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Abstract

Background and purpose Hyperglycemia induced oxidative stress and inflammation lead to development of diabetic cardiomy-
opathy. Diabetic patients are more at risk for myocardial infarction than non-diabetics. The current study has investigated the
involvement of PPARy activation in effects of crocin as a natural carotenoid against cardiac infarction in diabetic rats.
Materials and methods Diabetes was induced in male Wistar rats by streptozotocin injection (55 mg/kg, i.p) 15 min after the
administration of nicotinamide (110 mg/kg). Then saline, crocin (40 mg/kg, orally) and GW9662 (1 mg/kg, as PPARYy antag-
onist) were injected for 4 weeks. Isoprenaline was administrated on the 27th and 28th days to induce infarction. Cardiac injury
markers, antioxidant enzymes content, blood glucose level, lipid profile, pro and anti-inflammatory cytokines, and PPARy gene
expression were measured.

Results GSH, CAT content, CK-MB isoenzyme, LDH level, IL-10 and PPARYy gene expression in myocardial tissue were
decreased in diabetic rats receiving isoprenaline and inflammatory cytokines TNFx and IL-6 and also plasma lipids were
increased. Crocin administration significantly ameliorated inflammatory cytokines levels, CK-MB, and LDH contents and also
it could enhance antioxidant capacity and PPARy expression. However, GW9662 administration reversed the effects of crocin.
Conclusion Overexpression of PPARy in crocin treated rats and inhibition of crocin effects by GW9662 reflected the potential
involvement of PPARYy pathway in the protective effects of crocin.
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Introduction

Diabetes mellitus (DM) is a chronic and metabolic disorder
that is increasing in both developed and developing countries
[1]. Cardiovascular diseases due to diabetes are the major
cause of death among the population [2]. Insufficient secretion
of insulin leads to diabetes symptoms including hyperglyce-
mia, hyperlipidemia, inflammation and oxidative stress [3].
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Hyperglycemia promotes free radicals generation and disturbs
antioxidant system and also membrane function in diabetic
heart [4]. Based on research findings, high risk of ischemic
heart disorders are related to diabetes [5]. Imbalance between
coronary blood supply and myocardial demand causes myo-
cardial necrosis which has been recognized as myocardial
infarction (MI). Hyperglycemia, lipid peroxidation, and oxi-
dative stress lead to MI, which ultimately results in myocar-
dial damage and heart failure [6].

Isoprenaline (ISO) is a synthetic (3-adrenoceptor agonist
which causes peroxidation of membrane phospholipids and
entirely myocardial tissue damage by generating cytotoxic
free radicals [7]. As diabetic cardiomyopathy is related to
inflammation and oxidative stress [8], inhibition of inflamma-
tion and free radical generation or protection of the endoge-
nous antioxidant system have been shown to ameliorate car-
diac dysfunction [9]. Crocin is a natural carotenoid compound
and color pigment which is water-soluble and mainly found in
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saffron and also gardenia flowers [10]. A number of
studies revealed that crocin have antioxidant [11, 12],
neuroprotective [13], anti-hyperlipidemic [14, 15] and
anti-diabetic [16] properties.

Crocin and saffron have been shown to exert protective
effects by activation of peroxisome proliferator activated re-
ceptors (PPAR) [13]. The PPARs have been recognized as
nuclear receptors family and their subtype such as PPARYy is
mainly involved in insulin sensitivity, glucose and lipid me-
tabolism [17, 18]. PPARYy agonists and antagonists have been
used for many pharmacological and pathological studies, and
findings have shown that PPAR‘y exerts free radical scavenger
[19], anti- inflammatory [20], anti-diabetic and anti-
atherosclerotic effects [21]. Although the crocin effect on di-
abetes and myocardial infarction models has been reported,
however the effective mechanisms are yet to be explored.
Hence, we investigated the involvement of PPARYy activation
in protective effects of crocin in diabetic rats in model of ML

Materials and methods
Animals

Male Wistar rats, weighing 200-230 g were purchased from
Ahvaz Jundishapur University of Medical Sciences, Animal
House Center, Ahvaz, Iran. Rats were housed in an air-
conditioned colony room at 23 °C+2 °C and under a 12 h
light-dark cycle (lights on 07:00 h). Rats received drinking
water and a standard pellet diet. The experiments were con-
ducted in accordance with the Guide for the Care and Use of
Laboratory Animals (NIH Publications No.80-23, revised
1996) and the study was approved by the Ethic Committee
for Animal Experiments at Jundishapur University of Medical
Sciences (IR.AJUMS.ABHC.REC.1397.005).

Induction of diabetes

After acclimatization to the laboratory, the animals were
weighed and blood samples were taken from tail veins for
the measurement of blood glucose levels. Streptozotocin
(55 mg/kg, 0.1 M cold citrate buffer, pH =4.5) was injected
intraperitoneally to induce diabetes in overnight fasting rats
15 min after the administration of nicotinamide (110 mg/kg,
intraperitoneally) [22].

Diabetes was confirmed 10 days post injection, blood glu-
cose level 250 mg/dl was considered as an index of successful
induction of diabetes and such rats showing this value were
included in the study. Upon confirmation for diabetes, rats
were randomly divided into experimental groups and used
for further experiments.
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Treatment groups

Animals were divided into six groups and each group
consisted of eight rats. Group 1 received normal saline
(Control group). Group 2 received nicotinamid (110 mg/kg,
i.p) and STZ (55 mg/kg, i.p) then followed by normal saline
(D group). Groups 3 received nicotinamide and STZ then
followed by normal saline and isoprenaline (100 mg/kg)
(D +1SO group). Group 4 received nicotinamide, STZ and
followed by crocin (40 mg/kg, orally) and isoprenaline (D +
C +1SO group). Group 5 received nicotinamide, STZ then
followed by GW9662 (1 mg/kg, intraperitoneally) and iso-
prenaline (D + GW +ISO group). Group 6 received nicotin-
amide, STZ then followed by crocin, GW9662 and isoprena-
line (D +C+ GW +1ISO group). Animals were under treat-
ment for 4 weeks and isoprenaline was injected subcutaneous-
ly on the 27th and 28th days.
Experimental protocol design is illustrated in Fig. 1.

Lipid profile

After anesthesia, blood samples were collected and the serum
was obtained by centrifugation at 14000 g for 15 min at room
temperature. Then the level of VLDV, LDL, HDL,
Cholesterol and Triglycerides were determined using com-
mercial Kits.

Antioxidant enzymes assay

To determine catalase (CAT) and glutathione (GSH) content,
the heart tissue from different groups were frozen and then
homogenized in phosphate buffered saline (PBS; 50 mM at
pH=7.4) using a homogenizer (Heidolph Silenterosher M,
Germany), and centrifuged for 15 min at 14000 g. The obtain-
ed supernatant was used for enzyme level determination using
appropriate kits. (Zellbio Lab, Ulm, Germany).

Cardiac marker enzymes assay

Tissue level of myocardial creatine kinase (CK-MB) and lac-
tate dehydrogenase (LDH) were measured using commercial
kits, purchased from Pars Azmoon Co., Tehran, Iran.

Inflammation assessment

The levels of inflammatory and anti-inflammatory cytokines
in myocardial homogenate were measured using commercial-
ly available ELISA assay kits for tumor necrosis factor-o
(TNF-w), interleukin-6 (IBL, Hamburg, Germany) and
interleukin-10 (Zellbio, Ulm, Germany).
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Fig. 1 Experimental protocol
design
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Quantitative real time RT-PCR analysis

The total RNA from the homogenized tissues was extracted using
RNeasy plus mini kit (Qiagen Co, Germany). Complementary
DNA was synthesized using 1 pg of the total RNA and also
cDNA synthesis kit (Qiagen, Germany),. A light cycler PCR
(Roche, Diagnostics) was used to determine the PPARYy and
housekeeping genes levels. The following gene-specific primer
was used: PPARy, F: 5° TTCGGCTTTCTGTTGAAT, R:
CAAAGGAATGGGAGTGGTCA, GAPDH, R: CGGAGATG
ATGACCCTTTTGG F: TGCTGGTGCTGAGTATGTCGTG.

Statistical analysis

All data obtained from the experimental groups were present-
ed as means £ SEM. The data analyzed using one-way
ANOVA followed by the tukey post hoc test. P<0.05 was
considered as statistically significance.

Results
The level of blood glucose

As shown in Table 1, the blood glucose level was significantly
(P< 0.05) increased in D+ GW +ISO group compared to
diabetic group. Crocin treated rats showed significant reduc-
tion in blood glucose level compared to diabetic rats and dia-
betic receiving ISO (P < 0.01, p < 0.01, respectively). Co-

(Treatment for4 weeks)

Crocin
After 15 min After 10 days (40 mg/’kg)
STZ
(55 mg/ke) GW9662
(Img/kg) |
On27% and 28* days
IS0
(100 mg/kg)

Lipid profile
Antioxidant Myocardial

cazymes Infarction
Pro and anti-
inflammatory

cytokines

Molecular

treatment of GW9662 with crocin demonstrated higher level
of glucose compared to D + C + ISO group.

Lipid profile

Based on our biochemical results shown in Fig. 1, VLDL,
LDL, Cholesterol and TG level were significantly increased
in D +ISO and D + GW +ISO groups compared to untreated
diabetic group. Crocin treatment significantly (P< 0.01, P
< 0.01, P< 0.05, P< 0.01, respectively) reduced the level
of these biochemical factors compared to D +ISO. In addi-
tion, it significantly improved HDL level Fig. 2.

Antioxidant enzymes and cardiac injury markers

The results showed a significant decrease in GSH and
CAT content in D+ISO and D+ GW +ISO groups
compared to diabetic group (P <0.01, P <0.001 respec-
tively). Crocin administration significantly (P <0.01,
P <0.001 respectively) elevated GSH and CAT content
when compared with both groups D+ISO and D+
GW +ISO. However, PPARYy antagonist injection
showed opponent effects against crocin in D+C+
GW +1ISO groups (Fig. 3a, b).

Also, the level of CK-MB was significantly de-
creased in D +1SO and D+ GW +1SO groups compared
to diabetic group, treatment with crocin significantly
improved this cardiac injury marker level. In addition,
crocin significantly augmented LDH level in the heart
tissue compared to D (P < 0.05) and D+ ISO (P< 0.01)
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Table 1 Effect of crocin on blood

glucose levels in diabetic rats Groups Blood Glucose (mg/dl) initial Blood Glucose (mg/dl) final
receiving ISO

Control 100+5.34 98 +8.78

D 290+8.5 304+9.52

D +ISO 296 +8.97 328+14.34

D+C+ISO 302=+15 162 +10.86 ** ## ocx

D +GW +1SO 28849.91 396417 * xx

D+C+GW+ISO 311+10.39 244 +14.23

The data are expressed as the mean = SEM

*P <0.05, #*P < 0.01 compared to D group; ## P < 0.01 compared to D + ISO; xx P<0.01; x P <0.05, xx P <
0.01 compared to initial using one-way ANOVA followed by the tukey post hoc test
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Fig. 2 Effect of crocin on lipid profile in diabetic rats receiving ISO. a *#%P < 0.001 compared to D group; # P<0.05, ## P <0.01, ### P <
VLDL, b LDL, ¢ HDL, d Cholesterol, e Triglyceride. The data are 0.01 compared to D +ISO, xx P < 0.01, xxx P <0.001 compared to D +
expressed as the mean+ SEM (n=8). *P<0.05, **P<0.01, C +1S0 using one-way ANOVA followed by the tukey post hoc test
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Fig. 3 Effect of crocin on antioxidant enzymes and cardiac injury
markers in diabetic rats receiving ISO. a GSH, b CAT, ¢ CK-MB, d
LDH. The data are expressed as the mean+SEM (n=8). * P <0.05,
*#P<0.01, ***P <0.001compared to D group; # P<0.05, ## P<0.01,

groups. In D+ GW+ ISO group, level of both cardiac
injury markers were significantly (P < 0.01, P <0.001)
decreased when compared with D+ C +ISO group.

Inflammatory cytokines

Pro-inflammatory cytokines TNFx and IL-6 were signif-
icantly higher in both groups D+ISO and D+ GW +
ISO when compared with diabetic group while IL-10
level was significantly (P <0.05, P <0.01 respectively)
lower. Crocin administration significantly attenuated
TNF« and IL-6 compared to D and D+ ISO groups.
Level of IL-10 in crocin treated rats was significantly
(P < 0.05) elevated than diabetic and D+ ISO groups
(P<0.01). Moreover, Comparison between D+ GW +
ISO group and D+ C+ISO demonstrated that TNFx
and IL-6 were significantly increased in D+ GW +ISO;
also these cytokines were higher in D+ C+ GW +1SO
group while IL-10 was lower compared to D+ C +
ISO, indicates that GW9662 has inhibited the protective
effects of crocin (Fig. 4a-c).
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compared to D + C + ISO using One-way ANOVA followed by the tukey
post hoc test

PPARy gene expression

As shown in Fig. 4, PPARYy expression level was significantly
(P <0.05, P <0.01 respectively) decreased in D +ISO and
D+ GW +ISO groups compared to diabetic group. Crocin
significantly (P <0.05) enhanced the expression of PPARYy
compared to D, D +1ISO and D + GW +ISO groups. When
GW9662 was administrated along with crocin, it attenuated
the level of PPARYy expression (Fig. 4d).

Discussion

This study was performed to determine whether the PPARy
activation is involved in protective effects of crocin in diabetic
rats subjected to myocardial infarction.

The current research provided evidences that crocin improved
inflammation and enhanced antioxidant capacity, while
GW9662 as a PPARy antagonist reversed these effects of crocin,
reflects the potential involvement of PPARy pathway in protec-
tive effects of crocin in diabetic rats subjected to ML
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Fig. 4 Effect of crocin on inflammatory cytokines and PPARYy gene
expression level in diabetic rats receiving ISO. a TNF«, b IL-6, ¢ IL-10
d PPARYy. The data are expressed as the mean + SEM (n = 8). *P < 0.05,

It is well known that deficiency in insulin secretion or inef-
fectiveness in insulin action lead to diabetes mellitus. Therefore,
hyperglycemia and also hyperlipidemia are two major conse-
quences of diabetes [23]. It has been shown that dyslipidemia
can promote the progression of MI in diabetic patients by increas-
ing free radicals formation. As a model, it has been demonstrated
that isoprenaline as a [3-adrenergic agonist could cause myocar-
dial infarction by generating highly cytotoxic free radicals and
diminishing the oxygen supply to cardiac muscle cells [24].
Moreover, administration of isoprenaline led to morphological
changes in cardiacmyocytes which resulted in hyperlipidemia as
a major factor of myocardial infarction in rats [25-27]. Since
insulin resistance and dyslipidemia occur in diabetes [28], we
also observed in our study that LDL, VLDL, TG and cholesterol
were significantly increased while HDL was reduced in diabetic
rats challenged by ISO and CW9662. The previous studies re-
ported that pioglitazone and rosiglitazone as PPARYy agonists
licensed for the management of hyperglycemia in diabetes [29]
and pioglitazone reduced TG, VLDL, LDL, while elevated HDL
[30]. Also, it has been demonstrated that stimulation of (3-
adrenergic receptor promoted PPARYy activator to regulate lipid
metabolism in adipose tissue. In our study, crocin administration
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##P < (0.0lcompared to D group; # P <0.05, ## P<0.01, ### P <0.001
compared to D +ISO, xx P<0.01, xxx P <0.001 compared to D+ C +
ISO using One-way ANOVA followed by the tukey post hoc test

significantly improved lipid profile. Therefore, it can be effective
in reducing the complications of diabetes. In line with our results,
other studies showed that crocin could exert lipid—lowering ef-
fects in high fat diet rats [15] and it improved lipid profile in
patients with metabolic syndrome (MetS) [31]. Shirali et al. re-
ported that crocin modified insulin sensitivity and lipid profile
through strengthening sensitization of insulin receptors [32].

Myocardial infarction results in several pathological condi-
tions such as necrosis, apoptosis and edema [29]. In order to
confirm other harmful effects of diabetes and MI, we mea-
sured the level of CK-MB isoenzyme and LDH as cardiac
injury markers and also antioxidant enzymes CAT and GSH
in the heart tissue.

CK-MB and LDH during myocardial ischemia release in
serum because the integrity of myocardial membrane is
disrupted. Hence, we showed that administration of isoprena-
line and GW9662 in diabetic rats significantly decreased the
level of CK-MB, LDH, CAT, and GSH enzymes activity in
the myocardium, while crocin improved CK-MB and LDH
content and also maintained the antioxidant capacity in the
heart tissue. In general, free radicals produced by toxic agents
are removed by the intracellular antioxidant enzymes and
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GSH and CAT have been shown to defend myocardium from
oxidative damage [30] and their activities were decreased in
the diabetic rats [33]. It has been revealed that myocardial CK-
MB isoenzyme activity was decreased in diabetic rats subject-
ed to myocardial ischemia [33]. Also, both LDH and CK-MB
has been shown to increase in serum in myocardial infarction
induced by ISO.

According to previous researches, crocin was known to
decrease oxidative stress in diabetes and ischemia models
[11, 34]. Moreover, crocin could elevate GSH content and
attenuated level of CK-MB in a cardio toxicity model with
diazinon [35] and enhanced GSH, CAT and SOD in liver
toxicity [36]. In a diabetic nephropathy model, crocin aug-
mented antioxidant enzymes [37]. Furthermore, diabetes and
myocardial infarction are related to inflammatory mediators
that promote the release of interleukins from monocytes and
macrophages. These Inflammatory factors stimulate more in-
flammatory reactions and block blood capillaries by exerting
cytotoxic effects that could lead to tissue damage [38].

Increased expression of adhesive molecules during inflam-
mation causes leukocyte activity and release of pro-
inflammatory cytokines in the heart which resulting in tissue
damage [39]. ISO leads to the development of oxidative stress
and inflammation by activating (3-adrenergic receptors which
cause myocardial infarction. In the current experiment, TNF«,
IL-6 and IL-10 as pro-inflammatory and anti-inflammatory
cytokines in the heart tissue of rats were measured. Elevated
pro-inflammatory cytokines and reduction of IL-10 were ob-
served in diabetic rats challenged by ISO as well as improve-
ment of these changes by crocin that indicating and approving
the involvement of the inflammatory and oxidative pathways
in diabetic cardiomyopathy.

Previous studies have reported that PPARYy plays an im-
portant role in inflammation by negatively regulating gene
expression related to pro-inflammatory factors [39].

A number of researches provided evidences for effects of
PPARYy agonists in ischemia and inflammation [40, 41]. It has
been shown that Thiazolidinediones as PPARYy agonists could
reduce vascular endothelial insulin resistance by decreasing
inflammatory factors [42]. Pharmacological agonists of
PPARY, rosiglitazone and pioglitazone, exerted anti-
inflammatory effects and regulated glucose hemostasis,
so are important in treatment of obesity, diabetes and
other metabolic disorders [43]. A previous study report-
ed that activation of PPARy prevented cardiac dysfunc-
tion by alleviation of inflammatory cytokines IL-6,
TNFox and IL-1(3 [44]. Our results demonstrated that
crocin elevated PPARy expression and it could attenu-
ate inflammatory cytokines and also enhanced II-10,
while GW9662 as PPARy antagonist suppressed the
protective effects of crocin, indicates that PPARy may
be involved in anti-inflammatory and also anti-oxidative
effects of crocin.

Furthermore, it has been reported that activation of PPARYy
linked to AMPK (adenosine mono phosphate kinase) could
inhibit cardiac disorders, inflammation, and improved lipid
and energy metabolism [45]. According to recent studies,
crocin has been shown to control metabolic disorders via en-
hancing AMPK and PPARYy [46, 47].

A previous study has demonstrated that crocin protected
against myocardial toxicity induced by doxorubicin by sup-
pressing the inflammatory pathway [48]. Also, croin amelio-
rated hepatotoxicity through inhibition of oxidative stress and
inflammatory mediators [36].

Conclusion

The findings of the current study reveal that crocin as an
antioxidant compound protects myocardium against diabetes
complications through activating PPARy, decreasing inflam-
matory cytokines, elevating antioxidant capacity and im-
provement of cardiac injury markers activities. Thus, based
on the above results, crocin may provide therapeutic approach
in diabetic especially in conditions such as myocardial infarc-
tion by mediating PPARYy activation.
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