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Modulation of 4-aminopyridine-induced neuronal
activity and local pO, in rat hippocampal slices
by changing the flow rate of the superfusion medium
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The brain slice preparation is the most frequently used tool for testing of pharmacological agents on the
neuronal excitability. However, in the absence of blood circulation in vitro, the tissue oxygenation strongly
depends on the experimental conditions. It is well established that both hypoxia as well as hyperoxia can
modulate the neuronal network activity. Thereby changes in tissue oxygen level during experiment may
affect the final result. In the present study we investigated the effect of oxygenation on seizure susceptibil-
ity in the hippocampal slice preparation using 4-aminopyridine (4-AP) model of ictogenesis in immature
rats. We found that changing the medium perfusion rate in the range of 1-5 ml/min greatly affects the tissue
oxygenation, amplitude and frequency of 4-AP-induced synchronous neuronal activity. The decrease in the
flow rate as well as substitution of the oxygen in the extracellular medium with nitrogen causes a strong
reduction of 4-AP-induced synchronous neuronal discharges. Our results demonstrate a significant linear
correlation between the power of 4-AP-induced neuronal activity and the oxygen level in slice tissue. Also
we demonstrated that the presence of medium flow is a necessary condition to support the constant level
of the slice oxygenation. These data suggest that the oxygen supply of the brain slice strongly depends on
experimental protocol and could modulate in vitro neuronal network excitability which should be taken
into consideration when planning epilepsy-related studies.
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INTRODUCTION submerged chamber. In this type of chamber
the oxygen tension strongly depends on oxygen
concentration at the “medium-slice” border
and decreases with the distance from the
slice surface. Recent studies reported that the
ability of neuronal network to generate of the
pharmacologically-induced gamma oscillation
(30-100 Hz) in submerged slices depends on
the flow rate [7]. High-resolution measuring of
a local partial pressure oxygen (pO,) in vitro
during gamma oscillations shows more then
2-fold increase in the oxygen consumption rate

Acutely isolated brain slices have been introdu-
ced for the study of seizure-like activity several
decades ago [1] and remained a widely used
research object [2,3]. The tissue oxygenation
and energy supply in the brain slice preparation
differ from that in the intact brain, where
vascular system supplies oxygen and nutrients to
nervous cells to support its normal activity [4,5].
Due to the absence of the functional vascular
system in the brain slices, oxygen delivery to the

neuronal tissue is limited by its diffusion from
the extracellular environment and may depend
on experimental conditions [6].

For testing of pharmacological agents
on neuronal excitability in the brain slice
preparation researchers most frequently use a

compared with a spontaneous asynchronous
neuronal network activity [8]. Slow diffusion
of the oxygen into tissue may lead to the strong
decreasing the oxygen level in the slice core.
Lower oxygenation resulted in the decrease
of the local field potentials and spontaneous
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network activity as well as in the significant
modulation of short-term synaptic plasticity
[8]. On the other hand, hypoxia and anoxia
conditions may play a substantial role in the
induction of synchronic network oscillation
and may cause “hypoxia-induced” epileptiform
seizures in the newborns that occur in various
conditions [9,10]. Unlike adults, in newborns
these seizures are often refractory to medical
treatment and may lead to epileptogenesys. The
mechanisms underlying the increased seizure
susceptibility of the immature brain to hypoxia
are not clear.

The aim of the present study was to inves-
tigate the effect of perfusion rate and the
level of oxygen in extracellular environment
on pharmacologically induced synchronous
neuronal activity in submerged brain slices
dissected from immature rats. To induce the
epileptiform activity we used the specific
antagonist of voltage-gated potassium channel,
4-aminopyridine (4-AP), which was shown to
reliably induce prolong seizures-like activity
in brain slices and frequently used as a tool for
testing potential therapies of pharmacoresistant
seizures in acute slice preparation.

METHODS

Hippocampal slices preparation.

All procedures used in this study were approved
by the Animal Care Committee of Bogomoletz
Institute of Physiology. Briefly, Wistar rat
pups at postnatal day 10-12 were anesthetized
with inhalation of isoflurane and decapitated.
The brain was removed and placed in the ice-
cold oxygenated (95% 0O,/5% CO,) artificial
cerebrospinal fluid (ACSF) of the following
composition (in mM): NaCl 126; KC13.5; CaCl,
2.0; MgCl, 1.3; NaHCO, 25; NaH,PO, 1.2;
and glucose 11 (pH 7.4). Sagittal hippocampal
slices (500 pm) were cut using a vibroslicer
(NVSL, World Precision Instrument) and kept
before recordings for at least an hour at room
temperature (22-24°C) in a submerged chamber
containing oxygenated ACSF.

4

Electrophysiological recordings.

Extracellular field potential recordings were
performed using patch pipettes made from
borosilicate glass capillaries and filled with
ACSF. Pipette resistance was ranged from 1-3
MQ. Recordings were made from CAl pyra-
midal cell layer of hippocampus. Signals were
amplified using AC differential amplifier (A-M
Systems, Carlsborg, WA) (bandpass 0.1 Hz
-1kHz; x100), digitized (10 kHz) online with
an analogue-to-digital converter (NI PCI-6221,
National instruments, Austin, TX) and stored
on a computer using WinWCP 4.05 (Strathclyde
Electrophysiology Software, University of
Strathclyde, Glasgow, UK).

Oxygen Measurements.
Oxygen was measured 100-150 pm above
the slice surface or within slice tissue using
Clark-style microelectrodes fabricated in our
laboratory from glass capillary tube (outer
diameter 1.5 mm), platinum wire (~10 pm
diameter) and home-made polarographic ampli-
fier. Before each experiment the oxygen sensor
was calibrated in the recording chamber. The
oxygen sensor was polarized by square pulses
(at -800 mV, duration 1 s, and frequency 0.1
Hz). Changes in the pO, was determined as the
difference in the current amplitude recorded
in the oxygen-saturated ACSF (bubbled with
95% 0O, /5% CO,), oxygen-free ACSF (bubbled
with 95% N, /5% CO,) and oxygen-free 1 mM
Na,SO, dissolved in non-bubbled ACSF at 2
ml/min medium flow rate. During experiments,
ACSF bubbling with 95% N, /5% CO, was used
to substitute the oxygen from medium. Changes
in the medium flow rate did not affect the oxygen
level in the recording chamber (Fig.1A). In all
experiments the oxygen-current amplitude was
normalized to the current amplitude measured
in oxygen-saturated ACSF at 2 ml/min flow rate.
The oxygen electrode was positioned in
hippocampal CA1 region at the proximity to
field potential recording electrode (Fig. 1B).
Fig 1C demonstrated that the level of oxygen
is gradually decreased with the immersion of
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oxygen electrode into slice tissue. At 2 mlimin
medium flow the relative oxygen level at 100 pm
depth was 21+5%, which corresponds to normoxic
conditions. So all recordings of the electrical
activity and pO, was performed at this depth.

Statistical analyses
Off-line analysis of the recordings was perfor-
med using Clampfit 9.5 (Molecular Devices,
Sunnyvale, CA) and Origin 8.0 (Microcal corp,
Northampton, MA) software. Data are presented
as mean = SE. Datasets were compared by in-
vestigator “blinded” to experimental conditions.
Statistical analysis was performed using paired
Student’s t-test. Pearson’s product-moment
correlation coefficient was used to estimate
dependence between two variables.

Power spectrum of synchronous network
oscillations were calculated by fast Fourier
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Fig.1. Dependence of the oxygen level on the flow rate
and slice depth. (A) Measurement of oxygen level in the
submerged-type slice chamber at different perfusion rates in
ACSF saturated with 95% O, /5% CO,, ACSF saturated with
95% N, /5% CO, or I mM Na,SO, dissolved in 0.9 % NaCl.
(B) Schematic illustration showing position of recording and
oxygen electrodes on the hippocampal slice. (C) Oxygen depth
profile in the hippocampal slice tissue recorded at 2 ml/min
perfusion rate. Values are + SEM
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transformation (Bartlett window, FFT bin size
0.1 Hz) for 60 s data segments each at three
perfusion rate: a) 2 ml/min (control condition),
b) 5 ml/min and ¢) 1 ml/min. In experiment
with a constant flow rate and non-perfusion
chamber, 60 s data segments were analyzed at
10 min (control condition) and 30 min after 4-AP
application. For comparison of power spectrum
at different perfusion rate, the sum of the power
of the bins from 1 to 30 Hz was calculated and
normalized to the control conditions.

RESULTS

Epileptiform activity was induced by application
of 4-AP and both field potentials and slice
oxygen levels were measured in pyramidal CA 1
region of hippocampus in slices prepared from
P10-12 rats. 4-AP (50 uM) applied at 2 ml/min
perfusion rate evoked synchronous neuronal
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Fig.2. Synchronous network oscillations induced by 4-AP
and oxygen level in hippocampal CA1 pyramidal region of
slices maintained in a submerged-type chamber. (A) Original
recording of 4-AP-induced synchronous neuronal activity
(bottom) and oxygen level (top) at 2 ml/min perfusion rate.
(B) Power of synchronous oscillations presented on A at the
frequency band between 0 and 30 Hz (60 sec segment) at 10
min and 30 min after application of 4-AP. (C) Cumulative
histogram of power spectrum of synchronous activity under
constant perfusion rate at 10 min and 30 min after application
of 4-AP. Values are + SEM
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discharges within a few minutes (Fig.2A, bottom
trace). The level of slice oxygenation did not
change during the recording (Fig. 2A, top
trace). The stability of synchronous oscillations
was estimated using power spectrum analysis
(Fig. 2B). Cumulative data from 6 recordings
demonstrates that synchronous neuronal activity
became stable within a few minutes after
application of 4-AP: the power of synchronous
oscillations at the frequency band between 0 and
30 Hz at 10 min and 30 min after application of
4-AP was not significantly different (Fig. 2C,
n =06, P=0.08, paired Student’s -test).
Figure 3 demonstrates the level of slice
oxygenation and 4-AP-induced synchronous
activity in slice perfused at different flow rates.
At 1, 2 and 5 ml/min medium flow rate, the
average power of synchronous discharges was
97.1417.2 uV, 104.8 +23.7 uV and 156.1 £28.1
uV, respectively (n = 10). There was a significant
difference in the power of synchronous neuronal

activity recorded at 2 ml/min and 5 ml/min
perfusion rate (Fig. 3C, P = 0.009, paired
Student’s t-test). The decrease of the perfusion
rate from 2 ml/min to 1 ml/min did not result
in the change of the power of synchronous
discharges (Fig. 3C, P = 0.37, paired Student’s
t-test). Figure 3D demonstrates the level of slice
oxygenation at the different rates of medium
perfusion. We observed an insignificant decrease
of the slice oxygen level at 1ml/min flow rate
(67 £ 19%, n =10, P = 0.054, paired Student’s
t-test) and the increase of the level of slice
oxygenation to 226 £+ 35% at 5 ml/ min (n =
10, P=0.012, paired Student’s t-test) compared
to the slice oxygen level recorded at 2 ml/min
flow rate.

To test whether the presence of a medium
flow is a necessary condition to support the
constant level of the slice oxygenation, the
experiment presented in Fig. 2A was performed
in the modified submerged type chamber,
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Fig. 3. Synchronous network activity and oxygen level recorded in pyramidal CA1 region strongly depend on the perfusion rate.
(A) Raw recording of 4-AP-induced synchronous network oscillations (bottom) and oxygen level (top) at 1, 2 and 5 ml/min
perfusion rate (indicated by horizontal bars). Inset boxes indicate the field potential recordings on expanded scales. (B) Power
spectrum of field potentials presented on A at the frequency band between 0 and 30 Hz at different flow rates. The average power
of synchronous activity (C) and level of slice oxygenation (D) at different flow rates. Values are + SEM. Statistical comparisons

were performed using Student’s 7-test * P < 0.05
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which provides a saturation of the medium by
oxygen without a flow superfusion (Fig. 4A).
Modified submerged-type slice chamber has
no perfusion ports for extracellular solution.
Oxygen saturated gas mixture comes directly to
the chamber through holes in the tube located
around the perimeter of the chamber. Slices
were placed on the nylon mesh which provides a
better slice oxygenation. The slices were dipped
in oxygen-saturated ACSF containing 50 pM
4-AP. The level of oxygen in these experiments
was measured in the medium at a distance of
100-150 um above the slice surface and at 100
um slice depth. While the level of oxygenation
in the medium during recording was constant,
the oxygen level in the slice was gradually
decreased (n = 5, P = 0.03, paired Student’s
t-test, Fig. 4B, C). The power of synchronous
network oscillations induced by application of
4-AP also decreased during recording time (Fig.
4D). An average power of synchronous neuronal
discharges was significantly different at 10 min
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and 30 min after application of 4-AP (Fig. 4E,
n=1>5, P=0.0006, paired Student’s z-test).
Next we examine the effect of 4-AP on neu-
ronal network activity in anoxic conditions. The
simple hypoxia (anoxia) in hippocampal slices
was achieved by substitution of oxygen-satu-
rated (95% 0,/5% CO,) for oxygen-free (95%
N,/5% CO,) gas mixture. Oxygen deprivation
led to the rapid decrease in the 4-AP-induced
neuronal activity recorded at 2 ml/min flow rate.
In the condition of oxygen deprivation, the in-
crease of the perfusion rate to 5 ml/min resulted
in a further drop of the power of synchronous
neuronal activity (Fig. 5A). An average power of
synchronous neuronal activity was significantly
lower at 2 ml/min in oxygen-zero ACSF (Fig.
5B, dark-gray, n =6, P =0.003, paired Student’s
t-test) compare to the recordings in oxygen-
saturated conditions. Changing the medium flow
rate from 2 ml/min to 5 ml/min in oxygen-zero
ACSF led to further decrease in the power of
synchronous activity (Fig. 5B, light-gray, n =5,
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Fig.4. 4-AP-induced synchronous neuronal activity and oxygen level recorded in hippocampal CA1 pyramidal cell layer in a
non-perfusion slice chamber. (A) Modified submerged-type slice chamber. (B) 4-AP-induced synchronous network oscillations
(bottom trace) and oxygen level measured in external medium at 100-150 pm above the slice surface (top trace “solution’) and at
100 um slice depth (middle trace “slice”). (C) Cumulative histogram of the oxygen level in the medium and in slice recorded at
10 min and 30 min after 4-AP application. (D) Power spectrum for the recording presented on B at the frequency band between
0 and 30 Hz at 10 min and 30 min (1 min segment) after 4-AP application. (E) Average power of induced synchronous activity

at 10 and 30 min after application of 4-AP

ISSN 0201-8489 ®ision. scyph., 2016, T. 62, Ne 4



Modulation of 4-aminopyridine-induced neuronal activity and local pO, in rat hippocampal slices

P=0.0045, two-sample Student’s ¢-test). Fig. 5C
demonstrates the summary of in-slice changes
of pO2 in this set of experiments. Oxygen de-
privation at 2 ml/min flow rate led to a signifi-
cant reduction of the slice oxygen level (n = 6,
P =0.0008, paired Student’s ¢-test). The change
of the medium flow rate from 2 ml/min to
5 ml/min in oxygen-free medium led to further
reduction of slice oxygenation level (n = 5,
P =0.0006, two-sample Student’s ¢-test). Fig.
5D shows a strong linear correlation between the
power of 4-AP-induced synchronous neuronal
activity and measured oxygen level in slices
(R =0.91, Pearson’s correlation).

DISCUSSION

Our results demonstrated that 4-AP-induced
seizure-like neuronal activity and the oxygen
level in submerged hippocampal slices strongly

A

depend on the perfusion rate.

It was reported previously, that the abili-
ty of neuronal network to generate of the
pharmacologically-induced high frequency
oscillation in submerged slices depends on
extracellular medium flow rate [8]. The seizure-
like synchronous neuronal activity is an energy-
intensive process and requires significant
energetic substrate consumption. Decrease of
the oxygen level during electrophysiological
recording of high frequency oscillation in
brain slice may reflect both activity-dependent
oxygen consumption and limitation of oxygen
diffusion into the slice tissue [11,12]. Studies
of neuronal function in vivo performed under
normobaric conditions suggest that the ambient
atmosphere contains 21 % oxygen at a pressure
of 750 Torr or 1 atmosphere absolute (1 ATA;
“normobaric normoxia”). Under this condition
pO, in brain tissue measured by a polarographic
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Fig. 5. Synchronous neuronal activity and oxygen level recorded in hippocampal CA1 pyramidal cell layer in the conditions of
oxygen deprivation. (A) Field potential recording of the 4-AP-induced synchronous activity (bottom) and oxygen level (top)
at 2 ml/min flow rate in oxygen-saturated medium (95% O,/5% CO,) and at different flow rates in oxygen-free medium (95%
N,/5% CO,) (flow rate indicated by horizontal bars). The average power spectrum of synchronous neuronal discharges (B) and
oxygen level (C) at 2 ml/min flow rate in oxygen-saturated ACSF (black) and at 2 ml/min (dark grey) and 5 ml/min (grey) in
oxygen-free ACSF. (D) Relationship between the power of synchronous neuronal activity and slice oxygen level
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or magnetic resonance method was 10-60 Torr
that is markedly different from that used for
brain slices (100-700 Torr) [7,12]. Actually the
pO, at normobaric pressure in the superfusion
medium in the brain slice experiments is
hyperoxic compared to the intact brain and
mimics pO, in neuronal tissue in vivo during
“hyperbaric hyperoxia” administered pressure
(> 1 ATA) of 100 % O,. In our recordings the
oxygen depth profile reflects the dynamic of
oxygen diffusion into slice tissue (Fig. 1C) and
demonstrates a gradual decrease of the oxygen
concentration, when oxygen electrode moved
away from upper surface. Our data shows that
normobaric hyperoxygenated ASCF (95%
02/5% CO, at normal atmospheric pressure)
at flow rate 2 ml/min provides constant normo-
xic conditions at 100-150 pm depth of slice.
These results are close to previous studies
investigating the oxygen profile in the brain
slice tissue under various perfusion rate and
oxygen concentrations [7,13]. In contrast, in
the conditions of the absence of medium flow in
the recording chamber we observed progressive
reduction in the pO, as well as decrease in the
power of 4-AP-induced synchronous neuronal
activity.

In the intact brain the blood circulation sys-
tem delivers oxygen to neurons via sophisticated
mechanism of the vascular-neuronal interaction.
Neurons, glial cells and vessels create the
“neurovascular units” which regulate a neuronal
activity and neuronal plasticity. In the acute
brain slice preparation oxygen has to diffuse
into the tissue due to the absence of active
transport. The balance between the diffusion
flow of oxygen into the tissue and amount of
oxygen consumed by cells is required to keep a
steady state conditions [14, 15].

At a laminar medium flow, the concentration
border layer with a low diffusion gas gradient
is formed on the slice surface. Based on the
kinetic equation:

r=kC, )]
where r is a reaction rate, k - reaction rate
constant and C is chemical concentration, the
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rate of oxygen transport r, from medium to cells
in brain slices can be expressed as:

ro =( K Kpp/ Kt 1/Kpg )C (D)
where K, is a diffusion coefficient into tissue
and K., is a diffusion coefficient across border
layer. From the equation II, the total oxygen
diffusion coefficient (K, ) expresses as:

VK o= VK +1/K (1)

In our experiments K; was constant. Also the
presence of oxygen-saturated medium in the chamber
without a flow superfusion could not support a
constant level of in-tissue oxygenation (Fig. 4B). We
suggest that the maintaining of the optimal medium
flow is required to provide the balance between
oxygen delivery and oxygen consumption during a
high frequency neuronal activity.

It was shown previously, that neuronal acti-
vity and synaptic transmission are suppressed
following transient cerebral ischemia [16].
Other studies report, that transient ischemia
lead to the synaptic potentiation and increases
of the spontaneous firing rate recorded in CA1
region of anesthetized animals [17]. The global
hypoxia induces seizures in P10-12 rats in vivo.
Also the increased seizure susceptibility was
observed in hippocampal slices obtained from
the hypoxia-treated rats [10]. In our experiments
we did not see seizure-like activity under
hypoxia conditions. Moreover, reducing PO,
in the tissue linearly decreases the intensity of
epileptic discharges (Fig. 5D). The mechanism
of hypoxia-induced epileptiform discharges is
not clear, but likely involves changes in the
transmembrane ion conductivity, the release of
the reactive oxygen species and disturbance of
the mitochondrial redox state. We suggest that
under our experimental conditions a low oxygen
level does not affect these mechanisms.

By contrast, it was shown that hyperoxia
leads to the activation of population spikes
and synchronous interictal discharges in CA1l
hippocampal region [18]. Oxygen-induced
plasticity may play a substantial role in the
pathogenesis of CNS. For example, the oxygen
toxicity-induced seizures in rats occur during
the inhalation of 3 ATA of 100% O, for several

9
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hours [19]. Also increasing the neural tissue
pO, from the normoxic range (10 — 45 Torr) to
240 Torr or more caused tonic-clonic seizures
in cats [20]. Our data support these findings
and show that the increase in the perfusion rate
resulted in the rapid rise of PO, and increase in
the synchronous neuronal activity.

In summary, we suggest that severity of the
pharmacologically-induced seizure-like activity
in vitro is determined by the tissue oxygen level
that is a complex function which depends on
experimental conditions, including ambient pO,,
perfusion flow rate and position of the recording
electrode in the slice tissue. Based on our kinetic
model, future electrophysiological experiment
on submerged brain slices addressing the
synchronous epileptiform activity should take
into account a slow rate of oxygen equilibration
in tissue for correct interpretation of results.

B.I'. Cupnopenko, O.C. Komapos, b.C. Cyuiko,
A. K. Pomanos, O. B. IcaeBa, /I. C. IcaeB

3MIHA HIBUAKOCTI CYIEP®Y3Ii IPU3-
BOJUTH 1O MOAYJSIIII IHTYKOBAHOI
4-AMIHOIIIPUJIVUHOM HEMPOHHOI
AKTUBHOCTI TA JIOKAJBHOI'O BMICTY
KHUCHIO B 3PI3AX I'IIOKAMIIA LI[YPIB

I3 Bukopucranusm 4-aminonipuauaoBoi (4-AP) mopeni ik-
TOTCHE3y Y He3PIJIMX IypiB MU BUBYAJIH BITUB OKCHI'€HALIi{
Ha 3J[aTHICTb 3pi3iB riloKamIia reHepyBaTH eniienTuhOpMHy
aKTHUBHICTh. BUSABIEHO, 110 3MiHA MIBUAKOCTI mepdysii B
niana3oHi 1-5 mi/XB mpu3BoAmiIa A0 Momudikamii aMri-
Tyad 1 9acToTH 4-AP-1HIyKOBaHOT CHHXPOHHOI aKTUBHOCTI
HEHpOHIB, a TAKOXK IO 3MiH BMICTY KHCHIO y 30BHIIIHBO
KIITHHHOMY CEpeIOBUINI. 3HIKCHHS LIBUIKOCTI ITOTOKY,
a TaKOX BUJIQJICHHS KHCHIO 3 TO3aKJIITMHHOIO PO3YHMHY 3
BUKOPHCTAHHAM a30Ty, IPU3BOJMIO JIO MIBHJKOT peayKiii
BMICTY KHCHIO B HEPBOBill TKaHWHI 1 BHUKJIMKAJIO 3HAYHE
3HIDKEHHS MTOTYKHOCTI CHHXPOHHHUX HEHPOHHUX PO3PSIB.
[TokazaHO MO3UTUBHY JIHIHHY KOPEJSIII0 MiXK HOTYKHICTIO
4-AP-iaykoBaHO1 eniienTU(OPMHOT aKTUBHOCTI HEHPOHIB
i BMicTOM KHCHIO. Tako)x BUSIBIICHO, 1110 HAsIBHICTB epQy3ii
€ HeOOX1THOI0 YMOBOIO JJISl MATPUMKH MOCTIHHOTO piBHS
OKcHreHarlii 3pi3y. OTpuMaHi pe3ysbTaTi Jal0Th 3MOTY CTBEP-
JOKYBATH, IO CIIOCIO IMOCTauaHHS KHCHIO JI0 TKAaHUH 3pi3iB
MO3KY 3aJIeXKHTh BiJl eKCIEPUMEHTAIBHOTO TPOTOKOIY i MO-
K€ MOJYJIIOBATH in Vitro HeHPOHHY MepekeBy 30yUINBICTD,
10 ciij Oparty 10 yBaru mpu IUIaHyBaHHI €KCIICPUMEHTIB,
OB’ SI3aHMX 3 JIOCHIHKEHHAM eMiserncii.

KrouoBi cioBa: 3pi3u MO3Ky; CHHXPOHHA HEHPOHHA aKTHB-
HICTh; KHCEHb; JIOKAJILHUI ITOJILOBUH MMOTEHILIaI.
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B.I. Cupopenko, A.C. Komapos, b.C. Cymko,
A.K. Pomanos, E.B. UcaeBa, JI.C. HcaeB

N3MEHEHUE CKOPOCTH CYHEP®Y3UU
NPUBOJUT K MOAYJISINUA UHIYHAPO-
BAHHOM 4-AMWHOIIUPUJIMHOM HEM-
POHHOM AKTUBHOCTH 1 JIOKAJIBHOI'O
YPOBHS KUCJIOPOJIA B CPE3AX I'MIIIIO-
KAMIIA KPBIC

MBbI u3yuany BIUsTHAE OKCUTEHAIMU Ha CIIOCOOHOCTh CPE30B
TUIIIOKAaMIIa TeHEPUPOBATh SMUICITU(HOPMHYIO aKTUBHOCTD
C UCIONB30BAaHUEM 4-aMUHONMUPUAHNHOBOU (4-AP) monenun
HKTOT€He3a Y MOJOAbIX KpbIC. [loka3zaHO, YTO M3MEHEHHE
cKopocTH nepdy3ur B AuanazoHe 1-5 MJI/MUH IPUBOIIIO K
MOZYJISIIIMY aMIUTUTYIBI M 9acTOThI 4-AP-uHaynnpoBaHHON
CHHXPOHHOM aKTMBHOCTH HEWPOHOB, a TAK)KE K MU3MEHEHH-
sIM ypoBHsI Kuciopoaa. CHIDKEHHE CKOPOCTH cymnepdys3uu,
TaKKe KaK M BBITECHEHHE KHCIOPOJAA U3 BHEKJIETOYHOTO
pacTBOpa a30TOM, IPUBOAMIIO K OBICTPOMY CHIKEHHIO YPOBHS
KHCIIOPOJa B HEHPOHHOH TKaHW M BBI3BIBAJIO 3HAYUTEIHHOE
CHIKEHNE MOIIHOCTH 4-AP-UHIYIIMPOBAHHBIX CHHXPOHHBIX
HEHPOHHBIX pa3psa0B. [loka3aHO NONOKUTENbHYIO IMHEWHYIO
KOPPEISALHUIO MEKIY MOIIHOCTBIO 4-AP-mHIynnpoBaHHON
aKTUBHOCTU HEHPOHOB M yPOBHEM KHCIIOPOAA B TKAHU CPE3a.
Taxoke MPOJEMOHCTPUPOBAHO, YTO HAaTHUUE cynepdy3uu
SIBTIACTCS YCTIOBHEM AJISI TTOAAEP>KaHNS OCTOSHHOTO YPOBHS
OKCHUTEHAIlNU cpe3a. Pe3ynbrarsl JaHHOH pabOThI TO3BOJISIOT
MIPENOI0KUTh, YTO TPAHCTIOPT KUCIOPOAA K TKAHSIM CPE30B
MO3Ta 3aBUCHT OT SKCTIEPUMEHTAILHOTO TPOTOKOJIA U MOXKET
MOZYJIHPOBATh BO30YIUMOCTh HEHPOHHOU CETH in Vitro, 4To
CIeyeT YyYUTBhIBaTh MPH IIAHUPOBAHUH KCIEPUMEHTOB,
CBSI3aHHBIX C HCCIIEIOBAHUAMHE SIUIIETICHH.

KiroueBsie cioBa: cpes3bl MO3Ta; CHHXPOHHAs HeHpOHHas
AKTUBHOCTb; KUCIIOPOJ; JIOKAIBHBIH [10JIEBOH MOTEHIHAI.

REFERENCES

1. Yamamoto C, Mcllwain H. Electrical activities in thin
sections from the mammalian brain maintained in
chemically-defined media in vitro. J] Neurochem. 1966
Dec;13(12):1333-43.

2. Isaeva E, Lushnikova I, Savrasova A, Skibo G, Holmes
GL, Isaev D. Blockade of endogenous neuraminidase
leads to an increase of neuronal excitability and activity-
dependent synaptogenesis in the rat hippocampus. Eur J
Neurosci. 2010 Dec;32(11):1889-96.

3. Isaeva E, Romanov A, Holmes GL, Isaev D. Status
epilepticus results in region-specific alterations in seizure
susceptibility along the hippocampal longitudinal axis.
Epilepsy Res. 2015 Feb;110:166-70.

4. Vanzetta I, Grinvald A. Increased cortical oxidative
metabolism due to sensory stimulation: implications for
functional brain imaging. Science. 1999;286(5444):1555-8.

5. Foster KA, Beaver CJ, Turner DA. Interaction between
tissue oxygen tension and NADH imaging during synaptic
stimulation and hypoxia in rat hippocampal slices.

ISSN 0201-8489 @ision. scyph., 2016, T. 62, Ne 4



V.G. Sydorenko, O.S.

Komarov, B.S. Sushko, A.K. Romanov, E.V. Isaeva, D.S. Isaev

Neuroscience. 2005;132(3):645-57.

Turner DA, Foster KA, Galeffi F, Somjen GG. Differences
in O2 availability resolve the apparent discrepancies in
metabolic intrinsic optical signals in vivo and in vitro.
Trends Neurosci. 2007;30(8):390-8.

Kann O, Huchzermeyer C, Kovacs R, Wirtz S, Schuelke
M. Gamma oscillations in the hippocampus require
high complex i gene expression and strong functional
performance of mitochondria. Brain. 2011;134(2):345-58.
Ivanov A and Zilberter Y. Critical state of energy
metabolism in brain slices: the principal role of oxygen
delivery and energy substrates in shaping neuronal activity.
Front Neuroenergetics. 2013;3:1-13.

Dzhala V, Khalilov I, Ben-Ari Y, Khazipov R. Neu-
ronal mechanisms of the anoxia-induced network
oscillations in the rat hippocampus in vitro. J Physiol.
2001;536(2):521-31.

. Jensen FE, Applegate CD, Holtzman D, Belin TR,

Burchfiel JL. Epileptogenic effect of hypoxia in the
immature rodent brain. Ann Neurol. 1991;29(6):629-37.

. Galeffi F, Somjen GG, Foster KA, Turner DA. Simulta-

neous monitoring of tissue PO2 and NADH fluorescence
during synaptic stimulation and spreading depression
reveals a transient dissociation between oxygen utilization
and mitochondrial redox state in rat hippocampal slices. J
Cereb Blood Flow Metab. 2011;31(2):626-39.

. Masamoto K, Omura T, Takizawa N, Kobayashi H, Katura

T, Maki A, et al. Biphasic changes in tissue partial pressure
of oxygen closely related to localized neural activity in

ISSN 0201-8489 ®ision. scyph., 2016, T. 62, Ne 4

20.

guinea pig auditory cortex. J Cereb Blood Flow Metab.
2003;23(9):1075-84.

. Mulkey DK, Henderson R a, Olson JE, Putnam RW, Dean

JB. Oxygen measurements in brain stem slices exposed
to normobaric hyperoxia and hyperbaric oxygen. J Appl
Physiol. 2001;90(5):1887-99.

. Huxley VH, Kutchai H. The effect of the red cell memb-

rane and a diffusion boundary layer on the rate of oxygen
uptake by human erythrocytes. J Physiol. 1981;316:75-83.

. Bassom AP, Ilchmann A, Voss H. Oxygen diffusion in

tissue preparations with Michaelis-Menten kinetics. J
Theor Biol. 1997;185(1):119-27.

. Furukawa K, Yamana K, Kogure K. Postischemic

alterations of spontaneous activities in rat hippocampal
CA1 neurons. Brain Res. 1990;530(2):257—-60.

. Gao TM, Xu ZC. In vivo intracellular demonstration of

an ischemia-induced postsynaptic potential from CAl
pyramidal neurons in rat hippocampus. Neuroscience.
1996;75(3):665-9.

. Garcia AJ, Putnam RW, Dean JB. Hyperbaric hyperoxia

and normobaric reoxygenation increase excitability and
activate oxygen-induced potentiation in CA1 hippocampal
neurons. J Appl Physiol. 2010;109(3):804-19.

. Simon AlJ, Torbati D. Effects of hyperbaric oxygen on

heart, brain, and lung functions in rat. Undersea Biomed
Res. 1982;9(3):263-75.

Torbati D, Mokashi A, Lahiri S. Effects of acute hyperbaric
oxygenation on respiratory control in cats. J Appl Physiol.
1989;67(6):2351-6.

Received 14.12.2015

11



