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The main purpose of this study was to examine if naringin contributed to the regulation of cholesterol
homeostasis and inflammatory cytokine expressions in cholesterol and 25-OH-cholesterol-treated HepG2
cells and TNF-a-treated HUVECs. The gene and protein expressions related to cholesterol homeostasis
and inflammation were determined by quantitative real-time reverse transcription-polymerase chain reac-
tion and Western blotting. We obtained the following results: (1) A concentration-dependent increase of
LDLR and CYP7A1 expressions was observed, through activating expressions of SREBP2 and PPARYy in
HepG2 cells after exposure to naringin; (2) EL gene and protein expressions in HUVECs were inhibited by
naringin; (3) the expressions of inflammatory factors such as CRP, TNF-«, ICAM-1 and VCAM-1 in HepG2
cells, ICAM-1 and VCAM-1 in HUVEGCs restrained by naringin were confirmed; (4) NF-«kB and ERK1/2 activ-
ities were quenched by naringin. In summary, naringin might not only effectively reduce cholesterol levels
by stimulating cholesterol metabolism but also inhibit inflammatory response through reducing inflamma-
tory cytokine expressions. The effects of naringin were achieved via modulating NF-kB and ERK signaling

pathways.

1. Introduction

Lipid accumulation is the major pathogenic event of metabolic
disorders especially atherosclerosis (Ren and Ning 2014). As a
signaling molecule lipid plays a major regulatory role in the gene
expressions of cytokines involved in inflammatory responses
which may trigger initial events that can lead to atherosclerotic
cardiovascular disease.

Elevated plasma low density lipoprotein (LDL) cholesterol
(LDL-C) levels are associated with cardiovascular diseases
(Norata 2014). In most metabolic states, regulation of circu-
lating LDL-C levels is controlled in large part by the rate of
liver uptake and clearance of LDL-C particles by hepatocyte
cell surface low density lipoprotein receptor (LDLR) (Melone
et al. 2012). The expression of LDLR is regulated by sterol
regulatory element-binding protein-2 (SREBP2) at the tran-
scriptional level (Horton et al. 2002) and the cardinal role for
SREBP2 in maintaining and/or altering cholesterol homeostasis
is compellingly documented in genetic experiments (Weber et al.
2004).

In the liver, free cholesterol is further metabolized into
bile acids for excretion by the action of the rate-limiting
enzyme, cholesterol 7a-hydroxylase (CYP7Al) to main-
tain cholesterol homeostasis (Defesche 2004). Peroxisome
proliferator-activated receptor y(PPARY) pertains to the PPAR
family of ligand-activated transcription factors (Brown and
Plutzky 2007). PPARy plays an important role in different
biological processes and has been shown to be atheropro-
tective because of inducing CYP7A1 expression and LDLR
expression/function to enhance LDL cholesterol metabolism
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(Duan et al. 2012). Previous studies indicated that the induc-
tion of LDLR expression by PPARy was sterol regulatory
element-dependent because PPARy enhanced SREBP2 pro-
cessing (Duan et al. 2012). Several studies have shown
that extracellular signal regulated kinases (ERK) pathway
plays essential roles in adipogenesis and the ERK pathway
has been shown to regulate negatively PPARy (Duan et al.
2012).

A low level of high density lipoprotein (HDL) is linked to risk
factors like atherosclerosis and hyperlipidemia (Di Angelanto-
nio et al. 2009; Vega and Grundy 1996). Recently, endothelial
lipase (EL), a member of the triglyceride lipase gene family,
has been considered as a key enzyme that modulates HDL
metabolism (Hirata etal. 1999; Jaye et al. 1999). Overexpression
of EL in vivo resulted in reduced plasma HDL levels and sim-
ilar results were subsequently reported in EL transgenic mice
(Ishida et al. 2003; Maugeais et al. 2003).

It is also well established that inflammation plays a key role in
all stages of the atherosclerotic process, from lesion initiation
to progression and ultimately to plaque rupture and thrombosis
(Libby et al. 2002; Lusis 2000). Inflammatory cytokines like C
reactive protein (CRP) and tumor necrosis factor-alpha (TNF-
o) play crucial roles in the process of atherosclerosis, because
they are closely related to activation of monocytes/macrophages
which are the major sources of vasoactive substances, coag-
ulation factors, and matrix degrading enzymes (E et al. 2010).
TNF-a up-regulates EL expression which is also correlated with
the expressions of intercellular adhesion molecule-1 (ICAM-1)
and vascular cell adhesion molecule-1 (VCAM-1) (Sasaki et al.
2005; Wu et al. 2010). And the expressions of the inflamma-
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Fig. 1: Effects of naringin on LDLR and SREBP2 expression in HepG2 cells. HepG2 cells were incubated in medium containing cholesterol (10 pg/mL) and 25-OH-cholesterol
(1 pg/mL) for 24 h, and then were treated with naringin (25, 50, 100 pg/mL) or lovastatin (1 wM) for 24 h. (a) The mRNA expression of LDLR in HepG2 cells determined
by qPCR. (b) The protein expression of LDLR in HepG2 cells determined by Western blotting. (c¢) The mRNA expression of SREBP2 in HepG2 cells determined by
qPCR. (d) The protein expressions of total SREBP2 and nuclear SREBP2 in HepG2 cells determined by Western blotting. Each bar represents the mean - SEM of
triplicate determinations. *p <0.05, #p <0.01 compared to control; “p <0.05, **p <0.01 compared to HC group.

tory genes of ICAM-1 and VCAM-1 are tightly regulated by
activation of NF-kB, revealing that transcriptional activation of
nuclear factor-kB (NF-kB) is a critical step in the pathogenesis
of atherosclerosis (Kim et al. 2013).

Naringin (4,5,7-trihydroxy-flavonone-7-rhamnoglucoside) is
an active flavonoid isolated from citrus fruit extracts.
Naringin is known to exert multiple pharmacological prop-
erties, including anti-oxidation, anti-inflammation and anti-
hypercholesterolaemia (Jain and Parmar 2011; Jeon et al. 2004).
However, molecular mechanisms by which naringin influences
cholesterol homeostasis and supresses inflammation remain
unknown. Statins have a cholesterol-lowing effect in addition
to their substantial amount of pleiotropic effects against hyper-
cholesterolaemia and inflammation (Davidson et al. 2003; Wu
et al. 2015). Therefore, we use lovastatin as a positive control
to investigate the effect of naringin supplementation on both
hypercholesterolaemia and inflammatory response in vitro, to
uncover the responsible mechanisms.

2. Investigations and results

2.1. Effects of naringin on LDLR expression in HepG2
hepatocytes

First, significant reduction of LDLR mRNA and protein
expressions were observed in cells treated by cholesterol and 25-
OH-cholesterol, compared with the control group (Fig. 1a and
1b, p<0.01). Compared with the HC group, naringin treatment
significantly up-regulated LDLR expression (p <0.01). LDLR
mRNA and protein expressions were also increased by lovastatin
treatment, the positive control.
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2.2. Effects of naringin on SREBP2 expression in HepG?2
hepatocytes

Then the effect of naringin on the expression of SREBP2, the
major transcription factor regulating the expression of LDLR,
was examined. As shown in Fig. 1c, HC decreased the expres-
sions of SREBP2 mRNA, but naringin markedly improved gene
expression of SREBP2 in a concentration-dependent manner in
cells treated by HC. Naringin increased the nuclear SREBP2
expression more significantly rather than total SREBP2 protein
expression in HC-treated HepG2 cells (Fig. 1d). As a positive
control drug, lovastatin had the same effect.

2.3. Effects of naringin on CYP7A1 expression in HepG?2
hepatocytes

Thereafter the effect of naringin on the expression of CYP7AL,
the rate-limiting enzyme in maintaining cholesterol homeo-
stasis, was also examined. As show in Fig. 2a and 2b,
HC decreased the expressions of CYP7A1 mRNA and pro-
tein. However, naringin treatment was associated with a
concentration-dependent increase in the expressions of CYP7A1
mRNA and protein.

2.4. Effects of naringin on PPARYy expression and
ERK]1/2 activation in HepG2 hepatocytes

Because PPARY plays a major regulatory role in regulating the
expression of genes involved in cholesterol metabolism (Li et al.
2013), we examined whether its expression would be modulated
by naringin in HepG2 cells. As shown in the Western blot-
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Fig. 2: Effects of naringin on CYP7AL1 expression, PPARy expression, and ERK1/2 activation in HepG2 cells. HepG2 cells were incubated in medium containing cholesterol
(10 wg/mL) and 25-OH-cholesterol (1 wg/mL) for 24 h, and then were treated with naringin (25, 50, 100 wg/mL) or lovastatin (1 wM) for 24 h. (a) The mRNA expression
of CYP7AL1 in HepG2 cells determined by qPCR. (b) The protein expression of CYP7A1 in HepG2 cells determined by Western blotting. (c) The protein expression of
PPARY in HepG2 cells determined by Western blotting. (d) The protein expressions of total ERK1/2 and p-ERK1/2 in HepG2 cells determined by Western blotting. Each
bar represents the mean = SEM of triplicate determinations. *p <0.05, #p <0.01 compared to control; “p <0.05, ““p <0.01 compared to HC group.

ting analysis results (Fig. 2c), protein expression of PPARy was
inhibited by HC, but this inhibition was substantially reversed by
the treatment with naringin. Lovastatin as a positive control also
increased the expression of PPARy. ERK1/2 is the upstream of
PPAR<y (Kwak et al. 2012), thus effects of naringin on ERK1/2
activation were then determined. The relative level of p-ERK1/2
in HC-treated HepG2 cells, determined as the ratio of p-ERK1/2
to ERK1/2, was higher (Fig. 2d, p<0.01) compared to con-
trol group. In HepG2 cells treated with naringin or lovastatin,
ERK1/2 phosphorylation was significantly lower (p <0.01) than
in HepG2 cells exposed to cholesterol and 25-OH-cholesterol.

2.5. Effects of naringin on inflammatory cytokines in
HepG?2 cells

In order to observe the role of naringin regulating inflamma-
tory cytokines in HepG2 cells, ICAM-1, VCAM-1, TNF-a and
CRP expressions were detected. As shown in Fig. 3, expressions
of ICAM-1, VCAM-1, TNF-a and CRP were increased by the
treatment with cholesterol and 25-OH-cholesterol. These induc-
tions were substantially reduced by the treatment with naringin.
Lovastatin as a positive control also reduced the expressions of
ICAM-1, VCAM-1, TNF-« and CRP.

2.6. Effects of naringin on EL expression in HUVECs

It is well known that EL plays an important role in lipid
metabolism and inflammatory response (Kiveld et al. 2010).
Moreover EL was adjusted by proinflammatory cytokines
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(Yasuda et al. 2007). Thus we evaluated the regulating effects of
naringin on mRNA and protein levels of EL in TNF-a-induced
HUVECs. As shown in Fig. 4a, b, treatment with naringin caused
asignificant reduction in EL mRNA and protein over-expression
induced by TNF-a, and as a positive control, lovastatin treatment
also decreased mRNA and protein expressions of EL.

2.7. Effects of naringin on inflammatory cytokines in
HUVECs

Then we examined the effects of naringin on expressions of
inflammatory cytokines ICAM-1 and VCAM-1 in TNF-a-
treated HUVECs (Fig. 4c-f). The expressions of [CAM-1and
VCAM-1 were obviously promoted in TNF-a treated group
compared with the control group (p<0.01), but naringin or
lovastatin inhibited the effect of TNF-a significantly.

2.8. Effects of naringin on NF-kB activation of HepG2
cells and HUVECs

Finally, to demonstrate the effects of naringin on regulating
NF-kB pathway, we examined the cytoplasmic I-kB level and
nuclear NF-kB p65 level by western blotting analysis. The data
showed that treatment with naringin was able to up-regulate
the protein level of cytoplasmic I-kBa and down-regulate the
level of nuclear NF-kB p65 in both HUVECs (Fig. 5a, b) and
HepG2 (Fig. 5c, d) cells in a concentration-dependent manner.
As a positive control, lovastatin treatment also inhibited NF-kB
activation.
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Effects of naringin on inflammatory cytokines in HepG2 cells. HepG2 cells were incubated in medium containing cholesterol (10 pg/mL) and 25-OH-cholesterol

(1 pg/mL) for 24 h, and then were treated with naringin (25, 50, 100 pg/mL) or lovastatin (1 wM) for 24 h. (a) The protein expression of TNF-a in HepG2 cells determined
by Western blotting. (b) The protein expression of CRP in HepG2 cells determined by Western blotting. (c) The mRNA expression of ICAM-1 in HepG2 cells determined
by qPCR. (d) The protein expression of ICAM-1 in HepG2 cells was determined by Western blotting. (¢) The mRNA expression of VCAM-1 in HepG2 cells determined
by qPCR. (f) The protein expressions of VCAM-1 in HepG2 cells determined by Western blotting. Each bar represents the mean &= SEM of triplicate determinations.
#p<0.05,*p <0.01 compared to control; “p <0.05, “p <0.01 compared to HC group.
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Fig. 4: Effects of naringin on EL and inflammatory cytokines expressions in HUVECs. HUVECs were incubated in medium containing TNF-a (10 ng/mL) and naringin (12.5,

104

25, 50 wg/mL) or lovastatin (0.05 uM) for 24 h. (a) The mRNA expression of EL in HUVECs determined by qPCR. (b) The protein expression of EL in HUVECs
determined by Western blotting. (c) The mRNA expression of ICAM-1 in HUVECs determined by qPCR. (d) The protein expression of ICAM-1 in HUVECs determined
by Western blotting. () The mRNA expression of VCAM-1 in HUVECs determined by gPCR. (f) The protein expressions of VCAM-1 in HUVECs determined by
Western blotting. Each bar represents the mean + SEM of triplicate determinations. *p <0.05, #p <0.01 compared to control; “p <0.05, ““p <0.01 compared to HC group.
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Fig. 5: Effects of naringin on NF-«kB activation in HUVECs and HepG?2 cells. HUVECs were incubated in medium containing TNF-a (10 ng/mL) and naringin (12.5, 25,
50 pg/mL) or lovastatin (0.05 wM) for 24 h. HepG2 cells were incubated in medium containing cholesterol (10 wg/mL) and 25-OH-cholesterol (1 wg/mL) for 24 h, and
then were treated with naringin (25, 50, 100 pwg/mL) or lovastatin (1 wM) for 24 h. (a) The protein expression of cytoplasmic I-kBa in HUVECs determined by Western
blotting. (b) The protein expressions of nuclear p65 in HUVECs determined by Western blotting. (c) The protein expression of cytoplasmic I-kBa in HepG2 cells
determined by Western blotting. (d) The protein expressions of nuclear p65 in HepG2 cells determined by Western blotting. Each bar represents the mean &= SEM of
triplicate determinations. *p <0.05, #p <0.01 compared to control; “p <0.05, “*p <0.01 compared to HC group.

3. Discussion

Naringin has been empirically proved to have little side effects,
and a growing number of studies are dealing with the ther-
apeutic use of naringin for the prevention or treatment of
diseases (Chen et al. 2014; Lee et al. 2008). As an active com-
pound existing in citrus fruits, naringin was shown to be an
effective anti-cancer, anti-oxidative and anti-atherogenic agent
in vitro and in vivo (Chanet et al. 2012; Lee et al. 2009; Safari
et al. 2003). However, little is known concerning the choles-
terol management and anti-inflammatory effects of naringin.
HepG2 cells stimulated with cholesterol and 25-OH-cholesterol
and HUVECs induced by TNF-« exhibited the characteristics
associated with hypercholesterolemia and inflammatory stress
(Mullen et al. 2004; Xu et al. 2014). Therefore in the present
study we examined the mechanisms of naringin affecting choles-
terol metabolism and inflammation in human hepatoma HepG2
cells and HUVECs.

Cholesterol is essential to our body but too much choles-
terol termed hypercholesterolemia can lead to many diseases
including arteriosclerosis. Reductions in LDL-C have been
demonstrated to decrease atherosclerotic-related morbidity and
mortality, and strategies aimed at lowering LDL-C remain a pri-
mary approach for atherosclerotic risk reduction (Chen et al.
2012). In most metabolic states, LDL-C is catabolized by the
liver via hepatocyte cell surface LDLR (Melone et al. 2012). In
the present study, it was found that the levels of LDLR mRNA
and protein were eminently increased at HepG2 cells treated by
naringin compared with the cells irritated by HC alone.
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LDLR expression in the liver is known to be regulated predomi-
nantly at the transcriptional level through SREBP2 and regulated
by intracellular cholesterol level through a negative feedback
mechanism (Moon et al. 2012). While cellular cholesterol level
is low, SREBP?2 is proteolytically processed to a mature and
nuclear form of SREBP2 in the endoplasmic reticulum to the
Golgi apparatus, and then activates LDLR transcription (Moon
et al. 2012). In the present study, in response to the stimulus
of cholesterol, the expression of SREBP2 was quantitatively
reduced and the capability of nuclear translocation was also sup-
pressed and under the premise of promoting the level of SREBP2
mRNA, naringin treatment for 24 h not only significantly pro-
moted the expression of nuclear SREBP2, but also promoted the
expression of cytoplasmic SREBP2 partly. Thus, we hypothe-
sized that naringin not only improved the synthesis of SREBP2,
but also promoted it’s activity effectively, thereby regulating the
expression of LDLR. The results showed that naringin could
promote reverse cholesterol transport by enhancing the expres-
sion of LDLR in HepG2 cells to promote the elimination of
cholesterol.

Then we examined whether naringin may inhibit cholesterol
accumulation in HepG2 cells by regulating free cholesterol
metabolism. Therefore we investigated whether the expression
of CYP7AL, arate-limiting enzyme contributing to the conver-
sion of free cholesterol to bile acids in liver would be modulated
by naringin in HepG2 cells (Defesche 2004). As show in Fig. 2a
and 2b, naringin inhibited the reduction of CYP7A1 expression
caused by cholesterol and 25-OH-cholesterol in HepG2 cells,
and the result showed that naringin had significant beneficial
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effects on the clearance of cholesterol. Naringin improved the
expressions of LDLR and CYP7A1, suggesting that naringin
helps to remove harmful cholesterol from the circulatory system
and also contributes to cholesterol metabolism in liver.

The present study showed that naringin induced the expression
of PPAR-y which plays a major regulatory role in adipoge-
nesis and regulates the expression of genes involved in lipid
metabolism. It was demonstrated that PPAR-vy increased hep-
atic LDLR expression and induced the LDLR functions, such
as up-regulating LDL uptake in HepG2 cells and decreasing
LDL cholesterol levels in serum (Duan et al. 2012). More-
over PPAR-vy activation also induces CYP7A1 expression (Duan
et al. 2012). In addition, PPAR-y can be phosphorylated and
reduced by ERK1/2 (Duan et al. 2012), and ERK1/2 phospho-
rylation decrease by naringin had been confirmed in this study.
Thus, it is likely that naringin affects the expressions and func-
tions of CYP7A1 and LDLR by up-regulating the expression of
PPAR-vy and inhibiting ERK1/2 activation, thereby promoting
the metabolism of excess cholesterol from hepatocytes.
Damage due to hyperlipidemia intensifies the susceptibility
of the liver to inflammation (Jaya et al. 2010). The results
showed that the over-expression of CRP induced by choles-
terol and 25-OH-cholesterol could be inhibited by addition of
naringin. Naringin was also effective at reducing the expres-
sion of TNF-«a in a concentration-dependent manner. TNF-a
CRP, are currently the best validated inflammatory biomark-
ers (Zhu et al. 2013). That illustrates that naringin suppressed
the production of inflammatory markers in HepG2 cells caused
by cholesterol and 25-OH-cholesterol. Based on that, we tested
the expressions of ICAM-1 and VCAM-1 which are consid-
ered as key factors in the onset of atherosclerosis, and the
results showed that naringin could obviously reduce mRNA and
protein levels of ICAM-1 and VCAM-1 in HepG2 cells. Fur-
thermore, naringin effectively restrained the NF-k B-p65 nuclear
transfer and inhibited IkBa degradation in a concentration-
dependent manner, illustrating that naringin inhibited NF-kB
activation significantly. It was reported the gene expressions of
ICAM-1 and VCAM-1 were regulated by transcriptional acti-
vation of NF-kB (Yuan et al. 2013). It was very likely that
naringin’s anti-inflammatory effects were partly due to NF-«kB
inhibition.

High levels of cholesterol can directly damage the arterial wall,
leading to vascular endothelial lesion and accelerating arterial
atherosclerosis (Nymo et al. 2014). Therefore the effects of
naringin on TNF-a-treated HUVECs were explored as well. As
a carrier of lipid which is negatively correlated with the inci-
dence of coronary artery disease, HDL plays an important role
in protecting against atherosclerosis by removing cholesterol
from atheroma and transporting it back to the liver (Matsuura
etal. 2007). Itis generally hypothesized that variations in plasma
HDL-C levels are determined by both the rate at which HDL-C
is generated and the rate of catabolism of HDL particles (Ishida
et al. 2003). As a member of the triacylglycerol lipase fam-
ily, EL decreases HDL-C levels leading to an increased risk of
atherosclerosis (Kiveld et al. 2010). The results in the current
study made clear that naringin had a strong effect to inhibit EL
expression in TNF-a-induced HUVECs. Therefore, we hypoth-
esized that naringin might maintain HDL-C levels by inhibiting
the expression of EL.

Inflammation has also become a crucial focus in atheroma devel-
opment and endothelial cell activation is considered as necessary
for the recruitment of inflammatory cells to the plaque and EL
is also up-regulated in inflammatory states (Kiveld et al. 2012;
Nymo et al. 2014). It was reported that EL also promoted mono-
cyte adhesion to the vascular endothelium through an interaction
with heparan sulfate proteoglycans (Paradis et al. 2006). Thus,
EL may play a key role in the vicious cycle of inflammation at
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the site of atherosclerotic lesions (Yasuda et al. 2010). There-
fore, we concluded that naringin not only regulated cholesterol
metabolism but also produced indirect anti-inflammatory effects
by suppressing EL expression. And then we tested expressions of
ICMA-1 and VCAM-1 in HUVECs as well. The results showed
that naringin obviously reduced mRNA and protein levels of
ICAM-1 and VCAM-1. The gene expressions of ICAM-1 and
VCAM-1 which are important factors in the activation of inflam-
matory cells are regulated by transcriptional activation of NF-kB
(Yuan et al. 2013). Also Hans Kestler and Sybille Kempe pre-
sented that binding sites interacting with NF-kB in vitro and
in vivo were identified and co-transfection experiments verified
the direct regulation of the EL promoter by NF-kB (Kempe et al.
2005). The results showed that naringin effectively restrained the
NF-kB-p65 nuclear transfer and inhibited IkBa degradation in
HUVECsS and this illustrated that naringin inhibited NF-«B acti-
vation significantly. Therefore, we summarized three following
observations to explain the mechanisms underlying the protec-
tive effects of naringin against inflammation: (1) naringin could
inhibit inflammation through down-regulating the expressions
of ICAM-1 and VCAM-1 directly; (2) naringin could inhibit
inflammation through down-regulating the expression of EL;
(3) naringin could lower the expressions of EL, ICAM-1 and
VCAM-1 via NF-«kB pathway.

It is noteworthy that, in the present study we confirmed that
lovastatin inhibited the expressions of CAMs and the activation
of NF-kB in TNF-a activated HUVECs, and this is quite differ-
ent from the observations and perspective which Landsberger
presented in 2007 (Landsberger et al. 2007). We speculate that
this is a controversial issue which should be further investigated.
The results in the present study suggested that naringin pro-
moted reverse cholesterol transport and regulated cholesterol
metabolism, and receded cholesterol accumulation-induced
inflammatory response which is responsible for further choles-
terol accumulation in HepG2 hepatocyte and HUVECs. In
this study the major findings in support of naringin include:
(1) naringin reinforced metabolism and elimination pathways
for regulating cholesterol homeostasis; (2) naringin reduced
over-expression of inflammatory factors in HepG2 cells and
HUVECs, and contributed to the inhibition of vascular and
hepatic inflammation. In summary, naringin participated in
cholesterol homeostasis regulation and inhibited inflammatory
signaling. These findings supported that naringin might have
preventive actions against hypercholesterolemia.

4. Experimental
4.1. Cell culture

HepG2 cells (a human hepatoma cell line) and HUVECs were main-
tained in Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) at 37°C in a humidified, 5%
C0O,/95% air atmosphere. And HepG2 cells were divided into six groups:
control group, cholesterol and 25-OH-cholesterol (HC) treatment group
(cholesterol 10 pwg/ml and 25-OH-cholesterol 1 wg/ml), low concentra-
tion of naringin group (cholesterol 10 pug/ml and 25-OH-cholesterol
1 pg/ml +naringin 25 pwg/m), medium concentration of naringin group
(cholesterol 10 pwg/ml and 25-OH-cholesterol 1 pg/ml + naringin 50 pg/m),
high concentration of naringin group (cholesterol 10 wg/ml and 25-OH-
cholesterol 1 pg/ml + naringin 100 pg/m), positive control group (lovastatin
1 uM). HUVECs were divided into six groups: control group, TNF-a
treatment group (10 ng/ml), low concentration of naringin group (TNF-
o 10 ng/ml + naringin 12.5 pg/m), medium concentration of naringin group
(TNF-a 10 ng/ml + naringin 25 p.g/m), high concentration of naringin group
(TNF-a 10 ng/ml + naringin 50 pg/m), positive control group (lovastatin
0.05 uM).

4.2. Chemicals

Naringin (purity >98% by HPLC) and lovastatin (purity >98% by HPLC)
were purchased from the National Institute for Food and Drug control.

Pharmazie 71 (2016)



ORIGINAL ARTICLES

MDA, GSH and SOD measuring kits were from Nanjing Jiancheng Bio-
engineering Institute. ERL1/2 (L352) polyclonal antibody and p-ERK1/2
(T202/Y204) polyclonal antibody were purchased from Bioworld Technol-
ogy. CRP Monoclonal antibody and CYP7A1 polyclonal antibody were
purchased from Abcam Ltd. SREBP2 polyclonal antibody, NF-«kB/p65 poly-
clonal antibody and ICAM-1 polyclonal antibody were all from Proteintech
Group Inc. TNF-a antibody was purchased from Cell Signaling Technology,
Inc. EL polyclonal antibody and LDLR polyclonal antibody were purchased
from Santa Cruz Biotechnology Inc. I-kBa polyclonal antibody, VCAM-1
polyclonal antibody, mouse anti-beta actin monoclonal antibody, goat anti-
mouse IgG-HRP, goat anti-rabbit IgG-HRP and rabbit anti-goat IlgG-HRP
were purchased from Zhongshan Golden Bridge Biotechnology Co, Ltd.

4.3. Quantitative real-time reverse transcription-PCR (qRT-PCR)
analysis

Total RNA was isolated with RNAiso Plus (TaKaRa) from -cells.
Img total RNA (0.8 mg/wL) was reverse transcribed with Prime-
ScriptTM RT reagent Kit with gDNA Eraser (TaKaRa) then performed
by TC-512 (TECHNE). gRT-PCR analysis was performed using
7500 Real Time PCR System (Applied Biosystems) with SYBR
Premix Ex TaqTM (Takara). The primers designed and synthe-
sized by TaKaRa. Primer sequences used for gq-PCR were specific
to human LDLR (F 5’-GACCCAACAAGTTCAAGTGTCACAG-3’, R
5’-TCATTGCAGACGTGGGAA CAG-3’); SREBP2 (F5’- ATGCGGCTC-
TGGCCTATCAC-3’, R 5’-CTGCACATTC AGCCAGGTTCA-3’); CYP7-
Al (F 5°- AGAGAGCTTGAGGCACGAGAA-3’, R 5°- AATGGTGTTT-
GCTTGCGATG-3’); ICAM-1 (F 5°- TGTATGAACTGAGCAATGT GC-
AAGA-3’, R 5’- CACCTGGCAGCGTAGGGTAA-3’); VCAM-1 (F 5’-
GGCGCCTATACCATCCGAAA-3’, R 5’-AGAGCACGAGAAGCTCA-
GGAGAA-3’); EL (F5’-CTTTCACGAAGTTGCCTGCATA-3’, R 5’-GG-
ACACAGCATTGCC AGGA-3’) and B-actin (F 5’-TGGCACCCAG-
CACAATGAA-3’, R 5’-CTAAGTCAT AGTCCGCCTAGAGGCA-3’).

4.4. Western blotting analysis

Protein was extracted from cells using the SDS lysis buffer (Bey-
otimeBiotech) and transferred onto a polyvinylidene difluoride (PVDF)
(Immobilon) membrane after separated on SDS-polyacrylamide gelelec-
trophoresis (SDS-PAGE). After blocking with 5% fat-free milk the
membrane was incubated with primary antibodies overnight at 4°C and sec-
ondary antibody at room temperature for 2h. The immunostained protein
was reflected by enhanced chemiluminescence (ECL) (BeyotimeBiotech),
and analyzed by A BioSpectrum-410 multispectral imaging system with
Chemi HR camera 410 (UVP).

4.5. Statistics

Data were expressed as mean =+ standard error of mean (SEM). Results were
statistically analyzed using one-way analysis of variance (ANOVA) with
post hoc LSD test on Sigma Stat Advisory Statistical Software (Sigma Stat
version 14.0, SPSS Inc .). Significance was defined as p <0.05.
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