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Purpose: To assess the effect of the angiotensin-converting enzyme (ACE)
inhibitor zofenopril on the intraocular pressure (IOP), rheographic coefficient
(RC) and tonographic parameters of the eye in a rabbit model of adrenaline-
induced glaucoma (A1G).

Methods: In group 1 (12 animals), experimental glaucoma was induced by
injecting 1:1000 adrenaline 0.1 ml through the auricle vein every other day
for 3 months (40 injections totally). In group 2 (12 animals), glaucomatous
animals received an aqueous suspension (1 ml) of zofenopril orally at a dose
of 1 mg/kg daily for 3 months. The control group comprised 10 intact rabbits.
Rabbit eyes were assessed by ophthalmoscopy and biomicroscopy. A Maklakoff
tonometer was used for IOP measurements. Ocular hydro- and hemodynamics
were assessed. The Kruskal-Wallis and Mann-Whitney tests were employed to
assess group differences.

Results: In group 1, mean IOP statistically significantly increased by 28.3%,
34.2% and 46.7% at days 30, 60 and 90, respectively, compared to baseline (p
< 0.05). Additionally, mean IOP statistically significantly increased at all time
points compared to controls. In group 2, at day 60 and day 90, IOP was 19.6%
and 29.6% lower, respectively, compared to group 1. In non-treated glaucomatous
animals, at day 90, RC was decreased by 37.0%, tonographic aqueous humor
(AH) outflow facility (C) was decreased by 36.8%, AH production was increased
by 23.0% and tonographic IOP (P0) was increased by 61.4% compared to
controls. In glaucomatous animals treated with zofenopril, at day 90, RC and
C were 45.7% and 41.7%, respectively, higher, and AH production and P, were
24.1% and 22.4%, respectively, lower compared to non-treated glaucomatous
animals.

Conclusion: In rabbits with AIG, ocular blood flow and ocular hydrodynamics
parameters were impaired in the presence of elevated IOP. Zofenopril had a
beneficial effect on the function of eyes with AIG (i.e., the IOP, parameters of
ocular hemodynamics and AH circulation).

Glaucoma is a common eye disorder and the leading
cause of irreversible blindness worldwide. The disease
causes vision loss due to neurodegeneration of the retinal
ganglion cell (RGC) projection to the brain through the
optic nerve [1, 2].

Elevated intraocular pressure (IOP) is a very consistent
risk factor for the presence of glaucoma [3]. We have dem-
onstrated a rise in IOP animals with experimental adrena-
line-induced glaucoma (AIG) in animals [4], which is in
general agreement with pathophysiological mechanisms of
primary glaucoma.

Delivery of energy substances like glucose and oxy-
gen to neurons is essential for enabling neuronal activities.
Therefore, adequate blood flow in ocular vessels is impor-
tant for ocular homeostasis [5, 6], whereas impaired ocular
blood flow is critical in the pathogenesis of glaucoma [5,
7]. Additionally, studies have shown that an increase in
systemic blood pressure is associated with an increased
risk of open-angle glaucoma [3].
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Studies demonstrated correlation of retinal vascular
changes with the severity of POAG, suggesting that vas-
cular dysfunction is present in POAG, even at a very early
stage of glaucoma, and increases with the severity of the
disease [8, 9]. These changes can eventually result in irre-
versible neurodegenerative disorder, not only in the retina,
but also in the brain, with patients experiencing a hetero-
geneous set of visual and cognitive symptoms [1, 10].

That is why vascular dysregulation with chronic va-
soconstriction is believed by some researchers to be the
primary cause of POAG, limiting energy supply to reti-
nal and brain neurons with subsequent hypo-metabolism
or neuronal cell death. Understanding the details of these
pathophysiological processes in glaucoma will enable the
development of therapeutic means to combat not only ele-
vated IOP, but also manifestations of vascular dysfunction
for the prevention of neurodegenerative progression that
can cause structural changes in the retina and optic nerve
and neural cell apoptosis, leading to loss of sight [11].

Despite advances in the research of the pathogenesis of
glaucoma, the mechanisms of the disease remain incom-
pletely understood. Therefore, further research is warrant-
ed to acquire knowledge on the potential for developing
effective means to prevent and treat this insidious disease.
Numerous publications have discussed current glaucoma
treatment strategies. The development and implementa-
tion of these strategies will support neurovascular function
in the eye [7], and — with the impact on neuroregulatory
mechanisms [12] and neuronal protection [2, 10] — will
enable successful treatment, especially with combinations
of these treatment options.

The intraocular renin-angiotensin system (RAS) pro-
duces effects on aqueous humor (AH) dynamics, whereas
angiotensin-converting enzyme (ACE) inhibitors are as-
sociated with the function of the system [13]. Given the
above facts and that glaucoma is a chronic disease involv-
ing particularly vascular neurodegenerative processes, our
attention was drawn by this medication group. However,
ACE inhibitors may exert potential antiglaucomatous ef-
fects not only at the level of ocular hydrodynamics, but
also at the level of ocular vessels due to the capability of
the inhibitors to induce relaxation of spastic vessels. These
medications are widely used in cardiological practice.

Zofenopril contains two sulfhydryl groups and is an
ACE inhibitor that we believe deserves special attention.
It has a high restorative potential due to the presence of
these groups in the molecule. Zofenopril significantly pre-
served ischemic zone endocardial blood flow at reperfu-
sion in pigs after myocardial ischemia/reperfusion and sig-
nificantly augmented plasma H2S levels in mice and pigs
[14]. Zofenopril (but not enalapril that includes no thiol
group) improved vascular function by potentiating the H,S
pathway in a model of spontaneous hypertension [15].

In our previous study, a negative Spearmen correlation
was noted between the IOP and levels of endogenous H,S
in the eye drainage system (trabecular meshwork, Sch-

lemm canal and collector channels), retina, optic nerve and
AH in rabbits with AIG.

Daily treatment with the H,S donor NaHS contributed
to an increase in H,S levels in the ocular tissues and I0P
reduction [16].

Given the features of the ACE inhibitor zofenopril and
its potential capacity to impact on the mechanisms of glau-
comatous process, we aimed to examine experimentally
the effect of this compound on the ocular functional pa-
rameters that change in glaucoma (IOP dynamics, ocular
hydrodynamics and hemodynamics).

The purpose of the study was to assess the effect of
the ACE inhibitor zofenopril on the IOP, rheographic coef-
ficient (RC) and tonographic parameters of the eye in a
rabbit model of AIG.

Material and Methods

Thirty-four rabbits > 2 years of age were included in
the study. They were maintained under normal vivarium
conditions and fed and watered ad libitum. All animal ex-
periments were performed in compliance with the Gen-
eral Ethical Principles of Animal Experiments (approved
by Third National Congress on Bioethics, Ukraine, Kyiv,
2007) and European Convention for the Protection of Ver-
tebrate Animals Used for Experimental and Other Scientif-
ic Purposes from the European Treaty Series (Strasbourg,
1986). The study was approved by the Bioethics commit-
tee (Reference number: Ne3, Date of approval: April 14,
2021).

In group 1 (12 animals), experimental glaucoma was
induced by injecting 1:1000 adrenaline 0.1 ml through the
auricle vein every other day for 3 months (40 injections
totally) [17].

In group 2 (12 animals), animals received an aqueous
suspension (1 ml) of zofenopril orally at an active sub-
stance dose of 1 mg/kg daily for 3 months (with adrenaline
introduced 20 minutes after zofenopril).

The control group comprised 10 intact rabbits that
were not subjected to any effects.

Rabbit eyes were assessed by ophthalmoscopy and
biomicroscopy throughout the experiment. A Maklakoff
tonometer with a 7.5-g plunger load was used for IOP
measurements after topical anesthesia with alkain 0.5%.

The tonograph TNS-100 was used to measure ocular
hydrodynamic parameters. The computerized rheographic
complex (Reocom, Ukraine, Kharkov) was used to mea-
sure hemodynamic parameters.

JASP software (version 0.95.3; the JASP Team, Am-
sterdam, the Netherlands) was used for statistical analysis
[18]. The Kruskal-Wallis and Mann-Whitney tests were
employed to measure differences in groups.

Results

Table 1 presents mean IOP values at baseline and days
30, 60 and 90 after the initiation of the experiment in study
groups.
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Table 1. Intraocular pressure (measured in mmHg) in control rabbits and rabbits with adrenaline-induced glaucoma untreated

or treated with ACE inhibitor zofenopril

Time points
Group of rabbits Statistics
Baseline 30 days 60 days 90 days
Mean + SEM 146 +0.8 15.1+0.7 14.3+0.9 14.7+0.7
Controls p - >0.05 >0.05 >0.05
_ % 100.0 103.4 97.9 100.7
(n=20) D _ . R -
1
%, 100.0 100.0 100.0 100.0
Mean + SEM 15.2+0.9 195+1.2 204+1.3 22.3+0.9
p - <0.01 <0.01 <0.01
Untreated alaucoma % 100.0 128.3 134.2 146.7
(n=§4) P, >0.05 <0.01 <0.01 <0.001
%, 104.1 129.1 142.7 151.7
pz - - - -
%, 100.0 100.0 100.0 100.0
Mean + SEM 149+0.7 17.5+0.9 16.4+0.8 15.7+1.2
p - <0.05 >0.05 >0.05
Glaucoma treated % 100.0 17.4 1101 105.4
with zofenopril P, >0.05 >0.05 >0.05 >0.05
(n=24) %, 102.1 115.9 114.7 106.8
P, >0.05 >0.05 <0.05 <0.001
%, 98.0 89.7 80.4 70.4

Notes: n, number of eyes; p, P-value for difference compared to baseline; p,, P-value for difference compared to controls; p,,
P-value for difference compared to animals with untreated glaucoma; AIG, adrenaline-induced glaucoma; ACE, angiotensin-

converting enzyme; SEM, standard error of mean

Baseline IOP errors in experimental groups and 10OP
variations throughout the experiment in the control group
were within the range of statistical error.

In group 1, mean IOP statistically significantly in-
creased by 28.3%, 34.2% and 46.7% at days 30, 60 and
90, respectively, compared to baseline. Additionally, mean
IOP statistically significantly increased by 29.1%, 42.7%
and 51.7% at days 30, 60 and 90, respectively, compared
to controls.

In eyes of rabbits treated with zofenopril in the presence
of AIG, mean IOP was found to be increased by 17.4% at
day 30 (p <0.05), and by 10.1% and 5.4% and days 60 and
90, respectively, compared to baseline. At each time point,
there was no significant difference in IOP between glauco-
matous animals treated with zofenopril and controls.

There was a significant difference in IOP between glau-
comatous animals treated with zofenopril and non-treated
glaucomatous animals, with IOP being 19.6% and 29.6%
higher in the latter group at day 60 (p < 0.05) and day 90
(p <0.001), respectively. At day 90, ocular blood flow was
found to be substantially decreased in non-treated AIG
animals, with the RC being 37.0% decreased compared
to controls (Table 2). Additionally, in non-treated glau-
comatous animals, tonographic AH outflow facility (C)
was decreased by 36.8%, AH production was increased
by 23.0%, tonographic IOP (P ) was increased by 61.4%
compared to controls (Table 2).

Treatment with zofenopril in the presence of AIG sub-
stantially improved ocular hydrodynamics and hemody-
namics, with RC and C values approaching those seen in
eyes of the control group. Moreover, in glaucomatous ani-
mals treated with zofenopril, P; was increased by 25.2%,
and F was decreased by 6.6% compared to controls (Table
2).

In glaucomatous animals treated with zofenopril, ocu-
lar blood flow and hydrodynamics were substantially im-
proved compared to non-treated glaucomatous animals.
Particularly, RC and C were 45.7% and 41.7%, respec-
tively, higher, and AH production and P, were 24.1% and
22.4%, respectively, lower in the former animals than in
the latter.

Therefore, in rabbits with AIG, treatment with an
aqueous suspension of the ACE inhibitor zofenopril orally
daily throughout the experiment contributed to IOP reduc-
tion to the values close to those of the control group, and
to substantial improvements in ocular blood flow and AH
circulation.

Discussion

Previous failures to achieve a positive final treatment
outcome in medication-only treatment for glaucoma can
be accounted for the prolonged use of hypotensive therapy
only. Later, the multifactorial nature of the glaucomatous
process was established, in which the microenvironment
of the ganglion cell and its axon is disrupted as a result of
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Table 2. Effect of the angiotensin-converting enzyme (ACE) inhibitor zofenopril on the rheographic coefficient (RQ) and pa-

rameters of ocular hydrodynamics in rabbits with adrenaline-induced glaucoma

Parameters examined
Group of rabbits Statistics RC, Hydrodynamics parameters
e C, mm®/min F, mm®min P,, mmHg
Mean + SEM 292 +0.21 0.19+0.01 1.52+0.13 9.20 + 0.46
p - - - -
Controls % 100.0 100.0 100.0 100.0
(n=20)
P, - - - -
%, - -
Mean + SEM 1.84 £0.15 0.12+0.02 1.87 £ 0.06 14.85+ 0.92
Untreated p <0.001 <0.01 <0.05 <0.001
glaucoma % 63.0 63.2 123.0 161.4
(n=24) p1 - - - -
%, 100.0 100.0 100.0 100.0
Mean + SEM 2.68 +0.23 0.17 £ 0.01 1.42 £ 0.08 11.52+0.78
Glaucoma treated p >0.05 >0.05 >0.05 <0.05
with zofenopril % 91.8 89.5 93.4 125.2
(n=24) P, <0.01 <0.05 <0.001 <0.05
%, 145.7 141.7 75.9 77.6

Notes: n, number of eyes; p, P-value for difference compared to baseline; p,, P-value for difference compared to controls; p,,
P-value for difference compared to animals with untreated glaucoma; ACE, angiotensin-converting enzyme; AlG, adrenaline-
induced glaucoma; C, aqueous humor outflow facility; F, aqueous humor production; P, tonographic I0P; RC, rheographic

coefficient; SEM, standard error of mean

metabolic and biomechanical disturbances, impairments
of neurovascular coupling and autoregulation, ultimately
leading to vascular dysfunction in glaucoma [19].

Successful therapy for functional improvement in pa-
tients with glaucoma should take into account not only the
initial cause (involving molecular mechanisms of patho-
physiological sequelae, reduced blood flow, impaired
autoregulation, neurovascular coupling dysfunction, and
blood-retina/brain-barrier breakdown, etc.) but also all po-
tential pathways for disease progression and complication
development [7, 19].

Several biomarkers of glaucoma progression from a
vascular perspective, including endothelin-1 (ET-1), , vas-
cular endothelial growth factor (VEGF), and matrix metal-
loproteinases (MMPs), nitric oxide and hydrogen sulfide
have been identified [8, 16, 20]. Consequently, they may
be considered for their potential as pharmacological inter-
vention targets.

It has been reported that H,S-producing donors can re-
duce IOP in normotensive rabbits [21] and elevated IOP in
animals with experimental glaucoma [16].

We have reported previously [22] that zofenopril sub-
stantially increased the level of H,S gas transmitter and
was helpful in the normalization of control of constitutive
NO-synthases and endogenous nitrite and nitrate (NO,”
and NO,") ions. Therefore, zofenopril may be considered
as a potential component of comprehensive conservative
treatment for primary glaucoma [22].

Therefore, although the exact mechanism of action of
zofenopril on the control of aqueous humor dynamics re-
mains elusive, the physiological effects of zofenopril are

due to its antioxidative and vascular protective properties,
which is associated with the release of H,S. Our experi-
ment demonstrated that IOP can be normalized in AIG
treated with zofenopril. It is likely that the hypotensive ef-
fect of zofenopril is due to an increased level of H,S in the
eye drainage system in AIG [22]; effects of H,S on sympa-
thetic neurotransmission from isolated porcine iris-ciliary
bodies [23] and the pool of neuromediators in the anterior
segment of the eye [24] have been reported.

Effects of H,S on the AH outflow pathways may be as-
sociated with its ability to relax vascular smooth muscle,
resulting in vasodilation [25]. This H,S activity is caused
by its effects on adenosine triphosphate (ATP)-sensitive
K+ channels [26].

Zofenopril protects against myocardial ischemia-re-
perfusion injury by increasing nitric oxide and hydrogen
sulfide bioavailability and has been shown to exert vas-
culoprotective and cardioprotective actions [14, 27]. The
involvement of deficiency of H,S and NO-dependent pro-
cesses in the pathogenesis of glaucoma makes it reason-
able to assess the effects of zofenopril on ocular hemody-
namics and hydrodynamics in animal models of glaucoma.

ACE inhibitors can affect IOP levels through their ac-
tions on AH dynamics. These inhibitors can decrease an-
giotensin II levels in AH, thus affecting the uveoscleral
outflow, and slow down AH formation by lowering blood
flow in the ciliary body [13].

We have experimentally demonstrated that the ACE
inhibitor zofenopril can be used to normalize the ocular
blood flow and AH circulation in rabbits with AIG.

45



ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2025 - Number 6 (527)

The effects of zofenopril on the blood volume of cho-
riociliary vessels appear to be caused by its capacity to
increase plasma and heart tissue levels of nitric oxide [14]
that plays an important role in supporting vascular homeo-
stasis. Nitric oxide deficiency is a pathogenetic factor of
endothelial dysfunction [28].

In turn, the beneficial effect of zofenopril on the pa-
rameters of ocular hydrodynamics in rabbits with AIG is
also likely to be caused by nitric oxide deficiency in ocular
tissues, causing relaxation of the trabecular meshwork and
improving AH outflow [29].

Therefore, our study on AIG in rabbits demonstrated
impaired ocular blood flow and ocular hydrodynamics in
the presence of elevated IOP, and beneficial effect of the
ACE inhibitor zofenopril on the eye function (i.e., the IOP,
and parameters of ocular hemodynamics and hemodynam-
ics). Further research is needed to confirm the results clini-
cally.

References

1. Chan JW, Chan NCY, Sadun AA. Glaucoma as Neurodegen-
eration in the Brain. Eye Brain. 2021;13:21-28. doi: 10.2147/
EB.S293765.

2. Bou Ghanem GO, Wareham LK, Calkins DJ. Addressing
neurodegeneration in glaucoma: Mechanisms, challenges,
and treatments. Prog Retin Eye Res. 2024;100:101261. doi:
10.1016/j.preteyeres.2024.101261.

3. Nislawati R, Taufik Fadillah Zainal A, Ismail A, Waspodo N,
Kasim F, Gunawan AMAK. Role of hypertension as a risk fac-
tor for open-angle glaucoma: a systematic review and meta-
analysis. BMJ Open Ophthalmol. 2021;6(1):e000798. doi:
10.1136/bmjophth-2021-000798.

4. Mikheytseva IM. [Role of trigger endothelial, neuronal and
integrative mechanisms in the development of glaucomatous
process and new pathogenetic therapeutic approaches to pri-
mary glaucoma]. [Dissertation for the Degree of Dr Sc (Biol)].
Lugansk; 2013. Ukrainian.

5. Luo X, Shen YM, Jiang MN, Lou XF, Shen Y. Ocular Blood
Flow Autoregulation Mechanisms and Methods. J Ophthalmol.
2015;2015:864871. doi: 10.1155/2015/864871.

6. Zhang CJ, Jin ZB. Homeostasis and dyshomeostasis of the ret-
ina. Curr Med. 2023;2(4). doi: 10.1007/s44194-023-00021-6.

7. Alarcon-Martinez L, Shiga Y, Villafranca-Baughman D, Cueva
Vargas JL, Vidal Paredes 1A, Quintero H, et al. Neurovascular
dysfunction in glaucoma. Prog Retin Eye Res. 2023;97:101217.
doi: 10.1016/j.preteyeres.2023.101217.

8. Wang X, Wang M, Liu H, Mercieca K, PrinzJ, Feng Y, et al. The
Association between Vascular Abnormalities and Glaucoma —
What Comes First? Intern J Mol Sciences.2023;24(17):13211.
doi: 10.3390/ijms241713211.

9. Szewczuk A, Wawrzyniak ZM, Szaflik JP, Zaleska-Zmijewska
A. Is Primary Open-Angle Glaucoma a Vascular Disease?
Assessment of the Relationship between Retinal Arteriolar
Morphology and Glaucoma Severity Using Adaptive Optics.
Journal of Clinical Medicine. 2024;13(2):478. doi: 10.3390/
jem13020478.

10. Arrigo A, Aragona E, Saladino A, Arrigo D, Fantaguzzi F,
Battaglia Parodi M, et al. Cognitive Dysfunctions in Glauco-
ma: An Overview of Morpho-Functional Mechanisms and the
Impact on Higher-Order Visual Function. Front Aging Neuro-
sci. 2021;13:747050. doi: 10.3389/fnagi.2021.747050.

11. Zhou W, Sabel BA. Vascular dysregulation in glaucoma: reti-
nal vasoconstriction and normal neurovascular coupling in al-
titudinal visual field defects. EPMA J. 2023;14(1):87-99. doi:
10.1007/s13167-023-00316-6.

12. Fernandez-Albarral JA, Ramirez Al, de Hoz R, Matamoros
JA, Salobrar-Garcia E, Elvira-Hurtado L, et al. Glaucoma:
from pathogenic mechanisms to retinal glial cell response to
damage. Front Cell Neurosci.2024;18:1354569.doi: 10.3389/
fncel.2024.1354569.

13. Holappa M, Vapaatalo H, Vaajanen A. Many Faces of Renin-
angiotensin System — Focus on Eye. Open Ophthalmol. J.
2017; 19(11):122-42. doi: 10.2174/1874364101711010122.

14. Donnarumma E, Ali MJ, Rushing AM et al. Zofenopril Protects
Against Myocardial Ischemia-Reperfusion Injury by Increas-
ing Nitric Oxide and Hydrogen Sulfide Bioavailability. ] Am
Heart Assoc. 2016; 5. ¢003531.

15. Bucci M, Vellecco V, Cantalupo A. et al. Hydrogen sulfide ac-
counts for the peripheral vascular effects of zofenopril indepen-
dently of ACE inhibition. Cardiovasc. Res. 2014;102(1):138-
47. doi: 10.1093/cvr/cvu026.

16. Mikheytseva I, Kolomiichuk S, Siroshtanenko T. The role of
changes in the hydrogen sulfide level in eye tissues on the de-
velopment of experimental glaucoma. Fiziol Zh. 2024; 70(6),
24-30. doi: https://doi.org/10.15407/f270.06.024.

17. Mikheytseva IN. [Glaucoma models: advantages and short-
comings. Adrenaline-induced glaucoma as an adequate model
of human glaucomatous process]. Oftalmol Zh. 2011;3:89-92.
Russian.

18. Wagenmakers E, Kucharsky S, van Doorn J, van den Bergh D.
Accessible and Sustainable Statistics with JASP. 2023. https://
doi.org/10.31234/0sf.io/ud2v;j.

19. Wareham LK, Calkins DJ. The Neurovascular Unit in Glauco-
matous Neurodegeneration. Front Cell Dev Biol. 2020;8:452.
doi: 10.3389/fcell.2020.00452.

20. Feng Y, Prokosch V, Liu H. Current Perspective of Hydrogen
Sulfide as a Novel Gaseous Modulator of Oxidative Stress in
Glaucoma. Antioxidants (Basel). 2021;10(5):671. doi: 10.3390/
antiox10050671.

21. Salvi A, Bankhele P, Jamil J et al. Effect of Hydrogen Sulfide
Donors on Intraocular Pressure in Rabbits. 2016;32(6) :371-75.
doi: 10.1089/jop.2015.0144.

22. Mikheytseva IN, Kolomiichuk SG, Siroshtanenko TI. Therapy
with the angiotensin-converting enzyme inhibitor zofenopril
as a new direction in the treatment of primary glaucoma. In:
The Functioning of Healthcare in EU Countries and Ukraine
in Maintaining Sustainable Development (March 19-20, 2025.
Riga, the Republic of Latvia): International scientific confer-
ence. Riga, Latvia: Baltija Publishing:45-8. doi https://doi.
org/10.30525/978-9934-26-549-5-11.

23. Kulkarni KH, Monjok EM, Zeyssig R at al. Effect of Hydrogen
Sulfide on Sympathetic Neurotransmission and Catecholamine
Levels in Isolated Porcine Iris-Ciliary Body. Neurochem. Res.
2009; 34: 400-06.

24. Shnayder NA, Petrova MM, Popova TE et al. Prospects for
the personalized multimodal therapy approach to pain man-
agement via action on NO and NOS. Molecules. 2021;26(9).
doi:10.3390/molecules26092431.

25. Wallace JL, Ferraz JG, Muscara MN. Hydrogen sulfide: an
endogenous mediator of resolution of inflammation and in-
jury. Antioxid. Redox Signal. 2012;17(1):58-67. doi: 10.1089/
ars.2011.4351.

26. Tang G, Wu L, Liang W, Wang R. Direct stimulation of
K(ATP) channels by exogenous and endogenous hydrogen sul-

46



ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2025 - Number 5 (527)

fide in vascular smooth muscle cells. Mol Pharmacol. 2005;
68(6):1757-64. doi: 10.1124/mol.105.017467.

27. Terzuoli E, Monti M, Vellecco V et al. Characterization of
zofenoprilat as an inducer of functional angiogenesis through in-
creased H2S availability. Br J Pharmacol. 2015;172(12):2961—
73.

28. Cyr AR, Huckaby LV, Shiva SS, Zuckerbraun BS. Nitric Oxide
and Endothelial Dysfunction. Crit Care Clin. 2020;36(2):307-
321. doi: 10.1016/j.ccc.2019.12.009.

29. Reina-Torres E, De leso ML, Pasquale LR, Madekurozwa M,
van Batenburg-Sherwood J, Overby DR, et al. The vital role for
nitric oxide in intraocular pressure homeostasis. Prog Retin Eye
Res. 2021;83:100922. doi: 10.1016/j.preteyeres.2020.100922.

Disclosures

Received: 04.06.2025
Accepted: 25.09.2025

Corresponding author: Sergii G. Kolomiichuk - filato-
vbiochem@ubkr.net

Author Contributions: : IMM: Conceptualization,
Methodology, Writing — review and editing; NIK: Investi-
gation, Data Analysis and Interpretation; Writing - origi-
nal draft preparation; SGK: Investigation, Data Analysis
and Interpretation, Writing - original draft preparation;
TIS: Investigation, Data Analysis; AM: Investigation,

Data Analysis. All authors reviewed the results and ap-
proved the final version of the manuscript.

Conflict of interest: The authors state that they have
no conflicts of interest that could influence their views on
the subject matter or material described or discussed in
this manuscript.

This paper is part of the research project “To inves-
tigate the role of gaseous neurotransmitters hydrogen
sulfide and nitric oxide in the glaucomatous process and
the effect of the angiotensin-converting enzyme inhibitor
zofenopril on the mechanisms of this process in an animal
model” 2022—2024 (State register No. 0122U001487).

Disclaimer: The views presented in this article are
those of the authors and do not necessarily represent those
of their institutions or funding entities.

Data Availability Statement: All the data obtained or
analyzed during this study are reported in the article.

Abbreviations: ACE, angiotensin-converting enzyme;
AIG, adrenaline-induced glaucoma,; C, aqueous humor
outflow facility; F, aqueous humor production; IOP, intra-
ocular pressure; P, tonographic IOP; RC, rheographic
coefficient; SEM, standard error of mean.

47



