NEUROLOGY AND NEUROSURGERY

Filatova O.V.,
Mamyshev D.D.,
Romashko E.I.,
Voronina l.Yu.,
Shishkina N.A.,
Kutseva E.V.,
Khalimov R.I.

Altai State University (Lenin ave., 61,
Barnaul 656049, Russian Federation)

Corresponding author:
Olga V. Filatova
e-mail: fil@mail.ru

Received: 16.12.2025
Accepted: 02.06.2026
Published: 23.07.2026

ABSTRACT

Background. Maintaining cognitive health and preventing dementia are priorities
in modern medicine and science. Nootropics play an important role in neuroprotection.
Multicomponent herbal remedies containing medicinal plant extracts hold promise
as phytopharmacological regulatory systems for maintaining and restoring cognitive
health.

Aim. To analyze the psychophysiological characteristics of cognitive functions in mid-
dle-aged and older adults and to assess the effect of a phytoconstituent with nootropic
properties on these characteristics.

Materials and methods. Before and after a course of treatment with the phytoconstit-
uent, participants underwent a comprehensive examination that included electrocar-
diography with heart rate variability assessment; evaluation of short-term and long-
term memory using the “10-Word Memorization” test by A.R. Luria; and assessment
of logical thinking using the “Complex Analogies” test.

Results. The study identified two groups of participants: those with moderate and those
with high levels of working memory and logical thinking. Group 1 was characterized
by low parasympathetic nervous system markers and reduced heart rate variability.
Group 2 demonstrated higher heart rate variability and elevated parasympathetic
markers. After administration of the phytoconstituent, parasympathetic activity mark-
ers (RMSSD, HFmc?, HF%) increased in Cluster 1 and decreased in Cluster 2. Following
the course of the phytoconstituent, Group 1 exhibited a more pronounced improve-
ment in memory indices and logical reasoning abilities.

Conclusion. An association was found between high levels of working memory
and logical thinking and a predominance of parasympathetic influences on heart
rhythm. Administration of the herbal preparation with nootropic properties resulted
in improved cognitive function and a balanced autonomic nervous system.
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nervous system

For citation: Filatova O.V.,, Mamyshev D.D., Romashko E.I,, Voronina l.Yu., Shishkina N.A.,
Kutseva E.V. Khalimov R.. Psychophysiological characteristics of cognitive functions
in middle-aged and older adults and the effect of phytoconstituents with nootropic prop-
erties on them. Acta biomedica scientifica. 2026; 11(3): 72-78. doi: 10.29413/ABS.2026-
11.3.9

72



®unatosa 0.B.,
Mambiwes A4.4.,
Pomawko E.U.,
BopoHuHa U.10.,
lWWnwknHa H.A.,
Kyuesa E.B.,
Xanumos P.U.

®rbOY BO «AnTaiickuii rocyfapCTBEHHbI
yHuBepcuteT» (656049, r. bapHayn,
np. JleHnHa, 61, Poccus)

ABTOp, OTBETCTBEHHbIN 3a nepenncky:

O®unartoBa Onbra BuktopoBHa
e-mail: fil@mail.ru

Cratba nocTynuna: 16.12.2025
CraTba npuHaTa: 02.06.2026
(ratba ony6aukosaHa: 23.07.2026

PE3IOME

AkmyanbHocmoe. CoxpaHeHUe KO2HUMUBHO20 300p08bA U NPOPUIAKMUKA OeMeH-
yuu — npuopumemeHsle 3a0a4u cospemMeHHOU MeOUUUHbI U HayKu. Hoomponel 3aHu-
marom eaxHoe Mecmo 8 Heliponpomekyuu. MHo20KkoMnoHeHMHeble pumocpedcmsa
C SKCMPAKMAmu JieKapCcmeeHHsIx pacmeHuli nepcnekmueHel Kak ¢pumogapmako-
Jio2udecKue pe2yssimopHsle cucmemsl 0719 N000epXaHUS U 80CCMAHOB/EHUS KO2HU-
mueHO020 300p08bH.

Llenv uccnedosaHus. lpogecmu aHanu3 ncuxogpusuosoaudeckux ocobeHHocmel
Ko2HUMUBHbIX hyHKYUU y npedcmasumenet 3pesio20 U NOXU/1020 803pacma u oye-
HUMb 8/1UsHUe Ha Hux goumokomno3suyuu (DK) c HoomponHeiMu c8olicmeamul.
Mamepuansi u Memodel. [Jo u nocne Kypcogozo npuema humoKoMNOo3UyuU Ucnbi-
myemMbiM npoBoOUsSIU KOMNJIeKCHOe 06C/1e008aHUe, 8KOYaoujee 31ekmpokapouo-
2paduto ¢ oyeHkol sapuabesnbHOCMuU pumma cepoud, OUeHKY yHKYUU Kpamkospe-
MeHHOU U 00s1208peMeHHOU namamu ¢ nomowbio mecma «3ayqugaHue 10 c/io8»
A.P. Jlypus, nozuyeckoe MblwisieHUe oYeHU8aau ¢ homowbio mecma «CroxHele aHa-
Ji02uu».

Pe3synemamel. ViccnedosaHue 8biA8UsI0 08e 2pynnbl UCNbIMYEMbIX: CO CPeOHUM
U 8bICOKUM ypOBHeM pazsumus paboyeli namMamu U J102U4eCcKo20 MbiiieHus. llep-
84as 2pynna xapakmepu3osandacs HUKUMU 3HAYeHUAMU MapKepos napacumnamu-
yeckol HepsHOU cucmemsbl U HU3KOU eapuabenibHOCMblo pumma cepoya. Bmopas
2pynna omuy4andace 8bICOKUM yposHeM 8apuabesibHOCMU cepOevyHo020 pummd,
8bICOKUMU 3HAYEHUAMU MApKepos napacumnamud4eckou HepsHou cucmemel. [lo-
cne npuema OK sesuduHbl Mapkepos napacumnamuydeckoli akmusHocmu RMSSD,
HFmc? u HF% so3pacmarnu y 4neHo8 nepsozo K/iacmepa U CHUXA/IUCk Y Y4ieHO8 8Mmo-
pozo knacmepa. [locne npuema OK 8 nepeoli epynne 8 6onbwieli cmeneHu yay4ud-
JIUCb NoKazamesiu NAMAMU U CNOCOBHOCMU K J1I02UYECKOMY MbllUIeHUIO.
3akmoyeHnue. [TokazaHa c8A3b MeX0y 8bICOKUMU nokasamenamu paboyel nams-
mu u J102u4ecko20 MblWJ/IeHUs U npeobaaddaHueM napacumnamuyeckux 8/uaHuli
Ha pumm cepoya. lpuem pumMoKoOMNO3UUUU C HOOMPONHbLIMU C8OLICMBAMU B8bi3bI-
84J1 y/lyqywieHuUe KoeHUMUBHbIX pyHKUUU U 8bipasHUsaHue 6anaHca sezemamusHoli
HepsHOU cucmemsl.

Knroueswble cnoea: kocHUMUBHble d)yHKuUU, HOOMPONHble cpeacmea, eapua6enb-
HOoCmb pumma cepaua, de8MmOHOMHaAA HepeHaA cucmema

Ana unTuposBanua: Ounatosa O.B., Mambiwes A.1., Pomawko E.N., BoporunHa W.10., Lnw-
KuHa H.A., Kyuesa E.B., XanumoB PW. Mcnxodursnonormyeckme 0cCo6eHHOCTM KOTHUTUBHbIX
bYHKUMI Yy NpefcTaBATENEN 3Pesioro 1 NOXUI0ro BO3pacTa U BAUAHME Ha HUX GUTOKOM-
no3numMmn C HOOTPOMHbBIMU CBOMCTBaMU. Acta biomedica scientifica. 2026; 11(3): 72-78. doi:
10.29413/ABS.2026-11.3.9
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INTRODUCTION

A review of the literature revealed a limited num-
ber of studies comprehensively investigating the rela-
tionships between cognitive functions and autonomic
regulatory mechanisms of cardiac activity, particularly
in middle-aged and older adults [1].

Maintaining cognitive health and preventing de-
mentia are priorities in modern medicine and science
[2]. Nootropics play an important role in neuroprotec-
tion and can improve memory, performance, and adap-
tive capabilities of the brain in older adults [3, 4]. Epide-
miological data indicate the need for the development
of affordable domestic nootropics. Multicomponent
herbal preparations containing medicinal plant extracts
have the potential to be used as phytopharmacological
regulatory systems for maintaining and restoring cogni-
tive health [5, 6].

In 2023, a research team from the Institute of Bio-
medicine at Altai State University, as part of the project
“Development of functional products for restoring body
functions during age-related changes and evaluation
of their effectiveness” under the Priority-2030 program,
developed a phytoconstituents (PC) with nootropic
properties. ldentifying the mechanisms by which this
PC influences human cognitive functions is of current
relevance.

AIM

To analyze the psychophysiological characteristics
of cognitive functions in middle-aged and older adults
and to assess the effect of a phytoconstituents with noo-
tropic properties on these characteristics.

MATERIALS AND METHODS

Study Population

The group receiving the PC (n = 35) consisted
of conditionally healthy volunteers over 45 years of age,
who were recruited from various occupations. A total
of 35 women aged 45-65 years (mean age 52.3 + 0.94
years) were examined. The sample size was determined
based on the small sample criterion (sample size may
not exceed 30 units plus 25 % to account for potential
outliers).

All participants provided informed consent prior
to participating in the study. Inclusion criteria: volun-
tary informed consent. Exclusion criteria: chronic dis-
eases, hypertension, blood clotting disorders, alcohol
abuse, regular smoking, hypersensitivity to PC compo-
nents, recurrent gastrointestinal problems, and blood
pressure above 130/80 mmHg.

Psychophysiological Research Methods

Before and after the course of PC administration,
participants underwent a comprehensive examination
that included:
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electrocardiography with the assessment
of heart rate variability (HRV) using a Poly-Spectr-8/EX
device (lvanovo, Russian Federation);
assessment of short-term and long-term mem-
ory using the “10-Word Memorization” test developed
by A.R. Luria;
assessment of logical thinking through
the “Complex Analogies” test developed by E.A. Ko-
robkova, which evaluates logical reasoning based
on the ability to find logical connections between 20
word pairs (classification, antonyms, cause-effect, syn-
onyms, structural connections, group membership), us-
ing an online testing service [7].

Pharmacological Substances

The PCincluded components with significant noot-
ropic, adaptogenic, antioxidant, and antihypoxic prop-
erties: astragalus membranaceus extract (20 mg), finely
ground boswellia serrata resin (20 mg), Hericium erina-
ceus fruiting bodies (159 mg) - to stimulate cognitive
functions, Ginkgo biloba extract (20 mg) and polypre-
nols (5 mg) - to improve blood supply, as well as a vita-
min complex (vitamins A, C, D, E, K, group B, and vita-
min D3). Volunteers were administered one PC capsule
twice daily for a period of two weeks.

Ethical Approval

The study was approved by the local ethics com-
mittee of Altai State University (Protocol No. 9 dated
April 5,2024).

Statistical Analysis

Statistical data processing was performed using
the SPSS 21.0 software package. To check for the nor-
mality of the distribution, the Shapiro — Wilk test was
employed (significance level p > 0.05). For quantitative
data that did not follow a normal distribution, the me-
dian (Me) and interquartile range (Q,,-Q,,) were used.
The non-parametric Kruskal - Wallis test was used
for intergroup comparisons. For normally distributed
data, quantitative variables were presented as mean
(M) £ standard error (SE). For intergroup comparisons
in cases of normally distributed data, the paramet-
ric Student’s t-test for independent samples was em-
ployed. The Wilcoxon test for paired samples was used
to evaluate dynamic changes. Differences were consid-
ered statistically significant at p < 0.05. Cluster analysis
was used to form groups with similar characteristics.

RESULTS

Cluster analysis identified two groups with shared
characteristics (Cluster 1, n = 21; Cluster 2, n = 14). There
was no significant difference in age between the clusters
(Cluster 1: 51.8 £ 1.25 years; Cluster 2: 52.9 + 1.47 years;
p = 0.550). A comparative analysis revealed statistically
significant differences in several psychophysiological
parameters between the study groups. Using psycho-
physiological measures, statistically significant inter-
group differences were observed in first recall (Cluster 1:
6.3 £ 0.09; Cluster 2: 8.8 £ 0.17; p < 0.001), second recall



(Cluster 1: 8.5 £ 0.13; Cluster 2: 9.1 £ 0.12; p < 0.001), de-
layed recall (Cluster 1: 8.8 £ 0.16; Cluster 2: 10.0 £ 0.03;
p < 0.001), and recall after 24 hours (Cluster 1: 8.8 + 0.16;
Cluster 2: 9.6 £ 0.08; p < 0.001). Analysis of the results
from the “Complex Analogies” test revealed that partic-
ipants in Cluster 2 (9.2 + 0.52, p = 0.046) demonstrated
a significantly greater capacity for establishing logical
connections between pairs of words compared to those
in Cluster 1 (7.1 £ 0.61), i.e., subjects in Cluster 2 exhibit-
ed a higher level of cognitive functioning.

Statistically significant differences were also ob-
served between the study groups in terms of heart
rate variability parameters. To assess parasympathetic
regulation, the following HRV markers were used [8]:
the root mean square of successive RR interval differ-
ences (RMSSD) (Fig. 1), as well as the absolute and rel-
ative high-frequency power (HF) (Fig. 2). These param-
eters were significantly lower in subjects of Cluster 1,
indicating reduced activity of the parasympathetic divi-
sion of the autonomic nervous system.

After administration of the PC, parasympathetic
activity markers increased in Cluster 1 and decreased
approximately 2-fold in Cluster 2. Specifically: In Clus-
ter 1, RMSSD increased by 50 % [before PC: Me 20.0,
Q25-75 11.0-43.0; after PC: Me 30.0, Q25-75 16.0-64.0;
p = 0.008]; HF (ms?) increased 3-fold [before PC: Me
125.0, Q25-75 25.0-450.0; after PC: Me 375.0, Q25-75
75.0-1350.0; p = 0.008]; HF% increased by 50 % [before
PC: Me 16.0, Q25-75 8.0-46.0; after PC: Me 24.0, Q25-
75 8.0-69.0; p = 0.008]. In Cluster 2, RMSSD decreased
approximately 2-fold [before PC: Me 42.0, Q25-75

11.0-89.0; after PC: Me 21.0, Q25-75 8.0-45.0; p = 0.008];
HF (ms?) decreased approximately 2—fold [before PC: Me
375.0, Q25-75 30.0-2250.0; after PC: Me 187.0, Q25-75
15.0-1125.0; p = 0.008]; HF% decreased by 50 % [before

Note. Cluster 1 - individuals with a moderate level of working memory and logical
thinking; Cluster 2 - individuals with a high level of working memory and logical
thinking; Significant differences between groups: ** - p < 0.01.

FIG. 1.
Time-domain heart rate variability parameters (RMSSD) (data are
presented as medians and interquartile ranges (Me, Q,,-Q,,)

Note. Clusters are the same as in Fig. 1. Significant differences between groups: *** - p < 0.001.

FIG. 2.

High-frequency spectral parameters of heart rate variability: A - HF (mc?) and B - HF (%) (data are presented as medians and interquartile

ranges (Me, QZ5—Q75)

75



FIG. 3.
Correlation between the first recall delta and the number of words
recalled. The figure shows the regression equation

PC: Me 31.0, Q25-75 8.0-61.0; after PC: Me 15.5, Q25-75
5.0-30.0; p = 0.008].

Administration of the PC led to a statistically sig-
nificant increase in memory performance. First re-
call in Cluster 1 increased by 8 % (from 6.3 + 0.09
to 6.8 £ 0.17, p < 0.001), while in Cluster 2 it increased
by 1 % (from 8.8 +0.17 t0 8.9 + 0.17, p = 0.317). Delayed
recall in Cluster 1 increased by 7 % (from 8.8 £ 0.16
to 9.4 + 0.17, p < 0.001) and in Cluster 2 by 2 %
(from 10.0 £ 0.03 to 10.0 = 0.03, p = 1.00). Recall after
24 hours increased by 6 % in Cluster 1 (from 8.8 + 0.16
to 93 = 0.17, p < 0.001) and by 1 % in Cluster 2
(from 9.6 £ 0.08 t0 9.7 + 0.08, p = 0.157).

Following PC administration, there was a statistical-
ly significant increase in scores on the “Complex Anal-
ogies” test, reflecting an improvement in logical-an-
alytical abilities. Specifically, a statistically significant
improvement was observed compared to baseline, pre-
dominantly in subjects from Cluster 1 (by 39 %) and Clus-
ter 2 (by 23 %). For Cluster 1, the mean score increased
from 7.1 £ 0.85 to 9.9 = 0.61, p = 0.004. For Cluster 2,
the mean score increased from 9.2 + 0.52 to 11.3 + 0.64,
p =0.002.

The effectiveness of the PC is likely to be large-
ly determined by the baseline level of brain function.
The most pronounced effect of the preparation was ob-
served among individuals with lower baseline memory
performance. Specifically, the delta (difference between
pre- and post-PC values) in first word recall was nega-
tively dependent on the baseline number of words re-
called (Fig. 3). Correlation analysis revealed a moderate
negative correlation between these variables (r =-0.470,
p = 0.005).

Similar results were obtained for the delta values
of second recall, delayed recall, and 24-hour recall. This
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indicates that the effect of the PC is more pronounced
in individuals with more substantially reduced cognitive
function at baseline.

DISCUSSION

Comparison of our results with data from other
researchers also showed that high heart rate variabil-
ity is associated with better cognitive characteristics
and effective adaptive abilities [1, 9, 10]. The results
obtained in the current study confirm data previously
reported in a study conducted with officers of the Royal
Norwegian Navy [9].

It is known that reduced heart rate variability may
be associated with decreased cognitive efficiency, par-
ticularly reduced working memory and attention func-
tion, as well as prolonged sensorimotor reaction time
[11]. Moreover, low HRV values are considered a po-
tential predictor of an increased risk of cardiovascular
diseases, cognitive dysfunction, and neurodegenerative
processes, especially in older adults [12]. Our results in-
dicate the importance of parasympathetic regulation
in ensuring cognitive performance efficiency.

A comparison of the results from the phytoconstit-
uents study with data on Ginkgo biloba extract [13]
revealed a similarity in the findings: in older women
and individuals with initially reduced cognitive abilities,
the impact on cognitive processes was more significant.

Based on the study conducted, it can be conclud-
ed that the phytoconstituents have a beneficial effect
on cognitive functions, including memory and thought
processes. Given the increasing interest in plant-based
agents with neuroprotective properties, the develop-
ment of novel phytopreparations is becoming highly
relevant. The creation and implementation of the phy-
toconstituents may contribute to expanding the do-
mestic range of agents with proven efficacy in the field
of cognitive neuroprotection.

CONCLUSION

The study identified two groups of participants:
those with moderate and those with high levels of work-
ing memory and logical thinking. The first group had
reduced parameters of the parasympathetic nervous
system activity. The second group, in contrast, demon-
strated increased values of the parameters reflecting
the function of the parasympathetic system. After ad-
ministration of the phytoconstituents, the participants
in the first group exhibited a more significant improve-
ment in cognitive functions, accompanied by a shift
in autonomic nervous system balance.
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