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Polygala fallax Hemsl
combined with compound
Sanqi granules relieves
glomerulonephritis by
regulating proliferation and
apoptosis of glomerular
mesangial cells
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Abstract

Objectives: Glomerulonephritis is a serious kidney disease that can induce end-stage renal

failure. The aberrant proliferation of mesangial cells is a cause of glomerulonephritis.

Traditional Chinese medicines, such as Astragalus and Salvia miltrorrhiza, play important roles in

the treatment of kidney-related diseases. However, the effects of a combination of Astragalus and

S. miltrorrhiza-containing traditional Chinese medicines (Polygala fallax Hemsl and compound Sanqi

granules) on glomerulonephritis are unclear.

Methods: HRM cells (human mesangial cells) were stimulated with lipopolysaccharide to

simulate glomerulonephritis. Separately, compound Sanqi granules and P. fallax Hemsl were

administered to nude mice in various combinations. Serum was collected from the treated

mice and added to HRM cells; the proliferation and apoptosis characteristics of the cells were

assessed.
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Results: The proliferation of HRM cells was inhibited after exposure to serum from treated

mice. Exposure to serum from treated mice moderately induced apoptosis of HRM cells and

lowered the expression levels of TNF-a, IL-1b, and IL-6.

Conclusions: Combination treatment with compound Sanqi granules and P. fallax Hemsl exerts

a therapeutic effect on glomerulonephritis by inhibiting the proliferation of mesangial cells, while

inducing apoptosis in those cells.
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Introduction

Nephritis is a disease that can lead to renal

failure.1 A form of nephritis, glomerulone-

phritis, is induced by mesangial hyperpla-

sia. Glomerular mesangial cells play

critical roles in normal kidney function.

However, uncontrolled proliferation of glo-

merular mesangial cells can lead to exces-

sive production of extracellular matrix,

thereby promoting the occurrence and

development of glomerulonephritis.2 This
abnormal proliferation of mesangial cells

occurs in various glomerular diseases.3

Therefore, inhibiting the abnormal prolifer-

ation of glomerular mesangial cells is criti-

cal for delaying the progression of renal

disease. Many studies have shown that glo-

merulonephritis is regulated by immune

and inflammatory responses.4 Thus, some

inflammatory factors are involved in the

occurrence of glomerulonephritis and con-
tribute to glomerular damage.5,6

Some drugs can alleviate the damage

caused by glomerulonephritis, but most

have strong toxicity and side effects.7,8

Consequently, a new pharmacotherapy is

needed for treatment of glomerulonephritis.

Compound Sanqi granules are a

compound Chinese medicine consisting of
pseudo-ginseng, Astragalus, and Salvia.

Astragalus has been shown to exhibit a ther-
apeutic effect on nephritis9 and Salvia mil-
tiorrhiza has been shown to protect against
lupus nephritis when combined with other
drugs.10 The active ingredient in Polygala
fallax Hemsl, another type of Chinese tra-
ditional medicine, was proven to inhibit the
proliferation of vascular smooth muscle
cells in vitro.11 However, it is unknown
whether P. fallax Hemsl can suppress the
proliferation of mesangial cells, thereby
inhibiting the occurrence and development
of glomerulonephritis. Additionally, prior
studies have not shown whether the combi-
nation of compound Sanqi granules and
P. fallax Hemsl could enhance the curative
effects of these compound drugs.

Lipopolysaccharide (LPS), a component
of Gram-negative bacteria, is commonly
used to induce abnormal proliferation of
glomerular mesangial cells.12 Because there
are many impurities in crude extracts used
in traditional Chinese medicine, a serum
pharmacology method13 is used in which
medicines are administered to animals; the
serum is then isolated and used for assess-
ment of glomerular mesangial cell activity
in vitro. This method is presumed to avoid
interference from the impurities in crude
extracts and directly assess the pharmaco-
logical effects of the tested medicines.
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In this study, we used the serum pharma-
cology method to investigate the effects of
P. fallax Hemsl and compound Sanqi gran-
ules on glomerulonephritis in vitro, specifi-
cally to determine whether the combination
of these drugs could inhibit the prolifera-
tion of glomerular mesangial cells.

Materials and methods

Production of medicine serum

This research protocol was approved by the
ethics committee of Guilin Second People’s
Hospital. Thirty healthy male nude mice
were obtained from Shanghai Lingchang
Biotechnology Company (Shanghai,
China). All mice were housed under specific
pathogen-free conditions and cared for in
accordance with the animal experimental
guidelines designated by the National
Institutes of Health. Mice were divided
into six equal groups, which received the
following compound medicines: pseudo-
ginseng 20 g, S. miltiorrhiza 20 g, and
Astragalus 60 g (group 1); P. fallax Hemsl
50 g and Astragalus 50 g (group 2); P. fallax
Hemsl 60 g and pseudo-ginseng 20 g (group
3); P. fallax Hemsl 60 g and S. miltiorrhiza
20 g (group 4); pseudo-ginseng 20 g, S. mil-
tiorrhiza 20 g, Astragalus 60 g, and P. fallax
Hemsl 60 g (group 5); and P. fallax Hemsl
50 g (group 6). These drugs were all in pow-
dered form (provided by Guangdong
Yifang Pharmaceutical Co. Ltd., Foshan,
China) and were dissolved in distilled
water at final concentrations sufficient to
ensure that the mice in each group received
the weights of medicine listed above with a
10-mL/kg dose volume. To facilitate the
absorption of the drugs, the mice were
fasted for 12 hours before administration.
Drugs were administered by the intragastric
route for 8 consecutive days (10mL/kg,
once per day). At 2 hours after the last
dose of the drugs, mice were anesthetized
with chloroform (Chenniao Company,

Shanghai, China) and blood was collected
via intracardiac puncture. The blood was
placed at room temperature for 1 hour
and centrifuged at 12,500� g for 10 minutes
after coagulation, then heated at 56�C for
30 minutes to inactivate the complement.
Subsequently, the serum fraction of
the blood was sterile filtered using a
0.22-mm microporous membrane and
stored at �80�C.

Cell culture and treatment

Human mesangial cells (HRM cells) were
obtained from the Shanghai Academy of
Sciences (Shanghai, China). The cells were
cultured in RPMI 1640 medium (Hyclone
Laboratories Inc., Logan, UT, USA) sup-
plemented with 10% FBS (Gibco Cell
Culture, Carlsbad, CA, USA) and incubat-
ed at 37�C with 5% CO2. LPS (Sigma-
Aldrich, St. Louis, MO, USA) and serum
from treated mice were added to the cell
culture medium during the experiment.

MTT assays

HRM cells were seeded into 96-well plates
(Corning, Corning, NY, USA) at a density
of 2� 103 cells per well. After 24 hours, cells
were simultaneously treated with LPS
(1 mg/mL) and serum from treated mice.
Control cells were only treated with serum
from treated mice. The cells were cultured
for 24, 48, 72, 96, and 120 hours. They were
then incubated with 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide
(MTT) solution (Thermo Fisher Scientific,
Inc., Rockford, IL, USA) for 4 hours and
the absorbance was measured at 490 nm.

Apoptosis assays

HRM cells were seeded in a culture dish
and grown to approximately 70% conflu-
ence. They were then stimulated simulta-
neously with the LPS and serum from the
treated mice. Subsequently, cells were
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washed with 1� binding buffer
(eBioscience, San Diego, CA, USA), then
incubated with Annexin V-APC and propi-
dium iodide (eBioscience). The apoptosis
ratios of the stimulated cells were detected
by flow cytometry (Guava EasyCyte;
Millipore, Billerica, MA, USA).

Western blotting

Cells were grown and stimulated as
described for the apoptosis assays. Total
protein was extracted using RIPA lysate
(Beyotime Biotech, Inc., Jiangsu, China).
The bicinchoninic acid method (Beyotime
Biotech, Inc.) was used to determine protein
concentrations in the cell lysates. Protein
samples (40 mg) were denatured by heating
at 99�C for 10 minutes, then separated
using 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (Beyotime
Biotech, Inc.). Separated proteins were
transferred to a polyvinylidene difluoride
membrane and the membrane was blocked
with 5% skim milk powder. The membrane
was incubated with one of the following pri-
mary antibodies at 4�C overnight: anti-
TNF-a (Cat. No. ab6671), anti-IL-1b
(Cat. No. ab2105), anti-IL-6 (Cat. No.
ab6672), anti-Bax (Cat. No. ab32503),
anti-Bcl-2 (Cat. No. ab692), anti-caspase-3
(Cat. No. ab13847), or anti-GAPDH (Cat.
No. ab8245) (all primary antibodies were
from Abcam [Cambridge, MA, USA]).
The membranes were washed three times
with phosphate-buffered saline with
Tween, then incubated with secondary anti-
body (rabbit IgG [Cat. No. 7074S] and
mouse IgG [Cat. No. 7076S]; both second-
ary antibodies were from Cell Signaling
Technology, Danvers, MA, USA) at room
temperature for 2 hours. The membranes
were again washed with phosphate-
buffered saline with Tween. PierceTM ECL
Western Blotting Substrate (Thermo Fisher
Scientific, Inc.) was used to develop the
antibody signal on the membranes.

Quantitative PCR

Cells were grown and stimulated as
described for the apoptosis assays. Total
RNA was extracted with Trizol (Thermo
Fisher Scientific, Inc.), then reverse-
transcribed into cDNA using a reverse tran-
scription kit (Takara Bio, Inc., Shiga,
Japan). Quantitative PCR was performed
with the 7500 Real-time PCR System
(Applied Biosystems, Foster City, CA,
USA). The relative levels of target genes
were calculated using the 2�DDCT method.
The following primers were used in this
experiment: TNF-a Forward, AACAT
CCAACCTTCCCAAACGC; TNF-a
Reverse, TGGTCTCCAGATTCCAGAT
GTCAGG; IL-6 Forward, CGCCTTCG
GTCCAGTTGCC; IL-6 Reverse, GCC
AGTGCCTCTTTGCTGCTTT; b-actin
Forward, GACTTAGTTGCGTTACACC
CTTTCTTG; b-actin Reverse, CTGTC
ACCTTCACCGTTCCAGTTTT.

Statistical analysis

All statistical analyses were performed with
GraphPad Prism, version 7.0 (GraphPad
Software, Inc., La Jolla, CA, USA).
Comparisons were made using Student’s
t-test. Differences with P<0.05 were consid-
ered statistically significant. Data are pre-
sented as mean� standard deviation and
all experiments were performed three times.

Results

Serum from mice treated with a
combination of compound Sanqi granules
and Polygala fallax Hemsl inhibited
aberrant proliferation of glomerular
mesangial cells

MTT assays were performed to detect the
proliferation of cells exposed to serum from
mice treated with different combinations of
the test drugs. As shown in Figure 1a,
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serum from mice treated with the combina-
tion of P. fallax Hemsl and compound
Sanqi granules more strongly suppressed
the proliferation of HRM cells, compared
with serum from mice treated with P. fallax
Hemsl alone (P< 0.01 for all). After the
cells were stimulated with LPS, the differ-
ence in inhibitory efficacy was enhanced
between the control and treatment groups
(P< 0.001 for all) (Figure 1b).

Serum from mice treated with a
combination of compound Sanqi granules
and Polygala fallax Hemsl moderately
induced apoptosis of glomerular
mesangial cells

Because some studies have shown that the
apoptosis of glomerular mesangial cells is a
critical mechanism by which the body pre-
vents excessive proliferation of these
cells,14,15 we examined the effect of serum
from treated mice on the apoptosis of glo-
merular mesangial cells in vitro. The ratio
of apoptotic cells was measured after expo-
sure to serum from treated mice. Notably,
serum from mice treated with P. fallax
Hemsl (Control group) caused less induc-
tion of apoptosis, compared with serum

from mice that had received combination
treatment (P< 0.05 for all) (Figure 2a).
However, after stimulation with LPS, the
cells exposed to serum from mice treated
with 6.0 g/mL of the drugs had a higher
apoptosis ratio, compared with the control
group (P< 0.001) (Figure 2a); the other
cells had lower apoptosis ratios, compared
with the control group (P< 0.05 for all).
Expression levels of apoptosis-related pro-
teins were then assessed by western blotting.
As shown in Figure 2b, the protein expres-
sion levels of Bax and caspase-3 were
increased after exposure to serum from
treated mice (P< 0.001 and P< 0.05,
respectively, for all), while the levels of
Bcl-2 were reduced (P< 0.05 for all). After
stimulation with LPS, similar protein
expression tendencies were observed.

Expression levels of TNF-a, IL-6, and IL-
1b were reduced in cells exposed to
serum from mice treated with a combi-
nation of compound Sanqi granules and
Polygala fallax Hemsl

Because inflammation is often accompanied
by changes in the levels of many inflamma-
tory factors, the expression of

Figure 1. Proliferation of HRM cells was inhibited by exposure to serum from treated mice. (a)
Proliferation of HRM cells was suppressed by exposure to serum from treated mice (n¼3,� standard
deviation). (b) Growth rate of LPS-stimulated HRM cells was slowed by exposure to serum from treated
mice (n¼3,� standard deviation). **P<0.01, ***P<0.001. Abbreviations: LPS, lipopolysaccharide; OD,
optical density.
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inflammation-related indicators was exam-
ined in HRM cells. As shown in Figure 3a,
the protein expression level of TNF-a was
lower in the cells exposed to serum from
mice treated with the combination of
P. fallax Hemsl and compound Sanqi gran-
ules than in cells exposed to serum from
mice treated with P. fallax Hemsl alone
(P< 0.05 for all). The protein expression
levels of IL-6 and IL-1b showed similar

tendencies (P< 0.01 and P< 0.05, respec-
tively, for all). Moreover, the expression
levels of TNF-a, IL-6, and IL-1b decreased
in LPS-stimulated HRM cells after expo-
sure to serum from treated mice (P< 0.05,
P< 0.01, and P< 0.05, respectively, for all).
In addition, the mRNA expression levels of
TNF-a and IL-6 were determined by quan-
titative PCR. Figure 3b and c show that
exposure to serum from treated mice

Figure 3. Expression levels of TNF-a, IL-6, and IL-1b were reduced after exposure to serum from treated
mice. (a) Immunoblotting results for TNF-a, IL-6, IL-1b, and GAPDH are shown. (b) mRNA levels of TNF-a
and IL-6 declined after exposure to serum from treated mice (n¼3,� standard deviation). *P<0.05,
**P<0.01, ***P<0.001. Abbreviation: LPS, lipopolysaccharide.

Chao et al. 7



caused reductions in the mRNA expression
levels of TNF-a and IL-6 in HRM cells
(P< 0.05 and P< 0.01, respectively, for
all). Following stimulation with LPS, the
mRNA expression levels of TNF-a and
IL-6 were also inhibited in the cells exposed
to serum from treated mice (P< 0.05 and
P< 0.001, respectively, for all).

Discussion

Many factors contribute to the onset of
nephritis; in particular, glomerulonephritis
is caused by the abnormal proliferation of
glomerular mesangial cells. Previous
research demonstrated that immune disor-
ders can cause nephritis.4,16 In recent years,
many Chinese medicines have been shown
to exhibit therapeutic effects on nephritis
and nephropathy; these medicines include
Astragalus, S. miltiorrhiza, and ginsenoside
Rg1.9,10,17,18 Compound Sanqi granules
consist of pseudo-ginseng, Astragalus, and
S. miltiorrhiza. P. fallax Hemsl is often used
in treatment of hypercholesterolemia and
inflammation.19 Our study investigated
whether the combination of compound
Sanqi granules and P. fallax Hemsl
was effective for treatment of
glomerulonephritis.

Glomerular mesangial cells are intrinsic
cells in the kidney. Under normal physio-
logical conditions, glomerular mesangial
cells proliferate in a slow manner; aberrant
proliferation under pathological conditions
eventually causes damage to renal func-
tion.20–22 In this study, we found that the
proliferation of glomerular mesangial cells
was suppressed by exposure to serum from
treated mice, regardless of additional stim-
ulation with LPS; this indicated that com-
bined treatment with compound Sanqi
granules and P. fallax Hemsl inhibited the
proliferation of glomerular mesangial cells.
Our findings suggest that these drugs may
be effective for treatment of glomerulone-
phritis. The induction of apoptosis has

been identified as another method to sup-
press the proliferation of glomerular mesan-
gial cells.14,15 In our study, we found that
exposure to serum from treated mice
induced apoptosis of glomerular mesangial
cells that had been stimulated with LPS,
thereby inhibiting the abnormal prolifera-
tion of these cells. This may be useful for
treatment of various kidney diseases caused
by abnormal proliferation of glomerular
mesangial cells.

TNF-a, IL-6, and IL-1b are inflammato-
ry cytokines that are upregulated in the
context of inflammation,23–26 such as glo-
merulonephritis. Reinioside C, a plant
extract of P. fallax Hemsl, has been
reported to inhibit TNF-a expression,
thereby protecting against inflammatory
injury to the vascular endothelium.27

Dihydrotanshinone I, a natural product
isolated from Salvia, was also demonstrated
to alleviate pulmonary inflammation
induced by crystalline silica.28 In the pre-
sent study, we investigated the levels of
TNF-a, IL-6, and IL-1b. We found that
expression levels of TNF-a, IL-6, and IL-
1b were gradually reduced in glomerular
mesangial cells after exposure to serum
from treated mice, regardless of stimulation
with LPS. Therefore, combined treatment
with compound Sanqi granules and
P. fallax Hemsl may limit the development
of glomerulonephritis.

Overall, our results indicated that com-
bined treatment with compound Sanqi
granules and P. fallax Hemsl suppressed
the proliferation of glomerular mesangial
cells and partly induced apoptosis in these
cells. Analysis of the expression levels of
TNF-a, IL-6, and IL-1b illustrated that
treatment with compound Sanqi granules
and P. fallax Hemsl suppressed inflamma-
tory cytokine expression in glomerular
mesangial cells. Therefore, this treatment
could serve as a novel approach for clinical
treatment of glomerulonephritis, although
the specific therapeutic dosage of
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compound Sanqi granules and P. fallax

Hemsl requires further investigation.
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