ISSN 0100-879X

B M ZI11.1IAN J 0 L/RNAL \Volume 43 (11) 1010-1134 November 2010

OF MEDICAL AND BIOLOGICAL RESFARCH BIOMEDICAL SCIENCES
www.bjournal.com.br D
.0J - . CLINICAL INVESTIGATION

Braz J Med Biol Res, November 2010, Volume 43(11) 1042-1046

doi: 10.1590/S0100-879X2010007500117
Exercise training and detraining modify the morphological and

mechanical properties of single cardiac myocytes obtained from
spontaneously hypertensive rats

M.A. Carneiro-Junior, M.C.G. PelGzio, C.H.O. Silva, P.R.S. Amorim, K.A. Silva, M.O. Souza,
C.A. Castro, D. Roman-Campos, T.N. Primola-Gomes and A.J. Natali

The Brazilian Journal of Medical and Biological Research is partially financed by

4 ‘CNP Ministério Ministério - ®¥ -
da Ciéncia e Tecnologia @ da Educagao UBMP! i's o DoLs ‘JAPESP

c selho Nacional de Desenvolvimento

nifco e Toono oldgico CAPES GOVERNO FEDERAL

Institutional Sponsors

e - ) SHIMADZU Hotsite of proteomics metabolomics
r CYP E &"’A developped by:
L]—Q v.\' igm
' analitica Thermo

Ribeirdo Preto Faculdade de Medicina UNICAMP —
de Ribeirdo Preto analiticaweb.com.br SCIENTIFIC

Pl 1.


http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2009001200016&lng=en&nrm=iso
http://www.bjournal.com.br/
http://www.fmrp.usp.br/
http://www.ribeirao.usp.br
http://www.unicamp.br/
http://www.faepa.br/
http://www.usp.br/
http://www.scielo.org/php/index.php
http://www.fapesp.br/
http://portal.mec.gov.br
http://www.mct.gov.br/
http://www.capes.gov.br/
http://www.brasil.gov.br
http://www.cnpq.br/
http://www.shimadzu.com.br
http://www.gehealthcare.com/worldwide.html
http://www.analiticaweb.com.br/emarketing/proteomics

Brazilian Journal of Medical and Biological Research (2010) 43: 1042-1046
ISSN 0100-879X Short Communication

Exercise training and detraining modify the
morphological and mechanical properties of
single cardiac myocytes obtained from
spontaneously hypertensive rats

M.A. Carneiro-Junior!, M.C.G. Peluzio?, C.H.O. Silva3, P.R.S. Amorim?, K.A. Silva®,
M.O. Souza', C.A. Castro?, D. Roman-Campos?*, T.N. Primola-Gomes' and A.J. Natali’

1Departamento de Educaco Fisica, 2Departamento de Nutrigo e Saude,
3Departamento de Estatistica, Universidade Federal de Vigosa, Vigosa, MG, Brasil
4Departamento de Bioquimica e Imunologia, Universidade Federal de Minas Gerais,
Belo Horizonte, MG, Brasil

Abstract

We determined the effects of exercise training and detraining on the morphological and mechanical properties of left ventricular
myocytes in 4-month-old spontaneously hypertensive rats (SHR) randomly divided into the following groups: sedentary for 8
weeks (SED-8), sedentary for 12 weeks (SED-12), treadmill-running trained for 8 weeks (TRA, 16 m/min, 60 min/day, 5 days/
week), and treadmill-running trained for 8 weeks followed by 4 weeks of detraining (DET). At sacrifice, left ventricular myocytes
were isolated enzymatically, and resting cell length, width, and cell shortening after stimulation at a frequency of 1 Hz (~25°C)
were measured. Cell length was greater in TRA than in SED-8 (161.30 + 1.01 vs 156.10 + 1.02 ym, P < 0.05, 667 vs 618 cells,
respectively) and remained larger after detraining. Cell width and volume were unaffected by either exercise training or detrain-
ing. Cell length to width ratio was higher in TRA than in SED-8 (8.50 + 0.08 vs 8.22 + 0.10, P < 0.05) and was maintained after
detraining. Exercise training did not affect cell shortening, which was unchanged with detraining. TRA cells exhibited higher
maximum velocity of shortening than SED-8 (102.01 + 4.50 vs 82.01 £ 5.30 ym/s, P < 0.05, 70 cells per group), with almost
complete regression after detraining. The maximum velocity of relengthening was higher in TRA cells than in SED-8 (88.20 +
4.01 vs 70.01 £ 4.80 um/s, P < 0.05), returning to sedentary values with detraining. Therefore, exercise training affected left
ventricle remodeling in SHR towards eccentric hypertrophy, which remained after detraining. It also improved single left ven-
tricular myocyte contractile function, which was reversed by detraining.
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Introduction

The compensated state of the spontaneously hyper-
tensive rat (SHR) model is characterized by concentric
hypertrophy and increased cardiac function (1,2). At the
cellular level it has been reported that the dimensions and
shortening of the left ventricular myocyte increase in this
state, whereas the action potential duration and the time
course of contraction and relaxation are prolonged (1,3).
Such changes expose the heart to arrhythmic stimuli (4).

While regular physical exercise is suggested as a non-
pharmacological therapeutic approach to treat hypertension
(5-7), its effects on the heart are reversible with detraining

(8,9). Thereis evidence atthe whole heart level that exercise
training provides beneficial adaptations to cardiac contractile
function and morphology in hypertensive rats (5). Neverthe-
less, to date the effects of exercise training and detraining
on the left ventricular single myocyte morphological and
mechanical properties of SHR are not known.

Since lifestyle modifications are effective for the preven-
tion, treatment, and control of hypertension with regular
exercise being animportant component (10), the study of the
effect of exercise training and detraining on single cardiac
myocytes may provide new insights into the understanding
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of the cellular mechanisms underlying such phenomena.
Therefore, the aim of the present study was to determine
the effects of exercise training followed by a period of de-
training on the morphological and mechanical properties
of single left ventricular myocytes obtained from SHR rats
in the compensated state of hypertension.

Material and Methods

Four-month-old male SHR rats were randomly divided
into the following groups: sedentary for 8 weeks (SED-8,
N =7), sedentary for 12 weeks (SED-12, N = 7), treadmill-
running trained for 8 weeks (TRA, N = 7), and exercised
followed by 4 weeks of detraining (DET, N = 7). Rats were
housed in collective cages under an inverted 10- to 14-h
light/dark cycle and had free access to water and standard
rodent chow. Blood pressure was measured in all animals
at the beginning of the protocol and before sacrifice by the
indirect tail-cuff method. All experimentation was conducted
in accordance with internationally accepted ethical prin-
ciples concerning the care and use of laboratory animals
and was approved by the Animal Care and Use Committee
of the Federal University of Vigosa, MG, Brazil (protocol
#42/2008).

Animals in the TRA and DET groups were submitted to
a progressive exercise training program on a motor-driven
treadmill (Insight Equipamentos Cientificos, Brazil) for 8
weeks, 5 days/week (Monday to Friday) (adapted from Ref.
11). Briefly, in the 1st week, animals ran at 10 m/min for
15 min/day, 0% grade. Then, treadmill speed and exercise
duration were progressively increased up to a setting of 14
m/min for 30 min/day by the end of the 2nd week. During
the 3rd week the exercise protocol reached the speed of
16 m/min and the duration of 60 min/day, 0% grade, a
schedule that was maintained until week 8. Rats from the
DET group underwent training for 8 weeks as described
above and then remained sedentary (i.e., “detraining”) for
4 weeks. To detrain, the rats were allowed to roam their
cages freely under the same conditions as those for the
SED groups.

Two days after the last training session, all animals
were submitted to a progressive treadmill running test to
measure running capacity until fatigue, when the exer-
cise time to fatigue (TTF) was determined as previously
described (12). Briefly, 1 week before the exercise tests
until fatigue, the sedentary rats were familiarized with the
treadmill by running 5 min for 5 consecutive days (5° slope)
at incremental speeds (10, 10, 11, 13, 15 m/min). Then, in
the subsequent week every rat was evaluated for running
capacity until fatigue. Fatigue was defined and the test was
stopped when the rat could no longer keep pace with the
treadmill speed.

Two days after the exercise test, animals were sacrificed
and left ventricular myocytes were isolated enzymatically as
described previously (13). Briefly, the heart was removed,
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weighed and mounted on a custom-designed Langendorff
system, perfused for 3-5 min with calcium-free solution fol-
lowing perfusion with 1 mg/mL collagenase type Il (USA).
After 15-20 min of tissue digestion, fragments of the left
ventricle were obtained and single cells were isolated by
mechanical dispersion and stored at 5°C until use.

Cellular contractility was measured as described previ-
ously (13). Briefly, isolated cells were placed in an experi-
mental chamber with a glass coverslip base mounted on
the stage of an inverted microscope. Cells were perfused
with HEPES Tyrode’s solution containing 1 mM CaCl, and
field stimulated at the frequency of 1 Hz (20 V, 5 ms duration
square pulses). Cells were imaged using an NTSC camera
in a partial scanning mode. Cell shortening in response
to electrical stimulation was measured with a video-edge
detection system at a 240-Hz frame rate (lonoptix, USA).
All parameters were evaluated using customized software
developed in the MatLab® platform (13). Experiments were
performed at room temperature (~25°C). Only calcium-
tolerant, quiescent, rod-shaped myocytes showing clear
cross striations were studied. The cellimage was also used to
determine cell length and width, which were used to calculate
the cell volume (14) and length-to-width ratio. Cell shorten-
ing, maximal velocity of shortening and maximal velocity of
relengthening were measured in 10 cells per animal in each
experimental group. Cell length and width were measured
in 497 to 671 cells in the experimental groups.

Data were analyzed by ANOVA according to the follow-
ing one-way fixed effects model: Yj; = u + Gi + Ej, where
Yjj denotes the jth observation (j = 1, 2, ..., nj, with n; =
number of observations for groups 1 to 4, respectively) of
the response variables from the ith (i = 1, 2, 3, 4) group.
When the group effect was significant (P < 0.05), means
were compared by the Tukey-Kramer test. Data are reported
as means = SEM.

Results

The TTF of TRA animals was longer than that of SED-8
(18.30 £ 1.80 vs 9.70 = 2.20 min, respectively, P < 0.01).
This exercise training adaptation returned to control levels
after 4 weeks of detraining.

Blood pressure, body weight (BW), heart weight (HW),
and HW to BW ratio, were not statistically different among
groups after either exercise training or detraining (Table
1). However, exercise training increased the length of left
ventricular myocytes (3.33%) when compared to sedentary
control animals (TRA vs SED-8). Within 4 weeks of detrain-
ing the length of myocytes remained larger in exercised
animals (DET vs SED-12). Cell width and volume were not
affected by either exercise training or detraining. Cell length
to width ratio was higher in TRA than in SED-8 animals and
was maintained after the detraining period (Table 1).

Exercise training did not affect cell shortening (reported
as % resting cell length), which was unchanged after the
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detraining period (Figure 1A). Nevertheless, TRA animal
cells exhibited higher maximum velocity of shortening than
SED-8 animals (24%; Figure 1B). This adaptation was
reversed almost completely within 4 weeks of detraining.

M.A. Carneiro-Junior et al.

In addition, the maximum velocity of relengthening was
higher in TRA than in SED-8 animal cells (26%; Figure
1C). This change was reversed to sedentary values after
4 weeks of detraining.

Table 1. Blood pressure, body mass, cardiac weight, and single left ventricular myocyte dimen-

sions of the animals studied.

SED-8(N=7) TRA(N=7) SED-12(N=7) DET(N=7)
Initial BP (mmHg) 176.00+6.00  171.00+9.00  175.00+7.00 176.00 + 6.00
Final BP (mmHg) 176.00 +4.00  170.00+8.00 174.00+9.00 175.00 + 4.00
Final BW (g) 35270 £10.51 371.70 £+ 12.49 389.70 + 10.43 372.30 + 9.43
HW (g) 2.08 +0.08 2.18 + 0.09 202+008  2.14+0.08
HW:BW ratio (mg/g) 5.92 + 0.26 5.911+0.25 517+£0.09  576+0.23
Cell length (um) 156.10 +1.02  161.30+1.01* 156.10+1.00 160.11 % 1.01**
Cell width (um) 20.30 +0.22 2020+023  21.00£020  20.50 + 0.21
Length/width 8.22+0.10 8.50+0.08*  8.00+0.11 8.33 + 0.09**
Cell volume (pL) 24.10 + 0.30 2512+021  25.00+0.30 25.01+0.20

Data are reported as means + SEM. N = number of animals; SED-8 = animals maintained sed-
entary for 8 weeks (618 cells); TRA = treadmill-running animals trained for 8 weeks (667 cells);
SED-12 = animals maintained sedentary for 12 weeks (497 cells); DET = animals exercised for 8
weeks and then detrained (671 cells); BP = blood pressure; HW = heart weight; HWV:BW = HW to
BW ratio. *P < 0.05 compared to SED-8; **P < 0.05 compared to SED-12 (one-way ANOVA fol-

lowed by the Tukey-Kramer post hoc test).
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Figure 1. Cell shortening (A), maximum velocity of shortening
(B) and maximum velocity of relengthening (C). SED-8 = animals
maintained sedentary for 8 weeks, N = 7; TRA = treadmill-running
animals trained for 8 weeks, N = 7; SED-12 = animals maintained
sedentary for 12 weeks, N = 7; DET = animals exercised for 8
weeks and then detrained, N = 7; RCL = resting cell length. Data
are reported as means + SEM for 10 cells per animal in each
group. *P < 0.05 compared to SED-8 (one-way ANOVA followed
by the Tukey-Kramer post hoc test).
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Discussion

Our chronic treadmill running protocol increased the
running capacity (TTF) of SHR, which returned to control
levels after detraining. Despite no effect of exercise training
at the whole heart level (unchanged HW:BW ratio), at the
cellular level our data showed longer myocytes in the myo-
cardium of SHR animals that exercised on a treadmill for 8
weeks and that 4 weeks of detraining did not abolish such
exercise adaptation. This training-induced elongation of left
ventricular myocytes together with the increased cell length-
to-width ratio indicates that in the compensated phase of
the SHR model myocardium remodeling in response to
exercise training occurs towards eccentric hypertrophy. An
increase (~3.5%) in the circumferential dimension of an el-
liptical chamber resulting from a 3.5% increase in myocyte
length would result in an increase in chamber volume of
at least 7% (15). This type of geometric alteration would
have important consequences for the cardiac function of
these animals. For example, it would be accompanied by
a smaller increase in end-diastolic myocardial wall stress
and by an increased stroke volume inasmuch as a larger
chamber would result in a greater end-diastolic volume.
Nevertheless, the increase in cell length did not affect the
HW:BW ratio of TRA. It is possible that a 3.5% increase in
cell length does not significantly affect the heart weight of
the exercised animals.

We also observed that exercised SHR animals exhib-
ited faster cell shortening and relaxation than sedentary
rats and that this adaptation regressed to control values
within 4 weeks of detraining. Cardiac myocyte shortening
kinetics is known to be regulated by calcium-regulatory
proteins, contractile protein isoforms and action potential
waveform and duration (16). Although we did not test these
mechanisms, the increase in the expression of calcium-
regulatory proteins such as sarcoplasmic reticulum ATPase,
phospholamban and ryanodine receptors in response to
exercise training has been reported in hypertensive rat
cardiac muscle (17,18). Exercise training has also been
shown to induce a shift in ventricular isomyosin towards
V1 (higher ATPase and contractile activity compared to V3
isomyosin)in hypertensive rats (19). The effects of exercise
training on the action potential waveform and duration of
left ventricular myocytes in hypertensive rats remain to

References

1. Brooksby P, LeviAJ, Jones JV. Contractile properties of ven-
tricular myocytes isolated from spontaneously hypertensive
rat. J Hypertens 1992; 10: 521-527.

2. Hart G. Cellular electrophysiology in cardiac hypertrophy
and failure. Cardiovasc Res 1994; 28: 933-946.

3. McCrossan ZA, Billeter R, White E. Transmural changes in
size, contractile and electrical properties of SHR left ventric-
ular myocytes during compensated hypertrophy. Cardiovasc

www.bjournal.com.br

1045

be investigated. These cell time course adaptations to
exercise training would also have an important effect on
cardiac function. For example, a faster cell relengthening
increases end-diastolic volume as a result of a prolonged
diastolicfilling time. Whether these exercise training effects
on single cardiac myocyte time course of contraction and
relaxation will affect the susceptibility of SHR heart to ar-
rhythmic stimuli warrants further investigations.

The present study provides the first observations regard-
ing the effects of aerobic exercise training and detraining
on morphological and mechanical properties of single left
ventricular myocytes obtained from hypertensive rats. Our
findings give support to the improvement of left ventricular
performance demonstrated in exercised SHRisolated heart
(5,17,19). Although we did not measure cardiac function
in the present study, the morphological and mechanical
cellular adaptations reported here may contribute to our
understanding of the mechanisms underlying the benefits
of exercise training on the cardiac function of SHR (i.e.,
improved left ventricular performance).

We also showed that some cardiac myocyte adaptations
to exercise training are lost within 4 weeks of detraining,
suggesting that lifestyle modifications towards an active life
(i.e., regular exercise) help maintain the benefits of exercise
for hypertensive subjects.

Finally, our exercise training protocol did not reduce the
blood pressure of TRAanimals. While some studies reported
reduced blood pressure of SHR in response to exercise
training (e.g., Ref. 12), no change was observed by others
(e.g., Ref. 20). Perhaps 8 weeks of exercise training was
not a long enough period of time to promote a statistically
significant reduction in resting blood pressure.

We showed here that exercise training affects left
ventricular remodeling in the SHR model towards ec-
centric hypertrophy, which remain persisted for a 4-week
detraining period. Exercise training also improves single
left ventricular myocyte contractile function, which was
reversed after detraining.
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