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Abstract

Introduction: Oxidative stress (OS) during uncon-
trolled hyperglycemia has a pivotal role in pancreatic 
dysfunction. Our study aimed to demonstrate that cro-
cin can potentiate anti-oxidant defense systems of pan-
creatic cells to improve oxidative stress.  

Methods:  Male Wistar rats were divided randomly into 
four groups: a normal group, a normal-treated group, a 
diabetic group and a diabetic-treated group (n = 6 rats 
per group). Diabetes was induced by a single dose of 
streptozotocin (45 mg/kg/IV). The treated groups re-
ceived crocin daily for 8 weeks (40 mg/kg/IP). At the end 
of the experiment, rats were sacrificed and pancreas 
tissue was obtained. Subsequently, the concentrations 
of malondialdehyde (MDA), nitrate and glutathione as 
well as the enzymatic activities of catalase and super-
oxide dismutase (SOD) were determined in all animals. 
Data were analyzed by two-way ANOVA with appropri-
ate post hoc testing and a probability value of P < 0.05 

was considered to represent a statistically significant 
difference in mean values.

Results: Uncontrolled hyperglycemia weakened the 
anti-oxidant system by decreasing SOD and catalase 
enzyme activity in pancreatic tissues and induced OS 
by increasing the MDA content in diabetic non-treated 
animals. Crocin potentiated the anti-oxidant defense 
system by increasing the activity of both SOD and cat-
alase, and improved OS by diminishing MDA produc-
tion in pancreatic cells of rats contained in the diabet-
ic-treated group.  

Conclusion: Based on our results, it is concluded that 
uncontrolled hyperglycemia can weaken the anti-oxi-
dant defense system and cause the development of OS. 
Also, crocin can improve OS in pancreatic cells by po-
tentiating the anti-oxidant defense system. 

1. Introduction

In the diabetic state, normal metabolism of substrates 
deviates to unusual pathways. This phenomenon can 
result in the production of hazardous by-products 
e.g. reactive oxygen species. Reactive oxygen species 
production in uncontrolled hyperglycemia can occur 
through several pathways such as activation of protein 
kinase C, glucose autoxidation, methylglyoxal forma-
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tion, sorbitol formation and oxidative phosphorylation 
[1]. If these free radicals are able to overcome the intrinsic 
antioxidant defense system, then they create a condition 
known as oxidative stress (OS) [1-3]. OS is a common phe-
nomenon in uncontrolled hyperglycemia, which allows 
free radicals to exert their dangerous effects on many cel-
lular elements (e.g. DNA, proteins and cellular structures) 
[2, 4]. These processes may finally lead to apoptosis and 
a disturbance in tissue function [3]. Consequently, read-
justing the balance between oxidants and endogenous 
compounds and enzymes that function as antioxidants is 
a  significant issue in diabetes [5]. 

One of the most susceptible tissues against OS damage 
is the pancreas [6]. Pancreatic cells have a weak intrinsic 
anti-oxidative system when compared to other tissues. 
Therefore, they are more susceptible to oxidative damage 
than cells in other tissues [3]. Also, previous studies have 
shown that OS has a pivotal role in reducing pancreatic 
cell function during uncontrolled diabetes [3, 6, 7]. OS can 
affect gene expression or induce apoptosis of pancreatic 
cells [8, 9]. Kakkar et al. showed that during diabetes, the 
enzymatic activity of superoxide dismutase, glutathione 
peroxidase and catalase were diminished and thus, OS 
subsequently developed, which led to impaired pancre-
atic cell function [7]. It has been demonstrated that hy-
perglycemia decreases beta cell function so as to reduce 
the release of insulin [3]. Diabetes decreases insulin gene 
expression and insulin release by several mechanisms e.g. 
loss of pancreatic and duodenal homeobox 1 (PDX-1) and 
RIPE-3b1 activator proteins [3]. Glucotoxicity in pancreat-
ic islet cells was determined to directly cause a reduction 
in the expression of PDX-1 [10]. These proteins are the 
two primary activators of insulin gene promoters and, in 
a state in which these two proteins are deficient, insulin 
expression declines [3]. Other studies have also demon-
strated that hyperglycemia up-regulated CCAAT and 
CCAAT-enhancer-binding protein β (C/EBPβ), which are 
two repressors for insulin gene promoters [11, 12]. Briaud 
et al. suggested that lipotoxicity occurred during diabetes 
as a result of OS and that OS directly exaggerated gluco-
toxicity [13]. Furthermore,  these same authors showed 
that OS resulted in a deterioration of pancreatic islet cell 
function [13].        

Saffron (Crocus sativus L.) I a medicinal plant that is 
reputed with traditional and modern therapeutic uses 
against a wide range of human diseases [14-19]. Crocin 
is a plant-derived and valuable water-soluble constituent 
of saffron and possesses several pharmacological actions 
including antioxidant effects [20-25]. It can react with free 
radicals more rapidly and with greater affinity than many 
other antioxidant agents, leading to the neutralization of 
the harmful effects of free radicals [26]. Previous studies 
have shown that crocin has antioxidant activity in different 
tissues e.g. in neurons [20], liver and brain [27, 28], carti-
lage and joints [29], kidneys and spleen [30, 31]. However, 
there is no evidence concerning its function in pancreat-
ic cells, especially in uncontrolled hyperglycemia. Ochiai 
documented that crocin has a greater anti-oxidative ca-
pacity than α-tocopherol and can prevent neuronal cell 
death in a state of OS [20]. El Beshbishy et al. demonstrat-
ed that crocin diminishes OS in liver tissue by enhancing 

the expression of anti-oxidant enzymes and scavenging 
free radicals [27]. Similarly, Janeshwari et al. showed that 
crocin modulated OS in hepatic cells by stimulating the 
expression of anti-oxidant enzymes and augmenting the 
anti-oxidant defense system [30].  

In this study, we evaluated the effects of uncontrolled 
hyperglycemia in the development of OS in pancreatic tis-
sue. Next, we evaluated the effects of crocin with regard to 
re-adjusting oxidative balance in pancreatic cells. 
 

2. Materials and Methods

2.1. Animals

Male Wistar rats (200-230 g) were kept in standard poly-
ester cages (2 rats in each cage) in a room maintained at 
a standard temperature (22±2ºC) and humidity (55±5%) 
with a 12-h light/dark cycle and free access to water and 
standard rodent chow. All animal protocols in the study 
were approved by the institutional animal ethics com-
mittee of the Baqiyatallah University of Medical Sciences, 
which follows the NIH Guidelines for the care and use of 
laboratory animals. Rats were randomly divided into four 
groups (n = 6 rats per group): normal, normal-treated, di-
abetic and diabetic-treated. 

2.2. Induction of diabetes 

Diabetes was induced by a single intravenous injection 
of streptozotocin (45 mg/kg) which was purchased from 
Sigma Aldrich and dissolved in cold saline. After 72 hours, 
blood samples were obtained from the rats’ tail vein to 
monitor blood glucose using a glucometer (Bionime, 
Switzerland). Rats with a plasma glucose concentration 
above 400 mg/dl were considered as diabetic and were 
subsequently divided into two diabetic groups (treated 
and non-treated) in a random fashion. 

2.3. Treatments 

Crocin was obtained from Sigma Aldrich and dissolved 
in fresh distilled water daily. Two treatment groups (nor-
mal-treated and diabetic-treated) received crocin daily for 
8 weeks (40 mg/kg/IP).

2.4. Sampling 

After 8 weeks, blood samples were collected for blood 
glucose testing and the animals were sacrificed to har-
vest pancreatic tissue to determine the concentrations of 
nitrate (NOx), malondialdehyde (MDA) and glutathione 
(GLT), as well as the enzymatic activities of catalase and 
superoxide dismutase (SOD). Serum was obtained fol-
lowing centrifugation at 3000 rpm for 15 min and the con-
centration of glucose was determined using commercially 
available kits (Pars-Azmoon, Iran). 

Pancreatic tissue samples were weighed and then ho-
mogenization medium [phosphate buffer (0.1 mol, pH 
7.4)] was added. After homogenizing the tissues on ice 



http://www.journal.ac 085Journal of Pharmacopuncture 2019;22[2]:083-089

with an electric homogenizer, samples were centrifuged 
(20 minutes at 4ºC and 4000 rpm) and the supernatant was 
removed as a pancreatic cytosolic extract and stored at 
-80ºC until the time for biochemical assessments.

2.5. NOx assay 

The NOx in the ‘cytosolic extract’ was measured by the 
well-known Griess method, which is a colorimetric assay. 
Cytosolic extract (0.1 ml) was deproteinated by adding 0.2 
ml of zinc sulfate solution and the mixture was centrifuged 
for 20 minutes at 4000 rpm and 4ºC to separate the super-
natant for quantification of NOx. Sulfanilamide (0.05 ml 
of a 0.01% solution) and 0.05 ml of a 0.01% N-[1-naphthyl] 
ethylenediamine di-hydrochloride (NED) solution were 
incubated for 30 minutes in the dark at 37ºC. Next, the ab-
sorbance of the solution was determined at a wavelength 
of 540 nm. The concentration of nitrite was estimated from 
a standard curve generated from the absorbance of each 
sodium nitrate solution. Finally, the nitrite-nitrate levels 
were expressed as µg/mg protein. 

2.6. SOD activity

The activity of SOD was determined by the Winterbourn 
method [32], which was developed based on the ability of 
SOD to inhibit the reduction of nitro-blue tetrazolium by 
superoxide. Potassium phosphate buffer (0.067 M; pH 7.8) 
was added to 0.1 M EDTA containing 0.3 mM sodium cya-
nide, 1.5 mM nitro-blue tetrazolium, and 0.1 ml of the sam-
ple. Next, 0.12 mM riboflavin was added to each sample to 
initiate the reaction and the sample was then incubated for 
10 min. The optical absorbance of the sample was record-
ed at 560 nm after 5 minutes on a spectrophotometer. The 
amount of enzyme required to produce 50% inhibition was 
taken as 1 U and the results were expressed as U/mL.

2.7. Catalase activity

The activity of catalase in tissue was evaluated using the 
Aebi method [33]. The reaction mixture contained 0.85 ml 
of potassium phosphate buffer (50 mM; pH 7.0) and 0.1 
ml of the tissue homogenate. The sample was incubated 
at room temperature for 10 min. The reaction was initiat-
ed by the addition of 0.05 ml of H2O2 [30 mM prepared in 
potassium phosphate buffer (50 mM; pH 7.0)] and the de-
crease in the optical absorbance over 3 min at 240 nm was 
recorded. The enzyme activity was expressed as 1 µmole 
H2O2 decomposed over the 3 min interval and expressed 
as U/mL.

2.8. Determination of GLT

GLT content was evaluated using the Tietz method [34]. 
Cellular protein content was precipitated using a 5% sul-
fosalicylic acid addition and then removed by centrif-
ugation (2000 g for 10 min). The GLT in the supernatant 

was assayed in the following reaction mixture; 100 µl of 
protein-free supernatant of the cell lysate, 800 µl of 0.3 
mM Na2HPO4, and 100 µl of 0.04% 5-5'-dithiobis [2- ni-
trobenzoic acid] in 0.1% sodium citrate. The absorbance 
of 5-5'-dithiobis [2-nitrobenzoic acid] was recorded at 412 
nm for 5 min. A standard curve for GLT was constructed 
and the sensitivity of the measurement for GLT was deter-
mined to be between 1 and 100 µM. The concentration of 
GLT was expressed as nmol/mL.

2.9. Lipid peroxidation assay 

The end product of the lipid peroxidation process was as-
sayed by measuring MDA content  by the method devel-
oped by Satoh [35]. Tissue homogenate (0.5 ml) was added 
to 1.5 ml of 10% trichloroacetic acid. Next, the sample was 
vortexed and incubated at room temperature for 10 min. 
Subsequently, 1.5 ml of supernatant and 2 ml of thiobarbi-
turic acid (0.67%) were added and placed in a boiling wa-
ter bath in sealed tubes for 30 min.  The samples were then 
allowed to cool at room temperature for 20 min. Thereaf-
ter, 1.25 ml N-butanol was added, the mixture vortexed, 
and then centrifuged for 5 min at 2000 g. The resulting su-
pernatant was removed and the optical absorbance meas-
ured at 532 nm on a spectrophotometer. The MDA content 
was determined by using 1,1,3,3-tetraethoxypropane as 
the standard. The concentration of MDA was expressed as 
nmol/ml. 

2.10. Statistical Analyses

The results were expressed as the mean ± SEM. All statis-
tical assessments were performed using a two-way analy-
sis of variance (ANOVA) and the Tukey post hoc test. In all 
statistical comparisons, a P < 0.05 was considered a statis-
tically-significant difference between mean values. 

3. Results

3.1. Blood glucose changes 

Table 1 shows representative changes of mean blood glu-
cose in all groups at the end of 8 weeks.   

3.2. Effects of diabetes and crocin on ni-
trate content 

Figure 1 shows representative changes of nitrate content 
in nmol/mL in all experimental groups. The mean value 
of the nitrate content in the normal group was 18.59±2.03 
nmol/mL. Crocin did not change the nitrate level in nor-
mal-treated rats. Uncontrolled hyperglycemia decreased 
the nitrate level significantly to 13.7±2.74 nmol/mL (P < 
0.001). Treatment with crocin in diabetic animals did not 
significantly change the levels of nitrate in pancreatic cells.
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3.3. Effects of diabetes and crocin on SOD enzyme activity  

Figure 2위치 

Groups 
Mean Blood Glucose (day 56) ± SD 

(mg/dl) 

Normal  96.35 ± 18.09 

Normal-Treated 81.57 ± 20.58 

Diabetic  422.68 ± 23.59 

Diabetic-Treated 380.71 ± 27.74 

Table 1  Mean blood glucose values in experimented groups 

Figure 1  Representative changes of nitrate content (nmol/mL) 

in normal (N), normal + crocin (N + C), diabetic (D) and diabetic 

+ crocin (D + C) groups. All values are presented as Mean ± SEM.

* (P < 0.001) significant differences relative to the control group 

(N)

Figure 2  shows representative changes of SOD enzyme activity 

in units/mL in all groups. The mean value of the SOD activity in 

the normal group was 0.66 ± 0.09 units/mL. Crocin increased the 

SOD activity significantly to 0.9 ± 0.09 units/mL in normal-treat-

ed rats. Uncontrolled hyperglycemia decreased the activity of 

SOD to 0.43 ± 0.11 units/mL (P < 0.007). Also, treatment with 

crocin in diabetic animals significantly (P < 0.02) increased the 

activity of SOD to 0.67 ± 0.05 nmol/mL.

Figure 3  Representative changes of glutathione content (nmol/

mL) in normal (N), normal + crocin (N + C), diabetic (D) and di-

abetic + crocin (D + C) groups. All values are presented as Mean 

± SEM.

* (P < 0.00) compared with control group (N) 

Figure 4  Representative changes of catalase activity (Units/mL) 

in normal (N), normal + crocin (N + C), diabetic (D) and diabetic 

+ crocin (D + C) groups. All values are presented as Mean ± SEM.

* (P < 0.01) and ** (P < 0.007) compared with control group (N) 

# (P < 0.003) compared with diabetic group (D)
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3.3. Effects of diabetes and crocin on SOD 
enzyme activity 

Figure 2 shows representative changes of SOD enzyme 
activity in units/mL in all groups. The mean value of the 
SOD activity in the normal group was 0.66 ± 0.09 units/mL. 
Crocin increased the SOD activity significantly to 0.9 ± 0.09 
units/mL in normal-treated rats. Uncontrolled hypergly-
cemia decreased the activity of SOD to 0.43 ± 0.11 units/
mL (P < 0.007). Also, treatment with crocin in diabetic an-
imals significantly (P < 0.02) increased the activity of SOD 
to 0.67 ± 0.05 nmol/mL. 

3.4. Effects of diabetes and crocin on GLT 
content 
 

Figure 3 shows representative changes of GLT content in 
nmol/mL in all groups. The mean value of GLT content in 
the normal group was 247 ± 42 nmol/mL. Crocin signifi-
cantly (P < 0.001) increased the GLT content to 366 ± 60 
nmol/mL in normal-treated rats. Uncontrolled hypergly-
cemia did not change the GLT content in non-treated rats. 
Also, treatment with crocin in diabetic animals did not 
change the GLT content.  

3.5. Effects of diabetes and crocin on the 
activity of catalase 

Figure 4 shows representative changes of catalase enzyme 
activity in units/mL in all groups. The mean value of cata-
lase activity in the normal group was 27.77 ± 2.44 units/
mL. Crocin significantly (P < 0.01) increased catalase activ-
ity to 40.51 ± 6.3 units/mL in normal-treated rats. Uncon-
trolled hyperglycemia decreased the activity of catalase 
to 14.47 ± 3.78 units/mL (P < 0.007). Also, treatment with 
crocin in diabetic animals significantly (P < 0.003) elevated 
the enzymatic activity of catalase to 28.77 ± 5.18 units/mL.

3.6. Effects of diabetes and crocin on MDA 
content 

Figure 5 shows representative values of MDA content in 
nmol/mL in all groups. The mean value of MDA content in 
the normal group was 2.19 ± 0.40 nmol/mL. Crocin did not 
change the levels of MDA in normal-treated rats. Uncon-
trolled hyperglycemia significantly (P < 0.001) increased 
the MDA levels to 3.27 ± 0.49 nmol/mL. Treatment of di-
abetic animals with crocin significantly (P < 0.02) lowered 
the levels of MDA to 2.62 ± 0.26 nmol/mL (P < 0.02). 

4. Discussion 

In the current study, we showed that uncontrolled hyper-
glycemia can decrease SOD and catalase enzyme activity 
and, therefore, weaken the intrinsic antioxidant defense 
system leading to the development of OS in pancreatic 
cells. Next, our results demonstrated that treatment by 
crocin potentiates the anti-oxidant defense system and 
improved (reduced) OS in this tissue. Oxidative stress is 
a common process in uncontrolled hyperglycemia [2]. 
In this process, over-production of free radicals occurs 
and results in deleterious damage to a variety of biologi-
cal molecules [1]. As a result, tissue function is disturbed 
and/or completely lost in susceptible tissues [3]. Thus, 
potentiation of the anti-oxidant defense system by phar-
macological agents is an attractive field in many physio-
logical-based investigations. Crocin, as a plant-derived 
agent and a hydrophilic natural beta-carotene, which is 
obtained from saffron, has many known biological effects. 
Past studies have shown that it exerts a potent antioxidant 
effect in various tissues [21]. However, to the best of our 
knowledge, there is currently no evidence concerning its 
effects in the pancreatic tissue, especially during diabetes. 

There are several seminal studies that have unequivo-
cally demonstrated that diabetes can weaken the intrin-
sic anti-oxidant defense system in many tissues [36]. In 
this study, diabetes weakened the anti-oxidant defense 
system by significantly reducing the enzymatic activity of 
SOD and catalase in pancreatic cells. Fischer et al. sug-
gested that alloxan-induced diabetes deteriorates anti-ox-
idative enzyme activity in rats [37]. Also, Marchetti et al. 
showed that pancreatic islet cells from diabetic subjects 
have functional defects that result from a reduction in an-
ti-oxidant enzyme activity, which subsequently leads to 
OS [38]. These results were confirmed in our study. Oxi-
dative stress has a pivotal role in pancreatic islet cell dys-
function [3, 6]. With lowered circulating levels of insulin, 
lipotoxicity and apoptosis become the main consequenc-
es of hyperglycemia-mediated OS in pancreatic islet cells 
[3, 39, 40]. Chronic exposure of pancreatic tissue to free 
radicals can lead to a reduction in the expression of the 
insulin gene and further reduction of insulin secretion 
[3]. Thus, in a vicious cycle, OS can cause a further reduc-
tion of circulating insulin levels which, in turn, leads to 
increased free radical production and exacerbation of OS 
[3]. Excessive amounts of glucose and free radicals in the 
pancreas can also decrease PDX-1 and MafA transcrip-
tion factors which, in turn, reduce insulin production [3]. 
Federici et al. demonstrated that isolated pancreatic islet 
cells cultured in a high-glucose environment showed in-
creased apoptosis due to over-expression of Bad, Bik, and 
Bid pro-apoptotic factors [8].   

Figure 5  Representative changes of MDA content (nmol/mL) in 

normal (N), normal + crocin (N + C), diabetic (D) and diabetic + 

crocin (D + C) groups. All values are presented as Mean ± SEM.

* (P < 0.001) compared with control group (N) 

# (P < 0.02) compared with diabetic group (D) 
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The main components of the intrinsic anti-oxidative sys-
tem in pancreatic cells are SOD, catalase and glutathione 
peroxidase [3]. Pancreatic cells, relative to other tissues, 
have  a less potent anti-oxidative system [3]. Thus, it seems 
that this organ needs more support by anti-oxidative 
agents during a hyperglycemic state. Previous studies have 
shown the beneficial effects of crocin in a hyperglycemic 
environment in other tissues [20, 27]. Our results would 
seem to suggest that crocin potentiated the antioxidant 
defense system by increasing the enzymatic activities of 
SOD and catalase in the pancreas. As a result of increased 
activity of both SOD and catalase by crocin, MDA (as the 
main indicator of OS) production was decreased, which 
strongly supports our hypothesis that crocin decreased 
OS in the pancreas. It may be that crocin enhances the 
activity of these enzymes by directly increasing their gene 
expression. Beshbishi et al. demonstrated that crocin can 
directly enhance the mRNA expression of SOD and cata-
lase [27]. Therefore, there is a need to conduct additional 
studies to reconfirm the antioxidant activity of crocin.  
In our study, crocin had no significant effect on GLT con-
tent in diabetic rats but increased it in rats contained in 
the normal-treated group. Therefore, it seems that crocin 
has no effect on GLT content in a diabetic environment, 
though additional studies are needed to confirm or dis-
prove this finding.

5. Conclusion

Our results demonstrated that uncontrolled diabetes 
can weaken the intrinsic anti-oxidative defense system 
and promote the development of OS in pancreatic cells. 
Also, we would suggest that crocin can reduce hypergly-
cemia-mediated OS by potentiating the intrinsic anti-oxi-
dant defense system in pancreatic cells. 
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