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Schisandrin B Improves the Renal Function of IgA
Nephropathy Rats Through Inhibition of the NF-κB Signalling
Pathway

Jian-Hua Qin,1 Jia-Ru Lin,1 Wen-Fei Ding,1 and Wei-Hua Wu1,2

Abstract—Schisandrin B (SchB) is an active compound extracted from the Chinese herb
Schisandra chinensis and shows excellent anti-inflammatory activity. This study was per-
formed to examine the effects of SchB in a rat model of IgA nephropathy (IgAN). IgAN was
established in Sprague-Dawley rats by immunization with lipopolysaccharide (LPS), bovine
serum albumin, and carbon tetrachloride. Renal function was evaluated by determining the
levels of urinary red blood cells, proteinuria, blood urea nitrogen (BUN), and creatinine (Cr).
Renal tissue and protein samples were collected for further analysis. Pre-treatment and
treatment with SchB significantly ameliorated renal function of IgAN rats, which was
evidenced by decreased levels of proteinuria, hematuria, BUN, and Cr. IgAN rats exhibited
increased serum IgA, renal IgA deposition, mesangial cell proliferation, and inflammatory
cell infiltration, which were significantly attenuated by intervention with SchB. Moreover,
SchB inhibited infiltration of CD3+ and CD11b+ cells, decreased levels of tumour necrosis
factor-alpha, interleukin-1β, and monocyte chemoattractant protein-1 in the kidney, and
decreased the numbers of CD3+CD69+ cells in the spleen. Of note, SchB therapy signifi-
cantly increased cytoplasmic p65 and IκB expression and decreased nuclear p65 levels both
in the damaged renal tissue and LPS-stimulated HK-2 cells, indicating a direct inhibitory
effect on the NF-κB pathway in IgAN rats. Taken together, our data provide insight into a new
application of SchB for the treatment of IgAN and represent a novel mechanism behind these
effects.
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INTRODUCTION

IgA nephropathy (IgAN) is the most common glo-
merulonephritis (GN) worldwide. It has been recently re-
ported that the prevalence of IgAN is modest in the United

States (10–20% of primary glomerulonephritis), higher
in some European countries (20–30%), and highest in
developed countries in Asia (40–50%) [1]. Develop-
ment of IgAN causes progressive renal function im-
pairment, finally resulting in end-stage renal disease
(ESRD). Around 15–20% of biopsy-proven IgAN de-
velops into ESRD in 10 years and 20–30% does so in
20 years [2]. For ESRD, the patients have no choice
but to receive dialysis and kidney transplantation,
which increases in cost yearly and becomes a heavy
burden. On the other hand, no specific, safe, and effec-
tive therapy is available for IgAN presently. Glucocorticoid
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steroids have been widely used to treat IgAN patients, but
their efficacy in preserving renal function and reducing
proteinuria in IgAN remains unclear. Moreover, the ad-
verse side effects are a concern because of the potential
uncontrollable immunosuppressive effects caused by long-
term use of glucocorticoids [3, 4]. Therefore, it is of great
importance to find a novel and efficient way to inhibit
IgAN progression.

Primary IgAN is well-known to be characterized
by the deposition of the IgA antibody in the glomer-
ulus, followed by the manifestation of mesangial cell
proliferation, and extracellular matrix expansion. Al-
though the mechanism of IgAN is complicated and
not fully understood, it has been proven that renal
inflammation and immune disorders are definitely
involved in the development of IgAN. Briefly speak-
ing, in IgAN progression to chronic renal failure,
renal function closely correlates with high levels of
mononuclear leukocytic infiltration into the kidney
[5, 6]. The mononuclear leukocytes are often found
around inflamed glomeruli and consist mainly of T
cells, macrophages, and dendritic cells [6]. Moreover,
Stangou et al. have stated that inflammatory cyto-
kines were directly implicated in the renal pathology
of IgAN and have a central role in inflammation and
progression of kidney injury [7].

Schisandra chinensis (S. chinensis) is a famous tra-
ditional Chinese herb and possesses diverse biological
activities. Schisandrin B (SchB) is the most abundant
dibenzocyclooctadiene derivative found in S. chinensis.
In previous reports [8–10], SchB shows anti-oxidative,
anti-inflammatory, and hepatoprotective properties. In
in vivo studies, SchB ameliorated myocardial ischemia/
reperfusion injury, prevented chronic cardiotoxicity,
and protected against tert-butylhydroperoxide-induced
cerebral toxicity [11–13]. In vitro research has ob-
served that SchB treatment regulated Th1/Th17 differ-
entiation, inhibited inflammatory cytokine secretion,
and blocked inflammation-related molecular pathways
in several cell models [14–17]. Moreover, it has been
recently demonstrated that SchB prevents cyclosporine
A (CsA)- and gentamicin-induced nephrotoxicity in
animal models both in vivo and in vitro [18, 19]. In
agreement with these results, Stacchiotti and col-
leagues confirmed the protective effects of SchB on
the mercury-induced renal damage in vivo and in vitro
[20]. Therefore, in the present study, we tested the
hypothesis that the application of SchB might prevent
the progression of IgAN in a rat model by inhibiting
renal inflammation.

MATERIALS AND METHODS

Cell Culture and Treatment

HK-2 cells, an adult human proximal tubule epithelial
cell line, were purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). HK-2 cells were
cultured in Dulbecco’s-modified Eagle’s medium (Sigma-
Aldrich, St. Louis, MO) supplemented with 10% fetal
bovine serum (Gibco, Gaithersburg, MD) in a humidified
incubator with 5% CO2 at 37 °C. HK-2 cells were stimu-
lated by lipopolysaccharide (LPS, 5 μg/m, Sigma-Aldrich,
St. Louis, MO, USA) for 12 h, and 10.0 μM of SchB
(purity beyond 98%, Sigma-Aldrich, St. Louis, MO,
USA) was added to the culture for 12 h.

IgAN and Treatment

A total of thirty-six healthy male Sprague-Dawley
rats weighing 180–220 g were purchased from the exper-
imental animal center of Southwest Medical University
(Luzhou, China). All rats were maintained at controlled
temperature (22–25 °C) under a 12 h light/12 h dark cycle,
with free access to food and water. To induce IgAN [21], all
rats except those in the control group received 400 mg/kg
bovine serum albumin (by gavaging every other day)
(Sigma) for 6 weeks, 0.05 mg LPS (intravenous injection
at the end of week 6), and 0.1 ml CCl4 dissolved in 0.5 ml
castor oil (subcutaneous injection weekly) (Sinopharm
Chemical Reagent Co. Ltd., China) for 6 weeks. In the
present experiment, two schemes were included to analyze
the effect of SchB on early-stage IgAN (Scheme 1) and on
established IgAN (Scheme 2). In Scheme 1, the rats were
randomly distributed into four groups with 6 rats in each
group: control, IgAN, IgAN + SchB (50 mg/kg/d), and
IgAN + losartan (Los, 25 mg/kg/d, Sigma, positive con-
trol). All groups received drug treatment or the same vol-
ume of menstruum (olive oil) for 12 weeks. In Scheme 2,
all drugs were orally administered to the IgAN rats for
6 weeks (from the sixth to the twelfth weeks).

Clinical Evaluation

At each time point (0, 3, 6, 9, and 12 weeks), 24 h of
urine was collected from each rat using metabolic cages for
measuring urinary red blood cells (RBCs) and urinary
protein. The 24 h urine protein was measured using a
Hitachi 7080 automatic biochemical analyzer (Hitachi,
Japan). The number of urine RBCs was observed and
counted using a red blood cell counting plate, for which
≥ 3 per field of 10 with field vision at high magnification
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was considered positive for microscopic hematuria. At
12 weeks, the animals were anesthetized by intraperitoneal
injection of pentobarbital (30 mg/kg, Sinopharm Chemical
Reagent Co., Ltd., Shanghai, China) and blood samples
were prepared. The renal function parameters of blood urea
nitrogen (BUN) and blood creatinine (Cr) were determined
by full automatic biochemical analyzers.

Determination of Renal and Plasma IgA

Kidney sections were prepared and analyzed for IgA
deposition. The deposition of IgAwas determined by direct
immunofluorescence staining. Briefly, kidneys were frozen
and sectioned to 5 μM and then stained with fluorescein-
labelled goat anti-IgA (Sigma). The slides were viewed
under a confocal microscopy microscope (Olympus, To-
kyo, Japan) at 400× magnification. At least 20 area images
per slide were captured. Serum IgA levels were measured
using an enzyme-linked immunosorbent assay (ELISA)
quantitation kit (Bethyl Laboratories, Montgomery, TX,
USA).

Pathological Evaluation and Immunohistochemical
Staining

Renal tissues were removed from all rats, and the
specimens were fixed in a 10% formalin solution,
dehydrated, and embedded in paraffin. The sections were
stained with hematoxylin & eosin (H&E) and periodic
acid-Schiff (PAS). Renal glomerular injury and mesangial
hypercellularity were determined by examining 20 glomer-
uli in each sample. The pathologic evaluation was scored
according to the previously published method [22]. More-
over, to assay inflammatory cells infiltrating the tissue, the
specimens were deparaffinized in xylene, and antigen re-
trieval was performed by high-pressure repair for 2 min.
Nonspecific staining was blocked with 1.5% blocking
serum for 30 min. The sections were incubated with anti-
bodies of CD3 and CD11b (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) at a 1:200 dilution overnight at
4 °C. The numbers of positive cells and total nuclear cells
per glomerulus in 10 observation fields (magnification
field 40×) were scored and averaged by two investigators,
who were blinded to the groups of the samples.

Determination of Active T Lymphocytes

Splenocytes were prepared from the rats according
to a previously published method [23]. The cells were
stimulated by concanavalin A (ConA, 4 mg/l, Sigma) for
24 h and then were double-stained for activated T cell

markers using FITC-conjugated anti-mouse CD3 and
phycoerythrin-conjugated anti-mouse CD69 antibodies
(BD Biosciences, San Jose, CA, USA). The cells were
analyzed using flow cytometry (FACScan, Becton Dick-
inson, USA).

Determination of TNF-Alpha, IL-1β, and MCP-1

To determine the levels of renal pro-inflammatory
cytokines, renal tissue was prepared and homogenized in
RIPA lysates. The homogenate was centrifuged
(10,000 ×g, 5 min) to separate the supernatant. The levels
of tumour necrosis factor-alpha (TNF-alpha), interleukin-
1β (IL-1β), and monocyte chemoattractant protein-1
(MCP-1) in the supernatant were assayed by commercial
ELISA kits (R&D Systems, Minneapolis, MN, USA). The
levels of TNF-alpha and IL-1β in the culture of LPS-
stimulated HK-2 cells were detected in the same way.

Western Blot Analysis

Total protein was isolated from renal tissues using
protein lysis buffer (Beyotime, Jiangsu, China). Cytoplas-
mic and nuclear proteins were extracted using a Nuclear/
Cytosol fractionation kit (BioVision, Milpitas, CA, USA)
according to the manufacturer’s instructions. Equal
amounts of sample protein (50 μg), determined by a
BCA assay kit (Beyotime), were separated on 10% SDS-
polyacrylamide gels and transferred to a nitrocellulose
filter membrane (Millipore, Bedford, MA). The mem-
branes were incubated overnight at 4 °C with primary
antibodies of NF-κB p65, IκB, and p-IκB (Santa Cruz
Biotechnology, Santa Cruz, CA) at 1:1000 dilution and
then incubated with a secondary antibody. Blots were
visualized with enhanced chemiluminescence (Thermo,
Rockford, IL, USA), and the relative density was quanti-
tated using PRO plus software (Media Cybernetics, Rock-
ville, MD, USA). The targeted proteins of HK-2 cells were
measured in the same way.

Statistical Analysis

All data are expressed as the mean ± S.D. The data
were analyzed using SPSS software version 15.0 (SPSS
Inc., Chicago, IL, USA). Differences between groups were
analyzed by one-way analysis of variances (ANOVA)
followed by Student’s t test. A difference was considered
to be significant at P < 0.05.
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RESULTS

SchB Improved Renal Function of IgAN Rats

As seen in Fig. 1, renal function was analyzed during
the experimental period. IgAN rats showed the appearance
of hematuria and increased proteinuria, BUN, and Cr com-
pared with the normal group (P < 0.01). In contrast, both
pre-treatment and treatment with SchB obviously de-
creased the levels of proteinuria, hematuria, BUN, and Cr
(P < 0.05), which was similar to that observed in the pos-
itive control group (Los).

SchB Improved Pathologic Performance in IgAN Rats

As shown in Fig. 2a, b, h, and e, PAS staining dem-
onstrated that IgAN rats developed significant mesangial
cell proliferation and more inflammatory cell infiltration in
interstitial areas, renal tubules, and areas around the glo-
merulus. Interestingly, the pathologic manifestation, such
as mesangial cell proliferation and inflammatory
hypercellular infiltration, was significantly ameliorated by
pre-treatment or treatment with SchB and Los.

SchB Decreased Serum and Renal IgA Levels

As shown in Fig. 3a, serum IgA levels in IgAN
rats at 12 weeks after induction were significantly
higher than those in control rats (P < 0.01). Pre-
treatment or treatment with SchB could reduce the
IgA levels compared with those of the control
(P < 0.05). Moreover, we have noted that Los showed
similar results to those of SchB. As shown in Fig. 3b,
immunofluorescent-marked IgA shows that normal rats
had very little deposition of IgA in the glomeruli, while
IgAN model rats exhibited increased fluorescence in-
tensity of IgA. However, after treatment or pre-
treatment with SchB or Los, IgA fluorescence intensity
was reduced. These results indicated that SchB has
direct inhibitory effects on the early-stage IgA deposi-
tion and on already deposited IgA.

SchB Inhibited Renal Inflammation of IgAN Rats

The renal inflammatory response has been impli-
cated in the acceleration and progression of IgAN. To
clarify the mechanism of the protective effect of SchB

Fig. 1. SchB improved renal function of IgAN rats. a1 Effects of SchB treatment on 24 h proteinuria. a2Effects of SchB pre-treatment on 24 h proteinuria. a3
Effects of SchB treatment on urine RBC numbers. a4Effects of SchB pre-treatment on urine RBC numbers. b1BUN; b2Cr. Values are shown as themean ±
S.D. N = 5–6. ##P < 0.01 vs. normal group; &P < 0.05, &&P < 0.01 vs. IgAN group.
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on IgAN rats, we examined the effects of SchB on
renal inflammation in IgAN rats. As shown in
Fig. 4a, a significant increase in CD11b+ cell infiltra-
tion could be observed in the interstitial areas and the
areas around the glomerulus of IgAN rats compared
with that of control rats. Moreover, a significant in-
crease in CD3+ cell infiltration could be observed in

the interstitial areas, renal tubules, and around the
glomerulus of IgAN rats compared with that of control
rats (P < 0.01). However, treatment with SchB obvi-
ously reduced the number of these inflammatory cells
in the IgAN rats compared with untreated IgAN rats
(P < 0.01). Moreover, SchB reduced the levels of in-
flammatory cytokines (TNF-alpha and IL-1β) and

Fig. 2. HE and PAS staining of renal tissues. aHE staining with original magnification 400× (bar scale 50μm). a1 normal; a2 IgAN; a3 SchB (treatment); a4
Los (treatment); a5 SchB (pre-treatment); a6 Los (pre-treatment); a7 histopathological scores of renal tissues. b PAS staining with original magnification
400×. b1 normal; b2 IgAN; b3 SchB (treatment); b4 Los (treatment); b5 SchB (pre-treatment); b6 Los (pre-treatment). The arrows to the right indicate
inflammatory infiltration, and the arrows to the left indicate inflammatory cell infiltration. Values are shown as the mean ± S.D.N = 5–6. ##P < 0.01 vs. normal
group; &P < 0.05, &&P < 0.01 vs. IgAN group.
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MCP-1 in the IgAN damaged kidney (Fig. 5, P < 0.01).
In addition, we further examined T cell activation in
splenocytes by flow cytometry in IgAN rats. As shown
in Fig. 5, an obvious increase in the percentage of
CD3+CD69+ cells (activated T cells) was observed in
the diseased rats compared to the normal rats
(P < 0.01). As expected, SchB obviously reduced the
number of activated T cells in the spleen of IgAN rats.
Our data indicates that SchB therapy could inhibit
renal inflammation of IgAN rats.

SchB Blocked Activation of the Renal NF-κB Pathway
in IgAN Model Rats

Activation of the renal NF-κB pathway plays an
important role in the drive of pro-inflammatory cyto-
kine synthesis and amplification of the inflammatory
response. We investigated the possible underlying
mechanisms that might be involved in the
renoprotective effect of SchB. As seen in Fig. 6,
IgAN rats showed significantly higher levels of nu-
clear p65 and p-IκB in the kidney than those of the
control group (P < 0.01), while the levels of cytoplas-
mic p65 and IκB showed opposite results (P < 0.01).
However, in the rats treated with SchB, the levels of
nuclear p65 and p-IκB were significantly reduced
and the levels of cytoplasmic p65 and IκB were
significantly increased (P < 0.05).

SchB Inhibited Activation of the NF-κB Pathway in
LPS-Stimulated HK-2 Cells

To detect whether SchB directly inhibited NF-κB
activation, we used LPS to activate the human renal tubular
epithelial cell (HK-2) and observed the effects of SchB. As
shown in Fig. 7, LPS stimulation for 12 h showed in-
creased levels of TNF-alpha and IL-1β compared with
the control group (P < 0.01). Moreover, LPS stimulation
induced increased levels of nuclear p65 and cytoplasmic p-
IκB and decreased levels of cytoplasmic p65 (P < 0.01),
suggesting an enhanced p65 nuclear translocation in LPS-
treated HK-2 cells. However, SchB treatment remarkably
inhibited NF-κB activation and p65 translocation in HK-2
cells in vitro (P < 0.01).

DISCUSSION

This report is the first to identify beneficial effects of
SchB against renal injury in IgAN rats. SchB has previ-
ously been reported to improve nephrotoxic drug- and
compound-induced renal dysfunction in animal models.
Chiu et al. [18] have demonstrated that long-term treatment
with SchB caused significant decreases in the plasma Cr
(10–30%) and BUN levels (14–32%) in gentamicin-
induced nephrotoxicity rats. In other studies [19, 20], it
has been reported that SchB significantly attenuated CsA-
and Hgcl2-induced severe renal injury in rats as well. In

Fig. 3. Serum and renal IgA levels. a IgA levels in serumweremeasured by the commercialized quantitation kit. b IgA deposition in renal tissue was detected
by fluorescent staining with original magnification 400×. b1 normal; b2 IgAN; b3 SchB (treatment); b4 Los (treatment); b5 SchB (pre-treatment); b6 Los
(pre-treatment). Values are shown as the mean ± S.D. N = 5–6. ##P < 0.01 vs. normal group; &P < 0.05, &&P < 0.01 vs. IgAN group.
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our study, we observed that short-term and long-term SchB
administration was able to improve renal damage in IgAN
rats, which was evidenced by a decrease in proteinuria,
BUN, and Cr compared with the untreated group. More-
over, IgAN rats not only exhibited the increased IgA de-
position in glomeruli but also developed significant
mesangial cell proliferation and more inflammatory cell
infiltration in interstitial areas, renal tubules, and areas
around the glomerulus. However, these manifestations
were significantly reduced and ameliorated by pre-
treatment or treatment with SchB and Los. Our results
suggest that SchB inhibits the development of early-stage
IgAN and established IgAN. Moreover, our data also indi-
cated that SchB effectively prevents immunological factor-
induced renal damage.

Although the pathogenesis of IgAN is complex and
has not been clearly elucidated, many studies have sug-
gested that inflammation plays a vital role in the evolution
of IgAN. In patients with IgAN, there is good evidence for

disturbances in immune cell populations. For example, it
has been shown that the non-classical monocyte subset was
significantly expanded in all IgAN patients [24]. More-
over, it has also been demonstrated that T cells appeared
together with macrophages infiltrated in glomeruli, cres-
cents, and tubulointerstitial lesions in IgAN patients [25].
Specifically, immune cells and immune complexes infil-
trated in the kidney activate mesangial cells, resulting in
mesangial cell proliferation and overproduction of the ex-
tracellular matrix, cytokines, and chemokines [1]. Some of
these cytokines directly cause downstream podocyte injury
and induce proteinuria. In a previous study, it was shown
that urine levels of pro-inflammatory cytokines IL-1β and
TNF-alpha were increased in IgAN patients [26]. Gene
expression of TNF-alpha and IL-1β is associated with
increased susceptibility to IgAN and related to the degree
of mesangial matrix expansion in IgAN patients [27, 28].
Interestingly, some published reports demonstrated that for
patients with renal amyloidosis and other forms of GNwho

Fig. 4. SchB inhibited renal inflammatory responses in the IgAN rats. a Renal tissues stained with antibodies of CD11b and CD3, and the positive rates of
stained cells are shown. Original magnification, 400× (bar scale 50 μm). b Percentage of CD3+CD69+ cells in splenocytes was detected by flow cytometry.
Values are shown as the mean ± S.D. N = 5–6. ##P < 0.01 vs. normal group; &&P < 0.01 vs. IgAN group.
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initially had normal creatinine levels, TNF-alpha blocker
therapy resolved proteinuria, but this was not the case for
patients with initial renal insufficiency [29]. Mechanically,
mesangial-derived TNF-alpha is an important mediator
involved in degrading the constituents of the glomerular
basement membrane and glomerulotubular communica-
tion in the development of interstitial damage in IgAN.
Infiltrating macrophages in nephropathy promote podocyte
apoptosis via the TNF-α-mediated p38MAPK pathway
[30–32]. Likewise, IL-1β is a mesangial cell growth factor
in experimental mesangioproliferative nephritis [33]. Pre-
vious findings confirm that SchB possesses excellent anti-

inflammatory activity, especially in the treatment of
angiocardiopathy, liver disease, as well as neurodegenera-
t ive diseases. For instance, SchB exerts anti-
neuroinflammatory activity by downregulating nitric ox-
ide, TNF-alpha, prostaglandin E2, IL-1β, and IL-6 in LPS-
stimulated microglia [34]. In an in vivo study, SchB oral
administration attenuated LPS-induced interstitial edema,
hemorrhage, and infiltration of neutrophils in lung tissue
[35]. In agreement with these earlier results, we found that
IgAN rats developed significantly increased inflammatory
(CD11b+ and CD3+ cells) infiltration in the interstitial
areas and the areas around the glomerulus compared with

Fig. 5. SchB reduced renal inflammatory cytokine levels in IgAN rats. a TNF-alpha; b IL-1β; cMCP-1. TNF-alpha, IL-1β, andMCP-1 levels in renal tissue
were measured by commercial ELISA kits. Values are shown as the mean ± S.D. N = 5–6. ##P < 0.01 vs. normal group; &P < 0.05, &&P < 0.01 vs. IgAN
group.

Fig. 6. SchB attenuated renal NF-κB p65 activation and nuclear translocation in IgAN rats. Nuclear and cytoplasmic fractions of NF-κB p65 were estimated
by Western blot analysis. a Representative stripes of targeted protein. b Densitometric analysis. Values are expressed as the mean ± S.D. N = 5–6. ##P < 0.01
vs. normal group; &P < 0.05, &&P < 0.01 vs. IgAN group.
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that of the control rats. However, treatment of IgAN rats
with SchB significantly decreased inflammatory cell
(CD3+ and CD11b+) infiltration in the damaged renal
tissue and decreased the active T cell subpopulation in the
spleen. Further experiments showed that SchB could re-
duce TNF-alpha, IL-1β, and MCP-1 in renal tissue. Based
on these results, it is suggested that SchB protects the
IgAN-damaged kidney, at least in part, possibly through
inhibition of renal inflammation.

In previous reports, the renoprotective mechanism of
SchB has been concluded as decreasing oxidative stress,
cell death, and enhancing mitochondrial antioxidant status
and structural integrity [18–20]. However, no more details
are known. Chronic inflammation plays a pivotal role in
the pathogenesis of IgAN, and SchB treatment significant-
ly reduces renal inflammation. Therefore, we focused our
attention on the inflammation-related cellular signalling

pathway in IgAN animal models. The NF-κB pathway,
known as a central signalling pathway in inflammation, is
usually activated by a wide variety of extracellular stress
stimuli, such as reactive oxygen species, TNF-alpha, IL-
1β, LPS, and ionizing radiation [36]. Activation of NF-κB
can induce the transcription of many cytokines, such as
MCP-1, TNF-alpha, and the interleukin system. Normally,
NF-κB complexes are inactive and mainly located in the
cytoplasm in a complex with IκB proteins. When the cells
receive stimulation, activation of NF-κB is initiated by the
signal-induced degradation of IκB proteins, which is
followed by the release and nuclear translocation of the
NF-κB p65 subunit [36, 37]. In early studies, SchB has
been shown to inhibit the activation of the NF-κB pathway
in cisplatin-induced neurotoxic mice, inflammatory bowel
mice in vivo, as well as in LPS-treated microglia in vitro
[34, 35, 38, 39]. In agreement with these studies, we found

Fig. 7. SchB inhibited NF-κB p65 activation and nuclear translocation in LPS-simulated HK-2 cells. a Pro-inflammatory cytokine levels in the supernatant
of LPS-treated HK-2 cells were measured by commercial ELISA kits. b Nuclear and cytoplasmic fractions of HK-2 cells were isolated, and p65 nuclear
translocation was estimated by Western blot analysis. Representative bands and densitometric analysis are shown. Values are expressed as the mean ± S.D.
N = 3. ##P < 0.01 vs. control; &&P < 0.01 vs. LPS group.
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that SchB treatment could increase cytoplasmic p65 and
IκB expression and meanwhile decrease nuclear p65 levels
both in the damaged renal tissue and LPS-stimulated HK-2
cells, indicating direct prevention of the activation of the
NF-κB signalling pathway in IgAN.

In conclusion, our results demonstrate that SchB
shows protective effects on the renal function of early-
and late-stage IgAN rats, which may be associated with
its anti-inflammatory effects. Moreover, the inhibitory ef-
fects of SchB on renal inflammation in IgAN rats were
associated with its inhibition of the NF-κB pathway. There-
fore, our findings indicate that SchB may show beneficial
effects on clinical IgAN patients.
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