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Left Ventricular Dysfunction in STZ-Induced Diabetic Rats
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ARTICLE INFO ABSTRACT

Background: Cardiomyopathy is one of the major complications of diabetes. It has
been indicated that regular Exercise Training (ET) and antioxidants could reduce
cardiomyopathy and cardiovascular morbidity and mortality of diabetes.
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Objectives: The present study aimed to determine the effects of Grape Seed Extract
(GSE) with and without ET on left ventricular function in Streptozotocin (STZ)-induced
diabetic rats.

Materials and Methods: In this study, 45 male Wistar rats weighing 200 - 232 grams
were randomly assigned to five groups: sedentary control, sedentary diabetic, trained
diabetic, GSE treated sedentary diabetic, and GSE treated trained diabetic. ET was
conducted on a treadmill daily. After eight weeks, left ventricular function was
determined by Langendorff system. Then, the data were statistically analyzed using one-
way and repeated measures ANOVA followed by LSD test.

Results: Systolic pressure gradient associated with diastolic pressure and maximum
+ dP/dT that was reduced by STZ was partially improved with GSE or ET, but was
completely corrected by their combination. Moreover, heart rate and left ventricular
developed pressure that were reduced by STZ did not change by GSE or ET alone, but
improved by their combination.

Conclusions: The results indicated that a combination of ET and GSE had more
significant improving effects on left ventricular dysfunction compared to ET or GSE
alone. Thus, it may constitute a convenient and inexpensive therapeutic approach to
diabetic cardiomyopathy.

» Implication for health policy/practice/research/medical education:
Our data showed that combination of exercise training and grape seed extract had more significant improving effects on left ventricular dysfunction
induced by STZ compared to exercise training or grape seed extract alone. This indicates that administration of an antioxidant with exercise increases

their beneficial effects.

1. Background

Cardiomyopathy is one of the major complications of
diabetes mellitus. Cardiomyopathy is a cardiac contractile
dysfunction in the absence of any known risk factors for heart
disease, such as coronary artery disease or hypertension (1).
Early symptoms of cardiomyopathy were seen in young
diabetics treated with insulin (2). These findings show that
although control of blood glucose, blood lipid, and blood
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pressure are effective in slowing the progression of cardiac
complications of diabetes, they do not completely prevent
them (3, 4).

Based on clinical and experimental studies, Exercise
Training (ET) is one of the most effective treatments in
reduction of cardiomyopathy and cardiovascular morbidity
and mortality of diabetes (5-7). Some of the beneficial
effects of ET on diabetes include improvement of cardiac
function (8), increase of cardiac output under high preload
condition (9), and prevention of cardiac autonomic nervous
system dysfunction (10).

The common consensus is that diabetes causes excessive
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production of reactive oxygen species, which leads to
oxidative myocardial damage and heart dysfunction (11).
It has been shown that antioxidant properties of luteolin
(12) and coenzyme Q10 (13) can ameliorate diabetic
cardiomyopathy.

Up to now, extensive studies have investigated the
composition and properties of Grape Seed Extract (GSE) and
reported its many beneficial effects on human health, such
as reduction of cardiovascular disease (14, 15) and lowering
lead-induced hypertension in rats (16). Furthermore, other
studies have shown that the compound of GSE possesses
a broad-spectrum of antioxidant properties with greater
potency compared to vitamin E and C (17), protecting body
organs against free radicals and oxidative stress. However,
to our knowledge, no researches have been conducted on
the effects of GSE alone or combined with exercise on
myocardial function in Streptozotocin (STZ)-induced
diabetic rats.

2. Objectives

We hypothesize that GSE could play a favorable role
in scavenging free radicals and could thereby ameliorate
myocardial dysfunction and potentiate the beneficial
effects of ET on the myocardium. Therefore, this study
aims to determine the effects of GSE and ET alone or in
combination on left ventricular function in STZ-induced
diabetic rats.

3. Materials and Methods
3.1. Animals and Treatment

In this experimental study, 45 male Wistar strain rats
weighing 200 - 232 grams from the Animal House of
Physiology Research Center at Ahvaz Jundishapoor
University of Medical Sciences, Iran were randomly
assigned to five groups each containing 9 rats: Sedentary
Control (SC), Sedentary Diabetic (SD), Trained Diabetic
(TrD), GSE treated sedentary diabetic (ExD), and GSE
treated trained diabetic (TrExD). STZ (60 mg/kg body
weight dissolved in 0.3 mL normal saline) was used to
induce diabetes. An equivalent volume of the vehicle
was injected to the control group. GSE (200 mg/kg) was
administered orally via gavage once a day. Besides, ET
was conducted on a treadmill. The study lasted for eight
weeks. During this period, the animals were supplied
with food and water ad-libitum and were maintained in a
temperature-controlled room at 22 °C with a 12-h dark-light
cycle. After 5 days, blood glucose levels above 300 mg/dL
were considered as diabetic state (18). The experimental
protocol and procedures were submitted to and approved

by the Institutional Animal Care and Use Committee of
the University based on the guide for the care and use of
laboratory animals published by the US National Institutes
of Health (NIH Publication, revised 1996).

3.2. Drugs

STZ and heparin sodium were obtained from Sigma
(St. Louis, Mo). Sodium chloride, potassium chloride,
magnesium sulfate, sodium hydrogen carbonate, potassium
hydrogen orthophosphate, D-glucose, and calcium chloride
were obtained from Merck laboratories and sodium
pentothal was purchased from Rotex Medica, Germany.

3.3. Preparation of GSE

Vitis Vinifera (grape seeds) was confirmed by Qazvin
Agricultural Research Center, Qazvin, Iran. Voucher
specimen was available in the herbarium at the Department
of Phamacognosy, Faculty of Pharmacy, Joundishapour
University of Medical Sciences, Ahwaz, Iran. After
manually separating the grape seeds (Vitis Vinifera) from
the grapes, they were dried at room temperature for 7 days
and milled to fine powder. The powders were macerated
in 70 % ethanol (25% w/v) for 3 days in shade (25 - 30
°C) and were stirred 3 times a day. After filtration of the
mixture with cheese cloth, the filtrate was dried at room
temperature to remove ethanol. Finally, GSE was obtained
in form of powder (19).

3.4. ET Protocol

As shown in Table 1, ET was conducted on a treadmill
daily for 8 weeks 1 day after diabetic verification after
gavage of GSE.

3.5. Isolation of the Heart

The animals were anesthetized with sodium pentothal (80
mg/kg, i.p) containing 1000 U/kg heparin. After opening
the chest, the heart was rapidly excised and placed in a
Petri dish containing ice-cold oxygenated modified Krebs-
Henseleit Solution (KHS). After washing with ice-cold
KHS and arresting, the hearts were cannulated via the
ascending aorta and were immediately transferred to
Langendorff system. A modified KHS of the following
composition (mM): NaCl 118.4, KC14.7, MgSO4 H20 1.2,
KH2PO4 2H20 1.2, NaHCO3 25, CaCl2 2.5, and glucose
11.1 in distilled water retroperfused the aorta. This solution
was maintained at 37 °C, bubbled with 5% CO2 and 95%
02, and perfused the isolated hearts at a constant flow
(4 mL/min) via peristaltic pumps (Gilson-France). The
maximum interval between the excision of the heart and

Table 1. Exercise Training Protocol for the Rats on the Treadmill

Week Belt Speed (m/min) Inclination (°) Total Time (min)
1 16 0 30
2 16 5 30
3 16 10 45
4 16 12 45
5 16 12 60
6 16 12 60
7 16 12 60
8 16 12 60
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beginning of perfusion was 2 minutes. In order to record the
left ventricular pressure, a latex balloon filled with water was
placed in the left ventricle and was connected to a pressure
transducer (Powerlab 8/30 AD Instrument, Australia). After
the stabilization period (30 minutes with a diastolic pressure
between 1 - 6 mm Hg), left ventricular diastolic pressure was
increased by 10 mm Hg every 5 minutes, achieving 10, 20, 30,
and 40 mmHg (10). For each diastolic pressure, the following
variables were calculated: left ventricular systolic pressure
and maximum rate of pressure rise (+dP/dT max) and fall
(-dP/dT max). In the basal state, the difference between left
ventricular systolic and diastolic pressures was considered
as the Left Ventricular Developed Pressure (LVDP).

3.6. Statistical Analysis

The results were expressed as mean + Standard Error of
Mean (SEM). The comparisons between the study groups in
each protocol were performed using one-way and repeated
measures ANOVA followed by LSD multiple comparison
test. All the analyses were performed using the SPSS
statistical software, version 16.0 (Chicago, IL, USA) and
P value < 0.05 was considered as statistically significant.

4. Results

STZ-induced diabetes (167 = 14) could significantly (P =
0.003) decrease isolated heart rate compared to the control
group (214 + 7). The isolated heart rate was not corrected by
ET (185 £ 8) or GSE (181 + 12) alone, but was significantly

Figure 1. Heart Rate in Different Groups (Mean + SEM, n=7 - 8)
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Abbreviations: SC, sedentary control; SD, sedentary diabetic; TrD, trained
diabetic; ExD, grape seed extract treated sedentary diabetic; TrExD,
grape seed extract treated trained.* and #, P < 0.05 significantly different
from SC and SD, respectively; **, P<0.01 significantly different from SC

improved by the combination of these two factors (206 +
7, P =0.01) (Figure 1).

In comparison to the control group (55 +4), STZ-induced
diabetes (37 £ 5) significantly decreased LVDP (P =0.002).
This could not be modified by ET (43 + 4) or GSE (38 £ 4)
alone, but was significantly improved by their combination
(53 £3, P =0.004) (Figure 2).

As Table 2 depicts, by increasing the diastolic pressure
of the left ventricle from base (1 - 6 mm Hg) to 40 mmHg,
systolic pressure also increased in all the study groups.
Nevertheless, systolic pressure in the diabetic group (71 +5)
was significantly (P =0.001) lower compared to the control
group (105 + 4) in all diastolic pressures. Systolic pressure
was improved partially by GSE (85+ 5, P=0.045) or ET (89
+ 6, P=0.019) alone and perfectly by their combination (101
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Figure 2. Left Ventricular Developed Pressure of the Hearts Isolated
from Different Groups (Mean + SEM, n=7 - 8)
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Abbreviations: SC, sedentary control; SD, sedentary diabetic; TrD, trained
diabetic; ExD, grape seed extract treated sedentary diabetic; TrExD,
grape seed extract treated trained, * and #, P <0.05 significantly different
from SC and SD, respectively; **, P<0.01 significantly different from SC

+3,P=0.001). STZ-induced diabetes significantly reduced
the maximum rate of rise and fall (-dP/dT) compared to
the control group (P < 0.001 for both). This was corrected
partially by GSE or ET (both P <0.001) and completely by
their combination (P = 0.001) (Tables 3 and 4).

5. Discussion

The present study showed that systolic pressure gradient
associated with diastolic pressure and maximum + dP/
dT that was reduced by diabetes were partially improved
with GSE or ET, but were completely corrected by their
combination. Moreover, heart rate, LVDP, and rate pressure
product did not change by GSE or ET alone, but were
improved with the combination of these two factors.

Diabetic cardiomyopathy includes heart dysfunction
caused by diabetes in the absence of any known
cardiovascular diseases, such as coronary artery disease,
congenital or valvular heart disease, and hypertension.
Left ventricular dysfunction is generally presented as
cardiomyopathy (20).

In this study, heart rate, LVDP, increment in left
ventricular systolic pressure proportional to the increment
in diastolic pressure, and + dP/dT were measured to assess
the left ventricular function. Reduction of all the indices
of left ventricle affected by diabetes represented diabetic
cardiomyopathy.

Evidence has indicated that although hyperglycemia,
hyperlipidemia, inflammatory cytokines, and peptides
by different mechanisms are involved in diabetic
cardiomyopathy, they all are related to oxidative stress.
Heart is one of the organs in the body that has high
oxygen consumption rate and slow turnover of antioxidant
enzymes (21); thus, heart has a high probability of oxidative
damage (22). On the other hand, diabetes not only increases
the production of free radicals, but it also impairs the
antioxidant defense system (23). Reduction of expression of
heat shock protein 60 and heme oxygenase-1 in the diabetic
heart also increases the risk of oxidative damage (24). It
seems that adding external antioxidants or boosting internal
antioxidants might be useful in controlling oxidative
stress. In the present study, GSE as an antioxidant (19)
could partially improve diabetic cardiomyopathy. Based
on the available information, there are no studies on the
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Table 2. Systolic Pressure Gradient Associated with Diastolic Pressure of Left Ventricles Isolated from Different Groups (Mean +

SEM,n=7-38)

Groups\Diastolic P. Basal (1 - 6 mmHg) 10 (mmHg) 20 (mmHg) 30 (mmHg) 40 (mmHg)
SC 58 +4 77 £ 4 88+4 101 +£4 105+ 4
SD 40 +£5° 44 +5° 55+5° 68 £5° 71 £5*°
TrD 46 +4° 61 +6*° VEEVA 85+ 6% 89 + 6>
ExD 42 +4° 56 4 57 69 +5° SPERICEL SOERICEL
TrExD 57 £ 2P 71 £ 5° 85+ 5° 98 +4° 101 +3°

Abbreviations: SC, sedentary control; SD, sedentary diabetic; TrD, trained diabetic; ExD, grape seed extract treated sedentary diabetic; TrExD,

grape seed extract treated trained diabetic

*P < 0.05 significantly different from SC, *P < 0.05 significantly different from SD (repeated measures ANOVA followed by LSD).

Table 3. Maximum + dP/dT of the Left Ventricles Isolated from Different Groups in Response to Different Diastolic Pressures (Mean + SEM, n =

7 - 8)

Groups\Diastolic P. Basal (1 - 6 mmHg) 10 (mmHg) 20 (mmHg) 30 (mmHg) 40 (mmHg)
SC 1442 + 80 1667 + 89 1933 £ 71 2020 + 74 2079 £ 77
TrD 932 + 242 1116 + 30*° 1316 + 52°° 1410 + 51®° 1507 + 65°
ExD 875+ 21 1046 + 33>° 1221 + 70*° 1325 + 69" 1386 + 58"
TrExD 1419 + 76° 1587 + 86° 1801 + 88" 1925 + 84° 1997 + 75°

Abbreviations: SC, sedentary control; SD, sedentary diabetic; TrD, trained diabetic; ExD, grape seed extract treated sedentary diabetic; TrExD,

grape seed extract treated trained diabetic

*P < 0.05 significantly different from SC, *P < 0.05 significantly different from SD (repeated measures ANOVA followed by LSD)

Table 4. Maximum -dP/dT of the Left Ventricles Isolated from Different Groups in Response to Different Diastolic Pressures (Mean + SEM, n =7 - 8)

Groups\Diastolic P. Basal (1 - 6 mmHg) 10 (mmHg) 20 (mmHg) 30 (mmHg) 40 (mmHg)
SC -812+15 -942 +22 -1290 + 32 -1372 + 43 -1400 + 47
SD -516 +23* -588 +£29* -739 £ 41* -792 £ 45° -842 +59*
TrD -642 +20*° -774 + 37%° -1070 + 40*® -1138 £ 45%° -1188 +53%°
ExD -610 +21%° -732 + 33%b -986 + 46 -1070 £ 32%® -1115 £ 30%®
TrExD -789 +20° -939 + 13" -1228 +30° -1294 + 35" -1353 + 34"

Abbreviations: SC, sedentary control; SD, sedentary diabetic; TrD, trained diabetic; ExD, grape seed extract treated sedentary diabetic; TrExD,

grape seed extract treated trained diabetic

*P < 0.05 significantly different from SC, ® P < 0.05 significantly different from SD (repeated measures ANOVA followed by LSD)

effect of GSE on the diabetic heart. Thus, further studies
are required to determine the mechanisms of this effect.
According to the studies that have examined the effect of
other antioxidants on diabetic heart, several mechanisms
can be proposed, including prevention of myocardial
apoptosis, angiogenesis, and improvement of endothelial
function. Some studies have shown that antioxidants, such
as resveratrol (25) and alpha lipoic acid (26), could prevent
progression of diabetic cardiomyopathy. Hyperglycemia
can also cause cardiomyocyte apoptosis which can have an
important role in progression of heart failure and diabetic
cardiomyopathy (26). It has been shown that antioxidants
can prevent myocardial apoptosis (25, 26). Angiogenic
properties of resveratrol derived from grape seeds may
also play a protective role in the heart (25). Furthermore,
diabetes-induced endothelial dysfunction can influence
the pathogenesis of diabetic cardiomyopathy (27). It has
been shown that GSE can improve endothelial dysfunction
induced by diabetes (19, 28).

The present study demonstrated that ET could partially
improve diabetic heart function, which is consistent with
other studies conducted on the issue (8, 10, 29). Upregulation
of sarcolemmal GLUT-4 protein and mRNA has been
seen by ET (30) that may increase myocardial glucose
oxidation (31) and improve cardiac pump performance (32).
Improvement of left ventricular geometry features can also

Int Cardiovasc Res J. 2015,9(1)

be involved in this beneficial effect of exercise on the heart
(33). Exercise reverses bradycardia (34) and myocardial
depression induced by diabetes, thus maintaining the
cardiac output (6, 10). Blood levels of catecholamines,
angiotensin 1I, vasopressin, neuropeptide Y, atrial
natriuretic peptide, and pre-inflammatory mediators can
also be normalized by exercise (7).

It seems that the combination of GSE and ET has been
more effective than any of them alone in control of
oxidative stress by adding an external antioxidant (GSE)
and strengthening of internal antioxidants with ET (35).

The above-mentioned mechanisms or other unknown
mechanisms might have contributed to the beneficial
effects of the combination of exercise and GSE on left
ventricular function of diabetic hearts.

The results of the present study showed that the
combination of ET and GSE was more effective than either
of them alone in diabetic cardiomyopathy.
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