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I t  is well documented that the main sub- 
strates for cardiac metabolism during fasting 
and experimental diabetes are derived from 
noncarbohy dra tes-f a t ty acids, phosp holip- 
ids, cholesterol, and ketone bodies ( e g . ,  1, 
2 ) .  Although cardiac metabolism is affected 
in fasting and diabetes, it has not been deter- 
mined whether the contractile proteins and/ 
or associated phosphate compounds linked 
with myocardial contractility are likewise al- 
tered. Several investigators have found alter- 
ations in soluble actomyosin as a result of 
abnormal cardiac effort (1, 3-5) ; other work- 
ers have reported normal physicochemical 
properties of this myocardial protein (6).  

Protein synthesis at the myocardial 
ribosome level is impaired in very early (4d) 
experimental diabetes (7 ,  8 ) ;  however, it is 
yet to be determined whether such alterations 
also deleteriously affect myocardial contrac- 
tility. I t  was the purpose of this investigation 
to determine whether or not the levels (or 
activity) of rat cardiac actomyosin and the 
levels of phosphate-containing compounds 
were altered by fasting or alloxan diabetes in 
rats. 

Materials and Methods. Adult male rats 
(Long-Evans strain) were housed in individ- 
ual cages at  a temperature of 75 t 2°F and 
fed Purina Laboratory Chow and water ad 
libitum. 

Fasting periods were 1, 2, 3, or 5d, and the 
duration of alloxan diabetes was terminated 
a t  3, 7, 14, 30, 60, 90, 120, or 210 days. 
Preparation of diabetic rats as well as deter- 
mination of blood and urinary glucose were 
carried out as reported earlier ( 2 ) .  

Rats were sacrificed by decapitation, the 
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hearts excised, trimmed of atria, blotted, and 
weighed quickly on a Roller-Smith torsion 
balance to the nearest 0.2 mg. One portion of 
the heart was employed for actomyosin ex- 
traction, while the remaining portion was em- 
ployed for total phosphorus determination 
(9)  in subcellular fractions. The ventricular 
tissue was homogenized with 7 vol (w/v) of 
0.1 M KCl, 0.03 M borate buffer, pH 7.1, 
and the homogenate then was fractionated by 
differential centrifugation (10, 11) into su- 
pernatant, nuclei-myofibril, mitochondrial, 
and microsomal fractions. 

Actomyosin was extracted by the method 
of Benson et al. (12) as modified by Grimm 
et al. (4). Total ventricular protein concen- 
tration and the actomyosin concentration 
were determined by the Lowry et al. method 
( 13). The actomyosin solution was character- 
ized using modified Ostwald viscosimeters at 
24” wherein relative viscosity was deter- 
mined before and after the addition of ATP. 
Viscosity data are expressed in terms of vis- 
cosity number and “ATP sensitivity” as de- 
scribed in detail by Portzehl et al. (14) and 
Grimm et al. (4) and the validity of which 
established by several laboratories (e.g., 3, 
15, 16). 

Ventricular water content was determined 
by drying in an oven at  105” until successive 
constant dry weights were obtained. Cardiac 
actomyosin solutions were subjected to poly- 
acrylamide electrophoresis ( 1 7 )  and ul- 
tracentrifugal analysis (Model E Spinco) to 
determine the purity of the isolated protein 
solution. 

Results. Blood glucose levels and percent- 
age loss of body weight data (Table I) indi- 
cate the physiological impact of the various 
fasting periods. Total myocardial protein con- 
tent was significantly decreased a t  day 3 of 
fasting (p< .O5)  when compared with non- 
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fasted control rats. This decrease was not due 
to an increase in ventricular water content 
but rather was reflected in the significant 
increase in actomyosin concentration (ex- 
pressed as percentage of total protein) after 3 
days of fasting ( p < . O 5 ) .  Neither the acto- 
myosin concentration (when expressed as 
milligrams actomyosin per gram protein) nor 
the ATPase activity of the actomyosin solu- 
tion (expressed as ATP sensitivity) were re- 
duced significantly at  any time during the 
fasting periods (p> .OS) . 

Subcellular phosphorus analyses were de- 
termined on the myocardial fractions of the 
rats employed for the above (fasting) study, 
and the range of values expressed as milli- 
gralms per gram wet weight of tissue were: 
total homogenate, 2.432 t 0.071-2.654 t 
0.039; supernatant, 1.298 t 0.036-1.385 t 
0.026 ; nuclei-myofibril, 0.793 t 0.028-0.874 
t 0.021; mitochondrial, 0.115 t 0.008-0.128 
rt 0.005; and microsomal, 0.087 t 
0.005-0.093 t 0.005. -4 significant reduction 
in phosphorus occurred only in the total ho- 
mogenate fraction a t  day 3 of fasting 
(P<.05). 

Table I1 presents data relative to the influ- 
ence of alloxan diabetes on cardiac actomyo- 
sin. The severity of diabetes was evident by 
the nonfasted blood glucose values; the mean 
urinary glucose level for all diabetic groups 
employed was 11-12 g/24 hr. The heart 
wt/body wt ratio was significantly increased 
at  3, 14, 60, 90, 120, and 210 days of alloxan 
diabetes (p<.Ol for each group). Compared 
with normal rats the actomyosin concentra- 
tion expressed as percentage of total protein 
was increased significantly after 60 and 90 
days of alloxan diabetes (p<.O5)  and ex- 
pressed as miIligrams actomyosin per gram 
protein was significantly increased at  day 210 
(p<.O2). The ATP sensitivity was reduced 
significantly a t  3 and 7 days of alloxan diabe- 
tes (p < .02 and p < .O 1, respectively), return- 
ing to normal levels by day 14. 

Analysis of lmyocardial subcellular phos- 
phorus levels from the alloxan diabetic rats 
resulted in values which did not differ appre- 
ciably from those given above for the fasting 
study. However, unlike the fasting study, 
there was a significant decrease in total phos- 

phorus in the total homogenate fraction at  
30, 60, 90, and 120 days of alloxan diabetes 
( p < . O S ,  <.O1, <.O2, <.02, respectively) 
when compared with nondiabetic control rats. 
While other statistically significant changes 
in phosphorus levels occurred in various 
subcellular fractions no consistent pattern of 
phosphorus translocation between or within 
compartments could be determined. 

Disc electrophoretic patterns obtained on 
the final actomyosin preparation (used for 
ATPase sensitivity evaluation) from normal 
rat hearts did not differ from those patterns 
obtained from preparations made of diabetic 
hearts. Ultracentrifugation patterns of both 
diabetic and nondiabetic rat hearts also were 
indistinguishable from each other; sedimen- 
tation coefficients were 5.6 and 5.4 for normal 
and diabetic cardiac actomyosin, respec- 
tively. 

Discussion. The increase in the heart 
wt/body wt at  day 3 of alloxan diabetes 
probably was due to the decrease in body 
weight immediately prior to (e.g., 18) and 
after (e.g., 19) alloxan administration. 'In- 
creases in heart wt/body wt ratios a t  days 7, 
14, 60, 90, 120, and 210 probably are due to 
hypertrophy of the myocardium as is ob- 
served frequently in clinical diabetic studies. 

Although ventricular actomyosin concen- 
trations were altered little or none at all 
during alloxan diabetes the significant reduc- 
tion of ATP sensitivity at  days 3 and 7 are of 
interest because ATP sensitivity is a means 
of characterizing actomyosin solutions with 
respect to actin content or activity (5,  14). 
Possible explanations for these alterations in- 
clude the influence of fasting, the diabetic 
state, and/or the pharmacologic (toxic) 
effects of alloxan. I t  is unlikely that fasting 
per se was the basis for the observed reduc- 
tion in myocardial ATP sensitivity because 
no alterations in this variable were detected 
throughout a 5-day fasting period (Table I ) .  
I t  is also improbable that the diabetic state is 
a causative factor because the ATP sensitiv- 
ity was not altered significantly from day 14 
through the completion of the diabetic period 
7 months later (Table 11). Alloxan has been 
reported to produce lesions in organs such as 
the kidney, liver, and various nonpancreatic 
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endocrine tissues during the first weeks fol- 
lowing administration (20, 21) as well as 
interfering with intestinal transport in rats 
(18). These deleterious effects are transitory 
and usually disappear within 2-3 weeks after 
alloxan administration. It has not been re- 
ported that alloxan administration directly 
affects cardiac muscle. Since the ATP sensi- 
tivity was reduced only at  days 3 and 7 and 
returned to normal levels by day 14 (and 
remained so for 210 days) the deleterious 
effect of alloxan on heart muscle appears to 
be transitory in duration and, therefore, simi- 
lar to the adverse effects of this agent ob- 
served in other rat tissues. From the forego- 
ing i t  would appear that a distinction should 
be made between the pharmacological impact 
of alloxan and the physiological impact of 
the induced diabetes ; also, cognizance should 
be made of the multiple short-term tissue 
effects from those of established chronic pan- 
creatic deficiency. 

The results presented in this investigation 
indicate again that alloxan is more than 
merely a beta cytotoxic agent. 

Summary. Actomyosin concentration, its 
viscosity response to ATP, and total phos- 
phorus levels in subcellular fractions were 
determined in fasted (1-5d) and alloxan dia- 
betic (3-210d) rats. No alterations in these 
parameters were detected as a result of fast- 
ing. However, during alloxan diabetes cardi- 
ac actomyosin ATPase activity was reduced 
for at  least 7 days following alloxan adminis- 
tration and returned to normal levels 14 days 
after alloxan injection. These transitory tox- 
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