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Koch, and George T. Cicila. Myocardial function in rat
genetic models of low and high aerobic running capacity.
Am J Physiol Regulatory Integrative Comp Physiol 282:
R721–R726, 2002; 10.1152/ajpregu.00367.2001.—We re-
cently evaluated treadmill aerobic running capacity in 11
inbred strains of rats and found that isolated working left
ventricular function correlated (r � 0.86) with aerobic run-
ning capacity. Among these 11 strains the Buffalo (BUF)
hearts produced the lowest and the DA hearts the highest
isolated cardiac output. The goal of this study was to inves-
tigate the components of cardiac function (i.e., coronary flow,
heart rates, stroke volume, contractile dynamics, and cross-
bridge cycling) to characterize further the BUF and DA
inbred strains as potential models of contrasting myocardial
performance. Cardiac performance was assessed using the
Langendorff-Neely working heart preparation. Isolated DA
hearts were superior (P � 0.05) to the BUF hearts for cardiac
output (63%), stroke volume (60%), aortic �dP/dt (47%), and
aortic �dP/dt (46%). The mean �/�-myosin heavy chain
(MHC) isoform ratio for DA hearts was 21-fold higher rela-
tive to BUF hearts. At the steady-state mRNA level, DA
hearts had a fivefold higher �/�-ratio than the BUF hearts.
The mean rate of ATP hydrolysis by MHCs was 64% greater
in DA compared with BUF ventricles. These data demon-
strate that the BUF and DA strains can serve as genetic
models of contrasting low and high cardiac function.

aerobic capacity; myosin heavy chains; cardiac output; con-
tractility

ENERGY TRANSFER VIA AEROBIC pathways defines a large
part of the biology for essentially all multicellular or-
ganisms (1, 23, 31). At the systemic level of organiza-
tion, aerobic capacity is a complex trait in the sense of
being a function of the interaction of both genetic and
environmental factors (32). Simple additive models of
heredity plus environment have been used to estimate
the genetic contribution to variance in human aerobic
capacity in twins. Klissouras (15) estimated that �93%
of the interindividual variance in maximal aerobic
power was of genetic origin in pairs of monozygotic and
dizygotic twins. Bouchard et al. (6) concluded that a
genetic component accounts for 70% of the variation in
endurance capacity in young adults when measured as

the total work performed during a 90-min maximal
ergocycle test.

A long-term goal of our laboratory is to define the
genetic basis for variation in aerobic exercise capacity
in mammals (16). Given the complexity of this trait
(30), the use of inbred models can be of special value for
two related reasons: 1) genetic and environmental vari-
ation can approach minima and 2) widely divergent
strains can be crossed to produce second filial (F2)
populations for use in cosegregation studies (7). In
previous work we reported that significant variation
exists for endurance running capacity between 11 in-
bred strains of rats. In addition, we also found that
intrinsic cardiac contractility (Langendorff-Neely prep-
aration) correlated (r � 0.86) positively with aerobic
running capacity among these 11 inbred strains (2).
Specifically, we found that the Buffalo (BUF) rats had
the lowest intrinsic isolated heart performance and the
DA rats the highest (1.9-fold difference).

The purpose of the current study was to evaluate
physiological and biochemical pathways that could ac-
count for the difference in intrinsic myocardial capacity
between hearts from the BUF and DA inbred strains of
rats. Specifically, we investigated the components of
cardiac function, including coronary flow, heart rate,
stroke volume, contractile dynamics, and cross-bridge
cycling to characterize these strains as potential ge-
netic models of contrasting myocardial capacity. Be-
cause increased cross-bridge (i.e., actomyosin) cycling
is associated with a higher �/�-myosin heavy chain
(MHC) ratio, differences in the �/�-MHC were investi-
gated at both the protein and mRNA levels (13, 17, 27).
In addition, the rates of gamma phosphate hydrolysis
were investigated in MHCs isolated from the left ven-
tricles of BUF and DA rats.

METHODS

Animals

The BUF (BUF/NHsd) and DA (DA/OlaHsd) strains were
purchased from Harlan Sprague Dawley (Indianapolis, IN)
at 7–8 wk of age (18 rats per strain). When not being studied,
the rats were housed two per cage and only age- and sex-
matched rats of the same strain shared a cage. The rats were
provided food and water ad libitum and placed on a 12:12-h
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light-dark cycle, with the light cycle occurring during the
daytime. All procedures were carried out with approval from
our Institutional Animal Care and Use Committee and were
conducted in accordance with the Guiding Principles in the
Care and Use of Animals, as approved by the Council of the
American Physiological Society.

Estimation of Isolated Cardiac Performance

Preparation of the heart. Isolated heart performance was
measured in 13-wk-old rats using the Langendorff-Neely
isolated working heart preparation (2, 22). Heparin sodium
(300 IU) was injected intraperitoneally 1 h before rats were
anesthetized with pentobarbital sodium (50 mg/kg body wt
ip). The heart was extirpated via a sternotomy and rapidly
placed in chilled Krebs-Henseleit buffer. Subsequently, the
aorta was cannulated, and retrograde perfusion was initiated
with oxygenated buffer solution.

Perfusion of the working heart. Isolated working heart
function was assessed as described in detail previously (2).
Briefly, retrograde perfusion through the aorta was initiated
at a pressure of 80 mmHg within �1 min after the abdominal
cavity was opened. During the subsequent 15 min of equili-
bration, a cannula, connected to an oxygenated reservoir set
at a fixed filling pressure of 15 mmHg, was inserted into the
left atrium. After equilibration, anterograde perfusion was
initiated at a preload of 15 mmHg and an afterload of 70
mmHg. Aortic flow was collected from the side arm of the
afterload column, and coronary effluent was collected from
the pulmonary artery every 10 min for 1 min for a total of six
volume measurements per heart. In addition, heart rate and
the rate of increase and decrease (�dP/dt) of aortic pressure
with each heart beat were measured with a Statham pres-
sure transducer (model P23dB) attached to the aortic can-
nula. The analog signal from the pressure transducer was
amplified with a Sensormedics R-611 polygraph (Anaheim,
CA). The amplified signal was sampled at 250 Hz by a
PO-NE-MAH digital data-acquisition and archiving system
(Storrs, CT) and stored on disk for subsequent analysis. This
included heart rate and aortic pressure measurements cor-
responding to the duration of each aortic and coronary vol-
ume measurement.

Perfusion medium. Hearts were perfused with Krebs-
Henseleit bicarbonated buffer that was aerated with 95%
O2–5% CO2 at 37°C (pH 7.4). Concentrations were as follows
(in mM): 118 NaCl, 4.7 KCl, 2.25 CaCl2, MgSO4, 1.2 KH2PO4,
0.32 EGTA, 25 NaHCO3, and 11 D-glucose.

Determination of the Ratio of Left Ventricular
�/�-MHC mRNA

MHC mRNA analysis. Total RNA was isolated from left
ventricular tissue obtained from male DA and BUF rats (n �
6 for each strain) at 13 wk of age. Tissue was homogenized in
a guanidine thiocyanate-phenol solution (Ultraspec II, Bio-
tecx, Austin, TX) at 1 ml/0.2 g tissue using a polytron (Brink-
mann, PT 3000). The homogenate was extracted with chlo-
roform, and the upper aqueous layer was removed, mixed
with isopropanol (0.5 volumes), and 0.05 vol RNA Tack resin
(Biotecx) was added. The resin was mixed, pelleted, and
washed twice with 75% ethanol. RNA was eluted in diethyl
pyrocarbonate-treated water. RNA concentration and quality
was determined by absorbance at 260 and 280 nm. Only RNA
samples having an A260/A280 ratio between 1.8 and 2.0 were
used in this study. RNA integrity was monitored by electro-
phoresis in 1% agarose gels under denaturing conditions.

cDNA synthesis. cDNA was synthesized by the following
procedure. Five micrograms total RNA was heat denatured

for 10 min at 70°C, chilled on ice, and reverse transcribed for
1 h at 42°C in a 20-	l reaction containing 50 mM Tris �HCl,
75 mM KCl, 3 mM MgCl2, 0.5 mM dNTP, 10 mM dithiothre-
itol, 0.5 	g oligo (dT)20, and 200 U Moloney Murine Leukemia
Virus reverse transcriptase (Super Script II, GIBCO-BRL,
Gaithersburg, MD). cDNAs were normalized within a linear
PCR range using the housekeeping gene glyceraldehyde-3
-
phosphate (GAPDH).

PCR amplification of MHCs. �- and �-MHC cDNAs were
concomitantly amplified using a single primer set that was
designed to bind to identical sequences in both MHC cDNAs.
For �-MHC, this region spanned from nucleotide (nt) 4718 to
nt 5060, and, for �-MHC, this region spanned from nt 4688 to
nt 5030 (19). The resulting 342-bp PCR product was ampli-
fied using the following primer set: 5
-CGA GCC CAG CTG
GAG TTC AA and 5
-CGA TGG CGA TGT TCT CCT TC.
Equal amounts of normalized cDNA were PCR amplified in a
total volume of 25 	l containing 1.5 mM MgCl2, 2.5 mM stock
dNTP, 1 unit of Taq polymerase, and 10.0 pmol of each
oligonucleotide primer. PCR reactions were overlaid with
mineral oil, and 25 cycles of PCR were performed in a PTC-
100–96VAg thermocycler (MJ Research, Watertown, MA)
using the following program: 5 min at 94°C plus 25 cycles of
denaturation at 94°C for 45 s, annealing at 55°C for 45 s, and
extension at 72°C for 1.5 min. A final extension at 72°C for 5
min was included to ensure that all reactions were com-
pleted. The �- and �-MHC cDNA ratio was determined by
restriction digestion of the amplified product with BstX1.
This digestion cleaved only the �-MHC cDNA (the restriction
site located at nt 4912 in the �-MHC as numbered in the
�-cDNA according to Ref. 19). PCR products were diluted to
a volume of 50 	l and digested for 1–2 h at 37°C with 40 units
of BstX1 (Gibco-BRL) according to the manufacturer’s in-
structions. Overnight (16 h) BstX1 restriction digestion prod-
ucts were not different from the 1- to 2-h digestion products.
Restriction-digested DNA was fractionated electrophoreti-
cally on a 4% agarose gel and photographed using positive/
negative film (Polaroid). Negatives were scanned using a
Hewlett Packard Scan-Jet 3C, and the intensity of the sig-
nals was determined using National Institutes of Health
Image Analysis software (National Center for Biotechnolog-
ical Information, Bethesda, MD). Discernment of the �/�-
MHC cDNA ratio was independent of the amount of cDNA
amplified or the number of cycles used, because the primers
were complimentary to both cDNAs; the amplified PCR prod-
ucts were the same size and the PCR product sequences
nearly identical. In addition, although not shown, �/�-mRNA
ratios were measured using an RNAse Protection Assay
(RPA) kit (Ambion, Austin, TX). A 210-bp portion of the 3

untranslated region of �-MHC was amplified using the fol-
lowing primers (5
-CCAACACCAACCTGTCCAAGTTC, 5
-
GGTGCTGTTTCAAAGGCTCCAG), cloned into the pCRII
plasmid (Invitrogen, Carlsbad, CA), and used as a protection
probe for �/�-MHC mRNAs. With this experimental design,
only 126 bp of �-MHC mRNA was complementary to the
210-bp �-MHC probe.

MHC ATPase activity and MHC protein analysis. MHCs
were isolated from left ventricular tissue obtained from male
DA (n � 6) and BUF rats (n � 6) at 13 wk of age. Ventricular
tissues were homogenized in 10 vol of extraction buffer of the
following composition (in mM): 100 Na4P2O7 (pH 8.8), 5
EGTA, and 2 �-mercaptoethanol at 2°C (11). Homogenates
were centrifuged at 48,000 g, and the supernatant was mixed
with an equal volume of glycerol (11). MHC ATPase was
measured using the metal fluoride complex inhibition tech-
nique (24) on samples homogenized and centrifuged in so-
dium pyrophosphate extraction buffer (11). MHC ATPase
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activity was measured in triplicate in the presence and ab-
sence of a metal fluoride by diluting the MHC solution 1:50
with a reaction buffer containing either 50 mM MOPS (pH
7.4), 5 mM ATP, 4 mM MgCl2, or a trapping buffer containing
50 mM MOPS (pH 7.4), 5 mM ATP, 4 mM MgCl2, 0.4 mM
ADP, and 10 mM NaF (24) for 6 min at 37°C. Control
reactions were treated identically to those incubated with
reaction buffer, except they were maintained at 0°C to deter-
mine basal inorganic phosphate generated from the Na4P2O7

extraction buffer. Reactions were terminated by the addition
of 1 ml of 20% trichloroacetic acid, and inorganic phosphate
was measured as the amount of heteropolymolybdenum at a
wavelength of 660 nm as described by Fiske and Subbarow
(7a). The final MHC ATPase activity was determined
by subtracting trapped and controls values from reaction
values.

MHC SDS-PAGE analysis. Left ventricular tissue was
prepared as described by Blough et al. (4) and separated
electrophoretically as described by Talmadge and Roy (27). In
brief, six hearts from each strain were placed in a cold
relaxing solution of the following composition (in mM): 2.0
EGTA, 4.4 Mg ATP, 10 imidazole, 1.0 Mg2�, and 180 KCl, pH
7.00. Left ventricular tissue was dissected, weighed, and
placed in 10 vol glycerated relaxing solution that was pre-
pared by adding 50% (vol/vol) glycerol and leupeptin (5 	l/ml)
to the relaxing solution. Samples were homogenized on ice for
30 s and mixed 1:40 with sample preparation buffer contain-
ing the following: 8 M urea, 2 M thiourea, 0.05 M Tris base,
0.075 M �-mercaptoethanol, 3% (wt/vol) SDS, and 0.004%
(wt/vol) bromophenol blue, at pH 6.8 (4). Samples were
heated for 5 min at 100°C before loading onto gels. SDS-
PAGE was performed on 0.75-mm-thick vertical slab gels
(Mini-Protean II Dual Slab cell electrophoretic system, Bio-
Rad, Hercules, CA) as described by Talmadge and Roy (27).
The stacking gels consisted of 30% glycerol, 4% acrylamide-
N,N
-methylene-bis-acrylamide (50:1), 70 mM Tris (pH 6.7),
4 mM EDTA, and 0.4% SDS. The resolving gels were com-
posed of 30% glycerol, 8% acrylamide-N,N
-methylene-bis-
acrylamide (50:1), 0.2 M Tris (pH8.8), 0.1 M glycine, and
0.4% SDS. The upper tank buffer consisted of 0.1 M Tris
(base), 150 mM glycine, and 0.1% SDS. The lower buffer
consisted of 50 mM Tris (base), 75 mM glycine, and 0.05%
SDS. The pH of the buffers was not adjusted. One to five
microliters of sample was loaded into each well and run
overnight (16 h) at 4°C under constant voltage (70 V). After
electrophoresis, the gels were stained for 3 h at 50°C using
Coomassie brilliant blue (R250, Bio-Rad). The �/�-MHC ratio
for each strain was determined by scanning the gels and
analysis using the NIH-Image program using a Hewlett-
Packard Scan-Jet 3C/T scanner.

Data Analyses

Hemodynamic parameters, isoform percentages, and MHC
ATPase activities were initially tested for homogeneity of
variance using a Levene test. Statistical significance for
hemodynamic parameters and isoform percentages were de-
termined using either a Student’s t- or Wilcoxon Mann-
Whitney test. Significant differences in MHC ATPase activ-
ity were determined using a one-way analysis of variance. All
statistical tests were performed using SPSS statistical soft-
ware. The 1% level of confidence was arbitrarily used for
assigning a difference as significant, and data are presented
as means � SE.

RESULTS

DA hearts produced an average output of 62 � 3
ml �min�1 �g heart wt�1 and BUF hearts produced an
average output of 38 � 2 ml �min�1 �g heart wt�1. This
represents a 63% difference in intrinsic cardiac output
between DA and BUF rats (P � 0.01).

The DA rats had coronary flows that averaged 25.5 �
1 ml �min�1 �g heart wt�1 tissue and were not statisti-
cally different from those of BUF rats, which had
coronary flows that averaged 22.8 � 1 ml �min�1 �g
heart wt�1. The mean intrinsic heart rates of DA rats
(304 � 3 beats/min) and BUF rats (303 � 5 beats/min)
were also not statistically different. There was, how-
ever, a significant difference in average stroke volume
between these two strains. DA hearts ejected 202 � 10
	l �beat�1 �g heart wt�1, whereas BUF hearts ejected
126 � 6 	l �beat�1 �g heart wt�1 (P � 0.01).

The rate of rise in aortic pressure (�dP/dt) produced
by left ventricular ejection was significantly (P � 0.01)
faster for DA hearts compared with BUF hearts
(�1,042 � 32 vs. �708 � 40 mmHg/s). The rate of
aortic pressure diminution during diastole (�dP/dt)
was also significantly (P � 0.01) faster for DA hearts
compared with BUF hearts (�925 � 60 vs. �632 � 70
mmHg/s).

Figure 1A shows a representative acrylamide gel
demonstrating the separation of left ventricular �- and
�-MHC from BUF and DA. Figure 1B illustrates the

Fig. 1. The relative percentage of �- and �-myosin heavy chain
(MHC) protein in the left ventricle of Buffalo (BUF) and DA rats. A:
representative polyacrylamide gel demonstrating the separation of
�- and �-MHC protein. B: relative percentage of �- and �-MHC as
determined by densitometry from Coomassie-stained gels. Bars rep-
resent the average percent from 6 male ventricular heart samples
from each strain. Error bars represent SE. *Significance relative to
the �-MHC BUF value; **significance relative to the �-MHC BUF
value as determined by a t-test; P � 0.01.
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average relative percentage of �- and �-MHC protein
expressed in six BUF and six DA left ventricular tissue
samples. For DA left ventricular tissue, �-MHC repre-
sents 92 � 1.1% of all MHC protein present in the left
ventricle. Conversely, for BUF left ventricular tissue,
�-MHC represents 36 � 2.1% of the total amount of
expressed MHC. Therefore, the ratio of cardiac �/�-
MHC for BUF and DA was 0.56 and 11.5, respectively
(P � 0.01).

Figure 2A illustrates a representative 4% agarose gel
demonstrating the fractionation of steady-state �- and
�-mRNAs after PCR product digestion with BstX1. For
DA rats, the percentage of steady state �-MHC mRNA
found in the left ventricle (94.5 � 0.63%) was similar to
the percentage of �-MHC protein (92 � 1.1%). In ad-
dition, steady-state �-MHC mRNA (5.5 � 0.66%) was

also similar to the percentage of �-MHC protein (8.0 �
1.0%). Conversely, for BUF ventricular samples, the
percentage of steady state �-MHC mRNA (77.5 �
0.78%) was disproportionate to the percentage of
�-MHC protein (36 � 2.1%). In addition, the percent-
age of �-MHC steady-state mRNA (22.5 � 0.8%) did
not correspond to the percentage of �-MHC protein
(64 � 0.5%). Nevertheless, BUF ventricles had signif-
icantly higher steady-state �-MHC mRNA levels com-
pared with DA (22.5 � 0.8 vs. 5.48 � 0.66%). Therefore,
similar to the �/�-MHC protein ratio, a significant
difference (P � 0.01) in the steady-state �/�-MHC
mRNA ratio between the BUF and DA ventricles was
observed (3.4 and 17.1, respectively). The relative
amounts of � and �, as determined by RPA, were
comparable with those obtained using RT-PCR (data
not shown).

Figure 3 illustrates the mean rate of ATP hydrolysis
by MHCs taken from left ventricular tissue from male
DA and BUF rats (n � 6 for each strain). On average,
MHC ATPase from DA hearts hydrolyzed ATP at a rate
significantly faster (P � 0.01) than MHC ATPase de-
rived from BUF rats. Therefore, the difference in MHC
ATPase activity between BUF and DA is consistent
with difference in �/�-MHC protein present in the left
ventricles of these strains (Fig. 1).

DISCUSSION

This study evaluated physiological and biochemical
pathways that may account for the difference in iso-
lated cardiac function between the BUF and DA
strains of rats. More importantly, this study further
characterized these strains as potential contrasting
genetic models of myocardial performance. First, at the
organ physiological level, we confirmed our previous
observation (2) that hearts from DA rats produce a
greater output per gram of tissue at a constant preload
(15 mmHg) and afterload (70 mmHg) compared with
hearts from BUF rats (1.6-fold difference; P � 0.01).
Separating cardiac output into its components of coro-

Fig. 2. The relative percentage of �- and �-MHC mRNA in the left
ventricle of BUF and DA rats. A: representative 4% agarose gel
demonstrating the separation of amplified �- and �-MHC after com-
plete digestion using BstX1. B: relative percentage of �- and �-MHC
as determined by densitometry from ethidium bromide-stained gels.
Bars represent the average percent from ventricular heart samples
from 6 males of each strain. Error bars represent SE. *Significance
relative to the �-MHC BUF value; **significance relative to the
�-MHC BUF value as determined by a t-test; P � 0.01.

Fig. 3. Mean MHC ATPase activity from 6 BUF and 6 DA rats. Error
bars represents the SE. *Significance as determined by Student’s
t-test; P � 0.01.
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nary flow, heart rate, and stroke volume revealed that
differences in isolated cardiac output were due to dif-
ferences in stroke volume between hearts from the two
strains. Moreover, because cardiac output was mea-
sured under constant preload and afterload conditions
(i.e., no change in initial fiber length) (3, 14), the
differences in cardiac output were interpreted as dif-
ferences in intrinsic contractility.

Although myocardial contractility is an aggregate of
multiple factors, it is determined primarily by intrinsic
mechanical properties related to generation of force
and velocity (10, 14). Specifically, myocardial perfor-
mance is influenced by 1) the number of cross bridges
formed between actin and myosin and 2) the velocity at
which high-energy phosphates are converted into me-
chanical energy by MHC ATPase (14, 21). During iso-
lated working heart conditions, DA hearts had faster
inotropic and lusitropic velocities compared with BUF
hearts. Nonetheless, it is important to note that due to
the limiting characteristics of our system (i.e., elastic
and inertial factors) and the resultant dynamic error
caused by these factors, the inotropic and lusitropic
velocities obtained underestimate the absolute veloci-
ties. However, irrespective of this, detectable differ-
ences in the relative inotropic and lusitropic velocities
were observed. Therefore, because the MHC-ATPase
affects cross-bridge cycling (14), it is a logical candidate
to explain the relative differences in inotropy and lus-
itropy between the strains. Indeed, the 1.64-fold higher
MHC ATPase activity in DA hearts, compared with
BUF, should result in more actomyosin cycles per unit
time and produce a greater contractility.

Although a measurable amount of �-MHC mRNA
was transcribed in the hearts of BUF rats, it was not
translated into a proportionate amount of �-MHC pro-
tein in this strain (Fig. 1). This suggests that for the
BUF strain, there is a difference at either the posttran-
scriptional and/or translational level that is responsi-
ble for the incongruity between steady-state mRNA
and protein. The functional extension of this diver-
gence is evidenced by the significant difference found
at the protein level (Fig. 1) and the corresponding
difference in MHC ATPase activity observed between
these inbred strains (Fig. 3). This partly explains the
divergence in intrinsic cardiac function between BUF
and DA because the MHC ATPase reaction will affect
the cycling of actomyosin.

Numerous studies have demonstrated that �-MHC
is associated with enhanced myocardial contractility
(11, 28, 29) and �-MHC is associated with decreased
contractility (18, 20, 28). Specifically, shifts from
�-MHC to �-MHC have been reported in rat left ven-
tricular tissue secondary to a variety of conditions,
including diabetes mellitus (18, 28), hypothyroidism
(20), hypertension (25), aging (5), experimental aortic
banding (13), and thyroidectomy (13). In contrast, re-
version from �-MHC to �-MHC has been demonstrated
in rats subsequent to aerobic exercise conditioning
(29), palmatoylcarnitine transferase I blockade (28),
and orchiectomy (28). In humans, recent studies have
demonstrated that decreased myocardial performance

in the failing heart was associated with �- to �-MHC
conversion (13, 17). Although these above described
conditions are known to produce shifts in the preva-
lence of the �- and �-MHC isoforms, natural variation
of these cardiac MHC isoforms has not been previously
described in age-matched animals. For normal adult
rats (9–15 wk old), �-MHC makes up �90% of all left
ventricular MHCs (13, 17), a value comparable to the
percentage found in the DA strain. However, the per-
centage of �-MHC found in the BUF left ventricle is
considerably less than expected for a 13-wk-old rat.
Therefore, these differences are important because
they represent a natural, presumably heritable, vari-
ation in MHC expression that differs from previously
described variances in �/�-MHC expression known to
occur secondary to environmental alterations such
as exercise conditioning (12), diabetes (8), high-car-
bohydrate diet (26), thyroidectomy (13), and gonad-
ectomy (9).

Perspectives

The significance of this work relates to recent reports
of �/�-MHC conversion in the human failing heart (17).
Lowes and colleagues (17) observed that human non-
failing hearts expressed significant amounts of
�-MHC. In addition, Lowes demonstrated that the ma-
jority of �-MHC was converted to �-MHC as a conse-
quence of heart failure (17). Therefore, �/�-MHC con-
version is a likely candidate responsible for decreased
systolic myocardial function in the failing heart (17).
However, the mechanism responsible for this conver-
sion is unknown. Therefore, identifying inbred animal
models with a natural, heritable disparity in �/�-MHC
isoform expression, may help identify the mecha-
nism(s) influencing MHC isoform prevalence. For ex-
ample, the BUF rat strain may carry genes that spe-
cifically reduce the prevalence of �-MHC and could
help define risk factors in humans. Therefore, because
the BUF and DA rats strains have contrasting pheno-
types for myocardial function, they provide a suitable
substrate for studying the molecular mechanism(s) un-
derlining the pathophysiology of the failing heart. Fur-
thermore, understanding the natural, heritable dispar-
ity in MHC isoform expression between these strains
may lead to the development of novel therapeutic strat-
egies for the failing heart.
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