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Abstract 

Background: Diabetes mellitus and metabolic disorders are a major burden on the healthcare system. Irisin is 

a novel myokine reported to have beneficial effects on glucose and lipid metabolism. Vitamin D deficiency 

has been implicated in the development of diabetes and hold a critical role in diabetes-related complications. 

In the present study, we examined the efficacy of vitamin D supplementation on serum irisin levels, skeletal 

muscle irisin levels, and the expression of the irisin precursor, FNDC5 (fibronectin-type III domain-containing 

5) in type I diabetes mellitus rats. 

Methods: Thirty-six adult male Sprague-Dawley rats (150 – 250 g) were randomly divided into four groups: 

group I: healthy control rats with no treatment (n=8), group II: healthy control rats receiving sesame oil as a 

placebo (n=8), group III: diabetic rats receiving sesame oil as placebo (n=10), group IV: diabetic rats treated 

with 4300 IU/kg/week vitamin D (n=10). Diabetes was induced by intraperitoneal (IP) injection of 

streptozotocin. At the end of the vitamin D intervention blood and triceps muscle samples were collected. 

RNA was extracted from muscle and real-time PCR was performed to examine FNDC5 gene expression. 

Results: Our study showed that the administration of vitamin D (4300 IU/kg/week) in a streptozotocin-diabetic rat 

model resulted in increased serum vitamin D levels, FNDC5 gene expression and muscle irisin levels. However, 

the levels of serum irisin were not significantly changed by the administration of vitamin D. 

Conclusions: In conclusion, we show that vitamin D supplementation enhances serum vitamin D levels, 

FDNC5 gene expression and muscle irisin levels in the streptozotocin-diabetic rat model. Our study highlights 

the potential therapeutic effect of vitamin D supplementation for diabetes mellitus. 
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Introduction 
Diabetes mellitus (DM) is defined as a group of 

multifactorial endocrine diseases characterized by 

chronic hyperglycemia resulting from insulin 

resistance or defects in insulin secretion (1). Due to 

increasing prevalence worldwide, DM has become 

a major public health burden and has been  

 

 

considered a global epidemic (2). Chronic 

hyperglycemia is associated with long-term 

damage and failure of several organ systems 

affecting the eyes, nerves, kidneys, and heart. The 

pathological characteristics of DM includes the 

occurrence of both microvascular and 
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macrovascular complications such as retinopathy, 

vascular disease, neuropathy and nephropathy (3).  

Skeletal muscles act as an endocrine organ 

releasing signaling proteins called myokines which 

are involved in modulating many of the positive 

effects of exercise on metabolism (4). Myokines 

have been reported to have a critical role in 

preventing the development of DM and other 

metabolic disorders due to their ability to improve 

lipolysis and glucose uptake. One such myokine, 

irisin, has been shown to stimulate the browning of 

white adipose tissue (5). Exercise leads to the 

production of peroxisome proliferator-activated 

receptor-γ (PPAR- γ) coactivator-1α (PGC-1α), 

which stimulates the expression of protein 

fibronectin-type III domain-containing 5 (FNDC5) 

(6), which is the precursor to irisin. Cleavage of 

FNDC5 results in the production of irisin. Irisin 

induces the expression of uncoupling protein 1 

(UCP1) in adipose tissue which converts white 

adipocytes to brown adipocytes (7). The 

transformation from white to brown fat increases 

energy expenditure and thermogenesis which can 

improve insulin resistance. Abnormalities in irisin 

have been reported to play a critical role in the 

pathogenesis of metabolic diseases like DM (8). 

Irisin levels have been reported to be decreased in 

DM. Additionally, irisin is associated with DM 

complications such as renal functions in chronic 

kidney disease, diabetic nephropathy patients, 

endothelial dysfunction and advance glycation 

end-products (AGEs) (9). Interventions which 

modulate irisin levels and return them to healthy 

levels may offer an effective therapeutic approach 

for treating DM. Vitamin D (cholecalciferol) is a 

fat-soluble vitamin with a well-known role in 

calcium metabolism and bone health. The 

secretion and synthesis of insulin has been reported 

to be impaired in hypovitaminosis D (10). 

Epidemiological studies suggest an association 

between vitamin D deficiency in early life and the 

later onset of T1DM (11) and in T2DM (12). 

Vitamin D has been reported to affect the growth 

and function of muscle tissues and be involved in 

improving glucose metabolism(13). Research has 

reported an interaction between the vitamin D 

receptor (VDR) and PGC-1α. Additionally, 

vitamin D has been shown to activate p38/MAPK 

(mitogen-activated protein kinase) in muscle. 

PGC-1α and irisin are regulated by the activation 

of p38/MAPK (14, 15). 

The impact of vitamin D supplementation on 

FNDC5 gene expression and irisin concentration 

in diabetic rats has not been previously 

investigated. The present study examined potential 

mediators involved in the beneficial effects of 

vitamin D in diabetes. We hypothesize that the 

positive effects of vitamin D in diabetes is through 

FNDC5 and irisin.  

 

Materials and methods 
Experimental animals  

Thirty-six adult male Sprague–Dawley rats (150 – 

250 g) were bred and raised at the central animal 

house of the Pharmacology College at Tehran 

University of Medical Sciences (TUMS), Tehran, 

Iran. All experimental animals were acclimatized 

in standard cages under the appropriate conditions 

for animal procedures (temperature 22 ± 2 °C with 

a 12 hours- 12 hours’ light - dark cycle and 

humidity 55-65%). The experimental animals 

were provided with access to standard commercial 

chow (Pars Dam Co, Tehran, Iran) and tap water. 

All animal procedures were based on standards for 

laboratory animal care approved by the 

Institutional Animal Care and Use Committee of 

TUMS. The ethical TUMS code was 

28826/103/01/94.  

Streptozotocin-induced diabetic rat model 

 The T1DM was induced in male Sprague-

Dawley rats by administering a single dose of 

Streptozotocin (STZ) (50 mg/kg) (Sigma-

Aldrich Co. St Louis, MO, USA) via 

intraperitoneal (IP) injection. All rats were 

fasted overnight receiving no food or water for 

at least 16 hours. The development of T1DM 

was confirmed by evaluating fasting blood 

sugar (FBS) levels 72 hours following the STZ 

injection using a glucometer (Bionime 

GM300, Swiss Design, Berneck, Switzerland). 

Blood samples were obtained from the tail 

veins and FBS over 250 mg/dL were 

considered diabetic. The rats with lower serum 

glucose levels were removed from subsequent 

experiments. As a control the healthy control 

group received a single IP injection of 1 ml 

sterile citrate buffer.  
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Study design  

Adult male Sprague–Dawley rats were divided in 

four groups using a block randomization scheme 

as follows:  

 Group 1 (n=8): Healthy Control (HC) (1 ml 

sodium citrate IP injection). 

 Group 2 (n=8): NC + sesame oil (SO) group (1 

ml sodium citrate and 0.5 ml sesame oil IP 

injection). 

 Group 3 (n=10): Diabetes mellitus (DM) group 

+ SO (0.5 ml sesame oil IP injection). 

 Group 4 (n=10): DM + Vitamin D (4300 

IU/rat/week vitamin D (Osveh Co., Iran) 

dissolved in 0.5 ml sesame oil IP injection). 

The intervention period for this study was a 

total of 4 weeks. In the diabetic groups, two rats 

died during the study period therefore, analysis was 

performed for 32 rats. Twenty hours prior to the 

final day of the experiment, animals were fasted 

overnight with no food or water. At the end of the 

experiment all rats were anesthetized by an IP 

injection of ketamine (50 mg/kg) and xylazine (30 

mg/kg). Blood samples were collected by cardiac 

puncture and immediately centrifuged at 3500 rpm 

for 20 min. Serum samples were stored at -70 °C 

until biochemical analysis. Body weight and food 

intake was recorded weekly throughout the 

experiment.  

Muscle Sample preparation 

Following the experiment, triceps muscles of all 

rats were collected to measure irisin protein levels 

and FNDC5 mRNA expression. Fifty mg of 

muscle tissue samples were incised and added to 

10 ng of PBS (Phosphate-buffered saline) 

(pH=7.4). The sample was then homogenized in 

the homogenizer. Samples were centrifuged (at 

2000-3000 RPM) for approximately 20 minutes. 

Supernatants were collected for muscle irisin levels 

and FNDC5 gene expression. The muscle samples 

were immediately stored at –80 °C.  

 

Biochemical measurements 

The FBS levels were measured by enzymatic and 

glucose oxidase methods (Pars Azmoon kit, Iran). 

Serum vitamin D levels were examined through 

commercial ELISA kit (Immunodiagnostic 

systems (IDS) CO, London, UK) and were 

expressed as ng/ml. Irisin concentrations were 

measured by ELIZA KIT (Mercodia, Uppsala, 

Sweden) according to the manufacturer's 

instructions.  

RNA extraction and real-time PCR gene expression 

quantification 

Muscle samples were crushed, and cytoplasmic 

RNA was extracted using the RiboEx isolation 

kit (QIAGEN, Lilden, Germany) according to 

the manufacturer’s instructions. The sequence 

primers depicted in Table 1. The quality and 

quantity of the extracted RNA was measured 

using the NanoDrop spectrophotometer 

(Thermo Fisher Scientific, San Jose, CA, USA). 

The cDNA was synthesized by QuantiTect 

Reverse Transcription Kit (Takara-Clontech, 

Tokyo, Japan). Quantitative Real-time PCR was 

performed using SYBR Premix Ex Taq II 

(Takara-Clontech, Tokyo, Japan). The gene 

expression changes were calculated by the 2ΔCt 

method in comparison with the housekeeping 

Glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH) gene (16). 
 

Table 1. The sequences of primers used for real time PCR reactions. 

Primer  Sequence (5´→ 3 )́ 

FNDC5 
Forward 5’-CATCATCAAGGACAACGAGC-3’ 

Reverse 5’-CATATCTTGCTTCGGAGGAG-3’ 

GAPDH  
Forward 5’-CATTCTTCCACCTTTGATGCTG-3’ 

Reverse 5’-TGGTCCAGGGTTTCTTACTCC-3’ 

FNDC5: fibronectin type III domain containing-5 GAPDH: Glyceraldehyde 3-phosphate dehydrogenase 

 

Statistical analysis 

All data were expressed as mean ± standard 

deviation (SD). The normality of the data was 

determined using the Kolomogrov-Smirnov test.  

 

Differences among groups were analyzed by one-

way analysis of covariance (ANCOVA) with 

Bonferroni post hoc test. The data was adjusted for 
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weight and food intake. A p value <0.05 was 

determined as statistically significant. All statistical 

analysis was performed using SPSS Statistics V. 

17.01 software (SPSS Inc., Chicago, USA). 

 

Results 
Effects of vitamin D supplementation on body weight 

As shown in Table 2, the induction of T1DM by 

means of STZ injection resulted in a decrease in 

body weight in the diabetic control group 

compared to the healthy control group (p value 

>0.05). The administration of vitamin D in 

diabetic rats did not lead to significant changes in 

body weight compared with the diabetic control 

group. The weight of the diabetic rats receiving 

vitamin D supplementation remained to be 

significantly lower than the healthy control group 

(p value <0.05). 
 

Table 2. Fasting blood sugar (FBS), food intake, body weight and serum vitamin D in different experimental groups. 

Variable NC NC+ SO DM DM+ Vit D P value 

FBS (mg/dl) 58.12±8.45 50.62±2.66 349.50±32.25a,b 320.62±52.49 a,b <0.001 

Initial Weight (g) 239.4±1.01 241.2±1.64 241.53±2.04 240.14±6.5 0.59 

Final weight (g) 248.7±1.009 249.6±0.90 215.97±51.70 a,b 217±25.29 a,b 0.04 

Food intake (g/day) 25.02±0.02 24.66±1.29 31.17±3.64a,b 29.86±1.23 a,b <0.001 

Serum Vit D (ng/ml) 28.98±3.44 26.67±4.30 27.60±6.5 40.74±2.16 a,b,c <0.001 
Results are expressed as mean ± SD, one-way ANOVA and post hoc Bonferroni test. DM: diabetes mellitus, FBS: Fasting Blood Sugar, 

HC: healthy control, SO: sesame oil. a p<0.05 compared with the control group, b p<0.05 compared with the control group with sesame oil. c 

p<0.05 compared with the diabetic control group,   
 

Effects of vitamin D supplementation on FBS levels, 

food intake and serum vitamin D levels 

The effect of vitamin D supplementation on FBS 

levels, food intake, and serum vitamin D levels is 

shown in Table 2. The induction of T1DM led to a 

significant increase in FBS compared to the 

healthy control group (p value <0.05). Our findings 

showed that vitamin D supplementation in the 

T1DM group did not alter FBS levels compared 

with T1DM control group. The food intake was not 

significantly different among the experimental 

 

groups. Following the induction of T1DM, there 

was a significant increase in the level of food intake 

among the DM groups. Supplementation with 

vitamin D did not result in any changes in the level 

of food intake in the T1DM group. Following the 

administration of vitamin D in the T1DM group, 

serum vitamin D levels were observed to 

significantly increase in the DM + Vit D group 

compared with healthy control and T1DM control 

groups not receiving vitamin D. 

 
Table 3. Serum and muscle Irisin (total protein) concentration and FNDC5 gene expression in different experimental groups of Sprague–

Dawley rats. 

Variable NC NC+ SO DM DM+ Vit D P value 

Serum irisin (ng/ml) 1.62±0.16 1.63±0.17 1.46±0.22 1.71±0.39 0.28 

Muscle irisin (total protein) (ng/mg) 3.89±1.47 4.82±2.29 1.33±0.45 4.73±1.80c 0.004 

FNDC5 expression (2 ΔCt) 
78.21×10-5 

±46.32×10-5 

65.38×10-5 

±48.36×10-5 

46.85×10-5 

±55.61×10-5 

201.7×10-5 

±111.17×10-5c 
0.01 

Results are expressed as mean ± SD, one-way ANOVA and post hoc Bonferroni test. DM: diabetes mellitus, HC: healthy control, SO: sesame 

oil. a p<0.05 compared with the control group, b p<0.05 compared with the control group with sesame oil. c p<0.05 compared with the diabetic 

control group.  
 

Effects of vitamin D supplementation on serum 

irisin and muscle irisin levels  

As shown in Table 3, serum irisin levels were not 

altered in the T1DM rats compared with the healthy 

control group. Additionally, supplementation with 

vitamin D had no detectable influence on serum irisin 

 

levels in the DM + Vit D group compared to the 

diabetic control group or healthy control group.  

Muscle irisin levels were not altered following 

the induction of diabetes, no significant differences 

were observed compared with the healthy controls. 
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Administration of vitamin D following the 

induction of T1DM significantly increased muscle 

irisin levels in the DM + Vit D group. In addition, 

there were no significant differences between the 

muscle irisin levels in the DM + Vit D group and 

healthy control group.  

 

Effects of vitamin D administration FNDC5 

gene expression 

As shown in Table 3, Real-Time PCR revealed 

that FNDC5 gene expression did not change 

following the induction of T1DM compared with 

the healthy control group. Administration of 

vitamin D following the induction of T1DM 

resulted in a significant increase in FNDC5 gene 

expression compared to the housekeeping gene, 

GAPDH, in the DM + Vit D group. No 

significant differences between FNDC5 gene 

expression and GAPDH expression were 

observed in the DM + Vit D group compared 

with the healthy control group.  
 

Discussion 
In the present study we have demonstrated that 

following the induction of T1DM in rats no 

significant changes in the irisin serum levels, muscle 

irisin protein levels, and FNDC5 gene expression 

occurred. Administration of vitamin D did not result 

in any changes in serum irisin levels among both the 

healthy control and T1DM rats. However, the 

muscle irisin levels and FNDC5 gene expression 

significantly increased in response to vitamin D 

supplementation among the T1DM rats.  

Irisin holds a critical metabolic role in DM-

relevant organs, such as the liver and pancreas, 

having a positive effect on glucose metabolism and 

insulin sensitivity (17). Research on obese mice 

has revealed that the overexpression of FNDC5 

leads to enhanced energy expenditure and insulin 

sensitivity, and reduced hyperglycemia, 

hyperlipidemia, and hypertension (18). Treatment 

of muscle cells with irisin has been shown to 

enhance glucose and fatty acid uptake, similar to 

the metabolic effect of insulin. Additionally, irisin 

has been shown to increase GLUT4 and PPAR-

alpha gene expression, both of which are involved 

in glycogenolysis and gluconeogenesis, 

respectively (19). In obese patients, synthesis of 

FDNC5 and irisin is enhanced in order to 

maximize glucose uptake in the muscle and 

prevent hyperglycemia (20). However, following 

the development of diabetes, the expression of 

FNDC5 in muscle cells decreases by about 15% 

(19). Meta-analysis have confirmed that the levels 

of irisin are lower in patients with prediabetes or 

T2DM (21, 22). This observation may be a result 

of FNDC5 reduction and decreased irisin secretion 

in the skeletal muscle tissue of patients with obesity 

and diabetes (23). The inflammatory response has 

been implicated as a potential factor leading to 

reduced irisin levels (19). The biological 

phenomenon responsible for the elevated levels of 

irisin in obesity and low irisin secretion in diabetes 

has yet to be fully elucidated. However, chronic 

hyperglycemia and hyperlipidemia have been 

reported as potential triggers (23). Glucose is a 

regulator of irisin secretion from muscles in 

diabetes (19, 23). Previous research has shown 

irisin levels to remain unchanged following 

euglycemic–hyperinsulinemia clamp in diabetes, 

eliminating a potential role for insulin in 

modulating irisin secretion in diabetes (19, 23).  

Recent evidence has shown that in pancreatic 

tissue, β-cells express the vitamin D receptor 

(VDR) and variations in the genes controlling 

vitamin D metabolism and expression of the VDR 

have been implicated in T1DM and T2DM 

pathogenesis (24). Vitamin D deficient mice have 

been shown to have impaired insulin secretion to 

glucose stimulation that was resolved following 

vitamin D3 administration (24). Additionally, 

vitamin D has been reported to improve glycemic 

control (25). Deficiency in vitamin D have been 

linked to diabetic complications such as 

cardiovascular disease, neuropathy, dementia and 

bone loss (26). Poor glycemic control reduces the 

response of osteoblasts, osteocytes and osteoclasts 

to vitamin D3 in TD2M (27). Therefore, poor 

glycemic control is linked to low bone mineral 

density (BMD) and high circulating levels of bone 

formation inhibitors (28). Elevated levels of irisin 

have been reported to improve bone metabolism in 

T1DM patients (29). In addition to the importance 

of mechanical stress on BMD, myokines have also 

been correlated with bone and fat tissue cross-talk 

(30). Research has indicated that treatment with 

irisin can improve bone health in both healthy and 

pathological states (31) by enhancing the activity 
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and differentiation (32) of osteoblasts through 

inhibiting sclerostin expression (31). Previous 

reports have shown a correlation between 

decreased levels of circulating irisin in women 

with osteoporotic fractures (33, 34). Similar to our 

findings, a previous interventional study in which 

a single dose of 100,000 IU of vitamin D was given 

to healthy subjects did not result in significant 

changes in serum irisin levels following 28 days of 

intervention (13). Two weeks of vitamin D 

supplementation at a dose of 75 μg / ml resulted in 

significant changes in serum irisin in albino 

vitamin D deficient rats (35). Following twelve 

months of vitamin D supplementation resulted in 

elevated serum irisin levels in vitamin D deficient 

subjects (36). Here we showed that although serum 

levels of irisin did not change following the 

administration of vitamin D, the total protein irisin 

levels in muscle and FNDC5 gene expression 

significantly increased following vitamin D 

supplementation.  

The receptor for irisin has yet to be clearly 

identified, however the MAPK signaling pathway 

has been suggested as one of pathways in which 

irisin acts (4). Irisin induces osteoblast proliferation 

and differentiation via activation of the ERK and 

p38 MAPK signaling pathways (37). Activation of 

hepatic AMPK (AMP-activated protein kinase) 

exhibits an antidiabetic function through 

modifying glucose and lipid metabolism within the 

liver (38). Interestingly, irisin has also been 

reported to activate AMPK in skeletal muscle. 

Activation of Akt is directly linked with β-cell 

survival in an insulin-resistant state (39). Irisin 

activates the Akt signaling pathway in myocardial 

cells (39). The exact pathway of vitamin D on irisin 

secretion and FBNDC5 expression remains to be 

elucidated. Previous work has demonstrated that 

vitamin D supplementation and exercise elevates 

the levels of irisin in diabetic rats. These findings 

highlight the potential clinical applications for 

vitamin D supplementation, irisin administration, 

and exercise in the treatment of diabetes (40).  

Limitations of the present student include many 

confounding variables that have the potential to 

alter the effect of vitamin D supplementation on 

irisin secretion. Such factors include the level of 

physical activity and lean body mass, both of 

which were not controlled for in this study. An 

additional limitation to our study was its short-term 

length. The long-term administration of vitamin D 

may have a different effect on the T1DM rats. 

Additionally, the role of the immune mediators, 

such as MAPK or ERK signaling molecules, were 

not examined. These signaling molecules have 

been previously implicated to influence the effect 

of vitamin D on irisin levels and function(14, 15). 

In efforts to better understand the interplay 

between irisin, vitamin D, and T1DM, these factors 

should be considered for future studies.  

In conclusion, vitamin D supplementation in 

T1DM rats caused a significant increase in serum 

vitamin D levels, FNDC5 expression and total 

protein of irisin in muscle. However, the serum 

levels of irisin were not significantly altered in 

response to vitamin D. Further research should 

explore the therapeutic potential of vitamin D in 

diabetes and the effects of long-term vitamin D 

supplementation of diabetic rats. 
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