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Abstract

Hawthorn is a berry-like fruit from the species of Crataegus. In China, it has another more famous name, Shan-Zha, which has
been used to improve digestion as a traditional Chinese medicine or food for thousands of years. Moreover, during the last
decades, hawthorn has received more attention because of its potential to treat cardiovascular diseases. However, currently, only
fruits of C. pinnatifida and C. pinnatifida var. major are included as Shan-Zha in the Chinese Pharmacopoeia. In this study, our
results showed that the ethanol extract of Zhongtian hawthorn, a novel grafted cultivar of C. cuneata (wild Shan-Zha), could
markedly reduce body weight and levels of serum total cholesterol, triglyceride, low-density lipoprotein cholesterol, and liver
cholesterol of hyperlipidemia mice. It could suppress the stimulation effect of high-fat diet on the transcription of 3-hydroxy-3-
methylglutaryl-CoA reductase (HMGCR) and p65, and counteract the downregulation of CYP7A1 and LDLR. In addition, the
results of luciferase reporter assay and Western blot showed that the transcriptional activity of HMGCR promoter was inhibited
by Zhongtian hawthorn ethanol extract in a dose-dependent manner, while overexpression of p65 could reverse this transcrip-
tional repression effect. These results suggested that Zhongtian hawthorn could provide health benefits by counteracting the high-
fat diet-induced hypercholesteolemic and hyperlipidemic effects in vivo, and the mechanism underlying this event was mainly
dependent on the suppressive effect of Zhongtian hawthorn ethanol extract on the transcription of HMGCR via nuclear factor-
kappa B (NF-xB) signal pathway. Therefore, this novel cultivar of hawthorn cultivar which has much bigger fruits, early bearing,
high yield, cold resistance, and drought resistance, might be considered as a good alternative to Shan-Zha and has great value in
the food and medicine industry. In addition, to our best knowledge, this is also the first report that the extract of Crataegus could
suppress the transcription of HMGCR via NF-«xB signal pathway.
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Introduction now, many cholesterol lowering drugs (such as statins) have

been widely used in clinical practice.2 However, because of
the high prices and side effects of these traditional drugs, it
is still attractive to develop more effective and safer alter-
native therapies to lower serum cholesterol.

Hawthorn is a berry-like fruit from the species of
Crataegus, which is widely distributed in the temperate
regions in Asia, Europe, and North America.’ In China, it

The incidence of hyperlipidemia and hypercholesterolemia
is increasing rapidly with the improvement of people’s
living standard and alteration of lifestyle. Elevated serum
lipids, lipoproteins, and cholesterol levels are generally con-
sidered to be the most important risk factor for the devel-
opment of cardiovascular diseases (CVDs). It has been

reported that even a 1% decrease in serum cholesterol
levels could lower the risk of coronary heart disease by up
to 3%.! Therefore, lowering serum cholesterol levels is one
of the effective means for the prevention of CVDs. Up to
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has another more famous name, Shan-Zha, which has been
documented as a food and traditional Chinese medicine
(TCM) for thousands of years. Bing Tang Hu Lu, a very
popular traditional Chinese folk snack, is just made by
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dipping a string of hawthorns into melted malt sugar.
Besides, Shan-Zha is also a well-known TCM which is usu-
ally used to improve digestion.*” Furthermore, during the
last decades, hawthorn has received more attention because
of its activity in the treatment of CVDs, including reduction
of plasma cholesterol and triacylglycerol concentrations,
improvement of heart function, dilate blood vessels, and
treatment of heart arrhythmia.>®™°

There are different varieties of Crataegus. The European
pharmacopoeia states that C. monogyna Jacq. (Lindm.) and
C. laevigata (Poiret) D.C. (C. oxyacanthoides Thuill.) may be
used for the treatment of CVDs. The American Herbal
Pharmacopoeia and the United States Pharmacopoeia
allow for the use of C. monogyna Jacq. (Lindm.) and
C. laevigata (Poiret) D.C. (C. oxyacanthoides Thuill.) in natural
health products.™ In the Chinese Pharmacopoeia, the Shan-
Zha used in TCM remedy is predominantly C. pinnatifida
and C. pinnatifida var. major."' > However, because the dis-
tribution of C. pinnatifida and C. pinnatifida var. major is
limited in the North China, and their fruits is small and
low yield, the development and application of Shan-Zha
in the modern food and medicine industry is restricted.
Besides these two representatives, there are another two
varieties of Shan-Zha, C. cuneata (wild Shan-Zha) and
C. scabrifolin  (Yunnan Shan-Zha), distributed in the
Guangxi province, Yunnan province and Guizhou province
of China. Although the experimental evidence of the exact
health effects of either C. cuneata or C. scabrifolia still
remained elusive up to now, they has also been used in
the folk medicine and food in the South China for a long
time."* Zhongtian hawthorn is a novel grafted cultivar of
C. cuneata bred by Pro. Pan of Hezhou University.">"®
However, so far, whether this novel hawthorn has hypolipi-
demic and/or hypocholesteolemic effects is still unclear. To
resolve this problem, in this study, the fruits of Zhongtian
hawthorn were extracted with ethanol, and then its effect on
total cholesterol (TC), triglyceride (TG), high-density lipo-
protein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C) in serum of hyperlipidemic mice and
the underlying mechanisms were investigated.

Materials and methods
Extraction of Zhongtian hawthorn fruits

Dried fruits of Zhongtian hawthorn were milled to a
powder using a grinder. The same batch was used in all
the experiments. For the in vitro experiments, 20g of dry
hawthorn fruit powder was extracted with 100 mL ethanol
using soxhlet apparatus at room temperature for 1.5h."”
The ethanol in the obtained extract was removed using
the method of vacuum distillation. Finally, about 7 g ethanol
extract was obtained from 20 g of dry fruit powder.

Animal study

Sixty male mice (approximately 20 g, Experimental Animal
Center of Military Medical College) were randomly divided
into normal food group (NFD), high-fat group (HFD), sim-
vastatin group (SIM+HFD, 10.0mg/kg/d), low-dose
Zhongtian hawthorn group (ZTL+HFD, 50mg/kg/d),

middle-dose Zhongtian hawthorn group (ZTM+HEFD,
90mg/kg/d), and high-dose Zhongtian hawthorn group
(ZTH+HFD, 130 mg/kg/d). The doses used here were cal-
culated and set referring to previous studies on the extract
of other Crataegus species and the difference of body surface
area between mice and human or other animals.*®'!!®
After being acclimatized and given free access to water
and feed for one week, mice in the NFD groups were kept
fed with the basal diet, while the other four groups were fed
with the high-fat diet, which consisted of 78.8% basic diet,
10% lard, 10% egg yolk powder, 1% cholesterol, and 0.2%
deoxycholate. During the experiment, mice were intragas-
trically administrated with normal saline (NFD and HFD
group), simvastatin (SIM+HFD group), or the ethanol
extract of Zhongtian hawthorn (ZTL, ZTM, and ZTH
groups), respectively. Body weights of mice were recorded
weekly, and food intake was monitored twice a week. Five
weeks later, mice were fasted for 12h, and then blood was
collected from angular vein. Serum was separated with cen-
trifugation at 1500r/min for 30min at 4°C. The TC, TG,
HDL-C, and LDL-C were measured using assay Kkits
(Biosino  Bio-technology and Science incorporation,
Beijing) according to the manufacturer’s instructions.
Furthermore, the atherogenic index (Al) and the antiathero-
genic index (AAI) were calculated as follows: AI=TC/
HDL-C-1; AAI=HDL-C/TC.

In addition, liver tissues of mice were also collected and
immediately frozen in liquid nitrogen for further analysis.
All the procedures performed in the animal experiments
were in accordance with the ethical standard.

RT-PCR analysis

Total RNA from livers was extracted using TRIzol and then
reverse transcribed into ¢cDNA. The mRNA level of
3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR),
cholesterol 7o-hydroxylase (CYP7A1l), LDL receptor
(LDLR), nuclear factor-kappa B (NF-«xB) subunit p65, and
glyceraldehyde-3-phosphate ~ dehydrogenase (GAPDH)
were quantified by RT-PCR analysis using specific primers
(Table 1). The conditions of PCR were as follows: 2 min at
95°C followed by 30 cycles of incubation at 94°C for 15 s,
then 54-58°C for 1min, and 72°C for 30 s. PCR products
were electrophoretically separated in 2% agarose gels and
the densities of the bands were analyzed with Quantity One
software. To further confirm the results, real-time RT-PCR
was also performed in an Applied Biosystems StepOne™
real-time PCR system. Data were shown as relative level
after being normalized by GAPDH.

Western blot analysis

The proteins of livers were harvested and lysed in Radio-
Immunoprecipitation Assay (RIPA) buffer with protease
inhibitors. Proteins were separated on 10% sodium dodecyl
sulfate (SDS)-polyacrylamide gel and transferred to
Polyvinylidene Fluoride (PVDF) membranes. After being
immunoblotted with specific rabbit antibodies (Abcam
NO. ab174830) overnight at 4°C, the membrane was incu-
bated with IR Dye™-800 conjugated anti-rabbit secondary
antibodies for 30 min at room temperature. Specific proteins
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Table 1 Primers used in the present study

Zhongtian hawthorn downregulates HMGCR via NF-xB pathway 669

Gene Product size (bp) Primer pair Primer sequence (5'-3)* Annealing temperature (°C)

LDLR 160 Forward GATTCAGTCCCAGGCAGCGTAT 54
Reverse CTTTCTTGATCTTGGCGGGTGTT

HMGCR 206 Forward TTATGTCTTTAGGCTTGGTC 56
Reverse ACTCAGGGTAATCACTTGC

CYP7A1 199 Forward CAGAAGCATAGACCCAAGTGAT 58
Reverse TCGGTAGCAGAAGGCATACATC

HMGCR-promoter 1459 Forward CGTCGCTAGCGGTCTTACACTGAAGCAGT 58
Reverse CGTCAAGCTTGAGCCTTCGACCAATAAGA

P65 153 Forward CCAGACCAACAACAACC 58
Reverse TCCCGTGAAATACACCT

GAPDH 201 Forward ATTCAACGGCACAGTCAAGG 54
Reverse GCAGAAGGGGCGGAGATGA

CYP7A1: cholesterol 7a-hydroxylase; GAPDH: glyceral-dehyde-3-phosphate dehydrogenase; HMGCR: 3-hydroxy-3-methylglutaryl-CoA reductase; LDLR: LDL

receptor.
*Restriction enzyme sites of Nhel and Hindlll were underlined.

were visualized by Odyssey'™ Infrared Imaging System
(Gene Company, Li-Cor, USA). The expression of B-actin
(Santa Cruz NO. sc-47778) was detected as an internal con-
trol to show equal loading of the protein samples.

Cloning of HMGCR promoter and luciferase reporter
assay

HepG2 human hepatocellular carcinomas cells (ATCC NO.
HB-8065) were grown in Dulbecco’s modified Eagle’s
medium (GIBCO Gibco Ltd, Paisley, UK) supplemented
with 10% fetal bovine serum (Sijiqing Biological
Technology Co., Ltd, Hangzhou, China), penicillin (100
U/mL), and streptomycin (100ug/mL) at 37°C in a 5%
CO, incubator. The promoter (—1439~+20) of HMGCR
gene was PCR amplified from the genomic DNA of
HepG2 cells using specific primers (Table 1). PCR products
were inserted into pGL3 vector and then transformed into
E. coli DH5a. The recombinant construction was analyzed
by restriction enzyme digestion and sequencing to confirm
sequence fidelity, and the positive recombinant plasmid
was named HMGCR-luc.

To investigate the effect of the Zhongtian hawthorn etha-
nol extract on the transcriptional activity of HMGCR pro-
moter, the plasmid HMGCR-luc was transfected into
HepG2 cells with lipofectamine 2000 (Invitrogen,
Shanghai, China). After the transfection, cells were treated
with the ethanol extract of Zhongtian hawthorn in different
concentrations at 6 h. Twenty-four hours later, the luciferase
activity was measured on a Synergy ™ 4 plate reader
(Bioteck, Instruments, Winooski, VT, USA). Transfection
efficiencies were normalized by total protein concentrations
of each luciferase assay preparation. In addition, the effect
of transfection of the p65-overexpression plasmid (a gener-
ous gift from Dr Marty Mayo of the University of North
Carolina) on HMGCR promoter activity was also deter-
mined using the reporter assay. All experiments were per-
formed at least three times with different preparations of
plasmids and cells.

Statistical analysis

All experimental data were presented as the mean =+ stand-
ard deviations. Data were analyzed using SPSS 17.0 statis-
tical software (SPSS Inc., Chicago, IL, USA). Comparisons
among groups were performed with one-way analysis of
variance, followed by Tukey’s test. Values of P < 0.05 were
considered statistically significant.

Results

Effects of the ethanol extract of Zhongtian hawthorn
on body weight of mice fed with high-fat diet

Obesity is often accompanied by hyperlipidemia. In our
present study, after being fed with high-fat diet for three
weeks, the body weight of mice in the HFD group became
higher than that in the normal-fed group. However, admin-
istration of the ethanol extract of Zhongtian hawthorn could
dose dependently inhibit the obesity induced by high-fat
diet (R*=39.903, F =2.896, P < 0.05) (Table 2).

Effects of the ethanol extract of Zhongtian hawthorn
on serum lipids, lipoproteins, and cholesterol levels of
hyperlipidemic mice

Exceptbody weight, the serum lipid indexes of mice were also
detected. As shown in Figure 1(a), compared with mice in the
NEFD group, mice in the HFD group exhibited significant ele-
vations in the level of serum TC, TG, LDL-C, and HDL-C.
However, treatment of simvastatin (10.0mg/kg/d) and the
ethanol extract of Zhongtian hawthorn (50, 90, 130 mg/kg/d)
could markedly suppress the increased serum TC (R*=4.021,
F=26.951, P <0.01), TG (R*=0.432, F=11.362, P < 0.01), and
LDL-C (R*=1.998, F=19.510, P <0.01) induced by high-fat
diet. Besides, although the level of serum HDL-C, the well-
known good cholesterol, was also increased by high-fat diet,
the ratio of TG (R*=0.033, F =5.241, P < 0.05), TC (R*=0.172,
F=5306, P<0.05), and LDL-C (R*=0.101, F=7.966,
P <0.01) to HDL-C were all raised in mice of HFD group,
whereas all these indexes in mice treated with either simvas-
tatin or the ethanol extract of Zhongtian hawthorn were
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Table 2 Effect of the ethanol extract of Zhongtian hawthorn on body weight of mice fed with high-fat diet

0 day (g) 7 day (g) 14 day (g) 21day (g) 28 day (9) 35day (g)
NFD 25.17+2.08 32.34+2.65 36.41+3.14 37.72+4.32 41.06+4.73 42.20+5.46
HFD 26.34+1.21 35.33+2.81 38.22+3.30 43.22 +£3.56 46.17+4.03 47.18+3.85
SIM+HFD 27.65+1.35 36.23 +1.67 38.57 +1.87 42.23+3.57 44.41+2.87 44.35+3.22
ZTL+HFD 26.76 +1.63 35.5564+1.57 39.07+£3.24 42.92 +2.57 43.81+2.25 44.67 +2.67
ZTM+HFD 26.72+0.89 35.33+1.72 37.86+2.35 40.92+2.74 43.52 +3.07 43.05+2.72°
ZTH+HFD 26.62+1.23 33.54+2.84 36.03+2.31 40.35+2.35% 42.824+2.422 41.57+2.60

Notes: 2P<0.05 versus HFD group; PP<0.05 versus SIM-+HFD group.
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Effects of the ethanol extract of Zhongtian hawthorn on serum indexes in mice fed with high-fat diet. (a) The level of serum total cholesterol (TC), total

triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C); (b) the ratio of serum TG, TC, and LDL-C to HDL-C; (c)
atherogenic index (Al) and antiatherogenic index (AAl). The data were shown as the mean =+ standard deviation. Notes: ** P < 0.01 versus normal food (NFD) group;*
P < 0.05 versus NFD group; *P < 0.01 versus high-fat (HFD) group; 2P < 0.05 versus HFD group; °°P < 0.01 versus simvastatin-treated HFD (SIM+HFD) group;

P <0.05 versus SIM+HFD group

reduced, and the effects of Zhongtian hawthorn ethanol
extract exhibited a dose-dependent manner (Figure 1(b)).
Furthermore, the ethanol extract of Zhongtian hawthorn
could also decrease the Al (R2:0.140, F=5.789, P <0.01)
and increase the AAI (R2 =0.030, F=5.665, P < 0.01), imply-
ing that it might block the progression of atherosclerosis
(Figure 1(c)). Furthermore, treatment of simvastatin
(10.0mg/kg/d) and the ethanol extract of Zhongtian haw-
thorn could also reduce the content of liver cholesterol
(R*=20.107, F=60.111, P < 0.01) (Figure 3(c)).

Effects of the ethanol extract of Zhongtian hawthorn on
transcription and expression of metabolic enzymes of
cholesterol

To investigate the molecular mechanisms underlying the
cholesterol-reducing effects of the Zhongtian hawthorn

ethanol extract, the expression of cholesterol metabolic
enzymes in liver of mice was detected with RT-PCR and
western blot. As shown in Figure 2, similar to simvastatin,
the ethanol extract of Zhongtian hawthorn could suppress
the stimulation effect of high-fat diet on the transcription of
HMGCR and p65, the major subunit of NF-«B transcription
complex, and counteract the downregulation of CYP7A1
and LDLR. Moreover, as cholesterol and HMGCR were
the most sensitive indexes affected by Zhongtian hawthorn
ethanol extract in Figures 1 to 3(c), the effect of Zhongtian
hawthorn ethanol extract on the expression of HMGCR, the
key enzyme in cholesterol biosynthesis was further con-
firmed wusing real-time RT-PCR and western blot.
Consistent with the semi-quantitative RT-PCR analysis,
the results of real-time RT-PCR and western blot also
showed that both mRNA and protein level of HMGCR
were upregulated by high-fat diet, whereas the ethanol
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Figure 2 Effects of the ethanol extract of Zhongtian hawthorn on mRNA levels
of metabolic enzymes of cholesterol in mice fed with high-fat diet. (a) The mRNA
level of 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR), nuclear
factor-kappa B (NF-xB) subunit p65, cholesterol 7a-hydroxylase (CYP7A1), and
LDL-receptor (LDLR) in liver was detected by RT-PCR. (b) The relative quantity
was determined with the ratio of band density of genes to that of glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) using the Quantity One software.

** P <0.01 versus NFD group; * P <0.05 versus NFD group; P < 0.01 versus
HFD group; 2P < 0.05 versus HFD group; °°P < 0.01 versus SIM+HFD group;
PP < 0.05 versus SIM+HFD group

extract of Zhongtian hawthorn could dose dependently
suppress this effect (Figure 3).

The effect of the ethanol extract of Zhongtian hawthorn
on the transcriptional activity of HMGCR promoter

Since the mRNA level of HMGCR was markedly decreased
by Zhongtian hawthorn ethanol extract, we then wondered
whether the transcriptional activity of HMGCR promoter
was affected by Zhongtian hawthorn extract. To confirm
this issue, we constructed the HMGCR-promoter-driven
luciferase reporter plasmid, and then the reporter assay
was performed. As shown in Figure 4, the transcriptional
activity of HMGCR promoter was inhibited by the ethanol

Zhongtian hawthorn downregulates HMGCR via NF-xB pathway 671

extract of Zhongtian hawthorn in a dose-dependent manner
(R?=6.908 x 107, F =40.313, P < 0.05), whereas overexpres-
sion of p65 could reverse this transcriptional repression.
Furthermore, the results of Western blot also showed that
the ethanol extract of Zhongtian hawthorn could suppress
the expression of HMGCR and p65, while overexpression of
p65 could antagonize the inhibitory effect of Zhongtian
hawthorn ethanol extract on the expression of HMGCR
(Figure 5). Taken together, these results indicated that sup-
pression of NF-kB signal pathway was essential in the
inhibitory effect of Zhongtian hawthorn ethanol extract on
HMGCR transcription.

Discussion

Clinical and experimental studies have proven that con-
sumption of high-fat diet is one of the major contributors
of CVDs due to the development of abnormal lipid
metabolism as well as atherosclerosis.'** Natural products
possessing hypocholesteolemic and/or hypolipidemic
properties are commonly used as functional foods or
medicines to prevent the development of CVDs. "%
In the present study, it was demonstrated that the ethanol
extract of Zhongtian hawthorn, a novel grafted cultivar
of C. cuneata (wild Shan-Zha in the South China),
could provide health benefits by counteracting the high-
fat diet-induced hypercholesteolemic and hyperlipidemic
effects in vivo, and the transcriptional regulation of
HMGCR via NF-kB signal pathway might be implicated
in the hypocholesteolemic effect of Zhongtian hawthorn
ethanol extract.

The metabolism of cholesterol, including biosynthesis,
catabolism, and reverse cholesterol transport, is a key elem-
ent of the development of CVDs. In the present study,
our results showed that the ethanol extract of Zhongtian
hawthorn could markedly downregulate HMGCR, the
rate-limiting enzyme in cholesterol biosynthesis, while
upregulate CYP7A1, the cholesterol 7u-hydroxylase which
is responsible for catalyzing the metabolic conversion of
cholesterol into bile acid.?* In addition, the level of LDLR,
an important receptor in the transport of cholesterol-
carrying lipoprotein into cells,” was also slightly elevated
by the ethanol extract of Zhongtian hawthorn. These results
suggested that the major function of Zhongtian hawthorn
ethanol extract in the improvement of hypercholesterolemia
might be carried out by inhibiting the production of chol-
esterol and promoting the elimination of cholesterol, and it
might also have little stimulating effect on the transport of
cholesterol.

HMGCR is a highly conserved, membrane-bound
enzyme present in archaea, prokaryotes, and eukaryotes.
It is the rate-controlling enzyme of the mevalonate pathway,
the metabolic pathway in sterol and isoprenoid biosynthe-
sis. The paradoxical upregulation in hepatic HMGCR
is observed in patients with hypercholesteolemic, non-
alcoholic fatty liver disease and obesity, while HMGCR
inhibitors, such as statins, are considered as one of the
most effective classes of drugs for reducing serum choles-
terol.?® The cholesterol from diet could feedback regulate
the transcription, translation, or activity of HMGCR, and
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Figure 3 Effects of the ethanol extract of Zhongtian hawthorn on mRNA and protein levels of HMGCR, and the cholesterol content in the liver of mice. (a) The mMRNA
level detected by real-time RT-PCR. (b) The protein level detected by western blot. (c) The cholesterol content in the liver. ** P < 0.01 versus NFD group; * P < 0.01
versus NFD group; 3P < 0.01 versus HFD group; 2P < 0.05 versus HFD group; °P < 0.05 versus SIM-+HFD group

this feedback regulation might play an important role in
resistance/susceptibility to dietary cholesterol. In general,
patients or animal strains with higher basal levels of liver
HMGCR are more resistant to dietary cholesterol and exhi-
bit a greater cholesterol-lowering effect in response to sta-
tins.”” However, the sensitivity between different animal
species and different people is various and even conflicting.
For instance, rabbits and hamsters exhibit lower levels of
hepatic HMGCR and more sensitive to dietary cholesterol
than rats. Even within the same species, Sprague-Dawley,
Wistar-Furth, Spontaneously Hypertensive, Lewis, and
Wistar-Kyoto rats exhibited much higher hepatic HMGCR
activities and more resistant to dietary cholesterol than
Buffalo, Brown Norway, and Copen-hagen 2331 rats.””
Besides, although adequate evidence suggested that dietary
cholesterol challenges could suppress the expression of
HMGCR, many reports also showed that high-fat diet feed-
ing could stimulate the expression of HMGCR and choles-
terol accumulation in the liver.?®*2 Here, our results were
quite consistent with the latter literatures. Further investi-
gation focused on the detailed mechanisms underlying the
different response to dietary cholesterol was still needed to
be performed.

In addition to its role in regulating cholesterol homeosta-
sis, HMGCR has also been regarded as a novel target of
anticancer therapy in recent years.” Therefore, research
on the regulation of HMGCR has been remaining the sub-
ject of great interest. The sterol regulatory element-binding
protein (SREBP) has been considered as the key factor in
regulating the transcription of HMGCR. SREBP forms a
complex in the ER membrane with SREBP

cleavage-activating protein (SCAP). SCAP could escort
SREBP from ER to Golgi, where SREBP is activated by
two sequential proteolytic events, allowing it to enter the
nucleus and activate the transcription of HMGCR. Besides,
accumulating studies suggested that the nuclear factor
kappa B (NF-xB) pathway also played important roles in
the transcriptional regulation of HMGCR. The active form
of NF-xB is usually a heterodimer of p65 and p50. The p65
protein has a transactivation domain in their C-termini and
is considered as a main subunit of NF-kB, while p50 has no
intrinsic ability to activate transcription. Previous studies
have demonstrated that increased NF-kB signal is corre-
lated with obesity and numerous metabolic disorders, and
plays important roles in the high-fat diet-induced hyper-
cholesterolemia and atherosclerosis, whereas suppression
of NF-xB signal pathway is involved in the antiathero-
sclerosis and cholesterol-lowering effects of statins and
other pharmacologic agents.**~** Furthermore, it has been
demonstrated that there is a cross-talk between MyD88-NF-
kB and SCAP-SREBP2 pathways in the lipopolysacchar-
ides-induced inflammatory response, upregulation of
HMGCR, and cholesterol disorders,*! and the promoter
region of both SREBP-2 and HMGCR contains putative
NF-kB response elements and they are all direct target
genes of NF-xB.4%43 Similarly, here, our results showed
that the repression of NF-xB pathway was also implicated
in the transcriptional inhibition of HMGCR by Zhongtian
hawthorn ethanol extract.

Currently, except C. pinnatifida and C. pinnatifida var.
major, the representative Shan-Zha listed in the Chinese
Pharmacopoeia, C. cuneata (wild Shan-Zha) and
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Figure 4 Effects of the ethanol extract of Zhongtian hawthorn on the
transcriptional activity of HMGCR promoter. (a) HepG2 cells were transfected
with 0.2 ug of HMGCR-luc plasmids and treated with 0.0, 0.2, 0.4, 0.6, 0.8, and
1.0 ug of the ethanol extract of Zhongtian hawthorn (ZT), and then the luciferase
reporter assay was performed to detect the transcriptional activity of HMGCR
promoter. (b) HepG2 cells were transfected with 0.2 ug of HMGCR-luc plasmids
and treated with 0.0, 0.3, 0.6, and 1.0 ug of the ethanol extract of ZT combined
with transfection of p65 expression plasmid or the vehicle, and then the luciferase
reporter assay was performed to detect the transcriptional activity of HMGCR
promoter. Values were normalized as the relative luciferase activity (fold).

** P <0.01 versus control, n=3

C. scabrifolia (Yunnan Shan-Zha) were also used in the folk
medicine and food in the South China.'* However, the
experimental evidence of the exact effects of either C.
cuneata or C. scabrifolia on hyperlipidemia and/or hyper-
cholesterolemia still remained elusive. Here, our data
showed that a novel grafted cultivar of C. cuneata,
Zhongtian hawthorn, could inhibit the high-fat diet-
induced hyperlipidemia and hypercholesterolemia in vivo.
Furthermore, compared with the other varieties of haw-
thorn, Zhongtian hawthorn has much bigger fruits and is
early bearing, high productive, cold, and drought resist-
ant. 1510 Therefore, Zhongtian hawthorn might be con-
sidered as a good alternative to Shan-Zha and has great
value in the food and medicine industry. In addition, to
our best knowledge, this is also the first report that the
extract of Crataegus could suppress the transcription of
HMGCR via NF-kB signal pathway.
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Figure 5 Antagonistic effects between p65 overexpression and the ethanol
extract of Zhongtian hawthorn on the expression of HMGCR in HepG2 cells. (a)
HepG2 cells were transfected with 0.2 ug of p65 expression plasmid and treated
with 1.0 ug of the ethanol extract of Zhongtian hawthorn (ZT), and then the protein
levels of p65 and HMGCR were detected by Western blot. (b) The relative
quantity was determined with the ratio of band density of genes to that of B-actin
using the Quantity One software. ** P < 0.01 versus control; **P <0.01 versus
p65, n=3
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