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ABSTRACT 
BACKGROUND AND OBJECTIVE: Studies have shown that the increase in urotensin – II is associated with diabetes 

disorders. Considering that using herbal medicines for the treatment of diseases leads to fewer complications compared 

to most chemical drugs, the present study was conducted to investigate the effect of silymarin on glucose, and insulin 

levels and the expression of urotensin – II (U–II) and urotensin – II receptor (U–II R) genes in the liver tissue of type 2 

diabetic male rats. 

METHODS: In this experimental study, 36 male albino Wistar rats were randomly divided into 6 groups (n=6): 1. 

Control group; 2 and 3. Control groups treated with 60 and 120 mg / kg / day silymarin; 4. Type 2 diabetic group which 

received an intraperitoneal (i.p.) injection of 60 mg / kg streptozotocin and 120 mg / kg nicotinamide; 5 and 6. Diabetic 

rats treated with 60 and 120 mg/kg/day silymarin. After 60 days of treatment, serum and liver tissue samples were 

collected. Glucose, insulin, HOMA-IR index and liver enzymes were evaluated by spectrophotometry and ELISA 

methods, while gene expression in liver tissue was analyzed by Real-time PCR method. 

FINDINGS: Insulin levels increased significantly in diabetic groups treated with silymarin (60 and 120 mg/kg) (9.6±1.11 

and 9.8±0.96, respectively) in comparison with the diabetic control group (7.10±1.06) (p<0.05). Moreover, glucose level, 

HOMA-IR, liver enzymes, U–II and U – II R expression in diabetic group treated with silymarin significantly decreased 

compared to diabetic control group (p<0.05).    

CONCLUSION: The results of this study showed that administration of silymarin improves liver function in diabetic 

rats. 
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Introduction 

Diabetes mellitus is one of the most important 

metabolic disorders. This disease occurs due to various 

causes such as reduced insulin secretion or resistance to 

the function of this hormone (1). In 2017, the global 

prevalence of diabetes was 382 million people, which is 

predicted to reach 592 million people by 2035. Its 

prevalence is increasing dramatically, especially in 

developing countries like Iran (2). Diabetes is 

considered as one of the major causes of the incidence 

of hepatic disorders (3).  

Urotensin – II gene (U – II) with 11 amino acids has 

been identified as the strongest factor in vascular 

contraction in mammals. In humans, the U – II mRNA 

has been discovered in the heart, liver, kidneys, adrenal 

glands, placenta, spleen, and thymus glands tissues (4). 

The U-II molecule performs its actions through its 

receptor, which is G protein-coupled receptor. The U-II 

and U-II R systems are effective in insulin resistance, 

impaired glucose tolerance, impaired glucose transport 

to muscles via GLUT4, impaired pancreatic beta-cell 

function, and induction of type 2 diabetes (5). 

Therefore, U – II and U – II R systems are potential 

therapeutic goals in the treatment of diabetes-related 

disorders.  

Silymarin is the most important active ingredient in 

milk thistle (Silybum marianum), which consists of a 

group of chemicals called Flavonolignans (6,7). For 

centuries, the seeds of this plant have been used as a 

very useful drug for the treatment of liver disease, and 

they have been commercially manufactured and used 

since 1970 (3).  

Considering the importance of U – II and U – II R, 

and the fact that they have recently been considered as 

a new therapeutic goal in metabolic diseases, finding 

compounds, particularly with herbal origin, that 

decrease the expression of this genes is very important 

for diabete treatment. Therefore, the present study was 

conducted to investigate the effect of silymarin on 

glucose, insulin, HOMA-IR, liver enzymes and 

expression of U – II and U – II R genes in liver tissue of 

type 2 diabetic male rats.     

  

 

Methods 

This experimental study was carried out on 36 male 

Wistar rats (220±10 g). Animals were kept in animal 

house condition with free access to water and food and 

12/12h light-dark cycle. Then, the animals were 

randomly divided into 6 groups (n=6): control group 

with normal nutrition, control groups treated with 60  

 

mg/kg and 120 mg/kg silymarin respectively, type 2 

diabetic group, and type 2 diabetic groups treated with 

60 mg/kg and 120 mg/kg silymarin respectively for 60 

days. To induce of type 2 diabetes, Fifteen minutes after 

injection of 60 mg/kg streptozotocin, nicotinamide 120 

mg/kg was injected intraperitoneally to the rats. To 

confirm diabetes, after seven days blood glucose were 

measured by glucometer. Rats with a fasting blood 

glucose above 150 were included in the study. Then, 

treatment started with silymarin (Livergol tablet as 

suspension in normal saline and once a day for 60 days 

by oral gavage) (8). All procedures on the animals were 

based on the Ethical Guidelines for the Use of Animals 

in Research and approval at the Ethics Committee of 

Hamadan University of Medical Sciences 

(IR.UMSHA.REC.1395.205).  

At the end of the study, the rats were anesthetized 

with ketamine (50 mg/kg) after overnight fast and serum 

samples were collected and kept for measuring liver 

enzymes and insulin. The liver tissue was kept at a 

temperature of -80 °C until performing gene expression.  

Measurement of fasting blood glucose, insulin and 

HOMA-IR levels: The fasting blood glucose levels 

were measured by ACCU-CHEK Aviva Blood Glucose 

Meter (Germany) after collecting blood from tail vein. 

Insulin was measured using ELISA Kit (Mercodia, 

Sweden). The Insulin resistance index (HOMA-IR) was 

evaluated using the following formula (4): 

 

HOMA-IR=Fasting insulin (μU/ml)×Fasting glucose 

(mg/dl)/405 

 

Measurement of Liver Enzymes: Serum levels of 

Alanine Aminotransferase (ALT), Aspartate 

Aminotransferase (AST), and Alkaline 

Aminotransferase (ALP) were measured through 

colorimetric by spectrophotometer in fasting condition.  

Evaluation of U – II and U – II R genes: To 

investigate the expression of U – II and U – II R genes, 

RNA extraction was performed by RNX-Plus solution 

(Sinaclon, Iran). The quality and quantity of the 

extracted RNA were determined by electrophoresis and 

NanoDrop (Fig 1). Then, cDNA synthesis was 

performed by Takara Kit. Then, 1 μg of synthesized 

cDNA entered the Real Time PCR reaction, which was 

carried out using SYBR Green Kit (Takara Co.). The 

primers required for the reaction were designed by 

Primer 3 software (Table 1). β-Actin was used as the 

housekeeping gene. Finally, the results were analyzed 

by 2-ΔΔCt method (9).  
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Statistical analysis: All parameters were determined as the 

mean and standard deviation value and were analyzed with 

SPSS-16 (Chicago, IL). One-way ANOVA followed by the 

Tukey’s post hoc test was used to analyze the normal value 

that was evaluated by Kolmogorov–Smirnov test. P<0.05 was 

considered significant. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Agarose 1% gel electrophoresis of U–II, U–II R, β-Actin genes and Ladder 100bp. 

 

Table 1. The specifications of used primers 

 

Gene name  Primer sequence (5'->3') 
Primer length 

(bp) 

Product length 

(bp) 

Urotensin II 
Forward 5′GTCGTCATGGACAGGGTG3′ 18 

74 
Reverse 5′GAGGGTTTATTTCTCATAGTGG3′ 22 

Urotensin II 

receptor 

Forward 5′GCACGCCAGCATCTTCAC3′ 18 
101 

Reverse 5′TGGTCCCAAAGAGCAACG3′ 18 

β-Actin 
Forward 5′CCCGCGAGTACAACCTTCT 3′ 19 

72 
Reverse 5′CGTCATCCATGGCGAACT 3′ 18 

 

Results 

The STZ/NIC injection increased blood glucose in 

the diabetic group (299.3±27.0) compared to the healthy 

control group (83.3±10.9) (p<0.01). In diabetic groups 

treated with 60 and 120 mg/kg silymarin (202.6±45.1 

and 182.5±35.8), blood glucose levels showed a 

significant decrease compared to the diabetic group 

(p<0.01).  

Moreover, the induction of diabetes reduced serum 

insulin levels in the diabetic group (7.10±1.06) 

compared to the control group (11.46±0.47) (p<0.01) 

(Table 2). In diabetic groups treated with doses of 60 

and 120 mg/kg silymarin (9.6±1.11 and 9.80±0.96), 

there was a significant increase in insulin levels 

compared to diabetic group (p<0.01). Furthermore, 

induction of diabetes increased the HOMA-IR levels in 

the diabetic group (5.79±0.90) compared to the control 

group (2.35±0.27) (p<0.01). The diabetic groups treated 

with 60 and 120 mg/kg silymarin (4.71±0.64 and 

4.35±0.56) showed a significant decrease in HOMA-IR 

levels compared to diabetic group (p<0.05). The activity  

 

of ALT (160.66±7.11), AST (239.16±14.17), and ALP 

(730.16±41.88) in the diabetic group increased 

significantly compared to the healthy control group 

(53.00±6.10, 108.33±6.59, and 250.50±19.59, 

respectively) (p<0.01) (Table 2). In the diabetic group 

treated with doses of 60 mg/kg (73.50±2.07, 

152.00±6.71, and 396.50±34.56) and 120 mg/kg 

(70.50±3.04, 140.50±10.44, and 431.83±24.92), 

significant decrease was observed in the activity of 

ALT, AST and ALP enzymes compared to the diabetic 

group (p<0.01). The expression of U–II and U–II R 

genes in the diabetic group (10.02±2.47 and 3.80±0.85) 

increased significantly compared to the control group 

(1±0.00 and 1±0.00) (p<0.01). Treatment with 

silymarin significantly reduced the expression of U – II 

(3.01±0.37 at the dose of 60 mg/kg, and 2.40±0.53 at 

the dose of 120 mg/kg) and U – II R (2.09±0.83 at the 

dose of 60 mg/kg, and 1.71±0.47 at the dose of 120 

mg/kg) genes compared with the diabetic group 

(p<0.01) (Fig 2).  
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Figure 2. The expression of (A) U–II and (B) U–II R genes in the liver tissue of the study groups (n=6) after 60 

days of treatment with silymarin (60 and 120 mg/kg). Data are shown as mean±SD. C: control group, S: Silymarin, 

D: Diabetic. Non-similar letters indicate significant difference. P<0.05 was considered significant 

 

Table 2. The level of glucose, insulin, insulin resistance index and liver enzymes in the study groups (n=6) after 

60 days of treatment with silymarin (60 and 120 mg/kg) 

Alanine 

Transaminase 

(U/L) 

Aspartate 

transaminase 

(U/L) 

Alkaline 

phosphatase 

(U/L) 

Insulin 

resistance index 

(HOMA-IR) 

Insulin 

(µU/ml) 

Fasting 

glucose 

(mg/dl) 

Variables 

Groups 

53.00±6.10 a 108.33±6.59 a 250.50±19.59 a 2.35±0.27 a 11.46±0.47a 83.3±10.9 a Control 

47.16±5.26 a 119.16 ±11.16a 267.16±20.74 a 2.24±0.26 a 11.96±0.67a 76.5±12.2 a 
Control + Silymarin 

60 mg/kg 

55.00±5.51 a 115.66±9.79 a 270.33±21.44 a 2.28±0.41 a 11.65±1.64a 79.5±13.8 a 
Control+Silymarin 

120 mg/kg 

160.66±7.11 b 239.16 ±14.17b 730.16 ±41.88b 5.79±0.90 b 7.10±1.06 b 229.3±27 b Diabetic 

73.50±2.07 a 152.00±6.71 c 396.50±34.56 c 4.71±0.64 c 9.60±1.11 c 202.6±45.1c 
Diabetic+Silymarin 

60 mg/kg 

70.50±3.04 a 140.50 ±10.44c 431.83±24.92 c 4.35±0.56 c 9.80±0.96 c 182.5±35.8c 
Diabetic+Silymarin 

120 mg/kg 

Data are shown as mean±SD. Non-similar letters indicate significant difference. P<0.05 was considered significant 

 

Discussion 

In this study, induction of type 2 diabetes in rats 

reduced insulin, increased glucose, HOMA-IR and the 

expression of U–II and U–II R genes compared to 

healthy control group. Moreover, treatment of diabetic 

animals with silymarin improved this parameters 

compared to control diabetic rats. Research has shown 

that in diabetes, the transport of glucose to the muscles 

is decreased, resulting in increased blood glucose levels 

(10). STZ is also introduced into a pancreatic beta cell 

via a glucose transporter (GLUT2) and causes DNA 

alkylation and this process induces poly ADP-

ribosylation. The poly ADP-ribosylation process 

reduces the levels of ATP and NAD in the cell. The 

exacerbation of ATP dephosphorylation, after the effect  

 

of STZ, creates a substrate for the xanthine oxidase 

enzyme, which leads to the formation of superoxide 

radicals and DNA damage, which causes the necrosis of 

the pancreatic beta cells, and this decreases serum 

insulin levels and increases serum glucose levels (11). 

In diabetic groups treated with 60 mg/kg and 120 mg/kg 

silymarin, blood glucose, insulin level and HOMA-IR 

improved compared with the diabetic group. In a study 

by Soto et al., it was reported that silymarin improves 

pancreatic beta cells by increasing the expression of 

pancreatic duodenal homeobox (Pdx1), increases 

insulin production, and thus decreases blood glucose 

(12). Hyperglycemia and dyslipidemia, which are the 

main characteristics of type 2 diabetes, impair the 
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function of pancreatic beta cells by decreasing the 

expression of Pdx1. Pdx1 also increases the expression 

of insulin, and proliferation and survival of pancreatic 

beta cells (13, 14).  

Furthermore, Pferschy-Wenzig et al., reported that 

the active ingredient of Isosilybin A in silymarin has 

PPAR-γ agonist properties. The PPAR-γ molecule is a 

target for thiazolidinedione’s, such as pioglitazone; 

these drugs increase the sensitivity of insulin to decrease 

blood glucose levels in type 2 diabetic patients (15). 

Similarly, in the studies of Alabdan, Tuorkey and Feng, 

treatment of diabetic rats with silymarin has been shown 

to improve blood glucose, protect the pancreatic beta 

cells, increase insulin secretion and improve HOMA-IR 

(16–18).  

It has been claimed that flavonoids in the silymarin 

extract, such as silybin and sylidianin may decrease 

insulin resistance and improve glucose metabolism in 

diabetic patients (19). In type 2 diabete mellitus, insulin 

resistance, dyslipidemia and increased blood glucose 

may damage different tissues, including the liver tissue 

(20). Increase in the activity of AST, ALT, and ALP 

enzymes is an appropriate marker to measure liver cell 

damage (21).  

In the early stages of liver damage, cytoplasmic 

enzymes leak into the blood stream due to increased 

penetrability of the hepatocyte membrane (22). 

Moreover, increased catabolism of proteins along with 

gluconeogenesis and the formation of urea that is 

observed in diabetes is likely to be responsible for 

increasing these transaminases in the blood (23). On the 

other hand, since insulin suppresses the gluconeogenic 

enzyme genes, and ALT is also a gluconeogenic 

enzyme, ALT production increases in the diabetes (24). 

In the present study, the results indicated an increase in 

liver aminotransferase enzyme in the diabetic group 

compared to healthy controls. It was also shown that 

treatment with silymarin significantly decreased liver 

damage markers in serum. Silymarin is a common 

treatment for hepatic diseases. Over 33% of people with 

chronic hepatitis C virus infection and cirrhosis have 

been reported to use silymarin for treatment (25, 26). 

Silymarin is prescribed in traditional medicine to 

improve liver disorders due to its antioxidant properties, 

increasing cellular glutathione and cell membrane 

stability, and it decreases liver damage markers through 

this mechanism (27).  

The result of the present study showed a treatment 

with silymarin significantly reduced the expression of U 

– II and U – II R genes in the liver tissue of treated 

diabetic groups compared to control diabetic group. 

Consistent with the results of the present study, the 

study of Rahimi et al., showed the effect of silymarin on 

reducing the expression of U – II and U – II R genes in 

the heart tissue of diabetic rats (4). In addition, total 

flavones of Rhododendron simsii Planch flower (TFR) 

was used in rats in the study of Cheng et al. This plant 

contains flavonoids that have antioxidant, anti-

inflammatory and anti-fibrosis properties. This study 

showed that TFR protected the heart of rats against heart 

attack by reducing the expression of U – II and U – II R 

genes (28). The results of the present study showed that 

silymarin has potential hypoglycemic properties, 

increases insulin levels and sensitivity. Silymarin 

reduced the expression of U – II and U – II R genes in 

the liver tissue of type 2 diabetic rats, which may as well 

reduce insulin resistance.  

 

 

Acknowledgment 

The present work was an approved project of 

Hamadan University of Medical Sciences, Hamadan, 

Iran (Project number: 9505052617) and the authors 

acknowledge them for financial support and facilities.  

  



32                                                                                                             Effects of Silymarin on Liver Tissue in Diabetic Rats; N. Kheiripour, et al 

References 

1.Bolbol Haghighi N, Molzemi S, Goli S, Mohammad Sadeghi H, Aminian M. The effect of hydroalcoholic extract of 

ziziphora clinopodioides lam on testicular damage caused by diabetes mellitus in male rats. J Babol Univ Med Sci. 

2017;19(12):43-9. [In Persian] 

2.DeFronzo RA, Ferrannini E, Groop L, Henry RR, Herman WH, Holst JJ, et al. Type 2 diabetes mellitus. Nat Rev Dis 

Primers. 2015;1: 15019. 

3.Mohamed J, Nazratun Nafizah AH, Zariyantey AH, Budin SB. Mechanisms of Diabetes-Induced Liver Damage: The 

role of oxidative stress and inflammation. Sultan Qaboos Univ Med J. 2016;16(2): e132-41. 

4.Rahimi R, Karimi J, Khodadadi I, Tayebinia H, Kheiripour N, Hashemnia M, et al. Silymarin ameliorates expression 

of urotensin II (U-II) and its receptor (UTR) and attenuates toxic oxidative stress in the heart of rats with type 2 diabetes. 

Biomed Pharmacother. 2018;101:244-50. 

5.Barrette PO, Schwertani AG. A closer look at the role of urotensin II in the metabolic syndrome. Front Endocrinol. 

2012;3:165-75. 

6.Goli F, Karimi J, Khodadadi I, Tayebinia H, Kheiripour N, Hashemnia M, et al. Silymarin attenuates ELMO-1 and 

KIM-1 expression and oxidative stress in the kidney of rats with type 2 diabetes. Ind J Clin Biochem. 2018;1-8. 

7.Mohamadifard M, Nazem H, Mottaghipisheh J. The effects of copper oxide nanoparticles and hydroalcoholic extracts 

of berberis vulgaris, descurainia sophia and silybum marianum on catalase, glutathione peroxidase, and malondialdehyde 

concentration in male diabetic rats. J Babol Univ Med Sci. 2016;18(3):54-61. [In Perian] 

8.Kheiripour N, Karimi J, Khodadadi I, Tavilani H, Goodarzi MT, Hashemnia M. Silymarin prevents lipid accumulation 

in the liver of rats with type 2 diabetes via sirtuin1 and SREBP-1c. J Basic Clin Physiol Pharmacol. 2018:29(3):301-8. 

9.Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta 

Delta C(T)) Method. Methods. 2001;25(4):402-8. 

10.Kheiripour N, Karimi J, Khodadadi I, Tavilani H, Goodarzi MT, Hashemnia M. Hepatoprotective effects of silymarin 

on liver injury via irisin upregulation and oxidative stress reduction in rats with type 2 diabetes. Iran J Med Sci. 2018; 1-

10. 

11.Pieper AA, Brat DJ, Krug DK, Watkins CC, Gupta A, Blackshaw S, et al. Poly(ADP-ribose) polymerase-deficient 

mice are protected from streptozotocin-induced diabetes. Proc Natl Acad Sci. 1999;96(6):3059-64. 

12.Soto C, Mena R, Luna J, Cerbon M, Larrieta E, Vital P, et al. Silymarin induces recovery of pancreatic function after 

alloxan damage in rats. Life Sci. 2004;75(18):2167-80. 

13.Fujimoto K, Polonsky KS. Pdx1 and other factors that regulate pancreatic beta-cell survival. Diabetes Obes Metab. 

2009;11 (4):30-7. 

14.Kim SK, Hebrok M. Intercellular signals regulating pancreas development and function. Genes Dev. 2001;15(2):111-

27. 

15.Pferschy-Wenzig EM, Atanasov AG, Malainer C, Noha SM, Kunert O, Schuster D, et al. Identification of isosilybin 

a from milk thistle seeds as an agonist of peroxisome proliferator-activated receptor gamma. J Nat Prod. 2014;77(4):842-

7. 

16.Alabdan MA. Silymarin ameliorates Metabolic Risk Factors and Protects against Cardiac Apoptosis in 

Streptozotocin-induced Diabetic Rats. Biomed Biotechnol. 2015;3(2):20-7. 

17.Tuorkey MJ, El-Desouki NI, Kamel RA. Cytoprotective effect of silymarin against diabetes-induced cardiomyocyte 

apoptosis in diabetic rats. Biomed Environ Sci. 2015;28(1):36-43. 

18.Feng B, Meng R, Huang B, Shen S, Bi Y, Zhu D. Silymarin alleviates hepatic oxidative stress and protects against 

metabolic disorders in high-fat diet-fed mice. Free Radic Res. 2016;50(3):314-27. 

19.Altorjay I, Dalmi L, Sari B, Imre S, Balla G. The effect of silibinin (Legalon) on the the free radical scavenger 

mechanisms of human erythrocytes in vitro. Acta Physiol Hung. 1992;80(1-4):375-80. 

20.Tangvarasittichai S. Oxidative stress, insulin resistance, dyslipidemia and type 2 diabetes mellitus. World J Diabetes. 

2015;6(3):456-80. 



J Babol Univ Med Sci; 21; 2019                                                                                                                                                                                    33 

 

21.Cetinkunar S, Tokgoz S, Bilgin BC, Erdem H, Aktimur R, Can S, et al. The effect of silymarin on hepatic regeneration 

after partial hepatectomy: is silymarin effective in hepatic regeneration? Int J Clin Exp Med. 2015;8(2):2578-85. 

22.Chin J, Abas H, Sabariah I. Toxicity study of orthosiphon stamineus benth (misai kucing) on Sprague dawley rats. 

Trop Biomed. 2008;25(1):9-16. 

23.Prakasam A, Sethupathy S, Pugalendi KV. Influence of Casearia esculenta root extract on protein metabolism and 

marker enzymes in streptozotocin-induced diabetic rats. Pol J Pharmacol. 2004;56(5):587-93. 

24.Vozarova B, Stefan N, Lindsay RS, Saremi A, Pratley RE, Bogardus C, et al. High alanine aminotransferase is 

associated with decreased hepatic insulin sensitivity and predicts the development of type 2 diabetes. Diabetes. 

2002;51(6):1889-95. 

25.Seeff LB, Curto TM, Szabo G, Everson GT, Bonkovsky HL, Dienstag JL, et al. Herbal product use by persons enrolled 

in the hepatitis C Antiviral Long‐Term Treatment Against Cirrhosis (HALT‐C) Trial. Hepatology. 2008;47(2):605-12. 

26.Fried MW, Navarro VJ, Afdhal N, Belle SH, Wahed AS, Hawke RL, et al. Effect of silymarin (milk thistle) on liver 

disease in patients with chronic hepatitis C unsuccessfully treated with interferon therapy: a randomized controlled trial. 

JAMA. 2012;308(3):274-82. 

27.Valenzuela A, Aspillaga M, Vial S, Guerra R. Selectivity of silymarin on the increase of the glutathione content in 

different tissues of the rat. Planta Med. 1989;55(05):420-2. 

28.Cheng X, Zhang J, Chen Z. Effects of Total Flavone from Rhododendron simsii Planch. Flower on Postischemic 

Cardiac Dysfunction and Cardiac Remodeling in Rats. Evid Based Complement Alternat Med. 2017;2017:1-9. 

 


