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Abstract. As the body ages, free radical processes intensify and the risk of various age-related diseases increases, including memory
impairment, as exchange processes in nerve cells deteriorate. The internal antioxidant system, capable of neutralizing free radicals, is not
always able to cope with the growing load, and then the supply of antioxidants from outside is necessary. A source of biologically active
substances possessing antioxidant activity are plant extracts possessing a pronounced therapeutic effect combined with a minimum of
side effects. The purpose of our study was to study the learning and memory of the offspring of rats that received aqueous plant extracts
as an additional load. The study of the learning and memory of the offspring of rats that received aqueous plant extracts of Ginkgo biloba,
Centella asiatica, Eleutherococcus and a mixture of aqueous extracts of Ginkgo biloba and Centella asiatica was performed on 4-month-
old animals, obtained in an experiment from 15 males and 50 females, which in the course of 30 days water extracts were obtained in a
dose of 30 mg/100 g of body weight in a volume of 1 ml. The study was carried out with the help of the test "Passive escape with negative
(painful) reinforcement". Conclusions: the offspring of rats that received as an additional load intragastric mixture of aqueous extracts of
Ginkgo biloba and Centella asiatica are characterized by the best indicators of learning and memory, compared to the offspring of animals
of the control group, and rats that received aqueous extracts of Ginkgo biloba, Centella asiatica and Eleutherococcus separately.

Key words: memory, learning, rats, test "Passive escape with negative (painful) reinforcement”, ginkgo biloba, Centella Asiatica, Eleuthe-
rOoCOCCUS.
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N3YUEHUE OBYYAEMOCTH 1 TAMATH ITIOTOMCTBA KPBIC, IIOJTYYABIINX
B KAYECTBE JIOTIOTHUTEJIGHOA HATPY3KH BOJHBIE PACTHUTEJIbHBIE 9KCTPAKTBI
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Pe3tome. 10 Mepe cTapeHus opraHMama NHTEHCUPULIMPYIOTCS CBOBOAHOPAAMKAbHbIE MPOLIECCHI M BO3PACTaET PUCK BOSHNKHOBEHNS
Pa3ANYHbIX 3a60NEBAHNI, B TOM YNCE HAPYLLEHWIA MaMATL, Tak Kak yXyALaroTCs OOMEHHbIE MPOLIECChI B HEPBHbIX KNeTkax. BHyTpeHHss
aHTMOKCKaaHTHasi cMcTema, CnocoBCTBYHOLAA HeEUTpanm3aLumm cBOBOOHbIX padvkanoB, He BCerga crnocobHa CnpaBuTbCS C HapacTato-
LLe Harpy3Kown, 1 Toraa HeobXoaMMO MOCTYMEHNE aHTMOKCUMAAHTOB 13 BHE. [/ICTOHHNMKOM BMONOrMHECKM aKTUBHBIX BELLIECTB, obnana-
OLLMX aHTVOKCUOAHTHOW aKTUBHOCTLIO SABNSIOTCS PaCTUTENbHbIE 3KCTPaKTbl, 061aaatoLLIMe BbIPaXKEHHbIM TeparneBTUHECKM OeNCTBNEM
B COYETaHNM C MVHUMYMOM MOB0YHbIX 3dhdekToB. Lienbto Hallero nccnegoBaHne SBUnoch N3ydeHne oby4aeMoCcTu 1 NamMsaT MOTOMCTBa
KpbIC, MOyYaBLUMX B KA4ECTBE AOMONMHUTENBHOM HArPy3KN BOOHbIE PACTUTESbHbIE 3KCTPAaKTbI. VI3ydeHmne 00y4aeMoCTy U NamsATb MOTOM-
CTBa KpbIC, MNOMy4aBLUNX BOOHbIE PACTUTESbHbIE 3KCTPaKTbl MMHKIO 61noba, LeHTeNsbl a3naTCKoM, 3NeyTEPOKOKKA M CMECh BOAHbIX
SKCTPAKTOB MHKIro bunoba v LeHTEN bl a31aTCKom, MPOM3BOANM Ha 4-MECSHHbBIX XXMBOTHBIX, POXKAEHHBIX B 9KCNEpUMeHTe OT 15 cam-
LoB 1 50 caMOK, KOTOPbIM B TedeHre 30 CyTOK BBOAMM BOAHbIE 3KCTPaKTbl B 403e 30 Mr/100 r macchl Tena »uneoTHoro. ccnegosaHne
MpoBOAMN C MOMOLLbIO TecTa «[laccnBHOE n3beraHne ¢ oTpuLaTebHbIM (60neBbIM) NoAKPenneHem». BeiBoapbl: MOTOMCTBO KpbIC, MO-
Jly{aBLIMX B KA4eCTBE OOMONMHNTENBHON Harpy3Km BHYTPUXKENYA0HHO CMECH BOAHbIX 3KCTPAKTOB MHKIro 61noba 1 LeHTEN bl a31aTCKom
XapaKTepuayeTcs NyHLLnMM rnokasaTensMm oby4aemMoCcTy 1 NamsiTi, MO CPABHEHMIO C MOTOMCTBOM XNBOTHbIX KOHTPOBHOW rpynmbl, U
KpbIC, NOMy4aBLUNX BOOHbIE 3KCTPaKTbl TMHKIo B1noba, LeHTeN bl a3naTCKoM 1 aneyTepoKOoKKa Mo OTAENbHOCTY.

KnioueBble cnoBa: namsitb, 06y4aeMOCTb, KPbIChI, TECT «[laccmBHOe nsberaHne ¢ oTpuLaTesHbIM (601eBbIM) MOAKPENNEHNEM>», TUHKIO
Brnoba, LieHTenna as3naTckas, SN1eyTePOKOKK.
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Many pathological processes in the organism, In this connection, the aim of our study was to in-
leading to various diseases and, eventually, aging, are vestigate the learning ability and memory of the off-
based on the process of damage of cell membranes spring of rats that received aqueous plant extracts as
and other intracellular structures by free radicals [1]. As an additional load.
the organism ages, free-radical processes intensify and In order to achieve this objective we had to solve
the risk of various age-related diseases, including the following tasks: to obtain offspring from rats which
memory disorders, increases, since exchange pro- daily during 30 days were given Ginkgo biloba, Asiatic
cesses in nerve cells deteriorate [2, 3]. Centella, Eleuterococcus extracts and a mixture of

An internal antioxidant system normally functions Ginkgo biloba and Asiatic Centella extracts as an addi-
in the body, contributing to neutralization of free radi- tional load and to analyze their influence on learning and
cals, but its activity may not be enough, and then addi- memory processes in the postponed period.
tional supply of antioxidants from outside is necessary
[4]. The source of biologically active substances with Materials and methods of research
antioxidant activity are plant extracts that have a pro- Experimental investigations were performed in ac-
nounced therapeutic effect combined with minimum cordance with "Regulations on work with the use of ex-
side effects. Promising sources of antioxidants are perimental animals" and with observance of the princi-
aqueous extracts of Ginkgo biloba, Centella asiatica ples of humanity stated in the European Community di-
and Eleutherococcus, which have a pronounced rectives (86/609/EC). Study of learning ability and
nootropic effect and can modulate the psychotropic memory of offspring of rats treated with aqueous herbal
activity of the animal [5-7]. extracts of Ginkgo biloba, Asiatic Centella and Eleuter-

ococcus and a mixture of aqueous extracts of Ginkgo
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biloba and Asiatic Centella was performed on four-
month old animals obtained in the experiment from 15
male and 50 females, which were injected with aque-
ous extracts in a dose of 30 mg/100 g of animal body
weight. There were 5 groups of animals in the experi-
ment, each group had:

group 1 (control) — rats received daily intragastric
distilled water in a volume of 1 ml;

group 2 — animals received aqueous extract of
Ginkgo biloba;

group 3 — animals treated with aqueous extract of
Centella asiatica;

group 4 — animals treated with aqueous extract of
Eleuterococcus;

group 5 — animals treated with a mixture of aque-
ous extracts of Ginkgo biloba and Centella asiatica in a
1:1 ratio.

The study was conducted with the help of the test
"Passive avoidance with negative (painful) reinforce-
ment". The test was carried out in a chamber consist-
ing of two compartments: an illuminated one and a
darkened one with an electrically conducting floor. Rats
were placed in the illuminated compartment and the la-
tent period of transition to the dark compartment was
measured. After transfer to the dark compartment, the
animals were subjected to electrodermal irritation.

The test assessed the following: the relative num-
ber of animals not avoiding the light chamber; the latent
period of entering the dark chamber at the first presen-
tation; the latent period of entering the dark chamber
24 hours and 48 hours after the irradiation. The dura-
tion of testing was was 180 seconds [8].

We also performed statistical processing of the re-
sults using nonparametric statistical methods.

The results of the experiment

The results of the experiment are presented in Table 1.

The relative number of animals not avoiding the
light chamber in the first series of experiments in the
group of animals receiving aqueous extract of eleuthe-
rococcus corresponded to the control, but in other ex-
perimental groups it was higher: in the group receiving
the extract of Centella asiatica — more by 31.3%
(Manna-Whitney: U = 103,500, Z = 3.245542 at
p = 0.000000), in the group receiving gingko biloba ex-
tract, 37.5 % more (Manna-Whitney: U = 92,000,
Z=3.241147 at p =0.002221), and in the group of rats
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receiving a mixture of plant extracts, 50.0 % more
(Manna-Whitney: U = 95,6000, Z = 4.525261 at
p = 0.000001).

The latent period of transition to the dark compart-
ment in the first series of experiments in the offspring of
rats of the control group did not last too long and was
longer in the experimental groups: in the offspring of rats
receiving the extract of Centella asiatica — longer by
50.0%, (Manna-Whitney: U = 137.8000,
Z = 4.245874 at p = 0.000111), the offspring of rats
receiving ginkgo biloba extract — longer by 62.2%
(Manna-Whitney: U = 168.900, Z = 2.589850 at
p = 0.000196), the offspring of rats receiving eleutero-
coccus extract — longer by 60.6% (Manna-Whitney:
U = 147.500, Z = 4.325352, at p = 0.000001), and
longer by 67.3% (Manna-Whitney: U = 101.400,
Z = 4.698686 at p = 0.002458) in offspring of rats re-
ceiving a mixture of aqueous plant extracts. The study
found that the latent period of transition to the dark
compartment lengthened in all groups of animals with
each subsequent test.

In the second series of experiments (24 hours
later), the relative number of animals not avoiding the
light chamber in the control group of animals was
higher than in the first series, and in other experimental
groups it was even higher: in the group receiving the
extract of Centella asiatica — more by 183.1% (Manna-
Whitney: U = 114.800, Z = 4.566252 at p = 0.000111),
in the group receiving gingko biloba extract — more by
101.7% (Manna-Whitney: U = 187,900, Z = 3.336323
at p = 0.003336), in the group of rats receiving eleuter-
ococcus extract — more by 71.2% (Manna-Whitney:
U = 147.5000, Z = 2.855457 at p = 0.000000), and in
the group of rats receiving a mixture of plant extracts,
281.4% more (Manna-Whitney: U = 163.4000,
Z=5.477414 at p = 0.000245).

The latent period of transition to the dark compart-
ment 24 hours after the first test significantly increased
in animals of the control group compared to the first
presentation and comparable to the control in animals
receiving extracts of Ginkgo biloba and eleuterococ-
cus, and increased by 14.2 % in the progeny of rats
receiving extracts of Centella asiatica and a mixture of
water extracts (Manna-Whitney: U = 114.400,
Z=5.487874 at p = 0.00000) and 26.2% (Manna-Whit-
ney: U = 167,8000, Z = 4.565252 at p = 0.003965),
respectively.
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Ta6nuua 1. [NokazaTenn oby4aeMoCcTV 1 MamMsATV MOTOMCTBA KPbIC, MOJTy4aBLUMX BOAHbIE PACTUTESbHbIE 3KCTPaKTbI

Table 1. Indicators of learning and memory of the offspring of rats that received aqueous plant extracts

Indicator Control group Group 1 Group 2 Group 3 Group 4

(Centella (Gingko (Eleutherococ (Centella +
asiatica) biloba) cus) Gingko)

Relative number of anmals not avoiding the light 1.6 + 0,09 211007 221008 1.6+ 0,07 3.2+ 0051

chamber at 1 presentation, %

Latent period of transition to the dark 254+081 | 381+145' | 41,2140 | 408+181 | 42,5+1,36'

compartment at 1 presentation, s

Relative number of animals not avoiding the light 59+0,18 16,7 + 0,631 11,9 + 0,381 10.1 + 0,391 20,5+ 0,071

chamber after 24 hours, %

Latent period of transition to the dark 100,8+3,73 | 1254 +4,38" | 1157 +3,70 | 112,6 +4,17 | 138,6 + 4,431

compartment after 24 hours, s

Relative number of animals not avoiding the light 12,8 + 0,46 251 + 0,931 20,6+ 0,721 18,9 + 0,64" 28,5+ 0,971

chamber after 48 hours, %

Latent period of transition to the dark 1356+ 4,33 | 159,3+5,73" | 1489+ 4,52 | 1457 £521 | 178,8 + 5,72

compartment after 48 hours, s

Note: In this table the differences are significant at p< 0.05: 1 — in comparison with the control group animals.

In the third series of experiments (after 48 hours),
the relative number of animals not avoiding the light
chamber in the control group of animals became even
higher than in the first and second series, and in other
experimental groups it was even higher: in the group
receiving the extract of Centella asiatica — more by
96.1% (Manna-Whitney: U = 122.500, Z = 4.142147 at
p = 0.000000), in the group receiving gingko biloba ex-
tract — more by 60.9% (Manna-Whitney: U = 181.700,
Z = 4.488857 at p = 0.004556), in the group of rats
receiving eleutherococcus extract — more by 47.7%
(Manna-Whitney: U = 105.6000, Z = 3.455252 at
p = 0.000125), and the group of rats receiving a mixture
of plant extracts was 122.7% higher (Manna-Whitney:
U =157.5000, Z = 5.142441 at p = 0.004225).

The latent period of transition to the dark compart-
ment 48 hours after the first test also increased in ani-
mals of the control group in comparison with the first
and second presentation, and increased even more in
the progeny of rats receiving aqueous plant extracts: in
the progeny of rats receiving the extract of Centella asi-
atica — more by 17.5 % (Manna-Whitney: U = 112,500,
Z=4.121411 at p = 0.003458), progeny of rats receiv-
ing ginkgo biloba extract increased by 9.6%
(Manna-Whitney: U = 103,6000, Z = 5.262322 at
p = 0.000001), progeny of rats receiving eleuterococ-
cus extract increased by 7.4% (Manna-Whitney:
U =97.800, Z = 2.874744 at p = 0.000000), and in
offspring of rats receiving a mixture of aqueous plant
extracts, 31.9% more (Manna-Whitney: U = 125.800,
Z=4.157512 at p = 0.000012).

Discussion of results

During the transition to the dark compartment
from the light compartment, rats satisfy the biological
motivation of protection in the dark, confined space
from aversive stimuli of bright light and open space. It
can be assumed that the latent period of transition to
the dark compartment during the first and subsequent
series of experiments reflects the expression of the rat's
motivation to avoid open space and bright light, an in-
nate rodent behavior. However, the duration of the la-
tent period of transition to the dark compartment can
also be influenced by the animal's exploratory motiva-
tion. Accordingly, animals not avoiding the bright
chamber showed high exploratory activity, and alt-
hough there were not many of them in each group (not
more than 3.2% of the total number of rats), the great-
est number of animals with high exploratory activity was
among the offspring of rats receiving the mixture of
plant extracts. This is also confirmed by the longest la-
tent period of transition to the dark compartment in the
first series of the experiment.

In the second and third series of the experiment,
rat behavior is based on the interaction of two motiva-
tions: on the one hand, avoidance of open space and
bright light, and, on the other hand, anticipation of pain-
fulirritation in the dark compartment. In our experiment,
the number of animals avoiding the dark chamber in
each subsequent series of optics increased in each
group, and their highest number was among the off-
spring of rats receiving the mixture of plant extracts.
The latent period of transition to the dark chamber also
increased.
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Conclusions learning and memory, Compared to the control group
In the distant periods of postnatal ontogenesis the animals and rats receiving aqueous extracts of Ginkgo
offspring of the rats born after intragastric feeding of the biloba, Asiatic Centella and EleutheroCocus separately,
mixture of aqueous extracts of Ginkgo biloba and Asi- which confirms a pronounced total nootropic effect of
atic Centella are characterized by better parameters of the studied plant extracts.
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