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Antioxidant Properties of Saffron Stigma and Petals: A Potential

Therapeutic Approach for Insulin Resistance through an

Insulin-Sensitizing Adipocytokine in High-Calorie Diet Rats

Abstract

Background: Oxidative stress and alteration of lipid profile due to obesity and overweight is a
major risk factor for atherosclerotic plaque or coronary artery disease. Because of antioxidant and
lipid lowering potential of saffron, this study investigated weight alteration, lipid profiles, and insulin
resistance index in high-calorie diet rats treated with aqueous extract of saffron stigma and petal.
Methods: Forty Sprague-Dawley male rats were randomly divided into 8 groups including healthy
control, high-fat diet control, nicotinic acid treated, Anethum graveolens treated, and saffron stigma
and petal treated groups. Rats received a high-calorie diet for 16 weeks. For treatment, aqueous
extract of saffron stigma (40 and 80 mg/kg) and petal (50 and 100 mg/kg) was used once daily for
4 weeks. Afterward, lipid profile, oxidative stress status, and insulin and adiponectin levels were
measured using desired kits. Results: There was a significant decrease in the mean weight of the
groups receiving saffron stigma and petal compared to control group (P < 0.05). The increased level
of insulin hormone in obese group was improved in treated groups especially in the case of saffron
stigma. Also, the decreased level of adiponectin was recovered in treated groups. An improvement
was seen in oxidative stress markers and lipid profiles in treated groups compared to obesity pair.
Conclusions: In this study, a remarkable antioxidant and lipid lowering potential was detected for
saffron stigma, which could improve insulin resistance in obese rats. Therapeutic and protective effect
of saffron is mainly related to its richness in phenolic compounds. Saffron stigma compared with petal
had more notable effect, which could and should be mentioned in pharmaceutical studies.
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Introduction

Nowadays, overweight and obesity are
two of the main public health concerns
all over the world.! At the present time,
the prevalence of obesity has steadily
increasing, and in the recent decade,
about half a billion people have been
obese or overweight in the world.? In a
study conducted in Spain, the prevalence
of overweighting and obesity in men
and women was 39.8% and 40.8%,
respectively.’) Based on this study, obesity
is associated with increased mortality and
morbidity in elderly people due to higher
levels of circulating lipids that are the main
risk factors for heart disease.

Adipose tissue is one of the major
endocrine organs in the human body which
produces  adipocytokines.  Adiponectin
is one of the most adipocytokines that
improves insulin sensitivity in the muscles

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

and liver and has antiinflammatory
effects which regulates the body’s energy
metabolism and prevents the development
of atherosclerosis.*! Obesity and related
oxidative stress play an important role in
adipose tissue dysregulation which can
be involved in suppression of adiponectin
production in adipocytes.’) Because of
protective role of adiponectin in this regard,
the products with antioxidant agent that
restore adiponectin production seem good
choice in treatment and prevention of
obesity-related complications.

In recent years, several strategies have
been proposed to treat obesity, including
reduction of energy intake from food,
increase in  physical activity and
aerobic exercise, improving nutritional
behavior, use of drugs such as orlistat
and sibutramine, surgery, and dietary
supplements.[) Chemical medications have
several complications and some limitations.
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Historically, antiobesity drugs are not safe, and have
minimal effect and are not cost-effective. Therefore, there
is a need for novel drugs to prevent and treat obesity that
are more beneficial and safer than aforementioned drugs.

Today, natural products are considered as high
potential organic agents for treatment and prevention of
obesity.l! Different types of herbal and natural products
can reduce weight and also help to prevent diet-induced
obesity.®! Saffron (Crocus sativus) is an expensive spice
that is cultivated mainly in Iran and on a smaller scale
in countries such as India, Greece, and Italy. It is mainly
used for aromatizing, flavoring, and food coloring, as well
as in traditional medicine including appetite suppression,
cancer treatment, asthma, menstrual disorders, liver
disease, pain, and mental depression.”’ Numerous human
and animal studies have been conducted to examine saffron
therapeutic potential in obesity and found favorable effects
on antiinflammatory, antioxidative, glucose and lipid
lowering properties, and insulin sensitizing potential.l'*-!%
According to the literature, obesity-related inflammation
has a key role in promotion of oxidative stress status
which promotes metabolic dysfunction.'”¥ Therefore, it
has been hypothesized that agents with antiinflammation
and antioxidant potential could be effective in ameliorating
obesity-associated oxidative stress and complications.

Antiinflammatory and antioxidant potential of saffron stigma
makes it a good choice for diet-induced obesity studies.
Due to the presence of flavonoids and anthocyanin in
saffron petal composition, use of this by-product of saffron
processing in these studies can be noticeable.!'"¥ Therefore,
our aim in this study was to evaluate and compare the
effect of aqueous extract of saffron stigma and petal on
weight changes, lipid profiles, and insulin resistance index
in rats fed with high-calorie diet.

Methods
Preparation of aqueous extract

In this study, in order to prepare aqueous extract,
saffron (Crocus sativus) was first purchased from South
Khorasan, Birjand. The petals and the stigmas were
separated and dried in the shade and milled. 10 g of each
component was mixed with 90 ml of distilled water as a
solvent in a 250 ml Erlenmeyer and then placed in boiling
water bath for half an hour. After the mixtures brewed,
they were filtered using Whatman filter paper No. 1 and
the Buchner Funnel following with freeze drying (DENA
VACCUM INDUSTRY, IFD-5012) into a lyophilized dry
powder. An extraction yield was 12% and 15% for stigma
and petal, respectively.

Animal study

In this experimental study, a total of 40, thirty-day-old
Sprague-Dawley male rats, weighing 140 £ 5 g were
purchased from the Experimental Medicine Research

2

Center at Birjand University of Medical Sciences and
Health Services. The animals were kept in standard
laboratory conditions (12 h day/night cycle) with free
access to water and food. All animal procedures were
approved by the ethical committee of Birjand University
of Medical Sciences in accordance with the Institutional
Animal Ethics Committee (Ethics code: Ir.bums.
REC.1394.309). In this study, 40 rats were divided into 8
groups of 5 as follows:

Group A: healthy control group receiving standard rat
chow diet (5% Fat); Groups B-F2: obese groups receiving
high-fat diet (60% Fat) for 16 weeks; Group B: obese
control group; Group C: obese group receiving nicotinic
acid (100 mg/kg); Group D: obese group receiving
Anethum graveolens L. (50 mg/kg); Group El: obese
group receiving stigma extract (40 mg/kg); Group E2:
obese group receiving stigma extract (80 mg/kg); Group
F1: obese group receiving petals extract (50 mg/kg);
and Group F2: obese group receiving petals extracts
(100 mg/kg). During the study, the animals’ weight was
measured by a digital scale with a precision of 1 g, with
10 days interval. The oral treatment of the animals was
continued daily for 4 weeks. Ingredients of the rat diets
are shown in Table 1. Because of antioxidant potential
of Anethum graveolens L. (Dill), this extract was used as
insulin stimulatory agent and nicotinic acid was used as
lipid lowering agent in this study.!'>!6

Collection of serum samples and measurement of
biochemical parameters

After completion of the treatment period, the animals
were fasted for 12 h, and were anesthesia by ether (Merck
Company). Then, 5 ml of blood was taken from each
rat by cardiac puncture and the serum was isolated by
centrifugation. Biochemical factors such as fasting blood
glucose (FBG) and lipid profiles such as low-density

Table 1: Formulations of normal and high-fat diets used

in this study
Ingredient Normal diet (g/kg) High-fat diet (g/kg)
Casein 200 200
L-Cystine 3 3
Corn Starch 650 135
Maltodextrin 65 156
Sucrose 0 86
Cellulose 62.5 62.5
Soybean Oil 50 31
Beef tallow 0 357
Mineral Mix 12.5 12.5
Di Calcium phosphate 16.25 16.25
Calcium Carbonate 6.9 6.9
Potassium citrate 20.6 20.6
Vitamin Mix 12.5 12.5
Choline Bitartrate 2.5 2.5
Kcal/100g 384.5 524.8
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lipoproteins (LDL-C), high-density lipoproteins (HDL-C),
triglycerides (TG), and total cholesterol (TC) were
measured by Prestige 124 and Pars Azmun Kkits
(Tehran, Iran). Insulin and adiponectin hormones
were measured by ELISA method and relevant Kkits
according to the manufacturer’s instruction. Insulin and
adiponectin ELISA assay kits were supplied by Glory
Science (Thailand). Insulin resistance index calculated
using the following formula:

HOMA-IR = {[fasting
[fasting glucose (mmol/L)]}/22.5

insulin ~ (uU/ml)] x

Evaluation of oxidative stress status

Total antioxidant capacity (TAC) in different groups was
measured using ferric reducing antioxidant power (FRAP)
method based on Benzie and Strain procedure.'”! The
method evaluates the reduction of Fe** TPTZ complex
to Fe*-tripyridyltriazine that reflects electron donation
of antioxidants by measuring the change in absorbance
at 593 nm. For assessing lipid peroxidation, plasma
level of malondialdehyde (MDA) was measured using
thiobarbituric acid reactive substances (TBARS) method.['¥!
Changes in absorbance (532 nm) were the criterion for
lipid peroxidation.

Statistical analysis

The results were reported as mean £+ SD. The data were
analyzed using SPSS software version 19 (Chicago: SPSS Inc.),
in the significant level oo = 0.05 and using One-Way ANOVA
and Dunnett post hoc test. The R programming version 3.2.2
was used to draw weight changes graph.

Results
Body weight changes

This study showed that rats receiving normal diet (group A)
steadily gained weight from the beginning of week 1 to
the end of week 20. However, according to the results of
weight changes of rats in different groups (B-F2), which
are summarized in Figure 1, it can be mentioned that the
groups receiving high-calorie diet had a higher weight gain
from the beginning of week 1 to the end of the week 10
compared to the group A (P < 0.05) (P = 0.014).

After week 16 and initiation of treatment, the weight gain
in group B was higher compared to other groups, while the
weight in groups C-F2 gradually decreased and at the end
of week 20, the mean weight of the rats in comparison to
the group B was changed notably. The effects of nicotinic
acid, and stigma and petals’ extracts on weight loss of the
recipient groups were time-dependent and dose-dependent.

Effects of saffron stigma and petal on serum glucose
level and lipid profile

According to the results of the lipid profiles summarized
in Table 2, Group B showed an increase in serum levels
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Figure 1: Changes in the weight of diet-induced obese rats in the study
groups. Data are expressed as mean * SD. Group A: Healthy control and
normal saline; Group B: High-fat diet obese control and normal saline;
Group C: High-fat diet and nicotinic acid; Group D: High-fat diet and
Anethum; Group E1: High-fat diet and saffron stigma (40 mg/kg); Group
E2: High-fat diet and saffron stigma (80 mg/kg); Group F1: High-fat diet
and saffron petal (50 mg/kg); Group F2: High-fat diet and saffron petal
(100 mg/kg)

of TC, TG, and LDL-C and a decrease in HDL-C level
compared to the group A. Treatment with nicotinic acid,
Ancthum and herbal extracts for 4 weeks improved
lipid profile in groups C-F2 and decreased serum levels
of TC, TG, and LDL-C significantly (P < 0.05) while
increased serum levels of HDL-C compared to the group
B. The effect of stigma and petals extracts of saffron was
dose-dependent.

As it is shown in Table 2, serum levels of FBG in group
A rats were significantly lower than those in group
B (P < 0.05) (P =0.021). The mean serum level of FBG
in other groups (C-F2) significantly decreased compared
to the group B. The results showed that the effects
of stigmata and petals extracts in the groups E-F were
dose-dependent.

Effects of saffron stigma and petal on serum level of
insulin, adiponectin, and HOMA-IR index

The serum level of insulin hormone was significantly
increased in group B compared with group A (P < 0.05)
(P = 0.024). The serum level of this hormone in other
herbal treated groups (D-F2) showed a significant decrease
compared with group B (P < 0.05) [Table 3]. The level
of adiponectin in group B displayed a remarkable decline
as compared with group A (P < 0.05) (P = 0.019). After
treatment with extracts of saffron stigma and petal, serum
level of adiponectin significantly increased [Table 3,
P < 0.05]. These effects were in dose-dependent manner.
Evaluation of HOMA-IR as an insulin resistance index
showed increase in group B in compared with group A
(P < 0.05) (P =0.014). A remarkable decrease was seen
in insulin resistance after treatment with saffron stigma
and petal extracts in groups E1-F2 [Table 3]
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Table 2: Effects of saffron stigma and petal extract on biochemical parameters in diet-induced obese rats

Groups' parametrs Group A Group B Group C Group D Group E1 Group E2 Group F1 Group F2
TC, mg/dL 6514+ 117+18 80+£11%* 67+9.0%* 76+8.7* 68+9.2%* 84+6.3* 76+6.3%*
TG, mg/dL 45+12% 125+16 78+9.4%* 85+11* T4+11* 70+6.7* 92+12%* 87+7.4*
LDL-C, mg/dL 25+7.5% 56+5.7 24+6.9% 25+6.2% 22+7.5% 28+5.7* 2544.6* 26+4.3*
HDL-C, mg/dL 34+8.4% 21+6.3 27+7.4 31+4.4* 34+5.8%* 38+5.8%* 37+5.9% 3546.6*
FBG, mg/dL 74+3.8%* 152+16 97+10%* 8149.5% 8446.0* 79+3.9% 91+6.8%* 83+7.1*

For details of experimental conditions see the text. *Data are expressed as mean+SD of 5 rats in each group. In each row, *was considered

significant at P<0.05 when compared with the obese control group

Table 3: Serum levels of insulin and adiponectin
hormones in the diet-induced obese rats

Parameters Adiponectin Insulin HOMA-IR?
experimental groups’ (mg/L) (ng/mL)

Group A 5.65+0.21%  4.02+0.05*  0.7£0.21*
Group B 2.1£0.2 6.32+0.11 2.4+0.3
Group C 3.4+0.12 5.71+0.09 1.4+0.17*
Group D 3.8+0.13 5.540.17 1.1+£0.2*
Group E1 4.2+0.12*%  5.12+0.13*  1.1+0.18%*
Group E2 4.9+0.32* 4.5+0.23* 0.9+0.13*
Group F1 4.1+0.23%* 5.6+0.45 1.3£0.19*
Group F2 4.5+0.42%* 5.2+0.36* 1.1+0.11*

fFor details of experimental conditions see the text. ‘Data are
expressed as mean+SD of 5 rats in each group. In each column,
*was considered significant at P<0.05 when compared with the obese
control group. *Refrence Range: <1.0 indicates insulin-sensitive which
is optimal. Above 1.9 indicates early insulin resistance. Above 2.9
indicates significant insulin resistance

Table 4: Effects of saffron stigma and petal on
anti-oxidant capacity and lipid peroxidation in
diet-induced obese rats

Paramers Total antioxidant = Malondialdehyde
Experimental groups’ (FRAP) (umol/L) (MDA) (umol/L)
Group A 764144 1.67+0.5*
Group B 520+21 6.7+1.2
Group C 655+18* 4.3+0.09%*
Group D 598+11%* 4.9+1.1
Group E1 678+22% 3.8+0.8*
Group E2 698+13* 2.9+0.6*
Group F1 535421 4.6+0.8
Group F2 596+16* 3.9+0.7*

For details of experimental conditions see the text. *Data are
expressed as mean+SD of 5 rats in each group. In each column,
* was considered significant at P<0.05 when compared with the
obese control group

Effects of saffron stigma and petal on oxidative stress
status

Oxidative stress markers are presented in Table 4. The
results showed that among treated groups, the highest
reduction in total antioxidant capacity was in group B
compared to the group A. In groups treated with stigma
and petals extracts, nicotinic acid, and Anethum, the total
antioxidant capacity increased compared with group B. The

4

increase in total antioxidant capacity in groups treated with
saffron extracts was dose-dependent. In addition, groups E1
and E2 showed better effects compared to the groups F1
and F2. The measurement of the MDA levels showed that
lipid peroxidation in group B was higher than other groups,
and the treatment with the extracts could reduce the level
of MDA in a dose-dependent manner [Table 4, P < 0.05].

Discussion

Here, we showed that saffron stigma and petals could
improve lipid profile, oxidative stress status, and weight
changes in diet-induced obesity.

The results of this study showed that oral treatment with
various concentrations of the extracts, nicotinic acid, and
Anethum decreased the mean weight of the rats in the
treatment groups compared to the obese control group.

During the study period, the weight loss in the groups
receiving high dose of petal and stigma were faster than
other treatment groups. The results of this study showed
that treatment with saffron extract leads to weight loss and
improvement of dyslipidemia in the period of treatment.
Based on the other studies, the concentration used for
herbal plants extract did not impose any toxic effects on
the rats.[!*2]

According to the results presented here, saffron petals and
stigma caused a decline in serum lipid profile of LDL-C,
TG, and TC in groups F2 and E2 and also led to an increase
in serum levels of HDL-C in these groups compared to
obese group. The highest changes were manifested on
LDL-C and HDL-C profiles. Hypolipidemic effects of
saffron can be due to the presence of crocin and crocetin
compounds in saffron.”! Further research verified that
crocin and crocetin could reduce the absorption of dietary
fat and cholesterol.?'??! In addition, saffron bioactive
compounds have pancreatic and gastric lipase inhibitor
activity with selectivity for pancreatic lipase, which reduces
serum TG and cholesterol levels.?!

A decrease in serum level of FBG in stigma and petal
groups proves hypoglycemic potential of saffron which
has also shown in other studies.''>! The hypoglycemic
potential of saffron is due to its bioactive compounds that
could improve hyperglycemia via different paths including
ameliorating oxidative stress, B cell inflammation, and
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apoptosis and also through enhancement of pancreatic
insulin expression and secretion.?

Adiponectin is one of the associated hormones of
cardiovascular disease, atherosclerosis, weight gain, and
obesity. In the groups received saffron petals and stigma
orally (F2, E2), the serum levels of adiponectin hormone
were increased compared with the obesity control group.
The beneficial effect of herbs in increasing adiponectin was
proven in other studies.?>*

The increased level of adiponectin in the group treated by
saffron stigma (E2) was more than other groups, which
indicated the stimulatory effects of saffron stigma on
adiponectin synthesis by adipose tissue. Measuring insulin
levels and insulin resistance index showed that saffron can
decrease the level of this hormone in the E1-F2 groups
compared with the healthy control group. This effect was
notable for the group treated with saffron stigma 80 mg/
kg body mass. Other studies in accordance with the present
study showed beneficial effects of saffron on insulin
resistance index in metabolic disorders.!

Insulin resistance index in obese control group was
higher in comparison with other groups, indicating
insulin resistance in obese control group. In other groups,
this index was low, which was more significant in the
group E2 than other groups. Improvement of insulin
resistance in treated groups may be due to increased
level of adiponectin in these groups. Based on literature,
adiponectin increases insulin sensitivity through increasing
hepatic insulin receptor substrate 2.*) According to the
results, the highest decrease in HOMA-IR index was seen
in group E2 (saffron stigma 80 mg/kg), while the highest
increase in adiponectin level also was seen in this group
that confirms the association of adiponectin with insulin
sensitivity.

According to current results, reduced antioxidant capacity
in obese group is improved by saffron stigma and
petal treatment, on the other hand lipid peroxidation is
decreased by saffron. According to our results, saffron
stigma had the highest antioxidant capacity and also the
best insulin-sensitizing effect which should be considered
in the future studies. Improvement of oxidative stress by
saffron can be due to crocin, crocetin, and kaempferol in
stigma and petal that scavenge reactive oxygen species
and protect pancreatic P cells from inflammation and
apoptosis.l142022]

In the present study, Anethum as an herbal-based drug was
shown to be more effective than synthetic-based drugs like
nicotinic acid. It seems that the use of herbal medicines in
comparison to chemical drugs can modify lipid profiles,
insulin resistance index, and stress conditions notably. In
the current study, we evaluated the effectiveness of stigma
and petals in ameliorating oxidative stress and found saffron
stigma and petal could be as alternative or supplementary

International Journal of Preventive Medicine 2020, 11: 184

drug in medicine. According to our results, saffron petal
which seems to be disposable waste material had notable
effects that could be mentioned in pharmaceutical industry.
Sample size and lack of clinical trial were our limitations
in this study which should be addressed in future with
doing more human studies.

Conclusions

The results of this study showed that petal and notably
stigma extract of saffron can reduce the serum levels of TC,
TG, and LDL-C and increase the serum levels of HDL-C.
By mounting the dosage of these extracts, this modifying
property increases. On the other hand, the consumption
of these extracts increases the serum level of adiponectin
hormone and total antioxidant capacity and decreases
insulin hormone and MDA. Therefore, it can be concluded
that the extract of saffron petals and specially stigma has
antiobesity properties. Hence, the use of medicinal herbs,
such as saffron, as a complementary treatment, along with
conventional treatments for obesity can be proposed to
medical community in the near future. However, further
studies are required in this regard.
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