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Non-alcoholic fatty liver disease (NAFLD) is considered one of the leading liver disorders in type 2 diabetes mellitus (T2DM). The 

progression of NAFLD is faster in T2DM patients than in nondiabetic patients, consequently leading to serious complications such as 

cirrhosis and hepatocarcinoma. vitamin D3 has been reported to protect the liver from non-alcoholic fatty liver disease (NAFLD) by 

attenuating liver damage in type 2 diabetes mellitus (T2DM). vitamin D3 also regulates inflammation by reducing the release of pro-

inflammatory cytokines and affects insulin action and lipid metabolism. The present study evaluates the role of vitamin D3 in protecting the 

liver in NAFLD. In the present study, rats were injected intraperitoneally with 30 mg/kg of streptozotocin and fed a high-fat diet to induce 

diabetes. All rats were administered vehicle or vitamin D3 (300 ng/kg and 600 ng/kg) by oral gavage for 4 weeks. To assess the status of 

liver Alanine transaminase, Aspartate transaminase was estimated other parameters such as blood glucose, and vitamin D3 lipid profiles 

were done. Results showed vitamin D3 treatment improved insulin resistance, liver damage and plasma lipid profiles and in diabetic rats. 

Finally, the present study provides evidence that vitamin D3 could improve dyslipidemia and prevent NAFLD in T2DM. 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is one of the chronic 

metabolic diseases with increasing prevalence worldwide 

and serious health problems. An estimated 425 million 

people had DM worldwide in 2017, and the number is 

expected to rise to 629 million by 2045.1 In T2DM, high 

blood glucose triggers blood vessel damage and causes 

micro- and macro-vascular complications, contributing to 

increasing disability and mortality. Non-alcoholic fatty liver 

disease (NAFLD) is considered one of the leading liver 

disorders in T2DM.2 Hepatic lipid dysregulation due to 

insulin resistance increases fat accumulation in the liver. 

 

 

 

 

The progression of NAFLD is faster in T2DM patients than 

in nondiabetic patients, 3consequently leading to serious 

complications such as cirrhosis and hepatocarcinoma. In 

insulin resistance, insulin signaling to suppress 

gluconeogenesis is impaired, while signaling to stimulate de 

novo lipogenesis (DNL) continues to be activated through 

sterol response element-binding protein 1c (SREBP1c).4 
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Meanwhile, impaired insulin signaling suppresses 

peroxisome proliferator-activated receptor (PPAR)-a and 

carnitine palmitoyltransferase 1 (CPT1) to decrease b-

oxidation. The imbalance between lipid synthesis and 

breakdown causes excess triglyceride (TG) accumulation in 

hepatocytes. In addition, hyperglycemia-induced reactive 

oxygen species (ROS) increase hepatic apoptosis by 

disturbing the balance between pro- and anti-apoptotic 

molecules.5 

Vitamin D is a well-known hormone precursor that regulates 

calcium-phosphate homeostasis and bone mineralisation. 

Vitamin D also regulates inflammation by reducing the 

release of pro-inflammatory cytokines and affects insulin 

action and lipid metabolism.6 Recent studies have shown 

that vitamin D deficiency can cause insulin resistance 

through inflammation, as vitamin D deficiency is associated 

with increased inflammation.7 Furthermore, the data 

collected suggest that 1,25(OH)2D3, a biologically active 

form of vitamin D, may prevent liver injury by regulating 

lipogenesis or beta oxidation.8,9 

It has been reported that the blood vitamin D levels were 

generally decreased in NAFLD patients.10, 11 An 

association between low blood levels of vitamin D3 and the 

risk of T2DM has also been reported. A previously 

published study showed that 1,25 (OH)2D3 reduced hepatic 

triglyceride accumulation and glucose output under insulin-

resistant conditions in patients with NAFLD. Furthermore, 

the benefits of vitamin D3 supplementation for improving 

insulin resistance depend on the baseline 25 (OH) D3 

status.12 

 

MATERIALS AND METHODS 

Rats weighing 200-250 gm were used in the study. All rats 

were housed in three cages in a room maintained at 220C 

and 50% humidity on a 12-hour light/dark cycle, with ad 

libitum access to food and distilled water. All rats were 

assigned to two groups, a control group and a diabetic (DM) 

group. While the control group was fed a normal chow diet, 

the DM group was fed a high-fat diet (HFD 40% kcal fat). 

After four weeks of diet treatment, 12-hour fasting rats were 

injected with streptozotocin (30 mg/kg body weight, Sigma 

Aldrich) in citrate buffer (pH 4.5) twice a week 

intraperitoneally (IP) to induce T2DM.13 Normal saline was 

administered IP to the normal control rats.13 12-hour fasting 

blood glucose (FBG) levels were measured once a week 

from the tail vein using an Accu-Chek Active glucometer 

(LifeScan Inc., Milpitas, USA) once a week. Rats with FBG 

above 200mg/dl were considered diabetic and included in 

further study. All protocols for the animal experiment were 

approved by the Institutional Animal Ethics Committee of 

Shri B. M. Patil Medical College, Vijayapur, Karnataka, 

India. 

The diabetic rats were divided into four groups (each n=8) 

[see table 1] and treated with different levels of vitamin D3 

supplement. The normal control rats (NC) fed with a normal 

chow diet were supplemented with a vehicle (olive oil). The 

diabetic control rats (DC) fed HFD were supplemented with 

the vehicle. Diabetic rats treated with vitamin D3 were fed 

HFD and supplemented with 300 ng/kg (low dose vitamin D, 

DLD300) and 600ng/kg ( high dose vitamin D3 DHD) 

(Sigma Aldrich, USA) dissolved in olive oil, respectively. 

The vehicle and vitamin D3 were administered daily for 4 

weeks by oral gavage.  

Table 1. Grouping of Rats 

Groups  Drugs Intervention 

Normal Control (NC) Olive oil  

Diabetic Control (DC) STZ + Olive oil 

Vit D Low Dose (DLD) HFD + 300 ng/kg DLD orally 

in olive oil 

Vit D High Dose (DHD) HFD + 600 ng/kg DHD 

orally in olive oil 

Food intake, body weight and 12-hour FBG of the rats were 

measured every week. After 4 weeks of treatment, rats fasted 

for 12 hours and blood was collected from the retro-orbital 

plexus of the rats using heparinised capillary tubes. Rats were 

sacrificed with a high dose of diethyl ether. (The collected 

blood was centrifuged to obtain plasma and used for 

biochemical estimation). 

Oral glucose tolerance test  

One week before sacrifice, rats fasted for 12 hours and were 

treated with 2 g/kg glucose by oral gavage to perform OGTT. 

After glucose administration, the blood glucose level was 

determined after 0, 15, 30, 60, 90 and 120 minutes using the 

Accu-Chek Active blood glucose meter. Liver function test 

Plasma aspartate transaminase (AST) and alanine 

transaminase (ALT) were measured using commercially 

available kits. 

Plasma and hepatic lipid profiles and plasma vitamin D 

concentration 

For plasma lipid profiles, triglyceride (TG), total cholesterol 

(TC), and high-density lipoprotein-cholesterol (HDL-C) were 

measured by using commercial kits. Analysis of plasma 

vitamin D3 (EAGLE BIOSCIENCES, INC., NH, USA) was 

performed according to the manufacturer’s protocols. 

Statistical analysis  

Comparison of significant differences between the groups 

was analysed by one-way analysis of variance (ANOVA) 

with post hoc Duncan’s multiple range test using SPSS 

(version 22 for Windows, SPSS Inc., IL, USA). Statistical 

significance was determined at a P-value <0.05. The results 

were expressed as the mean ±standard error of the mean 

(SEM). 

 

RESULTS 

Effect of vitamin D3 supplementation on food intake, body 

weight, and liver weight in T2DM rats Food intake was not 
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significantly different between all groups. Body weight gain 

was similar in the diabetic groups. However, a low-dose 

vitamin D3 supplementation significantly reduced liver 

weight (% BW) compared to the DC group. On the other 

hand, the HC group showed no significant difference in liver 

weight (Table 2). 

Table 2. Effect of vitamin D3 supplementation on food 

intake, body weight, and liver weight in type 2 diabetic 

rats. 

 Groups 

NC DC DLD DHD 

Body 

weight (g) 

 

Before 

treatment 

28.32 ± 

0.69a 

32.42 

±0.91b 

33.31 ± 

1.70b 

34.76 ± 

1.05b 

After 

treatment 

31.41 ± 

0.86a 

41.29 ± 

1.23b 

44.30 ± 

2.90b 

41.29 ± 

1.60b 

Weight gain 3.11 ± 

0.33a 

8.88 ± 

0.94b 

10.99 ± 

2.01b 

8.53 ± 

1.14b 

Liver 

weight 

(%BW) 

3.23 ± 

0.28a 

5.77 ± 

0.30c 

4.52 ± 

0.35b 

4.93 ± 

0.28bc 

Note: Data were presented as mean±SEM (n8). Values with 

the different superscript letters were significantly different 

(P<0.05; ANOVA with post hoc Duncan’s multiple range 

test). 

 

There was no statistical difference in plasma vitamin D3 

concentration between the control and the DC groups. 

However, high-dose vitamin D3 supplementation in diabetic 

rats significantly increased the plasma vitamin D3 levels 

compared to the DC group (Table 2). 

There was no statistical difference in plasma vitamin D3 

concentration between the control and the DC groups. 

However, high-dose vitamin D3 supplementation in diabetic 

rats significantly increased the plasma vitamin D3 level 

compared to the DC group (Table 3).  

Table 3. Effect of vitamin D3 supplementation on plasma vitamin D3 concentration, blood glucose, hepatic function, and 

lipid profiles in type 2 diabetic rat. 

 Groups 

NC DC DLD DHD 

Plasma vitamin D3  

(ng/mL) 

78.00 ± 5.61 83.32 ± 3.74 89.54 ± 10.28ab 106.96 ± 4.16b 

FBG (mg/dL)  

Week 0 111.00 ± 8.35a 155.20 ±6.65b 169.40 ± 6.69b 175.80 ± 7.26b 

Week 2 119.00 ± 4.95a 160.80 ± 5.38b 153.40 ± 13.67b 176.20 ± 9.23b 

Week 4 138.40 ± 8.59a 177.70 ± 11.96b 183.70 ± 14.24b 163.00 ± 7.29ab 

OGTT AUC (mg/dL x 120 

min) 

21233.40±1679.21a 35329.00 ± 

1369.67c 

31208.20 ± 

3229.82bc 

27625.40 ± 

1828.19ab 

Hepatic function (IU/L)  

Plasma AST 88.63 ±15.26a 151.04 ± 15.83b 90.43 ± 11.72a 86.57 ± 25.08a 

Plasma ALT 43.53 ± 6.95 71.24 ± 3.705b 38.85 ± 3.91a 51.00 ± 9.51a 

Plasma lipid (mg/dL)  

TG 51.10 ± 2.79a 119.77 ± 39.23b 56.13 ± 5.93a 53.71 ± 5.46a 

TC 113.72 ± 4.41 156 ± 6.73 b 150.12 ± 7.67b 152.16 ± 8.73b 

HDL-C 42.10 ± 2.83a 53.4 ± 7.72ab 59.53 ± 5.37ab 73.33 ± 8.90b 

Note: Data were presented as mean±SEM. (n¼8). Values with the different superscript letters were significantly different 

(P<0.05; ANOVA with post hoc Duncan’s multiple range test). 

FBG: Fasting blood glucose; OGTT: Oral glucose tolerance test, AUC: area-under-the curve; AST: aspartate transaminase; 

ALT: alanine transaminase; TG: triglyceride; TC: total cholesterol; HDL-C: high density lipoprotein cholesterol

The FBG level in the DC group was significantly higher than 

in the NC group. However, the administration of vitamin D3 

showed no significant difference compared to that of the DC 

group in FBG level during the experiment. OGTT was 

performed to determine glucose homeostasis. The OGTT 

AUC was higher in the DC group than in the NC group. At 

the same time, the high-dose vitamin D3 treatment showed 

a significant decrease in the AUC level compared to the DC 

group. AST and ALT plasma levels were significantly 

increased in the DC group compared to the NC group. 

However, vitamin D3 treatment in the diabetic rats 

significantly reduced AST and ALT levels, which were 

comparable to those in the NC group, regardless of the dose. 

Plasma TG and TC levels were higher in the DC group than 

in the NC group, and vitamin D3 administration significantly 

reduced plasma TG levels in diabetic rats. While plasma TC 

levels were not significantly altered after vitamin D3 

administration, plasma HDL-C levels were significantly 

increased after treatment with high vitamin D3 among type 2 

diabetic rats. 
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DISCUSSION  

The current study demonstrated the ameliorating effect of 

vitamin D3 supplementation on NAFLD. Although vitamin 

D3 is known to improve insulin signaling,15,16 previous 

studies reported that vitamin D3 administration showed no 

significant difference in FBG in diabetic animals.7,15,16 

The current study also supported that treatment with 

Vitamin D3 had no direct effect at the FBG level. However, 

in a recent study, Benetti E. et al.17 confirmed that vitamin 

D3 administration improved glucose tolerance in non-

diabetic obese rats. Our result showed that an increased 

vitamin D3 plasma concentration correlated with a reduced 

OGTT AUC. The result suggests that high-dose vitamin D3 

supplementation would be effective in improving insulin 

sensitivity in T2DM. 

Elevated levels of AST and ALT in the blood indicate liver 

damage, such as B. hepatocellular necrosis.18 Previous 

studies demonstrated the beneficial effect of vitamin D3 

administration on reducing AST and ALT levels in diabetic 

animals.19,20 In addition, treatment with 2100 IU vitamin 

D3 for 48 weeks was well tolerated and reduced serum ALT 

levels in patients with nonalcoholic steatohepatitis.21 

Similar results in this study suggest that vitamin D3 

treatment may improve hyperglycemia-induced liver 

dysfunction by attenuating liver damage. 

Insulin resistance stimulates the over secretion of VLDL 

from the liver into the blood and causes 

hypertriglyceridemia.21 In hypertriglyceridemia, reduced 

plasma HDL-C levels but increased small dense LDL 

particles lead to dyslipidemia, which accelerates the 

deposition of hepatic lipids. Previous studies reported that 

vitamin D3 normalised serum TG, TC and HDL-C levels in 

HFD-induced NAFLD rats22 and decreased hepatic TG 

levels in diabetic rats7. Control studies had significantly 

lower levels of 25(OH)D3 in patients with NAFLD than in 

controls.8,25 Researchers believe that lower levels of 

vitamin D3 in patients with NAFLD may contribute to 

NAFLD progression. The exact mechanism of vitamin D3 

deficiency and NAFLD is not fully established. A reduction 

in triglycerides and an increase in HDL-cholesterol were 

observed in the 25 mg calcitriol group compared to the 

placebo during the 4 weeks of the intervention.23,24 In our 

research, vitamin D3 treatment significantly reduced plasma 

TG levels regardless of dose. In addition, vitamin D3 

supplementation decreased hepatic TG levels and increased 

plasma HDL-C levels in a plasma vitamin D3 concentration-

dependent manner. Our results indicate that vitamin D3 

could improve dyslipidemia and prevent NAFLD in T2DM. 

 

CONCLUSION 

AST and ALT levels in the vitamin D3-treated group of rats 

suggest that it might improve hyperglycemia-induced liver 

dysfunction by attenuating liver damage. The present study 

indicates that treatment with vitamin D3 significantly 

reduces plasma TG levels, regardless of dose. In addition, 

vitamin D3 supplementation decreased hepatic TG levels and 

increased plasma HDL-C levels in a plasma vitamin D3 

concentration-dependent manner. Our results demonstrate 

that vitamin D3 could improve dyslipidemia and prevent 

NAFLD in T2DM. 
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