
ABSTRACT

Selenium (Se) supplementation may decrease the severity of ulcerative colitis (UC) through 
the activation of genes responsible for immune modulation. The present research was aimed 
to assess the effect of Se supplementation on the expression of silent information regulator 
1 (SIRT1) and peroxisome proliferator-activated receptor γ coactivator-1α (PGC-1α) in UC 
patients. In a double-blind randomized parallel clinical trial, 100 patients with mild-to-
moderate active UC met inclusion criteria and divided into 2 groups of treatment (50 patients 
received selenomethionine [200 µg daily]) and placebo (50 patients received placebo [1 
capsule daily]) for 10 weeks. The expression rates of SIRT1 and PGC-1α were examined in the 
peripheral blood mononuclear cell (PBMC) using the real-time polymerase chain reaction. 
There was no considerable difference in the mean of baseline demographic and clinical 
characteristics between groups. Also, there were no significant differences in total energy 
intake, macronutrients, and micronutrients between groups. The SIRT1 gene expression in 
the Se group was significantly increased compared to the placebo (p < 0.001). An increase in 
the expression of the PGC-1α gene in the Se group was not statistically significant. It seems 
that Se supplementation caused a significant decrease in the inflammatory response of the 
colon by a significant increase in the expression of the SIRT1 gene.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory bowel disease (IBD) with higher distribution 
amongst 30–40 years old adults [1]. Epidemiological surveys revealed the high annual 
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incidence of UC amongst the people in Europe (24.3 per 100,000 individuals), Asia, and 
the Middle East (6.3 per 100,000 individuals) [2]. UC is mostly recognized with bowel 
movements, diarrhea, rectal bleeding, local inflammation, abdominal pain, urgency, and 
incontinence [1,2]. Nevertheless, many factors play significant portions in the pathogenesis 
of UC, but the roles of nutritional factors may be more prominent [3].

Selenium (Se) is a vital trace element that exists in both organic and inorganic forms with 
considerable catalytic and antioxidant effects [4]. The therapeutic roles of Se have been mainly 
attributed to its presence in selenoproteins, as the 21st amino acid, selenocysteine, which is 
responsible for modulating pathways in inflammation [5]. Several epidemiological studies 
have shown low Se concentrations in patients who suffered from UC and IBD [6,7]. Thus, Se 
deficiency in IBD patients was accompanied by increased severity of the UC and IBD [6,8].

Se supplementation has been specified to protect toward tissue damage in experimental 
UC by adjusting the expression of genes involved in the mitochondrial cell death regulation 
[9]. According to the hypothesis, Se supplementation may act as a protective factor against 
inflammation by adjusting the expression of some kinds of genes involved in the immune 
responses [10]. In the study, Li et al. [11] found that treatment with Se nanoparticles reduced 
cell apoptosis through an increase of mRNA levels of silent information regulator 1 (SIRT1) in 
acute kidney injury models.

SIRT1 is NAD(+)-dependent histone deacetylases involved in the regulation of antioxidant 
defense factors, inflammation, and cell apoptosis [12,13]. Furthermore, SIRT1 can play a vital 
role in increasing the survival of inflammatory cells, including colon cells, in colitis [14]. On 
the other hand, human and experimental studies have shown that SIRT1 was down-regulated 
in UC patients or IBD models [14-17], and treatment with SIRT1 activators significantly 
alleviates the symptoms of colitis [15,17]. Studies have demonstrated that SIRT1 is an 
important factor in the activation of peroxisome proliferator-activated receptor γ coactivator-
1α (PGC-1α) [18].

PGC-1α protein is an activator in the cell nucleus which controls numerous biological 
activities, such as oxidation, mitochondrial biogenesis, and inflammation [18]. PGC-1α 
like SIRT1 has decreased in colitis patients as well as Se deficient experimental colitis 
[19,20]. Increasing the expression of PGC-1α by increasing antioxidant enzymes can protect 
intestinal cells against oxidative stress and reduce the incidence of apoptosis which leads to 
ameliorating the disease in IBD patients [19].

However, the exact protective effects of these genes in patients with UC is still unknown. 
According to the high importance of UC, the possible role of Se supplementation in patients 
with UC, and also probable roles of SIRT1 and PGC-1α genes in the pathogenesis of UC, 
existing research was carried out to assess the effect of Se supplementation on the expression 
of SIRT1 and PGC-1α genes on UC patients.

MATERIALS AND METHODS

Ethical consideration
The study was ethically confirmed by the ethical council of the Iran University of Medical 
Sciences (IR.IUMS.REC.1397.688) and registered in the Iranian Center for Clinical Trials (No. 
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IRCT20091114002709N51). All included patients signed an informed consent form, and the 
method and benefits of the study were explained.

Study population
The present multicenter randomized, placebo-controlled, double-blind study was conducted 
on 100 patients with mild-to-moderate active UC who were referred to 3 medical centers in 
Tehran, Iran (Rasoul Akram Hospital, Imam Khomeini Hospital, and gastrology clinic of 
Iran medical university) between April 2019 and May 2020. Patients over 18 years of age with 
a confirmed histological and endoscopic diagnosis of UC, body mass index (BMI) of 18.5–30 
kg/m2 were selected. In the study, active mild to moderate UC was determined by a Simple 
Clinical Colitis Activity Index score of ≥ 5 and < 12. Exclusion criteria of the study were use of 
non-steroidal anti-inflammatory drugs and corticosteroids, the use of anti-tumor necrosis 
factor (TNF) agents, the use of multivitamin-mineral, omega-3 fatty acids, polyphenolic and 
antioxidant supplements and also changing the type or dose of medication over the past 
month. Besides patients with other diseases (cancer, renal, liver or cardiovascular disease, 
and diabetes mellitus), pregnant or lactating women were excluded.

Interventions
Patients were randomly divided into 2 groups according to permuted block randomization 
design generated via the www.Randomization.com website. Patients were given 1 
selenomethionine capsule contained 200 µg/day (21st-Century Company, Tempe, AZ, 
USA) or placebo for 10 weeks. Placebo capsules contained rice flour and were prepared by 
the Faculty of Pharmacy, Shahid Beheshti at University of Medical Sciences, Tehran, Iran. 
The size and color of placebos were completely similar to Se capsules, also packaged likely 
to Se boxes. All intervention packs were marked by numbers (1–100) to concealment of 
randomization codes. The randomization list and numbered packing of intervention were 
performed by a person not involved in the study. The intervention packs were placed in the 
laboratory and given to the patients by the secretary according to the code numbers. Patients 
and all study personnel were blinded to treatment assignment throughout the study. The 
patient an adherence was assessed based on peel count at the end of the study, and adherence 
rate of ≤ 85% has been reported as non-adherence and excluded.

Measurements
At the first and 10th weeks of study, anthropometric measurements, dietary intake, and 
physical activity were assessed in each patient. Dietary intake by 3-day food record and 
physical activity by the International Physical Activity Questionnaire were evaluated. Patients 
were asked to continue their daily regular diet and physical activity during the study without 
any change. Furthermore, to an assessment of gene expression, a peripheral blood sample (10 
mL) was obtained after 10–12 h of fasting at the first and the end of the intervention.

RNA extraction and cDNA synthesis
Buffy coat samples of blood white cells were separated by centrifugation (Shimadzu, 
Kyoto, Japan). RNA was extracted using RNX-plus Sinacolon Kit (CinnaGen Co., Tehran, 
Iran) according to the protocol of the producing company. The RNA concentrations were 
determined by Nanodrop device (NanoDrop, Wilmington, DE, USA). All RNA samples had a 
260:280 absorbance ratio between 1.9 and 2.1. Then, cDNA was synthesized using SinaClon 
first-strand cDNA synthesis kit (CinnaGen Co.) according to the protocol of the producing 
company. Extracted cDNA samples were subjected to quantification by NanoDrop device 
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(Thermo Scientific,, USA), qualification (2% agarose gel), and purity checking (A260/A280). 
The cDNA was stored at −80°C until subsequent analysis.

Gene expression
Real-time polymerase chain reaction (PCR) was carried out to determine the levels of 
SIRT1 and PGC-1α genes expression in extracted cDNA samples. GAPDH was used as the 
housekeeping gene. Table 1 describes a list of primers and housekeeping gene used in the 
real-time PCR reaction [21]. Real-time PCR thermocycler (Rotor-Gene 6000; QIAGEN, 
Germantown, MD, USA) was used to assess the expression rates of the SIRT1 and PGC-1α 
genes in examined groups using SYBR Green PCR master mix (Applied Biosystems, Foster 
City, CA, USA), according to the manufacturer's instructions. The real-time PCR reaction 
was performed by 5 µL of SinaSYBR Blue HS-qPCR Mix (2×) (Sinaclone, Tehran, Iran), 1 µL 
of extracted cDNA, 0.25 μL of each 10 μM forward and reverse primers, and 3.5 µL sterile 
distilled water, making a total volume of 10 μL. Forty cycles of 95°C for 15 seconds, 60°C for 
30 seconds, and 72°C for 20 seconds were run after the denaturation of DNA at 95°C for 5 
minutes. The melting curve analysis was conducted from 55°C to 99°C with a 0.2-second 
interval. The data were analyzed according to the delta-delta Ct (ΔΔCt) method and were 
normalized to SIRT1 and PGC-1α expression in each sample.

Statistical analysis
Statistical analysis was performed using STATA v.14 (StataCorp, College Station, TX, USA). 
Data of 3-day food records were analyzed via Nutritionist IV software (v.4.1; First Data 
Bank Division, The Hearst Corporation, New York, NY, USA). The assessing normality 
of data distribution was performed by histograms and the Shapiro-Wilks test. Baseline 
characteristics were compared among the 2 intervention groups using an independent 
sample t-test for continuous data and a χ2 test for ordinal data. Intention to treat analysis 
was performed to address missing data. To remove the impact of the confounding factors, 
an analysis of analysis of variance/analysis of covariance models was used. The p value was 
considered to be statistically significant when 0.05. The magnitude of the treatment effect 
is presented as mean difference, standardized mean difference (SMD), and 95% confidence 
interval (CI).

RESULTS

Study population
One-hundred eligible patients (50 patients in each group) took part in the randomized 
controlled trial. Eighty-nine patients completed the study (44 patients in Se group and 45 
patients in the placebo group) and eleven patients lost to follow up. Figure 1 shows the 
withdrawal reasons of the patients.
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Table 1. Primers and housekeeping gene used in the real-time polymerase chain reaction
Target gene Oligonucleotide primers (5′-3′)
SIRT1 F: TAGTAGGCGGCTTGATGGTAATC

R: GGTTCTTCTAAACTTGGACTCTGG
PGC-1α F: GTCAACATTCAAAGCAGCAGAGAG

R: GACACATAATCATTACCTACTGGAAGC
GAPDH F: GAAGGTGAAGGTCGGAGTCAAC

R: CAGAGTTAAAAGCAGCCCTGGT
F, forward primer; R: reverse primer; SIRT1, silent information regulator 1; PGC-1α, peroxisome proliferator-
activated receptor γ coactivator-1α; GAPDH, Glyceraldehyde-3-phosphate dehydrogenase

https://e-cnr.org


The baseline demographic and clinical characteristics contain sex, age, BMI, waist 
circumference (WC), duration of UC, and extension of disease in both groups were 
summarized in Table 2. The mean age in Se and placebo groups was 34.5 and 37.9, respectively. 
There was no considerable difference in mean of weight, BMI, and WC between groups at the 
beginning of the study. The median duration of disease in Se and placebo groups was 5 (3–10) 
and 6 (3–10) years, respectively. Although the number of patients with rectosigmoid colitis (10 
vs. 16) were higher in the placebo group, there was no significant difference between other 
colitis groups. Eighty-two percent of patients had used mesalamine in the Se group vs. 85% 
in the placebo group (p > 0.05). Also, there was no significant difference in mean (standard 
deviation) of anthropometric indices such as weight (69.5 [0.8] vs. 69.8 [0.8]) and BMI (24.1 
[0.2] vs. 24.2 [0.3]) between Se and placebo at the end of the study (p > 0.05).
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145 patients screened

100 patients randomized

50 patients allocated to selenium group 50 patients allocated to placebo group

44 patients completed the study 45 patients completed the study

6 patients withdrawal:
- Adverse events (n = 1)
- Loss to follow-up (n = 4)
- Exacerbation of the disease (n = 1)

5 patients withdrawal:
- Adverse events (n = 1)
- Loss to follow-up (n = 2)
- Exacerbation of the disease (n = 2)

45 patients excluded:
- 40 not meet inclusion criteria
- 5 refused to attend

Figure 1. PRISMA flow diagram for study selection.

Table 2. Baseline demographics and clinical characteristics of the study patients
Characteristics Selenium (n = 50) Placebo (n = 50) p value
Age 34.5 ± 11.2 37.9 ± 10.8 NS*
Sex (M/F) 16/34 20/30 NS†

Weight 69.2 ± 12.1 70.3 ± 11.1 NS*
BMI 24.4 ± 3.4 24.3 ± 3.3 NS*
WC 82.5 ± 10.8 83.6 ± 12.8 NS*
Smoking 13 (26) 12 (24) NS†

Alcohol 8 (16) 6 (12) NS†

Duration of disease (yr) 5 (3–10) 6 (3–10) NS‡

Extension of disease NS†

Proctitis 18 (36) 15 (30)
Left-sided 18 (36) 17 (34)
Extensive 4 (8) 2 (4)
Rectosigmoid 10 (20) 16 (32)

Medicines used NS†

Mesalamine 41 (82) 43 (86)
Mesalamine + immunosuppressants 9 (18) 7 (14)

Values are presented as mean ± standard deviation, number (%), or median (interquartile range).
NS, not significant.
*According to independent t-test; †According to χ2 test; ‡According to Mann-Whitney.

https://e-cnr.org


Dietary intakes and physical activity levels
The mean dietary intakes and physical activity levels are displayed in Table 3. There were no 
significant differences in total energy, macronutrients, and micronutrients intake between 2 
groups at the beginning and also at the end of the study. The mean daily Se intakes were 58.67 
± 15.40 µg/day in Se group and 57.93 ± 13.76 µg/day in the placebo group at the beginning of 
the study (Table 3).

SIRT1 and PGC-1α genes expression
Table 4 indicates the comparison of PGC-1α and SIRT1 gene expression in the 2 groups. 
Findings revealed that the expression of SIRT1 in the group of UC patients treated with Se 
has been significantly increased compared with placebo (p < 0.001) (SMD, 0.86; 95% CI, 
0.45–1.27). After adjustment for study confounders (the baseline value, age, and colitis 
groups), the difference between Se and placebo remained statistically significant (p < 0.001). 
Whereas an increase in the expression of PGC-1α gene after Se treatment was not statistically 
significant between groups at the end of the study (p = 0.146) (SMD, 0.29; 95% CI, −0.10–
0.68). The effect of Se supplementation on gene expression of PGC-1α and SIRT1 was shown 
in Figures 2 and 3, respectively.
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Table 3. Dietary intake and physical activity of the study patients
Variables/groups Selenium (n = 50) Placebo (n = 50) p value*
Energy intake (kcal/day)

Pre 1,794.2 ± 208.8 1,834.2 ± 207.6 0.594
Post 1,819.3 ± 212.7 1,828.3 ± 262.7 0.262

Carbohydrate intake (g/day)
Pre 243.5 ± 27.3 254.0 ± 38.8 0.719
Post 251.9 ± 52.4 249.8 ± 36.6 0.625

Protein (g/day)
Pre 71.1 ± 22.8 62.1 ± 9.8 0.554
Post 70.7 ± 10.6 66.5 ± 10.6 0.314

Fat (g/day)
Pre 73.1 ± 18.32 69.1 ± 18.2 0.264
Post 72.9 ± 20.1 70.2 ± 14.7 0.385

Selenium (µg/day)
Pre 58.6 ± 15.4 57.9 ± 13.7 0.900
Post 59.4 ± 14.4 59.4 ± 15.9 0.997

Physical activity (MET.h/day)
Pre 27.2 ± 11.9 28.7 ± 9.3 0.691
Post 27.6 ± 12.1 28.9 ± 10.0 0.708

Values are presented as mean ± standard deviation.
*According to independent t-test.

Table 4. Comparison of SIRT1 and PGC-1α expression in pre and post intervention by the study groups in according to different models
Gene Time point Selenium (n = 50) Placebo (n = 50) Mean difference 

(95% CI)
Cohen's d (95% CI) p value Adjusted R2 Adjusted p 

value‡
Adjusted p 

value§

SIRT1 Pre 0.863 ± 0.149 0.972 ± 0.285 - - 0.512* - - -
Post 1.573 ± 0.111 0.896 ± 0.109 0.67 (0.36–0.98) 0.86 (0.45–1.27) < 0.001† 0.15 < 0.001 < 0.001

PGC-1α Pre 1.102 ± 0.866 1.110 ± 0.131 - - 0.964* - - -
Post 1.352 ± 0.102 1.141 ± 0.100 0.21 (−0.07–0.49) 0.29 (−0.10–0.68) 0.146† 0.42 0.148 0.149

Data presented as mean ± standard deviation.
PGC-1α, peroxisome proliferator-activated receptor γ coactivator-1α; SIRT1, silent information regulator 1; CI, confidence interval; ANOVA, analysis of variance; 
ANCOVA, analysis of covariance.
*Calculated based on independent t-test; †Calculated based on ANOVA model; ‡Adjusted for potential covariate (the baseline value, age) (calculated based on 
ANOVA/ANCOVA model); §Adjusted for potential covariate (the baseline value, colitis groups) (calculated based on ANOVA/ANCOVA model).
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DISCUSSION

According to our knowledge, this is the first clinical trial to investigate the effects of Se 
supplementation on expression of genes involved in the inflammatory response in UC 
patients. The study findings revealed that the expression of SIRT1 gene was significantly 
increased after Se supplementation. Also, according to our results, the Se supplementation 
was a large and considerable effect on up-regulating the expression of SIRT1 gene, (SMD, 
0.86; 95% CI, 0.45–1.27). This finding may show the therapeutic effect of Se supplementation 
in UC patients through the up-regulating expression of SIRT1.

SIRT1 is an essential metabolic sensor that controls a diversity of biological procedures such 
as apoptosis, metabolism, stress response, mitochondrial biogenesis, and inflammation in 
response to environmental conditions/ oxidants [22,23]. The SIRT1 physiological roles are 
mostly mediated through some transcription factors such as nuclear factor-κB (NF-κB) and 
PGC-1α [24]. The various beneficial functions of SIRT1 in metabolism and inflammation have 
been demonstrated in different diseases such as IBD [25]. It has been documented that the 
change in SIRT1 is very important as controllers of chronic inflammation [26].

Studies proved that SIRT1 can influence the regulation of intestinal inflammation and tissue 
homeostasis in UC model [15,16,27]. Since down-regulation the expression of SIRT1 upraise 
the concentrations of the pro-inflammatory cytokines that are involved in UC pathogenesis 
activation of SIRT1 caused a significant reduction in the symptoms of the disease in IBD [14,15].
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Stages of trial
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p = 0.964 p = 0.309

Post
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Figure 2. Effect of Se supplementation on gene expression of PGC-1α (data presented as 2−ΔΔCt). 
Se, selenium; PGC-1α, peroxisome proliferator-activated receptor γ coactivator-1α; ΔΔCt, delta-delta Ct.

Stages of trial
Pre

p = 0.512 p = 0.000
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Figure 3. Effect of Se supplementation on gene expression of SIRT1 (data presented as 2−ΔΔCt). 
Se, selenium; SIRT1, silent information regulator 1; ΔΔCt, delta-delta Ct.

https://e-cnr.org


Treatment with SIRT1 activators is beneficial in improving cell function and inflammatory 
responses [28]. Finding a recent study shows that treatment with curcumin and resveratrol 
exert protective functions on the colitis model via up-regulating the expression of SIRT1 
and inhibition of the pro-inflammatory cytokines [29]. In another study, Se nanoparticle 
supplementation effectively elevated expression of SIRT1 and thus, improved cell survival and 
also, decreased cell apoptosis in kidney cells of diabetic rats [30]. SIRT1 may represent anti-
inflammatory functions by several mechanisms [28].

NF-κB is a major transcription factor that regulates the transcription of proinflammatory 
genes [31], and chronically active in several inflammatory diseases, such as UC and IBD [32]. 
Because activation is responsible for the production of proinflammatory cytokines like TNF-α 
and interleukin-6 [24]. It has been reported that SIRT1 can interact with numerous subunit of 
NF-κB complex and deacetylate the transcription factor, whereby suppresses NF-κB activity 
and reduces transcription of proinflammatory genes [24,25]. In our study, the expression 
of SIRT1 was increased by Se in mild to moderate UC patients, suggesting that the anti-
inflammation effects of Se may be due to the upreguation of SIRT1 signaling activation.

Other studies show that resveratrol may indirectly activate SIRT1 by cyclic-adenosine 
monophosphate signaling that causes activation of 5′ AMP-activated protein kinase (AMPK)/ 
SIRT1 pathway' [33]. AMPK and SIRT1 have been presented to play some similar functions, 
such as the ability to react to nutrient and stress status, like mitochondrial biogenesis, and 
regulate the important transcriptional factor activity such as PGC-1α [26,34].

On the other hand, studies have shown that the SIRT1 is an important factor in the activation 
of PGC-1α protein via deacetylating in several lysine sites of PGC-1α [18,35]. Regulation of 
normal mitochondrial function needs PGC-1α activity [36]. In stressful circumstances, PGC-1α 
is an effective stimulator of mitochondrial turnover and antioxidant effects [19]. Researches 
revealed that an increase in the expression of PGC-1α caused a significant increase in the levels 
of antioxidant enzymes such as catalase and superoxide dismutase, and selenoproteins are 
able to prevent oxidative stress in the intestinal cells and increase their survival and reduce 
apoptosis [37]. It has also recently been shown that the expression of PGC-1α is reduced in 
people with severe UC and colon cancer [18]. Moreover, PGC-1α in the gut can prevent the 
development of colitis and maintains the continuity of intestinal epithelial cells [18,37]. Some 
studies demonstrate Se deficiency reduced PGC-1α expression in mice [38] and therapeutic 
induction of SIRT1 in UC mice increases PGC-1α expression [39].

As the expression of the SIRT1 was significantly increased after Se supplementation than 
that of PGC-1α, it seems that the Se supplementation had higher effects on the SIRT1 gene 
expression. There is no evidence about the impact of Se on the expression of PGC-1α gene, 
but studies have shown that resveratrol increases PGC-1α expression by increasing the 
induction of SIRT1 [40,41]. In our study, an increase in the expression of the PGC-1α gene 
was not significant. The main reason for this matter is unknown. Possibly, increasing the 
duration of Se supplementation may effectively increase PGC-1α expression. Thus, further 
investigations are required to found the exact effects of Se on the expression of PGC-1α.

Anti-inflammatory and protective roles of Se supplements in the IBD have been determined 
previously [42-44]. Additionally, Se is a key component of antioxidant enzymes, such as 
glutathione peroxidase, that exerts anti-inflammatory effects by several pathways [33,45,46]. 
The present study shows probably Se as a SIRT1 activator can modulate inflammation in UC 
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patients. Nevertheless, the fundamental mechanisms are not well recognized and the exact 
role of Se in SIRT1 and PGC-1α activation needs further investigation.

The present study revealed the favorable increasing effect of Se supplementation on the 
expression of SIRT1 for the first time. This is probably considered as a therapeutic window in 
colitis patients, since Se may resemble an anti-TNF-α agent, infliximab and led to a rising in 
SIRT1 expression that conversely decreases TNF-α levels [17]. However, the lack of evaluation 
of other transcriptional and translational factors such as NF-κB that may affect through SIRT1 
are the limitations of this research. Therefore, it is suggested that for better understanding, 
the effect of Se on the mechanisms and transcription factors associated with SIRT1 in the 
future experimental and clinical studies be investigated.

CONCLUSION

This is the first report of the effect of Se supplements on the SIRT1 and PGC-1α gene 
expression in patients with UC. It seems that the Se caused a significant decrease in the 
inflammatory response due to the overexpression of the SIRT1 gene. However, further 
surveys are required to found the exact role of the Se in the controlling of UC through the 
expression of the SIRT1 gene.
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