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Background/aim: The aim of this study is to scrutinize the effects of crocin on obesity and type-2 diabetes, with an approach that takes
oxidative stress and inflammatory parameters into account.

Materials and methods: The experimental obesity model was created by utilizing a 10-week-long high-fat diet (HFD). An experimental
type-2 diabetes model was created by injecting multiple low-dose streptozocin (STZ) injections into rats that were fed with the HFD.
The treatment groups were administered a daily crocin dose of 150 mg/kg for 6 weeks via gavage.

Results: Findings of the study demonstrated that crocin could be effective in relieving the symptoms of obesity and diabetes
(hyperinsulinemia, hyperleptinemia, insulin resistance, and weight gain). It was determined that crocin lowered the plasma TNF-a
and IL-1p levels and the pancreas tissue TNF-a and IFN-y levels, which were increased due to diabetes, and reduced the inflammation
in diabetic rats. Similarly, it was found that oxidative stress, which increased due to the progress of diabetes, was reduced in crocin
treatment group.

Conclusion: Crocin could contribute to the development of phytotherapeutic approaches in the treatment of obesity, diabetes, and
diabesity (obesity-induced diabetes), which is promising as the abovementioned incidences have increased considerably in today’s

world.
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1. Introduction

Today obesity and diabetes are among the most widespread
social problems and are significant health problems both for
governments and for society at large. Studies demonstrate
that the frequency of obesity and diabetes (especially type-
2 diabetes) have increased rapidly throughout the world
(1-3).

Most individuals with type-2 diabetes display obesity
or adiposity, and hence it is possible to assert that these
two problems observed in society are interlinked. The
reason for this assertion is straightforward since both
conditions share the same characteristic, insulin resistance
(4-6). Increasing adipose tissue and increasing activity of
adipokines, which are secreted from tissues due to obesity,
stimulate insulin resistance both in peripheral tissues and
in the pancreas (6-8). Furthermore, the lipotoxicity that
is induced due to the increase in adipose tissue increases
the oxidative stress in the related tissues, thus contributing
to the development of insulin resistance (9,10).
Hyperglycemia develops over time as a result of insulin
resistance and accordingly oxidative stress increases due
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to glucotoxicity and lipotoxicity. Pancreatic beta (f)-cell
dysfunction develops due to the increase in oxidative stress
and/or as a result of adipose tissue-induced inflammation,
and further B-cell damage could cause the development of
type-2 diabetes (11-13).

Today several natural antioxidants that reduce the
inflammation and oxidative stress induced by obesity
and type-2 diabetes are the subjects of debate about
their possible use in treatment and have increasingly
appeared as the focus of recent studies. Crocin is one of
these components, which is a natural carotenoid found
in saffron (Crocus sativus L.) and gardenia (Gardenia
jasminoides ].Ellis) flowers. It is a compound formed
by a disaccharide called gentiobiose and a dicarboxylic
acid called crocetin, which is soluble in water, and is in
diester form with high thermal stability (14-16). Studies
demonstrated that crocin could possess antioxidant (17),
antiplatelet (18), neuroprotective (19), antihyperlipidemic
(20,21), antidiabetic (22-24), and anticarcinogenic (25)
properties due to its pharmacological effects. However,
a literature review revealed no studies on the possible
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ways in which crocin affects obesity and type-2 diabetes-
induced inflammation and oxidative stress. In this context,
it was concluded that by exhibiting the effects of crocin
on oxidative stress and inflammation in obesity and type-2
diabetes, this study might serve as a foundation for future
studies on the treatment of these diseases.

2. Materials and methods

2.1. Materials

In this study, tumor necrosis factor alpha (TNEF-a),
interleukin (IL)-1p, IL-6, and interferon gamma (IFN-y)
were purchased from e-Bioscience in Vienna, Austria. The
cytokine, leptin (BioVendor, Bratislava, Slovakia), insulin
(DRG-Diagnostic, Marburg, Germany), and total protein
(Fluka, St. Louis, MO, USA) levels were measured with an
ELISA device (ELx800, BioTek Inc., Winooski, VT, USA).
Total antioxidant status (TAS) and total oxidant status
(TOS), which are among the oxidative stress parameters,
were measured using kits (Rell Assay, Gaziantep, Turkey)
that work with spectrophotometric methods. The
streptozocin (STZ), crocin, and PBS were obtained from
Sigma Chemical Company (St. Louis, MO, USA). All other
chemicals used in the study were of the highest grade
available.

2.2. Animals and high-fat diet preparation

A total of 40 male Wistar albino rats were used in this study.
Rats were procured from the Afyon Kocatepe University
Experimental Animal Research and Application Center.
Rats were continuously cared for, fed, and provided
with water daily. The study was conducted at the Afyon
Kocatepe University Experimental Animal Research and
Application Center by providing 55%-60% humidity and
a 12:12-h light-dark cycle. All interventions on the animals
during the study process were conducted in compliance
with the permissions obtained from the Afyon Kocatepe
University Experimental Animal Local Ethics Committee,
Turkey (Approval Date/No: 2012/182).

A high-fat diet (HFD) was administered to all study
groups except for the control group to induce experimental
obesity and to induce insulin resistance, which is one of the
characteristics of type-2 diabetes. HFD implementation to
induce weight gain and insulin resistance was designed
in obese and diabetes study groups as follows: rat
food obtained from the feed plant was pulverized and
homogenized after adding 5% fatty soy and 5% eggs as
a source of protein, and 50% tallow as an energy source,
and then it was formed into a pellet and preserved in
deep-freeze. During the study HFD with 4930 cal/kg of
metabolic energy level was prepared fresh every week and
given to the animals 1 h after being removed from deep-
freeze.
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2.3. Experimental design

HFD was administered to the rats for 10 weeks to induce
experimental obesity. At the end of this period, only the
rats in the HFD-administered obese group that displayed
hyperinsulinemia and hyperleptinemia in parallel with the
weight increase and insulin resistance were considered
obese.

A literature review on inducing an experimental type-2
diabetes model demonstrated that low-dose STZ injection
after HFD administration could successfully imitate type-
2 diabetes physiopathology (26,27). It was stated that two
doses of 30 mg/kg STZ injections administered a week
apart was the most ideal application (28). Thus, initially
insulin resistance was initiated in rats, which were planned
to be induced with experimental diabetes. Subsequently,
30 mg/kg doses of STZ dissolved in citrate buffer (pH 4.5)
were administered in the 3rd week (1 dose) and the 4th
week (1 dose) of the study using i.p. injection (28). One
week after the last injection (at the end of the 4th week),
glucose levels of the fasting rats were measured in a drop
of blood taken from the tail veins. Rats with a glucose level
of 2300 mg/dL were accepted as suffering from type-2
diabetes.

Crocin administration was initiated to two groups: one
diabetic group after the induction of type-2 diabetes and
one obesity group that was only administered the HFD.
Crocin was prepared daily, just before its application to
rats. It was dissolved in physiological saline water for 6
weeks with a daily dose of 150 mg/kg (22) before being
administered to the experimental animals by gavage.
A total of 40 male Wistar albino rats weighing 200-250
g (mean: 230 g) were randomly divided into five groups
including 8 rats in all groups. The study groups were
designed as follows:

Group 1: Control group (Control): Composed of
healthy rats.

Group 2: Obesity group (Obesity): Composed of rats
that were fed with the HFD during the study.

Group 3: Obesity-treatment group (Obesity-Crocin):
Healthy rats that were fed with the HFD throughout the
study and were administered crocin for 6 weeks.

Group 4: Diabetes group (DM): Composed of rats that
were fed with a high-energy high-fat diet during the study
and were induced with experimental type-2 diabetes.

Group 5: Diabetes-treatment group (DM-Crocin):
Rats induced with type-2 diabetes that were treated with
crocin for 6 weeks.

The changes in the weights and fasting glucose levels of
rats were measured with an interval of 2 weeks during the
study. Prior to measurements, rats were left hungry for a
night. Fasting glucose levels were measured using a drop of
blood obtained from the tail vein by a glucometer (Accu-
Chek Performa Nano, Roche, Mannheim, Germany). At
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the end of the 6-week-long crocin application (10th week of
the study), rats were anesthetized using ketamine (65 mg/
kg) and xylazine (7 mg/kg) to obtain the required blood
and tissue specimens for the analysis, and consequently
specimens were prepared for biochemical analyses.

Blood samples, which were wused in analyses
containing plasma heparin, were transferred into tubes
and centrifuged (Hettich, Tuttlingen, Germany) for 10
min at 3000 rpm and 4 °C. Tissue homogenates used in
analyses were prepared as follows: 0.5 g of incised pancreas
tissue was transferred into a homogenizer (IKA T18, IKA,
Staufen, Germany) and 5 mL of PBS (pH 7.4) solution that
contained 8% protease inhibitor (Roche) was added and
homogenized. In all stages of the study, the maintenance of
a cold chain was ensured. Homogenates were centrifuged
for 10 min at 15,000 rpm and 4 °C. Plasma and pancreas
samples, which were prepared to be used in the analyses,
were stored at -80 °C until they were analyzed in the
laboratory.

2.4. Biochemical analysis

Pancreas and plasma TNF-a, IL-1p, IL-6, and IFN-y levels;
plasma insulin levels; plasma leptin levels; and pancreas
tissue total protein levels were analyzed with an ELISA
device in compliance with the rat-specific kit protocols.
Oxidative stress parameters of TAS and TOS levels were
measured with kits running on the spectrophotometric
method (29,30). Resulting TAS and TOS data were used
to calculate the oxidative stress index (OSI = [(TOS /
TAS) x 100]). Furthermore, B-cell function (HOMA-f),
insulin resistance (HOMA-IR), and quantitative insulin
sensitivity check (QUICKI) indices for test groups were
calculated with the help of the formulas shown below,
using starvation insulin and glucose levels (31,32).

HOMA-B = [20 x fasting insulin levels (mU/L)] /
[fasting glucose levels (mmol/L) - 3.5]

HOMA-IR = [fasting insulin levels (mU/L) X fasting
glucose levels (mmol/L) / 22.5]

QUICKI = [1 / (log (fasting insulin pU / mL) + log
(fasting glucose mg / dL)]

The concentrations, which are related to the parameters
analyzed in pancreas tissue (TAS, TOS, TNF-q, IL-1f, IL-
6, IFN-y), were divided into the final total protein levels
to obtain the results. Results were expressed in const./g
protein or const./mg protein.

2.5. Statistical analysis

All numerical results are expressed as mean + standard
deviation of the mean for the indicated number of
experiments. Statistical significance was calculated with
the ANOVA test with the Duncan posttest and results were
considered significant at P < 0.05. Data were analyzed with
SPSS 18.0 (SPSS Inc., Chicago, IL, USA) for Windows.

3. Results

3.1. Weight change in the experimental groups during
the study

Once the data collected in the last week of the study (10th
week) were evaluated it was observed that average rat
weight in the HFD group was statistically different and was
heavier than in all the other groups (Table 1; Figure 1A).
The findings demonstrated that average rat weight in the
DM group and DM-Crocin group was significantly lower
than in the other groups. The comparison of the last weeK’s
data for the Obesity group and Obesity-Crocin group
displayed that average rat weight in the Obesity-Crocin
group was significantly lower than in the Obesity group.
However, there was no difference between the average rat

Table 1. Average weight gain observed in the experimental group during the study period.

Study groups

Control (g) Obesity (g) Obesity-Crocin (g) DM (g) DM-Crocin (g) P
Week 0 237.3+17.6 2343 £23.1 239.8+£194 235.8 £26.2 239.1 £22.7 0.989
Week 2 262.6 +18.9 266.7 £ 20.7 278.4+19.3 272.7 £28.4 279.8 £24.7 0.569
Week 4 2763 £16.1%*° 300.4 +21.9°¢ 3253 £39.3°¢ 251.6 £22.1* 298.4 £19.8 ¢ 0.000
Week 6 290.1 +20.5° 3248 +£29.1° 328.8+36.8° 261.3 £23.2*° 286.4 £22.4* 0.000
Week 8 305.0 + 16.0 ** 3613 +21.5¢ 321.8+33.7° 276.4 £35.3*° 279.6 £25.3*° 0.000
Week 10 3233+ 144° 387.8 +31.3¢ 342.0 £28.6° 280.0 £44.2° 279.1 £24.5% 0.000

Values are mean + standard deviation; n = 8.

»b< Different letters in the same line represent statistically significant differences (P < 0.05) among experimental groups. Obesity: The
group that was given only high-fat diet. DM: The group that was fed a high-fat diet throughout the study and in which type-2 diabetes
was generated. DM-Crocin: Diabetic group treated with crocin. Obesity-Crocin: Crocin was given for 6 weeks to rats that were given a

high-fat diet during the study.
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Figure 1. Antiobesity and antidiabetic effects of crocin. A) Antiobesity effect of crocin (the average weight gain observed in the
experimental group throughout the study period). B) Antidiabetic effect of crocin (change in the plasma glucose levels of the
experimental groups during the study period). Obesity: The group that was given only high-fat diet. DM: The group that was fed
a high-fat diet throughout the study and in which type-2 diabetes was generated. DM-Crocin: Diabetic group treated with crocin.
Obesity-Crocin: Crocin was given for 6 weeks to rats that were given a high-fat diet during the study.

weights of the DM group and DM-Crocin group (Table 1;
Figure 1A).

3.2. Blood glucose levels determined during the study
The data for the 4th week of the study were analyzed and
the analysis revealed that fasting blood glucose levels
for groups with induced diabetes (DM and DM-Crocin)
were statistically different and quite higher than those of
the other groups (Table 2; Figure 1B). Correspondingly,
HOMA-p values, which were calculated as an expression
of pancreatic B-cell function, established that HOMA-f
index data (Table 3) for the DM groups were very low. In
the comparison between the Control group and Obesity
group, no statistical difference was observed for the first
8 weeks of the study. Nevertheless, a slow and slight
increase in the blood glucose levels of the Obesity group
was evident for each passing week after week 8. Once the
10th weeK’s fasting glucose levels were examined, it was
observed that the Obesity group’s average fasting blood
glucose levels were higher with a statistically significant
difference as compared to Control group findings (Table
2). The Obesity-Crocin group’s blood glucose levels did
not change significantly due to crocin administration to
HFD-administered rats in comparison to the HFD group.
These findings demonstrate that studies with longer
durations are required to determine the effects of crocin
on fasting glucose levels in obesity-induced rats with HFD,
and through such studies it would be possible to obtain
more concrete findings.

3.3. Results of the biochemical parameters analyzed in
plasma

The findings indicated that Obesity group insulin levels
were increased, specifying the case of hyperinsulinemia.

1596

However, data obtained from the comparison of the DM
and Obesity-Crocin groups showed that crocin treatment
in diabetic rats did not affect the insulin levels (Table 3).
Comparison between the Obesity group and other groups
demonstrated that the HOMA-IR index findings were
highest in Obesity group rats, while QUICKI findings were
the lowest. Crocin decreased insulin resistance for the
Obesity group that was treated with crocin, yet it did not
reduce insulin resistance in the diabetic group. Another
characteristic feature observed in obesity and type-2
diabetes is the development of hyperleptinemia. In this
study, it could clearly be observed that hyperleptinemia
developed in the Obesity group (Table 3). As the effect of
crocin on Obesity and diabetic groups was scrutinized, it
was observed that crocin did not significantly affect the
leptin levels. However, crocin treatment increased insulin
sensitivity (QUICKI) both in the Obesity-Crocin group
(with respect to the Obesity group) and the DM-Crocin
group (with respect to the DM group).

3.4. Plasma cytokine and oxidative stress levels

The findings based on IL-6 levels indicate that there was
no statistically significant difference between the groups.
However, when the TNF-a levels were analyzed, significant
differences between the TNF-a levels of the groups were
recognized. Data for the DM group demonstrated that
there was a significant difference between the DM group
and both the Control group and Obesity group based on
the increase in TNF-a levels. TNF-a level for treatment
groups showed that the 6-week-long crocin treatment
statistically significantly lowered the TNF-a levels, which
had increased to levels of 79.72 + 17.88 pg/mL due to type-
2 diabetes. However, this therapeutic effect of crocin was
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Table 2. Change in glucose levels in study groups during the study.

Study groups

Control Obesity Obesity-Crocin DM DM-Crocin P

(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Week 0 103.0 £ 9.6 104.1 £9.1 100.3 + 8.6 105.1 £ 8.0 102.0£9.5 0.871
Week 2 106.4 + 4.6 108.4 £ 6.6 111.8 £8.7 113.8+9.3 112.7 £5.2 0.280
Week 4 104.8 +8.8* 113.3+£59°* 119.6 £8.1* 376.6 + 53.8"° 357.0 £ 44.5° 0.000
Week 6 1053 +£6.5* 117.4 £ 13.4* 129.4 +£10.3° 3584 +£554°¢ 303.7 £43.3" 0.000
Week 8 1057 +7.1* 132.6 £15.4* 1273 £12.0* 336.3+553° 272.6 +41.8° 0.000
Week 10 102.6 £ 11.2*° 144.8 +15.8° 125.6 + 10.6 *° 330.4 +46.6 ¢ 232.7 £33.7 ¢ 0.000

Values are mean + standard deviation; n = 8.

»b< Different letters in the same line represent statistically significant differences (P < 0.05) among experimental groups. Obesity: The
group that was given only high-fat diet. DM: The group that was fed a high-fat diet throughout the study and in which type-2 diabetes
was generated. DM-Crocin: Diabetic group treated with crocin. Obesity-Crocin: Crocin was given for 6 weeks to rats that were given a

high-fat diet during the study.

Table 3. Plasma levels of biochemical, inflammatory, and oxidative stress markers.

Study groups

Control Obesity Obesity-Crocin DM DM-Crocin P
Insulin (pug/L) 1.58 £0.26° 2.11+0.17¢ 1.74£0.25° 0.42 +0.03* 0.48 +0.07* 0.000
Leptin (pg/mL) 276.0 +82.3* 632.1 +149.9 <4 742.9 +169.1 ¢ 530.1 +114.3 >¢ 456.2 +108.3° 0.000
HOMA-$ 346.4+113.1°¢ 218.1+51.8° 230.6 +36.7° 13.3+3.5° 242+59* 0.000
HOMA-IR 9.2+1.6° 174+20¢4 125+25¢ 7.8+£0.9% 65+1.7% 0.000
QUICKI 0.2808 +0.0029 ¢ |0.2602 + 0.0013* | 0.2706 + 0.0024°> | 0.2856 + 0.0017 < [0.2936 + 0.0034 ¢ 0.000
IL-6 (pg/mL) 319+26 33.2+22 30.3+£8.7 356+32 32.1+35 0.319
TNF-a (pg/mL) 743 +£89* 93.8+10.5° 91.4+16.6° 136.6 +16.8°¢ 79.7 £17.9*° 0.000
IFN-y (pg/mL) 942+43* 1122 +13.1° 111.1+14.1° 119.8+17.9° 1249 +13.4° 0.002
IL-1B (pg/mL) 63.4+168* 91.7 £12.9° 1143 +13.8°¢ 113.7+16.1¢ 89.1+19.9° 0.000
TAS (mmol Trolox equiv./L) 1.60 +0.09° 1.87+£0.27° 1.69+0.23° 1.16 £0.20* 1.71+£0.29° 0.000
TOS (umol H,0, equiv./L) 4.63+1.13° 6.72+1.85° 9.29+1.84¢ 10.25+2.56 ¢ 5.32+£0.87 *® 0.000
OSI [(TOS/TAS) x 100] 288.0 +65.3° 362.5 +107.2%° 528.3+113.6° 915.8 + 345.7 ¢ 314.7 £ 62.2° 0.000

Values are mean + standard deviation; n = 8.

»b< Different letters in the same line represent statistically significant differences (P < 0.05) among experimental groups. Obesity: The
group that was given only high-fat diet. DM: The group that was fed a high-fat diet throughout the study and in which type-2 diabetes
was generated. DM-Crocin: Diabetic group treated with crocin. Obesity-Crocin: Crocin was given for 6 weeks to rats that were given a
high-fat diet during the study.

not observed in the Obesity group designed as the obese
group (Table 3).

The comparison of IFN-y levels for the Control group
with the Obesity and DM groups revealed that both
Obesity and DM group IFN-y levels showed statistically
significant differences and were higher than in the control

group. However, the outcomes demonstrated that crocin
treatment did not affect the IFN-y levels in the Obesity
or the DM group (Table 3). There was an increase in IL-
1P levels for the DM and Obesity groups in comparison
to the control group. IL-1f levels for treatment groups
were analyzed and it was observed that crocin treatment
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Table 4. Findings on pancreas tissue oxidative stress and inflammatory parameters.

Study groups

Control Obesity Obesity-Crocin | DM DM-Crocin P
IL-6 (pg/mg protein) 42.6+3.2% 459 +24° 415+ 7.7 440+ 692 383+4.6° 0.127
TNF-a (pg/mg protein) 358+4.1° 543+40° 553+68°¢ 65.6£3.94 459+59° 0.000
IFN-y (pg/mg protein) 403+3.3° 445+52° 443 +3.8° 53.4+4.6" 40.0+4.0° 0.000
IL-1B (pg/mg protein) 499+13*° 49.7+3.1° 52.0 2.6 56.4+4.7°¢ 54.6 £ 3.7 > 0.002
TAS (mmol Trolox equiv./g protein) 0.59 +0.08 0.65+0.13 0.61+0.13 0.73+0.13 0.61+0.19 0.327
TOS (umol H,0, equiv./g protein) 3.38+0.56* 4.16+0.44° 4.06+0.42° 4.70+0.32°¢ 3.67 £0.41°° 0.000
OSI [(TOS/TAS) x 100] 595.1+163.2 [670.1 +186.8 |686.9+149.7 662.7 + 156.8 651.5 +183.7 0.775

Values are mean =+ standard deviation; n = 8.

»b< Different letters in the same line represent statistically significant differences (P < 0.05) among experimental groups. Obesity: The
group that was given only high-fat diet. DM: The group that was fed a high-fat diet throughout the study and in which type-2 diabetes
was generated. DM-Crocin: Diabetic group treated with crocin. Obesity-Crocin: Crocin was given for 6 weeks to rats that were given a

high-fat diet during the study.

decreased the IL-1p levels that were previously increased
due to type-2 diabetes. However, this therapeutic effect
was not observed in the Obesity-Crocin group.

Examination of DM group findings demonstrated that
TAS levels decreased in comparison to both Control and
Obesity group data. Inspection of TAS levels in treatment
groups revealed that crocin significantly increased the
TAS levels, which were decreased due to the occurrence of
diabetes. However, comparison between TAS levels of the
Obesity and Obesity-Crocin groups showed that there was
no statistically significant difference. A review of TOS levels
revealed that the TOS levels of the Obesity and DM groups
were increased in comparison to the control group. An
inspection of the TOS levels in treatment groups revealed
that the 6-week-long crocin treatment decreased the TOS
levels in a statistically significant manner. However, this
therapeutic effect of crocin was not observed in HFD
groups, which were designed as the obese groups. A review
of OSI levels showed that the increase in OSI levels in the
DM group was significantly higher than the results for all
other groups. However, the oxidative stress-reducing effect
of crocin that was observed in the Diabetic group was not
repeated in Obesity groups.

3.5. Pancreas tissue cytokine and oxidative stress levels

Table 4 presents the levels of biochemical parameters
analyzed in the pancreas tissue of the study groups. The
comparison of TNF-a levels for Obesity and Control
groups indicated an increase in TNF-a levels in the HFD
group. On the other hand, the increase in TNF-a levels in
the DM group presented a statistically significant difference
and was higher than both the Control and Obesity group
findings. An inspection of the TNF-a levels in treatment
groups indicated that crocin treatment decreased the
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previously increased TNF-a levels due to the type-2
diabetes in a statistically significant manner, to levels of
45.9 + 5.9 pg/mL. However, this therapeutic effect was not
observed in Obesity groups (Table 4). The examination of
IFN-y levels for study groups revealed that IFN-y levels of
the DM group were statistically different and higher than
in all other study groups. Furthermore, crocin treatment
did not affect the IL-1p levels in Obesity groups or diabetic
rats. The examination of TAS, TOS, and OSI data for study
groups revealed that Obesity group TOS levels were higher
than those of the control group (Table 4). DM group TOS
levels were higher than both Obesity and Control group
levels. Crocin treatment lowered TOS levels only in the
Diabetic group.

4. Discussion

This study investigated the possible effects of crocin
on obesity and type-2 diabetes. In addition, the study
attempted to determine the effects of crocin on obesity
induced by HFD application and define the possible
increase of oxidative stress and inflammation induced by
an experimental type-2 diabetes model.

4.1. Effects of crocin on obesity symptoms

Certain clinical symptoms that are characterized by
obesity, such as insulin resistance, hyperinsulinemia, and
hyperlipidemia, could be easily determined in individuals
in the first stages of obesity due to the increase of body
weight and glucose levels, although these individuals
experience no health problems (11,13,33,34). A literature
review revealed that several studies demonstrate an
increase in insulin and leptin levels due to weight
increase in obesity. In a study on the development of
obesity related to diet, hepatic lipidosis, hyperleptinemia,
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hyperinsulinemia, and insulin resistance were observed in
rats on a HFD, as well as weight increase (35). This study
and several parallel studies (36,37) demonstrated that
rats on HFDs developed differences in weight gains with
respect to the control group, and consequently symptoms
such as increase in insulin and leptin levels or development
of insulin resistance developed due to obesity. Similarly,
at the end of this study, the insulin, leptin, and starvation
glucose levels of the Obesity group had increased with
respect to the control group.

In this study, in compliance with the literature, the rats
that had an increase in body weight, leptin, and insulin
levels and had developed insulin resistance (36,38,39)
were administered a HFD and were accepted as obese.
The main reason behind the increase in insulin levels in
the Obesity group could be the secretion and release of
more insulin from the pancreas to tolerate the increasing
glucose levels, due to the insulin resistance developed
parallel to development of obesity. The leptin levels could
be due to the adipose tissue, which increased as a result
of HFD applications (11,40). In a study that examined
energy balance and leptin sensitivity in rats that developed
diet-induced obesity, leptin levels in parallel to weight
gains were found to be almost doubled in obese rats in
comparison to the control group (41).

It was determined that crocin treatment decreased
hyperleptinemia and hyperinsulinemia in the DM-Crocin
and Obesity-Crocin groups. The reason for the decrease
in secreted insulin levels in Obesity groups due to crocin
treatment could be the decrease in insulin secretion from
the pancreas as a result of crocin-increased sensitivity
of insulin (by reducing insulin resistance). Thus, it was
determined that at the end of the 6-week crocin treatment,
insulin resistance decreased while insulin sensitivity
increased in the Obesity-Crocin group. Decreased leptin
levels due to crocin could be explained by the negative
effect of crocin on the increase of body weight, since it has
been reported that leptin levels increased as a result of the
stimulation of adipogenesis together with the increase in
body weight due to HFD applications (11,42).

In summary, it is possible to assert that crocin could
contribute to the development of alternative treatment
protocols in the fight against obesity, since crocin
treatment, which was reported to reduce hyperleptinemia
and hyperinsulinemia in obesity, is considered to have
reduced insulin resistance (HOMA-IR) and body weight
increase in the Obesity group.

4.2. Effects of crocin on inflammation and oxidative
stress induced by obesity

In clinical studies and obesity models induced in
experimental animals using HFDs, it was determined
that obesity increased low-grade oxidative stress and
inflammation (11,33,43,44). The findings of this study

also pointed out that the administered fatty diet increased
oxidative stress and inflammation levels in the Obesity
group. It could be stated that inflammation occurred in
plasma due to the increase in the levels of TNF-a, IL-1p,
and IFN-y and in pancreas tissue due to the increase in
the levels of TNF-a and IFN-y (Tables 3 and 4). One of the
rare studies on the effects of crocin on obesity reported that
hyperlipidemia was induced by fatty diet implementation
and crocin reduced the serum triglyceride, total cholesterol,
ALP, AST, MDA, GPx, and GSH levels increased by the
HED application (21). However, this study, in contradiction
with the findings of the above study, determined that crocin
treatment did not affect oxidative stress parameters (TAS-
TOS and OSI) in plasma or pancreas tissue in the Obesity
group (Tables 3 and 4). Relatedly, it was determined that
crocin did not affect inflammation in plasma or pancreas
tissue, which was increased as a result of obesity. The
reason for the nonprevalence of the antiinflammatory (19)
and antioxidant (17,21) efficiency of crocin noted in the
literature for obese rats could be related to the application
length, methods (gavage or i.p), and the dose of crocin
given to obese rats. The literature review demonstrated
that most of the crocin is found in feces or in intestinal
content 24 h after oral administration. It was reported
that crocetin derived from crocin was found in plasma
in low concentrations (44). The reason for that could be
summarized as the break-up of the crocin into crocetin in
the small intestine 2 h after oral administration (45). Thus,
it could be stated that the determined effects of the crocin
in this study were in fact due to crocetin (46).

4.3. Antidiabetic efficiency of crocin in type-2 diabetes
HED is usually not used in studies that aim to determine
the effects of crocin on diabetes (22-24); contrarily these
studies were conducted using high-dose STZ/alloxan
injection. It was stated in the literature that high-dose
STZ injections that were administered in experimental
animals without insulin resistance formation induced an
experimental type-1 diabetes model (26-28).In this study,
rats were initially administered HFD followed by low-dose
STZ injection to simulate type-2 diabetes physiopathology.
The findings demonstrated that leptin levels in the
DM group were very high, while insulin and HOMA-(
levels decreased (Table 3). These findings indicated that
leptin secretion from the adipose tissue was stimulated
by HED application in diabetic rats, and with the STZ
injection B-cell dysfunction was induced. Crocin did not
affect insulin, leptin, HOMA-B, and HOMA-IR levels
when the crocin treatment was administered to diabetic
rats; however, it decreased glucose levels in comparison
to the DM group (Figure 1B). Certain findings among
these differ from the findings in the literature. In a
study examining STZ-induced diabetes (24) it was
determined that crocin administered to diabetic rats using
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intraperitoneal injections in daily doses of 50 and 100 mg/
kg lowered insulin levels and insulin resistance. On the
contrary, in this study, insulin levels and insulin resistance
did not change as a result of crocin treatment. The reason
for different postcrocin treatment results in diabetic rats
could be explained by the difference between experimental
diabetes models in different studies or between the
application methods or the doses of crocin administration.
For instance, in a study (24) on STZ-induced diabetes, a
type-1 diabetes model was induced with a high dose (90
mg/kg) STZ injection without HFD application (without
inducing insulin resistance). Hence, in this study a type-
2 diabetes model was created. Different experimental
diabetes models could yield different results even though
they use the same treatment agent such as crocin.

This study determined that crocin increased insulin
sensitivity (QUICKI) in diabetic rats although it had no
effects on insulin levels and insulin resistance. Conceivably,
this could be the reason why crocin decreased the glucose
levels in diabetic rats without affecting the insulin levels
and insulin resistance. The fact that crocin lowered glucose
levels without affecting insulin and insulin resistance
suggested that crocin might have suppressed hepatic
glucose production. However, further studies are required
to verify this.

4.4. Antiinflammatory and antioxidant efficiency of
crocin in type-2 diabetes

With the progress of type-2 diabetes, lipotoxicity and
glucotoxicity induced in patients debilitate the antioxidant
system and the oxidative stress increases. Oxidative
stress causes an increase in inflammation, especially by
stimulating the production of cytokines (8,11,47,48).
Thus, increased oxidative stress and inflammation
with diabetes play a significant role both in the further
progress of diabetes and the development of other diabetic
complications (7,49). This study determined that crocin
decreased plasma and pancreas oxidative stress levels.
These findings were in parallel with other studies cited in
the literature. It has been reported that this antioxidant
effect of crocin was due to its decreasing effect on advanced
glycation end products formation via the reduction in
glucose levels, suppression of lipid peroxidation, and its
support for the antioxidant system (23,24).

Although there are studies in the literature that
attempted to determine the effect of crocin on oxidative
stress, there are none that scrutinized the effects of crocin
on diabetes-induced inflammation. In this respect, the
findings of this study would contribute to explaining
the effects of crocin on inflammation developed due to
diabetes. The antiinflammatory efficiency of crocin was
significant when its effects on inflammation developed in
the diabetic group were examined. Thus, it was determined
that plasma TNF-a and IL-1p and pancreas tissue TNF-a
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and IFN-y levels, which were increased due to diabetes
(Tables 3 and 4), were reduced by crocin. Several studies
demonstrated that a diabetes-induced increase in
inflammation activated apoptotic signal paths, causing an
increase in P-cell dysfunction and damage. Crocin, due
to its antiinflammatory efficiency as mentioned, could
be effective in reducing the pancreatic B-cell damage.
Accordingly, in a study conducted in a microglial cell
line with inflammation, crocin decreased cytokine
release and suppressed NF-xB activation (50). Another
study demonstrated that, due to its antiinflammatory
characteristics, crocin could activate/inhibit one or several
metabolic pathways. It was reported that crocin, due to
its antiinflammatory effects, inhibited the cytochrome-c
that activates caspase-3 by splitting off the mitochondria,
and thus decreased neuronal cell damage in the neuronal
PC-12 cell path (19). This study also suggested that crocin
inhibiting/activating internal and external apoptotic
stimulations, especially in  cells, could be significant in
diabetic treatment. However, further studies are needed to
determine concrete results.

This study further scrutinized the effects of crocin
on the increased inflammation and oxidative stress in
rats, parallel to the progress of experimental obesity
and type-2 diabetes. It was determined that crocin had
limited effects on obesity-induced oxidative stress and
inflammation. However, it was specified that crocin
had antioxidative and antiinflammatory effects against
oxidative stress and inflammation that has increased as a
result of glucotoxicity and lipotoxicity in type-2 diabetes.
While low-grade oxidative stress and inflammation are
induced as a result of the development of obesity, higher
levels of oxidative stress and inflammation are observed
due to the development of diabetes. In the present study,
antiinflammatory and antioxidant effects of crocin on
diabetic rats were observed more clearly than in obese rats.
This could be due to the possibility that crocin might not
be very effective in pathologies with low levels of oxidative
stress and inflammation. Furthermore, an analysis of the
data presented in Table 3 would demonstrate that IL-1p
and TOS levels increased when crocin was applied to the
obesity group. These findings might be due to the possible
increasing effects of crocin on inflammation and oxidative
stress. However, the data available in the present study are
limited for drawing concrete conclusions.

When the significant roles of oxidative stress
and inflammation on the development of diabetic
complications (48) and insulin resistance (11,33) are
considered, the reducing effect of crocin on oxidative
stress and inflammation could be beneficial in diabetic
treatment. In addition, it was determined that crocin
helped reduce the symptoms of obesity. Concerning its
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antiobesity effects, crocin could contribute to developing
alternative treatment protocols in the fight against obesity.
However, for crocin to be defined as an antiobesity agent,
further research is necessary to investigate its effects on
adipogenesis and energy metabolism.

References

1.  OECD. Obesity Update 2014. An Organisation for Economic
Co-operation and Development (OECD) Report. Paris, Frace:
OECD; 2014.

2. IDE. Diabetes Atlas, 6th ed. Brussels, Belgium: International
Diabetes Federation; 2013.

3. NgM, Fleming T, Robinson M, Thomson B, Graetz N, Margono
C, Mullany EC, Biryukav S, Abbafati C, Abera SF et al. Global,
regional, and national prevalence of overweight and obesity in
children and adults during 1980-2013: a systematic analysis
for the Global Burden of Disease Study 2013. Lancet 2014; 384:
766-781.

4, Hussain A, Hydrie MZI, Claussen B, Asghar S. Type 2 Diabetes
and obesity: a review. Journal of Diabetology 2010; 2: 1-7.

5. Bastard JP, Jardel C, Bruckert E, Biondy P, Capeau J, Laville M,
Vidal H, Hainque B. Elevated levels of interleukin-6 are reduced
in serum and subcutaneous adipose tissue of obese women after
weight loss. J Clin Endocrinol Metab 2000; 85: 3338-3342.

6.  Singla P, Bardoloi A, Parkash AA. Metabolic effects of obesity: a
review. World ] Diabetes 2010; 1: 76-88.

7.  Kopelman PG. Obesity as a medical problem. Nature 2000; 404:
635-643.

8. Bastard JP, Maachi M, Lagathu C, Kim MJ, Caron M, Vidal H,
Capeau J, Feve B. Recent advances in the relationship between
obesity, inflammation, and insulin resistance. Eur Cytokine
Netw 2006; 1: 4-12.

9. Khan NI, Naz L, Yasmeen G. Obesity: an independent risk
factor for systemic oxidative stress. Pak ] Pharm Sci 2006; 19:
62-65.

10. Robertson RP, Harmon J, Tran PO, Poitout V. f-Cell glucose
toxicity, lipotoxicity, and chronic oxidative stress in type 2
diabetes. Diabetes 2004; 53: 119-124.

11.  Hazman O, Ovali S. Investigation of the anti-inflammatory
effects of safranal on high-fat diet and multiple low-dose
streptozotocin induced type 2 diabetes rat model. Inflammation
2015; 38: 1012-1019.

12.  Maritim AC, Sanders RA, Watkins JB. Diabetes, oxidative stress
and antioxidants: review. ] Biochem Mol Toxicol 2003; 17: 4-38.

13.  Gallic S, Oakhill JS, Steinberg GR. Adipose tissue as an
endocrine organ. Mol Cell Endocrinol 2010; 316: 129-139.

14. Pham TQ, Cormier F, Farnworth E, Tong VH, Van Calsteren
MR. Antioxidant properties of crocin from Gardenia
jasminoides Ellis and study of the reactions of crocin with
linoleic acid and crocin with oxygen. ] Agric Food Chem 2000;
48: 1455-1461.

Acknowledgment

This study was financially supported by the Scientific
Research  Projects Committee (project number:
12.FENED.11) by the Rectorate of Afyon Kocatepe
University, Afyonkarahisar, Turkey.

15.  Kyriakides ML, Kyriakidis DA. Crocus sativus biological active
constituents. Studies Nat Prod Chem 2002; 26: 293-312.

16.  Sanchez AM, Carmona M, Jarén-Galan M, Mosquera MI, Alonso
GL. Picrocrocin kinetics in aqueous saffron spice extracts (Crocus
sativus L.) upon thermal treatment. ] Agric Food Chem 2011; 59:
249-255.

17.  Assimopoulou AN, Sinakos Z, Papageorgiou VP. Radical
scavenging activity of Crocus sativus L. extract and its bioactive
constituents. Phytother Res 2005; 19: 997-1000.

18.  Liakopoulou-Kyriakides M, Skubas AI. Characterization of the
platelet aggregation inducer and inhibitor isolated from Crocus
sativus. Biochem Int 1990; 22: 103-110.

19. Soeda S, Ochiai T, Paopong L, Tanaka H, Shoyama Y, Shimeno H.
Crocin suppresses tumor necrosis factor-alpha-induced cell death
of neuronally differentiated PC-12 cells. Life Sci 2001; 69: 2887-
2898.

20. Lee IA, Lee JH, Baek NI, Kim DH. Antihyperlipidemic effect of
crocin isolated from the fructus of Gardenia jasminoides and its
metabolite crocetin. Biol Pharm Bull 2005; 28: 2106-2110.

21.  Asdaq SM, Inamdar MN. Potential of Crocus sativus (saffron) and
its constituent, crocin, as hypolipidemic and antioxidant in rats.
Appl Biochem Biotechnol 2010; 162: 358-372.

22. Kianbakht S, Hajiaghaee R. Anti-hyperglycemic effects of saffron
and its active constituents, crocin and safranal, in alloxan-induced
diabetic rats. Journal of Medicinal Plants 2011; 10: 82-89.

23.  Rajaei Z, Hadjzadeh MA, Nemati H, Hosseini M, Ahmadi M,
Shafiee S. Antihyperglycemic and antioxidant activity of crocin in
streptozotocin-induced diabetic rats. ] Med Food 2013; 16: 206-
210.

24.  Shirali S, Bathaine S, Nakhjavani M. Effect of crocin on the insulin
resistance and lipid profile of streptozotocin-induced diabetic
rats. Phytotherapy Res 2013; 27: 1042-1047.

25.  Garcia-Olmo DC, Riese HH, Escribano J, Ontanon J, Fernandez
JA, Atienzar M, Garcia-Olmo D. Effects of long-term treatment
of colon adenocarcinoma with crocin, a carotenoid from saffron
(Crocus sativus L.): an experimental study in the rat. Nutr Cancer
1999; 35: 120-126.

26. Reed MJ, Meszaros K, Entes L], Claypool MD, Pinkett JG, Gadbois
TM, Reaven GM. A new rat model of type 2 diabetes: the fat-fed,
streptozotocin-treated rat. Metabolism 2000; 49: 1390-1394.

27. Srinivasan K, Viswanad B, Asrat L, Kaul CL, Ramarao P.
Combination of high-fat diet-fed and low-dose streptozotocin-
treated rat: a model for type 2 diabetes and pharmacological
screening. Pharmacol Res 2005; 52: 313-320.

1601


http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://dx.doi.org/10.1210/jcem.85.9.6839
http://dx.doi.org/10.1210/jcem.85.9.6839
http://dx.doi.org/10.1210/jcem.85.9.6839
http://dx.doi.org/10.1210/jcem.85.9.6839
http://dx.doi.org/10.4239/wjd.v1.i3.76
http://dx.doi.org/10.4239/wjd.v1.i3.76
http://dx.doi.org/10.2337/diabetes.53.2007.S119
http://dx.doi.org/10.2337/diabetes.53.2007.S119
http://dx.doi.org/10.2337/diabetes.53.2007.S119
http://dx.doi.org/10.1007/s10753-014-0065-1
http://dx.doi.org/10.1007/s10753-014-0065-1
http://dx.doi.org/10.1007/s10753-014-0065-1
http://dx.doi.org/10.1007/s10753-014-0065-1
http://dx.doi.org/10.1002/jbt.10058
http://dx.doi.org/10.1002/jbt.10058
http://dx.doi.org/10.1016/j.mce.2009.08.018
http://dx.doi.org/10.1016/j.mce.2009.08.018
http://dx.doi.org/10.1021/jf991263j
http://dx.doi.org/10.1021/jf991263j
http://dx.doi.org/10.1021/jf991263j
http://dx.doi.org/10.1021/jf991263j
http://dx.doi.org/10.1021/jf991263j
http://dx.doi.org/10.1016/S1572-5995(02)80009-6
http://dx.doi.org/10.1016/S1572-5995(02)80009-6
http://dx.doi.org/10.1021/jf102828v
http://dx.doi.org/10.1021/jf102828v
http://dx.doi.org/10.1021/jf102828v
http://dx.doi.org/10.1021/jf102828v
http://dx.doi.org/10.1002/ptr.1749
http://dx.doi.org/10.1002/ptr.1749
http://dx.doi.org/10.1002/ptr.1749
http://dx.doi.org/10.1016/S0024-3205(01)01357-1
http://dx.doi.org/10.1016/S0024-3205(01)01357-1
http://dx.doi.org/10.1016/S0024-3205(01)01357-1
http://dx.doi.org/10.1016/S0024-3205(01)01357-1
http://dx.doi.org/10.1248/bpb.28.2106
http://dx.doi.org/10.1248/bpb.28.2106
http://dx.doi.org/10.1248/bpb.28.2106
http://dx.doi.org/10.1007/s12010-009-8740-7
http://dx.doi.org/10.1007/s12010-009-8740-7
http://dx.doi.org/10.1007/s12010-009-8740-7
http://dx.doi.org/10.1089/jmf.2012.2407
http://dx.doi.org/10.1089/jmf.2012.2407
http://dx.doi.org/10.1089/jmf.2012.2407
http://dx.doi.org/10.1089/jmf.2012.2407
http://dx.doi.org/10.1002/ptr.4836
http://dx.doi.org/10.1002/ptr.4836
http://dx.doi.org/10.1002/ptr.4836
http://dx.doi.org/10.1207/S15327914NC352_4
http://dx.doi.org/10.1207/S15327914NC352_4
http://dx.doi.org/10.1207/S15327914NC352_4
http://dx.doi.org/10.1207/S15327914NC352_4
http://dx.doi.org/10.1207/S15327914NC352_4
http://dx.doi.org/10.1053/meta.2000.17721
http://dx.doi.org/10.1053/meta.2000.17721
http://dx.doi.org/10.1053/meta.2000.17721
http://dx.doi.org/10.1016/j.phrs.2005.05.004
http://dx.doi.org/10.1016/j.phrs.2005.05.004
http://dx.doi.org/10.1016/j.phrs.2005.05.004
http://dx.doi.org/10.1016/j.phrs.2005.05.004

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

HAZMAN et al. / Turk ] Med Sci

Zhang M, Lv MY, Li J, Xu ZG, Chen L. The characterization
of high-fat diet and multiple low-dose streptozotocin induced
type 2 diabetes rat model. Exp Diabetes Res 2008; 2008: 704045.

Erel O. A novel automated method to measure total antioxidant
response against potent free radical reactions. Clin Biochem
2004; 37: 112-119.

Erel O. A new automated colorimetric method for measuring
total oxidant status. Clin Biochem 2005; 38: 1103-1111.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DE Turner RC. Homeostasis model assessment: insulin
resistance and beta-cell function from fasting plasma glucose
and insulin concentrations in man. Diabetologia 1985; 28: 412-
419.

Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan
G, Quon MJ. Quantitative insulin sensitivity check index: a
simple, accurate method for assessing insulin sensitivity in
humans. ] Clin Endocrinol Metab 2000; 85: 2402-2410.

Hazman O, Celik S. Effects of oral anti-diabetic agent
sitagliptin on total antioxidant and oxidant status in rats with
type 2 diabetes mellitus. Journal of Applied Biological Sciences
2014; 8: 31-37.

Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel
RL, Ferrante AW. Obesity is associated with macrophage
accumulation in adipose tissue. ] Clin Invest 2003; 112: 1796-
1808.

Kim YJ, Park T. Genes are differentially expressed in the
epididymal fat of rats rendered obese by a high-fat diet. Nutr
Res 2008; 28: 414-422.

Woods SC, Seeley RJ, Rushing PA, D'Alessio D, Tso P. A
controlled high-fat diet induces an obese syndrome in rats. J
Nutr 2003; 133: 1081-1087.

Lauterio TJ, Bond JP, Ulman EA. Development and
characterization of a purified diet to identify obesity-susceptible
and resistant rat populations. ] Nutr 1994; 124: 2172-2178.

Karasawa H, Nagata-Goto S, Takaishi K, Kumagae Y. A novel
model of type 2 diabetes mellitus based on obesity induced by
high-fat diet in BDF1 mice. Metabolism 2009; 58: 296-303.

Furnes MW, Zhao CM, Chen D. Development of obesity is
associated with increased calories per meal rather than per day.
A study of high-fat diet-induced obesity in young rats. Obes
Surg 2009; 19: 1430-1438.

1602

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Hsu CL, Wu CH, Huang SL, Yen GC. Phenolic compounds
rutin and o-coumaric acid ameliorate obesity induced by high-
fat diet in rats. ] Agric Food Chem 2009; 57: 425-431.

Fam BC, Morris MJ, Hansen MJ, Kebede M, Andrikopoulos
S, Proietto J, Thornburn AW. Modulation of central leptin
sensitivity and energy balance in rat model of diet-induced
obesity. Diabetes Obes Metab 2007; 9: 840-852.

Tan S, Gao B, Tao Y, Guo J, Su ZQ. Antiobese effects of
capsaicin-chitosan microsphere (CCMS) in obese rats induced
by high fat diet. ] Agric Food Chem 2014; 62: 1866-1874.

Esser N, Legrand-Poels S, Piette J, Scheen AJ, Paquot N.
Inflammation as a link between obesity, metabolic syndrome
and type 2 diabetes. Diabetes Res Clin Pract 2014; 105: 141-
150.

Marseglia L, Manti S, D’Angelo G, Nicotera A, Parisi E, Di
Rosa G, Gitto E, Arrigo T. Oxidative stress in obesity: a critical
component in human diseases. Int ] Mol Sci 2014; 16: 378-400.

XiL, Qian Z, Du P, Fu J. Pharmacokinetic properties of crocin
(crocetin digentiobiose ester) following oral administration in
rats. Phytomedicine 2007; 14: 633-636.

Chryssanthi DG, Lamari FN, Georgakopoulos CD, Cordopatis
P. A new validated SPE-HPLC method for monitoring crocetin
in human plasma—Apbplication after saffron tea consumption.
J Pharmaceut Biomed 2011; 55: 563-568.

Pickup JC, Chusney GD, Thomas SM, Burt D. Plasma
interleukin-6, tumour necrosis factor-a and blood cytokine
production in type 2 diabetes. Life Sci 2000; 67: 291-300.

Maedler K, Donath MY. Beta-cells in type 2 diabetes: a loss of
function and mass. Horm Res 2004; 3: 67-73.

Hazman O, Bozkurt ME. Anti-inflammatory and antioxidative
activities of safranal in the reduction of renal dysfunction and
damage that occur in diabetic nephropathy. Inflammation
20155 38: 1537-1545.

Nam KN, Park YM, Jung HJ, Lee JY, Min BD, Park SU, Jung
WS, Cho KH, Park JH, Kang I et al. Anti-inflammatory effects
of crocin and crocetin in rat brain microglial cells. Eur J
Pharmacol 2010; 648: 110-116.


http://dx.doi.org/10.1155/2008/704045
http://dx.doi.org/10.1155/2008/704045
http://dx.doi.org/10.1155/2008/704045
http://dx.doi.org/10.1016/j.clinbiochem.2003.10.014
http://dx.doi.org/10.1016/j.clinbiochem.2003.10.014
http://dx.doi.org/10.1016/j.clinbiochem.2003.10.014
http://dx.doi.org/10.1016/j.clinbiochem.2005.08.008
http://dx.doi.org/10.1016/j.clinbiochem.2005.08.008
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.1007/BF00280883
http://dx.doi.org/10.1210/jcem.85.7.6661
http://dx.doi.org/10.1210/jcem.85.7.6661
http://dx.doi.org/10.1210/jcem.85.7.6661
http://dx.doi.org/10.1210/jcem.85.7.6661
http://dx.doi.org/10.1172/JCI200319246
http://dx.doi.org/10.1172/JCI200319246
http://dx.doi.org/10.1172/JCI200319246
http://dx.doi.org/10.1172/JCI200319246
http://dx.doi.org/10.1016/j.nutres.2008.03.015
http://dx.doi.org/10.1016/j.nutres.2008.03.015
http://dx.doi.org/10.1016/j.nutres.2008.03.015
http://dx.doi.org/10.1016/j.metabol.2008.09.028
http://dx.doi.org/10.1016/j.metabol.2008.09.028
http://dx.doi.org/10.1016/j.metabol.2008.09.028
http://dx.doi.org/10.1007/s11695-009-9863-1
http://dx.doi.org/10.1007/s11695-009-9863-1
http://dx.doi.org/10.1007/s11695-009-9863-1
http://dx.doi.org/10.1007/s11695-009-9863-1
http://dx.doi.org/10.1021/jf802715t
http://dx.doi.org/10.1021/jf802715t
http://dx.doi.org/10.1021/jf802715t
http://dx.doi.org/10.1111/j.1463-1326.2006.00653.x
http://dx.doi.org/10.1111/j.1463-1326.2006.00653.x
http://dx.doi.org/10.1111/j.1463-1326.2006.00653.x
http://dx.doi.org/10.1111/j.1463-1326.2006.00653.x
http://dx.doi.org/10.1021/jf4040628
http://dx.doi.org/10.1021/jf4040628
http://dx.doi.org/10.1021/jf4040628
http://dx.doi.org/10.1016/j.diabres.2014.04.006
http://dx.doi.org/10.1016/j.diabres.2014.04.006
http://dx.doi.org/10.1016/j.diabres.2014.04.006
http://dx.doi.org/10.1016/j.diabres.2014.04.006
http://dx.doi.org/10.3390/ijms16010378
http://dx.doi.org/10.3390/ijms16010378
http://dx.doi.org/10.3390/ijms16010378
http://dx.doi.org/10.1016/j.phymed.2006.11.028
http://dx.doi.org/10.1016/j.phymed.2006.11.028
http://dx.doi.org/10.1016/j.phymed.2006.11.028
http://dx.doi.org/10.1016/j.jpba.2011.02.018
http://dx.doi.org/10.1016/j.jpba.2011.02.018
http://dx.doi.org/10.1016/j.jpba.2011.02.018
http://dx.doi.org/10.1016/j.jpba.2011.02.018
http://dx.doi.org/10.1016/S0024-3205(00)00622-6
http://dx.doi.org/10.1016/S0024-3205(00)00622-6
http://dx.doi.org/10.1016/S0024-3205(00)00622-6
http://dx.doi.org/10.1007/s10753-015-0128-y
http://dx.doi.org/10.1007/s10753-015-0128-y
http://dx.doi.org/10.1007/s10753-015-0128-y
http://dx.doi.org/10.1007/s10753-015-0128-y
http://dx.doi.org/10.1016/j.ejphar.2010.09.003
http://dx.doi.org/10.1016/j.ejphar.2010.09.003
http://dx.doi.org/10.1016/j.ejphar.2010.09.003
http://dx.doi.org/10.1016/j.ejphar.2010.09.003

