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EFFICACY OF USING MELATONIN PER RECTUM FOR EXPERIMENTAL ACUTE CEREBRAL ISCHEMIA

With limited efficacy and safety of the methods to treat ischemic stroke (IS), melatonin (МТ) can be considered a promising neuroprotective agent having a pleiotropic 

mechanism of action. The study aimed to assess the effect of MT contained in original rectal suppositories on the neurological status and microcirculation in the 

injury focus in experimental acute cerebral ischemia (EACI) in vivo. A total of 30 sexually mature rats were divided into three groups, 10 animals per group: sham-

operated (SO) animals; animals with EACI; animals with EACI receiving original rectal suppositories weighing 100 mg with 2.5 mg of melatonin (МТ) throughout 

7 days. On days 3 and 7, neurological status was assessed using the Garcia JH score, Placing test, Bederson test; microcirculation rate (MR) was assessed in the brain 

injury focus by laser flowmetry. A significant decrease in the Garcia JH scores by 58.3% (p = 0.001), Placing Test scores by 57.9% (p = 0.002), along with the significant 

increase in the Bederson Test scores in animals with EACI compared to SO animals was reported on day 3; the significant decrease in the Garcia JH scores by 75% 

(p < 0.001), Placing Test scores by 78.9% (p < 0.001) and the significant increase in the Bederson Test scores were reported on day 7. MR decreased by 30% on day 3 

(p = 0.02), by 38% on day 7 (p = 0.005). The use of the MT-based rectal suppositories resulted in the neurological deficit restoration in the form of the significant increase 

in the Gаrcia JH scores by 53.3% (p = 0.008), Placing Test scores by 50% (p = 0.016) and the significant decrease in the Bederson Test scores by 50% (p = 0.029) 

on day 3;  on day 7, the significant increase in the Garcia JH scores by 233% (p < 0.0001), Placing Test scores by 325% (p < 0.0001) and the significant decrease in 

the Bederson Test scores by 100% (p < 0.0001) were reported. MR increased by 12.5% on day 3 (p = 0.016), by 43.9% on day 7 (p = 0.005). The correlation analysis 

revealed the association between the neurological status and MR values: the neurological deficit improvement in animals with EACI in the context of receiving the 

MT-based rectal suppositories was associated with the MR increase in the ischemic focus in the brain. Thus, partial neurological status restoration in the context of 

using the MT-based rectal suppositories for EACI resulted from the MT vasoactive properties, which was reflected in the MR increase in the ischemic focus in the brain.  
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М. В. Осиков1,2, А. В. Шеломенцев1,3      , М. С. Бойко1, Ю. С. Шишкова1, А. А. Федосов4

ЭФФЕКТИВНОСТЬ ПРИМЕНЕНИЯ МЕЛАТОНИНА PER RECTUM ПРИ ЭКСПЕРИМЕНТАЛЬНОЙ 
ОСТРОЙ ИШЕМИИ ГОЛОВНОГО МОЗГА

При лечении ишемического инсульта (ИИ) мелатонин (МТ) может быть перспективным нейропротектором с плейотропным механизмом действия. Цель 

исследования — in vivo изучить влияние МТ в составе оригинальных ректальных суппозиториев (РС) на неврологический статус (НС) и микроциркуляцию 

в очаге повреждения при экспериментальной острой ишемии головного мозга (ЭОИГМ). 30 крыс разделили на три группы по 10 особей: 

1) ложнооперированные (ЛО); 2) особи с ЭОИГМ; 3) особи с ЭОИГМ, получающие оригинальные РС с МТ на протяжении 7 суток. Животным групп 2 и 

3 моделировали ЭОИГМ по модифицированной методике Chen S. T., et al. На 3 и 7 сутки оценивали НС по шкалам Garcia J. H., Placing test, Bederson test 

и показатель микроциркуляции (ПМ) в очаге повреждения головного мозга методом лазерной флуометрии. У животных с ЭОИГМ  по сравнению с ЛО 

на 3 сутки зафиксировано значимое снижение баллов по шкале Gаrcia на 58,3% (p = 0,001), по Placing test — на 57,9% (p = 0,002), увеличение баллов 

по Bederson test; на 7 сутки зафиксировано значимое снижение баллов по шкале Gаrcia J. H. на 75% (p < 0,001), по Placing test — на 78,9% (p < 0,001), 

увеличение баллов по Bederson test. ПМ на 3 сутки снизился на 30% (p = 0,02), на 7 сутки — на 38% (p = 0,005). Применение РС с МТ приводило к 

восстановлению неврологического дефицита в виде значимого увеличения баллов на 3 сутки по шкале Gаrcia на 53,3% (p = 0,008 ), по Placing test — на 

50% (p = 0,016) и снижения баллов по Bederson test на 50% (p = 0,029); на 7 сутки фиксировали значимое  увеличение баллов по шкале Gаrcia J. H. на 

233% (p < 0,0001 ), по Placing test — на 325% (p < 0,0001) и cнижение баллов по Bederson test на 100% (p < 0,0001 ). ПМ на 3 сутки повысился на 12,5% 

(p = 0,016 ), на 7 сутки на 43,9% (p = 0,005). Установлено, что  уменьшение неврологического дефицита у животных с ЭОИГМ в условиях применения РС 

с МТ ассоциировано с повышением ПМ в очаге ишемического повреждения головного мозга. Таким образом, частичное восстановление НС в условиях 

применения  РС с МТ при ЭОИГМ обусловлено его вазоактивными свойствами.
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Today, ischemic stroke (IS) ranks second among the causes of 
death and third among the causes of disability all over the world 
[1]. More than 450,000 cases of stroke are reported annually in the 
RF, and case fatality rate varies between 17.6 and 20.7% [2]. The 
IS pathogenesis is multifaceted; it involves such mechanisms, 
as neuroinflammation, glutamate-induced excitotoxicity, and 
oxidative stress resulting in the death of neurons in the ischemic 
focus [3]. The existing pathogenetic approaches to treatment of 
IS show limited efficacy and safety due to narrow therapeutic 
window, high risk of hemorrhagic transformation, low permeability 
of the blood-brain barrier (BBB) for neuroprotective agents, as 
well as poor knowledge about their pharmacokinetics and rather 
frequent adverse effects, which emphasizes the need to develop 
new therapeutic strategies aimed at neuroprotection [4]. In this 
regard, melatonin (МТ) possessing pleiotropic effects, including 
antioxidant, anti-inflammatory, vasoactive, anti-apoptotic ones, 
is of interest [5–7]. A number of papers demonstrate the MT 
neuroprotective effect in IS realized through its direct binding to 
free radicals, increase in activity of key antioxidant enzymes 
(glutathione peroxidase, catalase), inhibition of caspase-3 and 
NF-κB pathway, as well as the decrease in expression of AQP4 
and enhanced SIRT-1 synthesis in the ischemic brain lesion and, 
therefore, cerebral infarction volume decrease with subsequent 
neurological deficit improvement [8–10]. However, the use of 
MT as a potential neuroprotective agent in oral dosage forms 
can be considerably limited by post-stroke dysphagia reported 
in 81% of cases in patients post IS [11]. The use of injectable 
dosage forms as an alternative allows one to work around the 
issue of post-stroke dysphagia, but it is associated with constant 
re-traumatization of the patient when performing injections, high 
risk of microbial contamination, etc. [12]. The MT-based rectal 
suppositories represent a promising dosage form ensuring the 
atraumatic administration and low risk of microbial contamination. 
In the RF, there are no approved MT-based rectal dosage forms 
for neuroprotective therapy of IS that could effectively deliver the 
drug and have a systemic effect on the ischemic injury focus 
in the brain, thereby minimizing the risk of injury and infectious 
complications. The development and assessment of the use of 
MT-based rectal suppositories in IS are relevant due to potential 
benefits of atraumatic administration routes. The study aimed 
to perform in vivo experimental assessment of the effect of 
melatonin contained in original rectal suppositories on the 
neurological status and microcirculation in the ischemic brain 
injury focus in experimental acute cerebral ischemia.

METHODS 

The experiment involved 30 sexually mature male Wistar rats 
weighting 220–240 g obtained from the experimental biology 
clinic of the South Ural State Medical University of the Ministry 
of Health of the Russian Federation in spring and summer. The 
animals were kept with natural light, at a temperature of 20–22 °С 
and relative humidity of 60–70%. Simple randomization was 
used to divide the rats into three groups, 10 animals per group: 
group 1 — sham-operated (SO) animals, group 2 — animals 
with experimental acute cerebral ischemia (EACI), group 3 —
animals with EACI receiving original rectal suppositories 
weighing 100 mg with 2.5 mg of МТ every 24 h throughout 
7 days [13]. 

EACI was simulated using the modified method by Chen 
ST under the combination zoletil-xylazine anesthesia [14, 15]. 
In animals of groups 2 and 3, skin incision with the length of up 
to 2 cm was performed between the left auricle and left eye. 
In the incision site, soft tissues were dissected up to the skull 
bones, and a burr hole 5 mm in diameter was created using a 

high-speed bur (20,000 rpm) with constant irrigation-induced 
cooling. Selective diathermocoagulation of the cerebral pial 
vessels (15 V, 3 s) in the cortical zone of the middle cerebral 
artery was performed using the operating microscope with 
the 10× magnification. All methodological aspects of the 
study were compliant with modern standards of experimental 
cerebral ischemia modeling [16, 17].  Animals of group 1 underwent 
all consecutive surgical interventions, including selective 
diathermocoagulation of the cerebral pial vessels. 

Three animals were excluded from further assessment (two 
in group 2 and one in group 3), since these died within 6 h after 
surgery. Thus, three groups of animals were created: group 1 
(n = 10), group 2 (n = 8), group 3 (n = 9). 

On days 3 and 7, neurological status was assessed in all 
groups using the Garcia JH score, Placing test, Bederson test 
[18–20]. The results of each particular test were expressed 
in points.

Microcirculation rate (MR) was assessed in ischemic brain 
injury focus by laser Doppler flowmetry for 5 min using the 
LAAK-01 system (Lazma, Russia). The values were processed 
using the software package by Lazma (Russia), and MR was 
calculated using the following formula: MR = Ne + Vav, where 
Ne was the concentration of erythrocytes in the probed tissue 
volume, Vav was the average erythrocyte sedimentation rate. 
MR was expressed in perfusion units (PU).

Statistical data processing was performed using the IBM 
SPSS Statistics 19 software package. The quantitative data 
distribution was tested for normality using the Shapiro–Wilk 
test. Since the distribution of most studied parameters was 
non-normal, nonparametric methods were used for analysis. 
Intergroup comparison was performed using the Kruskal–Wallis 
test (when comparing three or more groups), Mann–Whitney 
U-test (when performing pairwise comparison of groups). The 
paired Wilcoxon signed-rank test for related samples was used 
to estimate the intragroup dynamics (to compare the values 
on days 3 and 7); Spearman’s rank correlation coefficient (r) 
was used for correlation analysis. The data were presented 
as the median (Me), lower and upper quartiles (Q

1
; Q

3
). The 

differences were considered significant at p < 0.05. 

RESULTS

Animals with EACI showed focal neurological deficit in the form 
of right hemiparesis, stato-locomotor disorder on days 3 and 7.
Animals with EACI demonstrated a significant decrease in 
Gаrcia JH scores by 58.3% (p = 0.001), Placing test scores 
by 57.9% (p = 0.002), along with the significant increase in 
Bederson test scores compared to SO animals; on day 7, the 
significant decrease in Gаrcia JH scores by 75% (p < 0.001), 
Placing test scores by 78.9% (p < 0.001), along with the 
increase in Bederson test scores were reported. Animals with 
EACI showed the significant decrease in Gаrcia JH scores by 
40% (p = 0.008), Placing test scores by 50.0% (p = 0.003), 
along with the increase in Bederson test scores by 100% 
(p = 0.001) on day 7 compared to day 3 (Table 1).

Microcirculation assessment showed the decrease in MR 
on day 3 by 30% (p = 0.02), by 38% on day 7 (p = 0.005) in 
animals with EACI compared to SO ones. Animals with EACI 
showed the significant MR decrease by 11% (p = 0.03) on day 7 
compared to day 3 (Table 2).

Thus, focal neurological deficit and the decrease in cerebral 
blood flow in the ischemic brain lesion were reported in animals 
with EACI on days 3 and 7, which was confirmed by the 
significant decrease in Gаrcia JH, Placing test scores, as well 
as by the increase in Bederson test scores and MR decrease.
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Table 1. Effect of MT on neurological status in EACI (Ме [Q
1
; Q

3
])

Note: significant differences based on the Mann–Whitney U-test are designated as follows: * — compared to group 1 (p < 0.05); # — compared to group 2 (p < 0.05); 
& — significant differences based on the Wilcoxon test between days 3 and 7 within the same group (p < 0.05).

Indicator

Group 1 Group 2 Group 3

Day 3 
(n = 10)

Day 7
(n = 10)

Day 3 
(n = 8)

Day 7
(n = 8)

Day 3 
(n = 9)

Day 7 
(n = 9)

Gаrcia JH score
18.00 

[18.00; 18.00]
18.00 

[18.00; 18.00]
7.50 

[7.00; 8.00]*
4.50 

[3.00; 6.00] *&
11.50 

[10.00; 13.00] *#
15.00 

[14.00; 16.00] *#&

Placing test score
9.50 

[9.00; 10.00]
9.50 

[9.00; 10.00]
2.00 

[2.00; 3.00]*
4.00 

[4.00; 4.00] *&
1.00 

[1.00; 2.00] *#
0.00 

[0.00; 1.00] *#&

Bederson test score
0.00 

[0.00; 0.00]
0.00 

[0.00; 0.00]
4.00 

[3.00; 4.00]*
2.00 

[1.00; 2.00] *&
6.00 

[6.00; 7.00] *#
8.50 

[8.00; 9.00] *#&

Table 2. Effect of MT on microcirculation values in EACI (Ме [Q
1
; Q

3
])  

Note: significant differences based on the Mann–Whitney U-test are designated as follows: * — compared to group 1 (p < 0.05); # — compared to group 2 (p < 0.05); 
& — significant differences based on the Wilcoxon test between days 3 and 7 within the same group (p < 0.05).

Indicator

Group 1 (n = 10) Group 2 Group 3

Day 3 
(n = 10)

Day 7 
(n = 10)

Day 3 
(n = 10)

Day 7 
(n = 10)

Day 3 
(n = 10)

Day 7 
(n = 10)

Microcirculation 
value, PU

22.11 
[20.65; 22.69]

22.11 
[20.65; 22.69]

15.51 
[15.48; 15.88]*

13.79 
[13.49; 14.09]*&

17.45 
[17.33; 18.83]*#

19.85 
[19.44; 19.90]*#&

The use of MT-based rectal suppositories on days 3 and 
7 led to the right hemiparesis and stato-locomotor disorder 
severity decrease. The animals receiving MT showed the significant 
increase in the Gаrcia JH scores by 53.3% (p = 0.008), Placing 
test scores by 50% (p = 0.016), along with the significant decrease 
in Bederson test scores by 50% (p = 0.029) compared to animals 
with EACI on day 3; on day 7, the significant increase in Gаrcia 
JH scores by 233% (p < 0.0001), Placing test scores by 325% 
(p < 0.0001) and the significant decrease in Bederson test scores 
by 100% (p < 0.0001) were reported. The significant increase in 
Gаrcia JH scores by 30.4% (p = 0.004), Placing test scores by 
41.7% (p = 0.002) and the significant decrease in Bederson test 
scores by 100% (p = 0.003) upon MT administration on day 7 
compared to day 3 were reported (Table 1).

Microcirculation assessment showed the increase in MR by 
12.5% on day 3 (p = 0.016), by 43.9% on day 7 (p = 0.005) 
in the animals receiving MT compared to the ones with EACI. 
The animals showed the significant MR increase by 13.8% 
(p = 0.028) upon MT administration on day 7 compared to day 
3 (Table 2). 

The animals receiving MT showed the significant decrease 
in Gаrcia JH scores by 36.1%  (p < 0.001), Placing test scores 
by 36.8% (p < 0.001) and the significant increase in Bederson 
test scores by 100% (p = 0.002) compared to SO animals on 
day 3; on day 7, these demonstrated the decrease in Gаrcia 
JH scores by 16.7% (p < 0.008), Placing test scores by 10.5% 
(p < 0.038) and the significant increase in Bederson test scores 
by 0% (p = 0.157) (Table 1). 

The correlation analysis of Gаrcia JH scores, Placing test scores, 
and MR values on days 3 and 7 revealed a positive correlation, along 
with the negative correlation between Bederson test scores and 
MR: the neurological deficit improvement in animals with EACI in the 
context of using MT-based rectal suppositories was associated 
with the MR increase in the ischemic brain lesion (Table 3).

DISCUSSION

It can be assumed that neurological deficit we have detected 
results from local critical decrease in cerebral blood flow in the 
brain matter and activation of the cascade of pathochemical 
reactions, including mitochondrial dysfunction with subsequent 
neuronal energy deficiency, oxidative stress activation, 

glutamate-induced excitotoxicity, neuroinflammation resulting 
in neuronal damage in the ischemic injury focus [21]. The 
use of MT-based rectal suppositories resulted in partial 
restoration of neurological status and cerebral blood flow 
in the ischemic injury focus, which could be due to the MT 
pharmacological features and pleiotropic effects, including 
neuroprotective and vasoactive effects. The MT relatively low 
molecular weight (232 g/mol), moderate lipid solubility (Log p = 3),
and moderate bioavailability when administered rectally 
(54–72%) can ensure penetration of the blood-brain barrier 
and have a systemic effect on the ischemic injury focus and 
potential penetration [22, 23]. We believe that MT contained 
in the rectal suppositories entered the systemic blood flow 
and reached the ischemic lesion in the brain, showing the 
neuroprotective effect. The MT pleiotropic effects determining 
its possible neuroprotective effect can be associated with the 
activity mediated by specific membrane and nuclear receptors 
(МТ1, МТ2, ROR), as well as with the direct effect [24]. The 
MT binding to the MT receptors of microglial cells through the 
STAT3 pathway inhibition contributed to the reduced synthesis 
of pro-inflammatory cytokines in the ischemic injury focus and 
reduced neuroinflammation [25]. Furthermore, MT could cause 
inhibition of NADPH reductase activity and enhanced synthesis 
of glutathione peroxidase, thereby decreasing the activity of 
oxidative stress processes in the ischemic brain injury focus 
[26]. MT enhanced the 90RSK activity resulting in the Bad pro-
apoptotic protein inactivation through ERK1 phosphorylation, 
thereby contributing to the increased survival of neurons in the 
ischemic injury zone [27]. The MR increase in the ischemic 
brain injury focus can be associated with the vasoactive 
effect of MT, which enhanced NO synthesis in endothelial 
cells and increased cerebral blood flow through the increased 
activity of endothelial NO synthase [28]. The findings clearly 
demonstrate clinical prospects for the use of MT-based rectal 
suppositories as adjunctive therapy for IS, especially in the 
elderly and seriously ill patients, in whom standard treatment 
methods show limited efficacy. The data obtained provide a 
strong basis for further research aimed at in-depth study of 
the mechanisms underlying the MT neuroprotective effect via 
monitoring of the dynamic changes in the levels of biochemical 
markers (MDA, S100β) and their correlation with clinical 
outcomes. The promising areas for scientific research can be 
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Table 3. Correlation between neurological status indicators and MR in EACI in the context of using MT-based rectal suppositories

Note: r — Spearman’s rank correlation coefficient (r < 0.05).

Indicators
Microcirculation rate, PU

Day 3 Day 7 

Gаrcia JH score r = 0.63 r = 0.67

Placing Test score r = 0.77 r = 0.64

Bederson Test score r = –0.61 r = –0.60

as follows: development of differentiated MT dosing algorithms 
considering the patients’ individual characteristics; assessment 
of delayed therapy effects between 6 and 12 months of follow-
up; study of the possibilities of using combination therapy 
with other neuroprotective agents. Successful introduction 
of this method into wide clinical practice requires large-scale 
multicenter randomized trials involving the use of standardized 
assessment protocols. The development of personalized 
approaches to therapy considering the age-related specifics, 
comorbidities, and individual characteristics of the patients’ 
cerebral hemodynamics is of special importance.

CONCLUSIONS

Selective diathermocoagulation of the cerebral pial vessels 
performed on days 3 and 7 resulted in the critical cerebral blood 

flow decrease with subsequent development of neurological 
deficit in the form of right hemiparesis and stato-locomotor 
disorder manifested by the progressive decrease in Garcia JH, 
Placing test scores and increase in Bederson test scores, as 
well as in the reduced MR in the ischemic brain injury focus. 
The use of original rectal suppositories with the weight of 100 
mg containing 2.5 mg of MT every 24 h throughout 7 days 
resulted in partial neurological deficit restoration manifested 
by the increase in Garcia JH, Placing test scores, decrease 
in Bederson test scores and increased MR not reaching the 
values of the SO animals in the ischemic brain injury focus. 
The correlation analysis revealed the association between the 
neurological status indicators and MR: the neurological deficit 
improvement in animals with EACI in the context of using 
MT-based rectal suppositories was associated with the MR 
increase in the ischemic brain injury focus.

References

1.	 Feigin VL, Brainin M, Norrving B, Martins S, Sacco RL, Hacke W, 
et al. World Stroke Organization (WSO): Global Stroke Fact Sheet 
2022. Int J Stroke. 2022; 17 (1): 18–29.

2.	 Ignateva VI, Voznjuk IA, Shamalov NA, Reznik AV, Vinickij AA, 
Derkach EV. Social'no-jekonomicheskoe bremja insul'ta v Rossijskoj 
Federacii.  Zhurnal nevrologii i psihiatrii im. S. S. Korsakova. 
Specvypuski. 2023; 123 (8–2): 5–15. Russian.

3.	 Cao Y, Yue X, Jia M, Wang J. Neuroinflammation and anti-
inflammatory therapy for ischemic stroke. Heliyon. 2023; 9 (7): 
e17986. 

4.	 Paul S, Candelario-Jalil E. Emerging neuroprotective strategies 
for the treatment of ischemic stroke: An overview of clinical and 
preclinical studies. Exp Neurol. 2021; 335: 113518.

5.	 Ma N, Zhang J, Reiter R J, Ma X. Melatonin mediates mucosal 
immune cells, microbial metabolism, and rhythm crosstalk: A 
therapeutic target to reduce intestinal inflammation Med Res Rev. 
2020; 40 (2): 606–32.

6.	 Gancgorn EV, Hloponin DP, Makljakov YuS. Patofiziologicheskie 
osnovy sovremennoj farmakoterapii ostroj ishemii golovnogo 
mozga. Mesto nootropov i antioksidantov v nejroprotekcii. 
Medicinskij vestnik Juga Rossii. 2013; (2): 4–12. Russian.

7.	 Yang Y, Jiang S, Dong Y, Fan C, Zhao L, Yang X, Li J, et al. 
Melatonin prevents cell death and mitochondrial dysfunction via a 
SIRT1-dependent mechanism during ischemic-stroke in mice. J 
Pineal Res. 2015; 58 (1): 61–70.

8.	 Pallab B, Kumar PA, Sudip P, Ranjana P. Melatonin renders 
neuroprotection by Protein Kinase C mediated Aquaporin-4 
inhibition in animal model of focal cerebral ischemia. Life Sciences. 
2014; 100 (2): 97–109. 

9.	 Ma Q, Reiter RJ, Chen Y. Role of melatonin in controlling 
angiogenesis under physiological and pathological conditions. 
Angiogenesis. 2020; 23 (2): 91–104.

10.	 Qin T, Feng D, Zhou B, Bai L, Yin Y. Melatonin Suppresses LPS-
Induced Oxidative Stress in Dendritic Cells for Inflammatory 
Regulation via the Nrf2/HO-1 Axis. Antioxidants (Basel). 2022; 11 
(10): 2012.

11.	 Khedr EM, Abbass MA, Soliman RK, Radwa KS, Ahmed FZ,  
Gamea A. Post-stroke dysphagia: frequency, risk factors, and 

topographic representation: hospital-based study. Egypt J Neurol 
Psychiatry Neurosurg. 2021; 57 (23).

12.	 Brinkwirth S, Ayobami O, Eckmanns T, Markwart R. Hospital-
acquired infections caused by enterococci: a systematic review 
and meta-analysis, WHO European Region, 1 January 2010 to 4 
February 2020. Euro Surveill. 2021; 26(45):2001628.

13.	 Osikov MV, Ushakova VA, Grekova IV, Bojko MS, Grechishkin MV, 
avtory; FGBOU VO «Juzhno-Ural'skij gosudarstvennyj medicinskij 
universitet Minzdrava Rossii», patentoobladatel'. Sredstvo s 
melatoninom dlja terapii vospalitel'nyh zabolevanij kishechnika 
v forme rektal'nyh suppozitoriev. Patent RF № 2819721 
07.06.2024. Russian. 

14.	 Chen ST, Hsu CY, Hogan EL, Maricq H, Balentine JD. A model 
of focal ischemic stroke in the rat: reproducible extensive cortical 
infarction. Stroke. 1986; 17 (4): 738–43.

15.	 Kadomcev DV, Pasechnikova EA, Golubev VG. Zoletil-ksilazinovyj 
narkoz v jeksperimentah u krys. Mezhdunarodnyj zhurnal prikladnyh i 
fundamental'nyh issledovanij. 2015; 5: 56–57. Russian.

16.	 Mirzojan RS, Plotnikov MB, Gan'shina TS, i dr. Metodicheskie 
rekomendacii po doklinicheskomu izucheniju lekarstvennyh 
sredstv dlja lechenija narushenij mozgovogo krovoobrashhenija i 
migreni. Rukovodstvo po provedeniju doklinicheskih issledovanij 
lekarstvennyh sredstv. Chast' pervaja. M.: Grif i K, 2012: 480–7. 
Russian.

17.	 Habriev RU, redaktor. Rukovodstvo po jeksperimental'nomu 
(doklinicheskomu) izucheniju novyh farmakologicheskih veshhestv. 
M.: Medicina, 2005; 832 s. Russian.

18.	 Schallert MT, Whishaw IQ. The Behavior of the Laboratory Rat: A 
Handbook with Tests Oxford University Press. 2004: 129–40.

19.	 Schaar KL, Brenneman MM, Savitz SI. Functional assessments in 
the rodent stroke model. Exp Transl Stroke Med. 2010; 2 (1): 13.

20.	 Bederson JB, Pitts LH, Tsuji M, Nishimura MC, Davis RL, 
Bartkowski H. Rat middle cerebral artery occlusion: evaluation of 
the model and development of a neurologic examination. Stroke. 
1986; 17 (3): 472–6.

21.	 Paul S, Candelario-Jalil E. Emerging neuroprotective strategies 
for the treatment of ischemic stroke: An overview of clinical and 
preclinical studies. Exp Neurol. 2021; 335: 113518.



15

ORIGINAL RESEARCH    NEUROLOGY

BULLETIN OF RSMU   4, 2025   VESTNIK.RSMU.PRESS   DOI: 10.24075/BRSMU.2025.035| ||

Литература

1.	 Feigin VL, Brainin M, Norrving B, Martins S, Sacco RL, Hacke W, 
et al. World Stroke Organization (WSO): Global Stroke Fact Sheet 
2022. Int J Stroke. 2022; 17 (1): 18–29.

2.	 Игнатьева В. И., Вознюк И. А., Шамалов Н. А., Резник А. В., 
Виницкий А. А., Деркач Е. В. Социально-экономическое 
бремя инсульта в Российской Федерации. Журнал неврологии 
и психиатрии им. С. С. Корсакова. Спецвыпуски. 2023; 123 
(8–2): 5–15.

3.	 Cao Y, Yue X, Jia M, Wang J. Neuroinflammation and anti-
inflammatory therapy for ischemic stroke. Heliyon. 2023; 9 (7): 
e17986. 

4.	 Paul S, Candelario-Jalil E. Emerging neuroprotective strategies 
for the treatment of ischemic stroke: An overview of clinical and 
preclinical studies. Exp Neurol. 2021; 335: 113518.

5.	 Ma N, Zhang J, Reiter R J, Ma X. Melatonin mediates mucosal 
immune cells, microbial metabolism, and rhythm crosstalk: A 
therapeutic target to reduce intestinal inflammation Med Res Rev. 
2020; 40 (2): 606–32.

6.	 Ганцгорн Е. В., Хлопонин Д. П., Макляков Ю. С. 
Патофизиологические основы современной фармакотерапии 
острой ишемии головного мозга. Место ноотропов и 
антиоксидантов в нейропротекции. Медицинский вестник 
Юга России. 2013; (2): 4–12.

7.	 Yang Y, Jiang S, Dong Y, Fan C, Zhao L, Yang X, Li J, et al. 
Melatonin prevents cell death and mitochondrial dysfunction via a 
SIRT1-dependent mechanism during ischemic-stroke in mice. J 
Pineal Res. 2015; 58 (1): 61–70.

8.	 Pallab B, Kumar PA, Sudip P, Ranjana P. Melatonin renders 
neuroprotection by Protein Kinase C mediated Aquaporin-4 
inhibition in animal model of focal cerebral ischemia. Life Sciences. 
2014; 100 (2): 97–109. 

9.	 Ma Q, Reiter RJ, Chen Y. Role of melatonin in controlling 
angiogenesis under physiological and pathological conditions. 
Angiogenesis. 2020; 23 (2): 91–104.

10.	 Qin T, Feng D, Zhou B, Bai L, Yin Y. Melatonin Suppresses LPS-
Induced Oxidative Stress in Dendritic Cells for Inflammatory 
Regulation via the Nrf2/HO-1 Axis. Antioxidants (Basel). 2022; 11 
(10): 2012.

11.	 Khedr EM, Abbass MA, Soliman RK, Radwa KS, Ahmed FZ,  
Gamea A. Post-stroke dysphagia: frequency, risk factors, and 
topographic representation: hospital-based study. Egypt J Neurol 
Psychiatry Neurosurg. 2021; 57 (23).

12.	 Brinkwirth S, Ayobami O, Eckmanns T, Markwart R. Hospital-
acquired infections caused by enterococci: a systematic review 
and meta-analysis, WHO European Region, 1 January 2010 to 4 
February 2020. Euro Surveill. 2021; 26(45):2001628.

13.	 Осиков М. В., Ушакова В. А., Грекова И. В., Бойко М. С., 
Гречишкин М. В., авторы; ФГБОУ ВО «Южно-Уральский 
государственный медицинский университет Минздрава 
России», патентообладатель. Средство с мелатонином 
для терапии воспалительных заболеваний кишечника в 
форме ректальных суппозиториев. Патент РФ № 2819721 
07.06.2024. 

14.	 Chen ST, Hsu CY, Hogan EL, Maricq H, Balentine JD. A model 
of focal ischemic stroke in the rat: reproducible extensive cortical 
infarction. Stroke. 1986; 17 (4): 738–43.

15.	 Кадомцев Д. В., Пасечникова Е. А., Голубев В. Г. 
Золетил-ксилазиновый наркоз в экспериментах у крыс. 
Международный журнал прикладных и фундаментальных 
исследований. 2015; 5: 56–57.

16.	 Мирзоян Р. С., Плотников М. Б., Ганьшина Т. С. и др. 
Методические рекомендации по доклиническому изучению 
лекарственных средств для лечения нарушений мозгового 
кровообращения и мигрени. Руководство по проведению 
доклинических исследований лекарственных средств. Часть 
первая. М.: Гриф и К, 2012: 480–7.

17.	 Хабриев Р. У., редактор. Руководство по экспериментальному 
(доклиническому) изучению новых фармакологических веществ. 
М.: Медицина, 2005; 832 с.

18.	 Schallert MT, Whishaw IQ. The Behavior of the Laboratory Rat: A 
Handbook with Tests Oxford University Press. 2004: 129–40.

19.	 Schaar KL, Brenneman MM, Savitz SI. Functional assessments in 
the rodent stroke model. Exp Transl Stroke Med. 2010; 2 (1): 13.

20.	 Bederson JB, Pitts LH, Tsuji M, Nishimura MC, Davis RL, 
Bartkowski H. Rat middle cerebral artery occlusion: evaluation of 
the model and development of a neurologic examination. Stroke. 
1986; 17 (3): 472–6.

21.	 Paul S, Candelario-Jalil E. Emerging neuroprotective strategies 
for the treatment of ischemic stroke: An overview of clinical and 
preclinical studies. Exp Neurol. 2021; 335: 113518.

22.	 Skinner DC, Malpaux B. High melatonin concentrations in third 
ventricular cerebrospinal fluid are not due to Galen vein blood 
recirculating through the choroid plexus. Endocrinology. 1999; 
140 (10): 4399–405.

23.	 Tricoire H, et al. Melatonin enters the cerebrospinal fluid through 
the pineal recess. Endocrinology. 2003; 144 (1): 84–90.

24.	 Liu L, Labani N, Cecon E, Jockers R. Melatonin Target Proteins: Too 
Many or Not Enough? Front Endocrinol (Lausanne). 2019; 10: 791.

25.	 Liu ZJ, Ran YY, Qie SY, Gong WJ, Gao FH, Ding ZT, et al. 
Melatonin protects against ischemic stroke by modulating 
microglia/macrophage polarization toward anti-inflammatory 
phenotype through STAT3 pathway. CNS Neurosci Ther. 2019; 
25 (12): 1353–62.

26.	 Wang J, Gao S, Lenahan C, Gu Y, Wang X, Fang Y, et al. Melatonin 
as an Antioxidant Agent in Stroke: An Updated Review. Aging Dis. 
2022; 13 (6): 1823–44. 

27.	 Zhang C, Ma Y, Zhao Y, Guo N, Han C, Wu Q, et al. Systematic 
review of melatonin in cerebral ischemia-reperfusion injury: critical 
role and therapeutic opportunities. Front Pharmacol. 2024; 15: 
1356112. 

28.	 Aladag MA, Turkoz Y, Parlakpinar H, Ozen H, Egri M, Unal SC. 
Melatonin ameliorates cerebral vasospasm after experimental 
subarachnoidal haemorrhage correcting imbalance of nitric 
oxide levels in rats. Neurochem Res. 2009; 34 (11): 1935–44. 
DOI: 10.1007/s11064-009-9979-7. Epub 2009 May 5. PMID: 
19415488.

22.	 Skinner DC, Malpaux B. High melatonin concentrations in third 
ventricular cerebrospinal fluid are not due to Galen vein blood 
recirculating through the choroid plexus. Endocrinology. 1999; 
140 (10): 4399–405.

23.	 Tricoire H, et al. Melatonin enters the cerebrospinal fluid through 
the pineal recess. Endocrinology. 2003; 144 (1): 84–90.

24.	 Liu L, Labani N, Cecon E, Jockers R. Melatonin Target Proteins: Too 
Many or Not Enough? Front Endocrinol (Lausanne). 2019; 10: 791.

25.	 Liu ZJ, Ran YY, Qie SY, Gong WJ, Gao FH, Ding ZT, et al. 
Melatonin protects against ischemic stroke by modulating 
microglia/macrophage polarization toward anti-inflammatory 
phenotype through STAT3 pathway. CNS Neurosci Ther. 2019; 
25 (12): 1353–62.

26.	 Wang J, Gao S, Lenahan C, Gu Y, Wang X, Fang Y, et al. Melatonin 
as an Antioxidant Agent in Stroke: An Updated Review. Aging Dis. 
2022; 13 (6): 1823–44. 

27.	 Zhang C, Ma Y, Zhao Y, Guo N, Han C, Wu Q, et al. Systematic 
review of melatonin in cerebral ischemia-reperfusion injury: critical 
role and therapeutic opportunities. Front Pharmacol. 2024; 15: 
1356112. 

28.	 Aladag MA, Turkoz Y, Parlakpinar H, Ozen H, Egri M, Unal SC. 
Melatonin ameliorates cerebral vasospasm after experimental 
subarachnoidal haemorrhage correcting imbalance of nitric 
oxide levels in rats. Neurochem Res. 2009; 34 (11): 1935–44. 
DOI: 10.1007/s11064-009-9979-7. Epub 2009 May 5. PMID: 
19415488.


