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Abstract
Background—Based on animal experiments and limited data from few human trials, alternate day
fasting (ADF) resulted in weight loss; prolonged life; reduced metabolic risk factors for diabetes and
cardiovascular diseases; and reduced prevalence of age-related diseases. The present study is the first
comprehensive examination of the long-term effects of ADF on general cardiovascular fitness in
rats.

Methods and Results—Four months old male Sprague-Dawley rats were started on ADF or
continued on ad libitum diets and followed for 6 months with serial echocardiography. A
comprehensive hemodynamic evaluation including a combined dobutamine - volume stress test was
performed at the end of the study, and hearts were harvested for histological assessment. The six-
month long ADF diet resulted in a 9% reduction (p<0.01) of cardiomyocyte diameter and 3 fold
increase in interstitial myocardial fibrosis. Left ventricular chamber size was not affected by ADF
and ejection fraction was not reduced, but left atrial diameter was increased 16%, and the E/A in
Doppler-measured mitral flow was reduced (p<0.01). Pressure-volume loop analyses revealed a
“stiff” heart during diastole in ADF rats, while combined dobutamine and volume loading showed
a significant reduction in LV diastolic compliance and a lack of increase in systolic pump function,
indicating a diminished cardiac reserve.

Conclusion—Chronic ADF in rats results in development of diastolic dysfunction with diminished
cardiac reserve. ADF is a novel and unique experimental model of diet-induced diastolic dysfunction.
The deleterious effect of ADF in rats suggests that additional studies of ADF effects on cardiovascular
functions in humans are warranted.
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Introduction
Compared to ad libitum (AL) food consumption, caloric restriction, i.e., a reduction of calorie
intake by 20–40%, or intermittent fasting, also known as alternate day fasting (ADF), have
been reported to prolong life and to result in multiple health benefits, at least in experimental
animals (For review see 1–3). Briefly, in addition to extending the life span, these dietary
alterations have resulted in reduced risks for diabetes (4) and hypertension (5), and to an
increased resistance to experimentally induced degenerative brain diseases (6).

We had previously reported that ADF increased myocardial tolerance to ischemic damage
(7). Compared to rats maintained on a usual AL diet, those maintained on an ADF regimen for
6 months sustained a smaller myocardial infarction (MI) induced by a permanent coronary
ligation, had a reduced level of apoptosis in the peri-infarct area, and attenuated post-MI left
ventricular remodeling. Recently, a similar beneficial effect of ADF was shown in rats: ADF
started 2 weeks after the induction of an MI reduced mortality and attenuated the development
of chronic heart failure (8).

The long-term effects of chronic ADF on cardiac structure and function in the absence of an
experimental MI, however, have not been investigated. In the present study we performed
detailed evaluation of the effects of prolonged ADF on the cardiac structure and function in
rats.

Methods
All animal procedures were approved by the National Institute on Aging Animal Care and Use
Committee. Four month old male Sprague-Dawley rats (n = 40) were randomly assigned to be
fed either every day (ad libitum, AL group, n = 20) or to alternate day fasting (ADF group,
n=20) with a standard rat diet (NIH-07, Harlan Teklad, Indianapolis, IN). These feeding
regimens lasted 6 months. Echocardiographic (Echo) assessment of cardiac morphometry and
function was conducted prior to assigning rats to a specific diet, and was repeated at 3 and 6
months following initiation of the diets. Following 6 months on the diets, a subset of animals
was subjected to comprehensive hemodynamic studies involving pressure-volume loop
analyses that included a hemodynamic stress test (infusion of progressively increased volume
of physiological saline containing a constant concentration of Dobutamine). Rats were then
euthanized, and their hearts and lungs were harvested and weighed. Hearts were further
subjected to a histological evaluation. As an AL weight matched control (ALWM) for 10-mo
old ADF rats, five additional, 4-mo old ad libitum fed rats were also euthanized for heart
histological evaluation.

Echocardiography
Echocardiography (Sonos 5500, a 12 MHz transducer) was conducted under light sodium
pentobarbital anesthesia (30 mg/kg, i.p.) as described previously (7, 9, 10, see also suppl.
material). All reported indices of echocardiography were normalized for body weight (BW)
either ratiometrically or allometrically (11, 12).

Hemodynamic Measurements
Procedure was similar to previously described (13) and outlined in suppl. material. As with
echo parameters all reported indices of hemodynamic measurements were normalized for BW
either ratiometrically or allometrically (11, 12)
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Dobutamine Stress Test
After completion of hemodynamic evaluation the left femoral vein was cannulated and infusion
of Dobutamine, a predominantly β1 AR agonist, in concentration of 50 µg/ml of normal saline
was started. The infusion rate was regulated by an infusion pump, which was set at consecutive
regimens of 100, 200, 300, and 400 µL/kg/min. Each infusion regimen was continued for 5
minutes. During each consecutive infusion regimen each animal had received 0.5, 1.0, 1.5, and
2.0 ml/kg of saline containing 25, 50, 75, and 100 µg/kg of dobutamine respectively. Therefore,
the test actually consisted of two combined stresses: a volume load combined with inotropic
stimulation, i.e., a stress similar to that induced by a dynamic exercise. Hemodynamic indices
at steady state were collected prior to drug infusion and at the end of each infusion regimen (a
total of five measurements).

Gross Pathology and Histological Assessment
Histological staining and analyses were performed as described previously (7, see also suppl.
material).

Statistical Analysis
All data are expressed as the mean ± SEM. Echo-derived and hemodynamic indices during the
stress test were compared via a two-way ANOVA for repeated measurements. Group
differences at specific time points were tested by Bonferroni’s post-hoc test (Prism v3.0,
GraphPad Software Inc., San Diego, CA). Histological data were assessed by one-way
ANOVA with Bonferroni correction for multiple comparisons. Hemodynamic indices prior to
the stress test were compared between the two diet groups using Student’s t-test. Hemodynamic
and echocardiographic indices were examined to determine whether they are influenced by a
body weight. Parameters that significantly varied with body weight were scaled appropriately
to body weight either ratiometrically, or allometrically (SAS, v9, Cary, NC) as described
previously (11, 12, see also suppl. material). P<0.05 was considered statistically significant.

Results
Body weight

During the 6 mo of observation the body mass in AL increased by 28% (p<0.001). Consistent
with the reduced average weekly food consumption, the rate of the weight gain in ADF rats
was significantly attenuated, and at the end of the 6 month diet period (when rats were 10
months old), weight of rats in the ADF group increased by only 6% (Fig. 1).

Echocardiography
During the 6 month experimental period ESV increased by 49% (p<0.001) similarly in both
the AL and ADF diet groups (Fig. 2 B). EDV in AL (Fig. 2A) increased proportionally to ESV
(by 52%, p<0.001). The rate and extent of EDV expansion in ADF rats was lower than in AL
rats; at 6 months the EDV increased in ADF rats by 33% (p<0.05). However, the differences
in EDV between ADF and AL groups at 3 and 6 months did not achieve statistical significance
(p<0.07). The lower EDV in rats on the ADF diet was associated with a small (4%) but
statistically significant reduction of EF in ADF rats compared to AL rats at both the 3 and 6
month time points (Fig. 2C). In fact, while EF was maintained during the 6 month observation
period in AL rats, it significantly dropped after the first 3 months on the ADF diet and remained
lower at 6 months (p<0.01). The SV (Fig. 2D) increased in both groups during the 6 month
study period (p<0.01), but to a lesser amount in rats on the ADF diet compared to those on the
AL diet. The reduction in stroke volume and in HR (Fig. 2E) contributed to a lower cardiac
output in rats on the ADF diet compared to those on the AL diet (Fig. 2F). Calculated LV mass
(Fig. 2G) and PWth (Fig. 2H) were lower in ADF rats compared to AL rats at both the 3 and
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6 month time points. Figure 2I illustrates the ratio of the short radius of LV to posterior wall
thickness (r/h). The monotonic increase of the ratio in the ADF group during 6-mo of diet is
statistically significant and at 3-mo different from AL rats.

Additional echocardiographic evaluation revealed a substantial increase in left atrial size in
rats on the ADF diet compared to the AL diet (Fig. 3 A). In ADF rats the LAD normalized for
aortic diameter increased significantly (p<0.001), while it did not change in rats on the AL
diet, resulting in a significantly larger LAD in ADF rats compared to AL rats at 3 and 6 months
(Fig. 3 B). Fig. 3 B1 and B2 showed that the rate of increase of LAD over time (40%) exceeded
the rate of growth of aortic diameter (18%). Fig. 3 B3 and B4 present the LV EDV and ESV,
respectively, also normalized for aortic diameter for comparison with LAD. LV volumes
normalized for aortic diameter were not different between groups, i.e., the increase of atrial
size in ADF rats exceeded that in LV size.

While the mitral valve did not exhibit any pathology, the Doppler measured E/A waves (Fig.
3 C) in ADF rats became reduced at 3 months compared to AL rats (p<0.05). The lower E/A
in the ADF rats persisted at 6 months. The changes in E and A waves are illustrated in
supplemental figure (Fig. 1S). The mitral flow velocity during atrial systole (A wave) did not
differ between groups. The early mitral flow (E wave), however, became monotonically
reduced during 6 mo of diet in the ADF group and was significantly lower than in AL rats at
6 mos.

In order to separate the effect of ADF per se on cardiovascular function from the effects of
reduced body weight, all echocardiographic indices in which a significant correlation with
body weight was detected were subjected to a subsequent ratiometric or allometric adjustments
(Table 1). After normalization for body weight, at six months all morphometric indices of the
LV were similar in both diet groups, HR and CO remained significantly reduced in rats on the
ADF diet, while EF became slightly, but statistically significantly elevated in ADF rats
compared to AL rats. In contrast to LV dimensions, the left atrial dimensions remained
significantly increased in rats in the ADF group compared to those in the AL group even after
adjustment for body weight.

Gross pathology and histology
Postmortem heart and lung weights (wet weight) adjusted for body weight (Fig. 4) support
echocardiographic findings. In rats on the ADF diet the HW/BW ratio significantly exceeded
that in body-weight-matched AL (ALWM) 4 month old rats (Fig. 4 A), but was not significantly
higher than that in AL age-matched rats, despite the marked differences in body weight gain.
Lung weight/BW ratio in ADF rats (Fig. 4 B) greatly exceeded that of both age-matched and
weight-matched AL rats.

Histological assessment (Fig. 5) showed that cardiomyocyte diameter was significantly smaller
in ADF rats compared to age-matched or weight-matched AL rats (Fig. 5 A). Interestingly, the
cardiomyocyte density was only marginally increased in ADF rats (Fig. 5A1, p<0.06). ADF
rats had 3 times more myocardial fibrosis compared to either age- or weight-matched AL rats
(Fig. 5 B).

Hemodynamics
Hemodynamic measurements performed at the end of 6 months of diets are listed in Table 2.
In ADF rats there was a statistically significant reduction of HR and aortic systolic pressure
resulting in a reduction in pulse pressure compared to AL rats. However, differences between
the groups became non-significant after adjustment for body weight (Table 2). Prior to body
weight correction SV and CO were reduced in ADF rats, but these differences were not present
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after adjustment for body weight. Steady state cardiac systolic function in the ADF rats was
characterized by a lower ESP and +dp/dt; however a load independent measurement of systolic
function, PRSW, and the indices of arterio-ventricular coupling did not differ between the diet
groups. ESP in ADF rats remained reduced after adjustment for body weight. All indices of
diastolic function, steady state (−dP/dt, Tau, and EDP) and load independent (Eed), were
statistically different in ADF rats compared to AL rats, and indicated a reduction of diastolic
function and myocardial diastolic stiffness caused by the ADF diet. However, after adjustment
for body weight −dP/dt did not differ between groups. Figure 6 illustrates the shifts of PV loops
during temporary occlusion of vena cava in representative rats from ADF and AL groups. Note
that the slope of the diastolic PV relation is markedly steeper in ADF rats than in AL (see Table
2).

Dobutamine stress test
As the rate of infusion increased, the dose of dobutamine increased, so that each sequential
measurement reflected a higher volume and higher dobutamine dose. Thus the cardiovascular
system was double-stressed, i.e., stressed by both an inotropic stimulation and a volume load.
Both groups responded to stress with a similar increase in HR: 20% in AL rats and 27% in
ADF rats. Figure 7 illustrates typical shifts of pressure-volume loops in rats in the AL and ADF
groups (Figures 7 A and B respectively) in response to increasing inotrope-volume loads. In
AL rats (Fig. 7A) the increases in dobutamine/volume stress progressively expanded the end-
diastolic volume to accommodate the increased return (right shift), and reduced the end-systolic
volume (left shift, i.e., increased systolic performance), also confirmed by increase of stroke
volume and stroke work (Fig. 8 C, E). ADF rats (Fig.7 B) also responded to inotropic-volume
stress by reducing the end-systolic volume (left shift); however the end-diastolic volume in
ADF rats failed to increase. End-diastolic pressure-volume relationships are illustrated in Fig.
7 C and D. While AL rats responded to inotropic-volume stress with greater LV EDV expansion
and less of EDP increase compared to ADF rats, ADF rats responded by increasing the end-
diastolic pressure (Fig. 7 C, upper and middle panels). Differential responses of AL and ADF
rats to inotropic-volume stress are further emphasized in Fig. 7 C, lower panel and 7 D. The
dynamics of EDP/EDV ratio in response to stress consistently revealed progressively higher
LV stiffness in ADF rats compared to AL rats (Fig. 7 C, lower panel). Additionally, the slope
of EDP vs EDV during the stress test (Fig. 7 D), reflecting the LV stiffness, was also markedly
different between groups: the slope of regression line for ADF rats was significantly different
from zero (p<0.01), whereas the slope of regression line for AL rats was much less steep
compared to the ADF rats and statistically not different from zero.

The indices of cardiac systolic reserve in ADF rats were diminished in comparison to AL rats
(Fig. 8). The PRSW, the most integrative index of systolic function, responded to inotropic-
volume challenge with significantly less of an increase in ADF compared to AL rats (Fig. 8A).
The increase of HR in response to double stress did not differ between groups, and response
of PRSW normalized for HR is shown in the Fig. 8 B. In AL rats an increase in HR associated
with dobutamine-volume stress corresponded to a steep elevation of PRSW; the response of
PRSW to a similar stress-associated increase of HR in ADF rats was substantially blunted
compared to AL rats. The diminished cardiac reserve in ADF rats is further illustrated in Figs.
8 C–E, which present the SV, CI, and Stroke Work as a function of the EDV throughout the
dobutamine/volume stress. In AL rats an increase of EDV is translated into increases of the
SV, CI, and SW: the slopes of regression lines for AL rats are significantly different from zero.
On the other hand, in ADF rats the slopes of regressions for these indices remained flat despite
a significant increase in EDV.
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Discussion
The present results have uncovered a striking deleterious effect of cardiac structure and
function in rats maintained on an ADF diet compared to rats on the usual AL diet. Chronic
ADF resulted in reduction of cardiomyocyte size and increased myocardial fibrosis. The
fibrotic ADF hearts manifested diastolic dysfunction at rest and a diminished diastolic and
systolic reserve capacity: During a volume/dobutamine stress the ADF heart was unable to
increase its filling volume, despite a greater increase in filling pressure, and this translated into
the pump failure.

Considerable previous evidence supports an overall beneficial effect on health of caloric
restriction and ADF in rats and mice. Animals maintained on ADF or reduced calorie diets live
longer than their AL fed counterparts, and exhibit improved glucose metabolism, decreased
tumor incidence and preserved cognitive function and locomotor abilities during aging (see
14 for review). Resting HR was reduced, heart rate variability was increased, and
cardiovascular adaptation to stress was improved in animals maintained on an ADF diet for 3–
9 months (5, 15). Therefore, it remains to be determined how the alterations in cardiac
cytoarchitecture and function caused by long-term ADF in the rats in the present study are
related to improved autonomic regulation and increased resistance to ischemic damage reported
in previous studies (7, 16).

Echocardiographic measurements indicated that during 6 months of ADF the LV chamber
increased less than in control animals, consistent with previous studies which showed a
reduction in cardiac weight in rats on a long-term caloric restriction diet (17, 18). The smaller
LV chamber in ADF rats was a factor in the reduced LV mass and, additionally, the posterior
wall in ADF rats was thinner than in AL rats. These findings were accompanied with reduced
SV, EF, and CO. However, adjustment of these parameters for body weight, either ratiometric
or allometric, suggested that substantially lower body weight in ADF rats was responsible for
most of the differences between them and rats in the AL group: only CO remained lower in
ADF rats after BW correction, due to a lower HR. This differs from results of hemodynamic
measurements via pressure-volume loop analyses, where BW adjustment eliminated the
differences in HR between the diet groups and consequently in CO (Table 2). The reasons
might be in different conditions of measurements, namely, open chest (hemodynamics) versus
closed chest (echo). Thus, LV echocardiographic findings were mostly unremarkable and
attributable to a lower body weight in ADF rats. However, histological assessment showed
that cardiac myocytes in ADF rats were smaller than in either age- or weight-matched AL rats,
and these findings indicate a real myocardial hypotrophy.

An important Echo finding was a marked increase in left atrial size in ADF rats, which persisted
after adjustment for aortic diameter. The increase of atrial size in ADF rats did not correspond
to an increase of the LV chamber, which, after adjustment for aortic diameter, was similar in
both groups. In the absence of valve disease or specific atrial pathology, left atrial enlargement
stems from increased LV filling pressure, indicative of diastolic dysfunction (19–21). It has
been suggested (22, 23) that E/A, Doppler index of diastolic dysfunction, reflects elevated
filling resistance at the time of measurement, while left atrial enlargement reflects the
cumulative effect of habitually increased filling resistance. Since the left atrial contribution to
a total LV stroke volume can be as much as 30% (24), atrial enlargement obviously, is a major
adaptive mechanism in the setting of diastolic dysfunction. In ADF the E/A was reduced in the
absence of evidence of mitral valve disease. Therefore, even in the context of reduced HR in
ADF, reduction of E/A in combination with increased left atrial volume and without
concomitant increase in LV SV strongly indicates a reduced LV filling and suggests established
diastolic dysfunction in rats after 6 months of ADF.
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The presence of diastolic dysfunction suggested by Echo findings in ADF rats was confirmed
by results of hemodynamic measurements with pressure-volume loop analyses: baseline
(prior to volume-dobutamine stress) indices of diastolic performance, EDP, dP/dt min, and Tau
were abnormal in ADF rats. Most importantly Eed, the load independent index of myocardial
stiffness was elevated. This may be attributable, in part at least, to increased myocardial fibrosis
observed in ADF rats. Note, that baseline load independent indices of systolic performance
obtained through pressure-volume loop analyses were not reduced in ADF rats, suggesting that
intrinsic myocardial contractility was not affected by ADF.

The markedly diminished diastolic reserve in the “stiff” hearts in ADF rats became manifest
during the volume/dobutamibe stress test. While AL rats responded to this volume-inotrope
load by expanding LV at end-diastole with little increase in EDP, EDV of ADF rats failed to
increase, but LV diastolic pressure was elevated in the ADF rats (Fig. 7 C, D). Further analyses
of the results of this double stress illustrate the concomitant reduction of systolic reserve in
ADF rats (Fig. 8): the increase of preload recruitable stroke work in response to the incremental
volume-dobutamine stress (Fig. 8 A, B) that occurred in AL rats was substantially reduced in
ADF rats. Moreover, usual increases in LV SV, stroke work, and CO as a function of EDV
increase were observed in AL rats (Fig. 8 C–E), but were virtually absent in ADF rats. The
findings of gross pathological postmortem examination were consistent with functional
changes in that the lung weight indexed for a body weight was increased in ADF compared to
AL rats; infused fluid was trapped in the lungs due to lack of systolic cardiac reserve in ADF
rats.

Therefore, echocardiographic, hemodynamic, and histological evaluation of ADF rats showed
that they developed cardiomyocyte hypotrophy and a “stiff” fibrotic heart manifesting diastolic
dysfunction with preserved ejection fraction. Impaired diastolic performance in ADF rats
during the volume-dobutamine stress led to the signs of systolic failure. In other words, chronic
maintenance of the rats on ADF dietary regimen results in diastolic dysfunction with a
diminished cardiac reserve, both during diastole and systole. Although these changes may not
adversely affect longevity of the rats under usual laboratory housing conditions, it will be of
considerable interest to determine the impact of these changes on the ability of the rats to
tolerate vigorous exercise (25).

Although the specific molecular and cellular mechanisms underlying the development of
diastolic dysfunction during chronic ADF remain to be determined, our results do lead to
mechanistic hypotheses for future studies. A remarkable finding of reduced cardiomyocyte
diameter in ADF rats reflects a true hypotrophy of cardiomyocytes, because cardiomyocytes
in ADF rats were smaller than in either age- or body weight-matched AL rats. A small drop in
ESP in ADF animals cannot be interpreted as leading to a reduction of the LV wall stress,
because it was counterbalanced by an increase of r/h ratio. In other words, the mechanism of
reduction of cardiomyocyte size in ADF is not similar to the mechanism of cardiomyocyte
atrophy associated with mechanical unloading (26). To the best of our knowledge this
phenomenon of reduced cardiomyocyte size is not associated with any other experimental
model, with the possible exception of a recently described thiamine-deficiency model in rats
(27). In that model, rats maintained for one month on a thiamine-depleted, but otherwise
standard, diet had smaller cardiomyocytes and reduced thickness of the LV wall, while
electrical characteristics of their hearts remained largely intact.

The development of myocardial fibrosis in ADF rats represents another counterintuitive finding
of our study, because existing data (28) describe a reduction of myocardial fibrosis in this
model, at least in aged rats subjected to life-long ADF. Since preponderance of data does not
support the idea of selective mortality in “fibrotic” ADF rats, this finding suggests another
direction for mechanistic inquiries. It is widely accepted, although never actually proven, that
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tissue-protective effects of ADF are related to adaptive stress responses elicited by this dietary
regimen. Levels of several stress proteins, such as heat-shock and glucose regulated proteins,
were elevated in brain tissues of rats and mice on an ADF diet (1). ADF also results in an
elevation of levels of circulating corticosterone (5). Interestingly, activation of
mineralocorticoid (MC) receptors, via exogenous administration of MC or via endogenous
glucocorticoid stimulation is known to produce cardiac fibrosis (29). Moreover, it has been
proposed that elevation of tissue aldosterone level and activation of MC receptors plays a
central role in the pathogenesis of diastolic heart failure (30).

Only 4 human studies have been published to date on the effects of ADF (31–34). A decrease
in body weight and fat mass, an increase in insulin sensitivity, an increase in plasma HDL
cholesterol concentration (women), a decrease in plasma triglyceride concentration (men), and
decreases in markers of oxidative stress and inflammation have been observed. While these
results are promising, the dietary intervention lasted for a relatively short time periods (1–3
months), involved small sample sizes, and baseline (pre-ADF) measurements were used as
control values. The present findings of deleterious effects of ADF on cardiac function in
experiment on rodents provide a cautionary note to the adoption of long-term ADF regimens
in humans.

In summary, experimental ADF, a dietary regimen, which prolongs life span and promotes
numerous health benefits in rodents, including tissue protection from ischemic damage, causes
a myocardial hypotrophy, cardiac fibrosis, diastolic dysfunction, and a reduction of cardiac
reserve. Therefore, the present findings offer a novel and unique experimental model of dietary
induced diastolic dysfunction.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Body weights of rats during 6 months on AL and ADF dietary regimens. *p<0.05 compared
to the AL value at the same time point; #p<0.05 compared to the baseline value for the same
group (ANOVA with Bonferroni post hoc comparison).
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Figure 2.
Echocardiographic Left Ventricular indices (unadjusted for body weight differences) in rats
on AL and ADF diets during a 6 month period. LV end-diastolic volume (A), end-systolic
volume (B), ejection fraction (C), stroke volume (D), heart rate (E), cardiac index (F),
calculated LV mass (G), posterior wall thickness (H), and ratio of short axis LV radius to
posterior wall thickness r/h ratio (I). Statistical symbols are same as in Figure 1.
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Figure 3.
Echocardiographic indices of Left Atrial dimensions in rats on AL and ADF diets during a 6
month period. Representative M-mode Echos from rats on either the ADF or and AL diets (A),
Ao – aorta, LA – left atrium; Ratio of left atral diameter (LAD) to aortic diameter (AoD) (B);
LAD (B1); AoD (B2); Ratio of EDV to AoD (B3) and ESV to AoD (B4). Doppler-measured
mitral flow velocity (C). Statistical symbols are same as in Figure 1.
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Figure 4.
Gross pathology postmortem comparisons of rats on the AL and ADF diets. (A) Heart weight/
body weight ratio of AL and ADF groups after 6 months on the respective diets, and of 4 month-
old AL rats (AL weight matched control for ADF, ALWM). (B) Lung weight/body weight of
the same groups. *p<0.05 vs AL; #p<0.05 compared to the ADF values (ANOVA with
Bonferroni post hoc comparison).
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Figure 5.
Representative histological samples and results of measurements of cardiomyocyte size and
density (A, A1, H&E staining) and of myocardial fibrosis (B, Masson staining) for AL, ADF,
and ALWM groups. *p<0.05 compared to the ADF and ALWM values (ANOVA with
Bonferroni post hoc comparison).
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Figure 6.
Pressure-volume loops shift during preload reduction in representative animals from AL (A)
and ADF (B) groups. Eed values belong to presented animals.
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Figure 7.
Hemodynamic measurements during dobutamine-volume stress test. Representative series of
pressure-volume loops for AL (A) and ADF (B) groups. Consecutive PV loops from top to
bottom represent recordings at baseline (top row) and during cumulative stages of increased
stimulation from 0.5 mL/kg of saline (S) and 25 µg/kg of Dobutamine (D, second row) to 2.0
mL/kg of saline and 100 µg/kg of Dobutamine (last row). Vertical dotted lines delineate the
end-diastolic volumes at baselines; C (upper and middle panels) - average enddiastolic volume
and end-diastolic pressure changes relative to a baseline respectively as a function of
dobutamine-volume load intensity in AL and ADF groups; C (lower panel) - average end-
diastolic pressure/end-diastolic volume ratio (LV stiffness) during increasing stimulation in
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AL and ADF groups; D - end-diastolic pressure as a function of end-diastolic volume (LV
stiffness) during stress test. Statistical symbols are same as in Figure 1.
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Figure 8.
Additional hemodynamic measurements during a stress test. PRSW (load independent LV
work) as a function of dobutamine-volume load intensity (A) or increased HR (B) in AL and
ADF groups; C–F - CO, CI, SV, and SW respectively as a function of increased EDV in AL
and ADF during the stress test. Statistical symbols are same as in Figure 1.
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