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a b s t r a c t

Ethnopharmacological relevance: Erigerontis Herba is a Chinese herb that is traditionally used to treat car-
diovascular disease. Recent literatures suggested that it could exert beneficial effects on various cardiovascular
metabolic risk factors including hypertension and hyperlipidemia in order to exert its cardio-protective effects.
Aim: Erigerontis Herba contains a variety of flavonoids and polyphenols that are bioactive. The aim of the
present study was to investigate the cardio-protective effects of the total polyphenols of Erigerontis Herba
(EHP), particularly on the metabolic parameters which could contribute to metabolic syndrome including
obesity, hepatic steatosis, hyperlipidemia and hypertension.
Materials and methods: C57Bl/6 metabolic syndrome mice model was used to determine the effects of EHP on
metabolic syndrome. High-fat diet-induced metabolic syndrome in C57Bl/6 mice is an animal model which
mimics human metabolic syndrome. The model is achieved by high-fat diet feeding to C57Bl/6 mice for
8 weeks. In our study, the mice were divided into 3 groups and fed for 8 weeks with: 1) normal chow (N); 2)
high-fat diet (HF); or 3) high-fat diet supplemented with 2% EHP (HFþEHP). Various parameters such as body
weight, adipose tissue weight and liver weight were measured. Liver and plasma lipid levels were also de-
termined. In addition, the effect of EHP on vasodilation in Sprague Dawley rats was also determined using
ex vivo aortic ring model.
Results: Various types of adipose tissues weights were significantly lowered in HFþEHP vs HF mice. Hepatic
lipid levels were also significantly decreased by EHP vs HF. For plasma lipid (including TC and TG), EHP exerted
no significant effects on plasma lipid levels. To understand the mechanisms as to how EHP regulated lipid
metabolism via liver, various hepatic gene expressions were also measured using real-time PCR. The results
showed that EHP regulated the expressions of Cyp7α1, CD36 and PPAR-γ. EHP showed significant vasodilative
effects in both intact aortas and endothelium-removed aortas. Further mechanistic studies indicated that EHP
dilated aorta endothelium-dependently through nitric oxide synthase (NOS) pathway, and endothelium-in-
dependently through BKca, Kv and Kir channels. In addition to the vasodilative effects, EHP could also inhibit
aorta contraction through Ca2þ channel.
Conclusions: EHP exerted promising effects on diet-induced obesity and hepatic steatosis in C57Bl/6 mice
model. It also exerted significant vasodilative effect ex vivo, suggesting the potential of EHP to be developed as a
dietary supplement for metabolic syndrome.

& 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Metabolic syndrome is the constellation of multiple medical
disorders that increase the risk of developing cardiovascular dis-
ease (CVD). These CVD risk factors include hypertension, hyperli-
pidemia, insulin resistance, hepatic steatosis, visceral obesity,

www.sciencedirect.com/science/journal/03788741
www.elsevier.com/locate/jep
http://dx.doi.org/10.1016/j.jep.2016.04.040
http://dx.doi.org/10.1016/j.jep.2016.04.040
http://dx.doi.org/10.1016/j.jep.2016.04.040
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jep.2016.04.040&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jep.2016.04.040&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jep.2016.04.040&domain=pdf
mailto:claralau@cuhk.edu.hk
http://dx.doi.org/10.1016/j.jep.2016.04.040


Y.P. Wang et al. / Journal of Ethnopharmacology 187 (2016) 94–103 95
gender, stress or aging (Batsis et al., 2007; Grundy et al., 2004;
Huang, 2009). Metabolic syndrome has a high prevalence rate.
According to the most updated estimates which was carried out by
the National Health and Nutrition Examination Survey from 1999
to 2010, among adults over 20 years old, the age-adjusted pre-
valence of metabolic syndrome was 22.9% by 2010, and it is still
increasing (Beltran-Sanchez et al., 2013). With its increasing pre-
valence, metabolic syndrome has become a great economic burden
for many countries (Chu et al., 2011; Eckel et al., 2005; Miller,
2013). Furthermore, the multiple risk factors of metabolic syn-
drome have made it complicated and difficult to treat. Currently
for patients with metabolic syndrome, there is no definite treat-
ment for it. Lifestyle and dietary modifications along with drug
therapy for respective risk factors are most commonly used. More
attentions should be paid to this disease, and more effective ap-
proaches for prevention or treatment of this disease are required
to be identified urgently.

Polyphenols had been widely studied for their anti-oxidative,
anti-inflammatory, anti-bacterial and anti-viral properties. They
are indeed the most abundant antioxidants in the diet and are
widespread constituents in fruits, cereals, vegetables, dry legumes,
chocolates and beverages, such as tea, coffee, or wine (Perron and
Brumaghim, 2009; Scalbert et al., 2005). Polyphenol content also
varies among different foods. For example in green tea, it has been
reported that depending on the types of tea, environment and
fermentation conditions, the contents of polyphenols can vary
greatly: ranging from 10% to 30% (Manach et al., 2004; Pan et al.,
2003; Simonetti et al., 1997). The medicinal effects (vasodilative
and cardio-protective effects) of polyphenols from green tea, fruit
or wine are also widely studied (Rapeanu et al., 2005; Yanagi et al.,
2011; Zern and Fernandez, 2005). High consumption of poly-
phenols was reported to be inversely associated with the risk of
cardiovascular disease (Arts and Hollman, 2005). Many re-
searchers have investigated a variety of beneficial effects of poly-
phenols on metabolic syndrome which include altering hepatic
lipid metabolism, processing of lipoproteins in plasma, reduction
of oxidative DNA damage and lowering of hyperlipidemia and
hypertension (Sohrab et al., 2013).

Erigerontis Herba (also known as Dengzhanxixin which is the
whole flowering plant of Erigeron breviscapus (Vant.) Hand. Mazz.;
Family: Asteraceae) is a traditional Chinese herb that is used as a
folk remedy by the native people for treatment of cardiovascular
diseases and cerebrovascular disease (Han et al., 2012; Koon et al.,
2014). Erigerontis Herba preparations have been developed in
various forms and one of the most widely used preparations is the
Erigerontis Herba injection as indicated in The Pharmacopoeia of
the People's Republic of China (Han et al., 2012). Recent studies
suggested that it could exert beneficial effects on various cardio-
vascular metabolic risk factors with regards to its cardio-protective
effects. For example, it has been previously demonstrated to exert
vasodilative and hypolipidemic effects (Li et al., 2009; Pan et al.,
2008), which are well known cardiovascular risk factors (Batsis
et al., 2007; Grundy et al., 2004; Huang, 2009). Erigerontis Herba
has also been shown to exert beneficial effects on stroke and brain
ischemia (Lin et al., 2007). In fact, Erigerontis Herba contains a
variety of flavonoids and polyphenols that are bioactive. These
compounds include scutellarin, 3,5-dicaffeoylquinic acid, 1,5-di-
caffeoylquinic acid, 4,5-dicaffeoylquinic acid and erigoster B (Dong
et al., 2010; Zhou et al., 2012). Among these bioactive compounds,
only scutellarin has been widely investigated and it was reported
to have vasodilative, anti-oxidative and hypolipidemic effects.
Nevertheless, despite having many studies suggesting the cardio-
protective effects of scutellarin, there is still a lack of study on the
cardio-protective effects of total polyphenols of Erigerontis Herba
including dicaffeoylquinic acids, erigoster B and scutellarin (Sun
and Zhao, 2009), in particularly their effects on metabolic
syndrome. It is anticipated that the total polyphenols may show
much stronger beneficial effects on different parameters of me-
tabolic syndrome, such as obesity, hypertension, hyperlipidemia
and hepatic steatosis. In the present study, we had prepared a
novel polyphenol-enriched fraction from Erigerontis Herba, and
the objective of this study was to examine its protective effects on
metabolic syndrome using in vivo and ex vivo models.
2. Materials and methods

2.1. Isolation and quantification of total polyphenol from Erigerontis
Herba

Erigerontis Herba is a traditional Chinese herb that mainly
grows in Yunnan province, China and the dried plant (with
flowers) is commonly used to treat or prevent cardiovascular
disease and cerebrovascular disease (Han et al., 2012). In this
study, Erigerontis Herba was supplied by Kunming Institute of
Botany, Chinese Academy of Sciences in 2010. Small quantity of
this herb was deposited in the museum of the Institute of Chinese
Medicine, the Chinese University of Hong Kong, with a voucher
specimen number of 2010–3283. The total polyphenols from
Erigerontis Herba were extracted in-house in our laboratory, with
the extraction method as follows: raw herbs of Erigerontis Herba
(1176 g) were firstly grinded and extracted for 3 h using 8-fold of
60% ethanol (v/v) at room temperature. Extraction was repeated
twice, and all three extracts were filtered through qualitative
filter paper (Advantec MFS Inc., USA) and combined. The com-
bined extracts were then concentrated under reduced pressure
using rotary evaporator (Buchi, Rotavapur R-220 and Vacuum
Controller V-800) to give a brown gummy residue (218.19 g). The
residue was then dissolved in hot water, centrifuged at 3500 rpm
for 15 min (Beckman coulter Allegra X-15R centrifuge) and the
supernatant was subjected to polyamide 6 (Fluka, Switzerland)
column (6�60 cm) chromatography and eluted with water until
colorless, then switched to 60% ethanol elution, and this 60%
ethanol fraction was then collected and evaporated to dryness to
obtain the polyphenol-enriched fraction from Erigerontis Herba
(EHP, 25.54 g).

2.2. Total polyphenol content measurement

The total polyphenol content in the EHP fraction was de-
termined by Folin-Ciocalteu (FC) assay as previously described
(Roura et al., 2006). Briefly, 50 mL of gallic acid which served as
standard solutions (100, 50, 25, 12.5, 6.25 and 0 mg/ml) and EHP
fraction sample (50 mg/ml) were mixed with 250 mL FC reagent
(10-fold diluted with distilled water, A-Tech Global Science Lim-
ited, USA) in 48-well plate. 200 mL of 6% (w/v) sodium carbonate
(Na2CO3) was then added to the mixture and allowed to stand at
room temperature for 2 h. The absorbance was then read at
765 nm using a u-Quant microplate reader (Biotek μ-Quant, USA).
The results were expressed as mg gallic acid/100 mg EHP fraction
(Luthria et al., 2006).

2.3. Identification and quantification of chemical components in EHP
fraction

Identification and quantification of five chemical markers
(Scutellarin, Erigoster B, 3,5-dicaffeoylquinic acid, 1,5-di-
caffeoylquinic acid and 4,5-dicaffeoylquinic acid) in EHP fraction
were conducted using a Waters ACQUITY Ultra performance liquid
chromatography (UPLC) system, with scutellarin, erigoster B, 3,5-
dicaffeoylquinic acid, 1,5-dicaffeoylquinic acid and 4,5-di-
caffeoylquinic acid as the chemical markers (Applied Scientific



Table 1
Inguinal fat (IG), epididymal fat (EP) and peri-renal fat (PR) to body ratios among
different groups.

N HF HFþEHP

Inguinal subcutaneous fat (g) 0.4370.035 1.0070.068*** 0.6370.045###

IG weight/body weight (g/
100 g)

1.5870.119 2.8970.188*** 2.1070.117##

Epididymal fat (g) 0.7070.047 1.7970.066*** 1.1470.061###

EP weight/body weight (g/
100 g)

2.6070.143 5.1770.151*** 3.8470.146###

Peri-renal fat (g) 0.2470.031 0.6170.011*** 0.4170.030###

PR weight/body weight (g/
100 g)

0.8770.104 1.7670.024*** 1.3770.084##

Values represent means7SEM (n¼5). Mice were fed diets for 8 weeks. Significant
differences among groups were analyzed by one way ANOVA.

*** Significant difference between HF and N group mice: po0.001.
### Significant difference between HFþEHP and HF group mice: po0.001.
## Significant difference between HFþEHP and HF group mice: po0.01.
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Fig. 1. Effects of EHP on body weight in high-fat fed male C57Bl/6 mice. Values
were expressed as means7SEM, n¼5 per group. Mice were fed diets for 8 weeks.
Significant difference among groups by two way ANOVA, HF vs N: *po0.05,
***po0.001; HFþEHP vs HF: ##po0.01; ###po0.001.

Table 2
Liver weight, liver to body ratio, liver lipid, liver total cholesterol (TC) and liver
triglyceride (TG) among different groups.

N HF HFþEHP

Liver weight (g) 1.1970.034 1.8370.097*** 1.4370.029##

Liver weight/body weight
(g/100 g)

4.3970.097 5.2770.183** 4.8370.038#

Liver lipid (g/100 g) 15.7271.635 22.1471.362* 15.7771.348#

Liver TC (μmol/g) 66.1873.543 89.1474.052** 67.03729.38##

Liver TG (μmol/g) 35.5875.849 83.08712.536** 36.2773.614##

Values represent means7SEM (n¼5). Mice were fed diets for 8 weeks. Significant
differences among groups were analyzed by one way ANOVA.

*** Significant difference between HF and N group mice: po0.001.
## Significant difference between HFþEHP and HF group mice: po0.01.
** Significant difference between HF and N group mice: po0.01.
# Significant difference between HFþEHP and HF group mice: po0.05.
* Significant difference between HF and N group mice: po0.05.
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Instrument Co. Ltd., Hong Kong). The chromatograph separation of
the analytes was achieved using a Waters ACQUITY UPLC BEH C18
column (2.1 mm�150 mm with 1.7 mm particle size) (Waters
Corporation, USA) connected to a C18 guard column (2.1�5 mm)
(Waters Corporation, USA). A mobile phase of 0.1% formic acid in
acetonitrile: 0.1% formic acid in water (15:85) was applied. The
flow rate was maintained at 0.3 ml/min and detection was per-
formed at 330 nm. Each filtered sample was injected into the
column with a volume of 5 μL. The identification of the five mar-
kers was confirmed by comparison of the retention time of the
unknown peaks to those of the standards. A standard mixture
containing scutellarin, erigoster B, 3,5-dicaffeoylquinic acid, 1,5-
dicaffeoylquinic acid and 4,5-dicaffeoylquinic acid in methanol
was prepared and analyzed. The system was monitored by a
computer equipped with the MassLynx Software (Waters Cor-
poration, USA) for data collection, integration and analysis.

2.4. Induction of obesity, hyperlipidemia and hepatic steatosis in
C57Bl/6 metabolic syndrome mice model

Male C57Bl/6 mice (�20 g) were purchased from the Labora-
tory Animal Services Center of the Chinese University of Hong
Kong. Animal experiments were approved under the Animal Ex-
perimentation Ethics Committee of the Chinese University of Hong
Kong (Approval number: 14/053/MIS-4-A). 6 weeks old male
C57Bl/6 mice were used in this study, housed in an air-conditioned
room under a 12:12-h light-dark cycle. After 1 week of adaptation
period, the mice were divided into 3 groups (n¼5 per group) as
follows: 1) normal chow (N); 2) high-fat diet (21% wt/wt butterfat
and 0.15% cholesterol) (HF); 3) high-fat diet supplemented with 2%
EHP (HFþEHP). The SF00-219 rodent high fat (HF) diet (contains
21% fat, 0.15% cholesterol) and normal control diet SF04-057
(N) were purchased from Specialty Feeds, Australia (Perth, Aus-
tralia), with the diet composition listed in supplementary Table 1.
The mice were allowed ad libitum access to diet and water for
8 weeks. The food intake and total body weight of the animals
were measured twice per week throughout the experiment. At the
end of the feeding period, the animals were fasted for 16 h, fol-
lowed by anesthesia with ketamine, xylazine and water at a ratio
of 1.5:1:17.5. Blood was collected with cardiac-puncture into he-
parin-containing tubes. All samples were centrifuged at 4000 rpm
for 10 min with plasma collected for further biochemical analysis.
Adipose tissues and livers were excised, weighed and stored at
�80 °C for RNA and lipid analysis.

2.5. Biochemical analysis

Plasma total cholesterol (TC) and triglycerides (TG) were de-
termined using commercially available kits (CHOD-PAP and GPO-
PAP; Roche Diagnostics, Germany). Liver lipid was extracted ac-
cording to the method of Bligh and Dyer (Bligh and Dyer, 1959),
and liver triglyceride (TG) and liver cholesterol (TC) levels were
measured.
2.6. Hematoxylin-eosin staining

For morphological analysis of liver histology, liver tissues were
fixed in 10% formalin, paraffin-embedded and cut into pieces with
thickness of 5 mm using a microtome. All slides were oven-dried at
37 °C, deparaffinized with two exchanges in xylene and rehydrated
through a series of graded ethanol washes comprising two washes
of absolute ethanol, two washes of 95% ethanol, and two washes of
70% ethanol, and followed by staining with the standard hema-
toxylin-eosin (H&E) method (Harris, 1900). Liver sections were
then stained with hematoxylin for 5 min and eosin for 30 s Stained
slides were dehydrated using 70% alcohol, followed by 95% alcohol
and then absolute alcohol. Finally the sections were mounted with
dibutyl-phthalate (Sigma-Aldrich Co., USA) in xylene (DPX).



Fig. 2. Histological appearance of liver sections from N: normal chow-fed mouse; HF: high-fat fed mouse; HFþEHP: high-fat fed mouse supplemented with EHP. Scale
bar¼50 mm. Liver sections were stained with hematoxylin and eosin. Lipid accumulation in the liver of HF-fed mouse was very evident due to the presence of circular lipid
droplets (as shown by arrows) in the H&E stained sections. Circular lipid droplets (as shown by arrows) were significantly reduced in sections from HFþEHP group.
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Fig. 3. Effects of EHP on plasma lipid (A) TC, and (B) TG levels. Values were expressed as means7SEM, n¼5 per group. Significant differences among groups were analyzed
by one way ANOVA, HF vs N: ***po0.001.
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2.7. RT-PCR analysis

Total hepatic mRNA was isolated and purified with RNeasy plus
mini kit according to the manufacture's instruction (Qiagen, Va-
lencia, USA). Hepatic mRNA levels were measured using real-time
PCR. Selected genes were amplified using QuantiFast SYBR Green
RT-PCR Kit (Qiagen, Valencia, USA) in an iCycler System (Bio-Rad,
Germany) with 40 ng of both forward and reverse primers. The RT-
PCR reaction profile used was as follows: 1 cycle of 95 °C for 5 min,
50 cycles of 95 °C for 10 s, 60 °C for 30 s and 72 °C for 30 s, fol-
lowed by 1 cycle of 95°C for 1 min. Purity of PCR products was
assessed by melt curve analysis. Relative gene expression was
calculated by normalizing cycle threshold (Ct) values for genes of
interest with Ct values for glyceraldehyde-3-phosphate



Table 3
Effect of EHP supplementation on the mRNA level of key proteins controlling fatty
acid and cholesterol metabolism.

N HF HFþEHP

Cholesterol
regulation

LDL-R 101.977.312 136.02717.870** 130.82710.477
Cyp7α1 98.5471.735 302.69770.498* 239.47727.243
HMG-CoA 87.6078.191 101.8678.744 101.3877.341

Fatty acid
regulation

ACC 99.3670.739 129.3774.595*** 119.8973.238
FAS 96.8075.387 116.12713.100 111.2776.032
CD36 120.34723.632 241.13716.042** 181.84713.952#

SCD-1 77.28711.953 160.00719.142** 131.03718.45(p¼0.06)

Adipor1 98.7375.891 117.7372.561* 114.2177.420

Transcription
factor

C/EBP α1 94.4572.148 115.1877.170* 107.3975.571
PPAR-γ 101.3974.083 539.83736.039*** 273.077337.388###

Values represent the mRNA level of respective genes expressed as a ratio relative to
GAPDH (used as house-keeping genes). These values were then expressed as a
percentage of those in normal mice. Results represent means7SEM (n¼5). Sig-
nificant differences among groups were analyzed by one way ANOVA.

** Significant difference between HF diet and normal mice: po0.01.
* Significant difference between HF diet and normal mice: po0.05.
*** Significant difference between HF diet and normal mice: po0.001.
# Significant difference between HFþEHP and HF group mice: po0.05.
### Significant difference between HFþEHP and HF group mice: po0.001.
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dehydrogenase (GAPDH) using the delta–delta Ct method. Primers
sequences used were as follows: GAPDH (F: 5′-GGCATCACTG-
CAACTCAGAA-3′ R: 5′-TTCAGCTCTGGGATGACCTT-3′); ACC (F: 5′-
GCTAAACCAGCACTCCCGAT-3′ R: 5′-GTATCTGAGCTGACGGAGGC-
3′); FAS (F: 5′-CTGTGCCCGTCGTCTATACC′�3′ R: 5′-AACCTGAGTG-
GATGAGCACG-3′); CD36 (F: 5′-TAGTAGAACCGGGCCACGTA-3′ R: 5′-
CAGTTCCGATCACAGCCCAT-3′); SCD-1 (F: 5′-CATCGCCTGCTC-
TACCCTTT-3′ R: 5′-GAACTGCGCTTGGAAACCTG-3′); LDL-Receptor
(F: 5′-GGGAACATTTCGGGGTCTGT-3′ R: 5′-AGTCTTCTGCTG-
CAACTCCG-3′); HMG-CoA reductase (F: 5′-TGTGGCCAGCACTAA-
CAGAG-3′ R: 5′-CCTCGAGTCATCCCATCTGC-3′); Cyp7α1 (F: 5′-
GGGCAGGCTTGGGAATTTTG-3′ R: 5′-AACGCTCAGCAGTCGTTACA-
3′); Adipor1 (F: 5′-AACCTGGCTGATAACGGGC-3′ R: 5′-
TCAAGGCGTGGCTTTGTTTG-3′); PPAR-γ (F: 5′-CTGATGCACTGCC-
TATGAGC-3′ R: 5′-CGAAGTTGGTGGGCCAGAAT-3′); CCAAT/en-
hancer binding protein (C/EBP α1) (F: 5′-CAA-
GATGCGCAACCTGGAGA-3′ R: 5′-GACAGCTGCTCCACCTTCTT-3′).

2.8. Vasodilative effects of EHP fraction on aortic rings

Vasodilation force was measured with aortic ring experiment
as previously described (Lam et al., 2010; Ng et al., 2011). Male
Sprague-Dawley rats (�300 g) were provided by the Laboratory
Animal Services Center of the Chinese University of Hong Kong.
Male Sprague-Dawley rats were killed by gassing with carbon di-
oxide. The thoracic artery was carefully isolated and placed in
Krebs-Henseleit solution (NaCl 118.0 mM; KCl 4.7 mM; MgSO4

1.2 mM; KH2PO4 1.2 mM; NaHCO3 25.0 mM; CaCl2 2.5 mM and
glucose 11.0 mM) (Ng et al., 2011). The adherent connective tissue
was cleaned and the aorta was cut into 4–5 mm rings. Aortic rings
were suspended in an organ bath filled with 15 nM of 9, 11-di-
deoxy-11α, 9α-epoxymethanoprostaglandin F2 alpha (U46619,
Sigma, USA) at 37 °C. U46619 is a contractile agent that is com-
monly used in vasodilative study to induce sustained and re-
producible contractile response in aorta rings (Geiger et al., 2000).
Contractive force was measured with a force transducer connected
to a multichannel acquisition and analysis system (AD Instru-
ments, Sydney, Australia). The effects of the EHP on vascular tone
were examined by cumulatively adding EHP preparation into the
organ bath when the tension was at resting state. To test for in-
volvement of endothelium-dependent mechanisms in the vaso-
relaxant response of EHP, specimens were pretreated with various
inhibitors including Nω-Nitro-L-arginine methyl ester hydro-
chloride (L-NAME, 100 μM, Sigma, USA), which is a nitric oxide
synthase inhibitor, or indomethacin (10 μM, Sigma, USA), a cy-
clooxygenase inhibitor, for 20 min before U46619-induced con-
traction. And for the involvement of endothelium-independent
mechanisms, potassium (Kþ) channels and calcium (Ca2þ) chan-
nels were investigated with endothelium-denuded aortic rings.
The endothelium was removed by slightly rubbing of the artery
lumen using a stick, removal of endothelium was verified by ap-
plication of acetylcholine (ACh, 0.3 μM, Sigma, USA). The cumulative
concentration-response of EHP was obtained following the above
protocol. Relaxation response were performed with or without
20 min of pre-incubation with non-selective Kþ channels blockers,
tetraethylammonium chloride (TEA, 10 mM, Sigma, USA); inward
rectifier potassium (Kir) channels inhibitor, barium chloride (BaCl2,
30 μM, Sigma, USA); voltage-dependent potassium (Kv) channels
inhibitor, 4-aminopyridine (4-AP, 1 mM, Sigma, USA) and large
conductance calcium-activated potassium (BKca) channels inhibitor,
iberiotoxin (IBTX, 100 nM, Sigma, USA) or ATP-sensitive potassium
(KATP) channels inhibitor, glibenclamide (Gliben, 1 μM, Sigma, USA),
before pre-contraction with U46619. In these experiments, the va-
sodilative responses of EHP were expressed as the percentage of
U46619-induced contractile tone, which was calculated using the
following formula:

Vasodilative response¼(maximum relaxation force induced by
EHP�baseline tension)/(maximum pre-contraction force�base-
line tension)�100%.

2.9. Effects of EHP fraction of Ca2þ-induced contraction

To investigate the involvement of Ca2þ channels in contribu-
tion to the EHP vasodilative function, aorta rings were equilibrated
in Ca2þ-free Krebs-Henseleit solution containing 0.2 mM Na2-
EGTA for 30 min and washed three times at 10 min intervals. KCl
(60 mM) was added to organ bath as the primer to depolarize the
membrane. CaCl2 (0.1–5 mM) was then added to produce cumu-
lative concentration–response curve due to its vasoconstrictor ef-
fect. When maximum vasoconstriction was achieved, the ring was
washed and equilibrated for 30 min, and then incubated with EHP
at 1 mg/ml or 0.5 mg/ml for 20 min. Cumulative increasing Ca2þ

concentration was repeated for 30 min and compared with control
curves obtained in the absence of EHP.

2.10. Statistical analysis

All data were expressed as means7S.E.M. Differences among
groups were analyzed by one-way analysis of variance (ANOVA). In
other case, two-way analysis of variance was used to compare
outcome among groups at different concentrations or at different
times. Po0.05 was considered as statistically significant.

3. Results

3.1. Chemical analysis of EHP fraction

3.1.1. Total polyphenols content in EHP fraction
The yield efficiency of EHP fraction from the raw Erigerontis

Herba (EHP) was found to be 2.17% w/w. The total polyphenol
content of the EHP fraction was determined using the Folin-
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Fig. 4. (A) Removal of endothelium, (B) cyclooxygenase inhibitor indomethacin, (C) nitric oxide synthase inhibitor L-NAME, and (D) non-selective Kþ channel inhibitor
tetraethylammonium (TEA) on EHP-induced relaxations of U46619-precontracted aorta rings. The endothelium was removed by slightly rubbing of the artery lumen using a
stick. The results were expressed as means7SEM (n¼5). Significant difference among groups by two way ANOVA, *po0.05, **po0.01, ***po0.001.

Y.P. Wang et al. / Journal of Ethnopharmacology 187 (2016) 94–103 99
Ciocalteu assay, and was found to be 34.971.3% w/w.

3.1.2. Identification and quantification of chemical markers in EHP
fraction

Supplementary Fig. S1 showed the UPLC profile of the different
phenolic compounds within the EHP fraction. The retention time
point of standards including scutellarin, erigoster B, 3,5-di-
caffeoylquinic acid, 1,5-dicaffeoylquinic acid and 4,5-di-
caffeoylquinic acid were compared to the UPLC profile of EHP
fraction. The presence of scutellarin, 3,5-dicaffeoylquinic acid, 1,5-
dicaffeoylquinic acid and 4,5-dicaffeoylquinic acid in the extract
were confirmed by the peaks at retention times of 9 min, 14.5 min,
15 min and 26 min, respectively. However, Erigoster B was not
detected in the EHP fraction.

3.2. Effects of EHP fraction on obesity, hyperlipidemia and hepatic
steatosis in C57Bl/6 mice

3.2.1. Effects of EHP fraction on body mass
High-fat (HF) mice had significantly higher body weight gain as

compared to normal (N) mice, with significant body weight dif-
ferences observed starting from the second week of high-fat
feeding (Fig. 1). At the end of the experiment, the body weight was
about 27.2% greater in HF mice compared to N mice (po0.001). 2%
EHP supplementation significantly reduced the body mass of mice
compared to mice given HF diet alone (po0.01).

3.2.2. Effects of EHP fraction on fat pads and fat pads to body ratios
At the end of the study, inguinal subcutaneous fat, epididymal

fat and peri-renal fat were isolated and inguinal subcutaneous fat/
body weight, epididymal fat/body weight and peri-renal fat/body
weight ratios were calculated (Table 1). High-fat diet induced a
significant increase on all fat pads weight and fat pads to body
weight ratios. The addition of EHP to the diet caused a significant
reduction on all fat pads weight and fat pads to body ratios.

3.2.3. Effects of EHP fraction on liver weight, liver index (liver/body
weight ratio) and liver lipid

Hepatic steatosis is associated with an enlargement in liver size
and increased in total liver lipid content (Lieber et al., 1965). As
such, liver weight and liver to body ratio were measured, and liver
lipid content were also determined. As shown in Table 2, high-fat
diet induced a significant increase on liver weight and liver to
body weight ratios compared to age-matched mice fed with
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Fig. 5. Effects of (A) inward rectifying Kþ channel inhibitor BaCl2, (B) large-conductance Ca2þ-activated Kþ channel inhibitor iberiotoxin (IBTX), (C) ATP sensitive Kþ
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normal diet (po0.001 and po0.01, respectively). However, EHP
significantly reduced both liver weight and liver to body weight
ratio. Similarly, high-fat-fed mice had significant increased total
liver lipid weight as compared to normal-chow fed mice (Table 2),
while EHP supplementation significantly reduced the total liver
lipid content. Besides, liver TC and TG were significantly increased
by high-fat diet feeding, and EHP treatment caused a significant
decrease on both liver TC and TG as compared to those of HF mice.

3.2.4. Liver histological examination
Histological examination of liver tissues was performed using
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haematoxylin and eosin (H&E) stain. Representative staining liver
sections analyzed by light microscopy are shown in Fig. 2. High-fat
diet feeding for 8 weeks induced lipid deposit in hepatocytes, with
increased number and size of circular lipid droplets observed in
between hepatocytes compared to the histological appearance of
the liver from mice fed with a normal diet. However, a drastic
reduction on both number and size of lipid inclusions were ob-
served in the liver of EHP-treated animals.

3.2.5. Effects of EHP fraction on plasma lipid levels
Effects of EHP on plasma lipid levels are shown in Fig. 3. Plasma

TC was significantly increased in high-fat-fed mice as compared to
normal-chow fed mice, but not plasma TG level. However, EHP had
no effects on both cholesterol and triglyceride levels. Besides,
high-density-lipoprotein cholesterol and low-density-lipoprotein
cholesterol levels were also measured but EHP fraction showed no
significant effects on both types of cholesterol (data not shown).

3.2.6. Gene expression analysis
To have a better insight on the mechanisms by which EHP were

able to affect lipid metabolism in the liver, the mRNA levels of a
number of genes affecting hepatic triglyceride and cholesterol
metabolism were determined (Table 3). For hepatic cholesterol
metabolism, gene expression of enzymes regulating cholesterol
uptake, cholesterol secretion and cholesterol synthesis within the
liver were analyzed. One corresponding representative genes from
each of these pathways were chosen, and their expressions were
determined: LDL-receptor (LDL-R), cholesterol 7 alpha-hydro-
xylase (Cyp7α1) and HMG-CoA reductase (HMG-CoA). The hepatic
mRNA expression of LDL-R was significantly higher in HF group as
compared to normal group (po0.01), however EHP did not have
any significant effects on the expression of this gene. Cyp7α1
mRNA levels were also significantly up-regulated by high-fat diet
feeding (po0.05), although EHP exhibited a trend to down-reg-
ulate this gene expression (20.9% of down-regulation), it did not
reach statistical significance (p¼0.09). No significant differences
were observed in the gene expression of HMG-CoA reductase
among all groups.

For triglyceride metabolism regulation, five related genes reg-
ulating fatty acid uptake and synthesis (acetyl-CoA carboxylase
(ACC), fatty acid synthase (FAS), cluster of differentiation 36
(CD36), stearoyl-coenzyme A desaturase 1 (SCD-1) and adipo-
nectin receptor 1 (Adipor 1)) were investigated. High-fat diet
significantly up-regulated the expression of ACC (30.2% of up-
regulation), CD36 (100.4% of up-regulation), SCD-1 (107.1% of up-
regulation) and Adipor 1 (19.2% of up-regulation) as compared to
normal mice (po0.001, po0.01, po0.01 and po0.05, respec-
tively), but not FAS. Among all the five genes determined, only the
mRNA expression of CD36 was significantly down-regulated by
EHP (po0.05).

Besides, gene expressions of two adipogenic transcription fac-
tors, C/EBP α1 and PPAR-γ were also determined. As expected,
mRNA levels of both genes were significantly higher in HF mice.
EHP significantly down-regulated the gene expression of PPAR-γ
(po0.001), but exerted no significant effect on C/EBP α1 gene
expression.

3.3. Vasodilative effects of EHP fraction in rat aortic rings

3.3.1. Effects of EHP on U46619-precontracted tone
With the precontracted tone produced by 15 μM of U46619,

EHP was then added cumulatively and the relaxation response was
recorded. As shown in Fig. 4(A), cumulative addition of Kreb's
solution (as control) by the same protocol had no effect on the
precontracted tone. However, addition of EHP induced a con-
centration-dependent relaxation of this tone with an IC50 value of
0.15 mg/ml in intact aorta rings and IC50 value of 0.2 mg/ml in
denuded aorta rings. Removal of endothelium caused a significant
inhibition on the relaxation response of EHP. It indicated both
endothelium and smooth muscle involvement in the EHP-induced
relaxation.

To investigate the mechanisms which are responsible for the
vascular relaxation of EHP through endothelium, intact aorta rings
were incubated with either cyclooxygenase inhibitor in-
domethacin or nitric oxide synthase inhibitor L-NAME before
contracted with U46619. In aortic rings pretreated with in-
domethacin, the relaxation of EHP was not inhibited (Fig. 4(B)),
but pretreatment of aorta with L-NAME significantly reduced the
vasodilation effect of EHP (Fig. 4(C)). These results suggested that
nitric oxide synthase (NOS) contributed to EHP-induced vasodila-
tion in aorta, but not cyclooxygenase.

To investigate the mechanisms which are responsible for the
vascular relaxation of EHP through smooth muscle, various po-
tassium channels were involved in denuded aorta rings. Effect of
non-selective potassium channel inhibitor was firstly investigated.
As shown in Fig. 4(D), pretreatment with TEA significantly wea-
kened the vasodilation induced by EHP. It indicated that the EHP
relaxation involved potassium channels. As such further in-
vestigations were performed to determine which Kþ pathway EHP
acted on, different Kþ pathways (Kir, BKca, Kv and KATP) were
blocked with corresponding inhibitors (BaCl2, iberiotoxin, 4-AP
and glibenclamide, respectively) and the vasodilative effects were
then tested. As illustrated in Fig. 5, pretreatment with Kir inhibitor
BaCl2, BKca inhibitor iberiotoxin and Kv inhibitor 4-AP produced
significant inhibition on EHP-induced responses (p¼0.0075,
p¼0.0106 and p¼0.0057, respectively). However, pretreated aorta
with KATP inhibitor glibenclamide had no significant effects on the
EHP-induced relaxation. These results suggested that the relaxa-
tion of EHP involved Kir, BKca and Kv channels, but not KATP

channel.

3.3.2. Effects of EHP fraction on Ca2þ-induced contraction
The inhibitory effects of EHP on the Ca2þ-dependent con-

tractile response are shown in Fig. 5(E). Cumulative addition of
Ca2þ (0.1–5 mM) to high-KCl Ca2þ free Kreb's induced a con-
centration-dependent contraction in aortic rings. Pretreatment of
EHP (both at 0.5 mg/ml and 1 mg/ml) could significantly inhibit
the contraction. As such, EHP may inhibit aorta contraction by
inhibition of Ca2þ entry through voltage-stimulated Ca2þ

channels.
4. Discussion and conclusion

In this project, a novel polyphenol-enriched fraction was iso-
lated from Erigerontis Herba. HPLC analysis suggested that this
polyphenol-enriched (EHP) fraction contained scutellarin, 3,5-di-
caffeoylquinic acid, 1,5-dicaffeoylquinic acid and 4,5-di-
caffeoylquinic acid. We investigated the effects of this EHP fraction
on high-fat diet-induced obesity, hyperlipidemia and hepatic
steatosis in C57Bl/6 metabolic syndrome mice model. According to
the Chinese Pharmacopeia (2010), the human dosage of Eriger-
ontis Herba is 9–15 g per day. Using the Food and Drug Adminis-
tration formula for the conversion of human dose into mouse dose,
the mouse equivalent dose is 1.845–3.075 g/kg. Conversion of the
dosage to percentage of food intake of mouse (average food intake
of mouse: 3 g/day and body weight of mouse: 25 g), the range for
EHP is 1.5–2.5%. Hence, 2% of EHP was chosen to be used in this
study. Our results demonstrated that EHP fraction exerted a sig-
nificant reduction on high-fat diet-induced increase in a) body
weight; b) adipose tissue weight; c) liver weight and liver to body
ratio; d) liver lipid (TC and TG) levels in C57Bl/6 mice after 8 weeks
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of EHP supplementation. However, EHP fraction exerted no sig-
nificant effects on muscle mass and muscle to body weight ratio
(data not shown). Using the rat aortic ring model, we have de-
monstrated that EHP also exhibited significant vasodilative effect
in SD rat ex vivo. Taken together, our results have for the first time
suggested the potential beneficial effects of the polyphenol-en-
riched fraction isolated from Erigerontis Herba on vasodilation,
and diet-induced hepatic steatosis and obesity.

The real time PCR results suggested that the beneficial effects of
EHP on the reduction of hepatic lipid levels were associated with a
significant reduction on hepatic PPAR-γ expression. PPAR-γ is a
ligand-activated transcription factor which was previously re-
ported to be responsible for the regulation of lipid metabolism.
PPAR-γ mRNA levels were previously shown to be markedly ele-
vated in steatotic livers of different mouse models (Burant et al.,
1997; Gavrilova et al., 2003; VidalPuig et al., 1996), suggesting its
important role in steatotic liver. Besides, PPAR-γ also regulates a
series of genes involved in lipid metabolism including SCD-1 and
CD36, which are important enzymes that are responsible for the
mediation of fatty acid uptake, and catalyzing the synthesis of
unsaturated fatty acids within the liver, respectively. The fact that
our results have demonstrated a significant reduction in the he-
patic expression of CD36, and exerted a trend of reduction in he-
patic SCD-1 expression (p¼0.06) suggesting that EHP could pos-
sibly down-regulate PPAR-γ expression in the liver, whereby re-
ducing the fatty acids uptake and synthesis of unsaturated fatty
acids in the liver and resulting in a beneficial effect on the elevated
hepatic TG. On the other hand, LDL-R, HMG-CoA and Cyp7α1 are
important enzymes for the regulation of hepatic cholesterol. While
LDL-R mediated hepatic cholesterol uptake, HMG-CoA is re-
sponsible for the rate-limiting cholesterol synthesis and plays a
central role in the cholesterol production in the liver. Cyp7α1,
which is a rate-limiting enzyme of bile acid synthesis, is re-
sponsible for the excretion of cholesterol. In our study, we ob-
served significant increase on LDL-R and Cyp7α1 expressions in
high-fat-fed mice. Surprisingly, EHP exerted no significant effect
on regulating the hepatic expression of LDL-R, Cyp7α1 and HMG-
CoA. It is possible that EHP could regulate cholesterol metabolism
through inhibition of cholesterol absorption in the intestine in-
stead of the liver. Nevertheless, only further study could provide
more insight on the effects of EHP on cholesterol absorption
within intestine.

Polyphenol is a kind of bioactive constituent that has beneficial
effects on cardiovascular disease and is a promising agent that has
been suggested for the prevention or treatment of cardiovascular
disorder. In our aortic ring experiment, polyphenols from Eriger-
ontis Herba showed significant vasodilative effects on rat aorta.
Mechanistic studies showed that EHP dilated aorta through NOS,
Kir, BKca and Kv pathways. Although phenolic compounds from
green tea is also widely reported to exhibit significant vasodilative
effects and are beneficial to animals with elevated blood pressure
(Alvarez et al., 2006; Kim et al., 2007, 2006; Padilla et al., 2005),
one disadvantage of green tea is that it also contains caffeine. It is
well known that caffeine can lead to difficulty in sleeping, in-
creased heart rate and restlessness. Therefore polyphenols from
green tea might not be ideal for all patients. Furthermore, caffeine
is soluble both in water and organic solvents, and separation of
caffeine from other substances of tea may be costly and difficult
(Sakanaka, 2003). Our novel polyphenol fraction, being an extract
from Erigerontis Herba which contains no caffeine has therefore
poses major advantages.

In conclusion, we have successfully isolated a novel poly-
phenol-enriched fraction from Erigerontis Herba. We have also for
the first time demonstrated that this novel EHP extract could exert
potential beneficial effects on vasodilation ex vivo, and diet-in-
duced hepatic steatosis and obesity in C57Bl/6 mice. These data
suggested that EHP exerted great potential to be developed as
dietary supplement for patients or individuals with metabolic
syndrome.
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