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Effects of memantine on the passive avoidance test
in young rats
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Alzheimer s disease (AD) is a long-lasting progressive neurodegenerative disease that degrades memory and
cognitive function and is often complicated by disorientation and other psychiatric syndromes. At present,

to improve the condition of patients with AD, for their treatment, use the drug memantine. The drug is a

noncompetitive antagonist of NMDA glutamate receptors in the brain. The present experiments aimed to

test the influence of memantine on the memory processes in rats. We used the passive avoidance test “Step-

down”. The latter is used to assess memory function based on the association formed between a particular
environment that an animal is learning to avoid and a negative stimulus in the form of a weak electric shock
to the feet. We found that memantine significantly, twice, decreased the latency time step-down from the
platform in rats during their familiarization with the chamber. The rats became more determined and less

afraid of the unknown environment under memantine. Memantine significantly affected the emotionality of
young rats, which leads to errors in the passive avoidance test. However, it did not impair memory. It can

be concluded that memantine induces a shift toward greater excitability in rats.
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INTRODUCTION

It is well known that Alzheimer’s disease is
a long-lasting progressive neurodegenerative
disease that degrades memory and cognitive
function and is often get complicated by
disorientation and other psychiatric syndromes.
It is the most common cause of dementia [1].
Currently, several hypotheses are related to
the etiology of this disease. The most known
of them are amyloid, acetylcholine, calcium,
mitochondrial, and others [2]. In our previous
experiments, we have shown the role of
mitochondria in amyloid-f action on the nerve
and glial cells at modeling AD [3, 4]. We also
tested the medicinal preparation memantine,
which is used in the treatment of AD to the
behavioral responses of rats of different ages
(5-7). Also, experiments were carried out that
showed the involvement of calcium ions and
calcium channels of the neuronal membrane in
the mechanisms of action of amyloid-f [8, 9].

At present, several drugs are used for the
treatment of AD, and memantine is used to
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improve the condition of patients with AD
among them. Interestingly, memantine is the
only FDA-approved drug for treating AD, not
an acetylcholinesterase inhibitor [10]. The drug
is a non-competitive, low- to medium-affinity
antagonist of NMDA glutamate receptors in
the brain. Memantine’s principal mechanism
of action is believed to block Ca*" current flow
through pores of NMDA receptor-operated ion
channels, reducing the effects of excitotoxic
glutamate release. Memantine has a higher
affinity than Mg?" ions at the NMDA receptor,
thereby blocking prolonged Ca’" influx while
preserving transient physiological activation
of the ion channels by activity-dependent,
synaptically released glutamate [11]. Memantine
also is an antagonist of the type 3 serotonin
(5-HT3) receptor, and a low-affinity antagonist
of the nicotinic acetylcholine receptor, but
does not bind other receptors of neurologic
or psychiatric drugs, such as adrenergic,
benzodiazepine, dopamine, GABA receptors,
or voltage-dependent calcium, sodium, or
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potassium channels [12]. Therefore, according
to the mechanism of its action, the action of
memantine can be attributed to preventing of
glutamate excitotoxicity and finally, to the
calcium hypothesis.

It is known that memory is most affected
in AD patients. Therefore, to determine the
effectiveness of the action of memantine, it is
logical to use specialized behavioral tests for
memory and learning in animals. Among other
tests, the passive avoidance test “Step-down”
[13-16] which is a fear-aggravated test, is used to
evaluate learning and memory in rodent models
of CNS disorders. In this test, animals learn
to avoid an environment in which an aversive
stimulus (such as a foot-shock) was previously
delivered. This test is widely used to prove the
effectiveness of drugs [14] or other influences
such as hypoxia etc. [17].

Earlier it was shown that memantine has
an individual therapeutic effect on patients.
Some of them confirmed its effectiveness,
others denied it [18]. Therefore, the present
experiments aimed to test the influence of
memantine on memory processes in young rats
to determine whether memantine really affects
memory processes, or its action is directed to
other accompanying processes.

METHODS

All experimental procedures followed the Eu-
ropean Commission Directive (86/609/EEC) and
approved by the local Animal Ethics Committee
of the Bogomoletz Institute of Physiology (Kyiv,
Ukraine). All efforts were made to minimize
the numbers and suffering of animals used. Ex-
periments were carried out on male Wistar rats
aged 1-3 months, weighing 80-280 g. Rats were
kept under standard vivarium conditions (tem-
perature 23-25°C). Animals were divided into
control and experimental groups (n =5 in each).

Memantine (officinal form Akatinol Meman-
tine) was used. An aqueous memantine solution
was administered at a dose of 20 mg/kg per os
for 1 h before the experiment.

We used standard protocol, the passive
avoidance test “Step-down” (PAT), which, in
detail, was described earlier [19]. We used a
box for experiments “step-down” (15x25x25
cm) with the raised plastic platform. The passive
avoidance test is used to assess memory function
based on the association formed between a
particular environment that an animal is learning
to avoid and a negative stimulus in the form of
a weak electric shock to the feet. The essence of
the method is that when a rat is placed on a raised
platform in the center of a rectangular space,
almost immediately, it begins to step-down to the
floor to explore the space and approach the walls.
The time it takes for the animal to step-down is used
to quantify this process. As soon as the animal hits
the electrified grid floor, a strong electric shock is
given to the feet. The rodent’s ability to remember
this fact is tested by repeatedly placing the animal
back on the platform.

The animal changes its behavior to avoid
electrical shock; this manifests in an increase in
the delay period or refusal to step-down. Latency
is used to evaluate memory. Increasing or
decreasing latency allows to get an assessment
of the improvement or deterioration of memory
and learning processes.

Data are presented as means =+ standard error
(SE). The statistical significance of differences
between the values in control and treated groups
was estimated using a Student’s t-test; the cases
with P <0.05 were considered to be statistically
significant.

RESULTS AND DISCUSSION

In our experiments, a plastic disk 15 ¢cm in
diameter and 5 cm in height was attached in
the chamber’s center with a grid floor and was
movable. The critical moment was placing the
animal on the platform. We did not place the
rat directly on the platform, since the desire
to avoid contact with the experimenter’s hand
can reduce the latency period of a step-down.
Besides, the time for the animal’s release from
contact with the hands is rather inaccurate; also,
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the experimenter’s influence can affect the time.
To overcome these difficulties, we placed the
animal in a glass cylinder covering a plastic
platform. A hollow glass cylinder, 30 cm high
and 20 cm in diameter was easily slipped onto
this round platform. The test rat was placed
in a cylinder on a platform (Fig. 1). And the
animal was released after 10 s, quickly lifting
the cylinder. After raising the cylinder with the
animal being on the platform, the latent time
countdown began.

The first phase was “familiarization”, which
consisted of placing the animal on the platform,
as described above. Then the step-down latency
time (tl) was measured. The latency period was
measured from the moment when the animal was
step-down on the floor until it removed all four
legs from the platform. After that, the animal
was placed in a living cage. This procedure was
repeated 3 times at 30-minute intervals. It can
be seen that tl decreased with each experience
as the animal becomes familiar with the new
environment. Large initial delays in the descent
of the animal from the platform are associated
with fluctuations in decision making. During the
second and third trials, the mean values of the
latent period of descent decreased. The latter is

_
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Fig. 1. The platform from which the rat steps down. The
cylinder that limits it is also shown. The bar indicates that the
cylinder is raised

i
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related to the acquired experience of step-down.

The experiments showed two groups of rats
that differed in the time they left the platform
(tl), Fig. 2, A. Some animals performed their
descent more quickly, others more slowly.
It is known that the behavior of rats has a
multidirectional character: active rats have a
pronounced orienting-exploratory reaction to
an unknown environment, as a result of which
they quickly make decisions and are proactive
(rats 1, 3, 5 in our case, Fig. 2, A). Animals with
a predominance of passive-defensive reaction
to new situational conditions (a pronounced
vegetative component is noted) make decisions
more slowly (rat 2 and 4 on Fig. 2, A). Figure 2,
B shows the mean values of the tl, which were
20.88 +7.83,9.05 £3.44, and 6.19 +£ 2.04 s for
1, 2, and 3 serial trials correspondingly.

In the next experiments, we did the “training”
stage. As soon as the rat stepped down from the
platform on the third trial, a current (50 Hz, 0.4
mA) was applied to the grid floor for 1 s, and
after that, the animals were returned to the living
cage. An important point is the timing of the
electric current. The current was not supplied
at the first contact of the animal with the floor,
since a light touch with the front paws does not
give the required intensity of the electric shock.
Therefore, the current was turned on when the
animal stood on the grid floor, with all four
paws. The electric shock, used immediately after
the third descent, caused a pronounced reaction
of fear, characterized by fading, falling to the
floor, jumping, puffing up the fur, and heavy
breathing. When the rat found a platform, it
remained either motionless on it or made studies
and jumps in a vertical direction (climbed on its
hind legs, sniffed), but avoided descent to the
grid floor. In most animals, the latent period of
descent exceeded 1 min. Although some animals
rushed around, not understanding that they
needed to climb onto the platform.

The next step was the “reproduction” stage
of the reflex. After 24 h, the rats were placed
back on the platform, and the latency of descent
was measured. Testing ended when the animal
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stepped down or remained on the platform
for more than 1 min. The only parameter
that was measured was decent latency. These
“reproduction” experiments were repeated about
once per week. Experiments have shown that the
performance of the test by rats is quite individual.
A representation of the percentage of successful
tests (in %) of all trials for every rat is shown
in Fig. 2, C. The figure shows the individual
performance of the avoidance test. It can be seen
that more successful was rat 1 and more failed
rat 2. As can be seen, this test’s performance did
not correlate with whether the animal belonged
to the active or passive phenotype (Fig. 2, A).
The shaded columns correspond to the passive
phenotype. Figure 2, D presents mean tl values
obtained from the control group for seven
weeks. As can see, the mean values of tl in the
control group, in the beginning, it was small
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(17.45 £ 4.78 s), then gradually increased,
reaching a maximum (57.33 £ 2.67 s) for two
weeks, then decreased slightly (46.69 + 10.94 s).
The observed scatter of data was noticeable
due to the individual characteristics of animals
(Fig. 2, C). In the next experiments, we tested
the memantine group. The same experimental
protocol was used, and measurements were
taken on the same days as the control group.
In the first stage, “familiarization”, it is proved
that the rats are also divided into two groups
differing in phenotype, Fig. 3, A. The figure
shows that 1st and 2nd rats belonged to the
active phenotype and 3, 4, and 5 to a passive
one. However, all groups demonstrated a more
short time of leaving the platform than the
control one. We found that mean values of tl for
all three trials were close in meaning and little
differed from each other in contrast to the control
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Fig. 2. Reactions of the control group of rats to the passive avoidance test “Step-down”. A, the stage of the experiment
“familiarization”. The latent time of descent (tl) for every trials (1, 2, 3) for every tested rats is presented. B, mean latent time
of descent. C, the success of the performance of the test by each rat (stay on a platform more than 1 minute). Columns with a
pattern indicate a group with a passive phenotype. C, Changes the mean value of latent time of descent (tl) over a long period
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group, in which successive values decreased
exponentially (Fig. 2, B). Their values were
9.8+3.61,8.35+2.63, and 8.5 £3.46 s for 1st,
2nd, and 3rd trial correspondingly, Fig. 3, A. It
is noticeable that the value of the time of the
first attempt is much shorter than in the control
group, and it differs more than twice, Fig. 4,
A. It can be seen that the mean values of tl are
almost the same for all three tests (Fig. 3, B).
In the memantine group, animals were also
represented by active and passive (Fig. 3, A).
As in the control group, it turned out that the
phenotype did not correlate with the animals’
success in the passive avoidance test (Fig. 3,
C). Figure 3, C shows individual success in
performing the test in the rats. It can be seen
that the success of individual animals varied
significantly; the most successful was rat 3, the
less rat 4. However, it should be noted that the
latency time for leaving the platform decreased

significantly in the entire group (Fig. 3, B).
Especially, this concerned the first attempt at the
“familiarization” stage. The mean latency time
was decreased by two times and accounted for 9.8
s (Fig. 4, A). This phenomenon can be explained
by the fact that the rats became more determined
and less afraid of the unknown environment
under memantine. Average latency values during
a prolonged period of measurements are shown
in Fig. 3, D. It can be seen that the mean time
spent by the rats on the platform increases,
reaching an average value for all animals of 50 s,
which indicates the consolidation of the passive
avoidance reflex in time.

Averaged data on the success of the passive
avoidance step-down test is shown in Fig. 4,
B. Figure 4, C shows that the success of rats
of the memantine group is lower than that of
the control. The decrease in latency time in
rats treated by memantine can be explained by
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Fig. 3. Reactions of the memantine group of rats to the passive avoidance test “Step-down”. The description is the same as in
Fig. 2, only with memantine group of rats
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the drug’s effect on their emotionality. Thus,
animals from the memantine group remembered
well that one should not go down to the floor
from the platform. Still, instead of sitting
motionless on the platform, they were extremely
active in avoiding being in the experimental
chamber. They stood up and constantly jumped
to jump out of the experimental chamber. During
these jumps, they found themselves outside the
platform. As a result, the latent time indicators
were recorded and had smaller values. The latter
also influenced test success estimation.

It should be noted that the memantine did
not significantly affect the changes in the weight
gain of the animals (Fig. 4, D), although it tended
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to slow down weight gain. The latter can be due
to the greater emotionality of this group.

Summarizing the obtained data, we can
conclude that memantine affects the behavior
of young rats. First of all, it influenced rats’
emotionality, causing their mobility, searching
activity, panic, etc. It was also noticeable that
memantine had an individual effect on the
passive avoidance test. Some of the rats became
very emotional, and in anticipation of an electric
shock, they behaved in a panic, trying to jump
out of the experimental chamber. In the control
group, we did not observe this.

Interestingly, the effect of memantine can be
individual and in people. Thus, some patients
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Fig. 4. Comparison of parameters of control and test groups of rats taking memantine. A, the average value of successfully
fulfilling the descent avoidance test (stay on platform more 1 min) was recorded for several weeks. B, the mean values of
successfully fulfilling the descent avoidance test for all tests are shown. C, mean values of latent time (tl) during “familiarization”
stage of the experiment in control and memantine group are shown. D, mean values of changes in body weight of the control
and memantine groups are shown. Light symbols — control group, dark —-memantine group. Significance of the differences with

P < 0.05 is indicated by asterisk
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noted an improvement in their condition when
using memantine, others did not notice the
effect [18]. Randomized controlled trials of
memantine in AD patients show very different
outcomes. With some caution, it may be
concluded that possible effects are larger in
patients with moderate to severe AD than in
patients with mild to moderate AD [20]. Thus,
it found the important differences in the efficacy
of memantine in mild AD compared to that in
moderate-to-severe AD. There is a small clinical
benefit of memantine in people with moderate-
to-severe AD, which occurs irrespective of
whether they are also taking other treatments,
but no benefit in people with mild AD [11].
Memantine is one of the few drugs currently
approved for the treatment of AD. The clinical
effects of memantine are believed to be rela-
ted to inhibition of the NMDA receptors.
Surprisingly, other NMDA receptor blockers
have unacceptable side effects that prevent them
from being considered for the treatment of AD.
One of the mechanisms proposed to explain the
therapeutic benefits of memantine involves a
preferential reduction in the excitatory impulse
to inhibitory neurons in the cortical circuits
and subsequent changes in the balance between
excitation and inhibition. Research by Povyshe-
va and Johnson elucidated a novel mechanism of
action of memantine associated with shifting of
this balance away from inhibition in neocortical
circuitry [21]. This may explain our results
when the memantine group of rats became more
emotional, a shift toward greater excitability.

CONCLUSIONS

1. Memantine significantly, twice, decreases the
latency time step-down from the platform in rats
during their familiarization with the chamber.
The rats became more determined and less afraid
of the unknown environment under memantine.

2. Memantine significantly affects the
emotionality of young rats, which leads to errors
in the passive avoidance test. However, it does
not impair memory.

ISSN 0201-8489 ®ision. scypn., 2020, T. 66, Ne 5

3. It can be concluded that memantine
induces a shift toward greater excitability in rats.
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BIIVIUB MEMAHTUHY HA KOTHUTHUBHI
OCOBJJIHUBOCTI MO3KY MOJIOJUX LIIYPIB

Inemumym ¢hizionoeii im. O.0. bocomonvysa HAH Vxpainu,
Kuis,; e-mail: elena@biph.kiev.ua

MeToro Hamoro eKCepuMeHTy Oyiia IepeBipka BIUIMBY Me-
MaHTHHY Ha IIPOLIECH ITaM’T1 y IypiB. MM BUKOPHCTOBYBAJIH
TECT «IIACUBHOTO YHUKHEHHs» («Step-downy») Juis OLiHKH
¢GyHKIIT mam’aTi Ha OCHOBI acomianii, copMoBaHOi MiX
KOHKPETHHM CEepPEIOBHIIEM, SIKy TBApPUHA BUMTHCS YHHUKATH,
i HETaTUBHUM CTHMYJIOM Y BUIVISJI CIa0KOTrO €JIeKTPUIHOTO
ynapy. BusiBieno, 1o j1ist MeMaHTHHY 3HA9HO 3MEHIITY€ Yac 3a-
TPUMKH CXOJ1y 3 ITIaT(OPMH Y LIy PiB ITiJT 4ac IX 03HalOMIICHHS
3 kameporo (Maibke BaBiui). Lllypu craBanm 6inbnn pinryanmu
i MeHIIIe OOSUTNCS HEBIJIOMOTO OTOYEHHS IIPH J1if MEMaHTHHY.
BiH cyTT€BO BIUTMBAaB Ha €MOIIHHICTH MOJOAUX HIYPIB, MO
MIPU3BOJIMIIO IO IOMMJIOK Y TECTi «ITAaCHBHOTO YHUKHEHHSD).
OjHak e He TOTipIIyBaio mnam’stb. MokHa 3pOOUTH BH-
CHOBOK, 1110 JIisi MEMaHTHHY I1aIBUIIY€ 30Y/UIUBICTD Y IIypiB.
KitrouoBi ciioBa: xBopoba AnbLreiiMepa; MEMaHTHH; 1Ly PH;
NOBEJIiHKA; pedieKec TaCHBHOTO YHUKHEHHS; I1aM’SITh.

B.A. Top6auenko, E.A. JlykbsiHen

BJIUSAHUE MEMAHTHUHA HA KOTHUTUB-
HBIE OCOBEHHOCTH MO3T'A MOJIOABIX
KPBIC

[enpro HamIEro 3KCIEpUMEHTa ObLIO MPOBEPUTH BIIHSIHHE
MEMaHTHHA Ha ITPOIIECChI TAMSITH Y KPBIC. MBI HCTIOIB30BAIN
TECT «MAcCCUBHOTO m30eranus» («Step-downy) i OLECHKH
(GYHKIMM TaMSITH Ha OCHOBE acCOLUAIINU, CHOPMUPOBAHHOMN
MEX1y KOHKPETHOM Cpeloil, KOTOPYH KUBOTHOC YUUTCS
n30erarh, 1 HETATUBHBIM CTUMYJIOM B BHJIE CITA00T0 SIICKTPH-
geckoro ynapa. O6HapyXeHo, 4TO JeHCTBUE MEMaHTHHA 3Ha-
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YUTEILHO YMEHBIIIACT BPEMsI 33JICPIKKH CX0/1a C IIaT(hOpMbI
y KpBIC BO BpeMs UX O3HAKOMJICHHUS C KaMepoi (B J1Ba pasa).
)KI/IBOTHl)le CTAaHOBUJIUCH 60.]'[66 pemuTeanban U MCHBIIIC
0O0sUTHCh HEN3BECTHOTO OKpY)KeHHUs1. OH CYILECTBEHHO BIIHSI
Ha DMOIIMOHAJIBHOCTb MOJIOABIX KpblC, qTo0 l'lpI/lBOIlI/I.]'IO K
oIIMOKaM B TECTE «IaCCUBHOTO mM3beranus». OIHAKO 3TO HE
yXyaumanao namsaTte. MOXXHO caenath BBIBOX, 4TO JeiicTBHE
MEMaHTHHA IIOBBIIIACT BO36y)11/IMOCT]> y KprC.

Kirouessie ciioBa: 60e3Hb AnbireiiMepa; MEMaHTHH; KPBICHI;
noBeicHNe; peIIeKC MaCCUBHOTO N30CTaHuUs; MaMSTh.
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