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INTRODUCTION

Aim: The objective of the present study was to investigate the effect of treadmill
training at lactate threshold intensity on maximum time to exhaustion (MTE) and
heart rate (HR) as well as behavioral changes after kainate (KA)-induced status
epilepticus (SE) of spontaneously hypertensive rats (SHRs).

Materials and methods: Male SHRs were divided in four groups: two sedentary
(vehicle- and KA-treated) and two exercised (vehicle- and KA-treated), respective-
ly. The exercised rats were trained on a treadmill at a speed of 20 m.min™" and 0°
elevation for 40 min.d™, for 4 wk. Maximal time to exhaustion and HR was mea-
sured at the beginning and at the end of the training period. Status epilepticus
was evoked in half of the sedentary and trained rats by a repetitive intraperitoneal
injection of KA in low subconvulsive doses. The other half of the groups received
saline. Sucrose preference test (SPT) for depression-like behavior and hole board
test (HBT) for impulsivity were performed a month after KA/veh injection.

Results: The maximum time of exhaustion was elongated in the SHRs at the end
of the training period in comparison with the beginning. However, no effect on
HR was detected in trained rats. Kainate treatment after one month of training
alleviated the SE-induced anhedonia in SPT and stereotyped behavior in HBT, re-
spectively.

Conclusions: Taken together, these results demonstrate that exercise exerts a
beneficial influence on physical working capacity, depression and impulsive be-
havior in a co-morbid model of essential hypertension and SE.

with positive outcomes, particularly in reducing the

While antihypertensive drugs are considered a first
choice of treatment of cardiovascular and renal
disease, alternative approaches as aerobic exercise
have also been proposed as these have shown
beneficial potential in the treatment and prevention
of hypertension. Experimental and clinical studies
have demonstrated the ability of exercise to provoke
beneficial changes in the cardiovascular system of
both hypertensive animals and humans.! Many of
these studies reported that aerobic exercise has a low
risk in patients with hypertension and is associated

arterial blood pressure associated with a consider-
able decrease in cardiac output.”? Aerobic exercise
has been found to reduce significantly the mean
systolic and diastolic blood pressure in both nor-
motensive and hypertensive persons.” Similar results
have been observed in spontaneously hypertensive
rats (SHRs) which are considered to be a relevant
model of essential hypertension.?

Physical exercise is recommended as a non-
pharmacological treatment for a series of diseases,
including co-morbid hypertension and epilepsy.
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Endurance training leads to a variety of adaptation
processes in the organism which not only improve
aerobic working capacity but also has neuroprotec-
tive effects. Chronic hypertensive state results in a
decreased seizure threshold both in humans* and
SHRs>. Moreover, neuronal damage in the hip-
pocampus, neurochemical and behavioral changes®
suggest that SHRs may be validated as a model of
co-morbid hypertension and epilepsy. Our previous
studies have shown that SHRs are characterized by
a higher seizure susceptibility and more vigorous
changes in behavior compared to normotensive Wi-
star rats during the chronic phase in kainate (KA)
model of temporal lobe epilepsy.”® Moreover, re-
cently we reported that long-term training mitigated
epileptogenesis and deleterious behavioral changes
whose beneficial effects were accompanied by an
enhancement of the hippocampal 5-HT release in
SHRs.?

AIM

The aim of the present study was to investigate
further the effect of endurance training at lactate
threshold intensity on maximal time to exhaustion,
heart rate and KA-induced behavioral changes in
SHRs.

MATERIALS AND METHODS

Male spontaneously hypertensive rats (200-250 g)
were used in this study. Animals were housed in
groups of three or four, fed standard rat chow and
given water ad libitum and maintained at tempera-
ture of 21-24°C with 12/12 h dark-light cycle. The
procedures used in this study were performed in
accordance with the European Communities Council
Directive 2010/63/EU. The experimental protocol
was approved by the Ethical Committee on Human
and Animal Experimentation, Medical University —
Plovdiv and the Institutional Ethics Committee at
the Institute of Neurobiology, Bulgarian Academy
of Sciences.

Before KA-induced status epilepticus (SE), the
rats were randomly divided into sedentary and 4-week
treadmill trained. After the training period, SE was
induced in half of the sedentary and trained rats and
the other half of the groups received saline. Thus,
four experimental groups were formed: sedentary
vehicle-treated control (Sed-veh) (n=10); sedentary
control treated with KA (Sed-KA) (n=13); trained
vehicle-treated control (Ex-veh) (n=10); trained
treated with KA (Ex-KA) (n=12).

TRAINING PROCEDURE

As running on a treadmill is a skilled activity for
rats, all of them were exercised on the treadmill
(Columbus Instruments, Columbus, USA) at a speed
of 20 m.min"!' and 0° elevation for 5 min.d!, 3
d.wk! for a 2 weeks before the experiment. Such
training duration induces no training adaptations!,
but familiarizes the rats with treadmill running and
allows selection of animals that run spontaneously.
Compliant rats were trained on the treadmill at a
speed of 20 m.min"! and 0° elevation, for 40 min.d"!,
5 d.wk! for 4 weeks. The duration of the exercise
was 20 min on the first day and was increased
by 5 min every day. At 5 days it was 40 min and
remained thus until the end of the training period.
The sedentary rats were handled every day and 3
d.wk! were submitted to a 5-min training at the
same speed and elevation to ensure familiarization
with treadmill running. The exercise intensity was
set according to the maximal lactate steady state
during treadmill running, previously identified in
SHRs of the same age and weight.!! At the end of
the training period the sedentary and the trained rats
were randomly subdivided into controls (Sed-veh and
Ex-veh) and treated with KA (Sed-KA and Ex-KA).

MAXIMUM TIME TO EXHAUSTION ASSESSMENT

Before and after training, all SHRs were subjected
to a test for maximum time to exhaustion (MTE).
The test protocol involved a stepwise increase of
treadmill speed and elevation, each step being 3
min long.'? Rats were removed from the test when
they could no longer maintain their position on the
treadmill belt. The time taken to reach this stage
was assessed as MTE.

HEART RATE MEASUREMENTS

Heart rate (HR) of trained and sedentary naive
SHRs was measured before the start and after the
end of training (2 days after the last bout of exer-
cise). It was determined noninvasively in conscious
rats by a tail-cuff method using a small animal tail
noninvasive blood pressure system (NIBP 200A,
Biopac Systems Inc., USA) and MP 150 software
for data integration (Biopac Systems Inc., USA).
All rats were preheated in a chamber at 37°C,
placed in a restrainer, a cuff was attached to their
tail, and pulse frequency was determined using
data of arterial blood pressure recordings. For both
measurements, the animals underwent a week long
adaptation period so as to become familiar with the
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procedure. Except for the first one, the HR value
for each rat was registered as the average of at least
four measurements.

INDUCTION OF STATUS EPILEPTICUS WITH KAINIC ACID

Kainic acid was diluted in sterile saline (0.9 %
NaCl) at 2.5 mg.ml!. The protocol of KA-induced
SE was executed according to Hellier et al.'*> with
a minor modifcation'®. Status epilepticus was in-
duced in Sed-KA and Ex-KA groups by repetitive
injections of KA (Abcam, UK) starting at a dose
of 5 mg.kg!, i.p. (I mlLkg!) at the first hour of
observation. Thereafter, KA was delivered in half
of the above-mentioned dose every half an hour.
Seizure intensity was evaluated by a modified Ra-
cine’s scale as described previously.'* The kainate
treatment continued until sustained seizures of class
I, IV or V (i.e. >9 motor seizures.h’') were ob-
served. The number of motor seizures i.e., classes
III, TV and V, were registered and used as criterion
for an additional KA injection. Matched controls
(Sed-veh and Ex-veh groups) were treated with an
equivalent volume and number of saline injections.

SUCROSE PREFERENCE TEST

The rats were tested for sucrose preference over
a three-day period using a two-bottle choice test.
On the first day, rats were individually housed
and adapted to drink from two identically gradu-
ated bottles containing 200 ml of water each. On
the following day, rats were trained in the sucrose
choice procedure, in which regular water in one of
the bottles was replaced with a 1% sucrose diluted
in tap water. On the 3rd (test) day the rats were
allowed to drink freely from the two bottles. The
test was performed starting from 08:00 a.m. and
ran for 24 hours. The bottles were weighed after
12 h or replaced by a second pair of pre-weighed
bottles. The position of the bottles was switched
to avoid position preferences. The volume of the
sucrose solution consumed as a percentage of the
total volume of fluid consumed was calculated dur-
ing a 12-hour period (light phase — 08:00-20:00 h
and dark phase — 20:00-08:00 h).

HOLE BOARD TEST

The test was performed as described elsewhere.®
The hole-board apparatus was made of a gray poly-
styrene Plexiglas box (50x50x50) with 15 holes 3
cm in diameter and 1 cm deep in the floor. Each
animal was individually placed in the central area
and the number of exploratory head-dipping was
recorded for 5 minutes. An increase of the hole-

poking response reveals an anxiolytic-like effect.!

BRAIN DERIVED NEUROTROPHIC FACTOR DETERMINATION

Decapitation was performed after light anesthesia
with CO, a month after KA-induced SE (n=8).
Samples of mixed blood were collected in tubes
and centrifuged up to 1 hour after blood collec-
tion. Serum was collected and stored at -20°C.
Serum brain derived neurotrophic factor (BDNF)
concentrations were determined using BDNF ELISA
kit (CYT306, Merck Millipore). The samples were
analyzed in duplicate by Sirio microplate reader
(SEAC, Italy) and the mean concentration was ac-
cepted as representative for each rat.

STATISTICAL ANALYSIS

Data are presented as mean+SEM. Two-way multi-
variate ANOVA was performed to analyze the effect
of exercise and KA-induced SE (2 independent
variables) on different parameters of HBT and the
3rd independent variable was the period of test-
ing (light vs dark phase) in the SPT, respectively.
Group differences after significant ANOVAs were
measured by post hoc Bonferroni or Holm Sidak
test. Paired and independent t-test were applied to
analyze heart rate and maximum time to exhaustion.
If data were not normally distributed, ANOVA for
nonparametric data (Kruskal-Wallis on ranks) fol-
lowed by the Mann-Whitney U test were used. A
p<0.05 value was accepted as indicating statistically
significant differences.

RESULTS

There were no differences in the MTE in the incre-
mental maximal treadmill test between groups at the
beginning of the experiment (Fig. 1). The trained
rats increased their MTE in comparison with both
the baseline values (p<0.01) and with the sedentary
rats (p<0.01) at the end of the training period.

The heart rate of the studied groups was similar
at the beginning of the study (p>0.05). After train-
ing no differences in the measured HR were found
between trained and sedentary rats (354.57+0.61
beats.min"! vs. 335.90+1.17 beats.min’!, p>0.05)
and in comparison with the initial values of both
groups (p>0.05).

For sucrose preference test, three-way ANOVA
revealed a main effect of exercise [F1,71=5.225,
p=0.025] without interaction between factors. Post
hoc test showed higher preference for sweet solutions
in the Ex-KA group than in the Sed-KA group dur-
ing the light and the dark period (p<0.05) (Fig. 2).

In the HBT, two-way ANOVA demonstrated a
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significant effect of both exercise [F1,38=11.539,
p=0.002; F1,38=14.286, p=0.001] and KA-induced
SE [F1,38=10.341, p=0.003; F1,38=9.296, p<0.004]
without interaction between the two factors for
number and time of head-dipping, respectively.
Post hoc test showed a significant increase in the
number (p<0.03) and time (p<0.001) of head-dipping
in the KA-treated rats (Fig. 3AB). The long-term
training before SE resulted in a significant decrease
in the number (p<0.002) and time (p<0.001) of
head-dipping in the KA-treated rats compared to
sedentary group.

There was no significant main effect or inter-
action between training and KA-treatment on the
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Figure 1. Maximum time to exhaustion (min) of the
experimental groups at the beginning and at the end of
the training period. *p < 0.001 vs initial values and vs
Sed rats on the 4th wk.
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serum BDNF concentrations measured one month
after SE (Fig. 4).

DISCUSSION

The present study has demonstrated that four weeks
of endurance training at lactate threshold intensity
is enough to increase physical working capacity of
SHRs and corroborate with the recent findings that
the intensity of maximal lactate steady state for the
same time period increases the aerobic fitness of
SHR assessed by increasing exercise intensity of
maximal lactate steady state.!! Our findings show that
endurance training at lactate threshold intensity has
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Figure 2. Effect of exercise prior to KA-induced SE on
preference to sucrose in % during a 12-hour period (light
phase — 08:00-20:00 h and dark phase —20:00-08:00 h)
in Sed-veh, Ex-C, Sed-KA and Ex-KA group. Data are
means + SEM (n = 9-13). *p < 0.05 vs Sed-veh group,
°p < 0.05 vs Sed-KA group.
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Figure 3. Effect of exercise prior to KA-induced SE on (A) number and (B) time of head-poking in Holeboard
test in Sed-veh, Ex-C, Sed-KA and Ex-KA group. Data are means + SEM (n=9-13). *p <0.05 vs Sed-veh group,

°p < 0.05 vs Sed-KA group.
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Figure 4. Serum concentration of BDNF (pg.ml!) in
experimental groups at the end of the experiment.

a beneficial effect on depression-like and impulsive
behavior caused by SE in KA-treated SHRs. This
positive influence might be due to improved physical
working capacity in a co-morbid model of essential
hypertension and status epilepticus. However, neither
endurance training at lactate threshold intensity nor
SE succeeded to change the serum BDNF concentra-
tions. Accumulated experimental data have linked
physical exercise to an increase in the brain BDNF
expression.'® However, the exact role of BDNF factor
in epileptogenesis is uncertain and reports revealed
that while increased hippocampal BDNF could be
pro-epileptogenic!”!'® the neurotrophic factor may
attenuate epilepsy'®. The lack of changes in BDNF
in the present study might be due to the fact that
it was measured a month after the training period
or because of the low training intensity. However,
there are reports showing no change in the basal
BDNF level in healthy subjects after a 5-week aero-
bic exercise training.'® Because there are no data
on brain BDNF changes as a sequence of exercise
and/or SE in SHRs it will be interesting to study
further the concentration of this factor in epileptic
brain after exercise.

The antidepressant effect of exercise has been
recently reported in a rat model of co-morbid de-
pression and epilepsy.?’ The present findings are
in agreement with Epps et al.?? and demonstrated
that the beneficial effect of exercise program is
associated with other positive outcomes, including
cardiovascular, depression and impulsive behavior in
a rat model of co-morbid hypertension and epilepsy.
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KnioueBble cnoBa: TpeHVPOBKa
Ha GeryLiein JOpoxKe,
SNUNENTUYECKNI CTaTyC,
TPeBOXHOCTb, SHRs

O6pasew uuTUPOBaHUA: Geor-
gieva KN, Hadjieva MS, Doseva
MS, Terzieva DD, Georgiev NG, An-

Lenb: Llenbio HacToAwen paboTbl sBnAeTca nccnegoBaHve sddekta TPEHUPO-
BOYHbIX 3aHATUN Ha beryLen fOPOoXKKe NPY MHTEHCUBHOCTU Harpy3Ku NakTaTHOro
nopora Ha MakcumanbHoe Bpemsa ncrowerHnsa (MTE) n cepgeuHoro putma (CP) n
noBefeHYeCKMX U3IMEeHeHMI nocne anunenTnyeckoro ctatyca (3C), HAYyLMpOBaH-
HoOro KauHaTtom (KA) y cnoHTaHHO-rnnepTeH3uBHbIX KpbiC (SHRS).

MeTtogabi: My>xckue ocobu SHR Obinn pasgeneHbl Ha YeTblpe rpynmnbl: ABe, NPebbI-
BalLLMe B HEMOABUXHOM COCTOAHUN (0bpaboTaHHble BexmKynymom u KA) n co-
OTBETCTBEHHO ABE, NofBepratownecs Gprsnyeckor Harpyske (obpaboTaHHble Be-
XviKynymom u KA). TpeHMpoBaHHbIe KpbICbl ObIIM NOABEPTrHYThI 6ery Ha Geryuien
JOPOXKe CO CKOPOCTbo 20 M.MUH ™' 1 0° noBsbiweHns 3a 40 muH.g 7", 3a 4 wk. Mak-
crMarnbHoe Bpems nuctoweHna n CP 6binn M3MepeHbl B Havase 1 B KOHLe nepuoaa
TPEHUPOBKU. INUNENTUYECKUI CTaTyC BbI3bIBAETCA Y MOJIOBUHbI HEMOABUMHbIX
KPbIC U TPEHUPOBAHHbBIX KPbIC MyTEM CEPUNHOTO BHYTPUOPIOWNHHOIO BBEAEHMS
KA B HM3KMX CYOKOHBY/IbCUBHbBIX A03ax. [pyras nofioBMHA M3 rpynn nonyyanu
dur3nonormyecknin pacTeop. TecT NpeanoyTeEHUs CIAAKOro PAcTBOPA — CaXxapHbIN
TecT (SPT) ona onpepeneHva genpeccuBHOro noeegeHust n xon 6opg tect (HBT)
NS onpefenieHnsa MMNYySIbCYBHOCTU OblI MPOBEAEHDI Yepe3 MecAL Nocse BBe-
nenunsa KA/Bex.

Pe3ynbratbl: MakcMmanbHoe Bpemsa uctoleHms 6bino npoaneHo y SHR B KoHLe
TPEHVPOBOYHOrO NEPMOAa NO CPAaBHEHMIO C Hauanom. Bonpeku sTomy, HUKaKoro
BMUAHUA Ha CepAeYHbI PUTM He ObINI0 YCTaHOBNIEHO Y TPEHMPOBAHHbIX KpbIC. Jle-
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YeHMe KauHaToOM Yepe3 MecsAL TPEHUPOBOK OONIeruynno aHrefoHM, BbI3BAHHYHO
snunencuen npu SPT 1 COOTBETCTBEHHO CTepeoTUNHoe noBeaeHune npu HBT.

3aknoueHun: B3ATble B COBOKYNHOCTU, AaHHble pe3ynbTaTbl CBULETENbCTBYIOT,
yTo PU3MYecKme ynparkHeHUs OKa3biBaloT 6naroTBOpHoe BAMAHME Ha dur3nve-
CKYI0 feecrnocobHOCTb, AeNPECCUIO U UMMYNIbCMBHOE NOBeAeHME B KOMOPOUIHOM
MoZenun scceHumanbHom runeptoHnn 1 3C.
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