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The purpose of this study was to investigate intervention effects of tetrahydroxystilbene glucoside (TSG) 
in diabetic nephropathy (DN) rats and analyze its action on vascular endothelial growth factor (VEGF) and 
matrix metalloproteinase (MMP-) 9 protein expression in kidney tissues, in order to reveal the mechanism 
of TSG. After 12 weeks of administration, compared with those in the DN modeling group, 24 h urine 
protein, serum creatinine (Scr), blood urea nitrogen (BUN), blood uric acid (UA), alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) significantly reduced in rats treated with TSG (20 mg/kg) 
(P<0.05), blood total protein (TP) and albumin (ALB) significantly increased (P<0.05), VEGF expression 
significantly reduced (P<0.05) and MMP-9 expression significantly increased (P <0.05). The present study 
results showed that TSG could reduce proteinuria levels, slow down the progression of DN, and have a 
certain protective effect on the kidney in DN rats; and its mechanism of action might be related to down-
regulated VEGF protein expression and up-regulated MMP-9 protein expression in kidney tissues.

Diabetic nephropathy (DN) is one of the major 
complications of diabetic microangiopathy (Onalan, 

2019), and it has become a major cause of end-stage renal 
disease (Kumar et al., 2016). It is believed in academic circles 
that abnormalities in glucose and lipid metabolism (Herman-
Edelstein et al., 2014), oxidative stress (Kashihara et al., 
2010), and increased stimulation of advanced glycation end 
products (Thomas et al., 2005) are the main factors for the 
pathogenesis of DN, since these factors can stimulate renal 
cell proliferation and fibrosis, which is closely related to the 
abnormal expression of extracellular matrix (ECM). The 
progressive deposition and accumulation of ECM are the 
pathological basis for early DN lesions. Vascular endothelial 
growth factor (VEGF) and matrix metalloproteinase (MMP-
) 9 play a very important part in ECM deposition. VEGF is 
involved in the accumulation of mesangial ECM (Lee et al., 
2012). During the accumulation of ECM, MMP-9, having 
exactly the opposite function to VEGF, plays a negative 
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regulatory role and can promote the degradation of ECM 
(Gao et al., 2007).

It has been confirmed (Cohen et al., 2005; Sakamaki 
et al., 2010) that MMP-9 and VEGF are a pair of related 
factors, both of which are involved in occurrence of related 
renal diseases such as glomerulosclerosis and membranous 
glomerulonephritis. For diabetes, high glucose stimulation 
induces abnormally high expression of a variety of 
factors including VEGF, and promotes the up-regulated 
expression of various component genes of the mesangial 
matrix in the kidney, eventually leading to increased 
ECM synthesis and down-regulated MMP-9 expression 
(Tripathi et al., 2017). Therefore, the development of 
diabetic renal protection drugs with VEGF and MMP-
9 as targets has a positive significance in delaying DN.

Tetrahydroxystilbene glucoside (TSG) is a water-
soluble active ingredient extracted from polygonum 
multiflorum (Ning et al., 2018). At present, there have 
been few reports on the effects of TSG on VEGF and 
MMP-9 protein expression in renal tissues in rats with DN.

The purpose of this study was to investigate the 
intervention effects of TSG in DN rats and analyze its action 
on VEGF and MMP-9 protein expression in kidney tissues.

Materials and methods
Thirty-two healthy SD male rats weighing 185-220 g 

were selected and kept in a ventilated clean cabinet. After 
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one week of adaptive feeding, they were randomly divided 
into the diabetic model group (n=22) and the normal 
control group (n=10).

Rats in the model group were given high-fat diet, 
while rats in the control group were given ordinary diet for 
4 weeks. After that, rats in the model group were injected 
intraperitoneally with 30 mg/kg streptozotocin, and rats 
in the control group with an equal volume of citric acid 
buffer solution. After 72 h, blood glucose was measured 
from the tail vein of the model rats, and the blood glucose 
≥16.7 mmol/L for 2 consecutive times was defined as a 
sign of successful diabetes modeling.

After the diabetes models were successfully 
established, the rats were fed with high-fat diet for another 
6 weeks. Blood glucose, urine glucose, urine volume, and 
urine microalbumin were monitored weekly. Blood glucose 
≥16.7 mmol/L, urine glucose qualitative analysis >+++, 
urine volume >50% than that before the modeling, the 
urine microalbumin >50% than that before the modeling, 
and occurrence of early DN pathological changes in the 
kidney were regarded as signs of successful replication of 
the DN models (2 rats were excluded due to the failure of 
modeling).

Twenty successfully modeled rats were randomly 
divided into the model group and the TSG group, with 10 
rats in each group. One week after successful modeling, 
the TSG group was given TSG intraperitoneally, at a dose 
of 20 mg/kg once daily. The rats in the control group and 
the model group were intraperitoneally injected with the 
same amount of citric acid buffer once a day. All animals 
were continuously administered for 12 weeks. During the 
administration period, rats in each group were fed with 
normal diet, with free access to food and routine drank 
water.

On the 12th week of administration, the 24 h urine 
sample was collected in a metabolic cage and sent for 
determination of 24 h urine protein.

At the end of the 12th week, blood was taken from the 
femoral artery before the rats were sacrificed. Serum was 
separated to determine serum creatinine (Scr), blood urea 
nitrogen (BUN), blood uric acid (UA), blood total protein 
(TP), blood albumin (ALB), blood alanine aminotransferase 
(ALT) and blood aspartate aminotransferase (AST).

Determination of VEGF and MMP-9 protein 
expression via Western blot. At the end of the 12th week 
of administration, the rats were sacrificed, and the 
kidneys were taken. The kidney tissue was cut into small 
pieces, added with RIPA lysate, and homogenized with a 
homogenizer until it was fully lysed. The lysed sample 
was centrifuged and the supernatant was taken to measure 
the protein concentration with bicinchoninic acid method. 
The 30 μg sample was loaded to perform 10% SDS-

PAGE electrophoresis, and the protein was transferred to a 
piezoelectric polymer polyvinylidene fluoride membrane, 
blocked with 5% skim milk powder for 1 h, incubated 
at 4°C overnight with VEGF, MMP-9, β-actin primary 
antibodies, and incubated at room temperature for 1 h with 
biotin-labeled goat anti-mouse IgG secondary antibody 
for electro-chemiluminescence color development and 
exposure. Banding analysis was performed with a gel 
imaging analyzer. The average absorbance of the bands 
was detected, and the absorbance ratio of the target protein 
to the internal reference β-actin was measured in each well. 

Data were analyzed using SPSS version 25.0 (SPSS 
Inc., Chicago, IL, USA). One way analysis of variance 
(ANOVA) was used to determine the significance of each 
parameter among the groups, while LSD-t test was used 
for further comparison between every two groups. If the 
probability value (p) was less than 0.05, it was considered 
significant. 

Results and discussion
After 12 weeks of administration, 24 h urine protein 

was higher in the normal control group than that in the 
model group (P <0.05, Fig. 1), and it was lower in the 
TSG group than that in the model group (P <0.05, Fig. 1). 
This indicates that TSG can reduce proteinuria and exert a 
certain effect in treating DN. This conclusion is basically 
consistent with the results reported in previous studies 
(Chen et al., 2016).
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Fig. 1. Effect of TSG on the 24 h urine protein in DN rats. 
*Significant difference p < 0.05, compared with normal 
control group. #Significant difference p < 0.05, compared 
with model group. Data are expressed as mean ± SD 
(n=10).

Blood Scr, BUN, and UA were higher in the model 
group than those in the normal control group (P <0.05, 
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Table I). After 12 weeks of administration, blood Scr, 
BUN, and UA in the TSG group were lower than those 
in the model group (P <0.05, Table I). This shows that 
TSG can significantly reduce the production of blood 
creatinine, urea nitrogen and blood uric acid in rats with 
DN. This conclusion is basically consistent with the 
results of previous studies (Li et al., 2010) that TSG can 
significantly reduce blood urea nitrogen and creatinine 
in DN rats.

Table I. Comparison of serum biochemical indexes of 
rats in each group (Mean±SD,n=10).

Parameter Normal con-
trol group

Model group TSG group

Scr(μmol/L) 40.76±6.33 53.45±8.12* 41.56±7.39#

BUN(mmol/L) 4.02±0.95 18.39±5.07* 5.24±1.15#

UA(μmol/L) 117.53±9.16 201.68±13.21* 121.63±15.44#

TP(g/L) 70.16±5.25 51.05±3.94* 62.58±7.81#

ALB(g/L) 30.34±2.01 25.76±3.18* 28.04±2.55#

ALT(U/L) 50.62±6.37 118.43±9.02* 60.95±8.23#

AST(U/L) 175.77±14.18 346.91±18.33* 223.27±15.46#

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, 
albumin; BUN, blood urea nitrogen;  Scr, serum creatinine; TP, total pro-
tein; TSG, tetrahydroxystilbene glucoside;UA, uric acid.
*Significant difference p < 0.05, compared with normal control group. 
#Significant difference p < 0.05, compared with model group.

Blood TP and ALB were lower in the model group 
than those in the normal control group (P <0.05, Table I); 
and after 12 weeks of administration, both were higher in 
the TSG group than those in the model group (P <0.05, 
Table I). Blood ALT and AST were higher in the model 
group than those in the normal control group (P <0.05, 
Table I); and after 12 weeks of administration, both were 
lower in the TSG group than those in the model group (P 
<0.05, Table I). This indicates that TSG can reduce kidney 
damage and protect kidney function in DN rats.

Compared with that in the normal control group, 
VEGF protein expression in the model group significantly 
increased (P <0.05); and compared with that in the model 
group, VEGF protein expression in the TSG group 
significantly reduced (P <0.05, Fig. 2A and 2B).

Compared with that in the normal group, MMP-
9 protein expression in the model group significantly 
reduced (P <0.05); and compared with that in the model 
group, MMP-9 protein expression significantly increased 
in the TSG group (P <0.05, Fig. 2A and 2B).

However, the pathogenesis of DN is more 
complicated. The mechanism by which TSG protects 
DN may also involve multiple aspects. It was found in 

this study that TSG could reduce proteinuria levels, slow 
down the progression of DN, and have a certain protective 
effect on the kidney in DN rats; and its mechanism of 
action might be related to down-regulated VEGF protein 
expression and up-regulated MMP-9 protein expression in 
kidney tissues.

Fig. 2. Comparison of the expression of VEGF (Vascular 
endothelial growth factor) and MMP-9 (matrix metallo-
proteinase 9) protein in renal tissue. Results of Western 
blotting (A). Western blotting analysis(B).*Significant 
difference p < 0.05, compared with normal control group. 
#Significant difference p < 0.05, compared with model 
group. Data are expressed as mean ± SD (n=10).

The dose of TSG (20 mg/kg) used in this study is the 
high dose in reference to (Yuan et al., 2016). The effects 
of other doses of TSG on VEGF and MMP-9 protein 
expression in the kidney tissue of rats with DN still require 
further study.

Conclusion
The present study results showed that TSG could 

reduce proteinuria levels, slow down the progression of 
DN, and have a certain protective effect on the kidney in 
DN rats; and its mechanism of action might be related 
to down-regulated VEGF protein expression and up-
regulated MMP-9 protein expression in kidney tissues.

TSG in Treatment of Diabetic Nephropathy 2459



2460                                                                                        

 

Statement of conflict of interest
The authors have declared no conflict of interest.

References
Chen, G.T., Yang, M., Chen, B.B., Song, Y., Zhang, W. 

and Zhang, Y., 2016. Fd. Funct., 7: 4628-4636. 
https://doi.org/10.1039/C6FO01319H

Cohen, M.P., Chen, S., Ziyadeh, F.N., Shea, E., Hud, 
E.A., Lautenslager, G.T. and Shearman, C.W., 
2005. Kidney Int., 68: 1554-1561. https://doi.
org/10.1111/j.1523-1755.2005.00567.x

Gao, Z.L., Zhang, C., Du, G.Y. and Lu, Z.J., 2007. 
Hepatogastroenterology, 54: 1591-1595.

Herman-Edelstein, M., Scherzer, P., Tobar, A., Levi, M. 
and Gafter, U., 2014. J. Lipid Res., 55: 561-572. 
https://doi.org/10.1194/jlr.P040501

Kashihara, N., Haruna, Y., Kondeti, V.K. and Kanwar, 
Y.S., 2010. Curr. med. Chem., 17: 4256-4269. 
https://doi.org/10.2174/092986710793348581

Kumar, P.A., Chitra, P.S. and Reddy, G.B., 2016. 
Biomol. Concepts, 7: 293-309. 

Lee, H.S., 2012. Histol. Histopathol., 27: 1131-1141. 

https://doi.org/10.1111/j.1440-1746.2012.07141.x
Li, C., Cai, F., Yang, Y., Zhao, X., Wang, C., Li, J., Jia, 

Y., Tang, J. and Liu, Q., 2010. Eur. J. Pharmacol., 
649: 382-389. https://doi.org/10.1016/j.
ejphar.2010.09.004

Ning, Z., Li, Y., Liu, D., Owoicho, O.J., Zhu, J., Wang, 
Y. and Zhu, Y., 2018. Gerontology, 64: 457-465. 
https://doi.org/10.1159/000487360

Onalan, E., 2019. Pak. J. med. Sci., 35: 1081-1086. 
https://doi.org/10.12669/pjms.35.4.534

Sakamaki, Y., Sasamura, H., Hayashi, K., Ishiguro, K., 
Takaishi, H., Okada, Y., D’Armiento, J.M., Saruta, 
T. and Itoh, H., 2010. Nephron exp. Nephrol., 115: 
e22-e32. https://doi.org/10.1159/000312883

Thomas, M.C., Forbes, J.M. and Cooper, M.E., 
2005. Am. J. Ther., 12: 562-572. https://doi.
org/10.1097/01.mjt.0000178769.52610.69

Tripathi, Y.B., Shukla, R., Pandey, N., Pandey, V., 
Kumar, M., 2017. J. Diabetes, 9: 123-132.

Yuan, T. and Liu, X., 2016. Int. J. clin. exp. Med., 9: 
5737-5745.

X. Liu and Z. Li

https://doi.org/10.1039/C6FO01319H
https://doi.org/10.1111/j.1523-1755.2005.00567.x
https://doi.org/10.1111/j.1523-1755.2005.00567.x
https://doi.org/10.1194/jlr.P040501
https://doi.org/10.2174/092986710793348581
https://doi.org/10.1111/j.1440-1746.2012.07141.x
https://doi.org/10.1016/j.ejphar.2010.09.004
https://doi.org/10.1016/j.ejphar.2010.09.004
https://doi.org/10.1159/000487360
https://doi.org/10.12669/pjms.35.4.534
https://doi.org/10.1159/000312883
https://doi.org/10.1097/01.mjt.0000178769.52610.69
https://doi.org/10.1097/01.mjt.0000178769.52610.69

