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Giris

Birincili agigbucaqli glaukoma (BABQ) — oksidlosdirici stresin vo mitoxondrial
disfunksiyanin asas patogenetik rol oynadig1 xroniki neyrodegenerativ xostalikdir.
Tor gisanin ganqlion hiiceyralori enerjidon yiiksok doracods asilidir vo mitoxondrial
funksiyanin pozulmasi, hotta kompensasiya olunmus gozdaxili tozyiq soraitindo
belo xastoliyin progressivlogmosing sabob ola bilor [1 - §].

Mogsad — BABQ olan xostolordo mitoxondrial disfunksiyanin rolunu
qiymotlondirmok vo antioksidant, habelo antihidroksant tosiro malik
etilmetilhidroksipiridin suksinat (Meksidol® vo Meksidol® FORTE 250) preparati
ilo ardicil terapiya totbiq etmaklo, tor gisanin vo gérma sinirinin morfofunksional
parametrlorinin va bioelektrik aktivliyinin potensial yaxsilasma imkanlarini tahlil
etmoak.

Material vo metodlar

Tadqiqata BABQ inkisaf etmis morhalosindo olan vo goézdaxili tozyiqi
kompensasiya edilmis 80 xosto (osas vo nozarot qruplari) vo yas, habelo cinso
goro uygunlasdirilmis 20 saglam konilli daxil edilmisdir. Mitoxondrial
disfunksiya periferik qan limfositlorindo siiksinat dehidrogenaza (SDH) vo
a-qliserofosfat dehidrogenaza (a-GPDH) fermentlorinin aktivliyinin sitokimyovi
analiz vo sitomorfodensitometriya iisullar1 ilo Sl¢iilmosi vasitosilo komiyyatco
qiymatlondirilmisdir [9, 10].

Birincili agigbucaqli qlaukomasi olan xastolor tosadiifi qaydada osas (n = 40)
va nazarat (n = 40) qruplarina boliinmiisdiir. Osas qrup standart yerli hipotenziv
miialicaya alava olaraq ardicil Meksidol® terapiyasi almigdir: Meksidol® mohlulu
(50 mg/ml, giinds bir dofo 300 mq ozalo daxilino, 14 giin orzinds), daha sonra
Meksidol® FORTE 250 hablori (250 mq, giinds ii¢ dofa bir hab, 56 giin orzindo).
Nozaart qrupu iso yalmiz yerli hipotenziv miialico almisdir.

Qlaukomatoz optik neyropatiyanin stabillosmosi miialicodon sonra 14, 56 vo 90-
c1 glinlordo genis oftalmoloji testlor paketi, o climlodon statik avtomatlagdirilmis
perimetriya, elektrofizioloji miiayinolor, hamginin torlu gisanin sinir liflori gqatinin
vo qganglion hiiceyralori kompleksinin optik koherens tomoqrafiyasi vasitosilo
qiymatlondirilmisdir. Xaricetma meyarlarina diger neyrodegenerativ vaziyyatlar,
sokorli diabet, irsi mitoxondrial xastoliklor, goziin aktiv iltihabi, yaxin ke¢misdo
kecirilmis goz corrahiyyosi/zodosi, dekompensasiya olunmus sistem xostoliklori



va son dovrlords antioksidant/nootrop preparatlarin istifadasi daxil edilmisdir.

Naticalor vo miizakira

[lkin molumatlarin miigayisali tohlili BABQ xostolori ilo saglam kéoniilliilor
arasinda ohomiyyotli forqlori askarladi. inkisaf etmis morholodo BABQ olan
xostalorin periferik gan limfositlorindo orta SDH aktivliyinin (16,2 \pm 1,2 sorti
vahid; saglam idaroetmodo 18,98 \pm 1,1; p <0,001) vo a-GPDH aktivliyinin (6,3
[5,2; 7,1] sorti vahid; saglam idaroetmodo 12,1 [11,1; 13,1]; p < 0,001) statistik
cohotdon ohomiyyatli dorocodo azalmasi miisahido edilmisdir ki, bu da koskin
enerji catismazligindan xobor verir. Klinik parametrlor do pislosmo niimayis
etdirmisdir: SAP-a gora torlu gisanin is1q hassasliginin azalmasit (mD -7,2 dB;
saglam idaroetmodo -1,4 dB; p < 0,001), orta QHK qgalinliginin azalmas1 (71,6 \
pm 3,2 mkm; saglam idaroetmoads 84,9 \pm 6,4 mkm; p < 0,001), GLV va FLV
gbstoricilarinin artmasi, OPI-nin azalmasi, hom¢inin PERG va PVEP-in amplitud
va latensiya xiisusiyyatlorinin pozulmasi geyds alinmisdir.

Korrelyasiya tohlili gostordi ki, limfositlorin enzimatik statusundaki
doyisikliklor, xiisuson do SDH aktivliyi, qlaukomanin davam etmo miiddoti (R
= -0,756; p < 0,01), SAP {izrs tor gisanin is1q hassasligi (mD) (R = 0,721; p <
0,01) vo PERG-in P va N komponentlarinin amplitudasi (R = 0,634; p <0,01) ils
korrelyasiya edir. a-GPDH aktivliyi GDT ils slagali idi (R = 0,538; p <0,01) vo
bu, torlu gisanin hipoksiyasinin agirligini xarakterizs edirdi. Osas sitomorfometrik
parametrlor (qranullarin va ¢okiintiilorin say1, onlarin sahasi, optik sixlig1) optik
koherens tomoqrafiya (OKT) parametrlori — global (GLV, %) vo fokal (FLV, %)
RGC itkisi indekslori ilo shamiyyatli doracads korrelyasiya etmisdir.

Meksidol® vo Meksidol® FORTE 250 mq ilo ardicil terapiyadan sonra,
osas qrupdaki xostolordo 14 vo 56-c1 giinlords ilkin soviyyolorlo miigayisado
mitoxondrial fermentlor SDH vo oa-GPDH-nin aktivliyindo shomiyyatli artim
misahido olundu (mosoalon, SDH aktivliyi 14-cii giindo 15,81 \pm 0,59 sorti
vahiddon 18,24 \pm 0,12 sorti vahido, 56-c1 glindo iso 19,12 \pm 0,16 sorti vahido
yiiksolmisdir; hom ilkin saviyyaya, hom do kontrol qrupuna nisbaton p < 0,05). Bu,
mitoxondrilorin sayinin, qranullarin vo ¢okiintiilorin sahasinin va optik sixliginin
artmast, habelo sitomorfodensitometriya zamani enzimatik aktivlik sahslorinin
genislonmosi ilo miisayiot olunmusdur. 90-c1 giino godor SDH aktivliyinin todricon
17,37 \pm 0,59 sorti vahido gador reqressiyasi miisahido olunsa da, bu gostarici
ilkin saviyyadon va kontrol qrupundan shomiyyatli deracads yiiksok gqalmigsdir.
Yalniz yerli hipotenziv terapiya alan kontrol qrupunda iso mitoxondrial ferment
aktivliyinin asag1 saviyyelords todricon azalmasi va ya stabillogmasi miigahido
edilmisdir ki, bu da enerji defisitinin artdigini gostorir.

14 va 56-c1 giinlordo mitoxondrial ferment aktivliyinin yaxsilagsmasi torlu
qisanin struktur vo funksional parametrlorindoki miisbat dinamika ilo olagali
idi. Osas qrupda glaukomatoz prosesin stabillogmosi miisahido edilmisdir: SAP
lizro torlu gisanin fotohossasliginin yaxsilagsmasi (56-c1 giindo mD -7,31 \pm
1,21 dB-don -4,13 \pm 0,15 dB-o godor; p < 0,05), OKT tiizro QHK kompleksi
parametrlorindo monfi dinamikanin olmamasi (masalon, orta QHK 14-cii giindo
71,93 \pm 7,79 mkm soviyyasindo qaldig1 halda, kontrol qrupunda 90-c1 giindo




64,38 \pm 9,40 mkm-o godor azalmigdir; p < 0,05), elektrofizioloji miiayinolora
gora torlu qisa vo gorma sinirinin neyronal aktivliyinin artmasi (PERG vo PVEP-in
P50 vo N95 dalgalarinin amplitud vo latensiyasinin yaxsilagmasi) va torlu gisanin
hipoksiya agirligmin azalmasi (56-c1 giindo OPI 7,10 \pm 0,13-don 9,30 \pm
0,57-ya yiiksolmisdir; p < 0,05). Nozarat qrupunda miisahido dovriiniin sonunda
(90 giin) mD-nin, orta QHK qalinliginin azalmasi, GLV vo FLV-nin artmasi vo
elektrofizioloji parametrlorin pislogsmosi ilo 6ziinii biiruzs veron qlaukomatoz
optik neyropatiyanin proqressivlosmasi miisahido edilmisdir.

Bu noticolor mitoxondrial bioenergetikadaki doyisikliklorin sistemli sokildo bag
verd bilocayi va periferik gan biomarkerlorinin bodonin miixtalif toxumalarindaki
hiiceyralorin enzimatik statusunu oks etdira bilocayi konsepsiyasin dastokloyir
[11 - 14]. Sitokimyavi todqigat malumatlar1 xastoliyin proqressivlosmosino nozarot
etmok vo mitoxondrial enerji miibadilosino tosir edon dormanlarin effektivliyini
qiymatlondirmoak {i¢iin bu metodun istifads perspektivlorini vurgulayir [15 - 17].

Yekun

Meksidol® vo Meksidol® FORTE 250 preparatlari ilo aparilan ardicil metabolik
terapiya mitoxondrial disfunksiyani azaldir vo glaukoma optik neyropatiyanin
stabillosmasina komok edir. Periferik qan limfositlorindo mitoxondrial fermentlorin
aktivliyinin qiymotlondirilmoasi, BABQ zamani1 xastoliyin proqressivlosmosino
nazarat etmok vo fordilogdirilmis miialiconi optimallagsdirmaq ticlin faydali bir
vasito rolunu oynaya bilor.
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Introduction

Primary open-angle glaucoma (POAG) is a chronic neurodegenerative disease
in which oxidative stress and mitochondrial dysfunction play a key pathogenetic
role. Retinal ganglion cells are highly energy-dependent, and mitochondrial
impairment may contribute to disease progression even under compensated
intraocular pressure [1 - 8].



Purpose — to assess the role of mitochondrial dysfunction in patients with
POAG and evaluate the potential enhancing of morphofunctional parameters and
bioelectric activity of the retina and optic nerve using sequential therapy with
a drug with antioxidant and antihypoxant action ethylmethylhydroxypyridine
succinate (Mexidol® and Mexidol® FORTE 250).

Material and Methods

The study enrolled 80 patients with moderate-stage POAG with compensated
intraocular pressure, who made up the main and control groups of the study, and
20 healthy age- and gender-matched volunteers. Mitochondrial dysfunction was
quantitatively assessed by measuring the activity of succinate dehydrogenase
(SDH) and a-glycerophosphate dehydrogenase (a-GPDH) in peripheral blood
lymphocytes using cytochemical analysis and cytomorphodensitometry [9, 10].

The POAG patients were randomly divided into a main group (n = 40) and a
control group (n = 40). The main group received sequential Mexidol® therapy in
addition to standard local hypotensive treatment: Mexidol® solution (50 mg/ml,
300 mg intramuscularly once daily for 14 days), followed by Mexidol® FORTE 250
tablets (250 mg, one tablet three times daily for 56 days). The control group received
only local hypotensive treatment. Stabilization of glaucomatous optic neuropathy
was evaluated at 14, 56, and 90 days post-treatment using a comprehensive
battery of ophthalmological tests, including static automated perimetry,
electrophysiological studies (oscillatory potentials, pattern electroretinography,
visually evoked cortical potentials), and optical coherence tomography of the
retinal nerve fiber layer and ganglion cell complex. Exclusion criteria included
other neurodegenerative conditions, diabetes, hereditary mitochondrial disorders,
active ocular inflammation, recent ocular surgery/trauma, decompensated systemic
diseases, and recent antioxidant/nootropic use.

Results and Discussion

Comparative analysis of baseline data revealed significant differences between
POAG patients and healthy volunteers. Patients with developed-stage POAG
showed a statistically significant decrease in mean SDH activity (16.2 + 1.2
arbitrary units vs. 18.98 & 1.1 in healthy controls, p <0.001) and a-GPDH activity
(6.3 [5.2;7.1] arbitrary units vs. 12.1 [11.1; 13.1] in healthy controls, p <0.001) in
peripheral blood lymphocytes, indicating pronounced energy deficiency. Clinical
parameters also demonstrated deterioration: reduced retinal light sensitivity by
SAP (mD -7.2 dB vs. -1.4 dB in healthy controls, p < 0.001), decreased Avg.
GCC thickness (71.6 = 3.2 um vs. 84.9 = 6.4 um in healthy controls, p < 0.001),
increased GLV and FLV, decreased OPI, and impaired amplitude and latency
characteristics of PERG and PVEP.

Correlation analysis showed that changes in the enzymatic status of lymphocytes,
specifically SDH activity, correlated with glaucoma duration (R =-0.756; p <0.01),
retinal light sensitivity (mD) by SAP (R = 0.721; p < 0.01), and the amplitude of
PERG P and N components (R =0.634; p <0.01). a -GPDH activity was associated
with IOP (R = 0.538; p < 0.01), characterizing the severity of retinal hypoxia.
Key cytomorphometric parameters (number of granules and deposits, their area,




optical density) significantly correlated with OCT parameters—global (GLV, %)
and focal (FLV, %) RGC loss indices.

Following sequential therapy with Mexidol® and Mexidol® FORTE 250
mg, patients in the main group exhibited a significant increase in the activity of
mitochondrial enzymes SDH and a-GPDH compared to baseline levels at 14 and
56 days (e.g., SDH activity increased from 15.81 £ 0.59 arbitrary units to 18.24 +
0.12 arbitrary units at day 14 and to 19.12 + (.16 arbitrary units at day 56, p <0.05
vs. baseline and p <0.05 vs. control group). This was accompanied by an increase in
the number of mitochondria, the area and optical density of granules and deposits,
and an increase in areas of enzymatic activity during cytomorphodensitometry.
By day 90, a gradual regression of SDH activity to 17.37 + 0.59 arbitrary units
were observed, though it remained significantly higher than baseline and the
control group. In the control group, receiving only local hypotensive therapy, a
gradual decrease or stabilization of mitochondrial enzyme activity at low levels
was observed, indicating an increase in energy deficit.

The improvement in mitochondrial enzyme activity at 14 and 56 days was
associated with positive dynamics in structural and functional parameters of the
retina. In the main group, stabilization of the glaucomatous process was observed:
improved retinal photosensitivity by SAP (mD from-7.31+1.21 dBto-4.13£0.15
dB at day 56, p <0.05), absence of negative dynamics in GCC complex parameters
by OCT (e.g., Avg. GCC maintained at 71.93 £ 7.79 um at day 14, whereas in the
control group it decreased to 64.38 + 9.40 um at day 90, p < 0.05), improved
neuronal activity of the retina and optic nerve according to electrophysiological
studies (improved amplitude and latency of P50 and N95 PERG and PVEP waves),
and a reduction in retinal hypoxia severity (OPI improved from 7.10 £ 0.13 to0 9.30
+ 0.57 at day 56, p < 0.05). In the control group, progression of glaucomatous
optic neuropathy was observed by the end of the observation period (90 days),
manifested by a decrease in mD, Avg. GCC thickness, increased GLV and FLV,
and deterioration of electrophysiological parameters.

These results support the concept that changes in mitochondrial bioenergetics
can occur systemically, and peripheral blood biomarkers can reflect the enzymatic
status of cells in various body tissues [11 - 14]. The cytochemical research data
highlight the prospects of using this method to monitor disease progression and
evaluate the effectiveness of drugs affecting mitochondrial energy metabolism [15
- 17].

Conclusion

Sequential metabolic therapy with Mexidol® and Mexidol® FORTE 250
reduces mitochondrial dysfunction and contributes to stabilization of glaucomatous
optic neuropathy. Assessment of mitochondrial enzyme activity in peripheral
blood lymphocytes may serve as a useful tool for monitoring disease progression
and optimizing personalized therapy in POAG.

Keywords: glaucomatous optic neuropathy, Mexidol, primary open-angle
glaucoma, oxidative stress, mitochondrial dysfunction
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