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Abstract—Enzymatic activity of Ca**-dependent calpain proteases as well as the content and gene expression of p-calpain
(activated by micromolar calcium ion concentrations), calpastatin (inhibitor of calpains), and titin (substrate for calpains)
were investigated in cardiac muscles of rats subjected to chronic alcoholization for 3 and 6 months. There was no increase
in the “heart weight/body weight” parameter indicating development of heart hypertrophy in the alcoholized rats, while a
decreasing trend was observed for this parameter in the rats after 6-month modeling of alcoholic cardiomyopathy, which
indicated development of atrophic changes in the myocardium. Fluorometric measurements conducted using the Calpain
Activity Assay Kit did not reveal any changes in total calpain activity in protein extracts of cardiac muscles of the rats alco-
holized for 3 and 6 months. Western blot analysis did not show reliable changes in the contents of p-calpain and calpastatin,
and SDS-PAGE did not reveal any decrease in the titin content in the myocardium of rats after the chronic alcohol intox-
ication. Autolysis of p-calpain was also not verified, which could indicate that proteolytic activity of this enzyme in
myocardium of chronically alcoholized rats is not enhanced. Using Pro-Q Diamond staining, changes in phosphorylation
level of titin were not detected in cardiac muscle of rats after chronic alcoholization during three and six months. A decrease
in p-calpain and calpastatin mRNA content (~1.3-fold, p < 0.01 and ~1.9-fold, p < 0.01, respectively) in the myocardium
of rats alcoholized for 3 months and decrease in calpastatin mRNA (~1.4-fold, p <0.01) in animals alcoholized for 6 months
was demonstrated using real-time PCR. These results indicate negative effect of chronic alcohol intoxication on expression

of the abovementioned genes.
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Calpains belong to the family of cytosolic Ca**-
dependent cysteine proteases [1]. Sixteen components of
the mammalian calpain system are now known: 15 cal-
pain proteases and one inhibitor — calpastatin [2, 3]. In
the animal’s striated muscles, p-calpain (activated by
micromolar concentrations of calcium ions — 2-200 uM)
and m-calpain (activated by submillimolar concentra-
tions of calcium ions — 400-800 uM) have the highest
content and are ubiquitous [2, 4]. Other calpains are also
expressed in mammalian muscles, such as calpain 3 in

Abbreviations: MHC, myosin heavy chains; T1, intact titin
molecule located between the M-band and Z-disk of a sarco-
mere; T2, proteolytic fragment of the intact T1 linked to
myosin filaments in A-disk of a sarcomere.

* To whom correspondence should be addressed.

skeletal muscles [5] and calpains 9 and 10 in cardiac mus-
cle [6]. It is known that several myofibrillar proteins of
thick and thin filaments in muscle sarcomeres, including
titin and nebulin, are subjected to proteolysis by calpains
such as p-calpain in vitro |2, 7]. It has been suggested that
protein turnover in muscle cells is initiated by calpain-
mediated proteolysis of titin, nebulin, and other sarco-
meric proteins followed by degradation of their fragments
to amino acid residues via the ubiquitin—proteasome
pathway [3]. It was shown that an increase in activity of
calpains such as p-calpain in mammalian skeletal mus-
cles under conditions of gravitational unloading [8] con-
tributed to development of atrophy, which was accompa-
nied by enhanced proteolysis of giant proteins of the sar-
comere cytoskeleton titin and nebulin [9-13], as well as
by an increased level of titin phosphorylation [13]. In pre-
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viously conducted studies, we showed that alcohol-
induced atrophy of rat m. soleus was also accompanied by
increase in p-calpain activity, decrease in titin content,
and by increase in the level of phosphorylation of this
protein [14]. On the contrary, the development of alco-
holic cardiomyopathy is manifested by the development
of cardiac hypertrophy. It has been shown that the devel-
opment of cardiac muscle hypertrophy in spontaneously
hypertensive rats (SHR) is accompanied by a decrease in
the content of N2BA- and N2B-isoforms of titin [15, 16].
It cannot be ruled out that similar changes would occur in
rat cardiac muscle after chronic alcohol intoxication,
which in turn could be caused by the increased activity of
calpains.

In this work, we studied whether changes in proteo-
Iytic activity of calpains occurred in rat cardiac muscle
after 3- and 6-month alcoholic myopathy modeling as
well as if there were any changes in the content and gene
expression of p-calpain, calpastatin, and titin during this
process.

MATERIALS AND METHODS

Chronic alcoholization of rats. Male rats of the Wistar
line were used in the study. The body weight of each ani-
mal at the beginning of experiment was 150 + 5 g. The
animals were contained in separate cages in the vivarium
of the Institute of Theoretical and Experimental
Biophysics of the Russian Academy of Sciences
(Pushchino). The protocol for use of the animals was
approved by the Biomedical Ethics Committee of the
Institute of Theoretical and Experimental Biophysics of
the Russian Academy of Sciences. Chronic alcoholiza-
tion of animals was performed using two procedures: (i)
according to method [17] using 10% ethanol solution in
water, as well as agar blocks containing 30% ethanol, for
3 and 6 months (five animals in each control and alcohol-
treated group, average daily consumption of ethanol was
26.6 = 3.0 and 23.4 + 2.0 g/kg per day, respectively); (ii)
according to method [18] using nutritionally balanced
liquid food containing 5% ethanol for 3 months (four rats
in each control and alcohol-treated groups, average daily
ethanol consumption was 19.1 + 2.0 g/kg per day). When
cardiomyopathy was modeled according to [17], adapta-
tion of the animals to alcohol was developed by gradually
increasing ethanol content in drinking water and agar.
The ethanol content in water was 5% during the first 3
days, and after that it was 10% until the completion of the
experiment. The ethanol content in agar was increased by
5% each 3 days (to 30% final alcohol concentration).
After completion of the period of chronic alcoholization,
the animals were weighed and euthanized using 25 mg of
Zoletil preparation (Virbac Sante Animale, France)
per kg body weight, which was 3-fold higher than the
therapeutic dose (7-8 mg/kg). The heart was removed and
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weighed, and then left ventricle was isolated, frozen, and
stored at —75°C.

Calpain activities in protein extracts of cardiac mus-
cle were determined using fluorescence spectrophotome-
try with Calpain Activity Assay Kit (Abcam, USA)
according to the manufacturer’s protocol. Measurements
were conducted on Infinite F200 multifunctional plate
reader (Tecan, Austria).

Analysis of calpain and calpastatin content using SDS
gel electrophoresis and Western blot. The p-calpain from
cardiac muscle was extracted as reported [19]. Extraction
of calpastatin and GAPDH (reference protein) was con-
ducted in lysing buffer containing 12 mM Tris-HCI, 1.2%
SDS, 5 mM EGTA, 10% glycerol, 2% p-mercap-
toethanol, and 5 pg/ml of leupeptin or E64, pH 6.8-7.0.
Total protein concentration was determined spectropho-
tometrically using a NanoDrop ND-1000 device
(NanoDrop Technologies, USA). Protein samples were
heated at 95°C for 4 min. Equal volumes of protein sam-
ples with equal total protein concentrations were loaded
onto gel lanes. SDS-PAGE was conducted according to
[20] in 6.5% polyacrylamide gel for p-calpain and in 9.5%
polyacrylamide gel for calpastatin and GAPDH. Proteins
were transferred from the gel to PVDF membrane.
Primary antibodies to: p-calpain (Abcam; ab28258, 1 :
4000), calpastatin (Abcam; ab28252, 1 : 3000), and
GAPDH (Abcam; ab37168, 1 : 2000) were used.
Antibodies conjugated with alkaline phosphatase
(Abcam; ab6722, 1 : 3000) were used as the secondary
antibodies. NBT/BCIP solution (Roche, Germany) was
used for visualization of the protein bands on the PVDF
membranes.

SDS-PAGE of titin. Polyacrylamide (2%) slab gels
strengthened with agarose were prepared according to the
Tatsumi—Hattori method [21] with modifications [11]
and used for separation of high molecular weight (3000-
3400 kDa) T1 isoforms (N2B, N2BA, NT) from the rat
cardiac muscle. Samples were prepared for electrophore-
sis using a method excluding heating above 40°C [11] to
prevent titin destruction at high temperatures.

Determination of titin phosphorylation level. Titin
phosphorylation level was estimated using the fluorescent
phosphoprotein stain Pro-Q Diamond (Invitrogen, USA)
according to [22] with a slight modification described
below. The gel was fixed for 12-18 h in solution containing
50% ethanol and 10% acetic acid after completion of elec-
trophoresis. Next, the gel was washed for 30 min in distilled
water and stained for 1.5 h with Pro-Q Diamond stain. The
stained gel was washed in Pro-Q Diamond phosphoprotein
gel destaining solution (Invitrogen) for 1.5 h. Protein
bands containing phosphate were viewed using Pharos FX
Plus Molecular Image (Bio-Rad, USA). Then gels were
stained with Coomassie Brilliant Blue G-250 and R-250
mixed in ratio 1 : 1, to control protein content.

RNA was isolated from muscle tissue using Aurum™
Total RNA Fatty and Fibrous Tissue Kit (Bio-Rad)
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according to the manufacturer’s protocol. RNA quality
was evaluated from preservation of the 18S and 28S rRNA
by electrophoresis in 1% agarose gel. RNA concentration
was determined with a NanoDrop ND-1000 spectropho-
tometer (NanoDrop Technologies, USA). The RNA
solution was stored at —75°C.

Reverse transcription and real-time PCR. The reverse
transcription reaction was conducted with the total RNA
preparation (concentration 0.2 pg/ul) using M-MLV
reverse transcriptase (Evrogen, Russia) and a standard
oligo-dT,, primer. The resulting cDNA was used in PCR
with primers specific to the genes of the investigated pro-
teins. Nucleotide sequences of the primers specific to the
genes of p-calpain (CAPNI), calpastatin (CAST),
GAPDH (reference gene) (Table 1), as well as of titin
(TTN, for the sum of N2BA and N2B-isoforms) were
synthesized by Evrogen. Gene primers were designed
using the Vector NTI Advance 11 software. Titin specific
primers described in [23] were used. Real-time PCR was
carried out in a DT-322 amplifier (DNK Tekhnologiya,
Russia) using Tag-polymerase (Evrogen) and SYBR
Green I (Invitrogen) as a fluorescent dye. The following
PCR cycling parameters were used: (1) hot start — 95°C,
5 min; (2) denaturation — 95°C, 15 s; (3) primer anneal-
ing — 64°C, 20 s; (4) elongation — 72°C, 20 s. Steps 2-4
were repeated 35 times. The gene of glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) was used as a
housekeeping gene. Change in gene expression was calcu-
lated using the 2722t method [24]. The AAC, values were
calculated using the equation AAC, = AC, (control) — AC,
(test), and each AC, value was calculated using the equa-
tion AC, = C, (muscle protein gene) — C, (housekeeping
gene). Products of amplification were separated in 2%
agarose gel. Amplicons were isolated from the gel accord-
ing to the Cleanup Standard protocol (Evrogen). DNA
fragments were sequenced by Evrogen.

Densitometry and statistical analysis of data. Washed
gels and blot membranes were scanned and digitized, and
the data were processed with Total Lab v1.11 software.
The titin content was evaluated relative to the content of
myosin heavy chains. It is known that there is certain

Table 1. Primers used for real-time PCR
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ratio of these proteins in A-disk of the sarcomere (six titin
molecules per each half of a myosin filament in a sarco-
mere), hence this method for estimation of the titin con-
tent is widely used and is more accurate than the estima-
tion of titin content based on the total protein content in
the sample. Statistical processing was conducted using
the non-parametric Mann—Whitney U-criterion. In the
tables depicting changes in the content and level of phos-
phorylation of T1 and T2, control values were taken as
100%. For each individual experiment, the average value
of at least three control samples present in the gel were
taken into consideration. Standard deviations were no
more than 7% for the values related to the T1 and T2 con-
tents, and no more than 10% for the values related to the
level of phosphorylation of T1 and T2. The control values
of expression of genes investigated in this study and of
calpain activities were taken as 100% on the graphs.

RESULTS AND DISCUSSION

Data on the change in body weight and cardiac mus-
cle weight of rats alcoholized for 3 and 6 months are pre-
sented in Table 2. No reliable changes of the cardiac mus-
cle weight and total body weight of rats was observed after
3 months of chronic alcoholization according to [18]
using liquid food (Table 2). No changes were observed in
the “heart weight/body weight” parameter that indicated
on developing of hypertrophy (in the case of ratio
increase) or atrophy (in the case of ratio decrease) of the
myocardium. A reliable decrease in the body weight of the
animals after 3 and 6 months chronic alcoholization con-
ducted according to [17] (by ~10%, p < 0.05, and ~20%,
p <0.01, respectively) was observed, as well as a decrease
in the cardiac muscle weight (by ~15%, p < 0.05, and
~22.5%, p < 0.01, respectively) (Table 2), which was in
agreement with the data in [17] where similar changes of
the abovementioned parameters in rats were found after
14 weeks of chronic alcoholization. At the same time, we
did not observe any reliable change in the “heart
weight/body weight” ratio (Table 2), which also did not

Gene name Primers (forward and reverse) Size of amplicon, bp Number of nucleotide
sequence

CAPN F TGAGTGCTTATGAGATGAGG 99 NM_019152.2

CAPN R GAGTAGCGGGTGATGATGAG

CASTF GTGTCAGAGAAATCATCAGAA 115 X62520.1

CASTR TAACAACCACCTTGTCTGAG

GAPDH F GCAAGAGAGAGGCCCTCAG 74 NM_017008

GAPDH R TGTGAGGGAGATGCTCAGTG

Note: F, forward primer; R, reverse primer. Titin specific primers described in [23] were used for PCR.
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Table 2. Parameters of cardiac muscle weight and body weight of control and chronically alcoholized rats

Method of alcoholization Group

Chronic alcoholization of animals control, n =4
for 3 months [18] using nutritionally
balanced liquid food containing

5% alcohol

alcohol, n =4

Chronic alcoholization of animals control, n =15
for 3 months [17] using agar

containing 30% alcohol alcohol, n =5

Chronic alcoholization of animals control, n =15
for 6 months [17] using agar

containing 30% alcohol alcohol, n =15

Body weight, g | Heart weight, g Ratio of heart weight

to body weight, mg/g
428.4 £+ 30.0 1.17 £ 0.12 2.73+0.12
427.7 £ 36.3 1.18 £ 0.16 2.76 £ 0.20
4453 £21.5 1.23+£0.14 2.76 £ 0.10
401.4 £ 9.5** 1.05 £ 0.06** 2.62 +0.08
594.0 + 31.0 1.42 £ 0.06 2.39 £ 0.07
476.0 + 27.0* 1.10 £ 0.07* 2.31 £0.16

*p<0.01.
** p<0.05.

contradict data from [17]. However, a decreasing trend
for the heart muscle weight relative to the whole body
weight of rats alcoholized for 3 and 6 months according to
[17] was observed in our experiments (Table 2). Hence,
our results indicate on tendency for the development of
atrophic rather than hypertrophic changes in the
myocardium of chronically alcoholized rats.

The results of fluorometric measurements carried
out using Calpain Activity Assay Kit (Abcam) are pre-
sented in Fig. 1. No changes in the total calpain activity
in the protein extracts of the cardiac muscle in all groups
of the alcoholized rats were revealed (Fig. 1). These
results explain why reliable atrophic changes in the
myocardium of these animals were not observed
(Table 2). However, considering the data on the tendency
of development of alcohol-induced cardiac muscle atro-
phy in rats, the probability of changes in the proteolytic
activity of individual forms of calpain such as p-calpain
must not be ruled out. To test this hypothesis, we con-
ducted Western-blot analysis of content of p-calpain and
its fragments formed by protein processing (autolysis). It
is known that p-calpain is subjected to autolysis in the
presence of Ca?" [4, 19, 25]. Data of in vitro studies
showed an increase of proteolytic activity of p-calpain
observed during this process [4]. It was established using
Western-blot analysis that the autolysis of p-calpain
(MW 80 kDa) in rat and human skeletal muscles resulted
in formation of two fragments with MW 78 and 76 kDa
[19, 25]. In our earlier studies, we showed the availability
of one fragment of p-calpain (with MW 78 kDa) in skele-
tal muscles (m. soleus, m. gastrocnemius, m. longissimus
dorsi) of rats [14]. Moreover, the alcohol-induced
atrophic changes in m. soleus of these animals was
accompanied by enhanced autolysis of p-calpain,
decrease in titin content, and increase in the level of
phosphorylation of this protein [14]. Taking into consid-

BIOCHEMISTRY (Moscow) Vol. 82 No. 2 2017

eration the trend for the development of atrophic changes
in the cardiac muscle of chronically alcoholized rats
(Table 2), it was expected to find enhanced autolysis of -
calpain. However, according to the data of Western blot
analysis, the presence of autolyzed fragments of u-cal-
pain was not observed in the cardiac muscle of both con-
trol and chronically alcoholized rats (Fig. 2). These
results agree with the data of Western blot analysis pub-
lished by other authors, which also found no autolyzed
fragments of p-calpain in rat myocardium [26]. In our
study, we also observed no change in the content of u-cal-
pain in the rat myocardium (Fig. 2) despite a reliable
decrease (by 23.4%, p < 0.01) of p-calpain mRNA in the
cardiac muscle of these animals after 3-month alco-
holization according to [17] (Fig. 3b). There was no sig-
nificant change observed for the content of calpastatin —
an inhibitor of calpains (Fig. 2), despite the decrease in
mRNA of this protein by 47% (p < 0.01) and by 31.3%

115 1
1101
105 4
100 1
95 - L
90 1
85 1
80

Calpain activity, %

a ' b ' C

Fig. 1. Total calpain activity in protein extracts of cardiac muscle
of chronically alcoholized rats. a) The animals were chronically
alcoholized for 3 months according to [18] using nutritionally bal-
anced liquid food containing 5% alcohol. b, ¢c) The animals were
chronically alcoholized for 3 and 6 months, respectively, accord-
ing to [17] using agar containing 30% alcohol. Data are presented
in percent relative to the control values taken as 100%.
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Fig. 2. Western blot analysis of p-calpain and calpastatin in myocardium of control and chronically alcoholized rats. a) The animals were
chronically alcoholized for 3 months according to [18] using nutritionally balanced liquid food containing 5% alcohol. b, ¢) The animals were
chronically alcoholized for 3 and 6 months, respectively, according to [17] using agar containing 30% alcohol. Content of p-calpain and cal-
pastatin in myocardium of the three groups of alcoholized rats relative to the content of these proteins in the myocardium of control rats was:
97.1+£7.2,103.2 £ 5.0,99.2 £ 9.5, and 111.6 £ 14.5, 100.9 £ 3.8, 110.7 £ 16.7, respectively.
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Fig. 3. Changes in gene expression of titin, p-calpain, and calpastatin in the cardiac muscle of chronically alcoholized rats. a) The animals
were chronically alcoholized for 3 months according to [ 18] using nutritionally balanced liquid food containing 5% alcohol. b, ¢) The animals
were chronically alcoholized for 3 and 6 months, respectively, according to [17] using agar containing 30% alcohol. * p < 0.01.

(» < 0.01) in the cardiac muscle of rats after 3 and 6
months of alcoholization according to [17] (Fig. 3, b and
¢). Hence, the data of Western blot analysis showed the
absence of changes in the content of p-calpain and cal-
pastatin in cardiac muscle of rats after a prolonged peri-
od of alcoholic intoxication. The results also suggest the
absence of changes in proteolytic activity of p-calpain in
the cardiac muscle of chronically alcoholized rats. This
suggestion agrees with data on the content of titin (u-cal-
pain substrate) in the rat myocardium. No decrease in T1
content as well as increase in content of proteolytic T2

fragments in the myocardium of all investigated groups of
chronically alcoholized rats was observed (Table 3 and
Fig. 4). Also, no reliable change in the level of phospho-
rylation of T1 and T2 in the cardiac muscle of chronical-
ly alcoholized animals was detected (Table 4 and Fig. 4).
The following must be mentioned during discussion of
these results. The work we conducted previously showed
that atrophic changes in skeletal muscles of animals were
accompanied not only by decrease in T1 content, but also
by increase in its level of phosphorylation [13, 14, 27].
The results of these studies suggested that the hyperphos-
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Fig. 4. Determination of content (Coomassie Brilliant Blue) and level of phosphorylation (Pro-Q Diamond) of titin in myocardium of con-
trol and 6-month chronically alcoholized rats. Bands of T1 isoforms (NT, N2BA, N2B) and of T2-fragment of titin are indicated.

phorylation of titin, especially of the T2 part of its mole-
cules, increased its susceptibility to calpain-mediated
proteolysis [27]. The data produced in the present study
indicating on both the absence of titin content decrease
and of increase in its level of phosphorylation in the
myocardium of alcoholized rats (Tables 3 and 4 and

Fig. 4) could be considered as corroboration of the
abovementioned suggestion.

Based on results about changes in expression of
genes of the investigated proteins in cardiac muscle of
chronically alcoholized rats, it followed that on the back-
ground of insignificant increase in titin gene expression

Table 3. Titin content in myocardium of chronically alcoholized rats (percentage relative to control)

Duration of chronic alcoholization T1, % T2, %
3 months, n = 4; 100.8 104.8
100.0 115.2
animals were chronically alcoholized according to [18] using nutritionally balanced liquid 92.5 91.0
food containing 5% alcohol 90.0 95.8
M+ o* 95.8+4.7 | 101.7£9.2
3 months, n = 5; 94.0 86.0
102.5 105.1
animals were chronically alcoholized according to [17] using agar containing 30% alcohol 89.8 132.9
91.5 91.5
85.0 96.3
Mto 92.6 £5.8 102.4 £ 16.5
6 months, n = 5; 97.0 118.0
85.2 89.2
animals were of chronically alcoholized according to [17] using agar containing 30% alcohol 102.0 98.2
90.0 141.3
106.0 107.3
Mto 96.0 £ 7.6 110.8 + 18.0

* Mean = standard deviation.

BIOCHEMISTRY (Moscow) Vol. 82 No. 2 2017
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Table 4. Changes in level of titin phosphorylation in myocardium of chronically alcoholized rats (percentage relative

to control)

Duration of chronic alcoholization T1, % T2, %
3 months, n = 4; 98.7 90.7
animals were of chronically alcoholized according to [18] using nutritionally balanced liquid food 103.2 98.7
containing 5% alcohol 100.0 123.3
103.2 106.8
M+ o* 101.3 £2.0 | 104.9 = 12.1
3 months, n = 5; 70.5 95.4
animals were of chronically alcoholized according to [17] using agar containing 30% alcohol 87.0 98.8
153.2 157.4
100.9 93.8
79.2 116.0
Mto 98.2 +£29.3 | 112.3+23.9
6 months, n = 5; 136.9 111.8
animals were of chronically alcoholized according to [17] using agar containing 30% alcohol 101.0 111.0
69.1 66.5
92.7 150.5
131.5 98.1
Mto 106.2 £25.2 | 107.6 £27.0

* Mean = standard deviation.

(Fig. 3c), a reliable decrease in p-calpain and calpastatin
mRNA after 3-month chronic alcoholization (Fig. 3b), as
well as significant decrease in calpastatin mRNA after 6-
month chronic alcoholization of rats (Fig. 3c) were
observed [17]. The results agree with data on the decrease
in MHC mRNA in the skeletal muscles of chronically
alcoholized rats [28], while they conflict with data on
increase in MHC B-isoform mRNA in rat myocardium
after 16-week alcoholization of rats carried out with agar
blocks containing alcohol [29]. Hence, our data indicate
on negative effect of chronic alcoholic intoxication on the
expression of the p-calpain and calpastatin genes in the
rat cardiac muscle. No decrease in the content of p-cal-
pain and calpastatin in the myocardium of rats in the
“alcohol” group (Fig. 2) could be related most likely to
decreased proteolysis of these proteins. Further studies
are required to elucidate the cause of this phenomenon.
When alcoholic myopathy was modeled for 3 months
according to [18] using liquid food, increase (2.1-2.3-
fold, p £0.01) in expression of p-calpain, calpastatin, and
titin genes was observed (Fig. 3a). On one hand, it is pos-
sible that not so “harsh” conditions of chronic alco-
holization are created by this method of alcoholic myopa-
thy modeling, so as not to cause decrease in gene expres-
sion of the investigated proteins. On the other hand, the
revealed changes could be aimed at an increase in protein
synthesis, which is inhibited in muscles due to the alco-
hol-induced disruptions of translation initiation [17] and

elongation [29]. Other causes of the revealed changes are
also possible, and further studies are needed to determine
them.

The following conclusions can be made from this
work. No hypertrophic or pronounced atrophic changes
were detected in the cardiac muscle of rats alcoholized for
3 and 6 months. Changes in the total activity of calpains
and in the content of titin, p-calpain, and calpastatin
were not observed in the myocardium of chronically alco-
holized rats in all three investigated groups, and the levels
of titin phosphorylation were not changed. However, the
alcohol-induced decrease in p-calpain and calpastatin
mRNA in the myocardium of rats alcoholized according
to the method described by Lang and coauthors [17] was
detected. These results indicate on negative effect of
chronic alcohol intoxication on the expression of the
abovementioned genes. The reasons for enhanced expres-
sion of titin, p-calpain, and calpastatin genes in the
myocardium of rats alcoholized according to the method
described by Lieber and DeCarli [18] are not clear.
Further studies are needed for their elucidation.
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