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ABSTRACT

The aim: A correction of cholinergic insufficiency for the treatment of cognitive impairment in chronic brain ischemia.

Materials and methods: In the period 2014 — 2017, 88 people aged 40 to 68 years were comprehensively examined in dynamics. Patients were divided into three groups,
statistically comparable to the main disease — CCl 2 degrees, gender and age. In addition to the protocol, patients with discirculatory encephalopathy of all the investigated
groups received a complex of drugs aimed at correcting neurotransmitter metabolism.

Results: The statistically significant manifestations of the recovery of cognitive function (according to the MMSE scale) after the application of the developed complex therapy
were associated mainly with a decrease in impulsivity due to an increase in the level of attention. The statistically significant manifestations of a decrease in the level of anxiety-
depressive disorders (according to the DASS-21 scale) after the application of the developed complex therapy were associated mainly with a decrease in anxiety due to the

restoration of neurohumoral balance.

Conclusions: The inclusion in the treatment protocol for CCl complex of drugs aimed at eliminating cholinergic deficiency, acetylcholinesterase inhibitors in combination with
choline precursors, leads to the correction of cognitive impairment in chronic brain ischemia.
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INTRODUCTION

Chronic cerebral ischemia (CCI) is slowly progressive dys-
function arising as a result of diffuse or intermediate brain
tissue’s damage in conditions of long-standing cerebral
circulatory supply insufficiency. The term “chronic cerebral
ischemia” was proposed by the International Classification
of Diseases, 10"Revision (ICD-10) instead of the previously
used term “discirculatory encephalopathy” [1]. The term
“mild cognitive impairment” is also found in the literature
(English: mild cognitive impairment, MCI) [2].

It has been proven that the mechanisms of brain aging
are mostly determined by changes in neurotransmitter
systems [3].Age-related disorders of neurotransmitter
metabolism are not total and unidirectional, but they can
occur in a defined parts of transmitter systems, which ex-
pressed in a different degrees and also have the polymodal
mechanisms [3].

Ithas been proven that underlies of the cognitive impair-
ment in cerebral insufficiency is cholinergic insufficiency,
caused by decreasing in acetylcholine production, loss of
cholinergic neurons. Assessment of the cholinergic mecha-
nisms’ importans for human cognitive ability is connected
with an analysis of the architectonics of projection track,
receptors and synapses, the mediator of which is an ace-
tylcholine[4]. Cholinergic fibers are sent to all layers of the
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cerebral cortex, but the highest density of cholinergic fibers
is found in the first and the second layers of the cortex, as
well as in the upper part of the third layer. Thus muscarine
receptorsprovide disinhibition of the pyramidal layer of the
cortex and enhance the exchange of information between
the layers of the cortex [4].

The key role in providing memory and cognition is
played by the hippocampus, in which were identified termi-
nals and various types of specific receptors with containing
of acetylcholinesterase (M- and H-cholinergic receptors)
detected at lower density of cholinergic neurons proper
[5]. Cholinergic neurons are also involved in intra-inter-
nal integration processes and the implementation of the
psychomotor functions of the nucleus. Efferent cholinergic
neurons of the striate body carrying out a filtration sensory
afferentation to the cortex, playing an exceptional role in
attention processes [5].

There are two classes of drugs aimed at overcoming cho-
linergic deficiency: 1)preparations precursors as a choline:
choline acetyl transferase (a-GPC) and cytidine 5’-diphos-
phocholine sodium; 2) acetylcholinesterase inhibitors:
ipidacrine, donepezil, rivastigmine, galantamine, etc. [6].

Citicoline (cytidine-5-diphosphocholine) is an indis-
pensable precursor of phosphatidylcholine (lecithin), the
main phospholipid of the all cell membranes, including
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Table I. Characteristics of patients with chronic ischemia of the brain in the three group research

e . 1*'group 2"group 3"group Total
Characteristics of patients/data Criterion
Amount n; Me% (+Cl 95%)%* Y
Number of patients 28; 100 % 39; 100 % 21; 100% 88; 100 %

Men 8; 28,6% 13;33,3% 8;38,1% 29;33% ~0.920

(13,7-46,4)%*  (19,6-48,7)% * (19-59,3)% * (23,6-43,1)% * p=5
Women 20;71,4% 26; 66,7% 13;61,9% 59;67% -0.920

(53,6-86,3)% * (51,3-80,4)% * (40,7-81)% * (56,9-76,4)% * p=5
Age years 59 61 58 58 ~0.920

Me (£95%Cl) (56-68) % * (54-72) % * (56-70) % * (54-72) % * p=5

Notes: * - determining confidence interval fraction (% Cl) Fischer angular transformation, the integrated score Maraskuilo-Lyaha_Guryanova procedure for
multiple comparisons fraction; 12 3 - statistically significant differences (p < 0.05) in the 1st, 2nd, 3rd groups according to the Kruskalo-Wallis criterion.

neuronal membranes, increases the activity of the ascend-
ing reticular formation, which improves the production of
dopamine in the brain, restores the balance of dopaminer-
gic and cholinergic neurons in the region, improves the
blood circulation brain stem and processes of utilization
of oxygen and glucose in the tissues of the brain [7].

Choline alfoscerate (L-alpha glycerylphosphorylcho-
line-a-GPC) is a cholinomimetic with a primary effect on
the central nervous system,; it contains of 40.5% metaboli-
cally protected choline [8]. Metabolic defense provides the
release of choline in the brain. According to meta-analyzes
of choline, alpha phosphate is a highly effective medicine
for cognitive dysfunction, which has the largest evidence
base for all choline precursors [8].

As we analysethe mechanisms of the neuroprotective
effect of choline precursors in acute cerebral ischemia,
the authorspoint to the preferential effects of citicoline
(direct reparation of neuronal membranes, a decrease in
the degeneration of free fatty acids) and the preferential
effects of choline alfoscerate (increasing the production of
the neurotransmitter acetylcholine, the release of acetyl-
choline from the terminals in response to drug treatments
(dose-dependent effect)) [8.9].The main difference is that
one non-energy-consuming reaction separates alfoscerate
from choline choline, while the citicolineseparates five
energy-consuming ones.

Ipidacrine, 4- Aminopyridinederivates- is a representa-
tive of anticholinesterase drug, which has a peripheric and
central effects. In a basis of combined action of ipidacrine
are two molecular mechanisms: 1) the block of potassium
channels of the membrane of neurons and muscle cells; 2)
the invertible inhibition of cholinesterase (acetylcholines-
terase and butyrylcholinesterase) in synapses.

The main features of ipidacrine action: dose-dependent
peripheric and central effect, rapid entry into the brain,
accumulation mainly in the cerebral cortex and the hip-
pocampus, a large wide of therapeutic effect, low ability
to lead a treatment tolerance with repeated prescription,
a good tolerance [10].Comparing the effects of ipidacrine
and choline alfoscerate, researchers consider that they are
synergists, medicine that accelerate the exit from coma
and the subsequent restoration of the mental activity of
patients [8,10]. Ipidacrine has nootropic, mnemotropic,
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psychostimulating, antiasthenic and antidepressant eftects.
These properties of ipidacrine are associated with the ability
to increase the content of BDNF in blood serum, stimulate
adaptive neuroplasticity, modulating the diaschisisand neu-
roprotective effect in relation to cholinergic neurons [11].

Our results of researching EEG predictors of neurotrans-
mitter and neuroglial activity in patients with chronic brain
ischemia indicate a serious dysfunction of these systems:
a significant increase in neuroglial, glutamatergic and
adrenergic activity with a parallel decrease in cholinergic
and dopaminergic activity [12].

THE AIM
A correction of cholinergic insufficiency for the treatment
of cognitive impairment in chronic brain ischemia.

MATERIALS AND METHODS

In the period 2014 - 2017, 88 people aged 40 to 68 years
were comprehensively examined in dynamics. Patients
were divided into three groups, statistically comparable
to the main disease — CCI 2 degrees, gender and age. The
first group consisted of 28 patients with CCI 2 degrees
without concomitant hypertension, the second consists of
39 patients with CCI 2 degrees with concomitant hyperten-
sion, and the third — 21 patients with CCI 2 degrees and a
history of stroke. 11 patients have a ischemic stroke, which
developed mainly against the background of arterial hy-
pertension, 10 patients — mainly against the background of
arterial hypertension and cerebral atherosclerosis. Among
the examined patients were 29 men and 59 women. The
control group of healthy volunteers consisted of 20 people
(7 men and 13 women) (Table I).

The clinical form of chronic ischemic cerebrovascular
disease and arterial hypertension was diagnosed on the
basic criteria [13,14].In order to establish the stage of hy-
pertension in the classification of end-organ damage. The
diagnosis was confirmed by general clinical, clinical and
neurological, laboratory, instrumental examination, neu-
ropsychological testing. Clinical and laboratory research
had included a general blood test, a biochemical blood test,
and a lipid profile. Clinical and instrumental examination
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methods had included computed tomography, electrocar-
diography, measurement of blood pressure and heart rate.
Duplex scanning of extra- and intracranial vessels of the
brain was carried out with the help of stenosis and deforma-
tion of the vessels of the head and neck, their hemodynamic
significance, thickness and uniformity of the intima-media
complex, and the presence of atherosclerotic changes were
identified. To evaluate the patients’ cognitive functions, a
short scale for assessing the mental status of MMSE was
used - Mini-mental State Examination (determining ori-
entation in time and place, state of short-term, long-term
memory, language function, gnosis, praxis) [12]. According
to MMSE, 29-30 points were evaluated as the absence of
cognitive impairment, 27-28 points — mild cognitive im-
pairment, 24-26 — moderate cognitive impairment, 20-23
points — the initial stage of dementia, <20 — expressed stages
of dementia. Anxiety and depression were researched using
the scale “Depression, Anxiety, Stress” (Depression Anxiety
Stress Scales (DASS-21)) [12].The results of the survey de-
termined normal, mild, moderate, strong and very strong
degrees of depression, anxiety and stress. Investigations
were conducted in the dynamics of treatment.

Criteria of patients’ inclusion in the researching: men and
women of working age, civil servants with CCI 2 grade,
aged 40 to 68 years, without CCI, with CCI, patients with
chronic chemotherapy, who have had an acute ischemic
stroke with a diagnosis confirmed by neuroimaging data
and neurological findings deficiency (mild mono- or
hemiparesis, vestibular disorders, speech impairment,
optical disorders, emotional-volitional and psycho-organic
disorders) against a background of arterial hypertension.
According to the anamnestic and clinical data, patients
were comparable in age and severity of neurological defi-
cit after suffering an IS (from 5 to 9 points on the NTHSS
scale, an average of 7.2 + 0.15 points). Protocol of consent
to the study. The study was carried out in compliance with
the basic provisions of the GCP (Strasbourg, 24.11.1996),
in accordance with the requirements of the Council of
Europe Convention on the Protection of Human Rights
in Biomedicine (1997), the Declaration of Helsinki of the
World Medical Association for Human Research (1964-
2000). The Commission on Bioethics of State Scientific In-
stitution “Scientific and Practical Center for Preventive and
Clinical Medicine” of the State Administrative Department
approved that the conducted clinical and experimental
studies do not contradict the basic bioethical standards
(protocol N 11 of January 25, 2014).

Criteria of patients” exclusion in the researching: patients
with severe somatic pathology, clinically significant vas-
cular events and a history of traumatic brain injury. Ac-
cording to neuroimaging data patients with hemorrhagic
stroke, patients with severe motor impairment, patients
with uncompensated diabetes mellitus, the onset of un-
compensated diseases, alcohol and drug abuse.

According to existing protocols all patients were pre-
scribed pathogenetic therapy [18].

In addition to the protocol, patients with discirculatory
encephalopathy of all the investigated groups received a

complex of drugs aimed at correcting neurotransmitter
metabolism: in the morning 1 ml (15 mg) of the solution of
ipidacrine hydrochloride monohydrate intramuscularly 1
time per day for 14 days. In 1-2 hours after the introduction
of ipidacrine, 4 ml (1000 mg) of choline alfoscerate solution
and 4 ml (1000 mg) of citicoline solution were intravenous
drip-feed once a day for 14 days.

When prescribing carefully analyzed ipidacrine con-
traindications and possible side effects: hypersensitivity
to ipidacrine, epilepsy, extrapyramidal disorders with hy-
perkinesis, angina pectoris, severe bradycardia, bronchial
asthma, vestibular disorders, mechanical obstruction of
the intestines and urinary tract, gastric or duodenal ulcer
in the acute stage.

As contraindications to use of choline alphosceratus
and possible side effects were considered: known hy-
persensitivity to the drug. Concurrent reactions: it may
occur a nausea (which is mainly the result of secondary
dopaminergic activation), abdominal pain and short-term
confusion is rarely. In this case, it is necessary to reduce
the dose of medicine.

As contraindications to use citicoline and possible con-
current reactions were considered: hypersensitivity to the
drug, increased tone of the parasympathetic nervous sys-
tem, concurrent reactions: from the central and peripheral
nervous system (severe headache, vertigo, hallucinations),
from the cardiovascular system ( arterial hypertension,
arterial hypotension, tachycardia) from the respiratory
system (shortness of breath), from the digestive system
(nausea, vomiting, diarrhea), from the immune side second
system (allergic reaction, including: rash, flushing, rash,
urticaria, purpura, pruritus, angioedema, anaphylactic
shock), general reactions (chills).

None of the patients during the treatment had shown
symptoms of an overdose of cholinergic drugs: broncho-
spasm, lacrimation, increased sweating, narrowing of the
pupils, nystagmus, increased gastrointestinal motility, spon-
taneous defecation and urination, vomiting, jaundice, brady-
cardia, intracardiac arrhythmias, decreased blood pressure,
anxiety, worries, excitation, a sense of fear, ataxia, cramps,
coma, speech impairment, drowsiness, general weakness.

Statistical processing of the research results was carried
out on a PC using the Microsoft Excel software package.
Mathematical processing was performed using standard
statistical packages STATISTICA 6.0.) [15].

RESULTS
As aresult of a neurological examination of the investigated
patients, among all neurological disorders coordinating
disorders and pyramidal insufficiency prevailed - in pa-
tients of the 1st group 43.3% and 23.3%, in patients of the
2nd group 33.3% and 11.1%, accordingly. In patients of
group 3, cognitive (77%) and emotional (77%) disorders
were more often detected.

According to the results of evaluating the subjective and
objective neurological symptoms in patients of the first
group, cephalic, 56.6% vestibular, 30% cerebrosthenic,
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Table II. Dynamics of cognitive function assessment on the MMSE mental status scale on the influence of complex therapy in patients with CCl

Indicators
Before treatment After treatment
n=88 (100%) n=52 (59,1%)
Totalcognitiveperformance Orientation M y Computingoperations Totalcognitiveperformance Orientation Memory Computingoperations
b4} 2 4] 2 2 2 2 4]
£ n; %* < n; %* < n; %* < n; %* £ n; %* X2 # < n; %* X# £ n; %* X# < n; %* X#
a Q Q a Q Q a Q
5;5,7 62;70,5 71;80,7 0:0 29;55,8 30;57,7 42;80,8 6;11,5
29-30 (1,8- 10 (60,5- 3 (71,8- 5 B-M 2% 29-30 (37,1-  p<0,001 10 (42,1-  p=0,275 3 (66,2- p=0816 5 (3,1- p=0,009
11,4)% 79,5)% 88,2)% 70 69,2)% 73,7)% 91,6)% 23,3)%
61;69,3 23;26,1 17;193 13;14,8 21;40,4 22;42,3 10;19,2 26;50,0
27-28 (59,3- 9 (17,5 2 (11,8- 4 (8,2- 27-28 (27,9  p=0,008 9 (26,3- p=0,137 2 (84- p=0,816 4 (34- p<0,001
78,5)% 35,8)% 28,2)% 22,9)% -59,2)% 57,9)% 33,82)% 66)%
12;25 3;34 69;78,4 20;38,5
g ' 0;0 o 2;3,8 0;0 0;0 o
24-26 (16,6- 8 (0,7- 1 oo 3 (69,3- 24-26 e, P=0011 8 oy, P=0634 1 o 3 (23,8-  p<0,001
34,5)% 8,2)% (0-22)% 86,3)% (0-12,5)% (0-5,2)% (0-5,2)% 55.1)%
6;6,8
0;0 0;0 o 0;0 0;0 0;0 .
208 020 7 (022% 2 %%? 2023 (0529 T 052% 2 (o529 P03
0;0 0;0 0;0 0;0 0;0 0;0
20 022% & 2% T 0229 <%0 0s2% ®  052% T 052%
Me (£95%) =28 Me (£95%) =10 Me (£95%) =3 Me (£95%) =3 Me (£95%) = 29 Me (£95%) = 10 _ Me (£95%) = 3 _ Me (£95%) =3
(26-28) (9-10) (2-3) (3-3) (30-28) p<001 (9-10) p=027 (3-3) p=0816 (3-4) p<005

Notes: * - determining confidence interval fraction (% Cl) Fischer angular transformation, the integrated score Maraskuilo-Lyaha-Guryanova procedure for multiple comparisons fraction; # - differences (p) of the
indicator before and after the basic therapy according to the Chi-square criterion (x2).
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Table IlI. Dynamics of the assessment of anxiety-depressive disorders according to the DASS-21 scale under the influence of complex therapy in patients

with chronic cerebral ischemia

Indicators
Before treatment n=88 (100%) After treatment n=52 (59,1%)
A level A level A level Alevel A level Alevel
of depression of anxiety of stress of depression of anxiety of stress
8 2 8 8 2 2
5 n; %* £ n; %* £ n; %* 5 n; %% X # 5 n; %* X# 5 n; %* X#
Q. Q. Q. Q Q Q
69; 784 15;17 84;95,5 48,923 33;63,5 51;98,1
0-9 (69,3- 0-7 (10- 0-14 (90,1- 0-9 (80,6- p=0,135 0-7 (47,7-  p<0,001 0-14 (89,5- p=0,962
86,3)% 25,6)% 98,8)% 98,3)% 78,6)% 100)%
19,216 62;70,5 4;4,5 4,78 19; 36,5 1,19
10-13 (13,7- 8-9 (60,5- 15-18 (1,2- 10-13 1,7- p=0,135 8-9 (21,4- p<0,001 15-18 (0- p=0,962
30,7)% 79,5)% 9,9)% 19,4)% 52,3)% 10,5)%
0;0 11;12,5 0;0 0;0 0;0
14-20 (0- 10-14 (6,5- 19-25 (0- 14-20 p=0,951 10-14 (0- p=0,061 19-25 (0-
2,2)% 20,2)% 2,2)% 5,2)% 5,2)% 5,2)%
Me (£95%) =9 Me (£95%) =8 Me (£95%) =11  Me (95%)=9 __ Me (£95%) = 8 B Me (£95%)= 10
(8-10) (7-10) (9-14) (8-9) P=0,135 (7-9) p=005 (9-14) p=0962

Notes: * - determining confidence interval fraction (% CI) Fischer angular transformation, the integrated score Maraskuilo-Lyaha-Guryanova procedure
for multiple comparisons fraction; # - differences (p) of the indicator before and after the basic therapy according to the Chi-square criterion (x2).

26.6% mnestic syndromes were found in 63.3% and anx-
iety-depressive disorders were observed.

Among patients of the second group, cephalic, 44.4%
vestibular, 47.2% cerebrosthenic, 17% mnestic syndromes
were found in 63.9%, anxiety-depressive disorders were
observed in 22.2% and pyramidal insufficiency.

Among patients of the third group who had an ischemic
stroke on the background of arterial hypertension, or a
combination of arterial hypertension and cerebral athero-
sclerosis, vestibulo-atactic syndrome (68.2%), cephalgic
(72.7%), cerebrosthenic (91%), mnestic (81.8%) and anx-
iety depressive disorders were observed (77.3%).

After conducting a neuropsychological test on the MMSE
scale, 46.6% of patients of the first group, 55% of patients
of the second group and 52% of patients of the third group
were found to have cognitive impairment.

A reliable difference in DASS-21 score in all the inves-
tigated groups was observed in the researching of anx-
iety (p <0.001 according to Wilcoxon W-test (W-W), p
<0.05, Kruskalo-Wallis test (kKU)) and depression level
(p <0.033 W-W). The maximum subjective indicators of
anxiety and depression were characteristic of the second
group patients.

Self-assessment of cognitive abilities on the part of the
patient should be considered, taking into account the
fact that cognitive disorders are often accompanied by a
decrease in criticism [12].

The prevalence of anxiety-depressive disorders (on the
DASS-21 scale) of the second group patients and at least
3 groups is associated with more pronounced violations
of criticism and memory impairment to patients of the
first group.

A significant decrease in memory level (MMSE scale)
of the first group patients to compare with the second
group patients was mainly associated with impaired
self-reproduction of information, which manifested itself
in operational activities and training, while the memory
of lifespin events basically remained intact. Such mod-
al-nonspecific mnestic disorders with primary short-term
memory disorders, combined with fatigue and emotional
instability, indicate damage to the median nonspecific
brain structures at the level of the lower parts of the
brain stem (1st functional block of the brain according
to A.R. Luria).

After a 4-5 week course of therapy with basic treatment
using medicint of ipidacrine, choline alfoscerate, citicoline,
we recorded the following changes in neuropsychological
parameters on the MMSE and DASS-21 scales (Table. II
and Table. III).

Significantly (p <0.001) the proportion of patients with a
lack of pathological cognitive productivity increased (29-
30 points on the MMSE scale) and decreased (p <0.01) to
compare the proportion of patients with mild cognitive
impairment (28 to 24 points on the MMSE scale) (table
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II). First of all, the possibilities for more accurate counting
operations expanded: statistically increased (p <0.01) the
number of subjects able to correct 4 or 5 consecutive sub-
tractions, and decreased (p <0.001) the proportion of those
patients who were able to correctly 3 or less consecutive
counting operations.

DISCUSSION

We can assume that the disturbance of the counting oper-
ations, recorded initially, are not associated with organic
changes in the frontal lobes of the brain (primary and
secondary “frontal acalculia”), but depend on the defeat
of the basal and medio-basal parts of the frontal lobes of
the brain (limbic-hippocampal system), which asknown,
leads to significant changes in the emotional sphere of
patient behavior [16]. Defects of this type of intellectual
activity — counting operations - in our group of patients
arise on the basis of impulsivity and manifest violation of
the orienting basis of action at the expense of attention.
There could be mistakes due to the acceleration of the flow
of nervous and mental processes of defects in inhibitory
processes and cholinergic dysregulation [17].

Changes after the treatment were registered using self-as-
sessment on the DASS-21 scale, they were minimal and
were manifested only in a decrease in the level of anxiety
(Table 3.). There was a statistically significant increase (p
<0.001) in the proportion of subjects without anxiety (0-7
points according to DASS-21) with a significant decrease
(p <0.001) in the number of patients with mild anxiety
disorders (8-9 points according to DASS-21). It should be
noted that after the course of therapy, not a single patient
was recorded with moderate disturbing changes (10-14
points according to DASS-21), while during the initial
examination of such patients there were more than 12%
(12.5 (6.5 -20.2)%, table 3.). Such changes in the level of
anxiety should probably be associated with the restoration
of neurohumoral balance after treatment: GABAergic in-
hibitory effects, serotonin-, catecholamine - peptidergic
activation systems [16, 17].

CONCLUSIONS

1. The inclusion in the treatment protocol for CCI com-
plex of drugs aimed at eliminating cholinergic deficien-
cy, acetylcholinesterase inhibitors in combination with
choline precursors, leads to the correction of cognitive
impairment in chronic brain ischemia.

2. The statistically significant manifestations of the recov-
ery of cognitive function (according to the MMSE scale)
after the application of the developed complex therapy
were associated mainly with a decrease in impulsivity
due to an increase in the level of attention.

3. The statistically significant manifestations of a decrease
in the level of anxiety-depressive disorders (according
to the DASS-21 scale) after the application of the de-
veloped complex therapy were associated mainly with
a decrease in anxiety due to the restoration of neuro-
humoral balance.
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