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Introduction

Polysialic acids (PSA) of the outer cell membrane are widely distributed in the neuronal tissue.
Their linkages to the glycolipids and glycoproteins are essential for synaptic plasticity.
Neuraminidase (NEU) is the main enzyme, which controls PSA population by removing
sialic acids from sialoglycoconjugates. Aim. In the present study, we investigated the role of
NEU inhibition in hippocampal short-term memory processing. We previously showed that
NEU blockage results in a significant decrease in long-term potentiation (LTP) and an increase
in short-term depression of hippocampal CA3-to-CAl network in the stratum radiatum.
Methods. Using specific blocker N-Acetyl-2,3-dehydro-2-deoxyneuraminic acid (NADNA),
we examined the effect of downregulation of NEU activity on paired-pulse plasticity at Schaffer
collateral-CA1 pyramidal cell synapses of the rat hippocampus. Results. The present study
demonstrates that suppression of endogenous NEU causes an increase in the excitatory post-
synaptic potentials without alterations in paired-pulse ratio. Conclusions. Inhibition of NEU
activity did not affect paired-pulse plasticity, which reflects changes in the release probability
of presynaptic site. We hypothesized that effect of NADNA on basal transmission and LTP is
due to the involvement of postsynaptic mechanisms.
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Polysialic acids are the negatively charged hippocampus was demonstrated using SNA-I
chains on the outer cell membrane surface. lectin staining [1, 2]. The role of PSA in the
They are widespread in the neuronal tissue. excitability was shown on the different models
Previously the PSA appearance in the CA1 of epileptogenesis, activity-dependent synap-
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togenesis and synaptic plasticity of the hip-
pocampal neuronal networks [3—6]. The main
regulator of the PSA amount is the endogenous
enzyme neuraminidase [7]. High concentra-
tions of NEU significantly decrease the level
of PSA on the membrane surface. NEU applied
to the hippocampus influences many neural
functions including neurotransmitter release,
memory, synaptic plasticity, axon outgrowth
and neural differentiation [8—10]. NEU blocker
has an opposite effect on the PSA cluster quan-
tity and respectively on the neuronal exci-
tability: increases the firing frequency and
amplitude of spontaneous synchronous oscil-
lations, and the frequency of multiple unit
activity in cultured rat hippocampal slices [1,
11]. Previously it was shown that downregula-
tion of NEU activity decreases synaptic plas-
ticity in both long and short forms in the CA3-
to-CA1l apical dendrite synapses [6] and
mossy-fibers-to-CA3 pyramidal cell synapses
[12]. In this work we examined whether the
presynaptic mechanisms associated with neu-
rotransmitter release are affected by neurami-
nidase inhibition.

Materials and Methods

All experimental procedures were performed in
accordance with the requirements of the European
Union Directive 2010/63/EU on the protection
of animals used for scientific purposes and ap-
proved by the Committee on Biomedical Ethics
of the Bogomoletz Institute of Physiology of the
National Academy of Sciences of Ukraine (pro-
tocol No. 1/23 dated 03/22/2023).

Slice preparation

Rats were deeply anesthetized by diethyl ether,
decapitated, then the brain was gently removed

and placed into ice-cold oxygenated (95 %
0,5 % CO,) artificial cerebrospinal fluid
(ACSF) of following composition (in mM):
NacCl 119, KCI 2.5, CaCl2 2, MgCl2 1.3,
NaHCO3 26, NaH2PO4 1, and glucose 11
(pH 7.35). Hippocampi were isolated, cut into
400 pm slices using vibratome, and incubated
in the oxygenated ACSF for 1.5-2 hours.

Electrophysiology

Brain slices were transferred to the incubation
chamber and superfused with oxygenated
ACSF at a rate of 2 ml/min (22-24 °C).
Extracellular recordings were obtained within
the CA1 stratum pyramidale (SP) of hippo-
campus with extracellular glass microelec-
trodes (3—4 MQ) filled with ACSF using
patch-clamp amplifier (PC 501 A, Warner
Instruments Corp., Hamden, CT). Stimulating
and recording electrodes were placed on the
slice surface approximately 400 pm apart
from each other. Evoked postsynaptic re-
sponses were elicited by stimulation of
Schaffer collateral-commissural pathway us-
ing a concentric bipolar stimulating electrode
(FHC Inc., Bowdoin, ME) connected to a
flexible stimulus isolator (ISO-Flex, A.M.P.
Instruments, Jerusalem, Israel). Stimulation
intensity varied between 150 and 400 pA in
all slices. At the beginning of each experi-
ment, the maximal synaptic response was
determined by generating input—output
curves. For induction of paired-pulse plasti-
city, two stimuli were delivered to the hip-
pocampal pathway with the interstimulus
interval (ISI) ranging from 25 to 500 ms. The
paired-pulse ratio was defined as A2/Al,
where Al and A2 are amplitudes of the po-
pulation spikes evoked by first and second
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pulses, respectively. Recordings were digi-
tized at 10 kHz and filtered at 3 kHz using an
analogue-to-digital converter (National
Instruments, Austin, TX) and stored on a
computer using the WinWCP program
(Strathclyde Electrophysiology Software,
University of Strathclyde, Glasgow, UK).

NEU Blocker Treatment

Brain slices were incubated with NADNA
during 2 hr at room temperature, then exten-
sively washed with ACSF before recordings.
In all experiments we used NADNA in con-
centration of 500 uM purchased from Sigma-
Aldrich (St. Louis, MO, USA). The specifici-
ty of the effect of NADNA as a blocker of the
endogenous NEU was shown in histological
and electrophysiological studies in our previ-
ous reports [1, 5].

Data Analysis

Offline analysis of the recordings was per-
formed using Clampfit (Axon Instruments,
USA), Prism 8 (GraphPad, La Jolla, CA), and
Origin 8.5 (OriginLab, Northampton, MA)
software. Initially, the normality of the distri-
butions was evaluated using the Shapiro-Wilk
test. In cases where the data were parametric,
an unpaired two-tailed Student’s t-test was
employed, with Welch’s correction applied to
accommodate for variances that were different.
However, if the data were non-parametric, an
unpaired Mann-Whitney test was used instead.
A p-value less than 0.05 was considered sig-
nificant. Data are shown as mean = SEM.

Results and Discussion

To determine whether pharmacological bloc-
kade of NEU alters short-term synaptic plasti-
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city in the CA1l pyramidal cell layer of rat
hippocampal slices, using a paired-pulse sti-
mulation paradigm, we examined the effect of
downregulation of NEU activity on synaptic
transmission and neuronal firing. Depending
on presynaptic release probability, the paired-
pulse plasticity can take the form of facilitation
or depression [13—15].

Stimulation of Schaffer collaterals at a
25 ms ISI leads to paired-pulse facilitation of
dendritic excitatory postsynaptic potentials
(EPSPs), which could be accompanied by
paired-pulse depression of somatic EPSPs and
pop-spikes (PSs), reflecting diminished pro-
pagation of excitatory inputs to the soma and
diminished pyramidal cell firing [16].
Incubation with 500 uM NADNA for 2 hr
decreased 2m PSs at IST 25 ms in 46.2 % of
slices (n = 6 out of 13 slices) while in the
control slices paired-pulse depression was
observed in 33.3 % of slices (n = 3 of 9 sli-
ces). We suppose that decrease of 2nd PSs in
NADNA-treated slices is observed due to
enhanced release probability to the first pulse.
Indeed, electrophysiological recordings in the
hippocampal CA1 pyramidal cell layer have
shown increased basal excitatory transmission
following NEU blockage (pop-spike ampli-
tude, 0.26 = 0.02 mV [n = 19] in control
versus 0.55 = 0.03 mV [n = 27] in NADNA-
pretreated group, P < 0.0001, unpaired
Welch’s t-test). Analyzing paired-pulse ratio
at ISI 25 ms we have not found any signifi-
cant alterations of short-term plasticity after
NEU inhibition (P = 0.85, Mann-Whitney
test, Fig. 1).

We also observed paired-pulse depression
at ISI 50 ms in 11 % of control slices (n = 1
out of 9 slices) and 20 % of NADNA-treated



Effect of neuraminidase on synaptic plasticity

slices (n = 3 out of 15 slices). Paired-pulse
ratio did not change due to NEU blockage
(P =0.19, Mann-Whitney test, Fig. 1).

At ISI 100 to 500 ms all control and
NADNA-pretreated slices demonstrated
paired-pulse facilitation, paired-pulse ratio of
postsynaptic responses did not change after
NEU inhibition (P = 0.81, Mann-Whitney test,
Fig. 1).

The main finding of the current study is that
regardless of the significant effect of NEU
blockage on basal synaptic efficacy and long-
term potentiation, it does not affect short-term
synaptic plasticity. Our results are in agree-
ment with previous study, when NEU was
applied exogenously to decrease concentration
of PSA on the outer cell membrane, and had
no influence on the short-term plasticity in
CA3-to-CA1 networks of organotypic hippo-
campal culture [17]. In addition, application
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Fig. 1. The effect of neuraminidase inhibition on paired-
pulse plasticity in CA1 pyramidal cell layer of hippocam-
pus. The graph summarizes the paired-pulse ratio of pop-
spike amplitudes in control (white) and NADNA-pre-
treated slices (grey). Insets: averaged sample records of
pop-spike at CA3-CA1 synapses measured at 25 ms ISL.
All data are presented as Mean = SEM.
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of another NEU blocker, oseltamivir carboxy-
late, the active form of anti-influenza drug
Tamiflu, did not change the paired-pulse po-
tentiation of population spikes in CA1 region
of the hippocampus [18]. However, at mossy
fiber — CA3 pyramidal cell synapses NADNA
failed to decrease the paired-pulse facilitation
(Minami et al., 2016). Thus, the mechanism
of synaptic plasticity induction at mossy-fiber-
CA3 synapses differs from that in Schaffer
collateral-CA1 synapses [19].

Since the paired-pulse plasticity reflects
changes in the release probability of presyn-
aptic cell [15], we hypothesized that pharma-
cological blockade of NEU activity does not
affect the mechanisms of release probability
on the presynaptic site. The evidences that
pretreatment with NADNA influences the LTP
[6, 12] are in favor of postsynaptic mecha-
nisms evolved in its manifestation. As NEU
blockage promotes desialylation on the cell
membrane, it can change cell surface proper-
ties. Previous studies indicate that increase in
membrane sialylation or downregulation of
NEU activity could significantly alter neuronal
activity. The possible mechanism of long forms
of synaptic plasticity alterations due to desi-
yalylation is the transient decrease in synaptic
strength according to vesicle depletion or de-
sensitization of postsynaptic receptors and
activity-dependent receptor internalization
[20-22].

Conclusions

Our data indicate that regardless of the ISI the
paired-pulse ratio (PPR) of postsynaptic re-
sponses did not change after NADNA pretreat-
ment in CA3-to-CA1 network of hippocampal
pyramidal cell layer.
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dapmakoJIoriyHe 0J1I0KyBaHHSI AaKTUBHOCTI
HeiipaMiHiZa3u He BIVIMBA€ HA MJIACTHYHICTD,
BUKJIMKAHY MAPHOI0 CTUMYJISIi€I0, HEHPOHHOT
mepe:xki CA3-CAl rinokamna

A. B. CaBoruenko, O. B. Icaera, [I. C. IcaeB

[omicianosi kucnoru (ITICK) 30BHIIIHBOKIII THHHOT MEMO-
paHM MIMPOKO PO3MOBCIOMKEHI Y HEpBOBiil TkaHuHi. 1x
3B’SI3KH 13 IIKOJIMIIaMH Ta TIIKOIIPOTEIHAMH € BKpa
BXJIUBUMH y TPOLIECAX CHHANTHYHOI IUTACTHYHOCTI.
Heiipamininaza (NEU) € ocHOBHUM (hepMEHTOM, SIKWI

KoHTporoe KutbKicTh [ICK nymmxoM po3miernieHHs ciao-
BHX KHCJIOT i3 cilaJonmoKokoH toraris. Mera. B naniii
poOoTi MU TOCHTIKYBaITH posb O1okyBanHs NEU y mpo-
ecax 0OpoOKH KOPOTKOTpHBAIIOl Iam’ati. PaHimme Hamu
Oyro mokazaso, 110 ookaga NEU npusBoanTs 10 CyTTe-
BOTO 3HIKCHHS JJOBIOTPHUBANIOT OTEHITAIii Ta 301TbIIICH-
HS1 KOPOTKOTpHBaIoi Aenpecii y HeiiponHil Mepesxi CA3-
CA1 pagianpHOTO mapy rimokamia. MeTtoau. Bukoprc-
TOBYFOUH crierudiunmii Omokatop N-aretwi-2,3-neriapo-
2-ne3okcuHeiipaminoBy kuciaoTy (NADNA), mu mocii-
moKyBa edext mpurHideHHs aktuBHOcTi NEU Ha
IUIACTUYHICTB, 1HIYKOBaHY MapHOIO CTHUMYIISIIIIEIO B CH-
Haricax Bin komnarepanei laddepa no CAl ninstHKH
TipaMiTHOTO mIapy rinokamma mypis. PesyasTaTn. B na-
HOMY JTOCIIIJIPKCHHI TPOJEMOHCTPOBAHO, 0 OJIOKYBaHHS
NEU Buknnkae 3011b11eHHS 30y/DKYIOUMX OCTCHHANTHY-
HUX ITOTEHIIiaJIiB 6€3 3MiH y CIiBBiTHOIIEHHI (acruiTarii/
nernpecii. BucnoBku. [Ipuraidenns aktusHocti NEU He
BIUTHBA€E HA IUIACTUYHICTh, BUKIIMKAHY TAPHOIO CTUMYJISI-
Ii€10, SIKa BigoOpaXka€ 3MiHHA BipOTiTHOCTI BUBIIBHEHHS
HelpoMeniaTopiB Ha NMPEeCHHANTHYHOMY caiiTi. Mu npu-
myckaemo, mo BB NADNA Ha 6a30By akTHBHICTB Ta
JIOBIOTPHBAITY IUIACTHYHICTH OTIOCEPEAKOBYETHCS Yepes
3aJTy4eHHs [IOCTCUHANTHYHUX MEXaHi3MiB.

Kaw4uoBi cJoBa: 6iokarop HelpaMiHiga3H, CHHATI-
THYHA TUIACTHYHICTh, TIIOKAMIL.
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