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Abstract. Hyperlipidemia is considered an independent risk 
factor for renal dysfunction and induces a significant increase 
in the expression of inflammatory mediators, which can be used 
to evaluate the degree of renal injury. Baicalin is widely used in 
traditional Chinese herbal medicine and has multiple pharmaco‑
logical effects. The present study investigated whether baicalin 
can attenuate the expression of vascular cell adhesion mole‑
cule 1 (VCAM‑1) via a reduction in the expression of monocyte 
chemoattractant protein‑1 (MCP‑1) and interleukin‑6 (IL‑6) in 
the kidney of apolipoprotein E (ApoE)‑knockout (KO) mice fed 
a high cholesterol diet. These mice were used as a model of 
atherosclerosis and were treated with baicalin (100 mg/kg/day) 
daily by gavage for a period of 12 weeks. By contrast, wild‑type 
male C57BL/6J mice were fed a standard diet. Blood samples 
were obtained from the angular veins of the mice to measure 
the total cholesterol (TC) and the expression levels of VCAM‑1, 
MCP‑1 and IL‑6 in the kidney tissues of the mice were analyzed 
using reverse transcription quantitative polymerase chain reac‑
tion and western blot analysis. Following oral administration of 
baicalin, no significant difference was observed in the TC in the 
baicalin group compared with the high cholesterol diet control 
group. The TC was significantly higher in the AopE‑KO mice 
compared with the wild‑type male C57BL/6J mice. The expres‑
sion levels of VCAM‑1, MCP‑1 and IL‑6 in the kidney tissues 
of the baicalin group were lower compared with those in the 
high cholesterol diet control group. The results suggested that 
baicalin decreased the expression levels of pro‑inflammatory 
mediators and prevented kidney dysfunction in the ApoE‑KO 
mice fed a high cholesterol diet.

Introduction

Lipid accumulation in the kidney contributes to the progres-
sion of chronic kidney disease and independently induces renal 
dysfunction (1,2). Hyperlipidemia induces a significant increase 
in the expression of monocyte chemoattractant protein-1 
(MCP-1) in apolipoprotein E (ApoE)-/- mice fed a high-fat 
diet (3,4).

During the process of kidney injury, the expression of MCP-1 
is significantly increased via numerous cells expressing MCP‑1 
in kidney inflammation, including those in glomerular (5-7) 
and tubular areas (8-10) and primary endothelial cells (11). 
Tashiro et al suggested that urinary MCP-1 may be useful for 
evaluating the degree of renal injuries in patients with diabetic 
nephropathy (12). By contrast inhibition of the expression of 
MCP‑1 protects renal injury by reducing macrophage infiltra-
tion (13,14).

The increased expression of MCP-1 and subsequent 
macrophage infiltration is a substantial source of pro‑inflam-
matory cytokines, including tumor necrosis factor (TNF)-α 
and interleukin (IL)‑6, which induce further damage in kidney 
dysfunction. Increased  expression  levels  of  IL‑6  are  often 
observed in patients with progressive kidney dysfunction and can 
affect the outcome of long-term kidney diseases (15), suggesting 
that MCP-1 and IL-6 are important in hyperlipidemia-induced 
kidney dysfunction.

Baicalin is one of several pharmacologically‑active flavones 
and is widely used in traditional Chinese herbal medicine (16). 
It has a number of pharmacological effects, including inhibitory 
effects against several viruses (17‑19) and anti‑inflammatory, 
anti‑allergic and antibacterial effects in a variety of inflamma-
tory diseases (20,21). However, the effects of baicalin on MCP‑1 
and IL‑6 in the kidneys of ApoE‑knockout (KO) mice have not 
been investigated.

Due to its anti‑inflammatory effect, baicalin may have a 
protective effect against kidney dysfunction via regulating the 
expression of MCP-1 and IL-6.

Materials and methods

Drug administration. Baicalin (Sigma-Aldrich, St. Louis, MO, 
USA; cat. no. 21967-41-9; purity, 98%; molecular formula, 
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C21H18O11; molecular weight, 446.36) was dissolved in normal 
saline and the pH was adjusted to pH 7.4 using NaOH.

Experimental animal models and tissues preparation. Male 
C57BL/6J mice, and ApoE-/‑ mice (8‑week‑old) which were 
of a C57BL/6J background, were purchased from The Jackson 
Laboratory (Bar Harbor, ME, USA). The mice were bred 
and maintained at the Animal Center of Beijing University 
(Beijing, China), following the guidelines provided in the 
Guide for the Care and Use of Laboratory Animals, published 
by the US National Institutes of Health (NIH Publication 
No.  85‑23,  revised  1996).  All  animal  procedures  were 
reviewed and approved by the ethics committee of Huazhong 
University os Science and Technology (Wuhan, China). The 
mice were acclimated to their environment, which consisted 
of controlled lighting (12 h light/dark cycle) and temperature 
(25˚C), for a period of 1 week.

Following adaptation, the ApoE‑/‑ mice were randomly 
assigned to one of two groups. Group 1 (hypercholesterol 
control group; n=6) were freely fed a high‑cholesterol diet 
containing 1.25% cholesterol and 10% coconut oil (22) and 
received normal  saline by gavage  feeding once daily  for 
12 weeks. Group 2 (baicalin administration group; n=6) were 
fed a high-cholesterol diet (100 mg/kg/day) and  received 
baicalin treatment (200 µl/kg/day) by gavage feeding once 
daily for 12 weeks. A group of wild‑type male C57BL/6J 
mice (normal control group, n=6) were fed a standard diet 
(free feeding; mouse food, Oriental Yeast, Co, Ltd., Tokyo, 
Japan) and received normal saline by gavage feeding once 
daily for 12 weeks. Water was available ad libitum to all mice 
groups. 

At 21 weeks of age, the mice were anesthetized with 2% 
pentobarbital solution (Wuhan Boster Biological Technology, 
Ltd., Wuhan, China) by intraperitoneal injection, and then 
sacrificed by bleeding through the aorta. The heart and 
aorta were immediately removed following perfusion with 
phosphate-buffered saline (PBS; Wuhan Boster Biological 
Technology, Ltd., Wuhan, China). The kidneys of the mice 
were  then  rapidly  frozen  in  liquid  nitrogen  (Huazhong 
University of Science and Technology, Wuhan, China) and 
stored until subsequent protein and RNA extraction.

Plasma TC profile. The mice were anesthetized at 21 weeks 
of age and blood was obtained from the angular veins using 
a capillary siphon. The plasma levels of TC were detected 
using a Hitachi 917 auto-analyzer (Hitachi, Ltd., Tokyo, 
Japan).

Reverse transcription quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis of the mRNA expression levels 
of MCP‑1, IL‑6 and vascular cell adhesion molecule 1 
(VCAM‑1). Total RNA was extracted from the mouse renal 
tissues using TRIzol reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA) according to the manufacturer's 
instructions. mRNA was  then converted  into cDNA with 
the ReverTra Ace® qPCR RT Kit (Toyobo, Osaka, Japan). 
Following amplification by RT, the mRNA expression levels 
of MCP-1, IL-6 and VCAM-1 were detected by RT‑qPCR, 
performed using a SYBR PrimeScript RT-PCR kit (Takara 
Bio, Inc., Otsu, Japan) and the ABI PRISM 7900HT 

sequence detection system (Applied Biosystems Life 
Technologies,  Foster  City,  CA, USA).  The  relative  gene 
expression  levels  of  the  target  genes,  normalized  to  the 
endogenous control gene β-actin, were calculated using the 
comparative Ct method formula 2-ΔΔCT. The following PCR 
primers (GenScript Inc, Piscataway, NJ, USA) were used: 
MCP‑1,  forward  5'‑TGTCCCAAAGAAGCTGTAGT‑3' 
and  reverse  5'‑ACAGAAGTGCTTGAGGTGGT‑3';  IL‑6, 
forward 5'‑GTTGCCTTCTTGGGACTGATG‑3' and reverse 
5'‑GTATAGACAGGTCTGTTGGGAG‑3'; VCAM‑1, forward 
5'‑TGGCTCCAGACATTTACCCAGTTT‑3'  and  reverse 
5'-GTTCTTTGACAGTCTCCCTTTCTTT-3' and β-actin, 
forward 5'‑CACGATGGAGGGGCCGGACTCATC‑3' and 
reverse  5'‑TAAAGACCTCTATGCCAACACAGT‑3'.  The 
PCR cycling conditions were as follows: 1 cycle of 50˚C for 
2 min, 95˚C for 10 min, followed by 40 cycles of 95˚C for 
30 sec and 60˚C for 30 sec.

Western blot analysis of the protein levels of MCP‑1, IL‑6 
and VCAM‑1. The expression levels of proteins in the 
kidneys were determined using western blot analysis. The 
tissues, which were frozen in liquid nitrogen following 
isolation and stored at ‑80˚C, were homogenized in 
25 mM Tris‑HCl (pH 7.4), 1 mM dithiolthreitol and 
1 mM sodium orthovanadate (Invitrogen Life Technologies), 
a protease inhibitor cocktail tablet (complete protease; 
Roche NimbleGen, Inc., Madison, WI, USA), phosphatase 
inhibitor cocktail (PhosSTOP; Roche NimbleGen, Inc.) and 
1% Triton X‑100 (Invitrogen Life Technologies) using a 
glass homogenizer (Wuhan Boster Biological Technology, 
Ltd.). The total protein samples were prepared from the 
homogenates of pooled arteries and protein concentrations 
were determined using a bicinchoninic acid protein assay 
kit (Thermo Fisher Scientific, Waltham, MA, USA). Equal 
quantities of the protein extracts were separated on 7.5, 10 
and 15% SDS‑PAGE gels and immobilized onto polyvi‑
nylidene difluoride membranes (EMD Millipore, Billerica, 
MA, USA). The membranes were then sequentially blocked 
using Tris‑buffered saline containing 5% non‑fat milk and 
incubated overnight at 4˚C with the following primary 
antibodies: Rabbit polyclonal anti‑MCP‑1 (1:200; ab9669; 
Abcam, Cambridge, MA, USA); rabbit polyclonal immuno‑
globulin G (IgG) anti‑IL‑6 (1:800; sc‑1265‑R; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) and rabbit polyclonal 
anti‑VCAM‑1 (1:600; BS6005; Bioworld Technology, Inc., 
St. Louis Park, MN, USA). Following incubation, the 
membranes were washed with Tris‑buffered saline (Wuhan 
Boster Biological Technology, Ltd.) and further incubated 
with horseradish peroxidase‑conjugated goat anti‑rabbit 
polyclonal IgG secondary antibody (1:10,000; Wuhan Boster 
Biological Technology, Ltd.) at 37˚C for 1 h. Following several 
additional washes, immune‑positive bands were detected by 
electrochemiluminescence (Beijing Liuyi Instrument Plant, 
Beijing, China). Immunoreactive signals were visualized 
using SuperSignal West Dura Extended Duration Substrate 
(Thermo Fisher Scientific), and detected using a Kodak XRS 
system (Eastman Kodak, Fair Lawn, NJ, USA).

Statistical analysis. The data are expressed as the 
mean ± standard deviation. Comparison of the means was 
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performed by Student's t‑test for two groups and one‑way 
analysis of variance for multiple groups using SPSS 17.0 
software (SPSS Inc., Chicago, IL, USA). P<0.05 was consid‑
ered to indicate a statistically significant difference.

Results

Impact of baicalin on plasma TC levels in mice. Following 
the administration of baicalin for 12 weeks, the levels of TC 
in the male wild‑type C57BL/6J mice were lower compared 
with the ApoE‑/- mice fed a high cholesterol diet (P<0.05). 
No significant difference in the levels of TC were observed 
between the baicalin administration group and hypercholes-
terol control group (P>0.05). Baicalin caused no decrease in 
the level plasma TC in the ApoE‑/- mice fed a high choles-
terol diet (Fig. 1).

RT‑qPCR and western blot analysis of the effect of baicalin 
on the mRNA and protein expression of MCP‑1 in the 
mouse kidneys. To investigate the effect of baicalin on the 

Figure 1. Levels of plasma TC in the mice at 21 weeks. Data are expressed 
as the mean ± standard deviation (n=6). *P<0.05 (ND control, vs. HCD+BAI 
group); #P>0.05 (HCD control, vs. HCD+BAI group). ND; normal diet; HCD, 
high cholesterol diet; BAI, baicalin; TC, total cholesterol.

Figure 2. mRNA and protein expression levels of MCP‑1 in the kidney tissues 
of 21‑week‑old mice. Data are expressed as the mean ± standard deviation 
(n=6). *P<0.05 (ND control, vs., HCD+BAI group);  #P<0.05 (HCD con-
trol, vs. HCD+BAI group). MCP‑1, monocyte chemoattractant protein‑1; ND, 
normal diet; HCD, high cholesterol diet; BAI, baicalin.

Figure 3. mRNA and protein expression levels of IL‑6 in the kidney tissues 
of 21‑week‑old‑mice. Data are expressed as the mean ± standard deviation 
(n=6). *P<0.05  (ND control,  vs. HCD+BAI group);  #P<0.05 (HCD con-
trol, vs. HCD+BAI group). IL‑6, interleukin 6; ND, normal diet; HCD, high 
cholesterol diet; BAI, baicalin.
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expression of MCP-1, the mRNA and protein expression 
levels of MCP‑1 were examined in the mouse kidneys. The 
expression of MCP‑1 in the wild‑type male C57BL/6J mice 
was lower compared with all the groups of ApoE‑/- mice fed 
a high cholesterol diet (P<0.05) and the expression of MCP-1 
was highest in the hypercholesterol control group (P<0.05). 
Following  administration  of  baicalin,  the  expression  of 
MCP‑1 was reduced compared with that in the hypercholes-
terol control group (P<0.05). Baicalin reduced the expression 
of renal MCP-1 in the ApoE-/- mice fed a high cholesterol 
diet (Fig. 2).

RT‑qPCR and western blot analysis of the effect of baicalin 
on the mRNA and protein expression of IL‑6 in the mouse 
kidneys. To investigate the effect of baicalin on the expression 
of IL-6, the mRNA and protein expression levels of IL‑6 were 
examined in the mouse kidneys. The expression of IL-6 in the 
wild‑type male C57BL/6J mice was lower compared with all 
the groups of ApoE-/- mice fed a high cholesterol diet (P<0.05) 
and the expression of IL‑6 was highest in the hypercholesterol 
control group (P<0.05). Following administration of baicalin, 
the expression of IL‑6 was reduced compared with that in the 
hypercholesterol control group (P<0.05). Baicalin also reduced 
the expression of renal IL-6 in the ApoE-/- mice fed a high 
cholesterol diet (Fig. 3).

RT‑qPCR and western blot analysis of the effect of baicalin 
on the mRNA and protein expression of VCAM‑1 in the mouse 
kidneys. The mRNA and protein expression of VCAM‑1 was 
also assessed in the mouse kidneys administered with baicalin. 
The expression of VCAM‑1 in wild‑type male C57BL/6J mice 
was lower compared with all the groups of ApoE‑/- mice fed a 
high cholesterol diet (P<0.05) and the expression of VCAM-1 
was highest  in the hypercholesterol control group (P<0.05). 
Following baicalin administration, the expression of VCAM‑1 
was reduced compared with that in the hypercholesterol control 
group (P<0.05). Baicalin reduced the expression of renal 
VCAM-1 in the ApoE-/- mice fed a high cholesterol diet (Fig. 4).

Discussion

The present study demonstrated that baicalin attenuated the 
expression  levels of MCP‑1 and  IL‑6  in  the  renal  tissues, 
resulting in suppression of the secretion of VCAM-1 in the 
ApoE-/‑ mice fed a high cholesterol diet. However, no decrease 
in the plasma TC was observed.

Baicalin inhibits the activation of nuclear factor (NF)‑κB 
via  the NF‑κB-inducing kinase/inhibitor of NF-κB kinase, 
extracellular-signal-regulated kinases and p38-mitogen acti-
vated protein kinase pathways in the kidney tissues of rats (23). 
It also significantly suppresses iron overload‑induced kidney 
injury (24) and protects the kidneys of rats with severe acute 
pancreatitis by inhibiting inflammatory mediators and inducing 
apoptosis (25). The present study revealed that baicalin attenu-
ated the expression of MCP-1, IL-6 and VCAM-1 in the kidney 
tissues from the ApoE-/‑ mice, consistent with previous studies 
on the inhibition of inflammatory mediators.

As an activator of macrophages and monocytes, MCP‑1 
recruits macrophages and monocytes, inducing the infiltration 
of inflammatory cells into the kidney tissues in several types of 
kidney disease, including diabetic nephropathy (26), glomeru-
lonephritis (27) and chronic renal injury in obesity (28). In the 
present study, the ApoE-/- mice group fed a high cholesterol 
diet, exhibited increased expression levels of MCP‑1 and IL‑6 
and this may promote the progression of kidney dysfunction. 
The results demonstrated that baicalin reduced the expression 
levels of MCP‑1 and IL‑6 in the kidney tissues of the AopE‑/- 
mice fed a high cholesterol diet. Although no decrease in the 
level of TC was observed in the mice treated with baicalin, 
it may inhibit hypercholesterol‑associated pro‑inflammatory 
mediators in kidney tissues, reduce leucocyte recruitment into 
the kidney and alleviate inflammation.

Previous studies have demonstrated that  the expression 
of VCAM‑1 increases within the kidneys in several types of 
kidney diseases, including lupus nephritis (29), chronic renal 
failure (30,31) and immunoglobulin (Ig)A nephropathy (32). 
Furthermore, in IgA nephropathy, levels of plasma VCAM‑1 

Figure 4. mRNA and protein expression levels of VCAM‑1 in the kidney tissues of 21‑week‑old mice. Data are expressed as the mean ± standard deviation 
(n=6). *P<0.05 (ND control, vs. HCD+BAI group); #P<0.05 (HCD control, vs. HCD+BAI group). VCAM‑1, vascular cell adhesion molecule‑1; ND, normal 
diet; HCD, high cholesterol diet; BAI, baicalin.
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can be used in patients as a marker, not only for severe clinical 
statuses, but also for severe histological lesions (32,33). Severe 
hyperlipidaemia in ApoE null mice fed with a 0.15% choles-
terol Western diet leads to glomerular injury, glomerular 
endothelial cell activation and  increased expression  levels 
of major histocompatability complex class II (I-Ab) and 
VCAM‑1, which recruit leucocytes to the kidney and induces 
renal inflammatory diseases (34). Following treatment with 
baicalin in the present study, the expression of VCAM-1 in 
the kidney tissues decreased significantly, accompanied 
by a decreased production of MCP-1 and IL-6. Therefore, 
the inhibitory effect of baicalin may be due to its ability to 
attenuate pro‑inflammatory producers under hyperlipidemia.

The present study had certain limitations. Baicalin was not 
compared with other drugs and only a single concentration 
of baicalin, in accordance with previous studies, was used. 
Therefore, no comparison was made on the effects of different 
concentrations of baicalin.

In conclusion, the present study demonstrated that the 
administration of baicalin induced a substantial decrease in 
the expression  levels of MCP-1, IL-6 and VCAM-1 in the 
kidney tissue from ApoE-/- mice fed a high cholesterol diet 
and revealed that baicalin may prevent the process of inflam-
matory mediator‑induced kidney dysfunction in several types 
of renal disease.
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