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ABSTRACT

An important task of pharmacology is to find effective means to improve the microcirculation of the retina and increase its
resistance to ischemia. The aim of the study was to evaluate the retinoprotective effect of asialized erythropoietin on a
model of retinal ischemia-reperfusion in rats. The study was performed on a retinal ischemia-reperfusion model, in which
intraocular pressure (IOP) was increased to 110 mm Hg for 30 minutes. The retinoprotective effect of asialized
erythropoietin at a dose of 0.4 mg/kg and 2.4 mg/kg compared with recombinant erythropoietin at a dose of 50 IU/kg was
evaluated by the level of retinal microcirculation using laser Doppler flowmetry (LDF) and electroretinography (ERG) after
72 hours of reperfusion. The use of asialized erythropoietin at doses of 0.4 mg/kg and 2.4 mg/kg resulted in an increase in
the level of retinal microcirculation to 718.1 + 7.1 p.u. and 746.8 + 9.3 p.u., the b/a coefficient was 2.17 * 0.09 and 2.41 +
0.12, respectively, compared with the group without treatment. Thus, asialized erythropoietin can be used as a
retinoprotective agent.
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INTRODUCTION

Retinal ischemia plays a leading role in the loss of work
capacity and disability of the population. Ischemic lesions
occur due to acute or chronic blood supply disorders
caused by other diseases such as atherosclerosis,
hypertension, diabetes mellitus, and damage to the central
retinal artery. Worldwide, there is a significant increase in
ischemic retinal diseases due to the high prevalence of the
above diseases. The number of retinopathies associated
with damage to the vascular tract of the eyeball is close to
49-53% of the total number of diseases of the retina and
optic nerve [1-5].

That is why the main task of pharmacology is the search
and study of active pharmacological agents aimed at the
prevention [6,7] and correction [8-10] of ischemic
processes occurring in various organs and tissues. the
search for new substances and ways to increase the
resistance of tissues to ischemia remains relevant, despite
the rapid development of experimental pharmacology

[11-14], the spread of peptide drugs [15-19], the
improvement of targeted synthesis methods that allow the
creation of highly selective drugs [20-22].

Pharmacological preconditioning is one of the ways to
increase tissue resistance to ischemia. It is based on the
mechanism of activation of endogenous protective
functions of the body with the introduction of an
exogenous agent. As a result, there is an increase in tissue
resistance to subsequent episodes of ischemia [4, 23,24].

One of these substances with a preconditioning effect is
asialized erythropoietin, a derivative of recombinant
erythropoietin [25,26]. Due to the complete absence of
sialic acids in asialized erythropoietin, there is a short-
term binding of this molecule to the heterodimeric
erythropoietin receptor and the implementation of
cytoprotective (non-erythropoietin) effects. The expected
pharmacological effect can be confirmed by evaluating the
microcirculation and electroretinogram.

The objective of this work was to study the effect of
pharmacological  preconditioning  with  Asialized
erythropoietin on electrophysiological and
microcirculatory retinal changes in modelling ischemia-
reperfusion of the eye.
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MATERIALS AND METHODS

Animals: Experiments were conducted on 90 white
Wistar rats, sexually mature males, weighing 230 + 20 g
without external signs of acute or chronic diseases.
Before the start of the experiment, the rats passed the
quarantine regime for 14 days. Retinal ischemia-
reperfusion modelling was performed under anaesthesia
(chloral hydrate, 300 mg/kg of animal body weight,
intraperitoneally) by applying mechanical pressure (110
mm Hg) to the anterior chamber of the eye for 30
minutes. The absence of ocular blood flow was a
confirmation of the formation of ischemia [27].

Design of the Experiment: Nine series of experiments
were performed to study the protective properties of
asialized erythropoietin.

Group 1-Group of intact animals (n=10).

Group 2-Retinal ischemia-reperfusion model (control)
(n=10).

Group 3-Correction with asialized
(asialoEPO) at a dose of 0.4 ug/kg (n=10).

erythropoietin

Group 4 - correction with asialoEPO at a dose of 2.4
ng/kg (n=10).

Group 5 - correction with recombinant erythropoietin
(EPO) at a dose of 50 IU/kg (comparison drug).

Group 6-Control+glibenclamide (blocker
dependent potassium channels) (n=10).

of ATP-

Group 7-Correction with asialoEPO at a dose of 0.4 pg/kg
+glibenclamide (n=10).

Group 8-Correction with asialoEPO at a dose of 2.4 ng/kg
+glibenclamide (n=10).

Group 9-Correction with erythropoietin+glibenclamide
(n=10).

asialized erythropoietin (Proteinovy Kontur LLC) was
injected at a dose of 0.4 pg/kg and 2.4 pg/kg once
intraperitoneally 30 min before modelling retinal
ischemia. Recombinant erythropoietin ("Epokrin”

epoetin alpha; FSUE "State Research Institute of High-
Purity Drugs" of the Federal Medical and Biological
Agency of St. Petersburg, Russia) was administered at a
dose of 50 IU/kg once intraperitoneally 30 minutes
before modelling retinal ischemia. Glibenclamide
("Maninil" Berlin-Chemi AG) was administered at a dose
of 5 mg/kg once 60 minutes before modelling retinal
ischemia.

Laser Doppler Flowmetry. To assess the level of
microcirculation in the rat retina, a Biopac-systems
MP-150 laser Doppler flowmeter and a TSD-144 needle-
type sensor (USA) were used after 72 hours of
reperfusion. The value of the microcirculation level in the
group of rats was calculated as the average of the values
obtained in each animal in the group [27].

Electroretinography. An electroretinographic study (ERG)
was performed after evaluating the microcirculation. The
functional retinal activity was evaluated by estimating
the amplitudes of the a-and b-waves of the ERG, followed
by calculating the b/a coefficient. The study was
conducted according to the method described earlier
[19].

Statistical Data Processing. For all data, descriptive
statistics were used, and the data were checked for
normal distribution. Distribution type was determined by
using the criterion of Shapiro-Wilk. In case of normal
distribution, the average value (M) and standard error of
the mean (m) were calculated. Inter-group differences
were analyzed using the Student's t-test. The differences
are considered significant at p<0.05. The calculations
were performed using statistical programs Microsoft
Excel 7.0.

RESULTS

LDF results: The results of assessing the level of
microcirculation in the rat retina at 72 hours of
reperfusion after modelling retinal ischemia and its
correction with asialized erythropoietin at a dose of 0.4
ug/kg and 2.4 ug/kg and recombinant erythropoietin at a
dose of 50 IU/kg are presented in Table 1.

Table 1: Results of assessing the level of microcirculation in the rat retina at 72 hours of reperfusion (M + m),

p-u. (perfusion units).

Experimental group (n=10)

Microcircula-tion level

Intact 761.3 £ 9.6y

Ischemia-reperfusion model 344.6 +10.2x

AsialoEPO correction, 0.4 pg/kg 718.1 + 7.1xy

AsialoEPO correction, 2.4 ug/kg 746.8 £9.3y

EPO correction, 50 IU/kg 710.7 + 8.6xy
Ischemia-reperfusion model+glibenclamide 5 mg/kg 355.2+£9.1x
Correction with asialoEPO, 0.4 pg/kg+glibenclamide 5 mg/kg 361.3 £12.4x
Correction with asialoEPO, 0.4 pg/kg + glibenclamide 5 mg/kg 371.0 £11.7x
Correction with EPO, 50 IU/kg+glibenclamide 5 mg/kg 356.7 £10.8x

Note: x - p<0.05 compared to intact; y - p<0.05 compared to retinal ischemia-reperfusion model
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The level of microcirculation in the retina of intact rats
was 761.3 = 9.6 p.u. The level of microcirculation after
modeling ischemia in the control group for 72 hours of
reperfusion was 344.6 + 10.2 p.u., which is significantly
lower than the value in the group of intact animals
(p<0.05).

Against the background of the administration of
asialiated erythropoietin at a dose of 0.4 pg/kg, the level
of microcirculation in the retina at 72 h after the
pathology simulation was 718.1 + 7.1 p.u., which exceeds
this indicator in the group with the pathology model by 2
times and has a significant difference from the control
group (p<0.05) and from the group of intact animals
(p<0.05).

Against the background of correction of the pathology
with asialized erythropoietin at a dose of 2.4 pg/kg, the
level of microcirculation in the retina at 72 h of
reperfusion significantly increases to 746.8 + 9.3 p.u. and
has a significant difference from the group with a
pathology model (p <0.05). At the same time, the
achieved values of microcirculation during the correction
of pathology with asialized erythropoietin in high doses

(2.4 pg/kg) are close to the values in the group of intact
animals and do not have significant differences.

After correction of the pathology with erythropoietin at a
dose of 50 IU/kg the level of microcirculation in the
group increases to 710.7 + 8.6 p.u. and significantly
differs both from the values in the control group (p
<0.05) and from the group of intact animals (p <0.05).

Administration of glibenclamide in the groups with
correction of ischemic damage prevented an increase in
the level of microcirculation due to the blockade of ATP-
dependent potassium channels, which confirms the
presence of preconditioning properties of asialized
erythropoietin (0.4 ug /g and 2.4 pg/kg) and recombinant
erythropoietin (50 IU/kg) in the retinal ischemia-
reperfusion model.

Results of the ERG: The results of evaluating the ERG of
the rat retina after 72 hours of reperfusion after modeling
retinal ischemia and its correction with asialized
erythropoietin at a dose of 0.4 pg/kg and 2.4 pg/kg and
recombinant erythropoietin at a dose of 50 IU/kg are
presented in Table 2.

Table 2: The values of the b/a coefficient after 72 h of reperfusion in the simulation of retinal ischemia and in the

correction of pathology (M + m), r.u.

Experimental group (n=10) b/a
Intact 2.63+0.12y
Ischemia-reperfusion model 1.11 £ 0.06x
AsialoEPO correction, 0.4 pg/kg 2.17 £ 0.09xy
AsialoEPO correction, 2.4 pg/kg 2.41+0.12y
EPO correction, 50 IU/kg 2.11 + 0.06xy
Ischemia-reperfusion model+glibenclamide 5 mg/kg 1.10 £ 0.09x
Correction with asialoEPO, 0.4 pg/kg + glibenclamide 5 mg/kg 1.13 +0.08x
Correction with asialoEPO, 2.4 pg/kg + glibenclamide 5 mg/kg 1.18 £0.10x
Correction with EPO, 50 IU/kg+glibenclamide 5 mg/kg 1.11+0.10x

Note: R.U. - relative units; x - p<0.05 compared to intact; y - p<0.05 compared to retinal ischemia-reperfusion model

DISCUSSION

Hemodynamic disturbances in the retinal blood flow
system after 72 hours of reperfusion after modelling the
pathology led to electrophysiological changes in the
retina characteristic of ischemia, which confirms the
adequacy of the chosen model of pathology. At the same
time, the suppression of the a-wave was less significant
and was not observed in all animals after a given period
of reperfusion. The reduction of the b-wave usually
develops before the suppression of the a-wave, which
occurs because of a deterioration in the trophism of
neurons in the inner nuclear layer of the retina with
retinal circulation disorders.

The electrophysiological b/a coefficient in the group of
intact animals was 2.63 * 0.12 r.u. The b/a coefficient in
the control group decreased by 2 times compared with
intact animals and amounted to 1.11 * 0.06 r.u., which

significantly differs from the value in the group of intact
animals (p <0.05).

When modelling retinal pathology and correction of
asialoEPO at doses of 0.4 ng/kg and 2.4 pg/kg 30 minutes
before the induction of ischemia after 72 h of
reperfusion, the b/a coefficient increases dose-
dependently to 2.17 + 0.09 ru. and 2.41 * 0.12 ru.
accordingly, which indicates the functional safety of the
retinal layer after modelling the pathology.

At the same time, the values achieved during the
correction of the pathology with asialoEPO at high doses
significantly differed from the ischemia-reperfusion
group (p<0.05) and were statistically insignificant in
comparison with the group of intact animals.

The activity of the study drug at a high dose significantly
exceeded the retinoprotective properties of recombinant
EPO (p <0.05), against the background of the use at a
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dose of 50 IU/kg 30 minutes before ischemia, after 72 h
of reperfusion, the b/a coefficient was 2.11 + 0.06 r.u.

The use of the K+ATP channel blocker glibenclamide (5
mg / kg) in groups of correction with asialoEPO and
recombinant EPO led to a decrease in the b/a coefficient
to values significantly different from those of the group of
intact animals.

CONCLUSION

As a result of the studies, it can be concluded that there is
a retinoprotective effect of asialized erythropoietin at
doses of 0.4 pg/kg and 2.4 pg/kg in the rat retinal
ischemia-reperfusion model. The retinoprotective effect
of asialized erythropoietin is confirmed by a significant
increase in the level of microcirculation and the b/a
coefficient of the electroretinogram of experimental
animals after 72 h of reperfusion compared to the control

group.

The administration of glibenclamide prevented the
correction of ischemic retinal damage due to the
blockade of ATP-dependent potassium channels, which
confirms the presence of preconditioning properties of
asialized erythropoietin in the retinal ischemia-
reperfusion model.

REFERENCES

1. Roy S, Kern TS, Song B, et al. Mechanistic insights
into pathological changes in the diabetic retina:
implications for targeting diabetic retinopathy. Am ]
Pathol 2017; 187:9.19.

2. Peresypkina AA, Pokrovskii MV, Dolzhikov AA, et al.
Correction of experimental ischemic neuropathy of
the optic nerve by imidazoline receptor agonist type
[ and II. Eksperimental'naya [ Klinicheskaya
Farmakologiya 2018; 81:12-17.

3. Peresypkina Anna, Pazhinsky Anton, Pokrovskii
Mikhail, Correction of experimental retinal ischemia
by L-Isomer of ethylmethylhydroxypyridine malate.
Antioxidants 2019; 8:34.

4. Peresypkina AA, Gubareva VO, Levkova EA, et al.
Pharmacological correction of retinal ischemia/
reperfusion by minoxidil. Srpski Arhiv Za Celokupno
Lekarstvo 2018; 146:530-533.

5.  Lambuk Lidawani, lezhitsa Igor, Agarwal Renu, et al.
Magnesium acetyltaurate prevents retinal damage
and visual impairment in rats through suppression
of NMDA-induced upregulation of NF-kappa B, p53
and AP-1 (c-Jun/c-Fos). Neural Regeneration Res
2021; 16: 2330-2344.

6. Avdeeva NV, Sidorova SA, Gudyrev OS, et al
Mechanism of neuroprotective effect of mGluR4
agonists. Research Results Pharmacology 2019;
5:43-47.

7. Nesterova NI, Shcheblykina OV, Kolesnichenko PD, et
al. Neuroprotective effects of taurine and 3-

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

Khadieva TA, Pokrovskaya TG, Belousova YV.
Pharmacological  correction  of  endothelial
dysfunction using ademethionin and taurine.
Research Results in Pharmacology 2019; 5:13-21.
Severinova OV, Gureev VV, Zhilinkova LA, et al. Study
of the effect of selective inhibitor of Arginase II KUD
975 and of low doses of Acetylsalicylic acid on the
functional parameters of the cardiovascular system
In experimental preeclampsia. Res Results
Pharmacol 2019; 5:47-56.

Golubev 1V, Gureev VV, Korokin MV, et al. Preclinical
study of innovative peptides mimicking the tertiary
structure of the a-helix B of erythropoietin. Res
Results Pharmacol 2020; 6:85-96.

Semeleva EV, Blinova EV, Zaborovsky AV, et al. Metal-
containing taurine compounds protect rat’s brain in
reperfusion-induced injury. Research Results in
Pharmacology 2020; 6:43-49.

Maltsev DV, Spasov AA, Miroshnikov MV, et al.
Influence of Diazepino [1.2-a]benzimidazole
derivative (DAB-19) on behavioral aspects of
animals. Res Results Pharmacol 2020; 6:9-14.
Avdeeva NV. Novel mGluR4 agonist Rapitalam
ameliorates motor dysfunction in mice with tau-
associated  neurodegeneration. @ Res  Results
Pharmacol 2020; 6:9-17.

Lokteva TI, Rozhkov S, Gureev VV, et al. Correction of
morphofunctional disorders of the cardiovascular
system with asialized erythropoietin and arginase II
selective inhibitors KUD 974 and KUD 259 in
experimental preeclampsia. Res Results Pharmacol
2020; 6:29-40.

Palikova YA, Palikov VA, Dyachenko IA. Maximum
tolerant dose and analgesic activity of PT1 peptide.
Res Results Pharmacol 2019; 5:37-42.

Solin AV, Lyashev YD, Tsygan NV. Hepatoprotective
effect of opioid peptides in stress. Res Results
Pharmacol 2019; 5:77-96.

Petrovsky AK, Smirnov NA, Vdovichenko VP, et al.
Selank and semax as potential hepatoprotectors in
medical treatment of tuberculosis. Res Results
Pharmacol 2019; 5:33-39.

Gubareva VO, Pazhinsky AL, Lugovskoy SS, et al
Pharmacological correction of morphofunctional
retinal injury using 11-amino acid fragment of
darbepoetin in the experiment. Res Results
Pharmacol 2019; 5:43-55.

Shabelnikova AS, Peresypkina AA, Pokrovskii MV, et
al. Pharmacological preconditioning by recombinant
erythropoietin - A new way of treatment of retinal
Ischemia/Reperfusion. Int ] Pharm Technol 2016;
8:26889-26896

Severina HI, Skupa 0O, Voloshchuk NI, et al.
Molecular docking, ADMET study and in vivo
pharmacological research of N-(3.4-
dimetoxyphenyl)-2-{[2-methyl-6-(pyridine-2-yl)-

hydroxypyridine derivatives in the intracerebral pyrimidin-4-yljthio}acetamide as a promising
hemorrhage model in rats. Res Results Pharmacol anticonvulsant. Res Results Pharmacol 2020;
2019; 5:87-94. 6:27-41.

Journal of Research in Medical and Dental Science | Vol. 9 | Issue 8 | Aug-21 289



Kristina V Shchurovskaya, et al.

J Res Med Dent Sci, 2021, 9 (8):286-290

21.

22.

23.

24.

Spasov AA, Kucheryavenko AF, Gaidukova KA, et al.
Antiplatelet activity of new derivatives of
benzimidazole containing sterically hindered
phenolic group in their structure. Res Results
Pharmacol 2020; 6:1-9.

Maltsev DV, Spasov AA, Miroshnikov MV, et al.
Influence of diazepino[1.2-a]benzimidazole
derivative (DAB-19) on behavioral aspects of
animals. Res Results Pharmacol 2020; 6:9-14.
Gidday JM. Pharmacologic  preconditioning:
translating the promise. Transl Stroke Res 2010;
1:19-30.

Riess ML, Stowe
pharmacological

DF, Warltier DC. Cardiac
preconditioning with volatile

25.

26.

27.

anesthetics: from bench to bedside? Am ] Physiol
Heart Circ Physiol 2004; 286:1603-7.

Carelli S, Marfia G, Di Giulio AM, et al
Erythropoietin: recent developments in the
treatment of spinal cord injury. Neurol Res Int 2011;
2011.

Lisowska KA. The role of erythropoietin and its
receptor in the immune, central nervous and
cardiovascular systems. International ] Hematol Res
2015; 1:42-51. A63

Peresypkina A, Pazhinsky A, Danilenko L, et al.
Retinoprotective effect of 2-Ethyl-3-hydroxy-6-
methylpyridine Nicotinate. Biology 2020; 9:45.

Journal of Research in Medical and Dental Science | Vol. 9 | Issue 8 | Aug-21

290



	Contents
	Protective Effect of Asialized Erythropoietin in Modelling of Retinal Ischemia-Reperfusion
	ABSTRACT
	Key words:
	HOW TO CITE THIS ARTICLE:
	CorrDtls
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES


