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ABSTRACT Cardiomyopathies are a heterogeneous
group of heart muscle disorders responsible for a great
deal of morbidity and mortality. Dilated, hypertrophic
and restrictive are the three major categories of cardi-
omyopathies. Since reactive oxygen species has been
implicated in wide range of genetic disorders and the role
of antioxidant like superoxide dismutase as a scavenger
has been highlighted, the present study envisages on
identifying the specific electromorphic association of
superoxide dismutase with cardiomyopathies and to de-
lineate the genetic heterogeneity based on specific alle-
les at risk. Phenotyping was carried out on 8% PAGE of
the red cell membrane samples following Davies (1964)
and Beauchamp’s (1975) protocols. Blood samples from
62 dilated cardiomyopathy, 80 hypertrophic cardiomy-
opathy and 86 healthy individuals were collected from
CARE Hospitals and voluntary blood donor camps,
Hyderabad. Significant association of homozygous SOD
A*1 (χ2 = 7.58) alleles with dilated cardiomyopathy and
heterozygous SOD A*2-1 (χ2 = 5.89) alleles with hyper-
trophic cardiomyopathy was observed, resulting in sig-
nificant deviation of allelic frequency in cardiomyopa-
thy group compared to the control group highlighting
that individuals carrying SOD A*1 (χ2 = 7.588) and SOD
A*2-1 (χ2 = 5.89) alleles may be at a greater risk for
dilated and hypertrophic cardiomyopathy respectively.
Thus SOD as a genetic marker may help in risk predic-
tion and in delineating genetic heterogeneity of the
condition and the role of superoxide dismutase with spe-
cific electromorphic association in influencing endog-
enous nitric oxide production and energy pathways by
altering the structure and function of the cell mem-
branes is discussed.

INTRODUCTION

Cardiomyopathies are defined as primary dis-
orders of cardiac muscle and include three spe-
cific types (a) dilated cardiomyopathy (DCM) (b)
hypertrophic cardiomyopathy (HCM) and (c) re-

strictive cardiomyopathy (RCM).
All forms of cardiomyopathy may be inher-

ited or acquired, but in either circumstance, the
underlying cause is typically unknown. Among
these, dilated and hypertrophic cardiomyopa-
thies are clinically and genetically heterogeneous
disorders. Hypertrophic cardiomyopathy is char-
acterized by an increased left ventricular mass or
an increase in the mass of interventricular sep-
tum in the absence of a secondary cause, while
in dilated cardiomyopathy the heart is enlarged
and functions poorly with both the left and right
sides of the heart involved, resulting in heart
weakening and inefficient pumping of blood
around the body as cited by Davies (1984).

 Fridovich (1975) reported that SOD, a genetic
marker acts as an antioxidant and catalyses the
dismutation of oxygen radicals to yield hydro-
gen peroxide and oxygen, which has been impli-
cated as being essential in defense against the
potential toxicity of oxygen. Two identifiable
isoenzymes SOD A, a cytoplasmic, soluble, Cu-
Zn containing enzyme and SOD B, a mitochon-
drial, insoluble, Mn containing enzyme is en-
coded by genes localized on 6q25.3 and 21q22.1
chromosomes respectively as revealed by Del
Villano et al. (1979).

 DeCroo et al. (1988) reported the polymor-
phism with respect to SOD A with three pheno-
types identified as SOD A*1, SOD A*2-1, SOD
A*2 encoded by two allelic forms SOD A*1 and
SOD A*2 respectively and inherited as co-domi-
nant alleles. Since no information with regards to
SOD and its electromorph association, if any, is
available in cardiomyopathies, such a study is
imperative which may help in risk prediction and
in delineation of genetic heterogeneity of the
condition.

Therefore, the present study aims at identi-
fying specific electromorph association of SOD
A and its role in the etiology of cardiomyopa-
thies.
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MATERIALS AND METHODS

Blood samples from 62 dilated cardiomyopa-
thy, 80 hypertrophic cardiomyopathy patients and
86 healthy controls matched for age and sex, has
been collected from CARE Hospitals, Hyderabad
and voluntary blood donor camps, Hyderabad.
5ml of venous blood was collected from each
individual in a vacutainer containing EDTA. The
samples were centrifuged at 2000 rpm for about
10 min till a clear supernatant was obtained and
stored in eppendorff tubes in the refrigerated
condition until further use.

 The whole blood was washed with normal
saline thrice and then centrifuged with ice-cold
water to obtain red cell membranes for the analy-
sis of superoxide dismutase phenotypes.

Apart from clinical data and blood samples,
relevant epidemiological information like age, age
at onset, symptoms, familial status, consanguin-
ity and pedigree information extending over 2-3
generations was also obtained from each indi-
vidual on personal interrogation.

An 8%, 1.0 mm PAGE gel was prepared tak-
ing 1ml Tris (hydroxy methyl) methylamine solu-
tion, 2ml Acryl amide/ bis acryl amide solution,
4ml of Ammonium per sulfate solution and 1ml of
distilled water following Davies protocol (1964).
After polymerization of the separating gel, a 5%
stacking gel solution was prepared in the ratio of
1:2:4:4 with 1ml tris, 2ml acryl amide/ bis acryl
amide, 4ml ammonium per sulfate and 4ml dis-
tilled water and poured over the 8% separating
gel and allowed to polymerize after inserting a
sample comb. Later the plates were fixed to the
vertical slab gel electrophoretic unit and 0.05 M
tris glycine stock buffer was diluted 10 folds and
was poured in upper and lower tanks, which were
later, connected to the anodic and cathodic ends
of the DC power supply.

Later the sample was prepared by adding a
drop of bromophenol blue indicator to 40ul of
red cell membrane mixed thoroughly and loaded
on to the sample slot of the gel. The electro-

phoresis was carried out at 4oC for 2 hours at
20mA constant current. The run was carried out
till the indicator migrated to the other end of the
gel as a blue sharp band. The gel was removed
and placed in a tray and incubated in freshly
prepared staining solution which consisted of
5ml of phosphate buffer (pH 7.8), 8.5ml of ribofla-
vin, 10mg of nitroblue tetrazolium chloride and
220 µl of TEMED in 50ml distilled water. Later,
the gel was washed and placed in distilled water
and exposed under a bright fluorescent light till
the background turned blue and clear achromatic
bands appeared as cited by Beauchamp and
Fridovich (1971). Based on their mobility in the
gel, the phenotypes of SOD A were identified as
2-2, 2-1 and 1-1, respectively.

Allelic frequencies were estimated using
Hardy Weinberg equilibrium and χ2 test of analy-
sis (2x2 contingency) and Woolf’s test of asso-
ciation was carried out to interpret the results
statistically as cited by Emery (1984).

RESULTS

Table 1 presents the frequency distribution
of superoxide dismutase phenotypes in normal
subjects and cardiomyopathic patients. The dis-
tribution of superoxide dismutase phenotypes
in the normal individuals were 76% of 2-2, 13% of
2-1 and 12% of 1-1 phenotypes, while in dilated
cardiomyopathy 56.5% were of 2-2, 21% of 2-1
and 22.6% of 1-1 phenotypes and in hypertrophic
cardiomyopathy 64% were of 2-2, 29% of 2-1,
7.5% of 1-1 phenotypes. An increased frequency
of SOD A*1 (22.6%) and decreased frequency of
SODA*2   (56.45%) phenotypes were observed
in dilated cardiomyopathic patients while
SODA*2-1 phenotype was found to be prepon-
derant in hypertrophic cardiomyopathy  (29.0%)
compared to the control group.

The test of association of superoxide
dismutase phenotypes with the disease
condition compared to the control group is
presented in table 2. An increased predisposition

Table 1: Frequency distribution of SOD phenotypes in control and disease groups

SODA* 2-2 SODA* 2-1 SODA* 1-1
n % n % n % Total

Control 65 76.0 11 13.0 10 12.0 86
Dilated Cardiomyopathy 35 56.45 13 21.0 14 22.6 62
Hypertrophic Cardiomyopathy 51 64.0 23 29.0 6 7.5 80

SOD Phenotypes
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Table 2: Test of association of SOD phenotypes with the disease in comparison to the control groups:

SOD Cardiomyopathy        χ2 values

Phenotypes Control Dilated Hypertrophic DCM        HCM

2-2 65 35 51   - -
2-2 vs 2-1 11 13 23 2.996 5.89*
2-2 vs 1-1 10 14 6 7.558** 5.239
2-2 vs 2-1/1-1 21 27 29 6.063** 2.750
2-2 vs 1-1 10 14 6 0.084 4.05*

RR-Relative Risk; *p<0.05, **p<0.01

Table 3: Relative risk estimates of SOD phenotypes in disease and control groups

SOD Cardiomyopathy

Phenotypes Control Dilated Hypertrophic

n n RR χ2 n RR χ2

2-2 65 35 - - 51   - -
2-2 vs 2-1 11 13 2.194 2.955 23 2.66 8.750**
2-2 vs 1-1 10 14 2.600 4.260* 6 0.764 0.239
2-2 vs 2-1/1-1 21 27 2.400 6.028 29 1.76 2.775
2-2 vs 1-1 10 14 1.184 0.084 6 0.286 3.903*

Table 4a: Allelic frequenc distribution of SODA* 1 and SOD A*2 in control and disease groups

Alleles Control                          Cardiomyopathy                            χ2 Values

Dilated Hypertrophic Control DCM HCM

2 0.819 0.66 0.781
19.238** 8.904** 1.329

1 0.181 0.34 0.219

Table 4b: Genotypes frequency distribution in disease and control groups and test for Hardy-Weinberg
equilibrium

SOD              Cardiomyopathy

Phenotypes Control                  Dilated            Hypertrophic

Obs Exp χ2 Obs Exp χ2 Obs Exp χ2

2-2 6 5 57.68 0.928 35 27.0 2.370 51 48.79 0.100
2-1 11 25.49 8.236** 13 27.82 7.894** 23 27.36 0.694
1-1 10 2.817 18.31** 14 7.16 6.534** 6 3.83 1.229

Total 86 - - 62 - - 80 - -

of homozygous SOD A*1 phenotypic individuals
to dilated cardiomyopathy (χ2=7.558) was
observed while a significant preponderance of
heterozygous SOD A*2-1 phenotypic indivi-
duals (χ2=5.89) to hypertrophic cardiomyopathy
were noted.

Relative risk estimates of superoxide
dismutase phenotypes in disease and control
group is presented in table 3. A significant
association of SOD A*1 phenotypes with dilated
cardiomyopathy (χ2=6.028) and SOD A*2-1 with
hypertrophic cardiomyopathy (χ2=5.750) was
observed.

Table 4a gives the allelic frequency of SOD

A*1 and SOD A*2 alleles in disease and control
group. The allelic frequency of SOD A*1 was
reported to be 0.181 in control, 0.34 in dilated
cardiomyopathy and 0.219 in hypertrophic car-
diomyopathy while SODA*2 was found to be
0.819 in control, 0.66 in dilated cardiomyopathy
and 0.781 in hypertrophic cardiomyopathy, thus
indicating a decrease in allelic frequency of SOD
A*2-1 and an increase in allelic frequency of SOD
A*1 in both dilated and hypertrophic cardiomy-
opathy in comparison to the control group.

Table 4b gives the genotypic frequency dis-
tribution and test for Hardy Weinberg equilib-
rium of superoxide dismutase in control and dis-
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ease group. A significant deviation from the
Hardy-Weinberg equilibrium was observed in di-
lated cardiomyopathic cases (χ2 =7.894) and con-
trol groups (χ2=18.31) while no such deviation
was found in hypertrophic cardiomyopathy.

DISCUSSION

Superoxide dismutase A is a peroxisomal cy-
tosolic enzyme widely distributed in the cell cy-
tosol and in the cell nucleus. Studies by
Zimmerman et al. (1973) revealed that superoxide
dismutase protects against lipid peroxidative
muscle damage. It may be suggested that zinc-
deficient SOD may participate in both sporadic
and familial form of the condition by an oxidative
mechanism involving nitric oxide endogenous
production. Inhibition of SOD is also known to
cause accumulation of cellular superoxide radi-
cal and leads to free radical-mediated damage to
mitochondrial and red cell membranes with the
release of cytochrome c.

Since reactive oxygen species (ROS) have
been implicated in a wide range of degenerative
processes including amyotrophic lateral sclero-
sis, ischemic heart disease, Alzheimer disease,
Parkinson disease, and aging as indicated by Li
et al. (1995). ROS generated by mitochondria as
the toxic by-products of oxidative phosphoryla-
tion, may influence the energy-generating path-
ways. Earlier studies by Huang et al. (2000) re-
ported that inactivation of the mitochondrial form
of SOD in mice may result in dilated cardiomy-
opathy, hepatic lipid accumulation, and early
neonatal death, hence polymorphic variation of
SOD A in cardiomyopathies was examined.

Studies by Nishi et al. (1995) and Hiroi et al.
(1999) also revealed that the genetic risk factors
associated with nonfamilial idiopathic cardiomy-
opathy (IDC) in Japanese, wherein polymor-
phisms in the SOD2 and HLA-DRB1 genes indi-
cated a significant excess of homozygotes for
the V allele (the presence of valine vs alanine (A
type) in the leader peptide of SOD2 at position
16 and an increase in the frequency of the HLA-
DRP1*1401 allele in patients with IDC suggest-
ing that these 2 genetic markers (SOD2-VV geno-
type and DRB1*1401) may play a synergistic role
in controlling the susceptibility to nonfamilial
IDC.

Further studies by Novak et al. (1980) sug-
gested that the locus might be ‘regulatory’ in
nature both for cytosolic and mitochondrial form

of SOD, hence altered structure and function of
cell membranes may result which may have a key
pathogenetic role in this particular condition.

Alternatively, Lin et al. (1997) suggested in
view of the antioxidant functions involved in the
ischemic injury, the expression of endogenous
antioxidant enzymes in the tissues with and with-
out HCM, showed a significant increase of Cu,
Zn-superoxide dismutase (SOD), and decrease
of catalase (CAT) activities in the various areas
of HCM hearts.

 It was demonstrated that SOD/CAT ratios in
the HCM hearts were also found to be signifi-
cantly higher than in normal hearts, which can
be dramatically correlated to the severity of car-
diac hypertrophy. The altered SOD/CAT ratio may
also be consistent with increase in lipid damage,
thus hypothesizing that the elevated SOD com-
bined with an inadequate amount of H2O2 scav-
enging enzyme may lead to HCM heart at oxida-
tive stress risk.

In conclusion the study highlights a signifi-
cant risk of homozygous SOD A*1 phenotypic
individuals to dilated cardiomyopathy and het-
erozygous SOD A* 2-1 phenotypic individuals
to hypertrophic cardiomyopathy. Thus superox-
ide dismutase could help in delineating the ge-
netic heterogeneity of cardiomyopathies with
varying association of superoxide dismutase al-
leles with the type of cardiomyopathy and can
be considered as a genetic marker in genetic risk
prediction.
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