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 Oxidative stress and renin-angiotensin system play an important role in 

podocyte injury and hence in the development and progression of 

diabetic nephropathy (DN). To assess the combination of silybin and 

telmisartan effect in preventing podocyte detachment in streptozotocin-

induced diabetic rats. Twenty male Wistar rats were divided into 5 

groups, each of 4. The 1st group acts as normal rats. The 2nd group acts as 

untreated diabetic rats. The 3rd group, 4th group, and 5th group act as 

treated diabetic rats with silybin at doses 50 mg/kg/day, telmisartan at 

doses 3 mg/kg/day, and a combination of telmisartan 3 mg/kg/day and 

silybin 50 mg/kg/day. Urinary levels of podocin, nephrin, albumin, and 

serum cystatin C levels were measured at the end of the study by ELISA. 

The level of nephrin, podocin, and albumin urine, as well as serum 

cystatin C level, were significantly lower in the combination therapy 

group compared with the positive control group. Compared with the 

monotherapy group, urinary nephrin, podocin, and albumin levels were 

significantly lower in the combination therapy group, while serum 

cystatin C levels were not different. In streptozotocin-induced diabetic 

rats, the combination of silybin and telmisartan is better than 

monotherapy in preventing podocyte detachment. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Diabetic nephropathy (ND) is the leading cause of end-stage kidney disease worldwide [1]. It is known that 

the pathogenesis of ND is very complex, involving many pathogenic factors and pathways and their 

mediators. The complexity of the pathogenesis of ND causes the therapeutic results to be still not optimal 

[2]. However, factors that are considered to play an important role in the development and progression of 

ND are activation of the renin-angiotensin-aldosterone system (RAAS) and increased oxidative stress [3]. 

Likewise, podocyte injury and damage are considered important factors in the development and progression 
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of DN. The severe and persistent injury will generally cause detachment and/or apoptosis, thereby reducing 

the number of the podocyte, and subsequently, glomerular sclerosis [4], [5]. Excessive reactive oxygen 

species (ROS) production has been found in injured podocytes such as DN, which can cause direct 

podocyte damage, which contributes to detachment of podocytes [6- 8]. So that targeted therapy on these 

two important factors is expected to have a synergistic effect that can inhibit the development and 

progression of ND. However, several studies with therapeutic approaches targeted at oxidative stress and 

Ang-II have uncertain results [9- 11]. Likewise with the results of our latest study, which showed that the 

combination of rosmarinic acid and telmisartan was not synergistic in preventing the development and 

progression of ND [12]. The reason for this difference in results is not clear; it is possible that the 

differences in the physicochemical properties of each drug could weaken each other when combined. 

Therefore, in this study, silybin was used which has antioxidant and anti- inflammatory effects with 

different characteristics compared to rosmarinic acid [13]. 

 

The flavonolignan silybin is also known as silibinin, is the most abundant (50–70%) and the most active 

component of silymarin [14]. Silybin could protect high glucose-induced podocyte injury by preventing 

oxidant stress [13]. Moreover, silybin prevents kidney injury, attenuates oxidant stress, decreases serum 

insulin level to ameliorate DN [15]. The combination of silybin with telmisartan is expected to have a 

synergistic effect in preventing the detachment of podocytes and inhibiting the progression of DN. 

 

2. MATERIALS AND METHODS 

 

2.1 Materials 

Streptozotocin (STZ) was purchased from Bio World with catalog number 41910012-3 (714990). 

Telmisartan (Micardis®) from Boehringer Ingelheim Pharmaceuticals, Inc. Silybinin (cat. No. S0417) from 

sigma-Aldrich. Podocin urine, nephrin urine and albumin urine were measured by rat NPHS2 Elisa kit 96T 

(cat. no. E1595Ra), Rat NPHN Elisa kit 96T (cat. no. E1366Ra), and Rat Albumin Elisa Kit 96T (cat. no. 

E1276Ra), respectively. In contrast, cystatin C serum was measured by Rat Cys-C Elisa kit 96T (cat. no. 

E0145Ra). All of Elisa kits were purchased from Bioassay Technology Laboratory (Shanghai Korain 

Biotech Co Ltd, China). 

 

2.2 Animals 

Adult male Wistar rats (7–9 weeks; 150–170 g) obtained from the Central Animal House of the Universitas 

Brawijaya, Malang, were used in the experiment. Before starting the experiment, the rats went through an 

adjustment period of 7 days. The rats were caged individually and maintained at a constant temperature, and 

fed with a composition of 60% calories from fat to get diabetic rat with insulin resistance and free access to 

water. All animal procedures were approved by the Animal Ethics Committee of Universitas Brawijaya, 

Malang, Indonesia with number 1048-KEP-UB. The ethics committee review the research protocol based 

on IACUC (institutional animal care and use committee) guidelines. 

 

2.3 Diabetes induction 

Induction of diabetes in this study used the same method as the previous study [12]. After 1 week of 

adjustment, rats were given a high-fat diet for 3 weeks. On the 22nd day, the rats were fasted for 6 to 8 

hours (starting at 7 a.m) before giving STZ. The study group received STZ to induce diabetes mellitus, 

whereas the control group received citrate buffer without STZ. Diabetes was induced by a single 

intraperitoneal injection of 40 mg/kg STZ, diluted in 0.1 M sodium-citrate buffer (pH 4.5) [16]. Age- 

matched control rats received an equivalent amount of sodium-citrate buffer. After STZ injection, rats get a 

free diet and water. Blood samples were collected from the tail vein 5 days after STZ or vehicle injection. 

https://www.teikyomedicaljournal.com/
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Glucose levels were measured with a portable glucometer (Nesco). Only rats with fasting blood glucose 

over 280 mg/dL were considered diabetic and used for the study. 

 

2.4 Experimental design 

The rats were randomly divided into five groups (4 rats per group). Group 1 was negative control (normal, 

non-diabetic rats), group 2 was positive control (diabetic rats without therapy), and 3 groups of diabetic rats 

who received therapy consisting of group 3 treated with Silybin 50 mg/kg/day, group 4 treated with 

telmisartan 3 mg/kg/day, and group 5 treated with combination of silybin 50 mg/kg/day and telmisartan 3 

mg/kg/day. At the first day of the blood sugar target is reached, the rats get therapy according to the 

treatment group, while the rats in the control groups received saline solution. Silybin was prepared freshly 

in 25 % ethanol and administered via gavage, between 07 and 08 a.m. once a day for 6 weeks, at a volume 

not exceeding 0.1 mL/100 g rat weight. In order to correct for the interference of ethanol, a group of control 

rats received a solution of 25 % ethanol. Six weeks after the treatment, urine specimens were collected and 

then the rats were anesthetized for blood collection by cardiac puncture. The biological material that was 

not used was disposed of following biosecurity standards. Measurement of albumin urine, urinary nephrin 

and podocin, and serum cystatin C level by ELISA. 24- hour urine collection was performed using 

metabolic cage at the end of the study for measurement of albumin urine, urinary nephrin and podocin level, 

whereas serum cystatin C level was measured from a blood sample. The measurement method refers to the 

protocol in the ELISA kit for each examination and reading using an ELISA reader. 

 

2.5 Statistical analysis 

All data are presented as mean ± SD of two independent experiments. Differences between groups were 

determined by one-way ANOVA test, followed by post hoc test using Least Significant Difference. All 

technical data processing results were analysed by computerization using Statistical Product and Service 

Solution software, IBM SPSS Statistics 20 with a significance level of 0.05 (p = 0.05) and a confidence 

level of 95% (α = 0.05). 

 

3. RESULTS 

 

3.1 Diabetic induction 

The average blood glucose level after 5 days of STZ injection in the diabetes group (PC, SIL, TEL and SIL-

TEL groups) was 406 ± 102,25 mg / dL; 416 ± 116,55 mg / dL, 416 ± 56,18 mg / dL and 422 ± 61,91 mg / 

dL, respectively, which were not statistically different (p> 0.05). In the negative control group, the average 

blood glucose level was 72,50 ± 14,98 mg / dL which was significantly different compared to the diabetes 

group. 

 

3.2 The Effect of Therapy on Albumin Urine Levels 

Urinary albumin levels in the group of diabetic rats that received the combination therapy of silybin and 

telmisartan were significantly different compared to the positive control group and the group of silybin and 

telmisartan as monotherapy. These results indicate that combination therapy can prevent an increase in 

albuminuria better than monotherapy. 

 



R. Rosandi and N. Samsu, 2021                                                                                    Teikyo Medical Journal 

 

1128 
 

 
Figure 1 Treatment effect on albuminuria. The concentration of albumin urine by ELISA. 

Notes: Results are expressed as the mean ± SD. a, b, and c denote the difference annotations that imply 

significant differences (p<0.05). a vs b (p < 0.05); a vs c (p<0.05); b vs c (p<0.05).  

Abbreviations: NC, negative control; PC, positive control; SIL, silybin, TEL, telmisartan; SD, standard 

deviation 

 

3.3 The Effect of Therapy on Urinary Nephrin and Podocin 

Urinary nephrin and podocin levels in the group of diabetic rats receiving silybin combination therapy with 

telmisartan were significantly different compared to the positive control group, on the contrary, there was 

no difference compared to the control group. The urinary nephrin levels in the silybin and telmisartan 

combination therapy group were significantly different compared to the individual therapy group, while for 

the urine podocin levels there was no difference between the combination therapy and monotherapy groups. 

These results indicate that combination therapy is better in the preventing detachment of podocyte than 

monotherapy.  

 

 
Figure 2 Treatment effect on nephrin and podocin urine excretion. The concentration of urinary nephrin by 

ELISA. 

Notes: Results are expressed as the mean ± SD. a, b, and c denote the difference annotations that imply 

significant differences (p<0.05). a vs b (p < 0.05); a vs c (p<0.05); b vs c (p<0.05). 
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Abbreviations: NC, negative control; PC, positive control; SIL, silybin, TEL, telmisartan; SD, standard 

deviation 

 

3.4 The Effect of Therapy on Cystatin C Serum Levels 

Serum cystatin C levels increased significantly in the positive control group compared to the negative 

control group and the group of diabetic rats that received therapy. 

 

 
Figure 3 Treatment effect on serum cystatin C level. The concentration of serum cystatin C by ELISA. 

Notes: Results are expressed as the mean ± SD. a, b, and c denote the difference annotations that imply 

significant differences (p<0.05). a vs b (p < 0.05); a vs c (p<0.05); b vs c (p<0.05). 

Abbreviations: NC, negative control; PC, positive control; SIL, silybin, TEL, telmisartan; SD, standard 

deviation 

 

Table 1. Correlation between urinary nephrin and podocin with clinical parameters 

Nephrin urine (ng/mL) Podocin urine (ng/mL) 
 r p-value r p-value 

Albumin urine (mg/dL) 0.782 <0.001 0.811 <0.001 

Cystatin C serum (mg/dL) 0.619 0.001 0.560 0.004 

Note: there is a positive correlation between albumin urine with cystatin C serum level and urinary nephrin 

with podocin (r=0.647, p=0.042; r=0.491, p=0.013, respectively). Correlation analysis between variables 

was evaluated using Pearson correlations. 

 

4. DISCUSSION 

The podocytes are terminally differentiated and highly specialized glomerular visceral epithelial cells that 

participate in the formation of the glomerular filtration barrier and the prevention of urinary protein loss 

[17]. Injury to podocytes leads to proteinuria and is considered a major trigger for the development and 

progression of ND [18]. Experimental studies have proven that oxidative stress is a major factor in the 

development and progression of ND, so that inhibition of oxidative stress can be a focal point for several 

therapeutic synergies [2]. Other studies have also shown that in the pathogenesis of ND, activation of the 

RAAS and increased oxidative stress do not occur independently, but cross-talk with each other and 

together contribute to the development and progression of ND [19], [ 20]. Our study shows that therapy 

with silybin at a dose of 50 mg/kg and telmisartan at a dose of 3 mg/kg, as monotherapy or in combination 

for 6 weeks, may have therapeutic potential for the treatment of DN. This was evidenced by urinary nephrin 

and podocin levels, as a podocyte-specific marker, as well as urine albumin levels, and serum cystatin C 
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levels which were significantly lower in the therapy group compared to the diabetic group (positive control 

group). Furthermore, compared with individual therapy group, the levels of nephrin, podocin, and albumin 

urine in the combination therapy group were significantly lower, which were not different compared to the 

normal rat group, while serum cystatin C levels between the treatment groups did not show a difference 

(Figure 3). Based on these results, we concluded that therapy with silybin and telmisartan, both can prevent 

podocyte detachment from the glomerular basement membrane (GBM), and combination therapy better 

than individually (Figure 1 and Figure 2). The effect of combination therapy which is better than individual 

therapy may be because the effect of silybin, in addition to its antioxidant effect, also has an anti-

inflammatory effect [2], as well as telmisartan, as an antihypertensive drug, also has antioxidant effect [21] 

and anti-inflammatory [22]. The ability of silybin to correct both podocyte loss and albuminuria in DN 

allows it to be an option as an adjunct to established antiproteinuric therapy strategies. The mechanisms by 

which silybin exerts its renoprotective effect involve inhibition of NADPH oxidase activity and prevention 

of podocyte apoptosis [13]. Silybin enriched milk thistle extract, have been reported to increase the renal 

activity of certain antioxidant enzymes (catalase and glutathione peroxidase) [23], [24], can also reduce 

malondialdehyde (MDA) levels [24]. In diabetic patients, albuminuria is the strongest independent clinical 

predictor of progression to end- stage renal disease (ESRD) [25], [26] and reductions of albuminuria and 

proteinuria are associated with a slower decline in glomerular filtration rate and a reduced risk for ESRD 

[27], [28]. It is well known that albuminuria is diminished by administration of ACE inhibitors or 

angiotensin II receptor blockers [29]. The murine model of DN has shown that podocyte apoptosis precedes 

the onset of albuminuria and mesangial matrix expansion [30]. The present study showed that silybin 

therapy can prevent albuminuria (Figure 1), and this result is consistent with preventing the detachment of 

podocytes in the urine (Figure 2). There was a strong positive correlation between albuminuria with urinary 

level of nephrin and podocin (r=0.782 and r=0.811, respectively (Table 1). 

 

Two major goals for controlling development of chronic kidney disease (CKD) are early detection and 

slowing progression to ESRD. Assessment of glomerular filtration rate (GFR) by cystatin C, urine or serum 

is considered a sensitive biomarker as it detects minor glomerular injury, and this method not influenced by 

body mass, being comparable and even better than methods using serum creatinine [31- 33]. Our results 

showed that treatment with silybin and telmisartan, either monotherapy or in combination, prevented an 

increase in serum cystatin C levels (Figure 3). These results are consistent with the therapeutic effect of 

silybin and telmisartan on urinary albumin levels, as well as on urinary nephrin and podocin levels (Figure 

1 and Figure 2). 

 

In conclusion, our results proved that oxidative stress and RAAS plays an important role in the occurrence 

of podocyte damage. This study demonstrates the protective effect of the silybin on the development of 

diabetic nephropathy and supports the concept that silybin may represent a novel therapeutic intervention 

for the treatment of diabetic nephropathy. Treatment with the combination of silybin and telmisartan 

prevented detachment of podocyte better than monotherapy. 
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