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ABSTRACT
OBJECTIVES: The aim of this study was to evaluate the effects of crocin and voluntary exercise on heart an-
giogenesis through Akt and ERK1/2 signalling. 
METHODS: Animals were divided into 4 groups as follows: diabetes (Dia), diabetic-crocin (Dia-Cro), diabetic-
voluntary exercise (Dia-Exe), diabetic-crocin-voluntary exercise (Dia-Cro-Exe). Type 2 diabetes was induced 
by high-fat diet (4 weeks) and injection of streptozotocin (STZ) (i.p., 35 mg/kg). Animals received crocin orally 
(50 mg/kg), voluntary exercise was performed alone or together with crocin for 8 weeks. Akt and ERK1/2 levels 
were measured by ELISA and CD31 was detected by immunohistochemistry. 
RESULTS: Akt and ERK1/2 levels in crocin and exercise groups were signifi cantly higher than in diabetic group. 
Levels of Akt and ERK1/2 proteins and CD31 immunostaining were also signifi cantly higher in crocin-voluntary 
exercise group in comparison to the other groups. 
CONCLUSION: Our results revealed that treatments with crocin and voluntary exercise had synergistic effect 
on angiogenesis. Protective effects of these interventions are probably through the activation of Akt and ERK 
1/2 signalling pathways in the heart of diabetic rats (Fig. 3, Ref. 40). Text in PDF www.elis.sk.
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Introduction

Type 2 diabetes mellitus is a growing public health problem 
affecting millions of people worldwide. Its symptoms include pro-
gressive hyperglycemia, insulin resistance, and reduction in insu-
lin secretion by pancreatic β-cells in response to increased blood 
glucose (1, 2). Patients with diabetes have a 4-fold greater risk of 
developing coronary arterial disease (3). Diabetes causes endo-
thelial dysfunction and thereby contributes to the development of 
coronary artery disease (4). The molecular mechanisms underlying 
the impairment of angiogenesis in type 2 diabetes have remained 
largely unidentifi ed. Recent studies revealed that diabetic abnor-
mal angiogenesis was closely associated with an impaired Akt 
and ERK1/2 signalling (5). Hyperglycemia alters Akt and ERK1/2 
signalling and leads to endothelial cell proliferative dysfunction 
(6). In diabetic patients, the expression of the vascular endothelial 
growth factor (VEGF) receptors decreases through reduced Akt 
phosphorylation, which in the long term worsens ischemic state. 
VEGF plays an important role in angiogenesis that activates cell 

proliferation via ERK1/2 (7, 8). On the other hand, expression of 
ERK1/2 protein, an activator of VEGF induced cell proliferation, 
was decreased in diabetic animals. Type 2 diabetes is associated 
with reduced Akt and ERK1/2 signalling along with impaired an-
giogenesis and collateral blood vessel formation.

Crocin, an active component of Crocus sativus (saffron), has 
been an important topic for research recently. Crocin exhibits a 
variety of effects including a decrease in the fasting blood glu-
cose, HbA1c, lipid profi le, and it also increases serum insulin 
levels (9). Furthermore, crocin has a protective effect on hypoxic 
damage of myocardial cells by elevation of VEGF expression 
(10). Active component of saffron enhances angiogenesis by a 
response of endodermic cells to VEFG (11). However, angiogen-
esis signalling pathways have not been extensively studied for 
understanding crocin- induced cardioprotection, particularly in 
diabetic animal models.

Exercise is an applicable treatment modality for diabetic pa-
tients. Training could also improve coronary vascular function by 
suppressing oxidative stress and infl ammation in a type 2 diabetes 
(12). In response to training, two cellular pathways have been im-
plicated in cellular growth: ERK and Akt (13). Aerobic exercise 
improves aging-induced downregulation of VEGF angiogenic 
signalling via phosphorylation of Akt protein in the heart, thereby 
contributing to the training-induced angiogenesis (14). Exercise 
reduced the heart disease risk and improved diabetic-mediated car-
diovascular complications (15). Although many benefi cial effects 
were reported for exercise, exhaustive exercise induces oxidative 
stress through a production of reactive oxygen species and can 
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cause damage to organs (16). Voluntary exercise is ranged in mild 
/moderate exercise and is a useful therapeutic approach in cardio-
vascular diseases. In the animal model of voluntary exercise, the 
animal has free entrance to a running wheel and utilizes the wheel 
according its physiological threshold for physical activity (17).

Based on these observations, this experiment was designed 
to test the hypothesis that crocin and voluntary exercise can im-
prove the heart angiogenesis via Akt and ERK1/2 signalling in 
diabetic rats.

Material and methods

Animals
Male Wistar rats (200–250 g) were obtained from Tabriz medi-

cal faculty (Iran-Tabriz). They were housed four per cage except 
the rats in the exercise groups that were alone. Animals were 
housed in a room with a constant temperature of 24 °C, a relative 
humidity of 50 %, and a 12 h dark / light cycle with access to food 
and water ad libitum. This study was approved by the Animal Eth-
ics Committee (document number 92197) in accordance with the 
instruction for the care and use of laboratory animals prepared by 
Tabriz University of Medical Sciences (Iran-Tabriz).

Experimental design
All rats were made diabetic by a high fat diet and STZ injec-

tion, then they were randomly divided into four groups (n = 7). 
Group 1 received a high-fat diet (4 weeks) and low dose of STZ 
(35 mg/kg) as a diabetic group (Dia). Group 2 received a single 
dose of crocin (50 mg/kg) for eight weeks after confi rmation of 
Diabetes (Dia-Cro). Group 3 performed voluntary exercise for 
eight weeks after confi rmation of Diabetes (Dia-Exe). Group 4 
received crocin and simultaneously performed voluntary exercise 
for eight weeks after confi rmation of Diabetes (Dia-Cro-Exe). 
Crocin (Sigma) was administered (50 mg/kg) 6 days a week for 8 
weeks. For the assessment of voluntary exercise, rats were housed 
individually in a cage containing a wheel (1.00 m circumference, 
Tajhiz Gostar). This stainless-steel running wheel was equipped 
with a digital magnetic counter that was activated by wheel rota-
tion. Each exercising rat had a separate running wheel in its cage 
that allowed to run voluntarily during 8 weeks of the study. The 
rats, whose running distance was lower than ~2000 m per day were 
eliminated before statistical analysis (18).

Development of type 2 diabetes
After1 week ad libitum exposure to drinking water and stan-

dard rat pellet diet, rats were fed with high fat diet comprising 22 
% fat, carbohydrate 48 % and protein 20 % in blend with standard 
laboratory chow consisting of 5 % fat, 53 % carbohydrate and 23 % 
protein for 4 weeks. After the period of dietary manipulation, a sin-
gle low dose of STZ (35 mg/kg, dissolved in 0.1 M sodium citrate 
buffer at pH 4.4) was injected into each rat intraperitoneally (Sig-
ma) (19). After 72 hours of streptozotocin administration, fasting 
blood glucose level was checked by using a portable glucometer 
(Glucoplus Inc., Quebec, Canada) in the blood collected from the 
tail veins. Animals with fasting blood glucose value > 300 mg/dl

were considered diabetic. Animals with fasting blood glucose 
concentration < 300 mg/dl were excluded from the study (20). 

Heart tissue preparation for Akt and ERK1/2 and CD31
On the fi nal day of the experiment, rats were sacrifi ced under 

anaesthesia with ketamine/xylazine (88/10 mg/kg, i.p.). Heart 
tissue was immediately removed and washed with saline 0.9 %. 
Hearts were excised, frozen in liquid nitrogen and stored at deep 
freeze (–70 °C) for later measurements. 

Akt and ERK1/2 assays
Heart tissue samples were weighted (0.1 g), homogenized in 

PBS (pH 7.2–7.4) and centrifuged for 20 min at the speed of 3000 
rpm and 4 °C. Then supernatants were collected in a new tube 
and p-Akt (Cat. No. CK-E91385; Eastbiopharm Co., Ltd., Hang-
zhou, China), p-ERK1/2 (PT202/Y204) (Abcam, Cambridge, U.K, 
product code: ab176640) levels were measured using sandwich 
rat ELISA kits. The ELISA assay was performed according to the 
manufacturer’s instructions and normalized to the total protein con-
centration for each sample, as determined by the Bradford assay.

Immunohistochemical assessments
For the investigation of angiogenesis in the heart tissue, sam-

ples from left ventricle were immersed into 10% formalin after 
excision, embedded in paraffi n, and cut into 4 μm-thick slices. 
Sections were deparaffi nized in xylene and dehydrated in a graded 
series of ethanol. Slides were incubated sequentially in proteinase 
K and treated by 0.3 % hydrogen peroxide for blocking endogenous 
peroxidase activity. Sections were overlaid by primary antibody 
CD31 (Santa Cruz Biotechnology (Santa Cruz, CA, USA) a marker 
of angiogenesis and incubated at +4 °C overnight. Sections were 
then washed and incubated with standard avidin–biotin complex 
(ABC; Santa Cruz Biotechnology) according to the manufacturer’s 
instructions. Finally, sections were assessed by light microscope 
(Olympus BX 40, Japan) with an independent pathologist (21). 
Capillaries were visualized in the myocardium as a brown precipi-
tate. Vascular structures positive for CD31 were counted for 5 to 
6 slides per animal and 10 fi elds per slide.

Statistical analysis
Statistical analysis was performed using SPSS v.18.0 (IBM 

Corp., Armonk, NY, USA). Between group differences were ana-
lysed using two-way analysis of variance (ANOVA). Post-hoc 
analysis for Akt and ERK data were Tukey’s test. The results are 
reported as the means ± SEM, and were considered signifi cant 
at p < 0.05.

Results

Effect of crocin and voluntary exercise on Akt levels
After 8 weeks of treatment of diabetic rats with crocin and vol-

untary exercise, P-Akt levels in heart tissue in Dia-Cro and Dia-Exe 
were signifi cantly (p < 0.05, p < 0.01 respectively) higher than in 
Dia group (Fig. 1). In the crocin combined with exercise group, 
the heart P-Akt levels were signifi cantly increased compared to 
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diabetic animals (p < 0.001). A signifi cant difference was found 
between Dia-Cro-Exe group and Dia-Cro (p < 0.01) or Dia-Exe 
groups (p < 0.05). Figure 1 indicates that crocin combined with 
voluntary exercise had an additive effect in Akt protein levels in 
heart tissue.

Effect of crocin and voluntary exercise on ERK1/2
According to the Figure 2, two-way ANOVA indicated that 

treatment with crocin and exercise signifi cantly enhanced the 
ERK1/2 levels in Dia-Cro (p < 0.01), Dia-Exe (p < 0.01), and 
Dia-Cro-Exe (p < 0.001) in comparison with the diabetic group. 
Also, ERK1/2 levels in Dia-Cro-Exe group were signifi cantly 
higher than those of the other treatment groups (p < 0.001). These 

fi ndings exhibit that p-ERK1/2 increased by crocin and voluntary 
exercise in the diabetic groups.

Effect of crocin and voluntary exercise on angiogenesis
Immunohistochemical staining for CD31 in the cardiac sec-

tions are shown in Figure 3. CD31 was present in the diabetic 
group treated with crocin and voluntary exercise. There was a 
signifi cant increase in CD31 immunostaining in the cardiac tissue 
in the crocin-exercise-treated group (p < 0.001), when compared 
to the diabetic group (Fig. 3 A, D). Also, treatment of diabetic 
animals with crocin and voluntary exercise alone, signifi cantly 
elevated angiogenesis compared to the diabetic group (all, p < 
0.001) (Fig. 3 A, B, C).

Fig. 1. Effect of crocin combined with voluntary exercise on P-Akt 
protein levels using ELISA method. Data are shown as mean ± S.E.M. 
for n = 7 animals. * p < 0.05, ** p < 0.01 and *** p < 0.001 indicates sig-
nifi cant change compared with diabetic group. ## p < 0.01 indicates 
signifi cant change compared with crocin group. $ p < 0.05 indicates 
signifi cant change compared with exercise group.

Fig. 2. Show the effect of crocin combined with voluntary exercise 
on P-ERK1/2 protein level using ELISA method. Data are shown as 
mean ± S.E.M. for n = 7 animals. ** p < 0.01 and *** p < 0.001 indicates 
signifi cant change compared with diabetic group. ### p < 0 .05 indicates 
signifi cant change compared with crocin group and $$$ p < 0.001 indi-
cates signifi cant change compared with exercise group.

A B

C D E

Fig. 3. Representative images of CD31 staining (brown) in coronary vessels of non-treated and treated diabetic rats. Magnifi cation ×400. A: Dia 
group. B: Dia-Cro group. C: Dia-Exe. D: Dia-Cro-Exe group. E: Quantifi cation of CD31-positive cells in the diabetic groups. Data are mean ± 
SEM. * p < 0.05, *** p < 0.001 indicates signifi cant change compared with diabetic group, ## p < 0.01 indicates signifi cant change compared with 
crocin group and $$ p < 0.01 indicates signifi cant change compared with exercise group.
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Discussion

The present study showed that crocin and voluntary exercise 
treatment increased the Akt and ERk1/2 activation in diabetic rat 
heart. In addition, they stimulated angiogenesis in heart tissue of 
diabetic rats. For the fi rst time, our fi ndings demonstrated that heart 
angiogenesis and its upstream molecules including Akt and ERK1/2 
were upregulated in response to crocin combined with voluntary 
exercise in rats with high-fat diet-induced type 2 diabetes. Type 2 
diabetes represented a formidable unmet medical health problem 
with an elevated risk of cardiovascular disease. In this pathologic 
case, there is an inadequate collateral vascular formation that ulti-
mately results in enhanced cardiovascular morbidity and mortal-
ity rates (4). Based on previous studies it was found that in dia-
betes, angiogenesis is regulated dependently on organ-tissue, and 
cell type-specifi c manner (22). In the diabetic heart tissue, VEGF 
(pro-angiogenic molecules) signalling pathways are disturbed and 
collateral vessel formation is interrupted (23). VEGF exerts many 
of its effects via the AKT and ERK1/2 pathways (24). During de-
velopmental vasculogenesis, the AKT pathway regulates venous 
specifi cation, whereas the ERK pathway regulates arterial specifi ca-
tion (25). VEGF activates AKT via a phosphatidylinositol 3-kinase 
(PI 3-kinase)-dependent pathway, and this downstream effecter 
may play a principal role in the “outstanding” biological processes 
of VEGF, such as: endothelial cell proliferation, migration, and 
survival (26). There are several lines of evidence indicating that 
under diabetic condition, the expression level of phosphorylated 
Akt and ERK1/2 is decreased in cardiomyocytes (27), in spite of 
high level of VEGF (28). Our results proved that crocin combined 
with voluntary exercise enhanced angiogenesis and its upstream 
components of angiogenic signalling such as: Akt and ERK1/2. 
Previous studies showed that training promotes cardiac angiogen-
esis by enhancing the angiogenic pathways such as: ERK1/2 and 
PI3K/Akt both in healthy and obese animals (29, 30). Research 
confi rmed that the expression levels of VEGF-A and VEGFR-2 
were increased in saffron therapy group and it was suggested that 
the protective effects of saffron might be related to its ability to 
promote angiogenesis (11, 31). Cardioprotective effects of crocin 
were reported in some studies that are related to modulation of an-
tioxidant activities and cardiac biomarkers (32). Crocin prevented 
retinal ischemia/ reperfusion injury in retinal ganglion cells through 
the PI3K/Akt signalling pathway (33). Saffron strongly enhanced 
the phosphorylation of ERK in muscle cells and increased insulin 
sensitivity. Also, when the cells were exposed to saffron and insulin 
simultaneously, PI3K/Akt pathway was more greatly stimulated 
compared to those of individual treatments (34). Several rationales 
may be considered for this crocin- exercise-induced upregulation 
of Akt and ERK1/2. One possible elucidation for the ameliorated 
phosphorylation levels of Akt and ERK1/2 in heart tissue of the 
diabetic rat might be a mechanism related to glycemia (35). It was 
reported that hyperglycemia decreased Akt and ERK1/2 activities 
and further inhibited the proliferation and migration of cells neces-
sary for neovascularization (36). Since it was found that normal-
ized glycemia brought the phosphorylation and activity of Akt and 
ERK1/2 to a normal level (37), so our results that crocin combined 

with exercise increased P-Akt and P-ERK 1/2 levels could sup-
port this hypothesis. An additional reason for upregulation of Akt 
and ERK1/2 in heart tissue of diabetic rats by crocin-exercise may 
act via activating mitogen-activated protein kinase (MAP kinase/
ERK1/2) and PI3K/Akt (34, 38, 39). Furthermore, there is a cross-
talk between MAPK, PI3K pathways and hypoglycemic effects. 
Activation of these pathways promote the translocation of GLUT4 
from an intracellular pool to the cell surface, which in turn can lead 
to an improvement of insulin stimulated glucose uptake and sub-
sequently reduce glucose levels in diabetic cases (40). 

Accordingly, training and crocin administration might be ben-
efi cial to enhance the cardiac survival in diabetic heart by ERK1/2 
and Akt signalling pathways. This is the fi rst report regarding in-
creased angiogenesis due to administration of crocin combined 
with voluntary exercise through activation of Akt and ERK1/2 in 
heart tissue of type2 diabetic rats. This study represents an initial 
step toward unravelling the mechanisms that underlie angiogen-
esis induced by crocin combined with voluntary exercise in type 
2 diabetic model. In conclusion, our fi ndings suggest that crocin 
combined with voluntary exercise can reverse reduced angiogen-
esis by high glucose in heart tissue of type2 diabetes. In addition, 
crocin and voluntary exercise induce coronary angiogenesis by 
activating the Akt and ERK signalling pathways. Indeed, combi-
nation of voluntary exercise with crocin administration in type2 
diabetic rats has benefi cial effects compared to each treatment. 
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