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Effect of Exercise Training on Cardiac survival pathway in
streptozotocin-induced diabetic rats

Background. Cardiac apoptosis was found in diabetes but very limited information
regarding the influence of chronic exercise on cardiac pro-survival and anti-apoptosis
in diabetes was available. The purpose of this study was to evaluate the influence of
chronic exercise on cardiac pro-survival and anti-agpoptotic relative pathways.
Methods. Twelve Wistar rats (Control) and nine Streptozotocin-induced diabetic rats
(DM) a 4 month of age were served as negative and positive control and eleven
Streptozotocin-induced diabetic rats underwent running exercise on treadmill 1 hour
daily, 5 sections per week, for 8 weeks (DM-EX). After chronic exercise or sedentary
status, the excised hearts were measured by H& E stain, TUNEL assays and Western
Blotting. Results. Citrate synthase activity in skeleta muscle in DM-EX is
significantly increased compared with sedentary Control and DM group. Levels of
cardiac IGF1-R/PIsK/AKT survival pathway related proteins, including IGF1, IGF
receptor, p-PI3K, p-Akt, and pro-survival Bcl-2 family, including Bcl-2, Bcl-xL and
p-BAD were decreased in DM compared with control. In DM-EX group, those
survival related proteins in cardiac IGF1-R/PIsK/AKT surviva pathway and
pro-survival Bcl-2 family were increased and apoptotic activities were decreased
(TUNEL and active caspase-3) compared with DM.

Conclusions. Chronic exercise enhance cardiac |GF1-R/PIsK/AKT survival pathway
and pro-survival Bcl-2 family associated pathway in diabetes and attenuate the
diabetes-associated cardiac apoptotic activity. Chronic exercise may be one of
possible therapeutic approaches for preventing cardiac apoptosisin diabetes.
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Introduction:

Diabetes méllitus is a worldwide epidemic whose incidence and prevaence have
significantly increased in recent decadeq[1, 2]. Diabetes is a chronic metabolic disorder
associated with secondary complications in the cardiovascular system and autonomic
control in humans and animals. It is recognized as an independent risk factor for
cardiovascular morbidity and mortaity[3]. Severd reports have described early changes
of cardiac structure and function in diabetic patients. And more unclearly mechanisms
relating diabetes-associated cardiac pathophysiology include the direct metabolic
consequences of this disease on the myocardium[3, 4]. Diabetic cardiomyopathy is a
serioudy complications, according to the obtained results it could be concluded that the
changing rate of diabetic cardiomyopathy was in direct correlation with the quaity of
diabetes control, the duration of diabetes, and the presence of complications in other
organg5]. In human and anima modes of diabetes, heart disease is associated with
excessve gpoptotic cell death[6, 7]. It is possible that this loss of cells progressively
leads to interstitia fibrosis, myocardia hypertrophy, contractile imparment, and
eventual heart disease[8, 9]. However very limited information related to cardiac
pro-survival pathway was available in diabetes.

It is well known that exercise affects heart rate and cardiac function in humans
significantly. Physical activity and exercise has been regarded as a therapeutic approach
in the treatment of diabetes [9-11]. And many studies aready proved that the exercise
training improved myocardial function in diabetes rats [11, 12]. Effect of exercise on
cardiac pro-surviva pathway in diabetes were not yet been investigated.

The insulin-like growth factor (IGF) system efficiently signals to cells to grow,
differentiate, and survive. IGF-1 is a major survival factor in serum and prevents

apoptosis in a number of cell types [13, 14]. When it activates phosphatidylinositol



3-kinase (PIsK) and serine/threonine kinase Akt pathway, it will attenuate the
apoptotic activity [15]. Akt is a cell survival downstream growth factors, it enhances
the surviva of cells by blocking the function of proapoptotic proteins and processes.
Akt negatively regulates the function or expression of several Bcl-2 family, which
exert anti-apoptotic effects by binding to and inactivating pro-survival Bcl-2 family
members. For instance, Akt directly phosphorylates and inhibits the BH3-only protein
BAD [16, 17]. Survival factors stimulate Akt-mediated phosphorylation of BAD on
S136 ( p-BAD), which triggers release of BAD from its target proteins [18]. p-BAD is
an anti-apoptotic protein, prevents cytochrome ¢ release and apoptotic activity.
Pro-apoptotic and anti-apoptotic Bcl2 family members can homodimerize or
heterodimerize to each other, and appear to interact with and neutralize each other, so
that the relative balance of these effectors strongly influences cytochrome c release.
Bcl-2 and Bcl-xL, anti-apoptotic proteins, may stabilize the mitochondrial membrane
and prevent the activation of downstream apoptotic signaling [19].

Apoptosis, a physiological program of cellular death, may contribute to many
cardiac disorder[20, 21]. The occurrence of apoptosis has been reported to contribute
to the loss of cardiomyocytes in cardiomyopathies, and is recognized as a predictor of
adverse outcomes in subjects with cardiac diseases or heart failure [22]. Widdy
believed that caspase-3, a cysteine protease, leads to nucleosomal fragmentation of
DNA [19, 23].

The therapeutic effect of exercise training on cardiac pro-survival pathway in
diabetes is not understood. In the current study, we investigated whether exercise
training in diabetes are associated with induced the survival signaling transduction.
The heart weight index, myocardia morphology, and key components of IGF1, IGF

receptor, p-PI3K, p-Akt, p-BAD, Bcl-2 and Bcl-xL and apoptotic activity in three



groups, Wistar rats (Control) and STZ-induced diabetes rats (DM) under sedentary
status or after exercise training(DM-EX), were determined by heart weighing, H& E
stain, TUNEL assay and Western blotting. We hypothesized that exercise training may
enhance cardiac pro-survival pathway and prevent cardiac apoptotic activity in

diabetes.



Materialsand Methods

Animal model

This study was approved by Institutional Animal Care and Use Committee of National
Cheng Kung University. All procedures followed the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health (NIH). Male Wistar rats
(8-week old), purchased from Laboratory Animal Center of National Cheng Kung
University were randomly assigned to one of three groups. All animals were housed in

a temperature-controlled room (22-25C) with a 12 h dark-light cycle at Laboratory

Animal Center of National Cheng Kung University. No statistical difference in body
weight and blood glucose level was found in the beginning of the experiment. To
induce type 1 diabetes mellitus, rats from the DM and DM+Exgroups were fasted for
three days before induction. Rats were generally anaesthetized by an intraperitoned
injection of sodium pentobarbital in the concentration of 45 mg/kg of body weight.
After anaesthetization, femoral artery pulse was palpated to identify the position of
femoral vein (femoral artery and vein are parallels nearby). Then the skin superficia
to the femoral vein was cut into an incision but also the superficia connective tissues
were removed. When the femora vein was exposed, Streptozotocin (65 mg/kg of
body weight), freshly prepared by dissolving in 50 mM citrate buffer (pH 4.5) with
the ratio of 1:65, was injected immediately into femoral vein[25]. The incision then
sewed up and disinfected. To confirm the induction of type 1 diabetes, fasting blood
glucose level (fasting overnight) was determined one week after STZ injection by
glucose test of tail vein blood using glucometer. STZ-induced rats failed to exhibit an
elevated blood glucose level greater than 200 mg/dL were excluded from the study.
Exercisetraining

The 8 week exercise training protocol was implemented according to the study of



Chen et a [26]. Before the beginning of exercise training, rats from the SHR-Ex
group had run on a horizontal treadmill (Model T510E, Diagnostic and Research
Instruments Co., Taiwan) at the speed of 12 m/min for the familiarization. After one
week of familiarization, all rats had run on the treadmill 60 minutes per session, 5
sessions per week, for 8 weeks totally. During the training period, the running speed
was gradualy increased 3 m/min every two weeks, from 15 m/min to 24 m/min
finally. In contrast, rats from sedentary groups were placed on the treadmill without
running for 15 minutes each session. To avoid acute effect of exercise, all animals
were sacrificed 48 hours after exercise training. Body weight and fasting blood
glucose level were measured before sacrificing.
Cardiac characteristics

The hearts of wistar rats and diabetes rats were excised and cleaned with PBS
(Phosphate buffered saline). The left ventricle were separated and weighed. The right
tibias were also separated and tibia lengths were measured by the electronic digital
venire caliper to adjust the whole heart weight. The ratios of the total heart weight to
body weight, the left ventricle weight to body weight, the left ventricle weight to the
whole heart weight, the whole heart weight to tibia length, and the left ventricle
weight to tibialength were cal cul ated.
Tissue Extraction

Cardiac tissue extracts were obtained by homogenizing the left ventricle samples
in alysis buffer at aratio of 100 mg tissue/Iml buffer for 1 min. The homogenates
were placed on ice and then centrifuged at 12,000 g for 40 min. The supernatant was
collected and stored at -80°C for further experiments.
Assay of citrate synthase activity

Citrate synthase is one of the main oxidative enzymes in mitochondria. Previous



studies have proven that citrate synthase activity increased significantly after chronic
exercise. Therefore an increase in citrate synthesis activity is commonly used as a
surrogate index for the effectiveness of exercise training. Soleus muscles (weight

~0.1g) isolated from four groups were immediately stored at -80°C until analyzed.

When measuring, the defrosted muscle samples were homogenized by homogenizer
(Model 398, Biospec Products Inc, Mexico) with quintuple volumes of Tris buffer
(0.1 mol/L) containing Triton X-100 (0.1%). After homogenizing, the samples were
centrifuged by centrifuge (Kendro Laboratory Products, Langenselbold, Germany) at
the speed of 13000 rpm for 15 minutes, and then the supernatants were collected. The
50 pl of supernatant was added into cuvette which had already contained 100 pl of
DTNB (1ImM), 30ul of acetyl-CoA (10mM), and 770ul of H20. The absorption at 412
nm of wave length was measured by spectrophotometer (Beckman Instruments, Inc.,
DuU640B, CA, USA) for 10 minutes to measure the possible acetyl-CoA deacylase
activity. With the addition of 50ul of oxaloacetate (10mM), the measurement of
enzymatic activity was begun also by spectrophotometeric assay for 5 minutes. Every
sample tested twice and averaged. The result was expressed as micromoles of
substrate utilized per minute per gram of wet tissue.
Electrophoresis and Western Blot

Protein concentration of cardiac tissue extracts was determined by the Lowry
protein assay. Protein samples (40ug/lane) were separated on a 10% SDS
polyacrylamide gel electrophoresis (SDS-PAGE) with a constant voltage of 75 V.
Electrophoresed proteins were transferred to polyvinylidene difluoride (PVDF)
membrane (Millipore, Bedford, MA, 0.45 um pore size) with a transfer apparatus
(Bio-red). PVDF membranes were incubated in 5% milk in TBS buffer. Primary

antibodies including IGF1, IGF receptor, p-PI3K, PI3K, p-Akt, Akt, p-BAD, Bcl-2,



Bcl-xL and a-tubulin (Santa Cruz Biotechnology, Santa Cruz, CA, USA) were diluted
to 1:500 in antibody binding buffer overnight at 4°C. The immunoblots were washed
three times in TBS buffer for 10 min and then immersed in the second antibody
solution containing goat anti-mouse 1gG-HRP, goat anti-rabbit 1gG-HRP, or donkey
anti goat 1gG-HRP (Santa Cruz) for 1 hour and diluted 500-fold in TBS buffer. The
immunoblots were then washed in TBS buffer for 10 min three times. The
immunoblotted proteins were visualized using an enhanced chemiluminescence ECL
western Blotting luminal Reagent (Santa Cruz, CA, USA) and quantified using a
Fujifilm LAS-3000 chemiluminescence detection system (Tokyo, Japan).
Hematoxylin-eosin staining (H&E staining) and Terminal Deoxynucleotide
Transferase-mediated dUTP Nick End Labeling (TUNEL)

After the hearts were excised, the hearts were soaked in formalin, dehydrated
through graded alcohols, and embedded in paraffin wax. In heart tissues, the 0.2-um
thick paraffin sections were cut from paraffin-embedded tissue blocks. The tissues
sections were deparaffinized by immersing in xylene, and rehydrated. For
Hematoxylin-eosin staining, the slices were then dyed with hematoxylin and eosin.
After gently rinsing with water, each slide was dehydrated through graded alcohols.
Finally, they were soaked in xylene twice. Photomicrographs were obtained using
Zeiss Axiophot microscopes. For TUNEL assay, the sections were incubated with
proteinase K, washed in phosphate-buffered saline, incubated with permeabilisation
solution, blocking buffer, and then washed two times with PBS. The terminal
deoxynucleotidyl transferase and fluoresceinisothiocyanate-dUTP for 60 min at 37 °C
from an apoptosis detection kit (Roche Applied Science, Indianapolis, IN, USA) was
used for detection. Then added the DAPI (4,6-diamidino-2-phenylindole) 5mins and

the nucleus position were fluoresced by blue light at 340 / 380 nm. TUNEL-positive



nuclei (fragmented DNA) were fluoresced by bright green light at 450-500 nm. The
mean number of TUNEL-positive cells were counted for at least 5-6 separate fields x
2 dlices x 3 regions of the left ventricle (upper, middle, lower) excised from six rat
hearts in each group. All counts were performed by at least two independent

individuals in ablinded manner.

Statistical Analysis

The all data of weight index, blood sugar, protein levels, and the percentage of
TUNEL positive cells were compared among the control, DM, and DM-EX groups
using one-way analysis of variance (ANOVA) with pre-planned contrast comparison.

In al cases, P<0.05 was considered significant.
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Results
Body weight and cardiac characteristics

DM and DM-EX weighed were less than the Control. The other index of whole
heart weight (WHW), left ventricular weight (LVW), WHW/body weight, LV W/body
weight, LVW/WHW, WHW/tibia and LVW/tibia length showed no different amount
three groups, Control, DM, DM-EX. And the blood sugar increased in DM and
decreased in DM-EX (Table 1).

Assay of citrate synthase activity

Exercise training for 8 weeks significantly increased the citrate synthase activity of
soleus muscle in the DM-Ex group as compared with the Control, DM groups
(P<0.05), as shown in Table 1. These results indicated that our exercise program was
effective.

Hematoxylin-eosin staining (H& E staining)

To investigate whether there were changes in cardiac architecture, we did a
histopathological analysis of ventricular tissue stained with hematoxylin and eosin.
After viewing 400 X magnified images, we found that the ventricular myocardium in
the Control group showed normal architecture with normal interstitial space, but the
abnormal myocardial architecture and the increased interstitial space were observed in
the DM group. These myocardial architecture abnormalities in the DM-EX group
became normal than thosein the DM group (Fig 1).

Cardiac | GF 1-R/PI3K/AKT survival pathway

To investigate the components of Cardiac IGF1-R/PI3K/AKT survival pathway
in diabetic rats after exercise training, we measured the pro-survival related protein
levels of in hearts excised from control, DM, and DM-EX groups. Compared with the

control group, the protein levels of IGF 1, IGF receptor (Fig 2), p-PI3K and p-Akt
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(Fig 3) were significantly decreased in the DM group. The protein levels of IGF 1,
IGF receptor (Fig 2), p-PI3K and p-Akt (Fig 3), in the DM-EX group were
significantly higher than those in the DM group.
Cardiac pro-survival Bcl-2 family associated pathway

In order to identify the components of Cardiac pro-survival Bcl-2 family
associated pathway were measured by Western blotting in the hearts excised from the
control, DM, and DM-EX groups. Compared to the control group, the protein
products of p-BAD, Bcl-2 and Bcl-xL were decreased in the DM groups (Fig 4). The
protein levelsin DM-EX group were increased compared with those in the DM group
(Fig 4).
TUNEL-positive apoptotic cells of cardiac tissues

In order to view the apoptotic activity in cardiac tissues, the apoptotic cells and
total cells were measured by TUNEL assay and DAPI staining respectively in the
hearts excised from the control, DM, and DM-EX groups. Viewing images magnified
400 X, we observed that the left ventricles of the SHR groups stained with TUNEL
assay had a greater number of TUNEL-positive cardiac cells than those in the contral;
group whereas the number of TUNEL-positive cardiac cells was similar between
control and DM-EX group. Decreases in number of TUNEL-positive cardiac cells

were found in the DM-EX group, compared with DM group (Fig 5).
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Discussion
Major findings

Our main findings can be summarized as follows: Our main findings can be
summarized as follows: (1) the myocardia architecture abnormalities in diabetic rats
after exercise training became normal than those in the diabetic rats sowed in body
weight and blood sugar. And whole heart weight, left ventricular weight, whole heart
weight normalized by tibia length and body weight, left ventricular weight normalized
by tibia length and body weight in both groups were no difference. (2) The activity of
the cardiac IGF1-R/PI3K/AKT survival pathway and pro-survival Bcl-2 family
associated pathway in diabetic rats were significantly increased after exercise training,
the evidence for which is based on decreases in IGF1, IGF receptor, p-PI3K, p-Akt,
p-BAD, Bcl-2 and Bcl-xL, compared with the sedentary hypertensive group. (3) After
integrating our current findings into improved pro-survival theories, we draw a
hypothesized diagram in Fig 6, which suggest that cardiac pro-survival pathways were
decreased in diabetes and stimuli by exercise training. Our findings imply that
exercise therapy could be one of possible therapeutic approaches to prevent delirious
cardiac apoptosisin diabetes mellitus.
Experimental limitation

The benefit of exercise may be involved in multiple factors such as
anti-hypertension, weight loss, anti-diabetes, and normalized lipid profiles [27].
Exercise improved heart function successfully and further attenuated age-induced
elevation in BAX/Bcl-2 ratio, and inhibit apoptosis in rat heart[24]. Therefore, the
underlying mechanism how exercise prevent cardiac apoptosis in diabetes remain
unknown. Any therapeutic effect of exercise training on cardiomyopathic changes and

cardiac apoptosis noted in the current study cannot be isolated and attributed to any
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specific factor, such as weight loss, blood pressure changes or other unclear factors.
However, the current study can differentiate therapeutic effects of exercise training on
cardiomyopathic changes and cardiac apoptosis.
Cardiac changes

While in the recently studies, exercise training has been shown to protect the
myocardium dysfunction[28, 29]. However, the current study can differentiate
therapeutic effects of sedentary diabetes and diabetes with chronic exercise training.
The current study showed that exercise training improved myocardia structure. The
bal ance between cell death and cell survival is atightly controlled process, especially
in terminally differentiated cells, such as the cardiomyocytes. Therefore, prevention of
cardiac apoptosis and cardiac cell death in heart health is very critical issues in the
diabetes-associated heart diseases.
Cardiac I1GF1-R/PI3K/AKT survival pathway and pro-survival Bcl-2 family
associated pathway

This study also represents the first to report the prevention from a decrease in the
cardiac survival pathway, in diabetes after exercise training. The IGF1, IGF receptor,
p-PI3K, p-Akt, p-BAD, Bcl-2 and Bcl-xL, which were suppress cardiac myocyte
apoptosis. In the current study, exercise training was found to significantly prevent
cardiac apoptosis observed in sedentary diabetes, as evidenced by decreases in cardiac
IGF1, IGF receptor, p-PI3K, p-Akt, p-BAD, Bcl-2 and Bcl-xL, protein expression
levels in diabetes rats hearts and increase after exercise training. Therefore, our
findings strongly suggest that exercise training in diabetes could prevent cardiac
apoptosis by affect survival pathway.
Hypothesized clinical application

Diabetes-related cardiomyopathies may progressively develop in heart failure.

14



Diabetesis considered as amajor risk factor for the development of heart failure, even
when other known risk factors for heart failure are excluded. Since cardiac tissues are
difficult to be extracted from diabetic human hearts, the current diabetic anima model
under exercise training should provide an important explanation how clinical exercise
prescription prevents heart failure or apoptosis-related cardiac diseases in diabetic
humans. Since diabetes will enhance cardiac apoptosis and exercise training can
prevent this progression, diabetes should be highly aware of the possibility of
progressive development in cardiac abnormality as well as the importance of exercise
therapy and modified lifestyle. Based on the current evidence from animal study
showing that exercise training did effect the survival pathway and prevent diabetes
associated cardiac disease, we might further hypothesize exercise is a medicine of
cardiac apoptosis in diabetes mellitus. Besides, further questions is raised what
underlying mechanism stimuli cardiac survival pathway when exercise training
undergo as well as what exercise intensity, exercise duration, and exercise frequency
are minimal requirement to prevent cardiac apoptosis in the certain degree of diabetes
mellitus. Of course, further studies are required to elucidate specific mechanisms
responsible for this therapeutic effect in diabetes and further clinica studies are

required to clarify the possible therapeutic application in diabetic human.
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Table 1. Cardiac characteristics of Control, DM group and DM with exercise training

Control DM DM-EX

Number of animals 9 6 8

Body weight (BW),g 403.08+36.47 300.11+29.03 324.63t26.8"
Whole heart weight (WHW),g 1.15£0.24 1.00£0.24 1.00+0.11
Left ventricular weight (LVW),g 0.84+0.17 0.72+0.17 0.73+0.08
WHW/ BW(x10% 28.48+6.03 33.41+8.00 30.70+3.46
LVW/ BW(x10% 20.7614.12 23.97+5.68 22.4612.52
LVW/ WHW 0.73£0.023 0.72+0.02 0.73+0.01

WHW/ Tibialength (x10%) ,¢/mm 28274514  2561#576  2552+2.64
LVW / Tibialength (x10°) ,g/mm  20.62+352  18.37+4.10  18.67+1.90

Blood sugar (mg/dL) 70.14+13.75 324.13t82.81 289.25t58.52
citrate synthase activity 1.91+0.01 1.88+0.07 2.15+0.08 **
(umol/min/g wet wt)

Values are means + SD among Wistar rats (Control), streptozotocin-induced diabetic
rats (DM) and diabetic rats with exercise training (DM-EX). 'P<0.05, = P<0.01
significant differences between Control and DM or Control and DM-EX group.

#P<0.05 significant differences between DM group and DM-EX group.
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Fig 1. H&E

Control DM-EX

Fig 1. Representive histopathological analysis of cardiac sections from left ventricles
was performed with Hematoxylin and eosin (H&E) staining in Wistar rats (Contral),
streptozotocin-induced diabetic rats (DM) and diabetic rats with exercise training
(DM-EX). The images of cardiac architecture were magnified by 400 times. (n=3~4

in each group).
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Fig 2.
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Fig 1. (A) The representive protein products of insulin-like growth factor one (IGF1)
and IGF receptor extracted from the left ventricles of excised hearts in 3 Wistar rats
(Contral), streptozotocin-induced diabetic rats (DM) and diabetic rats with exercise
training (DM-EX) were measured by Western Blotting analysis. a-tubulin was use as
a interna control. (B) (C) Bars represent the relative fold changes of protein
guantification relative to Control group in IGF 1/a-tubulin and IGF receptor
/o-tubulin and mean valuestSD (n=6 in each group). *P<0.05, **P<0.01, significant
differences from Control group. *P<0.01 significant differences between DM group

and DM-EX group.

20



Fig 3.
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Fig 1. (A) The representive protein products of phosphates Phosphoinositide-3 kinase
(p-PIsK) and p-Akt extracted from the left ventricles of excised heartsin 3 Wistar rats
(Contral), streptozotocin-induced diabetic rats (DM) and diabetic rats with exercise
training (DM-EX) were measured by Western Blotting analysis. a-tubulin was use as
a interna control. (B) (C) Bars represent the relative fold changes of protein
guantification relative to Control group in p-Pl3K /a-tubulin and p-Akt /a-tubulin and
mean valuestSD (n=6 in each group). **P<0.01, significant differences from Control

group. ™P<0.01 significant differences between DM group and DM-EX group.
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Fig 4.
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Fig 3. (A) The representive protein products of phosphates Bcl-2-associated death

promoter (p-BAD), B-cell lymphoma 2 gene (Bcl-2) and B-cell lymphoma-extralarge

(Bcl-xL), extracted from the left ventricles of excised heartsin 3 Wistar rats (Control),

streptozotocin-induced diabetic rats (DM) and diabetic rats with exercise training

(DM-EX) were measured by Western Blotting analysis. a-tubulin was use as a
internal control. (B) (C) (D) Bars represent the relative fold changes of protein
quantification relative to Control group in p-BAD /a-tubulin and Bcl-2/a-tubulin and

Bcl-xL /a-tubulin and mean valuestSD (n=6 in each group). **P<0.01, significant

differences from Control group. *P<0.05, #P<0.01 significant differences between

DM group and DM-EX group.
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Fig 5. Anti-apoptosisin TUNEL assay and apoptotic protein, caspase-3.
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Fig 5. (A) Representive stained apoptotic cells of cardiac sections from left ventricle
in Wistar rats (Control), streptozotocin-induced diabetic rats (DM) and diabetic rats
with exercise training (DM-EX) were measured by staining with TUNEL assay with
dark background (right panels, green spots). The relative background tissues were
shown in left panels. The images were magnified by 400 times. (B) Bars present the
percentage of TUNEL positive cells relative to total cells. (C) Protein expression level
of caspase-3. a-tubulin was use as a internal control. (D) Bars present the statistic
result. *P<0.05, **P<0.01, significant differences from Control group. #P<0.05

significant differences between DM group and DM-EX group.
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Fig 6.
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