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Abstract

Objective: Crocin is a saffron constituent with a potent anti-
oxidant activity. The present study investigated the effects of
crocin and insulin treatments (alone or in combination) on cardiac
function and pathology in diabetic rats.

Materials and Methods: Diabetes was induced by intraperitoneal
(i.p.) injection of streptozotocin (STZ, 50 mg/kg). Thereafter,
crocin (5, 10 and 20 mg/kg, i.p.), subcutaneous (s.c.) injection of
insulin (4 IU/kg) and their combination were administered for
eight weeks. Blood glucose level and whole heart and body
weights were measured. Electrocardiography (ECG) was carried
out using the lead Il. Serum concentrations of lactate
dehydrogenase (LDH), creatine kinase-MB isoenzyme (CK-MB),
and the heart tissue malodialdehyde (MDA) and superoxide
dismutase (SOD) contents were determined. The heart lesions
were evaluated by light microscopy.

Results: STZ decreased body weight and increased whole heart
weight/body weight ratio. It also decreased heart rate, and
increased RR and QT intervals and T wave amplitude. STZ
increased blood glucose, serum LDH and CK-MB levels,
augmented heart tissue MDA content, decreased SOD content of
heart tissue, and produced hemorrhages, degeneration, interstitial
edema, and fibroblastic proliferation in the heart tissue. Crocin (10
and 20 mg/kg, i.p.), insulin (4 1U/kg, s.c.) and their combination (5
mg/kg of crocin with 4 1U/kg of insulin) treatments recovered the
ECG, biochemical and histopathological changes induced by STZ.
Conclusion: The results showed cardioprotective effects of crocin
and insulin in STZ-induced diabetic rats. The antioxidant and anti-
hyperglycemic properties of crocin and insulin may be involved in
their cardioprotective actions.
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Introduction

It is well known that diabetes mellitus
(DM) is a major health problem (Ng et al.,
2014). Worldwide, the number of diabetic
patients is increasing very fast and
expected to reach 439 million by 2030
(Shawm et al., 2010). Retinopathy,
nephropathy, neuropathy and
cardiomyopathy are the most common
complications in diabetic patients (Forouhi
and Wareham, 2014). Diabetic
cardiomyopathy (DCM) describes
diabetes-associated changes in the
structure and function of the myocardium
(Liu et al.,, 2014). Although DCM is
increasingly recognized, the underlying
mechanisms are still obscure. In this
context, glucotoxicity due to chronic
hyperglycemia, lipotoxicity resulting from
hyperlipidemia, hyperinsulinemia,
abnormalities  in intracellular  Ca?*
hemostasis, mitochondrial dysfunction and
oxidative stress are involved in the
pathogenesis of DCM (Liu et al., 2014;
Letonja and Petrovic, 2014). Several
therapeutic strategies such as exercise, and
administration of antioxidants, anti-
diabetic drugs, medicinal plants and their
active constituents have been implicated in
the treatment of DCM (Liu et al., 2014;
Adegate et al., 2010).

Crocin is one of the major biologically
active substances of Gardenia jasminoids
fruits extract and Crocus sativus stigmas
extract (Liu et al.,, 2013; Gonda et al.,
2012). This phytochemical compound
exerts many pharmacological effects
including anti-oxidant, anti-cancer and
neuroprotective activities (Zhang et al.,
2013; Farshid and Tamaddonfard, 2015;
Rahaiee et al., 2015; Wang et al., 2015).
Although there are no reports showing the
effects of crocin on DCM, some
experimental studies have suggested
beneficial effects of crocin in the treatment
of diabetes and its complications. Crocin
showed anti-hyperglycemic, antioxidant
and anti-hyperlipidemic effects in STZ-
induced diabetic rats (Rajaei et al., 2013;
Shirali et al., 2013; Asri-Rezaei et al.,
2015). In addition, renal injuries

(nephropathy) in diabetic rats were
attenuated by crocin (Altinoz et al., 2015).
Insulin, as the major glucoregulatory
hormone, was found to  exert
cardioprotective effects on myocardial
ischemia/reperfusion injury via reducing
oxidative/nitrative stress (Ji et al., 2010). It
also protected the heart from the effects of
STZ-induced DCM (Semaming et al.,
2014). However, tight control of blood
glucose partially eliminated cardiac
dysfunction. In this regard, new treatment
strategies including combination therapy
are required for the treatment of diabetic
cardiomyopathy (Zaboli et al., 2002; Kim
et al., 2008; Kavak et al., 2012; Akhtar et
al., 2016).

In the present study, we investigated the
effects of crocin and insulin treatments
(alone or in combination) on STZ-induced
cardiac pathology in diabetic rats by
measuring blood glucose level, body
weight, whole heart weight/body weight
ratio, and serum levels of LDH, CK-MB
and evaluation of heart tissue contents of
MDA and SOD as well as ECG and
histopathological changes of the heart.

Materials and Methods
Animals

Healthy adult male Wistar rats,
weighing 250-270 g were used in this
study. Rats were grouped as four animals
per cage and kept in a 12 hr/12 hr light-
dark cycle (light on at 07:00 h) at a
controlled ambient temperature (22 +
0.5°C) with ad libitum access to food and
water. All research and animal care
procedures were approved by the
Veterinary Ethics Committee of the
Faculty of Veterinary Medicine of Urmia
University, Urmia, Iran and were
performed in accordance with the National
Institutes of Health Guide for Care and
Use of Laboratory Animals.

Chemicals

Crocin and STZ were purchased from
FlukaRiedel-de  Haén  (Buchs SG,
Schweiz) and Sigma—Aldrich Inc. (St

AJP, Vol. 6, No. 6, Nov-Dec 2016 659



Farshid et al.

Louis, MO, USA), respectively. Insulin
was obtained from Exir Co. Pvt. Ltd.
(Tehran, Iran). Crocin, STZ and insulin
were dissolved in normal saline. All
analytical-grade chemicals were purchased
from Merck Chemical Co. (Darmstadt,
Germany).

Treatment groups

In the present study, 56 male Wistar rats
were divided into seven groups of eight
rats. Group 1 (intact group) received
citrate buffer followed by normal saline.
Group 2 (STZ group) received STZ (50
mg/kg) followed by normal saline. Groups
3, 4 and 5 (crocin groups) received STZ
followed by 5, 10 and 20 mg/kg of crocin,
respectively. Group 6 (insulin group)
received STZ followed by 4 IU/kg of
insulin. Group 7 (crocin + insulin group)
received STZ followed by crocin (5
mg/kg) plus insulin (4 1U/kg). Five days a
week injection (i.p.) of crocin and daily
subcutaneous injection (s.c.) of insulin
were given for eight weeks after
confirmation of diabetes. The doses and
administration routes of chemicals used in
the present study, were chosenaccording to
previous studies in which crocin (7.5-30
and 15-60 mg/kg, i.p.) and insulin (3, 4
and 5 1U/kg, s.c.) were used (Rajaei et al.,
2013; Semaming et al, 2014;
Tamaddonfard et al., 2013; Wayhs et al.,
2013; Erken et al., 2015; Farshid et al.,
2015).

Induction of diabetes

Diabetes mellitus was induced in
overnight-fasted rats by a single injection
of freshly prepared STZ (50 mg/kg, i.p.)
(Szkudelski, 2001). STZ was dissolved in
sodium citrate buffer (0.1 M, pH 4.5).
Hyperglycemia was confirmed by elevated
glucose levels in plasma, determined 72 hr
after injection of STZ, using a digital
glucometer (Elegans, Germany). The
animals with blood glucose concentration
of >250 mg/dl were used for the study. We
also determined the level of blood glucose

by the same method at the end of study
(day 56 after confirmation of diabetes).

Electrocardiography

ECG was recorded five days before
injection (i.p.) of STZ, and 24 hr after the
last treatment with the above-mentioned
agents using ECG apparatus (Cardio,
Zimence, Germany) as described by
Farshid et al. (2014). The rats were
anaesthetized with ketamine (80 mg/kg,
i.p.) and xylazine (8 mg/kg, i.p.). In all
animals, 15 min after anesthesia, 30-guage
needle electrodes were inserted under skin
for the limb lead at position Il. The ECG
apparatus was calibrated at 1 mV/1 cm
with speed of 50 mm/s. After 5min, the
ECG was recorded for five seconds. Heart
rate, RR and QT intervals and T wave
amplitude were calculated from ECG
recordings. Corrected QT interval (QTc),
which is used to rectify the influence of the
heart rate on QT interval, according to
Bazett formula, is equal to QT interval
divided by the square root of RR interval
(Kmecova and Klimas, 2010), was also
calculated. = Some  researchers  have
evaluated the above mentioned ECG
changes in STZ-induced (Howarth et al.,
2005, 2009a, 2009b; VanHoose et al.,
2010; Lin et al., 2012; Jankyova et al.,
2012).

Blood and tissue sampling

At the end of the experiments (day 56
after induction of diabetes), after
measuring fasting blood glucose levels and
electrocardiography recordings, a 23-
gauge, injection needle was inserted into
the heart through 7" and 8"intercostals
muscles (Farshid et al., 2014). Blood
samples were collected from the heart
using non-heparin containing tubes. These
tubes were centrifuged at 3500 rpm for 10
min, separated serum samples and
transferred to Eppendorf tubes for
biochemical analysis of LDH and CK-MB.
Immediately after blood sampling, the
upper abdomen was opened and the heart
was removed, washed with normal saline,
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blotted dry on filter papers and weighted.
Thereafter, one half of the heart was
washed to prepare homogenates for
biochemical analysis, and the remaining
half was fixed in 10% formalin and used
for histological studies.

Biochemical assay

Serum levels of LDH and CK-MB were
measured spectrophotometrically (LKB
Ultrasepec, Austria) using their test Kits
that was obtained from Man Co., Tehran,
Iran and Pars Azmoon Co., Tehran, Iran,
respectively. Serum levels of LDH and
CK-MB level were expressed as units per
liter (U/).

MDA levels in the heart tissue
homogenates  were  determined by
thiobarbitoric  acid (TBA)  method
(Ohkawa et al., 1979). Heart was
homogenized in 10% trichloroacetic acid
(TCA) at4°C. A 0.2 ml homogenate was
pipetted into a test tube, followed by the
addition of 0.2 ml of 8.1% sodium
dudecylsulphate, 1.5 ml of 30% acetic acid
(pH 3.5) and 1.5 ml of 0.8% TBA. Tubes
were boiled for 60 min at 95°C and then
were cooled on ice. Then, 1ml of distilled
water and 5 ml of n-butanol:pyridine (15:1
v/v) mixture were added to the tubes and
centrifuged at 1500 rpm for 10 min. The
absorbance of the developed color in
organic layer was measured at 532 nm.
MDA level is expressed as nmol/g tissue.
SOD activity was determined in the
supernatant using the nitroblue tetrazolium
(NBT) based on the method described by
Delides et al. (1976). This method employs
xanthine and xanthine oxidase to generate
superoxide radicals which react with 2-(4-
iodophenyl)-3-(4-nitrophenole)-5-
phenyltetrazolium chloride (INT) to form a
red formazen dye. The SOD activity is
then measured by the degree of inhibition
of this reaction. One unit of SOD causes a
50% inhibition of the rate of reduction of
INT under the conditions of the assay.
SOD activity was expressed as U/mg
protein. Protein content in the heart tissue

homogenate was estimated by the method
described by Lowry et al. (1951).

Histopathology evaluation

Fixed heart tissues were processed for
paraffin embedding. For each sample, 4-5
pum thick sections were cut, stained by
hematoxylin and eosin, and examined
under a light microscope. Cardiac sections
from eachanimal were provided. The
evaluation of the heart sections was based
on the severity of the pathological changes
including  hemorrhages, degeneration,
interstitial edema and  fibroblastic
proliferation. The following scores were
given to the severity of histopathological
lesions: O0: none, 1: mild, 2:moderate and
3:severe.

Statistical analysis

Statistical comparisons were performed
using the GraphPad Prism version 5
software (GraphPad Software, San Diego,
CA, USA). Unpaired t-test was applied
todo statistical analysis between intact and
STZ groups. One-way ANOVA and then
Tukey’s test were applied to analyze the
differences among crocin and insulin
(alone and combination)-treated groups
and STZ group. In figures, all values were
expressed as mean + SEM. A p<0.05 was
considered statistically significant.

Results

As shown in Table 1, STZ (p<0.0001)
increased blood glucose level and
decreased body weight. Crocin (10 and 20
mg/kg, but not 5 mg/kg), insulin (4 1U/kg),
and crocin (5 mg/kg) plus insulin (4 1U/kg)
significantly (p<0.001) improved the STZ-
induced changes in blood glucose level
and body weight. The improving effects of
combination treatment (crocin plus insulin)
on the above-mentioned parameters were
more significant (p<0.001) than those
obtained by treatment with crocin alone.

As shown in Table 2, STZ non-
significantly  decreased whole heart
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weight. Alone and combined treatments
with crocin and insulin produced no
significant effects on whole heart weight.
STZ significantly (p<0.0001) increased
whole heart weight/body weight ratio.
Crocin (10 and 20 mg/kg, but not 5
mg/kg), insulin (4 1U/kg), and crocin (5

mg/kg) plus insulin (4 1U/kg) significantly
(p<0.001) improved STZ-induced changes
in whole heart weight/body weight ratio.
The improving effect of combination
therapy (crocin plus insulin) was more
significant (p<0.001) than crocin alone.

Table 1. Effects of crocin and insulin on blood glucose level and body weight in streptozotocin-induced diabetic

rats.

Groups Blood glucose (mg/dl) Body weight (g)
Citrate buffer +Normal saline 110+7.8 373+16.5
STZ+ Normal saline 373+16.5° 164 +9.3°

STZ + Crocin(5 mg/kg) 385+20.8 191 +105

STZ + Crocin (10 mg/kg) 344 +18.5" 242 +15.3°

STZ + Crocin (20 mg/kg) 296 + 15.8° 289 +16.2°

STZ + Insulin (4 1U/kg) 256 +13.4° 309 +14.8°

STZ + Crocin (5 mg/kg)+Insulin (41U/kg) 236 +13.8% 318 £16.7%

Values are given as mean + SEM (n = 8). 2 p<0.0001 as compared to citrate buffer + normal saline. °p<0.01, °
p<0.001 as compared to STZ + normal saline. “p<0.001 as compared to STZ + crocin (5 mg/kg) alone. STZ:

streptozotocin.

Table 2. Effects of crocin and insulin on whole heart weight and whole heart weight/body weight ratio in

streptozotocin-induced diabetic rats.

Groups Whole heart weight (mg) Whole heart weight
(mg)
/Body weight (g)

Citrate buffer +Normal saline 853 +15.9 2.32+0.12

STZ + Normal saline 827 +16.2 5.16 £ 0.36*

STZ + Crocin (5 mg/kg) 830+ 14.3 4.45+0.31

STZ + Crocin (10 mg/kg) 836+ 14.5 3.55+0.21°

STZ + Crocin (20 mg/kg) 841+ 16.7 2.99+0.19°

STZ + Insulin (4 1U/kg) 826 £ 14.2 309 +14.8°

STZ + Crocin (5 mg/kg) + Insulin (4 1U/kg) 839 +£15.3 2.69 £ 0.15™

Values are given as mean + SEM (n = 8). p<0.0001 as compared to citrate buffer + normal saline. ® p<0.001 as
compared to STZ + normal saline. °p<0.001 as compared to STZ + crocin (5 mg/kg) alone. STZ: streptozotocin.

Figures 1 and Table 3 show the effects
of normal saline, STZ, crocin, insulin and
crocin plus insulin treatments on ECG
recordings. Normal saline-treated rats
showed normal ECG pattern (Figure 1A
and Table 3). STZ significantly (p<0.0001)
decreased heart rate and increased RR and
QT intervals as well as T wave amplitude
(Figure 1B1 and1B2 and Table 3). Crocin
(5 mg/kg) (Figure 1C, Table 3) had no
significant effects on ECG recording
changes, whereas at doses of 10 mg/kg
(Figure 1D and Table 3) and 20 mg/kg
(Figure 1E and Table 3), it significantly
(p<0.001) improved the effects of STZ on
ECG recording changes. Insulin at a dose
of 4 IU/kg (Figure 1F and Table 3)
significantly (p<0.001) improved heart
rate, RR interval and T wave amplitude

changes induced by STZ but had no effects
on QT and QTc intervals.

Treatment with crocin (5 mg/kg) plus
insulin (4 1U/kg) produced more
significant (p<0.01) recovering effect on
ECG recordings as comparedto each
chemical used alone (Figure 1G and Table
3).

Figure 2 shows the effects of crocin and
insulin  treatments  (alone or in
combination) on STZ-induced changes of
serum LDH and CK-MB activities. Serum
activities of LDH (Figure 2A) and CK-MB
(Figure 2B) were significantly (p<0.0001)
increased by STZ. Serum activity changes
of LDH (Figure 2A) and CK-MB (Figure
2B) were significantly (p<0.001) restored
by 10 and 20 mg/kg of crocin and 4 1U/kg
of insulin. Treatment with crocin (5
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mg/kg) plusinsulin (4 1U/kg) produced
more significant (p<0.001) restoring
effects than those of their alone treatment
on serum activities of LDH (Figure 2A)
and CK-MB (Figure 2B) induced by STZ.

Sl

A (Cltrate b er + Normal salme)
i LT wave: ampmuie i

MMM;\«

C [STZ + Crocin (5 mg/kg)] 0.5 mVIO 5cm

/\J/\JM/\—J/\J/\—*JP-JI“

D [STZ + Crocin (10 mg/kg)]

Bz (STZ + Normal salme)

E [STZ + Crocin (20 mg/kg)]

FSTZ+Insulin (4[U/kg)]  Smmiots

| L_!L.J L_f L
i i o i
G [STZ + Crocin (5 mg/kg) + Insulin (4 IU/kg)]

Figure 1. ECG recordings from control, STZ,
crocin and insulin-treated rats. Figure 1A shows
normal ECG recordings. STZ (Figure 1B1 and
1B2) produced cleared changes in heart rate, RR
and QT intervals and T wave amplitude. Crocin
(Figure 1C, 1D and 1E), insulin (Figure 1F) and
crocin plus insulin (Figure 1G) reversed the ECG
changes induced by STZ. RR interval shows the
distance between the peaks of two consecutive R
waves. QT interval shows the distance between the
beginning of Q wave and the last of T wave. STZ:
streptozotocine; speed: 5 mm /0.1 s (50 mm/ 1 s);
amplitude: 0.5 mV/0.5cm (1 mV /1 cm).
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Figure 2. Effects of alone and combined treatments
with crocin and insulin on serum level changes of
LDH (A) and CK-MB (B) induced by STZ. Data
are presented as mean = SEM (n = 8). *p<0.0001 as
compared to citrate buffer + normal saline
group.’p<0.001 as compared to STZ + normal
saline group. {p<0.001 as compared with STZ +
crocin (5 mg/kg) and insulin (4 1U/kg) alone. Cb:
citrate  buffer; Ns:  normal  saline; STZ:
streptozotocin;CRO:  crocin;INS: insulin;LDH:
lactate dehydrogenase;CK-MB: creatin kinase MB
isoenzyme.

Figure 3 shows the effects of alone and
combined treatments with crocin and
insulin on STZ-induced changes of MDA
level and SOD activityin the heart tissue.
STZ significantly (p<0.0001) increased
MDA level (Figure 3A) and decreased
SOD activity (Figure 3B) in heart tissue.
Crocin (5, 10 and 20 mg/kg), insulin (4
IU/kg) significantly (p<0.001) recovered
heart tissue MDA level (Figure 3A) and
SOD activity (Figure 3B) changes induced
by STZ.
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Figure 3. Effects of alone and combined treatments
with crocin and insulin on changes of heart content
of MDA (A) and SOD (B) induced by STZ. Data
are presented as mean = SEM (n = 8). *p<0.0001 as
compared tocitrate buffer + normal saline
group.’p<0.001 as compared to STZ + normal
saline group.*p<0.001 as compared to STZ + crocin
(5 mg/kg) and insulin (4 1U/kg) alone. Ch: citrate
buffer;Ns: normal saline;STZ: streptozotocin;CRO:
crocin;INS: insulin;MDA: malodialdehyde;SOD:
superoxide dismutase.
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Combined treatment with crocin and
insulin ~ produced more  significant
(p<0.001) recovering effect on heart tissue
MDA level (Figure 3A) and SOD activity
(Figure 3B) changes induced by STZ, as
compared to each chemical alone.

Figure 4 and Table 4 show the effects of
crocin and insulin treatments (alone or in
combination) on the heart tissue
histopathological changes induced by STZ.
Citrate buffer plus normal saline-treated
group showed normal histology of the
heart (Figure 4A and Table 4). STZ
produced hemorrhages, degeneration,

interstitial edema and  fibroblastic
proliferation in the heart tissue (Figure
4B1 and 4B2 and Table 4).

Figure 4.Effects of alone and combined treatments
with  crocin and insulin on STZ-induced
histopathological alternations in cardiac tissues.
(A): Intact animals received normal saline. Normal
architecture of the heart is seen. (B1 and B2):
Animals received STZ. Hemorrhages (h),
degeneration (d), interstitial edema (e) and
fibroblastic proliferation (f) are seen. (C, D and E):
Animals received STZ + crocin (5 mg/kg), STZ +
crocin (10 mg/kg), STZ + crocin (20 mg/kg) and
insulin (4 1U/kg), respectively. Partial to complete
reduction of histopatological changes are seen. (F):
Aniamls received STZ + crocin (5 mg/kg) plus STZ
+ insulin (4 1U/kg). Complete reduction of
histopathological changes is evident (H&E x 400).

Histopathological changes induced by
STZ were not recovered by crocin (5
mg/kg) (Figure 4C and Table 4). STZ-
induced histopathological changes in the
heart tissue were significantly (p<0.001)
improved by 10 mg/kg (Figure 4D and
Table 4) and 20 mg/kg (Figure 4E and
Table 4) of crocin, 4 1U/kg of insulin
(Figure 4F and Table 4) and 5 mg/kg of
crocin plus 4 1U/kg of insulin (Figure 4G
and Table 4).
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Table 3. The effects of crocin and insulin on heart rate, RR, QT and QTc intervals, and T wave amplitude in
streptozotocin-induced diabetic cardiomyopathy in rats.

Groups Heart R-Rinterval(s) Q-Tinterval(s) QTecinterval(s) T

rate(bpm) waveamplitude
Citrate buffer +Normal saline 383+154 0.159 + 0.006 0.066 + 0.004 0.165 + 0.007 0.113 +0.007
STZ + Normal saline 229+11.6° 0.267 £ 0.014° 0.123 +.007% 0.241 +0.011 0.289 + 0.015°
STZ + Crocin (5 mg/kg) 264 +£10.2 0.229 +0.008 0.116 + 0.005 0.239 +0.014 0.266 + 0.014
STZ + Crocin (10 mg/kg) 290+£12° 0.211 +0.009" 0.085 +.004° 0.187 £0.011° 0.194 £ 0.013"
STZ + Crocin (20 mg/kg) 360 + 14.8" 0.174 +0.007" 0.078 +.004" 0.174 +£0.011° 0.175+0.015
STZ + Insulin (4 1U/kg) 296 £ 12.4° 0.205 + 0.008" 0.104 + 0.004 0.229 +0.014 0.224 +0.016"
STZ + Crocin (5 mg/kg) + Insulin 354 £12.9™ 0.171 £ 0.006™ 0.071 +.005™ 0.173+0.012™ 0.128 + 0.006™

(4 1U/kg)

Values are given as mean + SEM (n = 8). ?p<0.0001 as compared to citrate buffer + normal saline group.”
p<0.001 as compared to STZ + normal saline group. °p<0.01 as compared to STZ + crocin (5 mg/kg) and STZ +

insulin (4 1U/kg) groups. STZ: streptozotocin.

Table 4.Effects of crocin and insulin on hemorrhages, degeneration, interstitial edema and fibroblastic
proliferation severities in streptozotocin-induced diabetic rats.

Groups Hemorrhages Degeneration Interstitial edema Fibroblastic
prolifration
Citrate buffer +Normal saline 0.00 £ 0.00 0.00+£0.00 0.00+£0.00 0.00 £ 0.00
STZ + Normal saline 2.75+0.16* 2.75 £ 0.25° 2.63 +£0.18° 2.50 £0.19°
STZ + Crocin (5 mg/kg) 2.50+0.19 2.38+0.18 2.13+0.29 2.00+0.27
STZ + Crocin (10 mg/kg) 1.75+0.16 1.63+0.16 150+0.19° 1.38+0.18"
STZ + Crocin (20 mg/kg) 1.50 £ 0.19° 1.38 £0.18° 1.13£0.13° 0.88 +0.23°
STZ + Insulin (4 1U/kg) 1.63£0.18° 1.50+0.17b 1.75+0.19° 1.25 +0.16"
STZ + Crocin (5 mg/kg) + Insulin (4 0.75+0.16° 0.75+0.18" 0.63+0.18° 0.50 +0.19°

1U/kg)

Values are given as mean + SEM (n = 8). ®p<0.0001 as compared to citrate buffer + normal saline group.
Pp<0.001 as compared to STZ + normal saline group. STZ: streptozotocin.

Discussion

In the present study, STZ increased
blood level of glucose (hyperglycemia)
and decreased body weight (body weight
loss). STZ enters the B cell viaa glucose
transporter ~ (GLUT,) and  causes
degeneration of pancreatic B cells leading
to hypoinsulinemia and subsequent
hyperglycemia (Szkudelski, 2001). Body
weight loss induced by STZ may be
associated with the inability to metabolize
carbohydrates, which shifts fuel sources to
fatty acids and proteins as energy sources.
Therefore, wasting of protein and fatty
acid stores induced by insulin deficiency
might lead to reduction of body weight
(Warne et al., 2005). STZ increased whole
heart weight/body weight ratio. The whole
heart weight/body weight ratio, which was
considered as an index of cardiac
hypertrophy, was increased because of the
reduced body weight in diabetic rats. Our
findings on the  above-mentioned
parameter changes induced by STZ are in

agreement with other studies (Akhtar et al.,
2016; Kuo et al., 2009; Wu et al., 2014;
Zheng et al., 2015; Gao et al., 2016). Our
results showed that STZ decreased heart
rate, increased RR, QT and QTc intervals
and T wave amplitude. The ECG
recordings provide reliable parameters for
assessing STZ-induced DCM (Simova et
al.,, 2015). Heart rate reduction and
prolongation of QT interval have been
reported in STZ-induced diabetic rats
(Howarth et al., 2005, 2009a. 2009b). The
QT interval provides a measure of the
electrical events  associated  with
depolarization and repolarization of the
heart ventricles (Postema and Wilde,
2014). QTc is a crucial and critical factor
in the assessment of repolarization changes
considering safety of drugs and cardiac
disorders (Kmecova and Klimas, 2010). In
the present study, STZ increased serum
activities of LDH and CK-MB and heart
tissue level of MDA and decreased heart
tissue activity of SOD. Despite the fact
that LDH is not specific for myocardial
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damage, its measurement along with
creatine phosphokinase (CPK) and CK-
MB may be a more reliable indicator of
myocardial damage (Farshid et al., 2014;
Futterman and Lemberg, 1997). Most
studies have reported increased serum
activities of LDH and CK-MB in STZ-
induced DCM (Akhtar et al., 2016; Wang
et al., 2012; Wang et al., 2013). Increased
oxidative stress and altered antioxidant
pool have been found in both clinical and
experimental type 1 diabetes (Khullar et
al., 2010; Stadler, 2012). This was in
conjunction with depletion of superoxide
scavenger SOD and increase in lipid
peroxidation product MDA. In this study,
parallel to above-mentioned ECG and
biochemical changes, the microscopic
findings verified myocardial injuries
including hemorrhages, interstitial edema,
fibroblastic proliferation and degeneration.
It is widely accepted that diabetic heart is
associated with left ventricular diastolic
dysfunction, cardiomyocyte hypertrophy,
myocardial interstitial  fibrosis  and
appotosis (Letonja and Petrovic, 2014). In
this context, Al-Rasheed et al., (2013)
reported that i.p. injection of STZ (55
mg/kg) produced cardiac pathological
changes including cellular infiltration,
fibrosis and degeneration.

The results of the present study showed
that crocin produced improving effects on
blood glucose, body weight, whole heart
weight, whole heart weight/body weight
ratio, ECG changes, serum LDH and CK-
MB activities, heart tissue levels of MDA
and SOD and histological outcomes of
cardiomyopathy  induced by STZ.
Although, there are no reports showing the
effects of crocin on STZ-induced DCM, in
other experimental cardiotoxicity, crocin
produced improving effects. Crocin
pretreatment produced protective effects
by reducing creatin phosphokinase (CPK)
activity, restoring the redox status and
suppressing apoptosis in patulin-induced
cardiotoxicityin mice (Goyal et al., 2010).
In addition, crocin produced protective
effect by restoring CK-MB activity and

MDA level in the heart and improving
histopathological ~ changes  including
necrosis of cardiac muscle cells,
hemorrhages, hypertrophy and
inflammatory cells infiltration in diazinon-
induced cardiotoxicity (Boussabbeh et al.,
2015). Moreover, crocin improved LDH,
CPK and CK-MB activities of coronary
effluent, and cardiac tissue oxidative stress
biomarker (MDA) as well as antioxidant
enzymes (catalase and SOD) and total
antioxidant capacity in a rat model of
cardiac ischemia-reperfusion injury
(Dianat et al., 2014a). In isoproterenol-
induced myocardial infarction, crocin
recovered myocardial CK-MB activity and
reduced the increased level of MDA in the
heart. It also improved heart tissue changes
such as leukocyte infiltration, edema and
myocardial necrosis (Razavi et al., 2013).
Moreover, in an ischemia-reperfusion
model of isolated heart, crocin recovered
ST segment elevation, reduced infarct size
and improved cardiac dysfunction (Dianat
et al, 2014b). In a rat heart
ischemia/reperfusion model, crocin
produced a cardioprotective effect via both
regulation of nitric oxide production and
improving mechanical function
(Esmaeilizadeh et al., 2015). In addition to
improving metabolic changes such as
hyperglycemia, hyperlipidemia and plasma
oxidative stress markers, crocin produces
recovering effects on diabetic
complications such as neuropathy and
nephropathy (Rajaei et al., 2013; Altinoz et
al., 2015; Tamaddonfard et al., 2013).

In the present study, insulin produced
improving effects on blood glucose level,
body weight, whole heart weight/body
weight ratio, ECG, serum LDH and CK-
MB activities, heart tissue level of MDA
and activity of SOD and histopathological
changes induced by STZ. These results
indicated that insulin improved metabolic
features (hyperglycemia and body weight
loss) and restored STZ-induced diabetic
complications such as DCM.
Subcutaneous injection of insulin (4
IU/kg) produced improving effects on
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body weight loss, hyperglycemia,
apoptosis and cardiac hypertrophy induced
by intravenous injection of 65 mg/kg of
STZ (Kuo et al., 2009). In addition,
administration of insulin (4 1U/kg, s.c.)
decreased the increased level of cardiac
tissue MDA and restored cardiac function
in STZ (50 mg/kg)-induced diabetic rats
(Semaming et al., 2014). However, our
study results showed improving effects of
insulin on some ECG parameters such as
RR interval and T wave amplitude,
biochemical and histopathological changes
induced by STZ. This indicates a partial
cardioprotective effect of insulin in STZ-
induced diabetic rats. In this context,
evaluation of the heart function by
echocardiography and histology in STZ-
induced diabetic rats revealed a partial
cardioprotective effect of insulin (Kim et
al., 2008). In addition, insulin failed to
improve RR, QT and QTc intervals in
alloxan-induced diabetic dogs (Lengyel et
al., 2007).

In comparison with crocin alone, insulin
treatment alone provided better control of
metabolic changes (hyperglycemia and
body weight loss) induced by STZ, but
partially improved STZ-induced
biochemical and histopathological changes
when compared with crocin (20 mg/kg). In
this context, our findings have also
demonstrated that treatment with crocin
plus insulin has further benefits to
normalization of metabolic and cardiac
and especially serum and heart tissue
biochemical changes induced by STZ.
There are no reports showing beneficial
effect of treatment with crocin plus insulin
on STZ-induced DCM. Combination
treatments with insulin and other chemical
compounds produce beneficial effects on
STZ-induced diabetes and DCM. It has
been reported that a combination of insulin
and vitamin A provided more benefits than
use of either agent alone in the treatment
of general characteristics of as well as
diabetes-induced cardiac injury (Zobali et
al., 2002). In addition, Kim et al. (2008)
reported that combined treatment with

smooth muscle cell transplantation and
insulin produced better functional results
in STZ-induced DCM. In STZ (25 mg/kag,
for 3 consecutive days)-induced DCM, a
combination of insulin and levosimendan
produced better recovering effects on
hemodynamic, cardiac enzymes and
myofibril damage changes (Akhtar et al.,
2016). A more effective cardioprotective
effect was found following treatment with
a combination of crocin and vitamin E in
rats (Esmaeilizadeh et al., 2015). However,
it has been found that effective doses of
crocin (30 mg/kg) and safranal (1 mg/kg)
enhanced neuroprotective effect of insulin
in diabetic neuropathy (Farshid and
Tamaddonfard, 2015). The
insulinomimetic effect of crocin may be
associated with its improving effect on
serum level of insulin in STZ-induced
diabetic rats (Tamaddonfard et al., 2013).
In conclusion, the results of the present
study  showed that besides to
hyperglycemia and body weight loss, STZ
produced DCM by changing ECG pattern,
serum biomarkers of cardiac injury, heart
tissue level of MDA and SOD activity as
well as cardiac tissue histopathology.
Treatment with crocin alone or insulin
alone produced improving effect on
metabolic and heart tissue outcomes
induced by STZ. However, when the
normalizing effect of combination therapy
and the effects of each agent alone are
considered, the use of these agents in
combination appears to have potential
advantages especially in the reduction of
oxidative stress in improving DCM.
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