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Abstract
Introduction: The search for new drugs for the prevention and treatment of vascular cognitive disorders continues to be 
a relevant task of pharmacology. In this regard, the aim of this work is to study the antiamnestic effect of five new nicotin-
ic acid derivatives in comparison with the well-known drug mexidol (ethylmethylhydroxypyridine succinate) in animals.

Materials and methods: The experiments were carried out on white male mice using conditioned passive avoidance 
reflex (CPAR). Electroconvulsive shock (ECS), scopolamine administration, and acute hypoxia in a hermetic chamber 
were used as amnesic effects. Testing for the safety of CPAR was performed 24 h after amnesic exposure. The new 
substances, reference drug mexidol, and a 0.9% sodium chloride solution (control group) were administered once intra-
peritoneally 60 min before mice training.

Results and discussion: Three of the five new nicotinic acid derivatives, LKhT 4-19 (100 mg/kg), LKhT 6-19 (25, 50, 
and 100 mg/kg), and LKhT 7-19 (100 mg/kg), have antiamnestic properties on models of amnesia in mice induced by 
ESC, scopolamine, and acute hypoxia in a hermetic chamber. At the same time, the most efficient substance – LKhT 
6-19 – exceeds the reference drug mexidol on all three models used. In addition, this compound is also more efficient 
than two other new compounds, LKhT 4-19 and LKhT 7-19, on the model of ESC-induced amnesia and LKhT 7-19 on 
the scopolamine-induced amnesia model.

Conclusion: Compound LKhT 6-19 is promising for further advanced preclinical studies as a potential drug with 
antiamnestic activity.
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Introduction
The number of patients with ischemic cerebrovascular di-
seases at present continues to increase in most countries 
in the world (Skvortsova et al. 2018, Stakhovskaya and 
Kotov 2018, Mendelson and Prabhakaran 2021). On the 
one hand, this is due to an increase in life expectancy and 
the number of elderly people and, on the other hand, to the 
fact that cerebrovascular disorders occur in employable 
and socially active middle-aged people more and more 
frequently, being among the leading causes of partial or 
complete disability (Tabeeva 2019a, Putaala 2020).

A significant contribution to the disablement of pa-
tients with this pathology is made by cognitive disor-
ders that are diverse in severity and clinical manifesta-
tions (Belskaya et al. 2016, Parfenov 2019, Kotov et al. 
2020, Frantellizzi et al. 2021), ranging from mild forms 
to dementia. In addition, patients with moderate post-
stroke cognitive impairment may suffer a wide range of 
disorders, including memory loss (Kulesh and Shestak-
ov 2016). This leads to the deterioration in life quality, a 
violation of a person’s domestic, social and professional 
activity, and sometimes to complete dependence on oth-
ers (Bogolepova and Levin 2020).

It should also be noted that cognitive impairment de-
velops as a result of ischemic brain damage in the severe 
course of the new coronavirus infection COVID-19 (Min-
ers et al. 2020).

Despite the improvement of pharmacotherapy of vas-
cular cognitive impairments, the majority of the drugs 
used today are either insufficiently efficient or cause a 
number of side effects that limit their long-term and wide-
spread use (Sun 2018, Van der Flier et al. 2018, Tabee-
va 2019b). Therefore, the search for new drugs for the 
prevention and treatment of vascular cognitive disorders 
continues to be relevant.

Therefore, our focus was on new nicotinic acid de-
rivatives. As is known, nicotinic acid has been widely 
used since the middle of the XX century as a drug that 
has anti-inflammatory, hypolipidemic, anti-atherogenic, 
neuroprotective, and vasodilating effects, including those 
on brain vessels, as well as other valuable pharmacolog-
ical properties (Gasperi et al. 2019, Sharma and Madan 
2019). However, presently nicotinic acid is not used for 
pharmacotherapy of cerebrovascular diseases and their 
consequences due to severe side effects.

We have previously shown that one of the five new 
nicotinic acid derivatives, LKhT 6-19, was the most effi-
cient on a model of acute hypoxia in a hermetic chamber 
in mice. This derivative provided an action depending on 
the dose, surpassing the severity of the effect of the well-
known domestic drug mexidol (Yasnetsov et al. 2020).

Therefore, the aim of this work was to study the an-
tiamnestic effect of five new nicotinic acid derivatives in 
comparison with mexidol in animals.

Materials and methods
Animals

The experiments were carried out on 1033 white male 
BALB/c mice weighing 20–24 g (Andreevka Nursery, 
Branch of the Scientific Center of Biomedical Tech-
nologies of the Federal Medical-Biological Agency of 
Russia, Moscow Region, Russia). The care for animals 
and conducting experiments were in compliance with 
Order No. 199n of the Ministry of Health of the Rus-
sian Federation of April 1, 2016 ”On Approval of the 
Rules of Good Laboratory Practice”. The experiments 
were approved by the Bioethics Commission of the 
All-Union Research Center for Safety of Biologically 
Active Substances (Minutes No. 20/2020 of September 
21, 2020).

Substances and reference drug

Five new nicotinic acid derivatives synthesized at the 
Department of Chemistry and Technology of Synthetic 
Drugs and Analytical Control of the All-Union Research 
Center for Safety of Biologically Active Substances (Rus-
sia) were studied. The chemical names of the compounds 
are given in Table 1.

All the substances are white microcrystalline pow-
ders with a slight odor. The compounds were dissolved 
in a 0.9% sodium chloride (NaCl) solution. In the case 
of insufficient solubility of substances, 1–2 droplets of 
Tween-80 were added to the solutions.

We used mexidol (ethylmethylhydroxypyridine succi-
nate, in the form of substance; “Pharmasoft”, Russia) as a 
reference drug. This is a derivative of 3-hydroxypyridine, 
which, like the studied substances, contains the pyridine 

Table 1. New Nicotinic Acid Derivatives

Laboratory 
code

Chemical name

LKhT 4-19 Bis (-2-aminium ethanesulfonate magnesium)-3-
pyridinecarbonoate

LKhT 6-19 Magnesium-bis(-3-pyridinecarbonoate)
LKhT 7-19 3-pyridinecarboxamide-2-aminoethanesulfonic acid
LKhT 9-19 5-bromo-3-pyridinecarboxamide-2-amino-5-ethyl-1,3,4-

thiadiazole
LKhT 13-19 3-pyridinecarboxamide-2-amino-5-methylpyridine

https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Sodium-chloride
https://pubchem.ncbi.nlm.nih.gov/compound/Sodium-chloride
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
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heterocycle in its structure and is also widely used today 
in neurology in the treatment of vascular cognitive disor-
ders (Voronina 2016).

Experimental methods

The antiamnestic effect of new nicotinic acid derivatives 
was studied in mice using the conditioned passive avoi-
dance reflex (CPAR) of electrocutaneous irritation (Voro-
nina et al. 2012).

The CPAR production in mice was carried out on the 
basis of electrocutaneous reinforcement according to 
the method by Cumin et al. (1982) taking into account 
the recommendations by Mondadori et al. (1990). The 
tests were conducted in an experimental black chamber 
30×40×30 cm in size, with an electrode floor and a white 
plastic platform (7.5×7.5×0.5 cm), which was placed on 
the floor in the center of the chamber. The mice were 
placed onto the plastic platform, one at a time. Usually, 
the animals descended or jumped from the platform onto 
the electrode floor, where they were subjected to an elec-
tric shock as a “punishment” (at that time, direct electric 
current of 0.5 mA was applied to the floor of the cham-
ber). The electric current was switched on only when the 
mouse touched the floor with all four limbs. The usual 
reaction of the animals was to return to the safe platform. 
After 5 min of training, the mice developed CPAR: they 
remained on the platform. Testing for the retention of 
CPAR was performed 24 h after the amnesic exposure. 
But if the animal left the platform within 1 min, it was 
registered as having retrograde amnesia of CPAR.

The electroconvulsive shock (ECS; electric current 
parameters: 50 Hz, 50 mA, 0.3 s), administration of sco-
polamine (Sigma-Aldrich) at a dose of 1 mg/kg intraperi-
toneally, and acute hypoxia in a hermetic chamber (13–

15-min stay of mice in a hermetic 200-cm3 chamber) were 
used as amnesic effects.

New nicotinic acid derivatives, reference drug mexidol, 
and a 0.9% NaCl solution (control group) were adminis-
tered once intraperitoneally 60 min before mice training.

The choice of doses of the studied compounds was dic-
tated by the results of previous experiments, in particular, 
to study their antihypoxic activity (Yasnetsov et al. 2020).

Statistical analysis

Statistic processing of the obtained data was performed 
using BioStat 2009 Professional software by the nonpara-
metric method, Fisher’s exact test. The differences were 
considered statistically significant at p < 0.05.

Results and discussion
The effect of new nicotinic acid derivatives on the mo-
del of electroconvulsive shock-induced amnesia in mice

It was found that the majority (87%; p < 0.001) of the 
mice had retrograde amnesia of conditioned passive avoi-
dance reflex 24 h after exposure to ECS (Table 2).

The new nicotinic acid derivative LKhT 4-19 at a dose 
of 25 mg/kg did not significantly affect amnesia of CPAR, 
and at doses of 50 and 100 mg/kg significantly weak-
ened the amnesic effect by 1.5 (p < 0.05) and 2.7 times 
(p < 0.001), respectively.

Another new substance, LKhT 6-19, was efficient in 
all three doses tested. Thus, it significantly (p < 0.001) 
reduced the severity of amnesia at a dose of 25 mg/kg by 
3.1 times and at doses of 50 and 100 mg/kg completely 
prevented amnesia development.

Table 2. The Effect of New Nicotinic Acid Derivatives and the Reference Drug Mexidol on Amnesia in Mice Induced by Electro-
convulsive Shock (ECS)

Experimental conditions and substance 
(dose, mg/kg)

Total number 
of mice

Number of mice trained of conditioned 
passive avoidance reflex (%)

Number of mice with amnesia in passive avoidance test 
24 h after exposure to ECS (%)

0.9% NaCl solution + false ECS (control 1) 25 24 (96) 4 (17)
0.9% NaCl solution + ECS (control 2) 25 24 (96) 21 (87)°°°
LKhT 4-19 (25) + ECS 15 14 (93) 9 (64)°°
LKhT 4-19 (50) + ECS 15 14 (93) 8 (57)*
LKhT 4-19 (100) + ECS 20 19 (95) 6 (32)***
LKhT 6-19 (25) + ECS 19 18 (95) 5 (28)***#

LKhT 6-19 (50) + ECS 27 26 (96) 4 (15)***#&&§§

LKhT 6-19 (100) + ECS 27 26 (96) 3 (12)***§§

LKhT 7-19 (25) + ECS 12 11 (92) 8 (73)°°
LKhT 7-19 (50) + ECS 12 11 (92) 7 (64)°°
LKhT 7-19 (100) + ECS 15 14 (93) 8 (57)*
LKhT 9-19 (25) + ECS 10 9 (90) 7 (78)°°
LKhT 9-19 (50) + ECS 10 9 (90) 6 (67)°
LKhT 9-19 (100) + ECS 15 14 (93) 9 (64)°°
LKhT 13-19 (25) + ECS 10 9 (90) 6 (67)°
LKhT 13-19 (50) + ECS 10 9 (90) 6 (67)°
LKhT 13-19 (100) + ECS 15 14 (93) 9 (64)°
Mexidol (25) + ECS 21 20 (95) 12 (60)*
Mexidol (50) + ECS 26 25 (96) 10 (40)***
Mexidol (100) + ECS 20 19 (95) 4 (21)***

Note: differences are significant compared to control 1 and control 2 groups of animals, respectively: ° or * – р < 0.05, °° or ** – р < 0.01, °°° or *** – р < 0.001. 
Differences between LKhT 6-19 and: mexidol in similar doses: # – p < 0.05; LKhT 4-19 at a dose of 50 mg/kg: && – р < 0.01; LKhT 7-19 at a dose of 100 mg/kg: 
§§ – р < 0.01 (Fisher’s exact test).

https://pubchem.ncbi.nlm.nih.gov/compound/Scopolamine
https://pubchem.ncbi.nlm.nih.gov/compound/Scopolamine
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Sodium-chloride
https://pubchem.ncbi.nlm.nih.gov/compound/Sodium-chloride
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
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The compound LKhT 7-19 at doses of 25 and 50 mg/
kg did not significantly affect amnesia of CPAR and at a 
dose of 100 mg/kg significantly (p < 0.05) weakened the 
amnesic effect by 1.5 times.

Two other new substances, LKhT 9-19 and LKhT 13-
19 (25, 50, and 100 mg/kg), were inefficient.

The reference drug mexidol had antiamnestic properties 
in all three tested doses: at doses of 25 and 50 mg/kg it sig-
nificantly reduced the severity of amnesia by 1.4 (p < 0.05) 
and 2.2 times (p < 0.001), respectively, and at a dose of 
100 mg/kg almost completely prevented its development.

In terms of the severity of the antiamnestic effect, LKhT 
6-19 at doses of 25 and 50 mg/kg significantly (p < 0.05) 
exceeded mexidol at similar doses by 2.1 and 2.7 times, 
respectively, and at a dose of 50 mg/kg acted in the same 
way as mexidol at a dose of 100 mg/kg. In addition, LKhT 
6-19 at doses of 50 and 100 mg/kg significantly (p < 0.01) 
exceeded LKhT 7-19 at a dose of 100 mg/kg by 3.8 and 
4.8 times, respectively, and at a dose of 50 mg/kg exceed-
ed LKhT 4-19 at a similar dose by 3.8 times.

Therefore, three of the five new nicotinic acid deriv-
atives, LKhT 4-19 (50 and 100 mg/kg), LKhT 6-19 (25, 
50, and 100 mg/kg), and LKhT 7-19 (100 mg/kg), have 
antiamnestic properties on the model of ECS-induced 
amnesia in mice. At the same time, the most efficient sub-
stance LKhT 6-19 is superior in the intensity of the action 
to both the well-known drug mexidol and two other new 
compounds, LKhT 4-19 and LKhT 7-19.

The effect of new nicotinic acid derivatives on the mo-
del of scopolamine-induced amnesia in mice

It was shown that the majority (79%; p < 0.001) of mice 
had retrograde amnesia of CPAR 24 h after scopolamine 
administration (Table 3).

The new nicotinic acid derivative LKhT 4-19 at doses 
of 25 and 50 mg/kg did not significantly affect the sever-
ity of amnesia and at a dose of 100 mg/kg significantly 
(p < 0.001) reduced it by 3.0 times.

The compound LKhT 6-19 as in the previous model of 
amnesia was efficient in all three tested doses: it signifi-
cantly (p < 0.001) weakened the amnesic effect at a dose 
of 25 mg/kg by 3.0 times and at doses of 50 and 100 mg/
kg completely prevented its development.

LKhT 7-19 at doses of 25 and 50 mg/kg did not sig-
nificantly affect the severity of amnesia and at a dose 
of 100 mg/kg significantly (p < 0.05) reduced it by 
1.8 times.

The substances LKhT 9-19 and LKhT 13-19 (25, 50, 
and 100 mg/kg) were inefficient.

The reference drug mexidol had an antiamnestic ef-
fect at doses of 50 and 100 mg/kg, at the first dose sig-
nificantly reducing the severity of amnesia by 1.9 times 
(p < 0.001) and at the second dose completely prevent-
ing its development. At a dose of 25 mg/kg this drug 
was inefficient.

In terms of the intensity of the antiamnestic effect, 
LKhT 6-19 at doses of 25 and 50 mg/kg significantly 
(p < 0.05) exceeded mexidol at similar doses by 2.2 and 
2.6 times, respectively, and at a dose of 50 mg/kg acted as 
mexidol at a dose of 100 mg/kg. In addition, LKhT 6-19 
at a dose of 100 mg/kg significantly (p ≤ 0.05) exceeded 
LKhT 7-19 at a similar dose.

Therefore, three of the five new nicotinic acid deriva-
tives, LKhT 4-19 (100 mg/kg), LKhT 6-19 (25, 50, and 
100 mg/kg), and LKhT 7-19 (100 mg/kg), have the an-
tiamnestic properties on the model of scopolamine-in-
duced amnesia in mice. At the same time, the most effi-
cient substance LKhT 6-19 is superior in the intensity of 
the action to both mexidol and LKhT 7-19.

Table 3. The Effect of New Nicotinic Acid Derivatives and the Reference Drug Mexidol on Scopolamine-induced Amnesia in Mice

Experimental conditions and substance 
(dose, mg/kg)

Total number 
of mice

Number of mice trained of conditioned 
passive avoidance reflex (%)

Number of mice with amnesia in passive avoidance 
test 24 h after scopolamine administration (%)

0.9% NaCl solution + 0.9% NaCl solution (control 1) 26 25 (96) 4 (16)
0.9% NaCl solution + scopolamine (control 2) 25 24 (96) 19 (79)°°°
LKhT 4-19 (25) + scopolamine 12 11 (92) 6 (55)°
LKhT 4-19 (50) + scopolamine 15 14 (93) 7 (50)°
LKhT 4-19 (100) + scopolamine 20 19 (95) 5 (26)***
LKhT 6-19 (25) + scopolamine 20 19 (95) 5 (26)***#

LKhT 6-19 (50) + scopolamine 26 25 (96) 4 (16)***#

LKhT 6-19 (100) + scopolamine 24 23 (96) 3 (13)***§

LKhT 7-19 (25) + scopolamine 12 11 (92) 7 (64)°°
LKhT 7-19 (50) + scopolamine 15 14 (93) 7 (50)°
LKhT 7-19 (100) + scopolamine 15 14 (93) 6 (43)*
LKhT 9-19 (25) + scopolamine 10 9 (90) 6 (67)°°
LKhT 9-19 (50) + scopolamine 10 9 (90) 5 (56)°
LKhT 9-19 (100) + scopolamine 15 14 (93) 7 (50)°
LKhT 13-19 (25) + scopolamine 10 9 (90) 5 (56)°
LKhT 13-19 (50) + scopolamine 12 11 (92) 6 (55)°
LKhT 13-19 (100) + scopolamine 15 14 (93) 7 (50)°
Mexidol (25) + scopolamine 20 19 (95) 11 (58)°°
Mexidol (50) + scopolamine 25 24 (96) 10 (42)**
Mexidol (100) + scopolamine 20 19 (95) 3 (16)***

Note: differences are significant compared to control 1 and control 2 groups of animals, respectively: ° or * – р < 0.05, °° or ** – р < 0.01, °°° or *** – р < 0.001. 
Differences between LKhT 6-19 and: mexidol in similar doses: # – p < 0.05; LKhT 7-19 at a dose of 100 mg/kg: § – р ≤ 0.05 (Fisher’s exact test).

https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
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The effect of new nicotinic acid derivatives on the mo-
del of amnesia in mice induced by acute hypoxia in the 
hermetic chamber

It was demonstrated that the majority (71%, p < 0.001) of 
mice had retrograde amnesia of CPAR 24 h after the 13–15-
min stay of the animals in the hermetic chamber (Table 4).

LKhT 4-19 at doses of 25 and 50 mg/kg did not signif-
icantly affect amnesia of CPAR and at a dose of 100 mg/
kg significantly weakened the amnesic effect by 2.7 times 
(p < 0.01).

LKhT 6-19 as in the two previous models of amnesia 
was efficient in all three tested doses. Thus, it significantly 
(p < 0.01) reduced the severity of amnesia at a dose of 
25 mg/kg by 3.4 times and at doses of 50 and 100 mg/kg 
completely prevented its development.

LKhT 7-19 at doses of 25 and 50 mg/kg did not signif-
icantly affect amnesia of CPAR and at a dose of 100 mg/
kg significantly (p < 0.05) weakened the amnesic effect 
by 2.0 times.

Two other new compounds, LKhT 9-19 and LKhT 13-
19 (25, 50, and 100 mg/kg), were inefficient.

The reference drug mexidol had the antiamnestic activity 
at doses of 50 and 100 mg/kg, almost completely or com-
pletely preventing the development of amnesia, and at a dose 
of 25 mg/kg it did not significantly affect amnesia severity.

In terms of the intensity of the antiamnestic effect, 
LKhT 6-19 at a dose of 25 mg/kg significantly (p < 0.05) 
exceeded mexidol at a similar dose by 2.5 times, acting 
as mexidol at a dose of 50 mg/kg, whereas at a dose of 
50 mg/kg it acted as mexidol at a dose of 100 mg/kg.

Therefore, three of the five new nicotinic acid deriva-
tives, LKhT 4-19 (100 mg/kg), LKhT 6-19 (25, 50, and 
100 mg/kg), and LKhT 7-19 (100 mg/kg), exhibit the an-
tiamnestic properties on the model of amnesia induced by 

acute hypoxia in a hermetic chamber. At the same time, 
the most efficient substance LKhT 6-19 exceeds mexidol 
by the intensity of the action.

Our results obtained on the antiamnestic activity in 
new nicotinic acid derivatives are indirectly confirmed by 
the literature data. For example, it was shown that the new 
Russian drug ampasse (calcium salt of N-(5-hydroxy-nic-
otinoyl)-L-glutamic acid) at a dose of 5–20 mg/kg had the 
antiamnestic properties on models of amnesia induced by 
ECS or scopolamine in rats (Kiselev et al. 2011). It was 
found that on the model of amnesia in mice induced by 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine, the early 
nicotinamide administration (2–12 h after amnesic expo-
sure) was able to reduce the severity of memory disorders. 
However, the delayed administration of nicotinamide re-
sulted in decreased effects (Yang et al. 2004).

It was also shown that 1-methylnicotinamide known as 
the main metabolite of nicotinamide, with intragastric ad-
ministration at 100 or 200 mg/kg for 3 weeks significantly 
reversed the bilateral intrahippocampal injection of be-
ta-amyloid Aβ1-42-induced or lipopolysaccharide-induced 
cognitive impairments in mice in the Morris water maze, 
Y-maze, and Novel object recognition tests. In addition, 
1-methylnicotinamide suppressed neuroinflammation, 
decreased the expression of IL-6, TNF-α and protein of 
nuclear factor-kappa B p65 (NF-κB p65), and the activa-
tion of microglia and astrocytes in the hippocampus and 
frontal cortex, as well as attenuated neuronal apoptosis 
(Fu et al. 2019, Mu et al. 2019).

More recently, it was found that nicotinamide mono-
nucleotide (intraperitoneally 100 mg/kg on alternate days 
for 3 months) can prevent diabetes-induced memory defi-
cits and the loss of CA1 neurons, although it had no sig-
nificant effect on hyperglycemic control in rats with strep-
tozotocin-induced diabetes (Chandrasekaran et al. 2020). 

Table 4. The Effect of New Nicotinic Acid Derivatives and the Reference Drug Mexidol on Amnesia in Mice Induced by Acute 
Hypoxia in the Hermetic Chamber

Experimental conditions and substance 
(dose, mg/kg)

Total number of 
mice

Number of mice trained of conditioned 
passive avoidance reflex (%)

Number of mice with amnesia in passive 
avoidance test 24 h after hypoxia (%)

0.9% NaCl solution + false hypoxia (control 1) 25 24 (96) 4 (17)
0.9% NaCl solution + hypoxia (control 2) 25 24 (96) 17 (71)°°°
LKhT 4-19 (25) + hypoxia 15 14 (93) 7 (50)°
LKhT 4-19 (50) + hypoxia 15 14 (93) 6 (43)
LKhT 4-19 (100) + hypoxia 20 19 (95) 5 (26)**
LKhT 6-19 (25) + hypoxia 20 19 (95) 4 (21)**#

LKhT 6-19 (50) + hypoxia 24 23 (96) 4 (17)***
LKhT 6-19 (100) + hypoxia 24 23 (96) 3 (13)***
LKhT 7-19 (25) + hypoxia 12 11 (92) 6 (54)°
LKhT 7-19 (50) + hypoxia 12 11 (92) 5 (45)
LKhT 7-19 (100) + hypoxia 15 14 (93) 5 (36)*
LKhT 9-19 (25) + hypoxia 10 9 (90) 6 (67)°
LKhT 9-19 (50) + hypoxia 10 9 (90) 6 (67)°
LKhT 9-19 (100) + hypoxia 15 14 (93) 8 (57)°
LKhT 13-19 (25) + hypoxia 10 9 (90) 6 (67)°
LKhT 13-19 (50) + hypoxia 10 10 (90) 5 (50)
LKhT 13-19 (100) + hypoxia 15 14 (93) 6 (43)
Mexidol (25) + hypoxia 20 19 (95) 10 (53)°
Mexidol (50) + hypoxia 20 19 (95) 4 (21)**
Mexidol (100) + hypoxia 20 19 (95) 3 (16)***

Note: differences are significant compared to control 1 and control 2 groups of animals, respectively: ° or * – р < 0.05, °° or ** – р < 0.01, °°° or *** – р < 0.001; 
# – p < 0.05 - differences between LKhT 6-19 and mexidol at similar doses are significant (Fisher’s exact test).

https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Scopolamine
https://pubchem.ncbi.nlm.nih.gov/compound/Sodium-chloride
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
https://pubchem.ncbi.nlm.nih.gov/compound/Mexidol
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Nicotinamide mononucleotide (100 mg/kg for 28 every 
other day) alleviates aging-induced memory impairment 
in rats of 24 months old (Hosseini et al. 2019).

The results from animal and human interventional 
studies and epidemiological research suggest that nico-
tinamide may be beneficial in preserving and enhancing 
the neurocognitive functions (Rennie et al. 2015). The 
presence of nootropic activity not only in nicotinamide, 
but also in its structural analogues was previously report-
ed (Akhundov et al. 1990).

As for drugs created on the basis of nicotinic acid, as 
far back as a few decades ago picamilon (nicotinoyl gam-
ma-aminobutyric acid) was found to have the antiamnes-
tic properties on various models of amnesia in animals 
(Voronina et al. 1987). Moreover, it was found in clinical 
studies involving patients with hypertensive dyscirculato-
ry encephalopathy that the inclusion of picamilon in com-
plex therapy contributed to the improvement of cognitive 
activity (Povetkin et al. 2009).

Under the similar experimental conditions, it was 
shown that the calcium channel blocker nimodipine, a 
derivative of pyridindicarboxylic acid close to nicotin-
ic acid, had the antiamnestic properties on the model of 
ESC-induced amnesia in rats (Zupan et al. 1996).

Conclusion

To conclude, three of the five new nicotinic acid deri-
vatives, LKhT 4-19 (100 mg/kg), LKhT 6-19 (25, 50, 
and 100 mg/kg), and LKhT 7-19 (100 mg/kg), have the 
antiamnestic properties on the models of amnesia in 
mice induced by ESC, scopolamine, and acute hypoxia 
in a hermetic chamber. At the same time, the most ef-
ficient substance – LKhT 6-19 – exceeds the reference 
drug mexidol in terms of the intensity of its action on 
all the models used. In addition, the latter is also more 
efficient than the two other new compounds, LKhT 
4-19 and LKhT 7-19, on the model of ESC-induced 
amnesia and LKhT 7-19 on the scopolamine-induced 
amnesia model.

Therefore, LKhT 6-19 is promising for further ad-
vanced preclinical studies as a potential drug with antiam-
nestic activity.
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