effec-
tiveness of antioxidant effects in primary glaucoma our
focus attracted such biologically active substances with
a very powerful antioxidant potential as quercetin and
melatonin. The antioxidant properties of bioflavonoids
quercetin are determined by its chemical structure, which
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allows it to counteract the damaging effects of reactive
oxygen species and free radicals, i. e., are natural scaven-
gers. In addition to the ability to be “free radical scaven-
gers”, quercetin prevents lipid peroxidation and chelating
metal ions [14]. It's proved for Quercetin neuroprotec-
tive possibility in neurodegenerative diseases (Alzhei-
mer’s, Parkinson’s, epilepsy, stroke) and cardioprotec-
tive effects in cardiovascular diseases. The mechanism
of this protection is linked with the antioxidant activity
of quercetin [3, 7, 23].

Melatonin is a synthesis product of a pineal gland
(epiphysis) and other organs, including the retina, has
been known mainly as a regulator of circadian rhythms
in the body. Recently it became known antioxidant pro-
perties of melatonin. It has been identified as a direct sca-
venger of free radicals [19] and indirect antioxidant - re-
gulator of antioxidant enzymes activity [18]. Melatonin
is highly active endogenous antioxidant and its lipophilic
properties allows it to diffuse into the various cell com-
partments and provide a protective effect against cyto-
toxic free radicals both in the cytoplasm and in the nuc-
leus. Clinical trials have shown that the antioxidant pro-
perties of melatonin may be effective in the treatment of
acute medical conditions (sepsis, asphyxia) or chronic
diseases (metabolic and neurodegenerative diseases, can-
cers, inflammation) [8].

The purpose of our study was to investigate the anti-
oxidant activity of melatonin and quercetin preparations
on glaucoma model in rabbits.

MATERIALS AND METHODS

As a quercetin-containing preparation we used do-
mestic product Corvitin for injection, which is a freeze-
dried substance of quercetin with polyvinylpyrrolidone
as a modifier of solubility. We also used domestic product
Vita-melatonin. It is a synthetic analog of neuropeptide
melatonin produced by the pineal gland.

The investigations were carried out on rabbits, which
glaucoma was caused by systemic administration of adre-
naline according to the developed scheme [5]. The study
includes the following groups: control group - healthy
animals; advanced glaucoma model (GM), a glaucoma mo-
del, treated with Corvitin (GMC); a reproducible of glau-
coma model with introduction of melatonin (GMM).

In GMC group rabbits with developed experimental
glaucoma obtained Corvitin as 10 daily intravenous in-
fusions (2 % solution of the preparation in isotonic sa-
line) at a dose of 10 mg/0.5 ml.

In GMM group rabbits obtained Melatonin in the form
of an aqueous suspension per os at a dose of 0.3 mg for
4 months: the entire period of the modeling, as well as
before and 2 weeks after the induction of the model.

Biochemical studies were conducted in animal blood plas-
ma. Malonic dialdehyde (MDA) was determined by reaction
with thiobarbituric acid, the total antioxidant activity of blood
plasma (TAOA) - using a model system with linolenic acid. The
statistical data processing was carried out using t-test.

Table
OXIDATIVE STRESS LEVELS IN RABBITS WITH

GLAUCOMA MODEL UNDER ADMINISTRATION
OF QUERCETIN- AND MELATONIN-CONTAINING

PREPARATIONS
o Metabolic Indices
Groups Stat.lStIC MDA
Indices (1M/ml) TAOA (%)
I | Control (n=20) M+m |0.58+0.02|523+0.72
I GM (glaucoma) M+m |1.18+0.03|34.0+0.87
(n=23) p, < 0.001 0.001
GMC (glaucoma+ | M+*m |[0.71+0.02 | 43.9+0.92
III | corvitin) p; < 0.01 0.001
(n=15) p, < 0.001 0.001
GMM (glaucoma+ | M+m | 0.66+0.03 | 45.4 + 1.03
IV | melatonin) P: >0.05 <0.01
(n=21) p; < 0.001 0.001

Note: p, - comparing with control; p, - comparing III ¢ I; p, -
comparing IV c L.

RESULTS AND DISCUSSION

Our study of pro- and antioxidant status of animals
with the induced glaucoma have confirmed our previous
results [2] and found a high level of oxidative stress in
animals of group GM. It has been manifested by an in-
crease in the content of secondary product of lipid per-
oxidation MDA by 103 % (compared to control), and a
decrease in antioxidant status, reflected in a reduction
of 40 % TAOA in blood plasma (Table).

Introduction of Corvitin intravenous injections to
GMC group rabbits with the ocular and metabolic func-
tions disorders has largely hindered severity of oxida-
tive stress in them. In this group MDA levels compared
to the control was increased by 22 % and TAOA reduced
by 16.1 %. Comparing the severity of oxidative stress in
the GMC and GM groups it has been revealed that under
the influence of Corvitin high MDA levels have been de-
creased by 39.2 % and TAOA has been increased by 40.3 %
in blood of rabbits with developed glaucoma.

Under long-term administration of melatonin in GMM
group has been largely prevented the development of
oxidative stress in the simulation of glaucoma. Thus, the
content of MDA in a month after the 4-months adminis-
tration of melatonin has been increased by 13.7 % and
TAOA - reduced by 13.2 % compared with the control.
When comparing these results with the untreated GM
group, MDA levels has been lower by 44.1 % and TAOA -
above by 33.5 % under the action of melatonin.

Thus, the study of the activity of quercetin-containing
Corvitin and melatonin in the experiment showed that
both of these compounds with known antioxidant proper-
ties proved to be effective in the inducing of glaucoma in
rabbits by means of chronic stressing adrenaline. Both
of these substances expressed direct antioxidant pro-
perty as scavengers of free radicals, which are indirectly
judged by the decrease the level of secondary lipid per-
oxidation product in the blood of experimental animals.
Furthermore, as quercetin and melatonin in our experi-
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ment acted also as indirect antioxidants, activating anti-
oxidant system, which we concluded to increase TAOA
of blood. Wherein melatonin has been used long in pro-
phylactically - tread mode, namely, during induction of
the adrenaline glaucoma model, before and after the
cessation of administration of epinephrine. It is possible
to largely stop the development of oxidative stress, pre-
venting a substantial increase in free-radical processes
and activating the antioxidant defense system.

CONCLUSIONS

1. Introduction of 10 intravenous injections of querce-
tin-containing Corvitin to rabbits with advanced stage
of glaucoma model significantly reduced the severity
of oxidative stress in them.

2. Preventive and treat administration of the stress pro-
tective hormone melatonin during 4 months in rabbits
with reproducible adrenaline glaucoma model has
largely prevented the formation of oxidative stress
in them.

3. The experimental data, which showed significant anti-
oxidant effects of Corvitin and melatonin in experi-
mental glaucoma, can serve as a basis for recommen-
ding the use of these preparations in the clinic of
primary glaucoma.
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KOPEKLIA OKCUAATUBHOI'O CTPECY METABOJII'YHUMHU 3ACOBAMH, HOBI MOKJIMBOCTI

AHTHOKCHUJAHTHOI'O 3AXUCTY [P IIEPBUHHIN IJIAYKOMI
BuBYeHO Ha MO/JieJli TJIAaYyKOMH Y KPOJIiB aHTHOKCHUAAHTHY Ai10 BOJOPO3YHHHOI GOpMU KBEPLIETUHY-
KOPBITHHY Ta NpenapaTty MeJjaToHiHy. [loka3aHo, 1110 Kypc BHyTPillIHbOBEHHUX BBeJleHb KOPBITUHY
CYTTEBO 3HU3UB OKCUJATUBHUM CTpeC y TBAapUH 3 PO3BUTOIO CTA/li€l0 eKCIIepUMeHTa/IbHOI [JIayKo-
Mu. [IpodisakTUUHO-NIPOTEKTOPHE BBEJIEHHS MeJAaTOHIHY Ha T/ iHAyKUiil Mo/iesi 3Ha4HO Miporo
3aBa/IMJI0 PO3BUTKY OKCUAATHUBHOTO CTPECY.
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KOPPEKIIMA OKCUJAATUBHOI'O CTPECCA METABOJIMYECKHUMMU CPEACTBAMMU, HOBBIE

BO3MOKHOCTU AHTUOKCUJAHTHOM 3ALIMTHI IPU NEPBUYHOM ITIAYKOME
Ha Mozesnn rayKoMbl y KPOJIMKOB U3y4eHO aHTHOKCHAHTHOE JIeHCTBUE BOAOPACTBOPUMOH dop-
MBI KBeplLieTHHA - KOPBUTHUHA U NIpenapaTa MeJaTOHUHA. [lokazaHo, YTO Kypc BHYTPUBEHHbIX UH'b-
eKL M KOPBUTHHA CYLIeCTBEHHO CHU3UJ OKCUAATUBHBIN CTPECC y )KUBOTHBIX C pa3BUTON CTafuen
3KCNepUMeHTATbHOM ITayKoMBbI. [IpoduiakTHIECKU-TPOTEKTOPHOE AJUTENbHOE BBE/IeHHE MeJla-
TOHHMHA Ha GOHe UHAYKIIUHU MOJeJIM B 3HAYUTEJbHON CTEeNeHH NPeJOTBPATH/IO pa3BUTHE OKCHA-
THUBHOTO CTpecca.
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