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Objectives: The present study is to explore the influence of DSS on the proliferation and activation of renal
macrophages in the STZ-induced diabetic nephropathy rats. Methods: Seventy rats were grouped accord-
ing to the random digit table means. 8 rats were randomly selected as the control group. The remaining
62 rats were divided into 5 groups and given a high-fat and high-sugar diet for 4 weeks. Diabetic rats
were prepared by intraperitoneal injection of 55 mg/kg STZ. Rats in the DSS groups were given 21 g/kg/-
day, 14 g/kg/day and 7 g/kg/day DSS separately. The rats in the positive control group were given 6 mg/
kg/day TP, while the rats of the model group and control group were received the physiological saline by
gastric perfusion directly. Blood glucose, 24 h urine protein, urine urea nitrogen and b2 microglobulin of
the rats were measured. And the protein levels of ED-1, MCP-1 and TLR4 in rat kidney were detected by
Western Blot. ED-1+/TLR4+, ED-1+/PCNA+ and ED-1+/iNOS+ were detected by immunofluorescence.
Results: DSS reduced the levels of blood glucose, 24-h urine protein, urine urea nitrogen and b2
microglobulin and repaired kidney tissue damage of the DN rats. In the WB experiment, DSS clearly
decreased the protein expression levels of ED-1, MCP-1, and TLR4 in a dose-dependent manner
(p < 0.05). In the immunofluorescence experiment, compared with the model group, the level of ED-1
+/TLR4+ in the rats of DSS and TP groups and the level of ED-1+/PCNA+ in the rats of DSS-M group were
obviously decreased (p < 0.05). Also, the level of ED-1+/PCNA+ and ED-1+/iNOS+ in the rats of DSS-H and
TP groups was decreased evidently (p < 0.01). Conclusion: We inferred that DSS has therapeutic effects on
the DN model rats, and its mechanism is likely to be connected with inhibition of macrophage prolifer-
ation and activation in rat kidney.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
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1. Introduction

Diabetic nephropathy (DN) is one of the most common
microvascular complications in diabetes. It is a leading cause of
disability or death in diabetic patients (Zeng et al., 2019). Diabetic
nephropathy has already been the main reason for hospitalization
of patients with chronic kidney disease (CKD) in China (Wang et al.,
2019). However, we still lack effective treatments to cure diabetic
nephropathy patients.

Inflammation in the pathogenesis of DN has been widely
acknowledged. Hyperglycemia can induce the kidney to produce
catalytic factors and pro-inflammatory cytokines, leading to kidney
inflammation (Gurley et al., 2018). Studies have shown that these
inflammatory factors induce adhesion of macrophages and vascu-
lar endothelial cells (Lee et al., 2019). Activated macrophages
release nitric oxide, platelet-derived growth factor (PDGF),
interleukin-1 (IL-1), transforming growth factor-b1 (TGF-b1) etc.
Ultimately, all these factors lead to damage of renal vascular
endothelial cells and proliferation of fibroblasts, glomerulus hyper-
trophy and renal interstitial fibrosis (Rousselle et al., 2017).

Danggui-Shaoyao-San (DSS) is drawn from the Synopsis of
Golden Chamber, which is Zhang Zhongjing’s famous prescription
for treating liver and spleen disorders. It composes of Angelica
sinensis, Paeonia lactiflora, Ligusticum Chuanxiong, Poria cocos,
Atractylodes macrocephala and Alisma orientale. It can regulate
the liver and spleen, promote blood circulation, dredge collaterals
and keep the flow of qi and alleviate water retention. We found
that ‘‘pressure-regulating lipid-lowering capsules” which was
made by DSS can decrease blood pressure and blood lipids (Li X.
B. et al., 2013). Previous researches have proved that DSS can
reduce TGF-b1 in kidney tissue of rats with early diabetic kidney
injury (Zhao et al., 2011). TGF-b1 is a well-studied fibrogenic cyto-
kine, which is the main cause of renal fibrosis (Zeng et al., 2019). In
the inflammatory response, macrophages can regulate TGF-b1 pro-
duction (Juban et al., 2018). Macrophage infiltration is the key to
DN inflammatory response, and inflammation is closely related
to renal fibrosis in diabetic nephropathy (Goldfine and Shoelson
2017). Therefore, in our research, we investigated the influence
of DSS on macrophage proliferation and activation in the kidneys
of diabetic nephropathy rats.
2. Materials and methods

2.1. Animals

Male Sprague-Dawley rats, were purchased from the Animal
Experimental Center of Zhengzhou University. The rats were kept
in a temperature-controlled room with a 12-h light/dark cycle.
Animals were provided with free access water and a standard diet.
2.2. Animal models and treatment protocols

The rats who had adapted for 1-week were divided into two
groups. The rats in the high-sugar and high-fat groups (n = 62)
were fed with high-sugar and high-fat diet for 4 weeks, and the
control group (CON, n = 8) were fed with routine diet. The rats of
high-sugar and high-fat groups were given intraperitoneally inject-
ing of 55 mg/kg streptozotocin (STZ). Three days after the injection
of STZ, the rats with blood glucose levels �16.7 mmol/L were
enrolled in the research.

Diabetic rats were divided arbitrarily into five groups: the dia-
betic model group (Model), the DSS low-dose group (DSS-L), the
DSS medium-dose group (DSS-M), the DSS high-dose group (DSS-
H), and the Tripterygium Glycosides group (TP). The rats of the
control group and the model group were gavage with normal sal-
ine which is equivalent volume. The rats of other groups were gav-
aged with DSS-L 7 g/kg, DSS-M 14 g/kg, DSS-H 21 g/kg or TP 6 mg/
kg once a day respectively for 8 weeks. The blood glucose, urinary
urea nitrogen (UUN), b2-macroglobulin (b2-MG) and 24 h urinary
protein levels were detected.

2.3. Drugs and reagents

DSS is composed of Angelica sinensis, Paeonia lactiflora, Ligus-
ticum Chuanxiong, Poria cocos, Atractylodes macrocephala, and
Alisma orientale. The ratio of the six materials is 1:4:2:1:1:2. All
herbs were purchased from the Henan Zhang Zhongjing Pharmacy
Company. The immunohistochemistry kit was obtained from
Maxim (Fuzhou, China). lgG-DyLight 594, lgG-DyLight 488 and
DAPI Staining solution were purchased from Santa Cruz (CA,
USA). Anti-TLR4 antibody, Anti-MCP-1 antibody, Anti-PCNA anti-
body, Anti-iNOS antibody and Anti-ED-1 were obtained from
Abcam (Cambridge, UK). Urinary microalbumin ELISA and b2
microglobulin ELISA kit were purchased from Shanghai Enzyme
Biotechnology Co, Ltd.

2.4. Experiment instrument

Zeiss LSM laser confocal microscope (Zeiss Company, German);
Blood glucose meter (Sannuo Company, Changsha, China); Chem-
ray 240 automated biochemical analyzer (Shenzhen Redu Lifeience
and Technology, Shenzhen, China).

2.5. The detection method of blood glucose, 24-h urine protein, b2
microglobulin and urinary urea nitrogen

The blood glucose was measured by a conventional blood glu-
cose meter, the b2 microglobulin was determined by the ELISA
kit, the 24-h urine protein of the rats was measured by the rat
urine protein kit and the urinary urea nitrogen of the rats was mea-
sured by Chemray 240 automated biochemical.

2.6. Histopathological analysis

After the rats were sacrificed, the kidneys were cut into half.
The Half of the kidneys was fixed with 10% formalin for 48 h, then
paraffin-embedded and sectioned routinely, and the specimens
were stained with hematoxylin-eosin (HE) and Periodic Acid-
Schiff (PAS). Finally, renal pathological changes in each group were
observed by light microscopy (magnification � 400).

2.7. Westen Blotting

Homogenization of kidney tissue samples in RIPA buffer supple-
mented with PMSF using a homogenizer, and overall protein was
quantified by the BCA method. The protein specimens were sepa-
rated by 10% SDS-PAGE and electrophoretically transferred to
PVDF membrane (0.45 lm). After washing with Tris, membranes
were incubated overnight at 4 �C with polyclonal antibodies. All
antibodies were used at a dilution of 1:1000. The next day, the
incubation with appropriate HRP-conjugated secondary antibodies
was performed, keeping at room temperature for 1 hour. After the
last wash, the specific reaction was visualized by using a chemilu-
minescent reagent, and image acquisition was performed using a
Tanon 6600 illuminating imaging workstation.

2.8. Immunofluorescence double labeling test

Double Immunofluorescence staining for Toll-like receptor4
positive (TLR4+)/macrophage (ED-1+), proliferating cell nuclear
antibodies positive (PCNA+)/macrophage (ED-1+) and inducible



1780 X. Li et al. / Journal of King Saud University – Science 32 (2020) 1778–1784
nitric oxide synthase positive (iNOS+)/macrophage (ED-1+) was
performed. Firstly, the tissue sections were incubated with 0.4%
Triton X-100 for 10 min at room temperature. Then the sections
were placed in a 500ml solution of 0.1 M sodium citrate buffer
(pH6.0) and microwave-treated for 10 min to complete their anti-
gen retrieval. Subsequently, the tissue sections were incubated
with 5% normal goat serum for 10min. After discarding the serum,
an anti-PCNA/ED-1 antibody, an anti-iNOS/ED-1 antibody and an
anti-TLR4/ED-1 antibody at a concentration of 1:100 were added
and reacted at 4 �C overnight. Immediately, lgG-DyLight 594-
labeled secondary antibody (1:500) and IgG-DyLight 488-labeled
secondary antibody (1:500) were added and incubated for 1–2 h
in the dark environment at 37 �C.
2.9. Statistical analysis

All values that are expressed as means ± SEM were analyzed by
one-way analysis of variance (ANOVA). A value of p < 0.05 was con-
sidered to have statistical significance.
3. Results

3.1. Biochemical parameters of experimental animals

In contrast to the control rats, blood glucose was increased
notably in the model rats (P < 0.01). Compared with the model
group, the blood glucose level was decreased in DSS-M group
and DSS-H group (Fig. 1A).

There was a significant difference in the level of 24 h urinary
protein and b2-microglobulin between the control rats and the
model rats (P < 0.01), while the treatment of DSS could reduce uri-
Fig. 1. Effect of DSS on the expression of blood glucose, 24 h urinary protein, b2-micro
*P < 0.05, **P < 0.01 vs model.
nary protein and b2-microglobulin in the diabetic rats conspicu-
ously (P < 0.01) (Fig. 1B and C).

The urinary urea nitrogen content of the model rats was notably
higher than that of the control rats (P < 0.01). In addition, the use of
DSS-H can reduce the urea nitrogen content notably (P < 0.01)
(Fig. 1D).

3.2. Renal histopathological changes

In the control rats, the renal corpuscles were intact structurally,
the glomerular structures of capillary globules were clear, the renal
tubuleswere regular and their epithelial cells were arranged neatly.
No infiltration of inflammatory cell was observed. However, renal
pathological changed in DN such as increased glomerular volume,
increased mesangial cells and mesangial matrix, as well as thicken-
ing of the glomerular basement membrane and balloon wall. And
some areas had focal glomerular sclerosis. In addition, we can
observe irregularities in the renal tubules around the glomeruli,
individual tubular atrophy and infiltration of focal inflammatory
cells. Other than that, PAS staining explained that the glomeruli
and renal tubules exhibited different degrees of glycogendeposition
in the model rats. And the capillary basement membrane and
mesangial areas of the glomerulus were more pronounced. After
the administration of DSS or TP, these (above-mentioned) patholog-
ical changes in eachgroupwere all improved,with the improvement
in the DSS-H group being the most significant (Fig. 2).

3.3. Expression of ED-1, MCP-1, TLR4 in kidney tissue

In order to observe the status of renal macrophages, we exam-
ined renal macrophage-specific antigen ED-1 and chemokine MCP-
1, and observed the expression of TLR4 receptor.
globulin and urinary urea nitrogen in the control and experimental groups of rats.



Fig. 2. Effect of DSS on the renal histology of DN model rats.

Fig. 3. Influence of DSS on the expression of ED-1, MCP-1, TLR4 in the DSS groups. Protein levels of ED-1, MCP-1 and TLR4 in each group were examined by western blot assay.
GAPDH was used as a loading control (A). Quantification of ED-1 (B), MCP-1 (C) and TLR-4 (D) protein expression. The results were presented as mean ± SD (n = 5). *p < 0.05,
**p < 0.01 vs Model group, #p < 0.05, ##p < 0.01 vs TP group.

Fig. 4. Influence of DSS on the expression of ED-1+/TLR4+ in the DSS groups. The expression of ED-1+ (green)/TLR4+ (red) in each group were detected by
immunofluorescence (A-B). The results were presented as mean ± SD (n = 3). *p < 0.05, **p < 0.01 vs Model group, #p < 0.05, ##p < 0.01 vs TP group.
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As Fig. 3(B–D) showed, the protein expression levels of ED-1,
MCP-1, and TLR4 in the model rats were up-regulated evidently
in comparison to the control rats, while DSS decreased the levels
of ED-1, MCP-1, and TLR4 in a dose-dependent manner.
3.4. Expression of ED-1+/TLR4+ in rat kidney

To explore whether DSS inhibits the TLR4 receptor of macro-
phages, we examined renal macrophage-specific antigen ED-1+/
TLR4+.

As Fig. 4 (B) showed, compared with the control group, the pro-
tein expression of ED-1+/TLR4+ was increased in the model group.
After being treated by DSS or TP, the level of ED-1+/TLR4+ dis-
Fig. 5. Influence of DSS on the expression of ED-1+/PCNA+ in the DSS groups. T
immunofluorescence (A-B). The results were presented as mean ± SD (n = 3). *p < 0.05,

Fig. 6. Influence of DSS on the expression of ED-1+/iNOS+ in the DSS groups. T
immunofluorescence (A-B). The results were presented as mean ± SD (n = 3). *p < 0.05,
placed reduced remarkably compared with the model rats
(p < 0.05).
3.5. Expression of ED-1+/PCNA+ in rat kidney

For the purpose of exploring whether DSS inhibits macrophage
proliferation, we examined renal macrophage specific antigen ED-
1+/PCNA+.

As Fig. 5(B) showed, compared with the control group, the pro-
tein expression of ED-1+/PCNA+ was increased in the model group.
In contrast to the model rats, the level of ED-1+/PCNA+ in DSS-M
was decreased clearly (p < 0.05), and they were reduced remark-
ably in the rats of DSS-H group and TP group (p < 0.01).
he expression of ED-1+ (green)/PCNA+ (red) in each group were detected by
**p < 0.01 vs Model group, #p < 0.05, ##p < 0.01 vs TP group.

he expression of ED-1+ (green)/iNOS+ (red) in each group were detected by
**p < 0.01 vs Model group, #p < 0.05, ##p < 0.01 vs TP group.
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3.6. Expression of ED-1+/iNOS+ in rat kidney

With the aim to explore whether DSS inhibits macrophage acti-
vation, we examined renal macrophage-specific antigen ED-1+/
iNOS+.

As Fig. 6(B) showed, compared with the control group, the pro-
tein expression of ED-1+/iNOS+ was increased in the model group.
The level of ED-1+/iNOS+ was decreased evidently in the rats of
DSS-H and TP groups in comparison to the model rats (p < 0.01).
4. Discussion

Elevated blood glucose is one of the important clinical symp-
toms of diabetes. Our results indicated that DSS could ameliorate
the blood glucose level of diabetic rats (Fig. 1). Moreover, the
increase of urinary urea nitrogen and b2-MG can be used as an
indicator to reflect the function of glomerular filtration (Kim
et al., 2018; Turk et al., 2019). In our experiment, biochemical
results indicates that the filtration function of glomeruli in diabetic
rats was affected and DSS can improve renal function damage
(Fig. 1). The results of HE staining and PAS staining indicates that
the renal tissues structures of diabetic rats were destroyed and
inflammatory cells infiltrated. However, DSS treatment has the
function of improving renal pathological changes (Fig. 2). Our pre-
vious study found that DSS can reduce TGF-b1 (Li et al., 2013). TGF-
b1 is a transforming growth factor secreted by macrophages
mainly (Liu et al, 2018). Therefore, we further explore the relation-
ship between DSS and macrophages.

We all know that ED-1 is a macrophage surface-specific marker
antigen. It has been observed that ED-1 is expressed specifically on
the surface of macrophages (Zhao et al., 2019a,b). Thus, the expres-
sion of ED-1 in kidney tissue can reflect the amount of macro-
phages. Monocyte chemotactic protein is the main chemokine
that induces monocytes’ chemotaxis. As a chemokine, MCP-1 has
an influence on the accumulation and the function of macrophages
(Ahn et al., 2019). Our results indicated that DSS inhibited the
expression of ED-1 and MCP-1 remarkably, indicating that DSS
can inhibit infiltration of macrophage in renal tissue (Fig. 3).

The TLR4 receptor is a type of Toll-like receptors. It not only rec-
ognizes foreign pathogens, but also recognizes endogenous sub-
stances and degradants. Studies have shown that inflammatory
damage can be reduced by inhibiting the expression of TLR4 (Fei
et al., 2019; Sivanantham et al., 2019; Zhang et al., 2019a,b,c).
TLR4 is usually expressed in multiple cells and tissues (Jiang
et al., 2019; Shi et al., 2019; Sivanantham et al., 2019; Van Maele
et al., 2019; Xie et al., 2019; Zhang et al., 2019a,b,c; Zhao et al.,
2019a,b). In our WB experiment, we detected the expression of
TLR4 in renal tissues. The results showed that DSS can inhibit the
expression of TLR4 in the kidney tissue of the diabetic rats
(Fig. 3). However, we can’t know whether TLR4 has a connection
with macrophages. So, we examined the expression of ED-1+/
TLR4+ in renal tissue by immunofluorescence double-labeling
experiments. The results proved that DSS can inhibit the expres-
sion of TLR4 in macrophages, indicating that DSS inhibits the acti-
vation of macrophages by inhibiting the expression of TLR4
receptor on the surface of macrophages (Fig. 4).

Proliferating cell nuclear antigen are indicators of cell prolifera-
tion. A number of studies have examined cell proliferation by
detecting the expression of PCNA in cells (Ragy and Ahmed,
2019; Wang et al., 2018). Therefore, the expression of ED-1+/
PCNA+ in kidney tissue of rats reflects the increase of macrophage.
In addition, macrophages in tissues are classified into two types
according to activation patterns and immune functions: classical
activation (M1 type) and alternative activation (M2 type) (Bardi
et al., 2018). Among them, M1 type macrophages can promote
the synthesis of NO by inducing the production of reactive oxygen
species, and finally release various inflammatory factors, such as
iNOS. iNOS is a source of abnormal NO production. It can lead to
nitrosation damage, endothelial dysfunction, and proteinuria and
glomerular inflammation (Klessens et al., 2017). Both PCNA
expression and iNOS expression can reflect the activation of
macrophages. Therefore, we also detected changes in ED-1+/
PCNA+, ED-1+/iNOS+ in the kidney by immunofluorescence double
labeling assay. The outcomes exhibited that ED-1+/PCNA+, ED-1+/
iNOS+ raised evidently in the model rats in comparison to the con-
trol rats, illustrating that macrophages were activated (Fig. 5 and
Fig. 6). In addition, DSS significantly reduced the expression of
ED-1+/PCNA+, ED-1+/iNOS+ (Fig. 5 and Fig. 6). In summary, all
results indicate that DSS inhibits the activation of macrophages.

We finally draw the conclusion that DSS can improve renal tis-
sue damage in a manner that inhibits the proliferation and activa-
tion of renal macrophages.
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