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Abstract

Background: microRNAs (miRNAs) are endogenous gene expression regulators, which are involved in the physiopathology of dis-
eases, and potentially make biomarkers in diseases, such as Cardiovascular Disease (CVD).
Objectives: Since miR-21 is a robust regulator in plaque formation, this study aimed at identifying the effect of saffron as a functional
food and traditional food additive antioxidant in fighting against the progress of atherosclerosis, by modulation of miR-21, as a new
circulating marker of inflammation.
Methods: In this randomized, double-blind clinical trial, 63 subjects with atherosclerosis were recruited from Emam Sajjad Hospi-
tal, Valiasr Hospital, and Zafaranieyh Clinic in Tehran, Iran, and divided randomly to two groups. They received 100 mg/d saffron or
a placebo capsule for six weeks. The expression levels of miR-21 were quantified by real-time quantitative-PCR (RT-qPCR) in the blood
of patients. Furthermore, fasting blood sugar, lipid profile, and anthropometric index of participants were evaluated before and
after the intervention.
Results: Statistical analysis showed significant differences in the expression level of miR-21 between atherosclerosis patients, who
received placebo, and those, who consumed saffron (P value = 0.02). Moreover, a significant decrease was seen in hip circumference
after saffron supplementation (P = 0.049, P = 0.006). Nevertheless, consumption of saffron did not significantly influence other
anthropometric indexes and blood biochemical parameters, such as FBS and lipid profile.
Conclusions: In the present study, different expression levels of miR-21 were observed between patients with atherosclerosis, who
received saffron supplements and placebo; thus saffron may be considered as a novel therapeutic target in cardiovascular disease
management.
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1. Background

Atherosclerosis is the most common causes of Car-
diovascular Diseases (CVD), including myocardial infarc-
tion and stroke (1, 2). Increasing blood cholesterol lev-
els (3) and obesity are two factors that lead to the occur-
rence of atherosclerosis (4). Inflammation is also another
important factor that has been reported in many studies
(5). Atherosclerosis is a syndrome affecting arterial blood
vessels due to a chronic inflammatory response of White
Blood Cells (WBCs) in the walls of arteries. This is promoted

by Low-Density Lipoproteins (LDL) without adequate re-
moval of cholesterol from the macrophages by functional
High-Density Lipoproteins (HDL) (6). The oxidation of hu-
man (LDL) is a fundamental mechanism in the initiation of
atherosclerosis (7).

The disease is initiated when the function of endothe-
lial cells changes, and inflammatory factor, immune cells,
monocytes (8, 9), and lymphocytes, especially T lympho-
cytes, arrive at the endothelial cells, and damage the re-
gion and produce inflammatory cytokines (10). Monocytes
are turned to macrophages and swallow the cholesterol
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and are turned to the foam cell (11). Finally, during a few
years, inflammatory atherosclerotic lesions significantly
expand and lead to necrosis, and prevent effective blood
flow (12). Atherosclerotic lesions are suddenly ruptured
and cause clots, vascular occlusions, and threatening con-
ditions, such as Myocardial Infarction (MI) and acute brain
stroke (13).

Moreover, atherosclerosis is a multi-factorial disease
formed within the arteries. This general process develops
along with aging in all humans (14), and it seems that aging
is related to oxidative stress (15). Carotenoids and dietary
antioxidants have robust potential free radical scavenging
activity, which may exert anti-CVD activity and reduce the
risk (16).

The protective mechanisms of carotenoids are related
to bioactive nutrient effects, as well as antioxidant activity,
anti-inflammatory, and nutrigenomics properties (17, 18).
Saffron is one of the herbal products of the iridaceous fam-
ily. Iran produces approximately 80% of world’s saffron
production, annually. The medicinal properties of saffron
are related to crocin, crocetin, picrocrocin, and safranal
(19). The most important therapeutic effects of saffron can
be attributed to the antioxidant and anti-inflammatory
properties of saffron extract and its active ingredients (20).

MiR-21 is a member of the family of miRNAs that is ex-
pressed in many mammalian tissues and its expression is
increased in a number of diseases, such as tumors, car-
diac injuries, and inflamed tissues. Some studies have
shown that miR-21 suppression improves cardiac hypertro-
phy (21), and is involved in the mechanism of ischemia-
reperfusion (22). miR-21 plays a major role in regulating
gene expression in the endothelial cells, and can also con-
tribute to endothelial function and atherosclerosis (23).
miRNAs are involved in a variety of cellular and organs’
physiological and pathological processes. Dynamic regula-
tion of circulating miRNAs in healthy persons and patients
has recently been documented, however, the effects of an-
tioxidants and nutria-supplements to circulating miRNAs
are undetermined.

Saffron, derived from the flower of Crocus sativus, has
been widely used around the world, as a bitter taste and
colorant agent for food (24). Since ancient times, people
have recognized the health benefits of saffron yet recently
there has been a renaissance in research to identify its ben-
eficial properties and mechanisms (24).

2. Objectives

In this investigation, the researchers aimed at explor-
ing the potential of saffron as a functional food to com-

bat the progress of atherosclerosis and evaluate its role
in modulation of miR-21, as a new circulating marker of
inflammation (25). Moreover, due to the beneficial ef-
fects of saffron in many diseases, such as cardiovascular
diseases, and also the role of miR-21 in the pathogene-
sis of atherosclerosis, this study aimed at investigating
the relationship between saffron intake and atherosclero-
sis, which may provide health professionals with signifi-
cant molecular mechanism information in terms of clin-
ical practice.

3. Methods

3.1. Subject Recruitment

The participants of this randomized, double-blind,
placebo controlled trial were recruited from Emam Saj-
jad Hospital, Valiasr Hospital, and Zafaranieyh Clinic of
Tehran, Iran, between January 2016 and August 2016. Pa-
tients with atherosclerosis (n = 63) included male and fe-
male cases with mean age of 30 to 60 years old, diagnosed
by a cardiologist with angiography and coronary vessels
occluded between 30% and 70% with medical follow-up.

The sample size was determined based on the primary
information obtained from the study by Fadai et al. (26).
Considering 95% confidence interval and 80% power, the
sample size was calculated as 30 per group.

Thus, sixty- three patients were randomly divided into
two groups, using block randomization, which was gen-
erated by the Random Allocation Software (RAS). Consid-
ering the toxic effects of saffron at higher doses than 1.5
grams, according to previous studies on heart patients, 100
mg saffron was selected (27, 28).

The first group received two capsules containing 50
mg/d of saffron and the second group received the placebo.
Each patient received two capsules daily for six weeks (29).
The general information questionnaire was completed for
each participant.

The patients were asked not to change their medical
treatment approach from two months before the study (if
possible) and not take any anti-inflammatory and antiox-
idant supplements for one month before the start of the
study. Each patient signed an informed consent form af-
ter being informed of the objectives and method of study.
Exclusion criteria included chronic diseases, such as hep-
atic and renal diseases, infectious diseases, cancer, aller-
gies, and use of immunosuppressive drugs, such as corti-
costeroids, hematologic disease, pregnancy, and lactation.
At the end of the intervention, 58 patients completed the
study (Figure 1).
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Analyzed (n = 30) Analyzed (n = 28)

Figure 1. Summary of the study design, randomization, and clinical outcomes of the six weeks of treatment

The study was approved by the Ethics Committee
of Clinical Research of Tabriz University of Medical Sci-
ences, Iran (Ethical code: TBZMED.REC.1394.841) and it
was registered at the Iranian registry of clinical trials
(IRCT201511192017N25).

3.2. Data Collection

Health-related parameters were measured before and
after six weeks of intervention.

3.3. Sample Preparation

The blood sample (~ 5 mL) was collected from the sub-
jects in non-EDTA containing vacutainers for separating
blood serum. The samples were centrifuged at 1000 × g
at 4°C for 10 minutes (× 2). Serum was collected carefully
and aliquoted in RNase-free tubes and stored at -80°C until
future use.

3.4. Physical Characters and Blood Markers

All of the study subjects were selected by system-
atic simple sampling method. Age, gender, smoking,
comorbidities, duration of treatment, and serum levels
of biochemical parameters, such as Triglyceride (TG), To-
tal Cholesterol (TC), High-Density Lipoprotein (HDL), Low-
Density Lipoprotein (LDL) were measured by an auto ana-
lyzer (Hitachi, Tokyo, Japan).

3.5. Anthropometric Index Method

Weight, body mass index, waist circumference, and hip
circumference were recorded in experimental and placebo
groups at baseline and end of the study. Height was mea-
sured with a stadiometer (accurately 0.5 cm) and weight
was measured with a Seca (with a precision of 0.5 kg),
with minimum coverage and without shoes. Body Mass
Index (BMI) was calculated by weight (in kilograms) di-
vided by height squared (in meters). A BMI of less than
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18.5 Kg/m2 was considered as underweight, between 18.5
and 24.9 Kg/m2 as normal weight, between 25 and 29.9
Kg/m2 as overweight, and above 30 Kg/m2 as obesity. Waist
and hip circumference with minimum coverage were mea-
sured using a non-resilient tape meter (accurately 0.5 cm)
in the smallest area between the sub-breast and the hip.

3.6. RNA Extraction andmiRNAs Reverse Transcription

All blood serum samples were completely centrifuged
again at 3000 × g at 4°C for five minutes to remove the
remaining cell debris. Then, 200 µL of serum sample was
transferred to a new micro tube and circulating RNA was
isolated using miRCURY™ RNA Isolation Kit, Bio fluids (Ex-
iqon, Vedbaek, Denmark), according to the manufacturer’s
instructions. cDNA was synthesized using the miRCURY
LNA™ Universal RT cDNA Synthesis Kit (Exiqon, Vedbaek,
Denmark), following the manufacturer protocols. Based
on the results, 5 µL RNA was reverse-transcribed in a 20-µL
reaction volume at 42°C for 60 minutes, followed by an in-
activation reaction at 95°C for five minutes.

3.7. Real-TimeQuantitative-Polymerase Chain Reaction (q-PCR)

Real-time PCR (qPCR) was performed using specific
LNA (locked nucleic acids) primers [miR-21-5p (assay ID:
204230)] by the SYBR ® Green Master Mix Kits (Exiqon, Ved-
baek, Denmark) by the iCycler iQ system (Bio-Rad). The re-
action was performed at 95°C for 25 seconds, followed by 42
cycles at 94°C for 5 seconds, and 60°C for 60 seconds. The
miR-191-5p was used as an internal control. At the end, the
melting curves were generated at 95°C to verify specificity.
The qPCR efficiency was tested using the tenfold serial di-
lution method to generate standard curves.

3.8. Statistical Analysis

The influential variables were adjusted between two
Treatment groups (Saffron and Placebo) at the beginning
of the study. For quantitative data, outlier data were rec-
ognized by Boxplot and replaced by appropriate statisti-
cal test, normality was evaluated by K-S test, T -test was
used for testing matched variables before intervention,
and then Mauchly’s W test was checked for identity covari-
ance matrix; finally, nested repeated measure with con-
trolling covariates test was used by Minitab Software ver-
sion 18.1. The results include three P values for comparing
groups between two times. The first was P value Matching
for comparing marching between two groups (saffron and
placebo) at the beginning of the intervention, the second
was P value Group for comparing between two the groups
(saffron and placebo) in during intervention, the Final P
value Time was used for comparing between before and

after measurements. Error-bar was used for showing con-
fidence interval, deference, and their relationships. The
power and effect size of this study were 0.936 and 0.683,
respectively, which were calculated with the PASS 11 soft-
ware. Threshold Cycle (Ct) values were used to calculate rel-
ative expression with the∆∆Ct method. Statistical signifi-
cance of miRNAs’ transcript expression among experimen-
tal groups was assessed with the Reset Software. The level
of significance was set at P value < 0.05. All results were
expressed as Mean ± SEM Standard Error of Mean (SEM).

4. Results

Table 1 showed demographic features of participants.
There were no significant differences between the study
groups. Groups were harmonized in all objects at first and
during the study. The patients did not describe any signs
or harmful effect with saffron consumption during the in-
tervention.

The expression of the miR-21 in atherosclerosis patients
with saffron consumption and placebo controls were eval-
uated and the results were compared. The results showed
that expression of miR-21 (P = 0.002) was significantly
down-regulated in serum samples of recipients with saf-
fron in comparison with the placebo control group (Figure
2).

In 25% of those, who consumed saffron, the expression
level was higher than those in the placebo group; however,
in 75%, the expression level was either reduced or remained
unchanged (Figure 3). The analysis of real-time results for
both groups of men and women also showed that the ex-
pression level was reduced in those, who had used saffron
in either of the groups compared to the placebo group (Fig-
ure 4). Figure 5 indicates the melting curve and the stan-
dard curve for miR-21 expression. According to the Table 2,
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Figure 2. Down regulating of miR-21 in serum of atherosclerosis patients
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Table 1. Demographic Features of Participants

Variables
Group

P Valuea

Saffron Placebo

Ageb , y 51.6 ± 1.18 53.71 ± 1.33 0.092

Heightb , cm 165.97 ± 1.61 166.43 ± 1.99 0.856

Weight changeb , Kg 1.33 ± 0.15 1.46 ± 0.13 0.523

Increasec 7 (70) 3 (30)

0.339Decreasec 6 (40) 9 (60)

Stablec 17 (52) 16 (48)

Marital statusc 0.36

Single 0 (0) 2 (100)

Married 27 (52) 25 (48)

etc. 3 (75) 1 (25)

Genderc 0.293

Male 17 (59) 12 (41)

Female 13 (45) 16 (55)

Cigarette smokingc 0.526

No 28 (51) 27 (49)

Yes 2 (67) 1 (33)

Past medical historyc 0.259

No 16 (46) 19 (54)

Yes 14 (61) 9 (39)

Duration of heart diseasec 0.504

Less than 1 year 14 (50) 14 (50)

More than 1 year 16 (53) 14 (47)

a P < 0.05 significantly difference. P value for between group comparisons with Fisher’s exact test.
b Data are expressed as Mean ± Standard Error.
c Categorical variables are expressed as No. (%).

the mean± SEM of weight, body mass index, waist circum-
ference, and hip circumference in the saffron group de-
creased while it increased in the placebo group. In anthro-
pometric indices, only a significant decrease in the hip cir-
cumference parameter was observed in the saffron group
compared to the placebo (P = 0.049) (P = 0.006).

During the study period, there was a significant differ-
ence in weight (P = 0.000) and waist circumference in the
saffron group (P = 0.014), and this means that more time is
needed to make significant differences in groups.

Biochemical parameters are summarized in Table
3. There were no significant differences between study
groups regarding biochemical variables at the beginning
of the study. After the intervention, a significant decrease
was seen in cholesterol (P = 0.027), HDL (P = 0.014), and
LDL (P = 0.04) in both groups yet it should be considered
that there was no significant difference with time. Some

variables, such as age, gender, marital status, education,
weight and etc. were considered as confounding factors.

5. Discussion

The clinical outcomes of this double-blind, placebo-
controlled clinical trial of saffron therapy in patients with
atherosclerosis might be briefly summarized as follows:
100 mg/day saffron supplementation for six weeks did not
show significantly better clinical efficacy in the preven-
tion of atherosclerosis compared with the placebo groups.
However, saffron significantly down-regulated the miR-21
expression level compared with the placebo groups. In
addition, this study found that saffron had a significant
effect on hip circumference yet no significant effects on
FBS, total cholesterol, triglyceride, HDL, LDL, and other an-
thropometric parameters. Milajerdi et al. showed the
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Table 2. Demographic and Basal Clinical Data (No Significant Changing in Biochemical Factors Between Placebo-Control Cases and Saffron Treatment Cases Were Observed)a

Variables
Saffron Group Placebo Group P Valueb

Before After Before After Matching Group Time

Weight, Kg 81.3 ± 1.92 80.97 ± 1.8 84.98 ± 2.91 85.3 ± 2.92 0.290 0.830 0.000

BMI, Kg/m2 29.7 ± 0.84 29.46 ± 0.84 30.69 ± 0.91 30.81 ± 0.91 0.425 0.941 0.100

WC, cm 99.87 ± 2.21 99.37 ± 2.3 103.89 ± 1.86 104.46 ± 1.93 0.171 0.801 0.014

HC, cm 110.2 ± 1.37 107.73 ± 1.3 113.82 ± 1.44 112.21 ± 1.42 0.074 0.049 0.006

WHR 0.907 ± 0.019 0.923 ± 0.019 0.914 ± 0.015 0.933 ± 0.017 0.788 0.586 0.693

BP, mmHg 107.7 ± 2.42 101.66 ± 2.23 107.84 ± 3.53 103.21 ± 3.21 0.98 0.026 0.75

Abbreviations: BMI, body max index; BP, blood pressure; HC, hip circumference; WC, waist circumference; WHR, waist to hip ratio.
a All data are expressed as Mean ± Standard Error.
b Pmatching, P < 0.05 significantly difference between two groups the beginning of intervention; Pgroup, P < 0.05 significantly difference for intervention; Ptime, P <
0.05 significantly difference between two times before and after.

Table 3. Biochemical Parametersa

Variables
Saffron Group Placebo Group P Valueb

Before After Before After Matching Group Time

FBS, mg/dL 101.13 ± 3.11 100.07 ± 3.77 103.04 ± 4.86 98.43 ± 4.71 0.740 0.421 0.406

HDL, mg/dL 34.07 ± 1.41 32.3 ± 1.3 34.64 ± 1.19 31.18 ± 1.41 0.758 0.014 0.684

LDL, mg/dL 103.94 ± 6.33 94.87 ± 5.28 107.51 ± 7.51 96.54 ± 6.43 0.716 0.040 0.681

VLDL, mg/dL 25.53 ± 2.15 26.8 ± 2.08 28.12 ± 2.34 28.55 ± 1.87 0.416 0.547 0.843

Triglyceride, mg/dL 127.63 ± 10.74 134 ± 10.4 140.64 ± 11.67 142.75 ± 9.34 0.415 0.549 0.841

Cholesterol, mg/dL 164.37 ± 7.58 152.9 ± 5.97 170.39 ± 8.55 156.93 ± 7.48 0.599 0.027 0.803

Abbreviations: FBS, fasting blood sugar; HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very-high-density lipoprotein.
a All data are expressed as Mean ± Standard Error.
b Pmatching, P < 0.05 significantly difference between two groups the beginning of intervention; Pgroup, P < 0.05 significantly difference for intervention; Ptime, P <
0.05 significantly difference between two times before and after.
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Figure 3. The expression level in the treatment group. In 25% of those who had used
saffron, the expression level of microRNA was unexpectedly increased, however in
75%, the expression level was either reduced or remained unchanged, which was a
significant decrease in the expression level

beneficial effects of the saffron hydroalcoholic extract on
metabolic control in patients with type 2 diabetes. They

reported that FBS was significantly reduced following saf-
fron supplementation yet no statistically significant differ-
ences were observed in serum lipid levels after the inter-
vention period (30). In another study, Azimi et al. showed
that saffron treatment significantly increased HDL levels,
and decreased total cholesterol and LDL levels with no sig-
nificant effects on FBS and anthropometric measures (31).

Most previous literature showed that the microRNA ex-
pression profile differs significantly between atheroscle-
rotic plaques and healthy subject’s arteries. Among the
microRNAs profile, miR-21 is implicated to play an impor-
tant role in the progression of atherosclerosis (32). Some
previous studies showed that miR-21 was significantly in-
creased in atherosclerosis (33) and had a high expression
in areas susceptible to atherosclerosis (34). Furthermore, it
has been reported that miR-21 has a key role in plaque for-
mation and atherosclerosis progress (35). The results from
previous studies indicated that saffron supplementation
can down-regulate miR-21 expression and as a result could
decrease plaque formation and progression in atheroscle-
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Figure 4. The comparison of expression level in men and women. Decrease in expression level was not affected by the gender, though the expression level was different in
both sexes.

rosis patients (36). Davis et al.’s study suggested that bioac-
tive dietary, such as retinoids and etc., has protective effects
by modulation of miRNA expression (37). A previous study
showed that there is a genoprotective effect in aqueous ex-
tract of Crocus sativus stigmas and crocin that is inhibited
on methyl methane sulfonate (MMS)–induced DNA dam-
age in mice organs (38). Also, a number of studies have in-
dicated that aqueous extract of saffron in mice organs de-
fends from genotoxins-induced oxidative stress and DNA
damage (39, 40).

All of these beneficial effects of saffron can be ex-
plained by the following proposed mechanisms: The reg-
ulatory Protein Peroxisome Proliferator Activated Recep-
tor Alpha (PPAR-α) by reducing the Activator Protein 1
(AP1) transcription factor, and reduced the expression of
sticky molecules that are involved in atherosclerosis. miR-
21 reduced the expression of PPAR-α and thus the risk
of atherosclerosis was increased (36). Saffron, through
anti-inflammatory and antioxidant mechanisms, such as
elimination of free radicals, and increased levels of glu-
tathione reductase and other enzymes prevented the ini-
tiation of atherosclerosis (Figure 6) (41). In Rodriguez-
Ruiz et al.’s study, the effect of aqueous extract of saf-
fron on the regulation of expression of miR-21 and miR-142
was investigated in basal conditions and oxidative stress.
This study showed that miR-21 was significantly increased
under stress conditions (24). In 2013, Mehdizadeh et al.
showed the cardio-protective effect of saffron extract and
safranal in isoproterenol-induced myocardial infarction in

Wistar rats. Saffron extract and safranal caused a lower in-
crease in myocardial lipid peroxidation levels, CK-MB, lac-
tate dehydrogenase, and malondialdehyde than the con-
trol groups, and less myocardial damage occurred. It
seemed these effect may be due to the regulation of ox-
idative stress (42, 43). Weber et al. showed that stress in
vitro indirectly caused increased expression of miR-21 in
human endothelial cells and increased the regulation of
endothelium-derived nitric oxide and reduced apoptosis
of endothelial cells (44).

Investigating the beneficial molecular effects of saf-
fron for the first time in atherosclerotic patients in the
form of clinical trial was the strength of the current study.

This study had some limitations, including low sample
size and short duration of the intervention. Therefore, new
studies with greater sample sizes and longer intervention
duration are needed to evaluate the potential use of miR-
NAs, as therapeutic biomarkers for atherosclerosis.

5.1. Conclusions

In the present study, differentially expressed miRNAs
were observed between atherosclerosis patients that con-
sumed saffron supplements and placebo. The MiR-21 was
down-regulated in the saffron group. However, hip circum-
ference was significantly decreased in the saffron group yet
had no significant effect on other anthropometrics indexes
and biochemical parameters, such as FBS and lipid profile.
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Figure 6. Schematic of saffron effects in mir-21 expression level and affected plaque formation. Atherosclerosis, the major cause of cardiovascular disease, is a chronic inflam-
matory disease characterized by the accumulation of lipids and inflammatory cells in the artery wall. Major cells in atherosclerosis plaque are regulated by microRNAs. miR-21
can influence the processes of atherosclerosis (45). miR-21 is the most abundant miRNA in macrophages and its absence results in accelerated atherosclerosis, plaque necrosis,
and vascular inflammation. miR-21 expression influences foam cell formation, sensitivity to ER-stress-induced apoptosis, and phagocytic clearance capacity. (46) myointimal
hyperplasia and other showed in figure. miR-21 may represent new molecular targets for atherosclerosis prevention and therapy and saffron could down-regulate the miR-21
level and decrease plaque formation

TBZMED.REC.1395.1345), and it was registered at the
Iranian Registry of Clinical Trials (IRCT201511192017N25),
and written informed consent was obtained from all the
study subjects.
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