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Abstract

Introduction: The Ginkgo biloba L. tree is considered as one of the oldest species on Earth. It is known as a “living fossil” dating back
approximately 200 million years. Both the leaves and seeds of this tree have been used for millennia in traditional Chinese medicine.

Aim: To study the phytochemical profile of Gingko biloba seed extract (GBSE) and its memory enhancing effects.

Materials and methods: Liquid chromatography with mass detection (LC-MS) was performed for phytochemical analyses of the
extracts. For the in vivo experiments, male Wistar rats were divided randomly into 5 groups (n=_8): saline; piracetam; GBSE 50; 100, and
200 mg/kg b.w. Y-maze, T-maze, step-down passive avoidance and novel object recognition test (NORT) were performed. The observed
parameters were: percentage of spontaneous alternations (% SA), working memory index, latency of reaction and recognition index,
respectively. Statistical analysis was done using SPSS 19.

Results: LC-MS analysis showed the presence of the flavonoids quercetin, kaempferol and isorhamnetin (as aglycones), the gink-
golides A, B, C, ], and bilobalide. In Y-maze task, the groups treated with 50 and 100 mg/kg of GBSE significantly increased the % SA
during the memory test compared to saline (p<0.05). In T-maze test, the three experimental groups with GBSE significantly increased
the working memory index in comparison with that of the control group (p<0.05). In step-down test, the animals receiving 100 mg/kg
b.w. GBSE, notably increased the latency during both retention tests (p<0.05 and p<0.01, respectively). In NORT, only the animals with
the middle dose of GBSE ameliorated the recognition index when compared to saline (p<0.05).

Conclusions: GBSE enhances spatial working memory, recognition memory, and short- and long-term recall in naive rats due to the
synergic effects of detected flavonoids and terpene lactones on brain functions. The brain structures involved are probably the hippo-
campus and prefrontal cortex.
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Abbreviations in text

b.w.: body weight

CNS: central nervous system

EGb 761°: Ginkgo biloba standardized leaf extract
FA: formic acid

GBLE: Ginkgo biloba leaf extract

GBSE: Ginkgo biloba seed extract

HESI: heated electrospray ionization

LC-MS: liquid chromatography with mass-detector
MeCN: acetonitrile

mPFC: medial prefrontal cortex

ORT: object recognition test

PCM: piracetam

RI: recognition index

SA: spontaneous alterations

INTRODUCTION

Ginkgo biloba L. tree is one of the oldest species on Earth.
It is known as a “living fossil” because it has been living on
Earth for more than 200 million years. Both the leaves and
seeds of this tree have been used for millennia in traditional
Chinese medicine. The most used parts of the Ginkgo tree
are fresh or dried leaves. The standardized leaf extract of
Ginkgo biloba (EGb 761°) has become a popular remedy for
treatment of cerebral vascular disease, memory problems
and even for Alzheimer’s disease. It has a wide range of
other biological activities, including anti-inflammatory, an-
tioxidant, anticancer, photoprotective effects.! In Bulgaria,
different pharmaceutical forms of Ginkgo biloba leaves are
available either as food supplement or as medicinal product
and they are among the top selling phytopharmaceuticals.?

The commercially available Ginkgo biloba products have
usually been standardized based on the contents of terpene
lactones and flavonoids.?> According to the European Phar-
macopoeia 8.0 Ginkgo biloba leaf extract (GBLE) should
contain flavonoids expressed as flavone glycosides (22 to
27%), bilobalide (2.6 to 3.2%), ginkgolides A, B, and C (2.8
to 3.4%), ginkgolic acids - maximum 5 ppm. Ginkgolides
are specific to this tree species and are found only in it.

Ginkgo biloba seed grows with a soft shell that ferments
during ripening and has a strong, unpleasant odor. After
removing this soft shell, a hard, very thin shell appears
under which the actual seed (nut, kernel) is. Although
there is a lot of information regarding the chemical com-
position and biological activity of GBLE, phytochemistry
and potential pharmacological properties of Ginkgo bilo-
ba seeds remain in the shadow.* They have been used in
China as a traditional food after fermentation or cooking,
and for treating pulmonary diseases such as asthma,
coughs, and enuresis for several thousand years.’

Zhou et al. reported that the active substances with po-
tentially pharmacological effects found in leaves are also
presented in the nuts.

Ginkgo biloba seed extracts (GBSE) contain compounds
from two pharmacologically important chemical groups:
flavonol glycosides (with quercetin, kaempferol, and isor-
hamnetin as the principal aglycones) and terpene lactones
(bilobalide and ginkgolides A, B, C, and J). Apart from this,
the kernels also contain polyphenolic organic acids, carbo-

hydrates, lipids, vitamins, inorganic salts, and amino acids.
Many of these have been shown to be beneficial in treating
neurodegenerative diseases, cancer, cardiovascular disea-
ses, stress responses, and mood, and memory disorders.’

GBLE can improve cognitive functions in rats with ex-
perimental models of memory impairment® and in healt-
hy subjects or patients with different types of dementia
(Alzheimer’s disease, vascular, Lewy body and frontotem-
poral dementia).” Since the chemical composition of GBSE
seems to be comparable with that of leaf extracts we can
assume similar biological activity.

AIM

The aim of our study was phytochemical analyses of GBSE
and experimental research on the possible memory enhan-
cing effect in vivo.

MATERIALS AND METHODS

Animals

Adult male Wistar rats weighting 150+20 g were used in
our experiments. They were housed under standard labora-
tory conditions (08:00-20:00 light-dark cycle, temperature
22+2°C, food and water ad libitum). The experiments were
approved by the Animal Health and Welfare’ Directorate of
Bulgarian Food Safety Agency, licence No 249/20.11.2019.

Drugs and substances

Piracetam (PCM) amp. 3 g/5 ml purchased from UCB Farchim.

Preparation of Ginkgo biloba seed
extract

Mature seeds of Ginkgo biloba obtained from a tree loca-
ted on the campus of Medical College in Plovdiv, Bulgaria
were harvested in November 2018. The seeds were shelled
and the kernel (endosperm) was homogenized in a high-
speed tissue homogenizer. Dry matter was determined
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gravimetrically. The obtained paste was dispersed in 70%
methanol (1:10 w/v, dry matter base) and stirred for 12
hours at room temperature in a light-protected flask. The
extract was centrifuged at 6000 g for 10 min and the super-
natant was collected. The extraction and centrifugation were
repeated twice on the residue. The extracts were combined,
and solvent was evaporated at 30°C under vacuum to a dry
residue. For animal testing the dry extract was dissolved in
distilled water.

Chromatographic analysis of GBSE

Liquid chromatography with mass detection (LC-MS/MS)
of analytes was performed using chromatographic sys-
tem Thermo Dionex Ultimate 3000 and triple quadrupole
mass spectrometer Thermo TSQ Quantum Access MAX,
with HESI (Heated Electrospray Ionization). The chroma-
tographic system includes a quaternary two-piston pump,
autosampler and column thermostat. Separation was per-
formed on a chromatographic column Syncronis C18 150
mmx4.6 mm, particle size 5 um.

Analytical conditions for quantification
of flavonoids

LC conditions: Mobile phase A consisted of 0.1% formic
acid (FA)/H,O (1/1000, v/v) in acetonitrile (MeCN)/H,O
(90:10, v/v). Mobile phase B was composed of 0.1% FA/H,O
(1/1000, v/v) in MeCN/H,O (10:90, v/v) and the flow rate
was 0.7 mL min!. The gradient conditions were 0-15 min
3% A, 15-19 min 63% A, 19-23 min 63% A, and 23-25 min
3% A. MS conditions: HESI was used in negative mode, the
capillary voltage was set to 3000 V, vaporizing temperatu-
re 350°C, Sheath gas — 50 AU, the capillary temperature -
300°C, Aux gas - 5 AU

Analytical conditions for quantification
of terpenes

LC conditions: Isocratic elution was applied, using mobile
phase consisted of 0.1% FA/H,O (1/1000, v/v) in MeCN/
H,0 (50:50, v/v) at flow rate 0.5 mL min™. MS conditions:
HESI was used in negative mode, the capillary voltage was
set to 3000 V, vaporizing temperature 300°C, Sheath gas -
30 AU, the capillary temperature - 300°C, Aux gas - 10 AU.

Experimental design

The animals used to evaluate the effect of GBSE on learning
and memory were divided randomly into 5 groups (n=8) as
follows: group 1 — control group: saline 0.1 ml/100 g body
weight (b.w.); group 2 - positive control group with stan-
dard memory enhancer piracetam (PCM) 600 mg/kg b.w.;
group 3 - GBSE 50 mg/kg b.w.; group 4 - GBSE 100 mg/
kg b.w.; group 5 - GBSE 200 mg/kg b.w. GBSA, PCM and
saline were administered by oral gavage. The animals were
pretreated for two weeks prior to the tests.

Ginkgo Biloba Seed Extract as a Memory Enhancer
Behavioural tests

Elevated Y-maze test

The test was conducted in two consecutive days - training
and memory retention. The Y-maze consists of three iden-
tical arms - A, B, C. The protocol includes 2 phases: habi-
tuation and test. During the test phase the number of arm
entries and triads were recorded, for a period of 5 minu-
tes. The spontaneous alternations (% SA) were calculated
according to the formula:

Number of alternations
% SA = - x 100
Total number of entries — 2

Elevated T-maze test

This experiment was conducted to evaluate spatial working
memory in rats. The test depends on either spontaneous
or rewarded alternation. In this study we used the second
option. Food intake was ceased 24 hours prior to the expe-
riments. Learning sessions consisted of 11 trials - an initial
forced trial followed by 10 choice trials. During the initi-
al forced trial one arm was closed and reward pallets were
placed in the other arm, therefore the animal was forced to
step in the baited arm. During choice trails both arms were
accessible, but the reward was available at the same arm as
before. The animal was placed at the base of the T-shape
and arm entries were counted. The inter-trial interval was
5 minutes. A working memory index was calculated as the
number of correct choices out of the total number of trials.

One-way step-down inhibitory “passive”
avoidance test

A two-compartment apparatus (Ugo Basile, Italy) was used.
The training session lasted 2 days. Short-memory test was
performed at day 3, but the long-term memory test was
conducted at day 8. Both, learning and retention sessions
consisted of 2 trials with the following parameters of the ap-
paratus - electrical foot shock for 10 sec with intensity of
0.4 mA. Memory retention tests were performed without
electrical stimulation. The latency of reaction was accepted
as a criterion for learning and retention. The animals that
remained on the platform 60 sec were considered as trained.

Novel object recognition test (NORT)

The test was carried out in two consecutive days. The pro-
tocol consists of three phases: habituation, training/recog-
nition and test. During the habituation the animal explores
the environment without the presence of any other objects.
Training generally involves exploration of two identical
objects whereas the test requires replacement of one of
the familiar objects with a novel one. The time spent for
exploration of the two objects was recorded and a recogni-
tion index (RI) was calculated:

RI = X 100

N+F
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where N is the time spent on the new object and F is the
time spent on the familiar object.

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics 19.0. All data are expressed as mean + SEM (stan-
dard errors of the mean). Data were analyzed by one-way
ANOVA, followed by Tukey’s post hoc test for comparisons
between the groups. A value of p<0.05 was considered to be
statistically significant.

RESULTS

Phytochemical analyses

In order to provide the required amount of extract for treat-
ment of animals during the experiment (1 month), 12 bat-
ches of GBSE with average content of dry matter 6-8% were
obtained. Quantitative LC-MS analysis showed presence
of the flavonoids quercetin, kaempferol and isorhamnetin
(as aglycones), the ginkgolides A, B, C, J and bilobalide.
The mean levels of these bioactive constituents of the
extracts are shown in Table 1.

Table 1. Levels of bioactive compounds in GBSE (dry matter

base)

Compound Amount (ug/g)
Quercetin 14.4+1.56
Kaempferol 20.2+1.83
Isorhamnetin 30.3+2.04
Ginkgolide A 222.0£17.6
Ginkgolide B +J 367.0£12.9
Ginkgolide C 147.0£10.3
Bilobalide 118.0+8.1

Data are presented as means + standard deviation (n=12). Gink-
golides A and J are isomers and cannot be resolved under the
chromatographic conditions used

Effect of GBSE on % SA in Y-maze test

Animals treated with PCM significantly increased % SA in
the memory test compared to saline (p<0.05) (Fig. 1). The
groups with GBSE in doses of 50 and 100 mg/kg signifi-
cantly increased the % SA during the memory test (p<0.05)
whereas the highest dose of GBSE did not reach significan-
ce (Fig. 1).

Effect of GBSE on working memory
index in T-maze test

The rats treated with PCM (600 mg/kg b.w.) notably incre-
ased the working memory index in comparison to the con-
trol group (p<0.05) (Fig. 2). The three experimental groups
treated with GBSE also significantly increased the working
memory index compared to saline (p<0.05) (Fig. 2).

Effect of GBSE on step-down passive
avoidance test

The group treated with PCM notably increased the latency
during the two training days (p<0.05 and p<0.01, respecti-
vely) as well as the memory tests (p<0.05 and p<0.01, res-
pectively) (Fig. 3) compared to saline. The animals treated
with the lowest dose of GBSE (50 mg/kg b.w.) significantly
prolonged the reaction time during the long-term memory
test compared to the control group (p<0.01) (Fig. 3). The
rats treated with GBSE at a dose of 100 mg/kg b.w. notably
increased the latent time during short- and long-term me-
mory tests (p<0.05 and p<0.01, respectively) (Fig. 3). The
highest dose of GBSE did not reach significance during the
retention tests in comparison to the saline.

Effect of GBSE on recognition index
in NORT

PCM-treated animals significantly improved the recogni-
tion index when compared to the control group (p<0.05)
(Fig. 4). The analysis of the three experimental groups sho-
wed that only the animals with the middle dose of GBSE
ameliorated the recognition index in comparison to saline
(p<0.05) (Fig. 4).

DISCUSSION

The results of the present study showed that GBSE contains
the major bioactive compounds found in GBLE albeit in
different proportions. We detected the presence of the flavo-
noids quercetin, kaempferol and isorhamnetin, and the ter-
pene lactones ginkgolides A, B, C, ] and bilobalide. GBSE
improved memory in four different behavioral tests that de-
pend on different brain structures. Additionally, its memory
improving effect was similar or greater of that observed with
piracetam - a standard drug for treatment of dementia.
Animals treated with a medium dose of GBSE showed
significant improvement in short- and long-term memo-
ry in step-down passive avoidance task. This was evalua-
ted by their ability to remember the foot shock that was
received in the learning session and to recall the memory
traces on day 3 (short-term memory) and day 8 (long-term
memory). The magnitude of the effect was identical with
that reached with PCM. Rats treated with the highest dose
of the extract failed to improve memory functions. Behavi-
oral responses in passive avoidance tasks are mediated by
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Figure 1. Effect of GBSE on % SA in Y-maze test; *p<0.05 compared to the control group treated with saline.
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Figure 2. Effect of GBSE on working memory index in T-maze test; *p<0.05 compared to saline.
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Figure 4. Effect of GBSE on recognition index in NORT; *p<0.05 compared to saline.

different brain structures but the hippocampus plays a cen-
tral role. Its morphological and functional integrity is im-
portant for memory retention in passive avoidance tests.”
In the Y-maze task the memory enhancing effect of the
investigated extract was assessed by calculating the % SA.
An increase in this index shows improvement in spatial
working memory. It is a well-established behavioral assay
for testing hippocampal integrity and hippocampal depen-
dent memory.!? In our study, the lowest and the middle
dose of GBSE significantly increased the % SA compa-
red with the negative control. The observed effect did not
differ significantly from that of PCM. The highest dose of
the extract again failed to enhance memory. Based on the
results from step-down passive avoidance and Y-maze tests
we may speculate that the hippocampus plays an important
role in the observed memory enhancing effect of GBSE.

Medial prefrontal cortex (mPFC) neurons are impor-
tant for encoding spatial working memory in the T-maze
task.!! It is based on the natural exploratory behavior of rats
and their willingness to visit a new arm of the maze rather
than the one they visited before. To study spatial memory
in T-maze, spontaneous or rewarded alterations are used.!?
In our research, we used the second option in which rats
were rewarded with food pellets if they chose the correct
arm of the maze. In the T-maze, the memory enhancing
effect of GBSE was registered in all experimental groups
indicating the significant role of the mPFC since its neuro-
nal activity encodes the choice and outcome in this task.!?
Obviously, this effect is not strongly dependent on the
hippocampal integrity and function but also involves cor-
tical structures.

The novel ORT is widely used to investigate the effect of
different substances on memory functions. It is based on
rats’ natural preference to the novelty when exploring their
environment. It does not require long habituation, reward,
and electric stimulation and is not sensitive to changes in

the motor functions of the animals. Another advantage is
that it consists only of one learning trial.'* The improve-
ment in memory is assessed by increasing the recognition
index which shows that the rat spends more time exploring
the novel object than the familiar one. This indicates that
in the rat memory there is information about the familiar
object. The results from the novel ORT depend on the hip-
pocampus and the perirhinal cortex. The latter is necessary
for obtaining basic information about familiarity or novel-
ty of an object whereas the hippocampus is responsible for
object memorization. Its neurons encode and keep object’s
information during longer retention intervals.!® In our stu-
dy the duration of this interval was 24 hours enabling us to
distinguish real hippocampal dependent memory impro-
vement from false positive results due to very short reten-
tion interval. Rats with hippocampal lesions do not show
memory impairment in ORT after a very short delay.!®
The obtained results demonstrate that GBSE at a dose of
100 mg/kg b.w. has a memory enhancing effect in the no-
vel ORT and this effect was comparable with that elicited
by the standard drug PCM. The other two doses did not
reach statistical significance. These results confirmed the
role of the hippocampus in the observed memory enhancing
effect of GBSE.

The determined phytochemical composition provi-
des probable explanation of this effect. Gingkolides and
bilobalide have numerous beneficial effects in the cen-
tral nervous system (CNS). Studies showed that they have
neuroprotective effect in different settings such as cere-
bral ischemia, seizures and peripheral nerve injury. Their
neuroprotective properties are achieved through different
mechanisms - antioxidant activity, anti-inflammatory
effect, inhibition of apoptosis, decreased permeability of
the blood-brain barrier, improved neuronal metabolism,
etc.!” The results from in vivo studies with bilobalide sho-
wed that it enhances memory functions in experimental
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animals. Li et al. demonstrated that in a rat model of vas-
cular dementia, bilobalide improves learning and memory
abilities in the Morris water maze test. This effect was achie-
ved due to its ability to inhibit apoptosis in brain cortex and
the hippocampal CA1 region by decreasing the oxidative
stress and decreasing the expression of the pro-inflamma-
tory cytokine TNF-a.!® Bilobalide was effective in preven-
ting memory impairment in a rat model of Alzheimer’s
disease with an intra-hippocampal injection of AP25-35
(beta-amyloid) by decreasing apoptosis, oxidation, API-
40 and TNF-alfa expression in the frontal cortex and
CAL1 region of the hippocampus.!® This could explain the
memory improving effect of GBSE in both hippocampal
and frontal cortex-dependent memory tasks. Other pos-
sible mechanism by which bilobalide exerts its neuro-
protective effect is its ability to antagonize the effect of
y-aminobutyric acid (GABA), which is well-known inhi-
bitory neurotransmitter in the CNS.?° Bilobalide also cau-
ses upregulation of hippocampal glucocorticoid receptors
expression which may also be responsible for its memory
enhancing effect.?! Chen A et al. showed that ginkgoli-
de B, another terpene trilactone found in Ginkgo biloba
extracts, was able to suppress microglial activation in
brain cortex which is responsible for the production of
proinflammatory cytokines and neuronal death.?? Based
on our results and aforementioned data about neuropro-
tective effects of bilobalide and ginkgolides, which are pre-
sent in significant quantities in GBSE, we may speculate
that these trilactones are at least partially responsible for
the memory enhancing effect of the investigated extract.

Flavonoids found in GBSE also exhibit various pharma-
cological effects including anti-inflammatory, antioxidant
and memory improving properties.?* Flavonoid content
of the tested GBSE could also provide possible explana-
tion of the observed memory enhancing and improving
effect. Quercetin belongs to the flavonol group and pos-
sesses anti-inflammatory and antioxidant properties. After
oral administration, it crosses the blood-brain barrier and
accumulates in different brain regions including the hip-
pocampus. Its neuroprotective effect is due to its ability
to reduce oxidative stress and inhibit production of nitric
oxide and pro-inflammatory cytokines from activated
microglia?* Experimental data showed that quercetin
protects the hippocampus from injury and improves me-
mory in hippocampal-dependent behavioral tasks. In a
rat model of Alzheimer’s disease, Vargas-Restrepo F et al.
demonstrated that treatment with this flavonoid has an
anti-inflammatory effect in the CA1 region of the hippo-
campus and reduces aggregation of f-amyloid plaques.?
Quercetin improves long-term potentiation in the CAl
(cornu ammonium 1) hippocampal region of rats with bi-
lateral occlusion of carotid arteries.?® Mehta V et al. found
that quercetin improves impaired memory in step-down
passive avoidance task. The results of their study also con-
firmed that this flavonoid could improve hippocampal
neurogenesis by modulating insulin signalling pathway in
this brain structure.?’

Ginkgo Biloba Seed Extract as a Memory Enhancer

Isorhamnetin, a 3-O-methylated metabolite of querce-
tin, possesses a wide variety of biological effects, including
neuroprotective, anti-inflammatory, antioxidant, antiapop-
totic, etc.?® Ishola I et al. demonstrated that isorhamnetin
improves recognition and spatial memory in mice with
scopolamine-induced amnesia. Moreover, they showed
that this flavonoid enhanced antioxidant defense, reduced
acetylcholinesterase activity and increased brain-derived
neurotrophic factor (BDNF) levels in the hippocampus and
the prefrontal cortex in mice with this model of memory
impairment.?’

Kaempferol is another flavonoid found in GBSE in sig-
nificant quantities. Like other flavonoids, it has a broad
spectrum of pharmacological activities - anticancer,
anti-inflammatory, antioxidant, antimicrobial, antidiabe-
tic, neuroprotective, etc. The latter is associated with its abi-
lity to inhibit apoptosis, metalloproteinases, nitrotyrosines,
and B-amyloid accumulation.’® Anti-inflammatory and an-
tioxidant properties also contribute to keampferol’s neuro-
protective effect. Hussein RM et al. showed that kaempferol
increases the activity of antioxidant enzymes in brain, in-
hibits the activity of the glycogen synthase kinase 3[-ery-
throid 2-related factor 2 (GSK3B-Nrf2) pathway which is
involved in oxidative stress and prevents cholinesterase in-
hibition in rats with chlorpyrifos-induced toxicity. This was
associated with neuroprotective effect in the hippocampus
and improvement of memory functions in Y-maze and
ORT.?! Other explanation of the kaempferol neuroprotec-
tive properties include inhibition of Akt/mTOR signalling
pathway in the hippocampus.’> The memory improving
effect of kaempferol was demonstrated in vivo in different
models of memory impairment using different behavioral
tasks. Kouhestani S et al. showed that in the Morris water
maze this flavonoid alleviates streptozotocin-induced me-
mory impairment in ovariectomized rats.>* Zarei M et al.
found that kaempferol improves memory in passive avoi-
dance task in animals with scopolamine-induce amnesia.>
Since in our study GBSE demonstrated memory improving
properties in the same behavioral task we may conclude
that this effect is at least partially due to the kaempferol
content of the extract.

All of the above mentioned studies have used individu-
al constituents of GBSE in doses ranging up to 10 mg/kg
bilobalide!®1%2!, 5-30 mg/kg quercetin®>%’, 10-50 mg/kg
isorhamnetin®®2?, and 10-50 mg/kg kaempferol.’!** At the
same time, in our experiments even in the highest dose of
GBSE used (200 mg/kg) the level of flavonoids was around
5 orders of magnitude lower and those of ginkgolides and
bilodalides were 3 orders of magnitude lower. The data ob-
tained showed that memory and learning enhancing effects
of GBSE were even more pronounced in the lower doses
(50 and 100 mg/b.w.). These results argue that the consti-
tuents of GBSE may demonstrate additive and/or synergic
effects on brain functions.

Another possible explanation of the demonstrated acti-
vity of GBSE in such low concentrations of the known bio-
active constituents may be sought in the fact that the bulk
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amounts of flavonoids in plants are glycosylated. Most like-
ly, the hydrophilic carbohydrate moiety affects bioavailabi-
lity of flavonoids but comparative studies are scarce®> and
this assumption needs more detailed research.

CONCLUSIONS

Phytochemical analyses revealed that the investigated
GBSE, similarly to GBLE, contains two bioactive groups of
compounds: flavonoids (quercetin, kaempferol and isor-
hamnetin) and terpenoids (ginkgolides A, B, C, J and bilo-
balide). GBSE enhances spatial working memory, recogni-
tion memory, and short- and long-term recall in naive rats
due to neuroprotective properties of the detected substan-
ces and may be as prospective as GBLE in phytopharma-
cy. The brain structures involved in the observed effect are
probably the hippocampus and mPFC.
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JKcnepumMmeHTa/IbHOe uccrnegoBaHne PUTOXUMNYECKOTO
cocTtaBa U a(pcpekTa ynyulieHMs namMaTU IKCTPaKTa
CeMSAH rMHKro ousoba

Teonopa Tomosal, Huna Jlon4eBa?, Anura Muxaitnosa?, Vinusa Kocragunos?, JTiogmun [eitaes?,
Mapnana Apruposal
I Kagpedpa xumuueckux nayx, Gaxynomem papmauu, Meduyurckuii ynusepcumem -Ilnoedus, Inosdus, Boneapus

2 Kagpedpa dpapmakonozuu u nexapcmeennoti mokcuxonozuu, Gaxynomem dapmavuu, Meduyurckuil ynugepcumem — IInoedus, Ilnosdus, boneapus
3 Kagpedpa dpapmaxonozuu u knunuseckoii papmarxonoeuu, Oaxynvmem meduvyunol, Meduyunckuil ynusepcumem — Inosdus, ITnosous, Bonzapus

Appec ana koppecnoHgeHuumn: Huna Joudesa, Kadenpa dpapmakonornu u nexapcTBeHHOI Tokcukonoruy, Pakynsrer dapmanyy, Meguuys-
ckuit yausepcuret - [Inosaus, 6yi1. ,Bacun Anpumos® Ne 15A, 4002 ITnosnus, Borrapus; E-mail: ninaninal 972@abv.bg; Tem.: +359 888 729 728

[ata nonyyeHus: 9 ampernst 2020 ¢ Jata npueMKu: 15 urons 2020 ¢ JaTta ny6nukaumm: 30 anpens 2021

O6pasel, uTupoBaHuA: Tomova T, Doncheva N, Mihaylova A, Kostadinov I, Peychev L, Argirova M. An experimental study on
phytochemical composition and memory enhancing effect of Ginkgo biloba seed extract. Folia Med (Plovdiv) 2021;63(2):203-12. doi:
10.3897/folmed.63.e53060.

Pe3rome

BBegeHue: [lepeBo rnHKro 6mmo6a canTaeTCs: OFHUM U3 fpeBHENIMX BUoB Ha 3emyte. OHO M3BECTHO KaK «KMBOE MCKOIIAEMOe»,
BO3pacT KOTOpOro coctasnAeT 200 MIUIIMOHOB /IeT. V TUCThsA, ¥ ceMeHa 3TOTO fiepeBa ThICAYeNeTUAMM MCIIO/Ib30BAINCh B TPAULIA-
OHHOV KUTaCKON MeIUIIHE.

LUenb: V3yunTs duroxummdeckuit IpoduIb SKCTPaKTa ceMAH IMHKro 6mno6a (3CI'B) u ero BmvsAHMe Ha yIydIleHNe ITaMATH.

Martepuanbl 1 MeToAbl: [ aHanmM3a 9KCTPAKTOB MPOBOAMIIN XXUIKOCTHYIO XpoMaTtorpaduio ¢ Macc-criekrpomerpueit OKX-MC).
7151 sKCIIepuMeHTOB in Vvivo camiioB kpbic muHuy Wistar crydaitasiM 06pasom pasgenum Ha 5 rpym (n=8): hpu3nonorndeckuii pac-
TBOp, mupaueram, ICI'B 50, 100 1 200 mg/kg Maccel Tena. beitu BemonHeHs! TecTs T-06pasHbIit TaOUPUHT, Y-06pasHblil 1abMpuHT
(Y-maze, T-maze), TecT Ha maccuBHOe nsberanue (step-down passive avoidance test) u TecT pacro3HaBaHus HOBOro o6bekTa (novel
object recognition test (NORT). Habmrofaemble mapamMeTphbl BK/IIOYA/IN: CKOPOCTb CIIOHTAHHBIX M3MeHeHuit (% SA), nHpekc pabodeit
TIaMsITH, MHJEKC I03HAHMS Y MHJEKC 3afepKKu peakiuy. CTaTUCTUYeCKMIiT aHaIu3 ObIT BBIOHEH C UCIonb3oBaHueM SPSS 19.

Pesynbrarbl: JKX-MC aHanm3 mokasan IpUCyTCTBIE (IaBOHOMOB KBepIlieTHHa, KeMIIpepoa, I30paMHeTHHa (B BIJie aITIMKOHOB),
TMHKromupoB A, B, C, ] u 6unobanuga. B sagade Y-mabupunTa rpymnmnsl, nonydasume 50 u 100 mg/kg 9CI'B, sHa4UTeNbHO yBeM-
g % SA BO BpeMsi TeCTa HaMsTH [0 CPAaBHEHMIO C IPYIIOIL, Homy4daBlIeit ¢pusnonorndeckuii pactsop (p<0.05). B T-o6pasHom
MabVpUHTE TPU SKCIIEPUMEHTa/IbHBIE IPYIIIbL, Hony4asume ICI'B, 3HAYNTENBHO YIyqIININ HAEKC paboyeil TaMATH IO CPaBHEHUIO
€ KOHTpO/IbHOI rpymmoit (p<0.05). [Tpu TecTe Ha maccuBHOe n3beranue XMBOTHBIE, nony4aBiye 100 mg/kg maccst Tena CI'B, 3Ha-
YUTENbHO YBEMTUYMIN 3a[ieP>KKY OTBETa BO BpeMs 000MX TeCToB yaepxkanus (p<0.05 n p<0.01, coorBeTcTBeHHO). ITprt NORT TONBKO
JKVMBOTHBIE €O cpefHeil Bo30it DCI'B yXymmmmm KOTHUTUBHBIN MH/IEKC 10 CPaBHEHMIO C TPYIIIION, TOMy4YaBIueil (G1M3M0IOrndecKmit
pactBop (p<0.05).

3akntoueHune: OCIB yrydimn IpocTpaHCTBEHHYIO pabo4yio MaMATb, KOTHUTUBHYIO IIaMATh, & TaKKe KPaTKOCPOYHYIO ¥ JIO/ITO-
CPOYHYIO IaMATb Y MCCTIEHOBAHHbBIX KPBIC 33 CYET CUHEPTeTNYECKOTO BO3JEIICTBISA YCTaHOB/IEHHBIX (D/IaBOHOUJIOB U T€PIIEHOBBIX JTaK-
TOHOB Ha (PyHKINIO MO3ra. [IopakéHHBIMU CTPYKTYpaMM TOJIOBHOTO MO3Ta, BEPOATHO, SB/LAIOTCA TMIIIOKAMII ¥ IpedpOHTaNIbHAA
Kopa.

KnwoueBble cnoBa

(draBoHOU/IBL, TAMATD, PUTOIIPENIaPaTLI, TEPIIEHOBbIE TAKTOHBI
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