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Baicalein attenuates renal fibrosis by inhibiting inflammation
via down-regulating NF-jB and MAPK signal pathways
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Abstract Baicalein is a natural flavonoid that possesses

notable anti-inflammatory effects. In this study, we de-

tected whether baicalein protects against inflammatory re-

sponse in unilateral ureteral obstruction mice model to

ameliorate tubulointerstitial fibrosis. Baicalein treatment

significantly attenuated tubulointerstitial fibrosis by

markedly reducing fibronectin and collagen-I. The down-

regulation of alpha-smooth muscle actin and upregulation

of E-cadherin indicated that the epithelial–mesenchymal

transition process was suppressed. Furthermore, baicalein

administration blocked the infiltration of macrophages and

lymphocytes, as evidenced by the significantly reduced

CD68 and CD3 positive cells. Meanwhile, the mRNA ex-

pression of the pro-inflammatory cytokines tumor necrosis

factor-a, interleukin-1b, and monocyte chemotactic protein

in baicalein-treated groups was markedly reduced com-

pared with the vehicle-treated group. More importantly,

unilateral ureteral obstruction induced the activation of NF-

jB and mitogen-activated protein kinase signal pathways

to switch on inflammatory response to aggravate kidney

fibrosis, but these effects were mitigated by baicalein.

These data demonstrate that baicalein could inhibit

inflammatory process via inactivation of NF-jB and

MAPK signal pathways to execute its anti-fibrotic actions

in obstructive kidney disease.
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Introduction

Chronic kidney disease (CKD) is a global health issue and

considered as an irreversible process that leads to poor

prognosis. Renal fibrosis, especially renal interstitial fi-

brosis, is a final common outcome caused by progressive

loss of renal function in varied CKDs, as well as a major

force leads CKDs to end stage renal disease (Ni et al.

2013). Unilateral ureteral obstruction (UUO) is a common

animal model widely used to mimic the pathological

changes of chronic obstructive nephropathy. This model

can reflect inflammatory responses and fibrosis in human

CKD. UUO is characterized by increased intraluminal

pressure, interstitial inflammation, immediate macro-

phage and lymphocyte infiltration, evaluated cytokine

levels, activation of myofibroblasts, and accumulation of

interstitial extracellular matrix (ECM) (Eddy 2014). Pre-

vious studies demonstrated that inflammatory cells are

recruited to the renal interstitium after UUO; these cells

generate numerous cytokines and growth factors, which

sustain and enhance inflammatory response (Crisman

et al. 2001; Schreiner et al. 1988). Chronic interstitial

inflammation, followed by functional renal parenchyma

loss and interstitial fibrosis, mainly contributes to the

deprivation of the renal function (Klahr and Morrissey

2002). Therefore, suppressing inflammatory response

could attenuate renal fibrosis.
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Baicalein (5,6,7-trihydroxyflavone) is a natural flavonoid

extracted from the Chinese herb Scutellaria baicalensis

(Hou et al. 2011). It has been widely used as a therapeutic

agent for microbial infection in East Asian countries.

Moreover, baicalein possesses many biochemical and

pharmacological benefits, including anti-tumor, anti-fibro-

genic (Oh et al. 2012; Shimizu 2001), anti-inflammatory

(Liu et al. 2014; Zhang et al. 2014), and cardiovascular

protective effects. Baicalein has been increasingly used

against renal (Wang et al. 2012), myocardial (Kong et al.

2011), pulmonary (Gao et al. 2013), and hepatic (Inoue and

Jackson 1999; Shimizu 2000; Sun et al. 2010) fibroses as a

potential antioxidant. Intriguingly, several studies have also

revealed the extensive anti-inflammatory effects of baicalein

as a protective agent in various diseases. For example, Liu

et al. (Liu et al. 2014) reported that baicalein can attenuate

liver injury induced by polymicrobial sepsis by inhibiting

inflammation. Furthermore, baicalein reduces airway in-

flammation in allergen and IL-1b-induced asthma model.

Baicalein also exhibits protective properties in kidney injury

(Wu et al. 2014) and fibrosis (Wang et al. 2012). It promotes

the recovery of renal function, alleviates kidney injury in

ischemia–reperfusion (I/R) model, and ameliorates kidney

fibrosis through downregulated TGF-b1 and Smad-2 in

UUO mice model. However, whether baicalein has an effect

on inflammation in obstructed kidneys and the mechanisms

involved in this response is not clearly elucidated. Given

these data, we hypothesize that baicalein may have a po-

tential to inhibit inflammation in UUO model to ameliorate

renal fibrogenesis.

Materials and methods

Animal model

Forty male C57/BL6 mice (aged 6–8 weeks) were provided

by Wuhan University Center for animal experiment

(Wuhan, China). The Institutional Animal Care and Use

Committee of Wuhan University approved the animal work

protocol, which was performed in accordance with the

Principles of Laboratory Animal Care (NIH publication

Vol. 25, No. 28, revised 1996). Left ureters of the mice

were exposed and subsequently ligated to induce the UUO

model as an established procedure (Eddy et al. 2012). Mice

were then randomly divided into four groups (n = 10),

namely, sham surgery, UUO plus vehicle (UUO ? V),

UUO plus 50 mg/kg/day baicalein (Nanjing Dilger Medical

Technology Co., Ltd (Nanjing, China), and UUO plus

100 mg/kg/day baicalein. Baicalein was dissolved in

dimethyl sulfoxide (DMSO; Sigma-Aldrich Company Ltd,

Dorset, UK), and the mice were administered with baicalein

daily by oral gavage. Baicalein administration started the

day after the surgery until the seventh day when the mice

were sacrificed. In the vehicle-treated group, mice were

administered with 300 ll of PBS in DMSO. After the ex-

periment was completed, the obstructed kidneys of the mice

were harvested.

Western blot analysis

Tissue samples were collected as described and ho-

mogenized in lysis buffer (Biyuntian, Haimen, China) with

a polytron homogenizer (IKA GmbH, Königswinter, Ger-

many) on ice. The lysates were then denatured in sodium

dodecyl sulfate (SDS) loading buffer and subsequently

separated by SDS–polyacrylamide gel electrophoresis.

Proteins were transferred onto polyvinylidene fluoride

membranes (Millipore, Billerica, MA, USA) for 1 h. The

membranes were blocked with 5 % non-fat milk in tris-

buffered saline (TBS) and incubated with primary anti-

bodies against collagen-1, fibronectin, alpha-smooth mus-

cle actin (a-SMA), NF-jB P65 (Abcam, USA); E-cadherin,

IjBa, p38, p-p38, p-extracellular receptor kinase (ERK),

ERK, p–c-Jun N-terminal kinase (JNK), and JNK (Cell

Signaling Technology, USA). Incubation was conducted

overnight at 4 �C in a blocking buffer at the dilutions

specified by the preliminary experiment. The membranes

were then rinsed three times in TBST and incubated with a

secondary antibody (LICOR, USA; 1:1000 dilution) con-

jugated to horseradish peroxidase for 1 h. Finally, the

membranes were scanned under a two-color infrared

imaging system (Odyssey, LICOR, USA). Membranes

were probed for glyceraldehyde 3-phosphate dehydroge-

nase (GAPDH) as an additional loading control.

Histological and immunohistochemical studies

Kidneys were embedded in paraffin and sectioned at 4 lm
using an established procedure. Masson’s trichrome staining

was performed for histomorphometric analysis. For im-

munohistochemical studies, kidney sections were incubated

in 3 % H2O2 to block endogenous peroxidase activity for

10 min. Five percent bovine serum albumin was used for

blocking non-specific binding for about 1 h. Tissues were

subsequently incubated with primary rabbit anti-mouse an-

tibodies (collagen-1, fibronectin, CD3, and CD68; Abcam)

overnight at 4 �C. Tissues were then incubated with goat

anti-rabbit secondary antibody for another 1 h. Peroxidase–

streptavidin–biotin complex (Boshide Biotechnology Co.,

Ltd., Wuhan, China) and diaminobenzidine (Sigma) were

used to visualize the proteins. Ten random fields were se-

lected (200 magnifications), photographed, and measured

with Image Pro-Plus 6.0 software.
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Real-time PCR

Total RNA was isolated from the renal cortex using Trizol

reagent (Invitrogen, USA) according to the manufacturer’s

instructions. A cDNA copy was created with the Prime-

ScriptTM RT reagent kit (Takara, Japan). Subsequently,

gene expression was analyzed with one-step real-time (RT)

PCR, and mouse GAPDH was used to normalize the relative

value of different genes. The reactions were conducted in a

20 ll volume. RT-PCR was performed on the resulting

cDNA with the SYBR Green Mix and the AB7500 RT-PCR

detection system. The sequences of the primer were as fol-

lows: forward 50-TCCCCAAAGGGATGAGAAG-30, re-

verse 50-CACTTGGTGGTTTGCTACGA0 for mouse tumor

necrosis factor-a (TNF-a); forward 50-GCAACTGTTCCT
GAACTCAACT-30, reverse 50-ATCTTTTGGGGTCCGTC
CAACT-30 for mouse IL-b; forward 50-TTTTGTCACCAA
GCTCAAGAGA-30, reverse 50-ATTAAGGCATCACAGT
CCGAGT-30 for mouse monocyte chemotactic protein

(MCP-1); and forward 50-AGTGGCAAAGTGGAGATT-30,
reverse 50-GTGGAGTCATACTGGAACA-30 for mouse

GAPDH. PCR was performed under normal conditions. The

threshold cycle (Ct) values of each sample were calculated

with the 2-DDCT data analysis method.

Statistical analysis

All experiments were repeated three times independently.

Data were expressed as mean ± SD. One way ANOVA

was used for the statistical analysis by using SPSS 19.0

software. P\ 0.05 was considered statistically

significant.

Results

Baicalein attenuates renal fibrogenesis after UUO

After 7 days of ureteral obstruction, the mice showed

typical features of renal tubulointerstitial fibrosis in ligated

kidneys, as revealed by Masson’s staining. Immunohisto-

chemistry staining also showed that early fibrosis markers,

such as collagen-1 and fibronectin, were accumulated in

obstructive kidneys. Compared with the vehicle-treated

group, baicalein treatment (50 and 100 mg/kg/day) ame-

liorated collagen accumulation and resulted in reduced

renal cortical expressions of fibronectin and collagen-1 in

renal interstitium (Fig. 1a). This finding is confirmed by

the results of quantitative immunohistochemical determi-

nation of fibronectin and collagen-1 (Fig. 1b). In addition,

the same results were also observed using Western blot

analysis (Fig. 1c, d). These data suggest that baicalein

could inhibit renal fibrogenesis in UUO model.

Baicalein prevents inflammation in the kidney

during obstruction

Baicalein has numerous effects on the infiltration of in-

flammatory cells in chronic fibrotic diseases; thus, the ex-

pressions of CD68 (a macrophage marker) and CD3 (a

lymphocyte marker) were examined at 7 days after UUO.

Compared with the vehicle group, baicalein significantly

reduced the CD68 and CD3 expressions. This significant

decrease in expressions indicates that the number of infil-

trative macrophage and lymphocyte was markedly inhibited

after baicalein treatment. Quantitative immunohistochemical

analysis demonstrated the decrease of CD68 and CD3

positive cells after baicalein treatment (Fig. 2).

To verify the anti-inflammatory effect of baicalein on

the obstructed nephropathy, we tested the mRNA levels of

TNF-a, IL-1b, and MCP-1 on day 7 after the UUO method.

These pro-inflammatory cytokines were significantly in-

duced in obstructed kidneys compared with those in non-

obstructed kidneys, whereas baicalein administration sup-

pressed the expression of these pro-inflammatory cytokines

compared with the UUO group (Fig. 3).

Baicalein blocks the epithelial–mesenchymal

transition (EMT) during renal fibrosis

In fibrotic kidneys, tubular epithelial cells lose their marker

E-cadherin and transform to activated myofibroblasts,

which are characterized with positive a-SMA or vimentin.

This process is called EMT. To investigate whether bai-

calein modulates the accumulation of myofibroblastic fi-

brogenic cells, we measured the renal expressions of a-
SMA and E-cadherin on postoperative day 7. As shown in

Fig. 3a, bolts indicate the decreased a-SMA expression and

retention of E-cadherin expression after baicalein treat-

ment, indicating that the EMT process was inhibited by

baicalein administration (Fig 4).

Baicalein abolishes the activation of NF-kB

and MAPK to decrease inflammation in obstructed

kidney

Mitogen-activated protein kinase (MAPK) and NF-jB P65

are important inflammatory response pathways in kidney

fibrosis development. Thus, we assessed the influence of

baicalein on the activation of these two signal pathways.

Figure 5a shows that NF-jB P65 activation and degrada-

tion of inhibitory subunit, IjBa, were observed on day 7

post-operation. However, this response was dramatically

suppressed after baicalein treatment.

Seven days of ureteral obstruction triggered the phos-

phorylation of p38, JNK, and ERK. Meanwhile, the phos-

phorylation proteins were significantly attenuated in
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Fig. 1 Baicalein attenuates interstitial matrix disposition in the

obstructed kidney at 7 days after UUO. a Representative images of

Masson’s staining (green signal) and immunohistochemistry staining

(brown signal) of collagen-1 and fibronectin, original magnification

9200. b Semi-quantitative analysis of positive area for immunohis-

tochemistry staining in different groups. c Representative

immunoblotting of fibronectin and collagen-1. d Quantitative evalua-

tion of fibronectin and collagen-1 protein expression. ?P\ 0.01

versus sham group, *P\ 0.01 versus UUO with vehicle-treated

group, #P\ 0.01 versus UUO with 50 mg/kg/day baicalein-treated

group, and TP\ 0.05 versus UUO with 50 mg/kg/day baicalein-

treated group. Scale bars, 100 lm. (Color figure online)

Fig. 2 Baicalein suppresses the

infiltration of macrophage and

lymphocytes in the obstructed

kidneys. a CD68 and CD3

positive cells stained with

immunohistochemistry as

indicated in the figure. b The

corresponding group data show

the number of positive staining

cells. *P\ 0.01 versus UUO

with vehicle-treated group, and
TP\ 0.05 versus UUO with

50 mg/kg/day baicalein-treated

group. Scale bars, 100 lm
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baicalein-treated groups, both in 50 and 100 mg/kg/day

groups (Fig. 5b)

Discussion

This study is the first to demonstrate that baicalein amelio-

rates inflammation response in the progression of renal in-

terstitial fibrosis. We found that baicalein inhibited the

accumulation of the ECM components fibronectin and col-

lagen in the obstructed kidney model. Interestingly, baicalein

could block the EMT process, paralleled with suppressing the

infiltration of macrophages and T lymphocytes, as well as

inhibiting cytokine release (TNF-a, IL-1b, and MCP-1), via

inactivation of the NF-jB and MAPK signal pathways.

These findings suggest that baicalein plays a critical anti-

inflammatory role in renal fibrosis and could be a therapeutic

candidate against renal fibrogenesis.

In fibrotic kidneys, renal tubular epithelial cells lose

their hallmark E-cadherin and acquire the phenotype of a-
SMA, transforming to activated myofibroblasts. These

myofibroblasts are the major source of ECM and contribute

to the progression of kidney fibrosis. The EMT process

plays an essential role in the pathogenesis of renal fibrosis

(Liu 2011). In this study, our data demonstrate that bai-

calein reduced the expression of a-SMA, whereas

Fig. 3 Baicalein reduces the release of the pro-inflammatory cytoki-

nes TNF-a, IL-1b, and MCP-1 at day 7 after UUO. TNF-a, IL-1b, and
MCP-1 mRNA levels were measured using real-time PCR after

various treatments. ?P\ 0.01 versus sham group, *P\ 0.01 versus

UUO with vehicle-treated group, 4P[ 0.05 versus UUO with 50 mg/

kg/day baicalein-treated group, and #P\ 0.01 versus UUO with

50 mg/kg/day baicalein-treated group

Fig. 4 Baicalein inhibits the

EMT process in the obstructed

kidneys at day 7 after UUO

operation. a Western blot

analysis for a-SMA and

E-cadherin in different

treatment groups. b Statistical

analysis of relative expression

of a-SMA and E-cadherin.
?P\ 0.01 versus sham group,

*P\ 0.01 versus UUO with

vehicle-treated group, and
TP\ 0.05 versus UUO with

50 mg/kg/day baicalein-treated

group
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E-cadherin was preserved in the fibrotic mice model. This

result suggests that the role of baicalein in stabilizing the

epithelial phenotype is partially due to TGF-b1/Smad3

signaling blockade.

The activation of inflammatory cascade is an early

feature of CKD. This feature is speculated as one of the

detrimental contributors to the occurrence and develop-

ment of tubulointerstitial fibrosis. The classical concept on

the connection between inflammation and fibrosis is that

infiltrated inflammatory cells release profibrotic cytokines,

and then act on renal tubular cells and resident fibroblasts

to facilitate renal fibrogenesis via a paracrine fashion (Liu

2011). This hypothesis is conformed experimentally, as

activated mononuclear cells release cytokines, which in-

duce matrix production and EMT (Nightingale et al. 2004).

At the beginning of the kidney injury, T lymphocytes and

macrophages were recruited to the damaged site (Lee and

Kalluri 2010), and secrete fibrogenic cytokines, including

TNF-a, MCP-1, IL-1b and 8b, which are the markers of

inflammation (Vielhauer et al. 2010). In addition, Macro-

phages are a major source of transforming growth factor-b1
(TGF-b1) in fibrotic organs (Ricardo et al. 2008), which is

considered to be a major mediator in fibrosis to promote

EMT. Emerging evidence show an close connection at the

molecular level exists between inflammatory signal path-

ways and fibrosis within the same cells. For example, IL-

1b (Fan et al. 2001) and IL-8b (Bani-Hani et al. 2009) are

profibrogenic cytokines capable of inducing EMT and

ECM accumulation through activation of TGF-b1 signal

pathway, and inhibition of IL-1b ameliorates early ex-

perimental renal interstitial fibrosis (Jones et al. 2009).

Thus, the decreasing the recruitment of macrophage in

renal interstitium and reducing the inflammatory cytokines

TNF-a, IL-1b, and MCP-1 induced by baicalein may

possesses an anti-fibrotic property.

In addition, experimental data prove that snail is stabi-

lized by the tumor necrosis factor via the activation of NF-

jB (Wu et al. 2009). Because snail is a crucial transcription

factor inducing pathological EMT, and progression of later

fibrosis (Boutet et al. 2006), this finding sets up a molecular

link between inflammation and fibrosis. NF-jB is activated

in renal fibrosis (Esteban et al. 2004) and upregulates many

cytokines and chemokines, contributing to kidney inflam-

mation in obstructed kidneys (Panzer et al. 2009; Tashiro

et al. 2003). Thus, inhibiting the activation of NF-jB al-

leviates renal tubular cell apoptosis and renal fibrosis in

obstructed kidneys (Tashiro et al. 2003). Furthermore,

blocking the nuclear translocation of NF-jB p65 attenuates

pro-inflammatory cytokines (TNF-a, IL-1b) and chemoki-

nes (MCP-1), which dissolve inflammation (Zheng et al.

2013). Baicalein possesses a protective effect in radiation-

induced injury by modulating NF-jB-mediated inflamma-

tory response via the MAPKs and Akt pathways. Based on

these findings, our study reveals NF-jB p65 activation

induced by p65 phosphorylation after UUO was reduced by

baicalein treatment, which is a potential mechanism for the

anti-inflammatory effect of baicalein on renal fibrosis.

MAPK signal pathway is involved in modulating in-

flammatory action response to various stresses in progres-

sive renal fibrosis. MAPK family consists of three major

members, namely, the ERKs, JNKs, and p38 MAPKinases.

In chronic kidney disease, P38 MAPK pathway is activated

after UUO, and blockade of this signal reduces ECM ac-

cumulation and inflammation (Stambe et al. 2004). JNK is

upregulated in response to kidney inflammation and sub-

sequently increases MCP-1 expression to recruit inflam-

matory cells toward the damaged tubulointerstitium (de

Borst et al. 2009). Meanwhile, MAPK-ERK1/2 is induced

by ureteral obstruction, and inhibition of this pathway

contributes to prevent progression of renal fibrosis

Fig. 5 Baicalein suppresses the

activation of NF-jB and P38

MAPK signal pathways after

UUO. a Protein expression of

IjBa and NF-jB P65 in kidney

was tested by Western blot.

b Protein expression of p-P38,

p38, p-ERK, ERK, p-JNK, and

JNK in kidney was detected

using Western blot
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(Rodriguez-Pena et al. 2008). Baicalein has been proven to

attenuate inflammatory responses by inactivating p38

MAPK, JNK1/2, and NF-jB P65 signal pathways. In

agreement with these studies, we demonstrated that bai-

calein prevented the ERK, JNK, and p38 MAPK activation

in the obstructed kidneys. These results suggest that

MAPKs and NF-jB inhibition are involved in the protec-

tive effects of baicalein in renal fibrosis.

In conclusion, this study identified direct anti-fibrotic

effects of baicalein in obstructed nephropathy. The anti-

fibrotic mechanisms of baicalein may involve its anti-in-

flammatory effects, mainly via blockade of NF-jB and

MAPK signaling. These findings indicate that baicalein

could be used as a therapeutic alternative for early inter-

vention of renal fibrosis.
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