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 Introduction and Objectives: Current evidence on the association between 
serum trace element levels and the development of Metabolic Syndrome 
(MetS) is limited and inconsistent. Recently, investigators have examined 
saffron supplementation that, which could increase serum trace elements in 
individuals with MetS. This paper will focus on determining the impact of 
crocin capsules on the effectiveness of serum Zn, Cu, and Mg in people 
diagnosed with MetS. 
Methods: In this study, a double-blind clinical trial was a conducted, 
comprising 44 individuals with MetS aged18-70 years.  Patients were 
categorized into a treatment group receiving crocin capsules (1g/day) or a 
placebo group for a period of 30 days. Levels of serum Zn, Mg, and Cu were 
measured using an automated analysis system (Model BT3000, Nica 
Instruments Biotech, Rome, Italy) at the baseline and end of the study. 
Results: Forty-four subjects completed the clinical trial. The investigation 
showed that baseline characteristics revealed no notable differences between 
the placebo and crocin groups (p > 0.05). According to our analysis, it was 
visibly apparent that there was an increase in serum Zinc levels following 
crocin supplementation for 30 days. Crocin supplementation had no significant 
effects on serum. Mg, Zn/Cu, or Cu concentrations. 
Conclusion: Metabolic disorders can be modulated by increasing the supply of 
dietary compounds with antioxidant properties such as crocin. 
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    Introduction 

    Metabolic Syndrome (MetS) refers to a 
clusterof interrelated risk factors that 
increase the risk of Cardiovascular Disease 
(CVD), includeing insulin resistance, central 
obesity, or disrupted glucosemetabolism, 
dyslipidemia, and hypertension (1). 
Epidemiological studies show that genetic 
and lifestyle factors play a fundamental role 
in the progression of MetS (2). MetS occurs 
most often in populations with by excessive 
nutrient intake and physical inactivity (3). 
Global prevalence is reported to be between 
14% and 32%, depending on age and sex. 
Additionally, approximately 30% of the 
Iranian population is reported to suffer from 
MetS (4). Several studies have indicated that 
the status of certain trace elements, including 
copper and zinc, is associated with MetS (5). 
The regulation of inflammatory processes is 
significantly influenced by essential metals, 
particularly zinc and copper (6). Studies have 
shown that copper and zinc supplementation 
can reduce chronic inflammation by 
preventing the activation of NF-κb induced by 
lipopolysaccharides (7). According to the 
analysis, systemic inflammation may be a 
potential underlying mechanism linking the 
prevalence of MetS to exposure to essential 
metals (5). 
   Zinc is essential for various metabolic 
functions in humans, including the reduction 
of oxidative stress, the management of 
inflammation, and the synthesis and 
secretion of insulin. Therefore, it may have 
implications for the development of MetS (8, 
9). In Iranian individuals, serum zinc levels 
were clearly higher in men with MetS than in 
those without MetS (10, 11). Copper also play 
a role in several antioxidant enzymes, 
including catalase, cytochrome oxidase and 
superoxide dismutase (12). Some studies 
indicate that copper may be related to MetS 
(13-16). Additionally, several reports have 
demonstrated a relationship between copper 
consumption and an increased risk of MetS 
(17, 18). Magnesium is essential for the 
absorption and utilization of several 
nutrients. In some meta-analysis studies, it 
has been mentioned that there is a negative 
relationship between magnesium 
consumption and MetS (19, 20). However, in 
individual studies, it has been shown that 

there is a significant relationship only in 
women, which is controversial (21, 22). 
Understanding how these metals are affected 
by lifestyle factors is likely to be important in 
understanding the etiology and management 
of MetS (23,24).  
   Crocin has powerful antioxidant and anti-
inflammatory propertiesand has been 
studied for its potential benefits in conditions 
related to oxidative stress (25). Derived from 
saffron, crocin has various reported  health 
benefits (26), including cardioprotective, 
anti-cancer, anti-inflammatory, 
neuroprotective, antihypertensive, and anti–
oxidant actions (27). Furthermore, it has 
been suggested that crocin can affect glucose 
metabolism and insulin sensitivity (28, 29). 
Evidence suggests that crocin treatment 
significantly corrected atypical changes in 
serum cholesterol, LDL-c, HDL-c, and 
triglyceride levels in diabetic rats, with the 
higher dose of crocin showing a modestly 
improved outcome compared to the lower 
dose. Consequently, the antidiabetic effects of 
crocin, along with its capacity to improve 
lipid profiles in diabetic individuals affected 
by these changes, are of substantial 
significance (29). However, there is limited 
quantity of research evaluating the effects of 
crocin on trace elements in subjects with 
MetS (30). Trace elements, such as zinc, 
copper, and selenium, play crucial roles in 
metabolic processes, oxidative stress 
regulation, and inflammation, all of which are 
implicated in MetS. Crocin, a key bioactive 
compound in saffron, is known for its anti-
inflammatory, antioxidant, and metabolic 
regulatory features. Previous studies suggest 
that crocin supplementation may influence 
serum trace element levels, potentially 
improving metabolic health by restoring 
balance (31). 
   Hence, the purpose of this trial was to 
evaluate the effect of crocin on serum zinc, 
copper, and magnesium levels in subjects 
with MetS. 

  Materials and Methods  

   Study population 

   For this randomized controlled clinical trial 
(RCT), participants were recruited from 
obese individuals who had been referred to 
the Nutrition Department of Ghaem Hospital 
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between August 2010 and August 2012. The 
study flow chart is shown in Figure 1. 
   The study protocol received approval from 
Mashhad University of Medical Sciences 
(IRCT2013080514279N1). All individuals 
provided informed consent. This form was 
obtained from all participants in accordance 
with protocols granted by the Ethics 
Committee of Mashhad University of Medical 
Sciences (IR.MUMS.fm.REC.1397.018). This 
study enrolled 44 subjects with metabolic 
syndrome (aged 18 to 70 years) between 
April and June 2014 who fulfilled the 
eligibility requirements described previously 
(32). Participants were included based on the 
criteria established by the National 
Cholesterol Education Program (NCEP) Adult 
Treatment Panel III (ATPIII) criteria for MetS: 
waist circumference greater than 102 cm in 
males and greater than 88 cm in females, 
insulin resistance (fasting blood glucose 
(FBG)> 100 mg/dl ) impaired glucose 
tolerance  dyslipidemia with elevated serum 
triglyceride levels (TG)> 150mg/dl,  reduced 

serum high-density lipoprotein cholesterol 
levels HDL-C < 50 mg/dl in females and HDL-
C < 40 mg/dl in males, and high blood 
pressure (> 130/85 mmHg). 

   Randomization and Blinding 

   Computer generated random numbers 
were used to perform random allocation to 
groups in this trial. Sequentially numbered 
sealed envelopes were also used to perform 
the random allocation sequence by an 
anonymous person in the project. The 
intervention group used crocin capsules 
while the control group used placebo 
capsules containing starch. It is worth noting 
that the placebo capsules were identical in 
shape and color to the crocin capsules. The 
production of crocin tablets followed the 
methodology outlined by Nikbakht-Jam et al. 
(33). Curcumin capsules contained 5 mg of 
piperine and 500 mg of curcuminoids, while 
placebo capsules contained 5 mg of piperine 
(like the curcumin capsules). 

 

Figure 1. Flow chart of study. 
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   The dosage of crocin (1 g/day) for 
individuals with Metabolic Syndrome (MetS) 
is likely based on previous studies evaluating 
its efficacy in improving metabolic factors. A 
meta-analysis and systematic review of 
randomized controlled trials found that 
Crocus sativus and crocin supplementation 
improved systolic blood pressure, 
hemoglobin A1C, and fasting blood glucose in 
cases with metabolic disorders. Additionally, 
a clinical trial assessing crocin's effects on 
MetS components used 100 mg/day for six 
weeks, suggesting that different dosages have 
been explored (34). The choice of 1 g/day  is 
based on optimizing therapeutic effects while 
ensuring safety and tolerability.  

   Outcome Measurements 

   All subjects underwent blood sampling 
after a 12-hour fasting period, both before the 
intervention began and at the end of the 
intervention. A total of 44 subjects were 
allocated to two distinct groups: 22 
individuals received crocin and 22 
individuals received a placebo. All 
participants took 2 tablets of 30 mg each of 
both crocin and placebo per day for a period 
of eight weeks. Standard protocols were used 
to measure anthropometric indices and 
subjects were asked to complete a 
questionnaire that included questions on 
demographic information. 

   Laboratory measurements 

  The concentration of magnesium, zinc, and 
copper was evaluated using an auto-analyzer 
(model BT3000, Biotech nica Instruments, 
Rome, Italy) and commercial kits (Zn: 462-
01-111/3, Mg: 1028, Cu: 341-01-038/1). 

  Statistical analysis 

  Statistical analyses were conducted using 
SPSS software version 18. To assess variables 
that did not follow a normal distribution, t-
tests, Mann-Whitney and U tests were 
utilized. The level of statistical significance 
was set at <0.05. 

   Results 

   Forty-four subjects completed the clinical 
trial. Table 1 displays the baseline clinical 
factors of the participants .The investigations 
revealed  no significant differences in Cu, Mg, 
Zn/Cu, and Zn between the crocin and 
placebo groups (p> 0.05). 

The influence of crocin on serum levels of 
Zn, Cu, and Mg in the study groups is 
presented in Table 2. The data showed a 
significant difference (P = 0.03). However, no 
significant difference was observed between 
the study groups after the intervention (P > 
0.05).  

Table 1. Baseline biochemical variables in the study groups. 

 

    

 

*Data are presented as Mean ± SD or median and interquartile range. 

Table 2. Crocin’s effects on serum levels of Cu, Zn and Mg in the study groups. 

Variable Crocin (N=21) Placebo (N=22) P-value 

Serum Zn, µg/dl 93.34±24.56 96.37±25.19 0.801 

Serum Cu, µg/dl 104.55±34.44 86.00±18.10 0.164 
Serum Zn/Cu 1.05(0.78 to 1.23) 1.10(0.94 to 1.42) 0.374 

Serum Mg, µg/dl 1.76(1.72 to 1.89) 1.77(1.65 to 1.87) 0.703 

 Variable Crocin (N=21) Placebo (N=22) P-value 

After the 

intervention 

period 

Zn, µg/dl 99.56±17.12 97.69±24.82 0.462 

Cu, µg/dl 100.16±33.45 83.14±13.42 0.085 

Zn/Cu 0.92(0.76 to 1.23) 1.14(0.97 to 1.40) 0.060 

Mg, µg/dl 1.90(1.86 to 1.95) 1.85(1.69 to 2.01) 0.444 

Difference 

between values 

before and after 

intervention 

Zn, µg/dl 6.22±19.85 1.32±28.31 0.03* 

Cu, µg/dl -5.21±17.53 -6.16±26.16 0.941 

Zn/Cu 0.50(-0.07 to 3.01) 0.37(-1.33 to 1.45) 0.628 

Mg, µg/dl 0.10(-0.14 to 0.16) -0.03(-0.48 to 0.12) 0.297 
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Therefore, there were no meaningful effects 
of crocin at 1 g per day for 30 days on serum 
Mg, Zn/Cu, and Cu concentrations. 

   Discussion  

   This double-blind randomized controlled 
trial study was the first to examine the impact 
of crocin on serum levels of Cu, Mg, and Zn in 
subjects with MetS in the Iranian population. 
Crocin, the main carotenoid in saffron, has 
potent antioxidant properties that can 
neutralize some free radicals (35, 36). A study 
on individuals how had MetS (by Nikbakht-
Jam et al.) showed people taking 30 mg/day 
of crocin for 8 weeks had an effect on oxidant 
status in individuals with MetS (33). Crocin 
has various properties, such as potential 
positive effects on hyperlipidemia, high blood 
pressure, and hyperglycemia and it may also 
affect MetS (35). However, a controlled, 
double-blind study administering 100 
mg/day of crocin tablets for less than 2 
months had no effect on the components of 
MetS (37). 
   Due to the important effects of magnesium, 
zinc and copper on human metabolism, we 
examined crocin’s effect on the levels of Mg, 
Zn, and Cu in subjects with MetS. Zinc has 
antioxidant and anti-inflammatory 
properties (38, 39). An imbalance between 
zinc and copper levels has been documented 
to cause oxidative stress and their deficiency 
is effective in a greater likelihood of 
developing cardiovascular disease and 
diabetes (40). Some studies indicate a 
correlation between serum Zn and Cu levels 
and MetS (41-43). In 2012, Yu et al. 
demonstrated in Chinese men with MetS that 
serum zinc levels were higher (44). 
Additionally, in another study, results 
showed that the level of serum zinc was 
significantly higher in men with MetS 
compared to those without it, but in women 
with MetS, this trend was reported to be 
negative (10, 45). Based on the double-blind 
clinical trial showeda Relationship between 
MetS and concentration of magnesium (46). A 
cohort study demonstrated Characters with 
serum Zn in the lower quartile compared to 
higher quartile levels had a Elevated fasting 
blood glucose level (FBG) and degree of 
insulin resistance (47). Darroudi et al. 
showed that Serum levels ofserum Zn and Cu 

in normal BMI persons in an Iranian 
populationwere related to the prevalence of 
MetS (48). Serum concentrations of Cu, Zn, 
and Mg have been reported to be associated 
with the prevalence of MetS, although there 
have been conflicting results in different 
populations (48). In our study, administering 
crocin at a dosage of 60 mg per day for eight 
weeks showed no significant impact on 
serum Zn and Mg levels. However, the time 
constraints of the study as well as the low 
amounts of crocin consumed may be 
responsible for our negative result. 

  Conclusion 

  A total of forty-four subjects were included 
in this clinical trial. According to our analysis, 
a notable rise in serum zinc levels was 
demonstrated following crocin 
supplementation for a period of 30 days. 
Nevertheless, no notable effects of crocin 
supplementation on serum Mg also Cu Mg 
concentrations were observed. Therefore, 
metabolic disorders can be modulated by 
increasing the supply of dietary compounds 
with antioxidant properties such as crocin. 
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