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Echocardiographic Evaluation of Cardiac
Structure and Function during Exercise Training
in the Developing Sprague-Dawley Rat

Reid Hayward" and Chia-Ying Lien

Echocardiography is a widely used evaluation tool in cardiovascular research. Although rats are a common model in such
research, normal echocardiographic values for young, developing rats have not been established. Furthermore, whether
exercise during the developmental phase of the lifespan affects the structure or function of the heart is unclear. Male Sprague-
Dawley rat pups (21 d) were assigned randomly to a nonexercise or voluntary exercise group for 12 wk. Echocardiograms
were obtained before and at weekly intervals during the 12-wk observation period. Maturation resulted in changes in many
echocardiographically derived variables, whereas voluntary exercise failed to alter the development of cardiac structure
or function. This study provides normal echocardiographic variables for developing male rats and provides evidence that
exercise during the developmental phase of the lifespan has little effect on cardiac morphology and function as assessed by
echocardiography.

Abbreviations: d, diastole; ET, ejection time; FS, fractional shortening; IVCT, isovolumic contraction time; IVRT, isovolumic
relaxation time; LVD, left ventricular dimension; MPI, myocardial performance index; NEX, nonexercised; PW, posterior wall
thickness; RWT, relative wall thickness; s, systole; SW, septal wall thickness; TVI, time velocity integral; V_, velocity of circum-

ferential shortening; VEX, voluntary exercise; V__, maximal flow velocity; V

mean flow velocity.

mean’

Echocardiography is a reliable, valid, and safe method for the
examination of cardiac structure and function in both humans
and animals. It has become an invaluable tool for serial meas-
ures of cardiac structure and function in research using animal
models due to the fact that echocardiography potentially can
replace highly invasive or terminal procedures. As a result, the
implementation of echocardiography in research using labora-
tory animals has increased steadily.

Over the past century, laboratory rats have been used as a
standard research model. Their size and physical characteris-
tics make them an effective model to study human physiology
and disease. Because rats frequently are used in cardiovascular
research, the echocardiographic alterations that occur in young
rats need to be understood to evaluate possible changes that
may occur during this period of development. Furthermore,
rats have proven to be a well-accepted model for investigating
the effects of physical activity. With a growing emphasis on the
effect of lifelong exercise on cardiovascular health, rats could
serve as an effective model to investigate the effects of exercise
during the developmental phase of the lifespan.

Although baseline echocardiographic values for adult rats
have been reported,* little is known regarding the time course of
changes in cardiac morphology and function in developing rats.
Likewise, whether exercise initiated several days after weaning
has an effect on the normal development of the rat heart, either
in morphology or function, is unknown. The purpose of the cur-
rent study was to characterize changes in cardiac structure and
function in developing Sprague-Dawley rats and to investigate
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the effects of exercise training on these developmental changes.
We hypothesized that exercise training during the developmen-
tal stages of life would cause maturational changes in cardiac
structure and function in male Sprague-Dawley rats.

Materials and Methods

All procedures were approved by the University of Northern
Colorado Institutional Animal Care and Use Committee and
were in compliance with Animal Welfare Act! guidelines and
the AALAS Position Statement on the humane care and use
of laboratory animals. Male Sprague-Dawley rat pups were
purchased from Harlan (Indianapolis, IN), arrived at our facil-
ity at 14 d of age, and were allowed to acclimate 1 wk before
being assigned to an experimental group. Pups were housed in
an environmentally controlled facility on a 12:12-h light:dark
cycle and were provided chow and water ad libitum.

Exercise training. At 21 d of age, pups were assigned randomly
to either a nonexercise (NEX; n = 10) or voluntary exercise (VEX;
n =10) group. Rats assigned to the NEX group were free-moving
young rats without the opportunity to exercise. They were
housed individually in standard cages for the duration of the
experimental protocol. Rats assigned to the VEX group were
free-moving young rats with the opportunity to voluntarily
exercise. They were housed individually in cages fitted with
commercially available voluntary running wheels (MiniMitter,
Bend, OR) and were allowed 24-h access to the wheels for 12 wk.
No acclimation or initial training period was provided to rats in
the running group. Running-wheel activity data were collected
by using a data-acquisition system (Vital View, MiniMitter). All
rats underwent echocardiography immediately before and at
weekly intervals during the 12-wk exercise protocol. At 12 h
before each echocardiogram, VEX rats were removed from their
cages to negate any effects of acute exercise.
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Echocardiography. For transthoracic echocardiography (Ne-
mio 30, Toshiba, Tustin, CA), rats were sedated with ketamine
(40 mg/kg IP), their anterior and left lateral thoracic regions
were shaved, and rats were placed in the left lateral decubital
position. Ultrasound gel was placed on the thorax to optimize
visibility. The probe was positioned to obtain short-axis, long-
axis, and 4-chamber views. From the short-axis view, an M-mode
tracing of the left ventricle (LV) was obtained for measures of
septal wall thickness during systole (SWs) and diastole (SWd),
posterior wall thickness during systole (PWs) and diastole
(PWd), and LV dimension during systole (LVDs) and diastole
(LVDd). For all cardiac dimensions, we used a leading—edge-
to-leading-edge technique as described by the American
Society of Echocardiography.'” Aortic flow was assessed from
the 4-chamber apical view by using pulsed-wave Doppler ultra-
sonography, with the smallest possible sample volume placed
at the level of the aortic annulus. Mitral flow was assessed from
a 4-chamber apical view by using pulsed-wave Doppler with
the smallest possible sample volume placed at the tips of the
mitral valve. LV mass was calculated as 1.04[(LVDd + PWd +
SWd)3 — LVDd?), relative wall thickness (RWT) was calculated
as [PWd + SWd] / LVDd, and fractional shortening (FS) was
calculated as [LVDd - LVDs] / LVDd. The velocity of circum-
ferential shortening (V_) was calculated as FS / ET, where ET is
ejection time; ET was obtained from Doppler measures of aortic
flow and measured as the time between aortic valve opening
and aortic valve closure. The myocardial performance index
(MPI), an index used to assess combined systolic and diastolic
function,® was calculated as [IVCT + IVRT] / ET, where IVCT
is isovolumic contraction time, and IVRT is isovolumic relaxa-
tion time. From pulsed Doppler mitral and aortic flow images,
the time velocity integral (TVI), maximal flow velocity (V__),
and mean flow velocity (V__ ) were measured. For measures
of cardiac dimensions, time intervals, and flow velocities, data
from 3 consecutive cardiac cycles were obtained and averaged
for each rat at each time point. Echocardiography was completed
within 10 to 15 min.

Statistical analyses. Data are reported as mean * SE. Differ-
ences over time were determined by one-way ANOVA using
GraphPad Prism software (La Jolla, CA). When differences
were noted over time, Dunnett posthoc analyses were con-
ducted comparing time course values to their corresponding
baseline values at 3 wk of age. An independent ¢ test was used
to determine significant differences in mean values between
exercise groups and control groups for each echocardiographic
parameter. A significant level of P < 0.05 was used for all sta-
tistical analyses.

Results

Male Sprague-Dawley rats were monitored from 3 to 15 wk
of age. Body weight measurements during that period closely
followed the growth curve reported by the vendor. Although
growth curves for NEX and VEX rats had similar time-course
responses (Figure 1), significant (P < 0.05) differences between
groups were observed at weeks 9 through 13 and 15. At these
intervals, VEX rats weighed significantly (P < 0.05) less than did
NEX rats. LV mass, as calculated by using echocardiographic
measures, responded in a similar fashion. Both NEX and VEX
groups showed continuous increases in LV mass throughout
the study. No significant differences in LV mass were noted
between groups except at the 10-wk interval, with NEX rats
demonstrating a significantly (P < 0.05) higher mean mass at that
time. Figure 2 summarizes mean weekly running distances. Rats
in the voluntary exercise group showed progressive increases

Echocardiographic changes during exercise training in developing rats

in running behavior during the first 6 wk of wheel exposure.
Running volume then declined progressively during weeks 9
through 12 and remained stable from weeks 13 to 15.

Each cardiac parameter (mean + SE) measured by echocardi-
ography appears in Tables 1 through 3. NEX rats showed distinct
progressive increases in all cardiac dimensions (that is, chamber
dimensions, wall thicknesses) throughout the 12-wk observation
period (Table 1), consistent with increases in body weight and
LV mass of the developing animal. No significant differences
between NEX and VEX groups were observed for any cardiac
geometry measure at any time point, with the exception of
PWd at 3 wk and PWs at weeks 3 and 15 (P < 0.05). In addition
to measures of cardiac geometry and morphology, several ad-
ditional standardized echocardiographic measurements were
obtained and are summarized in Table 2. Although mean rest-
ing heart rate in NEX rats ranged from 422 bpm (week 14) to
513 bpm (week 5), values did not significantly differ from the
week 3 heart rate at any time point. In VEX rats, resting heart
rate significantly (P <0.05) increased from week 3 to week 5 and
was significantly (P < 0.05) decreased at weeks 12 to 15 when
compared with the week 3 resting heart rate. In NEX rats, RWT
did not change throughout the course of the study, whereas
significant (P < 0.05) decreases in RWT were noted for the VEX
group at weeks 6 through 8 and 13 wk. However, no differences
in RWT were noted between groups at any time point. In com-
parison to week 3 values, we noted no significant differences for
V_, during the course of this study, and no significant differences
were observed between NEX and VEX groups. Both NEX and
VEX groups showed a significant decline in IVRT by week 6 (P
< 0.05) and showed an upward trend for the remainder of the
observation period. No significant differences in IVRT were
observed between groups at any time point. NEX rats showed
a trend toward a decrease in FS over time, with significantly
lower FS at weeks 13, 14, and 15 (P < 0.05). Whereas VEX rats
showed a similar trend as that in NEX rats, FS did not signifi-
cantly change during the 12-wk observation period. At week
3, mean FS values were above 64% for both groups but at or
below 60% by 15 wk. This pattern occurred in both NEX and
VEX groups, with no significant differences between groups at
any observation interval.

We noted a high degree of similarity in the response of all
Doppler blood flow measures (Table 3). Each of these variables
showed progressive increases from week 3 until approximately
week 9, followed by a plateau or a slight decline in mean values
between weeks 9 and 15. No significant differences between
NEX and VEX groups were noted for any variable at any time
point, with the exception of aortic TVI at 3 wk and mitral TVI
at 13 wk.

Discussion

Rats in the current study demonstrated a pattern of increased
running during the first 5 wk of exposure to the wheel, fol-
lowed by a decline in running activity over the next 6 wk. We
previously reported in several other studies a similar pattern
of running activity in mature male Sprague-Dawley rats.!>1>
Although dozens of internal and external factors have been
reported to influence running behavior in rats (see reference 30
for review), this pattern of running behavior may be related to
the novelty or complexity of the running activity. When given
the choice, most laboratory rats will choose more complex and
novel activities.3’ Therefore, a plausible explanation for the in-
creased running activity followed by a decline and plateau may
be that the running behavior is driven by the level of novelty
or complexity.
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Figure 1. Body weight (mean + SE) is significantly lower in voluntar-
ily exercised compared with nonexercised male Sprague-Dawley rats.
NEX, nonexercised; VEX, voluntarily exercised. *, P < 0.05 compared
with value for NEX.
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Figure 2. Weekly voluntary running distances (mean * SE) in male
Sprague-Dawley rats.

13 15

Data presented in the current study indicate that both cardiac
morphology and function changed during weeks 3 through
15 of the lifespan in male Sprague-Dawley rats. However,
voluntary exercise during this same period had little effect on
this developmental process. Although exercise did alter body
weight, this effect did not translate into changes in cardiac
morphology and function.

Rats engaged in voluntary exercise demonstrated a similar
growth pattern to that of nonexercised animals, but body weight
was less in VEX when compared with NEX between 9 and 15
wk of age. It has long been purported that forced exercise will
slow the growth rate of male rats and that this effect is due to

the combination of increased caloric expenditure without a
commensurate increase in caloric intake.?? Others have shown
that voluntary exercise by young male rats results in a negative
energy balance that may account for the differences in body
weight.® Blunting of the growth curve by voluntary exercise
appears to occur in male but not female rats, even when ex-
ercise is conducted during the developmental phases of the
lifespan.8?2 This discrepancy in body weight between NEX
and VEX groups did not translate into differences in LV mass.
Although LV mass in VEX rats tended to be lower than that of
NEX, no statistically significant differences between groups
were present at any time point.

Here, we report that chronic exercise results in virtually no
change in any cardiac morphologic or functional characteristic
in young, developing Sprague-Dawley rats. In fact, of the
247 possible comparisons between NEX and VEX groups (19
echocardiographic variables, 13 separate time intervals), only
6 significant between-group differences (PWs at 3 and 15 wk;
LVDd at 10 wk; MPI at 5 wk; aortic TVI at 3 wk; mitral TVI at 13
wk) occurred during the course of the current study. Although
statistical differences occurred sporadically across different
variables over many weeks, there was little evidence overall
for comprehensive, systematic differences between exercised
and nonexercised rats. In mature rats ranging in age from
approximately 12 to 112 wk of age, exercise training does not
significantly change LVDd, LVDs, or FS.910141521,29,3435 1 jice-
wise, exercise training has no significant effect on SWs, 14152134
SWd, 314152134 PWg 14152134 or PWd 31415213435 Iy the present
study, our results indicate that exercise training had no sig-
nificant effect on mitral inflow or aortic outflow during the
developmental phase of the lifespan. These findings are in
agreement with several other studies in adult rats indicating that
exercise training does not significantly affect mitral>1014152134
or aortic blood flow.1415

Voluntary wheel running has been used by our lab and others
as an effective means of exercise training in rats. Wheel-running
activity in rats improves oxygen consumption,'® increases
citrate synthase activity,”'? enhances force production in
cardiomyocytes,?? and results in hypertrophy of the whole heart
and individual myocytes.??* Although similar adaptations
are observed with treadmill exercise, there is little doubt that
voluntary exercise is a less stressful means by which animals
exercise!”? and may possibly better mimic the exercise prac-
tices of most people. One study®® compared voluntary wheel
running with forced treadmill running at comparable speeds in
rats and reported that the pattern of cardiovascular adjustment
between the 2 forms of exercise was similar, yet mean arterial
pressure, heart rate, and mesenteric blood flow responses were
significantly greater (33% to 66%) with treadmill exercise. Al-
though running velocities were similar, wheel-running activity
produced a much more moderate cardiovascular response.
Even with these differences in the cardiovascular response to
voluntary exercise when compared with forced treadmill exer-
cise, there is insufficient evidence to suggest that these exercise
modalities (that is, voluntary exercise compared with forced
treadmill exercise) have different effects on the morphologic or
functional characteristics of the heart. Several studies have failed
to show a significant effect of either forced treadmill!!.1521,29,34
or voluntary wheel-running exercise'*!> on cardiac morphology
and function as assessed by echocardiography.

Other studies have evaluated cardiac structure and function
following exercise training using modalities that do not require
running. One study” found that swimming exercise in rats did
not significantly affect cardiac morphology, whereas another??
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Table 1. Cardiac geometry (mm; mean * SE)

Echocardiographic changes during exercise training in developing rats

3wk 4 wk 5wk
NEX VEX NEX VEX NEX VEX
SWs 2.26 +£0.08 2.11+£0.07 249+0.11 2.40+0.092 2.70+0.132 2.87£0.10*
SWd 1.09 £ 0.06 1.13£0.08 1.30 £ 0.082 1.20£0.08 1.30 £ 0.06* 1.36 £ 0.052
PWs 2.31+£0.09 2.26 +0.10P 2.39+0.08 2.61+0.08 249+0.12 2.79+£0.13
PWd 1.30 £ 0.09 1.44 +£0.08° 1.37 £0.09 1.56 £0.11 1.29+£0.09 1.42 +0.08
LVDs 1.34+0.10 1.45+0.09 1.70 £0.152 1.67 £0.12 1.85+0.102 1.63+£0.13
LVDd 298 +£0.14 4.06+0.08 4.61+0.11 4.63+0.192 490+0.172 4.88+0.152
6 wk 7 wk 8 wk
NEX VEX NEX VEX NEX VEX
SWs 2.89+0.162 2.64+0.08% 3.01+0.132 3.00+£0.082 3.20+0.122 3.16 £0.072
SWd 1.43 £0.08* 1.36 £ 0.072 1.62+0.10* 1.54 +0.072 1.57 £0.06* 1.53 +£0.06*
PWs 2.94+0.172 2.73+0.122 2.83+0.182 3.04+£0.122 3.15+0.272 3.05+0.142
PWd 1.70£0.13* 1.56 £0.08 1.53 £0.092 1.52+0.08 1.76 £0.112 1.70£0.112
LVDs 2.09 £0.212 2.16+0.132 2.25+0.192 1.97+0.16* 2.12+0.222 2.00+0.132
LvDd 5.51+0.192 543+0.18 5.66 £0.18 5.54+0.122 5.80+0.122 5.75+0.122
9wk 10 wk 11 wk
NEX VEX NEX VEX NEX VEX
SWs 3.01+£0.10° 3.08 £0.14° 3.33+0.122 3.17 £0.09? 3.28+0.112 3.27+£0.112
SWd 1.63+£0.172 1.55+0.112 1.84 £0.010* 1.65+0.112 1.69 £0.16* 1.80£0.15*
PWs 3.04 £ 0.25° 3.20+0.122 3.21+0.132 3.08 £0.16* 3.52+0.112 3.34+0.142
PWd 1.79 £ 0.082 1.66 £0.12 1.71 £0.082 1.75+£0.102 2.01+0.162 1.84£0.122
LVDs 1.94 +£0.152 1.85+0.16* 2.34+0.202 2.02+0.122 2.16+0.182 2.19+0.122
LVDd 5.92+0.122 5.76 £ 0.20* 6.24 +0.142 5.79 + 0.222b 6.35+0.212 6.18 £ 0.232
12 wk 13 wk 14 wk
NEX VEX NEX VEX NEX VEX
SWs 3.34+0.132 3.27+0.122 3.15+0.14° 3.11+0.132 3.42+0.172 3.27+£0.142
SWd 1.92 £0.092 1.89 £0.11° 1.79 £ 0.082 1.74+£0.11° 2.01+0.13? 1.86 £ 0.082
PWs 3.33+0.18 3.14 +£0.142 3.26+0.18 3.50 + 0.06% 3.36 +0.142 3.36+0.102
PWd 1.81+£0.112 1.73+0.10? 1.89 £0.10* 1.82+0.072 1.93+0.10? 1.87 £0.09*
LVDs 2.66 £0.30? 2.45+0.152 2.78 +0.192 2.52+0.182 2.57+0.172 2.60 £0.272
LvDd 6.36 £ 0.222 6.35+0.212 6.57+0.182 6.57 +0.212 6.31+0.152 6.37 £ 0.242
15 wk
NEX VEX
SWs 3.45+0.15° 3.37+0.132
SWd 2.03+0.142 2.04+0.112
PWs 3.34 +0.09° 3.05 +0.082
PWd 1.83 £0.10* 1.67£0.112
LVDs 2.63+0.192 2.58 +0.15%
LvDd 6.34 £0.152 6.48 +£0.202

d, diastole; s, systole; NEX, nonexercised; VEX, voluntary exercise; SW, septal wall thickness; PW, posterior wall thickness; LVD, left ventricular

dimension.
2P < 0.05 compared with week 3 value
PP < 0.05 compared with NEX

found that moderate- and high-intensity swimming significantly
increased both PWd and SWd. Furthermore, a 3-mo resistance
training program in rats had no effect on LVDd, FS, V , or IVRT
but significantly increased PWd, SWd, and RWT.? Far fewer
studies use swimming or resistance exercise than treadmill or
wheel-running activity, and as a result, drawing conclusions is
more difficult. However, exercise modalities such as swimming
and resistance training may provide a different stimulus than

does running-type exercise and may elicit changes in selected
cardiac variables measured echocardiographically.

Why exercise during the developmental phase does not have
a substantial effect on cardiac development or function is un-
known. Clearly, several different interventions profoundly affect
cardiac structure and function in Sprague-Dawley rats, includ-
ing ischemia-reperfusion,'® hypertension,* and anthracycline
exposure.'? Theoretically, exercise has the capability of stimu-
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Table 2. Other echocardiographic variables (mean * SE)

HR (bpm)
LVM (mg)
RWT

V, (circ/s)
IVRT (ms)
MPI

FS (%)

HR (bpm)
LVM (mg)
RWT

V, (circ/s)
IVRT (ms)
MPI

FS (%)

HR (bpm)
LVM (mg)
RWT

V, (circ/s)
IVRT (ms)
MPI

FS (%)

HR (bpm)
LVM (mg)
RWT

V, (circ/s)
IVRT (ms)
MPI

FS (%)

HR (bpm)
LVM (mg)
RWT

V, (circ/s)
IVRT (ms)
MPI

FS (%)

3wk 4 wk 5wk
NEX VEX NEX VEX NEX VEX
453 £29 487+ 11 496 + 11 484 £ 25 513+ 18 544 + 032
207 £18 235+ 08 301 +192 319+ 192 319+17° 346 + 122
0.60 +£0.02 0.64 £0.02 0.58 £0.04 0.61£0.04 0.53 £0.04 0.57 £0.02
1.42+0.15 1.29 £ 0.06 1.28 £ 0.08 1.22+0.06 1.38 £ 0.06 1.34£0.09
16.9+£0.8 17.8+1.1 15.8£0.6 15.5+£0.9 154+1.1 14.6 £0.72
0.88 +£0.08 0.74 £0.06 0.69 +£0.07 0.61£0.07 0.77 £0.08? 0.53 +0.06°
66+ 2 6412 63+3 64+3 62+1 67+3
6 wk 7 wk 8 wk
NEX VEX NEX VEX NEX VEX
504 £ 10 513+13 484+ 14 490 £ 08 489+ 08 485+ 09
498 + 342 440+ 122 527 £ 372 488 £ 262 590 + 412 558 + 267
0.58 £ 0.04 0.55+0.03* 0.56 £0.02 0.56 +£0.02? 0.58 £0.03 0.56 £ 0.022
1.27 £0.09 1.24+£0.09 1.34+0.12 1.42+0.04 1.39+£0.10 1.43+0.12
13.9+£1.02 14.0+£0.72 16.5+£0.8 149+0.8 16.7+1.1 16.8 £0.92
0.63 £0.05° 0.63£0.10 0.96 £0.11 0.82 £0.06 0.78 £0.12 0.85+0.19
63+3 612 61+2 65+2 634 65+2
9 wk 10 wk 11 wk
NEX VEX NEX VEX NEX VEX
46112 453 + 14 461 £ 09 464+ 10 41716 445+ 12
633 £ 38° 557 + 482 718 £ 212 608 + 3820 792 + 672 736 £ 292
0.58 £ 0.04 0.56 £ 0.04 0.58 £0.02 0.59 +£0.03 0.59 +£0.06 0.60 £ 0.05
1.32+£0.06 1.41+0.07 1.22+0.08 1.34+£0.05 1.17 £0.07 1.24+0.05
15.1+£0.7 152+£0.8 16.6 £0.9 15.8+£0.9 189+1.6 16.0+0.8
0.70 £ 0.06 0.83 £ 0.05 0.67 £0.03? 0.73 £0.02 0.74 +£0.04 0.67 £0.04
67+2 68+3 63+3 65+1 65+3 64+1
12 wk 13 wk 14 wk
NEX VEX NEX VEX NEX VEX
434 +£ 06 440+ 132 424 + 08 428 + 072 422 +03 415+ 152
800 + 30? 764 + 30? 825 + 322 788 + 472 855 + 412 806 + 412
0.59 +£0.04 0.58 £0.03 0.56 £0.03 0.55 +0.03? 0.63 £0.04 0.59 +0.03
1.12+0.07 1.21+£0.03 1.09 £ 0.07 1.16 £ 0.06 1.17 £ 0.05 1.14+£0.07
185+1.1 15.9+0.6 17.2+£0.8 16.3£0.8 18.9+0.8 184+1.3
0.73 £0.07 0.71£0.04 0.73 £0.05 0.66 £0.03 0.66 + 0.04 0.78 £0.06
59+4 62+1 58 + 24 62+2 59 £22 59+0
15 wk
NEX VEX
432+13 423 £ 102
842 + 542 817 + 422
0.61+£0.03 0.58 £0.04
1.19+£0.07 1.17 £ 0.05
19.2+1.67 17.8+1.1
0.86 +£0.02 0.79 £0.05
58 £32 60+2

HR, heart rate; LVM, left ventricular mass; RWT, relative wall thickness; V

of”

relaxation time; MPI, myocardial performance index; FS, fractional shortening.
P < 0.05 compared with week 3 value.
PP < 0.05 compared with value for NEX.

velocity of circumferential (circ) shortening; IVRT, isovolumetric
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Table 3. Aortic and mitral Doppler measures (mean * SE)

Echocardiographic changes during exercise training in developing rats

3wk 4 wk 5wk
NEX VEX NEX VEX NEX VEX
Aortic TVI (cm) 2.61+0.2 3.2+0.2% 3.2+0.3 3.8+0.22 34+0.2?2 3.6+0.22
AorticV___(cm/s) 53+5 63+3 64+4 102 + 40 7243 74+ 40
Aortic V,_ (cm/s) 7847 91+4 9245 10244 100 + 3° 108 +3°
Mitral TVI (cm) 25+0.2 2.6+0.1 29+0.12 3.2+0.12 3.1+0.12 3.0+0.1
Mitral V__(cm/s) 6514 71+£2 78 £22 78 +4 80 +22 82+22
Mitral V__ (cm/s) 90+6 98+3 106 £ 32 105+4 110 £ 32 110+ 3°
6 wk 7 wk 8 wk
NEX VEX NEX VEX NEX VEX
Aortic TVI (cm) 42+0.22 3.9+0.22 3.7+0.22 3.7+£0.2 3.5+0.3* 34+02
AorticV_(cm/s) 84 +22 78 + 32 81+52 80 +42 76 + 32 74 + 42
AorticV__ (cm/s) 112 £22 108 + 42 109 £52 112+ 32 105+ 32 100£5
Mitral TVI (cm) 3.3+0.12 3.2+0.12 3.1+0.12 3.2+0.12 34+0.2?2 3.2+0.22
Mitral V__ (cm/s) 86+ 32 85+ 22 83+ 32 80+ 32 8022 80+ 22
Mitral V__ (cm/s) 113+ 32 114 + 22 109 £22 110+ 32 109 + 32 106 + 32
9wk 10 wk 11 wk
NEX VEX NEX VEX NEX VEX
Aortic TVI (cm) 42+0.22 4.1+022 43+0.2° 4.3+0.22 44+0.22 39+0.1°
Aortic V,_ (cm/s) 82440 86+ 5° 8443 85+ 5° 81+4 7542
AorticV__ (cm/s) 125+ 52 129 + 52 121+52 131+ 42 118 £ 52 116 +3
Mitral TVI (cm) 3.9+0.12 3.8+0.12 3.7+£0.22 3.9+0.12 3.9+0.22 3.8+0.22
Mitral V,_ (cm/s) 88+ 3 84+ 40 8343 85+ 5° 7743 8245
Mitral V__ (cm/s) 121 +52 113+ 6° 113+ 32 117 £ 52 105+ 62 1n1+7
12 wk 13 wk 14 wk
NEX VEX NEX VEX NEX VEX
Aortic TVI (cm) 41+0.22 35+0.2 4.0+0.3* 40+0.22 3.5+0.32 39102
AorticV__ (cm/s) 78 £ 32 70+4 75+ 42 75+ 3° 71+42 73+4
AorticV__ (cm/s) 118 £4° 107 + 42 111 +£52 115+52 109 £ 72 114 £5°
Mitral TVI (cm) 3.7+0.22 4.0+0.12 3.6+0.1* 41+0.2% 3.6+0.22 4.0+0.22
Mitral V___ (cm/s) 8043 80+6 74+3 79430 7143 7845
Mitral V,__(cm/s) 109 +3° 109+6 103 +2 108 +4 100 +3 105+7
15 wk
NEX VEX
Aortic TVI (cm) 35+0.32 39+0.3
AorticV_(cm/s) 71+£52 76 £4
AorticV__ (cm/s) 106 + 82 112 + 62
Mitral TVI (cm) 34+0.22 39+0.22
Mitral V___(cm/s) 78 +4 77+4
Mitral V__ (cm/s) 108 £6 105+7

max

TVI, time velocity integral; V_  mean flow velocity; V,
2P < 0.05 compared with week 3 value
PP < 0.05 compared with NEX

max’

lating concentric ventricular hypertrophy (that is, increased
wall thickness) in response to the increase in wall stress that
is associated with higher ventricular pressures (pressure over-
load), and the capability of stimulating eccentric hypertrophy
(that is, chamber dilation) as a result of a volume overload that
accompanies the increase in venous return (volume overload).
However, neither the pressure nor the volume overload associ-
ated with voluntary exercise in the current model was sufficient
to cause any change in cardiac structure or function. Therefore,

maximal flow velocity.

although there appears to be a threshold at which such stimuli
can elicit structural or functional changes, what that threshold
is remains unclear.

Although not a focus of the current study, different results
might have been observed in female rats. Several studies have
demonstrated an influence of gender on cardiac function and
sex-associated differences in how the cardiovascular system
responds to exercise training in male and female rats.>® How-
ever, in our laboratory, 8 wk of voluntary wheel running did not
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significantly change any echocardiographic measure of cardiac
morphology or function in either adult male or adult female rats.
Whether similar results would be obtained in young developing
female rats is unclear.

The protocol used in the current study incorporated repeated
exposure of growing rats to sedatives and other stress-related
factors (for example, handling, injections, sedative exposure).
Chronic exposure to adverse factors during the early phases
of development has been shown to permanently affect the
cardiovascular system of mammals.?>? In light of our obser-
vations, exposure to these factors early in life did not appear
to have a significant effect on the investigated variables. The
growth curve of NEX rats was within approximately 10 g of the
vendor-reported growth curve at all weekly intervals; this result
suggests that these stress-related factors did not affect overall
growth rate during the developmental phase. Furthermore, the
data obtained in the present study between 10 and 15 wk of age
are similar to the data obtained in our laboratory from nonex-
ercise controls in other studies at a comparable age that have
not been handled on a weekly basis.'? Rats were not observed
beyond 15 wk of age, and differences in cardiac structure or
function may have occurred at later time points.

Although we hypothesized that voluntary exercise during
the developmental phase of the lifespan would significantly
alter the cardiac morphology and function, this does not ap-
pear to be the case. Several studies!"141521.2934 have indicated
that exercise training itself does not significantly affect cardiac
structure or function in the adult rat. Likewise, data from the
present study suggest that exercise does not significantly affect
cardiac structure or function during developmental life stages
in rats. The maturation process clearly resulted in significant
changes in several echocardiographic variables, yet voluntary
exercise appeared to have very little effect on cardiac struc-
ture or function in young, developing rats. Although exercise
can elicit both structural and functional changes in the heart,
voluntary exercise during the early developmental phase of
life does not provide a sufficient stimulus to change either
structure or function beyond that observed during the normal
maturation process. All of our echocardiographic assessments
were conducted during the resting state and differences be-
tween nonexercised and exercised rats may occur when the
heart is stressed, such as during exercise or after dobutamine
exposure.?® Nonetheless, voluntary exercise during the de-
velopmental phase of the lifespan did not stunt or augment
cardiac development as assessed by echocardiography in male
Sprague-Dawley rats.
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