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INTRODUCTION

Diabetic nephropathy  (DN) is a microvascular 
complication of chronic diabetes pervading in the world 
to evolve as a global pandemic. Recent estimate state 
in 2011 there were 366 million people had diabetes 
worldwide, and it is expected to rise 552 million 
by 2030.[1] DN characterised by pathophysiologic 
perturbations of glomerular filtration rate  (GFR), 
that is, hyper‑filtration, and albumin excretion, that 
is, micro‑albuminuria, followed by proteinuria, 
nephrosis, azotaemia and finally end‑stage renal 
disease.[2] Accumulating evidences indicate DN results 
due to a complex interplay between haemodynamic 
and metabolic factors.[3,4] Chronic hyperglycaemia 
increases the activity of endothelin as well as renin 
angiotensin aldosterone system. Increased systemic 
and intraglomerular pressure is responsible for the 
overproduction of reactive oxygen species, release of 

cytokines (tumour necrosis factor‑α, Interleukin [IL‑6], 
IL‑18) and growth factors (transforming growth factor 
beta, vascular endothelial growth factor) that leads 
to mesangial expansion and glomerulosclerosis.[4,5] 
Moreover, glucose mediated activation of intracellular 
second messengers such as protein kinase C and nuclear 
transcription factor Nuclear factor‑kappaB reported to 
cause the tubular inflammation, cell proliferation, and 
glomerular hypertrophy and thus implicated in the 
development of DN.[5‑7]

Current scenario suggests persistent rise in nephropathy 
associated with diabetes and till date no satisfactory 
option available except fewer agents like angiotensin 
converting enzyme inhibitors and angiotensin receptor 
blockers.[8] However, traditional medicines, mainly 
from plant sources are found to be effective in the 
management of diabetes.[9,10] Recently, in  vitro and 
in  vivo preclinical studies reported positive effects 
of flavonoids in halting the progression and/or 
development of diabetic kidney disease.[8] Silibinin, a 
flavanone is the major and most active component of 
silymarin.[11] It has been reported as an anti‑diabetic.[12,13] 
Various preclinical reports suggested the myriad 
pharmacological activities of silibinin. It has been 
reported as an antioxidant and hepatoprotective in 
non‑alcoholic steatohepatitis.[14] Silibinin markedly 
improved endothelial dysfunction in db/db mice by 
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reducing circulating and vascular ADMA levels.[15] Recently, 
Marrazzo et al., reported its neuroprotective effect due to 
DNA protection and antioxidant activity in diabetic mice.[16] 
However, it largely remains unclear whether the treatments 
of silibinin ameliorate DN associated with type‑2 diabetes. 
We therefore, investigated the protective effect of silibinin 
on early DN in experimentally induced type‑2 diabetic rats.

MATERIALS AND METHODS

Drugs and Chemicals
Silibinin, malondialdehyde (MDA), tetrabutyl ammonium 
and superoxide dismutase  (SOD)  (Sigma‑Aldrich, St. 
Louis), streptozotocin  (STZ)  (Enzo Life Sciences, UK), 
captopril  (Wockhardt Ltd, India), commercial diagnostic 
kits (Biolab, India) and all other reagents and chemical were 
of analytical grade and purchased from local suppliers of 
Pune, India.

Experimental Animals
Sprague Dawley (SD) rats (150–200 g) were procured from 
National Institute of Biosciences, Pune. Rats were placed 
separately in polypropylene cages with paddy husk as 
bedding. The animals were maintained under standard 
laboratory conditions at temperature 23°C  ±  2°C with 
relative humidity 55% ±10% in a 12 h light and 12 h dark 
cycle throughout the experiment. Animals had free access 
to water and standard laboratory feed (Nutrivet Lab, India). 
All the experimental procedures and protocols used in this 
study were reviewed and approved (IAEC/2011‑12/33) by 
the Institutional Animal Ethics Committee, constituted 
under committee for the purpose of control and supervision 
of experiments on animals by Ministry of Environment 
and Forests, Government of India, New  Delhi, India. 
Ethical guidelines were strictly followed during all the 
experimental procedures.

Induction of Experimental Diabetes
After 1‑week of acclimatisation, type‑2 diabetes was induced 
in SD rats with a little modification.[17,18] Animal were fed 
with a combination of high‑fat emulsion (HFE) and high‑fat 
diet (HFD) which was manipulated from normal pellet diet 
for 2  weeks. Whereas the age matched, control animals 
were received normal pellet diet only. HFE and HFD were 
prepared in such way that total calories obtained from 
fat were of 60%. After 2 weeks of administration of HFE 
and HFD, oral glucose tolerance test was performed to 
check insulin resistance. The animal failed to compensate 
glucose load were then rendered diabetic with a single 
intraperitoneal injection of STZ (35 mg/kg, body weight). 
STZ was freshly prepared in cold citrate buffer  (pH  4.4, 
0.1 M). Control rats were injected with cold citrate 
buffer (pH 4.4, 0.1 M) only. 48 h after STZ injection, diabetes 
was confirmed by measuring fasting blood glucose levels 
using a glucometer (Contour TS, Bayer Healthcare, India). 

Rats with blood glucose level ≥ 200 mg/dl were considered 
as diabetic and used for further study. During the course of 
the experiment, the normal and diabetic rats were fed with 
normal diet and HFD respectively.

Experimental Design
A 4  weeks after diabetes confirmation, diabetic and age 
matched normal rats were randomly divided into five 
groups (n = 6): Control, diabetic, diabetic + silibinin (40 mg/kg), 
diabetic  +  silibinin  (80  mg/kg) and diabetic  +  captopril 
(100  mg/kg). Silibinin and captopril were suspended/
dissolved in carboxymethylcellulose (CMC) (0.01 g/ml) and 
was daily administered by oral gavage for 4 weeks. Control 
and diabetic rats were received CMC alone.

Sample Collection
After the last dose of treatment  (28th  day), rat was 
individually placed in the metabolic cage, and urine was 
collected. Blood was withdrawn from the retro‑orbital 
plexus using a micro‑capillary technique under light 
anaesthesia, centrifuged at 3000 rpm for 15 min and serum 
was separated.

Oral Glucose Tolerance Test
An overnight fasted rats were received a glucose load by 
oral gavage at a dose of 2 g/kg body weight. Blood was 
withdrawn from tail vain by pricking tail tip and blood 
glucose was estimated using glucometer  (Contour TS, 
Bayer Healthcare, India) at 0, 30, 60, 90 and 120 min after 
glucose load.

Body and Kidney Weight Change
The body weight of all animals after the experiment was 
taken, and their difference was expressed as body weight 
change. After sacrificing the animal one of the kidneys was 
rinsed in chilled saline, decapsulated blotted on filter paper 
and quickly weighed. For standardisation, total kidney 
weight was normalised as kidney/body‑weight ratio.

Relative kidney weight (%) = [absolute kidney weight/body 
weight at sacrifice] ×100.

Biochemical Estimations in Serum and Urine
Fasting glycaemia was measured before and at the end of 
treatment (28 days) using glucometer. Serum levels of total 
cholesterol, triglycerides, urea nitrogen, creatinine, albumin 
and total proteins were estimated spectrophotometrically 
using commercial diagnostic kits. Urine components were 
determined as 24  h total urine volume, creatinine, and 
albumin, whereas creatinine clearance  (Ccr) and urinary 
albumin excretion rate (UAER).

Evaluation of Oxidative Stress
At the end of experiment rats were sacrificed by 
decapitation and kidneys were excised, washed 
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immediately with ice cold physiological saline  (0.9% 
Nacl) and weighed. Right, kidney was taken for 
histopathological examination while left kidney was 
homogenised in chilled 50 mM phosphate buffer 
saline  (pH  7.4). The homogenates were centrifuged at 
10000 rpm for 15 min at 4°C. The supernatant was used 
to determine the concentration of MDA[19] and reduced 
glutathione (GSH)[20] and SOD[21] and Catalase (CAT)[22] 
activity. Protein concentrations of homogenates were 
determined according to Lowry et al.[23]

Histopathological Examination
Renal tissues were fixed in 10% formalin, processed 
routinely, and embedded in paraffin. 5‑μm thick sections 
were prepared, stained with periodic acid‑Schiff (PAS) and 
observed under the light microscope.

Statistical Analysis
The results were expressed as mean  ±  standard error of 
the mean. The data were analysed by one‑way analysis 
of variance  (ANOVA), followed by Tukey’s multiple 
comparison tests and two‑way ANOVA, followed by 
Bonferroni posttest. P  ≤ 0.05 was considered statistically 
significant.

RESULTS

Oral Glucose Tolerance Test
Oral glucose load produced significant elevation in the 
blood glucose levels in HFE and HFD fed rats at various 
time intervals 30  (14.86%), 60  (28.83%), 120 (41.14%) and 
180 (61.92%) min compared to control rats. However, control 
rats showed complete recovery at 120 min after glucose 
load [Figure 1].

Body Weight, Kidney Weight and Relative Kidney Weight
A significant decrease in body weight and increased 
kidney weight, and relative kidney weight were noticed in 
diabetic rats as compared to control rats (P < 0.001). Silibinin 
treatment  (40 or 80  mg/kg) in diabetic rats significantly 

restored the body weight, kidney weight and relative kidney 
weight [Table 1].

Biochemical Estimations in Serum and Urine
As shown in Figure 2, diabetic rats exhibit significant rise 
in blood glucose level (P < 0.001) than control rats, however 
silibinin treated diabetic rats (40 or 80 mg/kg) significantly 
decreased the elevated blood glucose levels  (P  <  0.001). 
Further, serum levels of total cholesterol, triglycerides, 
blood urea nitrogen  (BUN) and creatinine and urinary 
creatinine were found to be higher in diabetic rats when 
compared with control rats (P < 0.001). Diabetic rats treated 
with silibinin (40 or 80 mg/kg) significantly reduced the 
elevated total cholesterol and triglycerides levels (P < 0.001) 
whereas; BUN and serum and urinary creatinine were 
reduced dose dependently. Moreover, decreased serum 
albumin and total protein levels in diabetic rats were 
significantly restored with silibinin treatment at a dose level 
of 80 mg/kg (P < 0.05 and P < 0.01, respectively) [Table 2].

24 h total urine volume, Ccr and UAER were significantly 
increased in diabetic rats than control rats. Diabetic rats 
treated with silibinin (40 or 80 mg/kg) significantly reduced 
urine volume (P  <  0.001), Ccr  (P  <  0.01 and P  <  0.001; 
respectively) and UAER (P < 0.001) [Figures 3‑5].

Oxidative Stress
As shown in Table  3, increased MDA concentration 
and decreased SOD and CAT activities as well as GSH 
concentration was found in diabetic rats  (P  <  0.001) 
when compared with control rats. 4  weeks of silibinin 

Figure 1: Effect of silibinin on oral glucose tolerance curves. **P<0.01 compared 
to control rats (Two-way ANOVA followed by Bonferroni posttest). HFD: High-fat 
diet and HFE: High-fat emulsion

Figure 2: Effect of silibinin on fasting blood glucose levels aP<0.001 versus 
control rats, #P<0.001 versus diabetic rats

Table 1: Effect of silibinin on body weight and kidney 
weight change
Group Body 

weight (g)
Kidney 

weight (g)
Relative kidney 

weight (%)
Control 228±2.00 0.95±0.06 0.41±0.019
Diabeti  (D) 168±2.20a 1.71±0.10a 1.01±0.054a

D + silibinin  (40) 205±4.46# 1.30±0.07@ 0.63±0.040#

D + silibinin  (80) 215±4.54# 0.99±0.03# 0.46±0.022#

D + captopril (100) 188±6.10@ 1.20±0.07* 0.63±0.023#

aP<0.001 versus control rats, @P<0.05, *P<0.01, #P<0.001 versus diabetic rats
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DISCUSSION

Flavonoids are known for their therapeutic potential and 
recently some of them have got the attention in the treatment 
of diabetes and long standing diabetic complications. 
Therefore, the present study was designed to investigate 
the protective effect of silibinin in the development of DN 
in type‑2 diabetic rat models.

Earlier studies have reported rats fed with HFD and 
administered with low dose of STZ induced type‑2 diabetes 
and DN within 4–6 weeks.[10] Estimation of fasting blood 
glucose levels is a central basal parameter for monitoring 
diabetes.[24] Moreover, earlier reports indicate importance 
of control over the hyperglycaemia by insulin treatment 
to prevent renal hypertrophy and subsequent increase 
in urinary protein excretion.[25] STZ induced diabetic rats 
showed a reduction in body weight due to increased muscle 
wasting and loss of tissue proteins which is in agreement with 
the previous reports.[26,27] Silibinin treatments for 4 weeks 
significantly restored the body weight. DN is characterised 
by increased accumulation of extracellular matrix proteins 
and mesangial expansion, responsible for hypertrophy of 
kidney.[28] In the present study, increased kidney weight 
and relative kidney weight in diabetic rats were significantly 
decreased with the 4 weeks of silibinin treatment.

Insulin has an inhibitory action on 3‑hydroxy‑3‑ 
methylglutaryl‑coenzyme A reductase, a rate‑limiting 
enzyme responsible for the metabolism of cholesterol‑rich  
low‑density lipoprotein particles indicates, correlation of 
insulin deficiency or insulin resistance with dislipidemia. 
Moreover, it was reported that the elevated levels of lipids in 
diabetic mellitus increase the risk of DN.[29,30] Furthermore, 
it was hypothesised that increased lipotoxicity, that 
is, increased intracellular concentration of fatty acids 
induces glomerular and tubular dysfunction in diabetes.[31] 
Marcovecchio et al., has demonstrated the relation between 
abnormal lipid profile and risk of development of DN.[32] In 
the present study elevated levels of serum triglyceride and 
total cholesterol in diabetic rats were significantly reduced 
with the 4  weeks treatment of silibinin, which may be 
contributed to its beneficial effects in DN.

Figure 3: Effect of silibinin on 24 h total urine volume aP<0.001 versus control 
rats, #P<0.001 versus diabetic rats

Table 2: Effect of silibinin on biochemical estimations
Treatment (mg/kg) Control Diabetic (D) D + silibinin (40) D + silibinin (80) D + captopril (100)
TC  (mg/dl) 62.0±2.9 137±5.2a 103±2.8# 71±3.40# 139±4.00
Triglyceride  (mg/dl) 45±2.7 107±4.7a 77±3.4# 55±2.2# 120±5.3
Urea nitrogen  (mg/dl) 28±1.30 51±1.10a 43±3.00@ 32±1.1# 40±2.1*
Albumin  (g/dl) 3.9±0.15 2.3±0.03b 3.1±0.38 3.7±0.20@ 3.6±0.29@

Total protein  (g/dl) 8.5±0.22 5.7±0.43a 6.0±0.47 7.6±0.18* 7.0±0.13
Serum creatinine  (mg/dl) 0.77±0.02 1.40±0.09a 1.10±0.04* 0.92±0.04# 1.00±0.02#

Urinary creatinine (mg/dl) 41.00±3.50 81.00±3.60a 64.06±4.48@ 47.00±1.68# 74.81±3.99#

aP<0.001 and bP<0.01 versus control rats, @P<0.05, *P<0.01, #P<0.001 versus diabetic rats. TC – Total cholesterol

treatment  (40 or 80  mg/kg) in diabetic rats significantly 
decreased the concentration of MDA (P < 0.01 and P < 0.001; 
respectively) and increased activities of SOD  (ns and 
P < 0.01; respectively) and CAT (P < 0.001 and P < 0.001; 
respectively) and GSH concentration  (P  <  0.001 and 
P  <  0.001; respectively). Further, captopril treatment in 
diabetic rats significantly restored the oxidative stress.

Histopathological Examinations
In PAS stained images of glomeruli, after 10  weeks of 
study, diabetic rats showed a significant enlargement 
of the glomeruli, thickening of glomerular basement 
membranes without nodules and tubular dilatation, while 
normal control animals were revealed no abnormalities. 
The treatment of diabetic rats with silibinin for 4  weeks 
dose‑dependently attenuated these progressions compared 
with diabetic control rats [Figure 6].

Table 3: Effect of silibinin on renal oxidative stress
Group MDA 

(nmol/mg)
SOD 

(U/mg)
GSH 

(ng/mg)
CAT 

(U/mg)
Control 3.82±0.42 22.0±1.2 34.86±1.63 43.86±2.63
Diabetic 12.00±1.00a 9.4±0.61a 14.97±1.08a 31.97±1.58a

D + silibinin  (40) 8.20±0.84* 12.03±0.92 25.67±1.97# 35.67±1.97#

D + silibinin  (80) 5.80±0.71# 18.25±0.83* 30.09±1.15# 38.09±1.55#

D + captopril (100) 6.20±0.75# 16.87±1.40@ 27.21±1.72# 37.21±1.22#

aP<0.001 versus control rats, @P<0.05, *P<0.01, #P<0.001 versus diabetic rats. 
MDA – Malondialdehyde; SOD – Superoxide dismutase; GSH – Glutathione; 
CAT – Catalase
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Figure 4: Effect of silibinin on creatinine clearance aP<0.001 versus control rats, 
*P<0.01, #P<0.001 versus diabetic rats

Figure 5: Effect of silibinin on urinary albumin excretion rate aP<0.001 versus 
control rats, *P<0.01, #P<0.001 versus diabetic rats

In general creatinine level is considered to assess kidney 
function.[33] A significant increase in the levels of serum 

creatinine and BUN in diabetic rats were found to be 
associated with interstitial atrophy, epithelial necrosis as 
well as atrophic changes in glomeruli.[34‑36] In the present 
study diabetic rats after 4  weeks, treatment of silibinin 
showed recovery towards normal levels. While in the line 
with the previous reports captopril treatment effectively 
reduced these levels.[37]

Microalbuminuria and UAER are the major predictor 
of nephropathy in diabetic patients. It is an indicator of 
pathophysiological alterations in kidney such as lesions 
in glomerular basement membrane. After long‑standing 
diabetes, diabetic rats exhibit an increased urinary excretion 
of albumin indicating progression of DN. 4‑weeks treatment 
of silibinin significantly reduced the microalbuminuria 
and UAER thus exerted ameliorative effect on diabetic 
kidney. Further captopril treatment in diabetic rats resulted 
significant reduction in urinary albumin excretion which is 
consistent with earlier reports.

Overproduction of prostaglandin E2 was found to be 
associated with increased GFR in early stages of DN.[38] In 
addition, a study by Kim et al., reported, increased GFR 
after chronic hyperglycaemia in diabetic rat due to oxidative 
stress.[39] Long standing diabetes, the result significant 
increase in urine volume and Ccr in diabetic rats indicate 
early stage of DN.[40] However, 4  weeks of silibinin and 
captopril treatment showed a reduction in urine volume 
and Ccr and recovery towards normal rats.

Chronic hyperglycaemia plays an important role in the 
production of oxidative stress and thus development of 
various diabetic complications including DN.[39] Increased 
level of MDA is an index of endogenous lipid peroxidation, 

Figure 6: Histological section of kidneys stained with PAS: ×400 (a) normal control (NC) showing no abnormalities, (b) diabetic control (DC) showing an enlargement 
of the glomeruli, thickening of glomerular basement membranes (GBMs) without nodules and tubular dilatation (c) DC + silibinin (40), (d) DC + silibinin (80) and 
(e) DC + captopril (100) showing dose-dependent features of healing towards normal basement membrane and mesangial expansion. BC: Bowman’s capsule; G: 
Glomerulus; (mesangial expansion and GBM thickening)

d

cba

e
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induction of diabetes significantly increased MDA levels, 
reflecting oxidative stress. Various antioxidants found effective 
in the treatment and/or prevention of diabetic complications 
including DN.[40‑42] This suggests the key role of oxidative free 
radicals and thus oxidative stress in the pathogenesis of DN. In 
harmony, we have observed significant increase in oxidative 
markers such as MDA and decrease in GSH, SOD, and CAT 
in kidney tissues. Treatment of silibinin for 4 weeks restored 
the oxidative stress. The reversal of the oxidative damage 
due to silibinin indicates that it has possible antioxidant 
properties, which plays a crucial role in the defence against 
free oxidative radicals. Histopathological findings revealed 
that long standing diabetes caused marked alterations in 
the normal renal architecture. GBM thickening and marked 
mesangial expansion were observed in diabetic control rats. 
DN is known to be associated with increased synthesis and/
or accumulation of ECM due to decreased degradation of 
matrix proteins. Increased oxidative stress, overproduction of 
AGE, stimulation of renin angiotensin system and expression 
of growth factors and cytokines in kidney are all responsible 
for mesangial expansion and ECM accumulation.[43] We have 
observed increased ECM accumulation along with foci of 
mesangial hypercellularity and capillary basement membrane 
thickening in kidney of diabetic control rats. Treatment 
with silibinin substantially decreased these renal changes 
dose‑dependently.

CONCLUSION

In conclusion, the animals fed with HFD for 2  weeks 
significantly produced the glucose intolerance and 
persistent hyperglycaemia after STZ injection. Further 
the persistent hyperglycaemia significantly declines 
the kidney functions, increases oxidative stress and 
increased extracellular matrices (ECM) accumulation and 
thickening of glomerular basement membrane. Silibinin 
treatment significantly restored the blood glucose, kidney 
functions, oxidative stress and renal histopathology. All 
these findings suggest that silibinin has a beneficial role 
in slowing the progression of early DN in type‑2 diabetic 
rats, which may be due to its multivariate actions such as 
antihyperglycaemic, antioxidant and antihyperlipidemic.
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