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Objective: This study aimed to investigate the protective effect of astragalus—saffron—
rhubarb mixture (Bao’shen recipe, BSR) on diabetic nephropathy (DN) in db/db mice and
preliminarily explore the possible underlying mechanism.

Methods: A total of 125 8-week-old male db/db mice with DN were randomly divided into
five groups: model group, irbesartan group and high-, medium- and low doses of BSR group,
while 25 male db/m mice were used as a blank control. At 8, 12, 16, 20, and 24 weeks of
feeding, the animals were sacrificed and blood as well as urine samples were collected for
blood glucose, urea nitrogen, creatinine and urinary albumin excretion rate (UAER) mea-
surement via blood glucose meter or corresponding detection kits, respectively. The renal
tissues of each mouse underwent hematoxylin and eosin (H&E), Masson, periodic acid
Schiff (PAS) staining. Renal homogenate was used to detect IL-6, TNF-o, TNF-1R and
TNF-2R by enzyme-linked immunosorbent assay. Additionally, the data obtained was sta-
tistically analyzed via one-way analysis of variance.

Results: BSR could effectively reduce the body weight, blood glucose, UAER, blood urea
nitrogen and creatinine levels, relieve the proliferation of mesangial tissue, and lower the
levels of IL-6, TNF-a, TNF-1R, and TNF-2R in renal tissue of db/db mice with DN. Of note,
the high-dose BSR treatment group has advantages over irbesartan treatment group in
improving above-mentioned aspects.

Conclusion: BSR could effectively delay the progress of DN, partly related to its anti-
inflammation effect.

Keywords: diabetic nephropathy, treatment, inflammatory factors, traditional Chinese

medicine

Introduction

Diabetic nephropathy (DN) is the most common and serious chronic complication
of diabetes. In developed countries, DN has become the main cause of renal
replacement therapy in patients with end-stage renal failure (ESRF)." It is estimated
that diabetes will become a major disease in developing countries in the next 20
years. About 25—40% of patients with type 2 diabetes mellitus (T2DM) have renal
damage and chronic kidney disease.>* DN has multiple pathophysiologic mechan-
isms involving microvascular, macrovascular changes, the disorder of glucose and
lipid metabolism, oxidative stress, inflammation, fibrosis, coagulation, and other
factors that play important roles in the progress of DN.*® Even so, the precise
mechanisms in DN are not fully understood. When targeting the pathogenesis of
DN, comprehensive management causes the blood glucose, blood lipid, blood
pressure, and other indicators to reach the standards, those means of treatment
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can only delay the pathological progression of diabetes
mellitus, but it fails to reduce the incidence of ESRD in
patients with DN.* Therefore, finding new treatment mea-
sures is the key to the prevention and treatment of DN.
Traditional Chinese Medicine (TCM) plays an important
role in the prevention and treatment of chronic kidney dis-
ease and T2DM in China, which have been demonstrated by
multiple pharmacological and clinical studies.”'? Previous
reports showed that Astragalus, saffron crocus and Rhubarb
were drugs commonly used for diabetes mellitus and chronic

kidney disease,'> "

suggesting the possibly protective
effects of the above three drugs on DN by mixing them in
appropriate proportions. However, the three drugs men-
tioned above were currently administered mainly as a form
of single drug, and little information about mixing them into
the Chinese herbal compound for the treatment of DN.
Against this backdrop, we previously prepared Astragalus—
Saffron—Rhubarb Mixture, named Bao’shen recipe (BSR),
by combining the afore-mentioned drugs in appropriate pro-
portion and used for patients with chronic renal failure.
Additionally, we found that BSR could prevent progress of
DN by decreasing the expressions of CTGF and increasing
the expressions of MMP-9 in rats with DN.'

Based on this, the aim of this study was further to
investigate the protective effect of BSR on the kidneys
of db/db DN mice and its effects on kidney tissue’s inflam-
matory cytokines associated with the progression of DN,
including interleukin-6 (IL-6), tumor necrosis factor-o
(TNF-a), tumor necrosis factor a receptor-1 (TNF-1R),
and tumor necrosis factor-a receptor 2 (TNF-2R).

Materials and Methods

Drug Preparation

Astragalus, Rhubarb and Saffron were purchased from
Lanzhou Huanghe Pharmaceutical Co., Ltd., and the com-
position of BSR were as follows: Astragalus 60g, Rhubarb
12g, and Saffron 6g. The above-mentioned three drugs
were soaked in pure water for 30min and boiled over
high heat until boiling, followed by simmering for 30
minutes. After filtering through four layers of gauze, the
BSR was concentrated at a dose of 2.235 g/mL and placed
in a refrigerator at —20°C for further use.

Animal Feeding, Grouping, and

Medication
Animal maintenance and experimental procedures were
carried out in accordance with the US National Institutes

of Health guidelines for use of experimental animals and
approved by the Animal Care Committee of the Second
Hospital of Lanzhou University (Lanzhou, China). One
hundred and twenty-five male db/db diabetic mice in
C57BL/6 background and their nondiabetic littermate con-
trol db/m mice (n = 25) were obtained from Nanjing
Model Animal Research Institute. Mice were housed in
a room at a constant temperature of 22 + 2°C with 12-h
light/dark cycles.

These 6-week-old male db/db mice and db/m mice
were firstly reared adaptively for two weeks, following
by randomly divided into five groups of 25 mice per
group: control group (distilled water, db/m), model group
(distilled water, db/db-m), positive group (irbesartan,
0.05 mg/kg, db/db-me), high (3.3525g/kg of crude drug,
db/db-hd), medium (2.235g/kg of crude drug, db/db-md)
and low (1.1175g/kg of crude drug, db/db-1d) doses of
BSR groups.

Measurement of Body Weight and Fasting

Blood Glucose (FBG) Levels

Body weight and FBG levels obtained by blood glucose
meters (Sinocare Inc., China) were measured at 0, 4, 8, 12,
and 24 weeks.

Measurement of Biochemical Parameters
Five mice from each group were killed at the same point
by exsanguination under anesthesia before blood samples
were collected, followed by centrifuging blood at
3000 rpm for 10 min at 4°C to obtain serum. Urea nitrogen
and creatinine were detected using urea nitrogen test kits
and creatinine test kits (Nanjing Jiancheng Bioengineering
Research Institute, China), respectively. Microalbuminuria
was detected using mouse urine microalbuminuria detec-
tion kits (Shanghai Enzyme-linked Biotechnology Co.,
Ltd., China).

Measurement of Inflammatory Cytokines
in Renal Tissue Homogenate by

Enzyme-Linked Immunosorbent Assay
(ELISA)

Renal tissue was weighed, added with 10 mL of tissue
lysate (the ratio of the radio-immunoprecipitation assay

[RIPA]: phenylmethylsulfonyl fluoride [PMSF] was
100:1), and ground at 4°C for 30 minutes by electronic
tissue  homogenizer (Shanghai Jingxin Industrial

Development Co., Ltd., China). The tissue homogenate
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was obtained by centrifuging the suspension at 12,000 rpm
for ten minutes (Beckman Coulter, USA, model: Allegra
X-30R), followed by detecting the levels of IL-6, TNF-q,
TNF-1R, and TNF-2R by corresponding ELISA Kit
[Mouse IL-6 (ab100713), mouse TNF-o ELISA Kit
(ab208348), mouse sTNF-1R ELISA kit (TNFRSFIA,
ab202408), mouse sTNF-2R ELISA kit (TNFRSF1b,
ab202412), Abcam, UK], respectively. All procedures
were performed strictly according to the instructions.

Histopathological Evaluation

Renal tissue was harvested and fixed in 4% phosphate-
buffered paraformaldehyde. After being embedded in par-
affin, 3 um thick sections of renal tissue were prepared and
deparaffinized in xylene as well as rehydrated in graded
ethanol. Then, haematoxylin and eosin (H&E), PAS and
Masson’s trichrome stained samples were separately used
for histopathological examination.

Statistical Methods

Data were statistically analyzed using statistical software
SPSS25.0. Data with a normal distribution and variance
homogeneity were expressed as mean + standard deviation
(x £ SD), compared within one group using one-way
analysis of variance, and compared between two groups
using #-tests. P < 0.05 was considered statistically
significant.

Results
Tolerance of db/db Mice to BSR

The db/db mice were treated with irbesartan or BSR start-
ing at the 8th week of modeling. No mice developed
infections or bites resulting in death during the treatment
period, indicating that the mice were well tolerated
to BSR.

Effects of BSR on Body Weight, Blood

Glucose, and UAER in db/db Mice

Change of Body Weight

The body weight of the mice in the blank control (db/m)
group did not change significantly (P > 0.05) in the feed-
ing process. In sharp contrast, the body weight of the mice
in the model group was much higher than that of the
control group at 8th, 12th, 16th, 20th, and 32nd weeks
of feeding (P < 0.01 for all). No significant difference in
body weight could be found between the db/db-me group
and the db/db-m group (P > 0.05). Of note, mouse treated

with high- and medium doses of BSR performed a lower
body weight as compared with mouse in db/db-m group
(P < 0.05 for both) at the same time point (P < 0.01 for
all). In the db/db-1d group, there was no significant
change in body mass before and after medication, and
the body mass was the same as that in the db/db-me group
at the same time point (P > 0.05 for all, Figure 1). The
results revealed that medium and high doses of BSR
could reduce the body weight of mice, and the body
weight did not significantly change in the positive control

group.

Change of Blood Glucose in db/db Mice

The blood glucose level of mice in the db/db-m group was
significantly increased as compared with the almost stable
blood glucose (P > 0.05) level of the mice in the db/m
group during the experiment, which showed statistical
difference at the 8th, 12th, 16th, 20th, and 32nd week of
feeding (P < 0.01 for all). Intervention with high- and
medium doses of BSR could improve the elevated blood
glucose levels of mice in db/db-m group (P < 0.05 for
both), and the blood glucose levels were lower in these
three groups than that of in db/db-me group at the same
time point (P < 0.01 for all). In the db/db-1d group, no
significant change could be found in blood glucose levels
before and after medication, and the blood glucose levels
were not statistically significant as compared with the db/
db-me group at the same time point (P > 0.05 for all,
Figure 2). Additionally, there was no significant difference
in blood glucose levels between the db/db-me group and
the db/db-m group (P > 0.05). The results revealed that
medium and high doses of BSR have the ability to reduce
the blood glucose level of mice.

Change of UAER in db/db Mice

Similar to the tendency towards blood glucose of mice, the
UAER of the mice in the db/m group also did not change
significantly (P > 0.05) in the feeding process. In sharp
contrast, the UAER of the mice in the db/db-m group
showed significant elevation (P < 0.01) at 12 weeks of
feeding as compared with the db/m group. What is of
interest was that UAER of the mouse in db/db-me group
and three doses of BSR group were remarkably decreased
at 4, 8, 12, and 24 weeks of medication (P < 0.01). The
UAER in the db-hd group was significantly lower than that
of in the db/db-me group (P < 0.01). There was no sig-
nificant difference in UAER between the db/db-md group
and the db/db-me group (P > 0.05, Figure 3).
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Figure | Effects of BSR on body weight of db/db DN mice. Animals were assigned into six group (n = 25): control group (db/m), model group (db/db-m), positive group (db/
db-me) and BSR at high- (db/db-hd), medium- (db/db-md) and low (db/db-Id) doses group. The data are shown as the mean+SD.
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Figure 2 Effects of BSR on blood glucose of db/db DN mice (mmol/L). Animals were assigned into six group (n = 25): control group (db/m), model group (db/db-m), positive
group (db/db-me) and BSR at high- (db/db-hd), medium- (db/db-md) and low (db/db-Id) doses group. The data are shown as the mean+SD.
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Figure 3 Effect of BSR on the UAER of db/db DN mice (mg/24-hours). Animals were assigned into six group (n = 25): control group (db/m), model group (db/db-m),
positive group (db/db-me) and BSR at high- (db/db-hd), medium- (db/db-md) and low (db/db-Id) doses group. The data are shown as the meanSD.

Effects of BSR on the Level of Blood Urea
Nitrogen and Serum Creatinine in db/db
Mice

The blood urea nitrogen (Figure 4) and serum creatinine
(Figure 5) level of the db/m group did not change significantly
(P> 0.05) in the feeding process, while a significant elevation
could be observed in the db/db-m group at 12 weeks of
feeding (P < 0.01). Treating with positive drug and three
doses of BSR could remarkably improve (P < 0.01 for all)
the elevated levels of both blood urea nitrogen and serum
creatinine in db/db mouse. Of note, animals in the db/db-hd
group and the db/db-md group showed lower levels of both
indicators as compared with that of in db/db-me group (P <
0.01 for all), suggesting the pronounced improving renal
function effects of both high- and medium doses of BSR.

Effects of BSR on Histopathological
Damage of DN in db/db Mice

H&E staining was used to analyze the renal histopatho-
logical changes of db/db mice before and after interven-
tion with BSR. In the normal control group, the
morphology and structure of the renal tissue were

normal. Renal histopathological damages including pro-
liferation of glomerular mesangial cells, dilation of the
mesangial matrix, thickening of the capillary basement
membrane, stenosis of partial capillaries, vacuolar
degeneration of the epithelial cells of renal tubules,
focal tubular atrophy, and interstitial fibrosis in db/db
mouse with DN could be improved at different degree
by intervention with positive drug and three doses of
BSR. Especially, in animals in db/db-hd group, a series
of improvements such as basically normal glomerular
volume, unobstructed lumen of most of the capillaries,
intact renal tubular epithelium and mild degree of inter-
stitial fibrosis could be observed (Figure 6).

Additionally, PAS staining was performed by blind
method to quantify mesangial dilatation, and twenty
glomeruli were observed. The degree of mesangial dila-
tation was scored from O to 3, where 0 represented no
mesangial dilatation, and 3 represented severe mesangial
dilatation. The results revealed that the renal tissues of
db/db-md group and db/db-hd group were significantly
better than that of db/db-me group in improving renal
histopathological damage (Table 1).

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

https:

4683

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhou et al Dove

6-
-® db/m
& db/db-m
-4 db/db-me
7 = db/db-hd
3 - db/db-md
-4 © db/db-Id
H
o 4
o
Z’é
©
e
=
2 3
(e}
r
c
©
[}
s
2=
1 1 ] 1 1 ]
1w aw sw 12w 24w (weeks)

Figure 4 Effect of BSR on blood urea nitrogen level of db/db DN mice (mg/24-hours). Animals were assigned into six group (n = 25): control group (db/m), model group
(db/db-m), positive group (db/db-me) and BSR at high- (db/db-hd), medium- (db/db-md) and low (db/db-Id) doses group. The data are shown as the meanSD.
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Figure 5 Effect of BSR on serum creatinine level of db/db DN mice (mg/24-hours). Animals were assigned into six group (n = 25): control group (db/m), model group (db/
db-m), positive group (db/db-me) and BSR at high- (db/db-hd), medium- (db/db-md) and low (db/db-Id) doses group. The data are shown as the meanSD.
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Figure 6 Pathological changes of DN in db/db mice treated with BSR for 24 weeks. Animals were assigned into six group (n = 25): control group (db/m), model group (db/
db-m), positive group (db/db-me) and BSR at high- (db/db-hd), medium- (db/db-md) and low (db/db-Id) doses group. The data are shown as the meanxSD.

Effects of BSR on TNF-q, IL-6, TNF-IR,
and TNF-2R in Renal Tissue Homogenate

of db/db Mice

In this study, IL-6, TNF-a, TNF-1R, and TNF-2R in renal
homogenate were detected by ELISA to further demon-
strate the protective effect of BSR on DN. The results
revealed that in the db/m group, the levels of IL-6, TNF-
o, TNF-1R, and TNF-2R in renal homogenate did not
significantly change with the extension of the experiment
time (P < 0.05). However, the levels of above-mentioned
indicators of animals in db/db-m group exhibited signifi-
cant elevation as compared with those in the control group
at 8th, 12th, 16th, 20th, and 32nd weeks of feeding (cor-
responding to those at 0, 4, 8, 12, and 24 weeks of
medication in the treatment group) (P < 0.01 for all). It
is noteworthy that intervention with high- (P < 0.01),
medium- (P < 0.05) and low (P < 0.05) doses of BSR
could significantly reduce the levels of IL-6, TNF-a, TNF-
IR, and TNF-2R, with high dose BSR having the best
effect. Additionally, the levels of IL-6, TNF-0, TNF-1R,
and TNF-2R in renal homogenate in the db/db-md group
were similar to db/db-me group (P > 0.05). These results
revealed that medium and high doses of BSR could sig-
nificantly down-regulate the levels of IL-6, TNF-1R, and
TNF-2R in renal tissue (Figure 7, Tables 2-5).

Discussion
With the clinical application of angiotensin-converting
enzyme inhibitor (ACEI) and/or an angiotensin II receptor
blocker (ARB), great changes have taken place in the
treatment of diabetic nephropathy. However, the clinical
application of ACEI and/or ARB has failed to reduce the
incidence of ESRD in patients with diabetic nephropathy.
What is of great interest is that traditional Chinese
herbal medicines with a long history of applications are
widely used treatment for chronic kidney disease (CKD) in
China and other Asian regions. They show good potential
in improving clinical symptoms, controlling CKD protei-
nuria, and improving renal function. Additionally, the
definite efficacies of Chinese herbal medicines on various
renal diseases have been further confirmed via randomized

case-control trials'*'®

in recent years, which provided
a beneficial strategy for treatment of various renal diseases
such as DN.

In this study, BSR was obtained by compatibility of
Astragalus, saffron, and rhubarb in a certain ratio.
According to the theories of traditional Chinese medi-
cine (TCM), the deficiency of spleen and kidney is the
key to the development of DN, which determines the
development and prognosis of this disease. Blood stasis,
present throughout the course of diabetes, is not only

the pathological product of diabetes, but also further

Table | Effect of BSR on Mesangial Matrix Dilation Score of db/db DN Mice (After 24 Weeks of Treatment)

Group N Db/m db/db-m

db/db-me db/db-hd db/db-md db/db-Id

Score of mesangial dilatation [ - 2.60£0.40%

0.95+0.51* 0.75+0.51+* 0.87+0.8*" 1.00+0.72*

Notes: db/m: blank control group, db/db-m: model group, db/db-me: positive control group, db/db-hd: high-dose treatment group, db/db-md: medium-dose treatment
group, db/db-Id: low-dose treatment group. Compared with db/db-m group, *P < 0.01; compared with db/db-me group, #p <0.0lI.
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Figure 7 Effects of BSR on the levels of TNF-0, IL-6, TNF-1R and TNF-2R in renal tissue homogenate of db/db mice (pg/mL). Animals were assigned into six group (n = 25):
control group (db/m), model group (db/db-m), positive group (db/db-me) and BSR at high- (db/db-hd), medium- (db/db-md) and low (db/db-Id) doses group. The data are

shown as the meanSD.

lead to the occurrence of diabetes, which is also the

main cause of various complications such as DN of
diabetes. The compatibility of the three Chinese herbal
medicines perform the effects of invigorating qi and

removing blood stasis, dampness, and turbidity, which
is consistent with the pathogenesis of DN. Additionally,
applying BSR on DN is also in accordance with the
basic principles of TCM on the syndrome differentiation

strengthening spleen, activating blood circulation, and

and treatment of DN.

Table 2 Effects of BSR on the Levels of IL-6 in Renal Tissue Homogenate of db/db Mice (pg/mL)

Group Time (Weeks)

0 4 8 12 24
db/m 23.44+3.88*" 22.80+2.77** 23.16+2.74*% 23.57+3.48*" 22.54+ .74
db/db-m 215.54+9.44 299.15+6.33% 324.64+24.59% 339.35+16.60% 351.01+32.65%
db/db-hd 219.00+5.97 100.87+9.09*" 102.18+10.72+* 108.38+5.57 123.12431. 14+
db/db-md 214.28+4.00 147.34+15.35* 144.13+21.20% 173.81+12.98* 176.39+18.42*
db/db-Id 213.32+10.71 218.93+7.36+ 228.74+12.56%* 214.92+19.16%* 214.17+25.63%
db/db-me 216.91+8.26 149.40+5.93* 163.29+18.14* 168.21+12.38* 173.16%21.75*

Notes: IL-6 level were detected using Mouse IL-6 ELISA kit. Results were shown as the mean+SD. Compared with db/db-m group, *P < 0.01; compared with db/db-me

group, 7p < 0.01.
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Table 3 Effects of BSR on the Levels of TNF-a in Renal Tissue Homogenate of db/db Mice (pg/mL)

Group Time (Weeks)

0 4 8 12 24
db/m 42314794 4651483 1% 53.70+10.33%* 59.47+3.27+ 64.35+4.25%
db/db-m 355.87+31.99 701.96+4.83" 725.52+5.80% 842.29+26.73" 937.83+25.44"
db/db-hd 353.43+9.40 420.79+57.92+* 428.16+23.36% 442.18+32.50%* 461.63+24.50+"
db/db-md 352.4745.61 533.77+22.24* 617.51+60.92* 626.77+56.53" 660.14+46.42*
db/db-Id 354.63+4.52 581.36+83.81*" 611.33+12.13+ 661.11+29.43% 632.56+24.97*
db/db-me 350.89+7.80 542.90+3 | 46* 639.11+16.33* 673.09+22.56* 667.66+34.16*

Notes: TNF-o level were detected using Mouse TNF-o ELISA kit. Results were shown as the mean+SD. Compared with db/db-m group, *P < 0.01; compared with db/db-me

group, #p < 0.01.

Table 4 Effects of BSR on the Levels of TNF-IR in Renal Tissue Homogenate of db/db Mice (pg/mL)

Group Time (Weeks)

0 4 8 12 24
db/m 14.18+2.35+* 13.40+1.86%" 13.61£1.00%* 12.87+2.03+* 15.80+3.05+*
db/db-m 289.06+6.65 464.49+25.95" 434.83+20.97" 44820+31.14" 420.00+13.87"
db/db-hd 289.37+15.25 164.28+9.88*" 180.52+20.18*" 183.55+8.10*" 201.50+10.14*
db/db-md 286.84+10.92 222.774891% 208.70+7.05* 264.30+29.30%* 243.90+12.74*
db/db-Id 288.69+8.35 336.20+4.56*" 350.28+28.63*" 375.57+20.95*" 360.40+28.67+
db/db-me 288.2016.15 223.51+14.32*% 215.66+7.60* 243.34422.24* 252.98+35.60%*

Notes: TNF-IR level were detected using Mouse TNF-IR ELISA kit. Results were shown as the mean+SD. Compared with db/db-m group, *P < 0.01; compared with db/db-

me group, “p < 0.01.

Table 5 Effects of BSR on the Levels of TNF-2R in Renal Tissue Homogenate of db/db Mice (pg/mL)

Group Time (Weeks)

0 4 8 12 24
db/m 45.42+3.32% 55.11423.22%* 45.61+3.87+ 46.44+1.80% 47.18+2.82+
db/db-m 239.51+12.04 371.50+14.08% 358.50+24.33% 357.04+21.72% 363.49+13.91%
db/db-hd 236.06+16.20 104.93+3.05% 109.59+15.57+* 120.64+8.23** 129.89+12.88+*
db/db-md 243.28+9.01 156.29+22.62% 243.69+31.7 1% 255.10+12.06* 250.96+17.87*
db/db-Id 241.97+31.92 223.89+38.52* 252.35+43.55% 288.31+32.65 312.59+12.26+
db/db-me 207.96+12.66 160.11+21.39*% 262.92+42 88* 260.82:+14.44* 251.21+15.50%

Notes: TNF-2R level were detected using Mouse TNF-2R ELISA kit. Results were shown as the mean+SD. Compared with db/db-m group, *P < 0.01; compared with db/db-

me group, “p < 0.01.

ACETIs and receptor antagonists are commonly used in the
treatment of proteinuria. A study reported that in adults, ACEI
or ARB could reduce proteinuria by 30-50%. Current guide-
lines also recommend these for the diagnosis and treatment of
DB.'"""" Therefore, in this study, irbesartan was used as
a positive control to evaluate the clinical effect of BSR. This
study revealed that the blood glucose level of db/db mice began
to increase at the 8th week, but the UAER did not increase
significantly. Renal histology revealed that there were no sig-
nificant changes in mesangial cells and matrix. In the 12th
week, the UAER was increased. In addition, renal pathological

results also reveal an increase of mesangial cells and dilation of
the matrix. These indicated the formation of DN. This is
consistent with the early changes of DN in db/db mice reported
by Simonson®® at the age of 8-16 weeks. In this study, db/db
mice models of DN were treated with low, medium, and high
doses of BSR, and the ARB drug irbesartan was used as
a positive control. The mice were observed for 24 weeks.
The results revealed that the body weight, blood glucose,
UAER, blood urea nitrogen, and creatinine levels of db/db
mice were significantly decreased in the db/db-1d group, the
db/db-md group, and the db/db-hd group. Compared with the
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db/db-me group, the db/db-hd group and the db/db-md group
had obvious advantages in controlling body weight, blood
glucose, UAER, blood urea nitrogen, and creatinine levels.
Renal pathological results at the same time points also revealed
that the db/db-md group and db/db-hd group had significant
advantages in the reduction of mesangial matrix proliferation
and the degree of interstitial fibrosis. These results indicate that
BSR can improve DN, control proteinuria, and improve renal
function, and is better than ARB drugs in controlling blood
glucose and reducing body weight.

Modern TCM studies revealed that astragalus in the pre-
scription could improve cisplatin-induced acute kidney injury
(AKI)*' and enhance LPS-induced NO production in macro-
phages of patients with renal failure.*? Astragalus polysacchar-
ide, an active component of astragalus, can significantly
improve the renal pathology and renal fibrosis index of strep-
tozotocin-induced DN.** Rhubarb in the prescription has
a variety of active components.”* One of these components,
emodin, can reduce 24-hour proteinuria and improve renal
pathology in diabetic rats, inhibit the p38 mitogen-activated
protein kinase (MAPK) pathway, decrease the expression of
fibronectin in renal tissue of DN rats, and improve the prolif-
eration of glomerular basement membrane. It can prevent the
synthesis of extracellular matrix and down-regulated expres-
sions of TNF-a, IL-6, and Toll-like receptor 4 in renal
tissue.”> 2’ Another component, rhein, can down-regulate the
expression of oxidative stress products, relieve inflammation
in the kidney, reduce the synthesis of TXB2, and improve
renal hemodynamics through anticoagulation, playing a role in
renal protection.>* Rhein can reduce the expression of TNF-a
and IL-1 B in renal tissue of sepsis rats, inhibit NF-kB pathway
activity,”® prevent and treat AKI, and reduce the levels of
TGF-B and a-smooth muscle actin in renal tissue of rats with
obstructive nephropathy and DN.***° Chrysophanol can
improve renal interstitial fibrosis by inhibiting the TGF-f/
Smad signaling pathway, reducing the formation of reactive
oxygen-free radicals.’' Saffron in the prescription has anti-
inflammatory, antioxidant, and insulin-sensitizing effects.*
Milajerdi et al*® conducted a randomized, three-blinded, con-
trolled study on 54 patients with T2DM. The result revealed
that saffron could down-regulate blood glucose and HbA lc. It
has been found that saffron extract contains a variety of active
components. Among these, B-carotene, with its many biologi-
cal properties, can reduce the apoptosis of islet B cells by
eliminating free radicals, inhibiting oxidative stress, and inhi-
biting the expression of p53, protecting islet beta cells and
improving islet function. Saffron extracts can also inhibit the
plasma creatinine concentration, malondialdehyde level, TNF-

o, ICAM-1 expression, and leukocyte infiltration of ischemia-
reperfusion AKI models.>***> Based on the above studies,
BSR, the prescription in this study, may play a renal protective
role in DN by improving islet function, lowering blood glu-
cose levels, inhibiting oxidative stress, improving blood coa-
gulation, and inhibiting inflammation and fibrosis.

Activation of the innate immune system and chronic low-
grade inflammation are important components of the patho-
genesis of T2DM. Improving oxidative stress is one of the
main therapeutic targets of DN. The serum level of IL-6 in
patients with DN is significantly increased and significantly
correlated with albuminuria excretion and glomerular base-
ment membrane thickening.*® TNF-o is a pleiotropic cytokine
that can activate a variety of downstream molecules related to
vascular endothelial dysfunction, such as ICAM-1, VCAM-1,
PAI-1, and systemic inflammatory markers such as IL-6 and
C-reactive protein. The level of circulating markers of the TNF
pathway is closely related to the risk of UAER, impaired renal
function, and cardiovascular death.>’*® A cohort study con-
ducted observations for 8-12 years of 410 patients with
T2DM. The result revealed that 59 patients developed ESRF
and the baseline TNF-1R and TNF-2R levels were closely
related to the risk of ESRF.* In this study, IL-6, TNF-q,
TNF1R, and TNF2R in renal tissue homogenate of db/db DN
model mice were detected by ELISA to further clarify the anti-
inflammatory effect in the treatment of DN. The levels of these
factors in renal tissue homogenate were monitored in this
study. The results revealed that at 12 weeks of age, TNFIR,
TNF2R, and IL-6 in renal tissue homogenate of db/db mice in
the db/db-m group were increased significantly. After the mice
were treated with BSR, the levels of IL-6, TNF1R, and TNF2R
in renal tissue were significantly decreased, and the corre-
sponding pathological findings of renal tissue revealed that
the proliferation of mesangial cells and matrix decreased.
These results indicate that BSR may delay the progression of
DN by inhibiting inflammation.

Although our data showed that BSR could delay the pathol-
ogy and reduce the expression of inflammatory in mice with
DN, in-depth mechanisms such as the potential signal pathway,
target and molecular mechanism of BSR on protection the
renal damage induced by DN still need to be further explored.

Conclusion

In summary, BSR, a traditional Chinese medicine prescription,
could effectively delay the pathological damage induced by
DN, mainly manifested as reducing the levels of a series of
indicators including blood glucose, body weight, urinary albu-
min, blood urea nitrogen, creatinine and improving renal
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pathology. Additionally, the down-regulation effects of BSR
on renal levels of IL-6, TNF-a, TNF-1R, and TNF-2R indi-
cated that BSR may perform nephroprotective effects partly
through anti-inflammation mechanism. This study not only
demonstrates the protective effect of BSR on DN from the
but
a theoretical basis for the development of traditional Chinese

perspective  of anti-inflammation, also provides

medicine herb drug therapy for DN.
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