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Abstract: Diabetic nephropathy (DN) is acommon and severe complication of diabetes. Tripterygium Wilfordii has
dual roles in immune suppression and anti-inflammation, whilst catalpol can resist inflammation and oxidation. The
effect of Tripterygium Wilfordii combined with catalpol in treating DN, has not been reported. Wistar rats were treat-
ed with Tripterygium Wilfordii polyglycoside and or catalpol after DN model was established. Serum levels of creatine
(Scr), urea nitrogen (BUN), urea albumin (UAlb), lactate hydrogenase (LDH) and superoxide peroxidase (SOD) were
measured at 4 weeks after treatment. Real-time PCR was employed for detecting the mRNA level of transformation
growth factor (TGF)-B1, whilst caspase 3 activity, secretion of tumor necrosis factor (TNF)-a and interleukin (IL)-1p3
were measured by ELISA. DN rats had elevated levels of Scr, BUN and UAlb, plus enhanced expression of TGF-$1,
TNF-a and IL-13. Caspase 3 and LDH activity were also increased, with lower SOD level (P<0.05 compared with
control group). Either Tripterygium Wilfordii polyglycoside or catalpol treatment significantly decreased the levels
of Scr, BUN or UAlb, suppressed Caspase 3 activity, decreased expression of TGF-f1, TNF-a and IL-13 expression,
suppressed LDH activity whilst increased SOD level (P<0.05 compared with DN model rats). Combined treatment
group had better improvements than single usage (P<0.01). In conclusion, both Tripterygium Wilfordii polyglycoside
and catalpol can regulate the balance between oxidation and anti-oxidation, suppress apoptosis and inflammation,
with combined therapy having better efficiency.
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Introduction ifest as renal vessel damage as a result of dia-
betes or other factors, further leading to hyper-
plasia of extracellular matrix (ECM), thickening
of glomerular basal membrane, sclerosis of
glomerulus, eventually developing to DN [6, 7].

Although various treatment have been devel-

Diabetes is the most common metabolic syn-
drome worldwide, with rapidly increased inci-
dence due to the influence of life style and food
habit transition [1, 2]. China is an epidemic

area of diabetes, whose onset age is becoming
younger [3]. Common complications of diabe-
tes include cardiovascular or peripheral vascu-
lar incidence as a result of major vessel malfor-
mation, plus micro-vessel related complica-
tions such as diabetic retinopathy, diabetic
nephropathy (DN) and neural disorders, leading
to higher morbidity or mortality [4, 5]. DN is a
common and severe chronic complication of
diabetes. Due to its high incidence and slow
progression, it may eventually develop into end-
stage renal disease (ESRD) and subsequent
death. Pathological features of DN mainly man-

oped to treat diabetes and complications,
including blood glucose management or symp-
tomatic treatment, the retard of DN progres-
sion cannot prevent the development of DN into
renal failure, which requires dialysis or kidney
transplant [8, 9].

DN has a very complicated pathogenesis mech-
anism, involving genetics, physics, chemistry
and environmental factors. Previous study indi-
cated the involvement of inflammatory cyto-
kines, oxidative stress and growth factors in the
DN occurrence and progression [10]. Therefore,
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preventive treatment approaches for DN have
become a major challenge. Tripterygium Wilfor-
dii polyglycoside is a major component extract-
ed from Tripterygium Wilfordii [11, 12], and
belongs to non-steroid immune suppressant
with  pluripotent pharmaceutical activities
especially having prominent anti-inflammatory
functions [13]. Catalpol is the major effective
component of radix rehmanniae, and a small
molecule iridoid glucosides compound [14].
Previous studies revealed pluripotent bio-activ-
ities of catalpol, including anti-tumor, toxicity
against fungus, virus, treating Alzheimer’s
Disease, suppressing microvascular permeabil-
ity, as well as anti-inflammation [15, 16]. The
effect of Tripterygium Wilfordii polyglycoside
and catalpol on DN, however, has not been
reported yet.

Materials and methods
Experimental animals

A total of 40 healthy male Wistar rats (aged 3
months, SPF grade, weighted 250+30 g) were
purchased from Laboratory Animal Center of
Beijing University of Chinese Medicine and
were kept in an SPF grade facility. The facility
was kept at a fixed temperature (21+1°C) and
relative humidity (50%~70%) with 12 h light/
dark cycle.

Rats were used for all experiments and all pro-
cedures were approved by the Animal Ethics
Committee of Dongfang Hospital of Beijing
University of Chinese Medicine.

Major materials and equipment

Tripterygium Wilfordii polyglycoside was pur-
chased from Huitain Bio (China). Catalpol was
purchased from Biological Product Institute of
China. Surgical instrument was purchased from
Suzhou Med Instrument (China). Trizol reagent
was purchased from Invitrogen (US). Strepto-
zotocin (STZ) was purchased from Sigma (US).
Serum creatine assay kit was purchased from
Roche (US). RSV nucleic acid test kit was pur-
chased from Zhijiang Biotech (China). PVDF
membrane was purchased from Pall Life
Sciences (US). Chemical reagents for Western
blotting were purchased from Beyotime (China).
ECL kit was purchased from Amersham Bio-
sciences (US). Rat anti-mouse TGF-B1 monoclo-
nal antibody, and goat anti-mouse horseradish
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peroxidase (HRP) conjugated IgG antibody were
obtained from Cell Signaling (US). RNA extrac-
tion kit and reverse transcription kit were pur-
chased from Axygen (US). Test kits for TNF-«,
IL-1B were purchased from R&D (US). Caspase
3 activity kit was purchased from Pall Life
Science. Rat urea protein assay for albumin
was purchased from Furui (US). Labsystem
Version 1.3.1 microplate reader was purchased
from Bio-rad (US). DNA amplification cycler was
purchased from PE Gene Amp System 2400.
Electric blood glucose meter was purchased
from Advantage (US). Automatic biochemical
analyzer was purchased from Beckman
(Germany). Other common reagents were pur-
chased from Sangon (China).

Animal grouping

40 rats were randomly assigned into five groups
(N=8 in each group). DN group was prepared
for establishing disease model using 45 mg/kg
STZ. Model rats then received Tripterygium
Wilfordii polyglycoside (10 mg/kg daily by
gavage as previously described [13]), catalpol
(20 mg/kg daily by gavage for 4 weeks [14]) or
combined treatment (daily for four consecutive
weeks [15]).

DN model preparation

After one week acclimation, rats were fasted
for 12 h. 0.5% STZ prepared in sterile citric
acid-citric acid sodium buffer was injected via
the tail vein at a dose of 40 mg/kg. Control
group received equal volume of citrate buffer.
Two weeks later, blood glucose and urea sugar
levels were measured. Those rats with higher
than 16.7 mmol/L blood glucose, urea sugar
below “++”, plus at least one-fold increase of
urea volume were determined as successfully
established DN model [17].

Sample collection

Rat abdominal aorta blood samples were col-
lected in a negative pressure tube and left at
room temperature for 30 min incubation. After
blood clotting, samples were centrifuged at
3600 rpm at 4°C for 10 min. The supernatant
was saved and frozen at -20°C for further use.
Rats in all groups were sacrificed and left renal
tissues were collected, which were kept at
-80°C for further assays.
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Table 1. Primer sequences

B were sequentially added (50 ul each),

Gene  Forward primer 5’-3’

Reverse primer 5’-3’

followed by 37°C dark incubation for

GAPDH ACCAGGTATCTTGGTTG

TAACCATGTCAGCGTGGT
TGF-B1 CAGTAGTGGTCTCTACCGCC TCATTAACCCTCTCACAGAACC

10 min. The test plate was then mixed
with 50 ul quenching buffer as the blue

Kidney function index assay

A fully automatic biochemical analyzer was
used to analyze serum levels of Scr and BUN.
Radioimmunology assay was used to quantify
UAIb. Kidney/body weight ratio was then
calculated.

LDH and SOD activity in renal tissues

Activity of SOD and LDH in rat kidney tissues
was measured following the manual instruction
of the test kit. In brief, tissue proteins were
extracted by 95°C for 40 min. Proteins were
rinsed in cold water and centrifuged at 4000
rom for 10 min. Ethanol-chloroform mixture
(5:3 v/v) was used to extract the ethanol phase
for testing LDH and total SOD activity.

Caspase 3 activity assay

Caspase 3 activity in rat renal tissues was eval-
uated following manual instruction of test kit. In
brief, cells were digested by trypsin, and centri-
fuged at 600 g for 5 min under 4°C. The super-
natant was discarded, followed by the addition
of cell lysis buffer and iced incubation for 15
min. The mixture was then centrifuged at 20
000 g for 5 min under 4°C, followed by the
addition of 2 mM Ac-DECD-pNA. Optical density
(OD) values at 450 nm wavelength were mea-
sured to evaluate the caspase 3 activity.

ELISA for serum inflammatory factors TNF-a
and IL-13

Serum samples from all groups of rats were col-
lected and tested for expression levels of TNF-a
and IL-1pB following the manual instruction of
ELISA kits. In brief, 96-well plate was added
with 50 pl serially diluted samples, which were
used to plot standard curves. 50 pl test sam-
ples were then added into test wells in tripli-
cates. After washing for 5 times, liquids were
discarded to fill with washing buffer for 30 sec
vortex. The rinsing procedure was repeated for
5 times. 50 pl enzyme-labeled reagent was
then added into each well except blank control.
After gentle mixture, the well was incubated for
30 min at 37°C. Chromogenic substrates A and
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color turned into yellow. Using blank
control well as the reference, absor-
bance (A) values at 450 nm wavelength were
measured by a microplate reader within 15 min
after adding quenching buffer. Linear regres-
sion model was then plotted based on the con-
centrations of standard samples and respec-
tive A values. Sample concentration was fur-
ther deduced based on A values and regression
function.

Real-time PCR for renal expression of TGF-S1
MRNA expression

Trizol reagent was used to extract RNA from rat
renal tissues from all groups. DNA reverse tran-
scription was performed following the manual
instruction, using primers designed by Primer-
Primer6.0 and synthesized by Invitrogen (China)
as shown in Table 1. Real-time PCR was per-
formed under the following conditions: 5 cycles
each containing 92°C for 30 s, 58°C for 45 s
and 72°C for 35 s. Data were collected and cal-
culated for CT values of all samples and stan-
dards based on fluorescent quantification using
GAPDH as the internal control. Standard curve
was firstly plotted using CT values of standards,
followed by semi-quantitative analysis using
28t method.

Statistical analysis

SPSS 19.0 statistical software was used for
analysis. Measurement data were presented
as mean * standard deviation (SD). Comparison
of means across multiple groups was per-
formed using one-way analysis of variance
(ANOVA). A statistical significance was defined
when P<0.05.

Results
Live status and renal function assay of rats

Living status, kidney/body weight ratio and
renal function index were observed. Results
showed good mental status, shining furs, nor-
mal diet, drinking and motility, and normal urea
volume. However, DN model rats showed aggra-
vated mental status, fur detachment, increased
food/water intake, larger urea volume, plus
lower body weight, kidney/body weight ratio,
and significantly elevated levels of Scr, BUN
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Table 2. General condition and kidney function index

Index Control DN Tripterygium Wllfordll Catalpol Combined
polyglycoside treatment
Body weight (g) 491.4+52.7 227.9+36.1" 302.8+31.2"# 298.7+29.5"% A417.2+26.4"#*
Blood glucose (mmol/L) 6.3+0.5 27.6+2.3 17.1+2.5"# 16.3+2.9"# 11.143.17#
Kidney/body (mg/g) 2.5+0.3 5.7+0.9" 4.6+0.7"# 4.8+0.5"# 3.2+0.1"#
Scr (umol/L) 89.2+12.3 1577.6+41.5" 982+81.2"# 891+89.7"# 582+71.2"#
BUN (mmol/L) 7.1+0.8 13.2+1.17 10.7£1. 7 10.1+1.5%# 9.2+1.5"##*
UAlb (mg/24 h) 0.3+0.1 1.5+0.2" 0.8+0.1"# 0.9+0.2"# 0.6+0.2"##*
Note: *, P<0.05 compared to control group; #, P<0.05, #, P<0.01 compared to DN group.
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Figure 1. Combined effects of Tripterygium Wilfordii
polyglycoside and catalpol on LDH activity. *, P<0.05
compared with control group; #, P<0.05, ##, P<0.01
compared with DN group.
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Figure 2. Effects of Tripterygium Wilfordii polygly-
coside and catalpol on rat SOD activity. *, P<0.05
compared with control group; #, P<0.05, ##, P<0.01
compared with DN group.

and UAlb (P<0.05 compared with control group).
Single or combined treatment of Tripterygium
Wilfordii polyglycoside or catalpol treatment
improved the general condition of rats, with
improved fur color, body weight, and decreased
levels of Scr, BUN or UAlb (P<0.05 compared
with DN group). However, better effects were
obtained when using combined treatment
(P<0.01, Table 2).
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Figure 3. Effects of Tripterygium Wilfordii polyglyco-
side and catalpol on rat renal caspase 3 activity. *,
P<0.05 compared with control group; #, P<0.05, ##,
P<0.01 compared with DN group.
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Figure 4. Effects of Tripterygium Wilfordii polyglyco-
side and catalpol on rat renal mRNA expression of
TGF-B1. *, P<0.05 compared with control group; #,
P<0.05, ##, P<0.01 compared with DN group.

Combined effects of Tripterygium Wilfordii poly-
glycoside and catalpol on LDH of DN rats

We analyzed the change of LDH activity in renal
tissues after single or combined treatment
using Tripterygium Wilfordii polyglycoside and/
or catalpol. Results demonstrated elevated
LDH activity in DN rats (P<0.05 compared with
control group). After single or combined treat-
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Figure 5. Effects of Tripterygium Wilfordii polyglycoside and catalpol on in-
flammatory factor expression in DN rat serum. *, P<0.05 compared with
control group; #, P<0.05, ##, P<0.01 compared with DN group.

ment, LDH activity was significantly decreased
(P<0.05 compared with DN group). However,
combined treatment had strong effects (P<
0.01, Figure 1).

Effects of Tripterygium Wilfordii polyglycoside
and catalpol on rat SOD activity

We analyzed the change of SOD activity in renal
tissues after single or combined treatment.
Results showed suppressed SOD activity in DN
rats (P<0.05 compared with control group).
After single or combined treatment, SOD activ-
ity was significantly increased (P<0.05 com-
pared with DN group) with combined treatment
having more potent effects (P<0.01, Figure 2).

Effects of Tripterygium Wilfordii polyglycoside
and catalpol on rat renal caspase 3 activity

We analyzed the effect of single or combined
treatment on renal Caspase 3 activity. Results
showed elevated Caspase 3 activity in DN rats
(P<0.05 compared with control group). After
single or combined treatment, Caspase 3 activ-
ity was significantly suppressed (P<0.05 com-
pared with DN group) with combined treatment
having stronger effects (P<0.01, Figure 3).

Effects of tripterygium wilfordii polyglycoside
and catalpol on rat renal mRNA expression of
TGF-B1

Real-time PCR was used to test the effect of

single or combined treatment on renal TGF-f1
MmRNA expression. Results showed elevated
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Control TGF-B1 mRNA in DN rats (P<

\ ) o 0.05 compared with control
g'aﬁ’;?g?'um WiliGirR group). However, after single
Combined treatment or combined treatment, TGF-

B1 mRNA was significantly
suppressed (P<0.05 compar-
ed with DN group) with stron-
ger effects observed after
combined treatment (P<0.01,
Figure 4).

Effects of Tripterygium
Wilfordii polyglycoside and ca-
talpol on inflammatory factor
expression in DN rat serum

ELISA was used to test the
effect of single or combined
treatment on serum levels of
inflammatory factors including
TNF-a and IL-1B. Results showed significantly
elevated serum TNF-a and IL-1B in DN rats
(P<0.05 compared with control group). After
single or combined treatment, TNF-a and IL-13
levels were significantly suppressed (P<0.05
compared with DN group). However, combined
treatment had more potent effects (P<0.01,
Figure 5).

Discussion

Diabetes can induce microvascular disease,
leading to protein urea, accompanied with pro-
gressive renal dysfunction, eventually leading
to the development of DN [8]. DN can cause
irregular renal hemodynamic, and thickening of
glomerular basal membrane, kidney hypertro-
phy and enhanced ECM, which results in endo-
thelial cell dysfunction and further irreversible
kidney function failure [18]. Currently major
treatments for DN include blood glucose man-
agement, and blood pressure control by angio-
tensin transferase inhibitor (ACEI) but with
unsatisfactory efficiency [19]. Therefore, the
illustration of DN pathogenesis, and the identi-
fication of effective treatment medication, can
retard the occurrence and progression of DN.

Recent studies showed an important role of
inflammation and immune injury in DN patho-
genesis [20]. Body oxidative stress injury is also
closely correlated with DN occurrence [21].
Tripterygium Wilfordii polyglycoside plays an
important role in regulating inflammatory res
ponse via enhancing vascular permeability and
inhibiting platelet aggregation [13]. On the
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other hand, catalpol, extracted from traditional
Chinese medicine, plays an important role in
anti-inflammation and regulating oxidation-
reduction balance [16]. The combined effect of
Tripterygium Wilfordii polyglycoside and catal-
pol in treating DN, however, has not been
reported. This study aimed to investigate the
effect of Tripterygium Wilfordii polyglycoside
and/or catalpol treatment on DN. Results
showed significant improvement of DN symp-
toms, decrease of blood glucose, protein urea,
Scr and BUN by single usage of Tripterygium
Wilfordii polyglycoside or catalpol. However,
combined treatment had more potent effects
in ameliorating DN symptoms.

During DN development, inflammation and oxi-
dative stress disrupt body oxidation/anti-oxida-
tion balance, leading to production abundant
reactive oxygen species (ROS). Due to the
decrease of important anti-oxidation enzyme
SOD for clearing body ROS, and higher LDH
activity during cell damage or death, glomerular
mesenchymal cells proliferation was then stim-
ulated, plus injury of vascular endothelial cells
by inflammation factors and decreased release
of nitric oxide (NO), thus facilitating urea trace
protein production and subsequent accelerat-
ing DN progression [22, 23]. This study demon-
strated elevated expression of TGF-B1, TNF-a
and IL-1B during DN development, plus incre-
ased Caspase 3 and LDH activity, and decre-
ased SOD. TGF-B1, which exists as a pre-pro-
peptide, can be prominently activated during
diabetes and thus participating in DN patholo-
gy. As important inflammatory factors, TNF-a
and IL-1B can stimulate inflammation, and
induce DN-related vascular endothelial injury,
leading to increased Caspase 3 activity and
renal tissue apoptosis [24, 25]. This study
found that Tripterygium Wilfordii polyglycoside
and catalpol administration inhibited Caspase
3 activity, decreased TGF-B1, TNF-a and IL-1B
expression, suppressed LDH activity, and in-
creased SOD activity. However, combined
usage of both drugs exerted more potent
modulatory effects on inflammation, oxidative
stress and apoptosis. This study further plans
to investigate the functional mechanism of
Tripterygium Wilfordii polyglycoside and catal-
pol in the treatment of DN.

Conclusion

Tripterygium Wilfordii polyglycoside orcatalpol
can regulate oxidation/anti-oxidation balance,
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inhibit apoptosis or inflammation progression
during DN development. However, the com-
bined treatment using both drugs has better
treatment efficiency.

Acknowledgements

This work was supported by Beijing University
of Chinese Medicine, the 2015 annual basic
research fees 2015-JYB-JSMS096.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Yu Bai, Depart-
ment of Nephropathy, Dongfang Hospital of Beijing
University of Chinese Medicine, No. 6 First Block
Fangzhuang Fangxing Park, Fengtai District, Bei-
jing, China. Tel: +86-010-67689739; Fax: +86-010-
67689739; E-mail: yubaioi@163.com

References

[1] Frustaci A, Ciccosanti F, Chimenti C, Nardacci
R, Corazzari M, Verardo R, Ippolito G, Petrosillo
N, Fimia GM and Piacentini M. Histological and
proteomic profile of diabetic versus non-dia-
betic dilated cardiomyopathy. Int J Cardiol
2016; 203: 282-9.

[2] Augustin AJ, Kuppermann BD, Lanzetta P,
Loewenstein A, Li XY, Cui H, Hashad Y and
Whitcup SM. Dexamethasone intravitreal im-
plant in previously treated patients with dia-
betic macular edema: subgroup analysis of the
MEAD study. BMC Ophthalmol 2015; 15: 150.

[3] LiX, Zhang J, Zhao W, Yang H, Ma J, Qi Y and
Wu S. Effect of Tongxinluo on nerve regenera-
tion in mice with diabetic peripheral neuropa-
thy. Cell Mol Biol (Noisy-le-grand) 2015; 61:
103-7.

[4] Makhlough A, Makhlough M, Shokrzadeh M,
Mohammadian M, Sedighi O and Faghihan M.
Comparing the levels of trace elements in pa-
tients with diabetic nephropathy and healthy
individuals. Nephrourol Mon 2015; 7: e28576.

[5] WulJ, LuC,LiX, Fang H, Wan W, Yang Q, Sun X,
Wang M, Hu X, Chen CY and Wei X. Synthesis
and biological evaluation of novel gigantol de-
rivatives as potential agents in prevention of
diabetic cataract. PLoS One 2015; 10:
€0141092.

[6] Ding WJ, Ji Q, Shi YQ, Ma RH and Wang CS.
Incidence of deep sternal wound infection in
diabetic patients undergoing off-pump skele-
tonized internal thoracic artery grafting.
Cardiology 2016; 133: 111-8.

[71  Kumar JD, Holmberg C, Balabanova S, Bor-
ysova L, Burdyga T, Beynon R, Dockray GJ and

Int J Clin Exp Med 2017:10(12):16210-16216


mailto:yubaioi@163.com

(8]

(9]

(10]

(11]

[12]

[13]

(14]

[15]

(16]

[17]

Anti-inflammation treatment of DN

Varro A. Mesenchymal stem cells exhibit regu-
lated exocytosis in response to Chemerin and
IGF. PLoS One 2015; 10: e0141331.

Zhang Q, JiY, Lv W, He T and Wang J. Protective
effects of leflunomide on renal lesions in a rat
model if diabetic nephropathy. Ren Fail 2016;
38: 124-30.

Najafian B, Fogo AB, Lusco MA and Alpers CE.
AJKD atlas of renal pathology: diabetic ne-
phropathy. Am J Kidney Dis 2015; 66: €37-8.
Bonomo JA, Palmer ND, He JC, Fan Y, Hicks PJ,
Lea JP, Okusa MD, Bowden DW and Freedman
BI. Association analysis of the reticulon 1 gene
in end-stage kidney disease. Am J Nephrol
2015; 42: 259-64.

Caspi O and Polak A. [Traditional immunosup-
pression—-Lei Gong Teng in modern medicine].
Harefuah 2013; 152: 404-9, 433.

Ma L, Liu B, Jiang Z and Jiang Y. Reduced num-
bers of regulatory B cells are negatively corre-
lated with disease activity in patients with new-
onset rheumatoid arthritis. Clin Rheumatol
2014; 33: 187-95.

Wu J, Liu X, Chan CO, Mok DK, Chan SW, Yu Z
and Chen S. Petroleum ether extractive of the
hips of rosa multiflora ameliorates collagen-in-
duced arthritis in rats. J Ethnopharmacol
2014; 157: 45-54.

Wang JM, Yang LH, Zhang YY, Niu CL, Cui Y,
Feng WS and Wang GF. BDNF and COX-2 par-
ticipate in anti-depressive mechanisms of ca-
talpol in rats undergoing chronic unpredictable
mild stress. Physiol Behav 2015; 151: 360-8.
Xue B, Ma B, Zhang Q, Li X, Zhu J, Liu M, Wu X,
Wang C and Wu Z. Pharmacokinetics and tis-
sue distribution of aucubin, ajugol and catal-
pol in rats using a validated simultaneous LC-
ESI-MS/MS assay. J Chromatogr B Analyt
Technol Biomed Life Sci 2015; 1002: 245-53.
Xu Z, Zhang L, Li X, Jiang Z, Sun L, Zhao G,
Zhou G, Zhang H, Shang J and Wang T. Mito-
chondrial fusion/fission process involved in
the improvement of catalpol on high glucose-
induced hepatic mitochondrial dysfunction.
Acta Biochim Biophys Sin (Shanghai) 2015; 47:
730-40.

Tripathi AS, Timiri AK, Mazumder PM and
Chandewar A. Does glimepiride alter the phar-
macokinetics of sildenafil citrate in diabetic
nephropathy animals: investigating mecha-
nism of interaction by molecular modeling
studies. J Mol Model 2015; 21: 276.

16216

(18]

[20]

(21]

[22]

(23]

(24]

[25]

Yang XH, Cao RF, Yu Y, Sui M, Zhang T, Xu JY
and Wang XM. A study on the correlation be-
tween MTHFR promoter methylation and dia-
betic nephropathy. Am J Transl Res 2016; 8:
4960-4967.

Zhou B, Zou H and Xu G. Clinical utility of se-
rum cystatin C in predicting diabetic nephropa-
thy among patients with diabetes mellitus: a
meta-analysis. Kidney Blood Press Res 2016;
41:919-928.

JinY, Liu S, Ma Q, Xiao D and Chen L. Berberine
enhances the AMPK activation and autophagy
and mitigates high glucose-induced apoptosis
of mouse podocytes. Eur J Pharmacol 2016;
794: 106-114.

Zhou M, Ren H, Han J, Wang W, Zheng Q and
Wang D. Protective effects of kaempferol
against myocardial ischemia/reperfusion inju-
ry in isolated rat heart via antioxidant activity
and inhibition of glycogen synthase kinase-
3beta. Oxid Med Cell Longev 2015; 2015:
481405.

Yang SM, Liu J and Li CX. Intermedin protects
against myocardial ischemia-reperfusion inju-
ry in hyperlipidemia rats. Genet Mol Res 2014;
13: 8309-19.

Aghadavod E, Khodadadi S, Baradaran A,
Nasri P, Bahmani M and Rafieian-Kopaei M.
Role of oxidative stress and inflammatory fac-
tors in diabetic kidney disease. Iran J Kidney
Dis 2016; 10: 337-343.

Borgohain MP, Lakhar M, Ahmed S, Chowdhury
L, Kumar S, Pant R and Choubey A. Small mol-
ecule inhibiting NF-kB ameliorates oxidative
stress and suppresses renal inflammation in
early stage of alloxan-induced diabetic ne-
phropathy in rat. Basic Clin Pharmacol Toxicol
2017; 120: 442-449.

Liu WT, Peng FF, Li HY, Chen XW, Gong WQ,
Chen WJ, Chen YH, Li PL, Li ST, Xu ZZ and Long
HB. Metadherin facilitates podocyte apoptosis
in diabetic nephropathy. Cell Death Dis 2016;
7. e2477.

Int J Clin Exp Med 2017:10(12):16210-16216



