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ARTICLE INFO ABSTRACT
Article history Objective To provide experimental evidence for the antihypertensive activity of the
Received: October 30, 2013 flavonoids in flower buds of Coreopsis tinctoria (CT-F) and to investigate the underlying

mechanism. Methods The spontaneously hypertensive rats (SHRs) were divided into
model, captopril (positive control), and CT-F groups, and the Wistar-Kyoto rats were set
as control group, eight in each group. The blood pressure of SHRs, the activity of
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method, nitrate reductase method, thibabituric acid (TBA) method, and the
hematoxylin-eosin staining method. Q-PCR analysis was performed to determine the
relative quantity of angiotensin-converting enzyme (ACE), ACEIl, angiotensin type 1

10.1016/51674-6384(14)60015-0 receptor (AT1R), and TGF-B1T mRNA in left ventricle. Results CT-F could lower the
systolic blood pressure of SHRs dramatically (P < 0.01). The levels of MDA in serum and
Ang Il in plasma of SHRs treated with CT-F decreased markedly (P < 0.05, 0.01), the
level of NO in serum increased significantly (P < 0.01). In addition, thoracic aorta media
thickness in SHRs treated with CT-F was thinner than that of the model group (P <
0.05). The mRNA expression of ACE, ATIR, and TGF-B; in left ventricle was markedly
decreased (P < 0.05), while that of ACE Il was increased (P < 0.05). Conclusion CT-Fis
effective to lower the blood pressure of SHRs, and its antihypertensive effect is probably
associated with lowering the oxidative stress by reducing MDA, ameliorating aorta
remodeling, dilating vessel by increasing NO and decreasing Ang-Il, and regulating the
expression of rennin-angiotensin System-related various genes.
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1. Introduction

Cardiovascular disease (CVD) is a leading cause of
death, and hypertension is one of the most common causes of
cardiovascular and cerebrovascular complications in human
(Tang et al, 2011). Hypertension represents a major risk factor
coronary artery disease, and affects approximately 25% of the
adult population worldwide (Kearney et al, 2005). It is for
developing other diseases such as metabolic syndrome, diabetes,
renal dysfunction, congestive heart failure, and estimated that
by 2025, the incidence of hypertension would increase to 24%
in developed countries and to 80% in developing countries
(Messerli et al, 2007). In recent years, traditional and natural
medicines have been extensively used to prevent and heal
various cardiovascular problems including hypertension, the
pharmacological validation for the use of folk medicinal
plants is of great interest for health (Ho and Jie, 2007).

Coreopsis tinctoria Nutt. (CT, Asteraceae) (Figure 1) is a
widely distributed medicinal plant in southern region of
Xinjiang Uygur Autonomous Region in China (Pan et al, 2012),
and its dry buds were used in the treatment of hypertension in
the Uyghur folk medicine (Cao et al, 2011). Previous studies
have also revealed that CT had the antihypertensive efficacy on
renal hypertensive rats and vasorelaxant effect in vitro (Ling
et al, 2013b; Sun et al, 2013). Although spontaneously
hypertensive rats (SHRs) were known as the model for
studying hypertension, neither of the previous researches
involved the use of CT in SHR, nor the cognizance of the
effect of the plant extract on angiotensin II (Ang II),
malondialdehyde (MDA), nitric oxide (NO), and expression of
various genes in vivo had been found. Therefore, the present
study was designed to evaluate the effects of the flavonoids
from the flower buds of CT (CT-F) in SHRs and to explore the
underlying mechanism of the antihypertensive activity.

Figure 1 Coreopsis tinctoria Nutt.
(from http://p0.so.qhimg.com/t0194d310{f68e98c4aa.jpg)

2. Materials and methods
2.1 Materials

The flower buds of Coreopsis tinctoria Nutt. were
collected in June, 2012 at Pishan county, Hetian region,
Xinjiang Uygur Autonomous
authenticated by Yang WJ, associate professor of Xinjiang

Region of China and

Institute of Materia Medica, China. A voucher specimen (No.
2008-P1CT) has been deposited in the herbarium of Xinjiang

Institute of Materia Medica. The radioimmunoassay kits for
quantifying Ang II in plasma were provided by Beijing North
Institute of Biological Technology (China). Kits for
quantifying MDA and NO were purchased from Nanjing
Jiancheng Chemical Factory (China). Captopril was obtained
from Shantou Jingshi Pharmaceutical Factory (China).
Methyl cyanides used for HPLC were of chromatographic
grade, and other chemicals used were of analytical grade from
commercial sources.

2.2 Extraction and identification of CT-F

The dried and powdered flower buds of C. tinctoria (2.0
kg) were consecutively extracted under reflux twice, with
95% and 50% ethanol respectively, and the solvent was
removed by evaporation under reduced pressure using
RE-3000 Rotary Evaporator (Yarong Biochemistry
Instrument Factory, China) to yield the ethanol extract. The
ethanol extract was purified by D-101 resin to obtain 10%,
30%, 50%, 70%, and 95% ethanol extracting eluates, among
which 50% ethanol extract (272.0 g, 13.6%) were rich in
flavonoids. The CT-F (100 mg) was dissolved in 50% ethanol
solution. The flavonoids were obtained by ultrasonic
extraction for 15 min at room temperature. The sample was
filtered on a 0.45 pm nylon membrane filter before injected
into LC-20A RP-HPLC (Shimadzu, Japan) on Inertsil ODS-3
Cig column (250 mm x 4.6 mm, 5 pum, Shimadzu, Japan) at
25 °C. The running conditions were as follows: injection
volume of 10 pL, mobile phase of methyl cyanides-0.4%
H;PO, (45:55) on a gradient run, flow rate of 1.0 mL/min,
and detection wavelength at 325 nm. The quantitative analysis
was performed using external standard method. The pure
standards of luteolin and quercetin (National Institutes for
Food and Drug Control) were used as standard to identify the
compounds, and the other standard substances were domestic
(purity > 98.0%). The flavonoids presented in the sample
were identified by comparing chromatographic peaks with the
retention time of individual standards and further confirmed
by co-injection with isolated standards.

2.3 Treatment of SHRs and Wistar-Kyoto rats

Twenty-four SHRs (9-10 weeks old, male, SPF,
weighing 240-260 g) and eight age-matched normotensive
Wistar-Kyoto rats (WKYRs) (male, SPF, weighing 260-280 g)
were purchased from Vital River Experiment Animal, Inc.
(China). All the animals were housed in a temperature-
controlled [(25 + 2) °C] room and allowed to acclimate for 1
week prior to the experiments. Rats were housed in groups of
two per cage in a room at a relative humidity of 40%—42%
with a 12 h light-dark cycle and were fed with a standard
laboratory diet. Distilled water was freely available to the
animals. The systolic blood pressure (SBP) was measured by
the tail-cuff method with a tail measurement device
(BP-300A, Chengdu TME Technology Co., Ltd., China). The
protocols were approved by the Ethics Materia Committee on
Animal Experiment, Xinjiang Institute of Medica.
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The SHRs were divided into model, captopril (40 mg/kg,
positive control), and CT-F (100 mg/kg) groups, and the
WKYRs were set as control group, eight in each group. The
SHRs were ig administered with the appropriate drugs
dissolved in distilled water. The SHRs in the model group and
WKYRs were ig administered with 10 mL/kg distilled water.
The blood pressure was measured respectively before
administration and on days 1, 2, 3, 5, 7, 14, 21, 28, 35, and 42
after administration using the tail-cuff method for all rats.

2.4 Determination of biochemical parameters

After 6 weeks of drug treatment, the rats were fasted but
given free access to water for 12 h before being sacrificed. All
the animals were ip anesthetized using pentobarbital sodium
(40 mg/kg), and then sacrificed immediately. The blood
samples were taken from the abdominal aorta and collected in
tubes with anticoagulants and coagulants respectively, and
centrifuged for 10 min at 3000 g using 3k30 High Speed
Refrigerated Centrifuge (Sigma, USA). The supernatants
were collected and then analyzed using radioimmunoassay
kits to determine the levels of Ang II by GC-2016y
Radio-immunity Counter (Keda Chuangxin Co., Ltd., China)
at the Nuclear Medicine Laboratory of Xinjiang Medicine
University. The concentration of NO and MDA was
determined using commercial kits according to the protocols

of manufacturers. The main tissues including thoracic aorta
and heart of each rat were immediately excised, adhering
tissues being trimmed, and fixed in 10% neutral-buffered
formaldehyde for histological study. The specimens were
embedded in paraffin, and the sections were stained with
hematoxylin-eosin (HE) for light microscopic obsevation. The
sections were examined and photographed using an Olympus
CX-31 Microscope. Three areas in each slide were randomly
chosen for microscope examination. The slides were further
examined and evaluated blindly by two investigators.

2.5 Reverse transcription and polymerase chain reaction

The total RNA was extracted from left ventricles using
RNA Pure Tissue Kit (Beijing Cowin Bioscience Co., Ltd.,
China). The reverse transcription reaction was performed
using high capacity ¢cDNA synthesis kit (Beijing Cowin,
China). The quantitative real time RT-PCR analyses of
angiotensin-converting enzyme (ACE), ACEII, angiotensin
type 1 receptor (AT1R), and TGF-f, in rats were performed
by using SYBR Green Kit (Fermentas, USA) on a Rotor-
Gene Q Real-time Quantitative PCR Analyser (Qiagen,
Germany). p-Actin was used for normalization. The
thermocycling program was as follows: denaturation at 95 C
for 5 min, 95 °C for 30 s, 60-63 °C for 30 s, 72 °C for 30 s for
35 cycles, and then 72 °C for 5 min (Table 1).

Table 1 Parameters of primer pairs for ACE, ACEII, AT1R, TGF-p,, and B-actin genes

. . Annealing
Targets Sequences Amplicon size / bp
temperature / °C
ACE Sense 5’-ATGCCTCTGCGTGGGACTTC-3’ 112 62
Antisense 5’-TACTGCACGTGGCCCATCTC-3’
ACE Il Sense 5’-AATCGTAGGCTCTGGGCTTGG-3’ 182 62
Antisense 5’-TTCGATCAACTGGTTTCGGTTGTA-3’
ATIR Sense 5’- TGGCACCATGGCTCTGAATTC -3’ 156 60
Antisense 5’-GACTTGCTAGACAGTAGTCATCAAGTTTC -3’
TGF-, Sense 5’-CTGTGGAGCAACACGTAGAACTCT -3’ 157 63
Antisense 5’-TGTATTCCGTCTCCTTGGTTCA -3’
B-actin Sense 5’-CCCTGTGCTGCTCACCGA-3’ 198 62
Antisense 5’-ACAGTGTGGGTGACCCCGTC-3’

2.6 Statistical analysis

Histological data were analyzed using IPP 5.0.2 software.
Quantitative data were expressed as X+ S, and all statistical
comparisons were made using a One-way ANOVA test by
SPSS 13.0. Differences were considered statistically significant
when P < 0.05 or 0.01.

3. Results

3.1 Compounds identification of CT-F by UV and
RP-HPLC

The HPLC results of CT-F (Figure 1) showed that the
compounds included flavanomarein (1, 6.20%), marein (2,
3.92%), quercetagetin-7-O-glucoside (3, 16.90%), quercetin

(4, 4.87%), luteolin (5, 2.31%), and coreopsis chalcone
(6, 1.63%), shown in Figure 2.

3.2 Antihypertensive effect of CT-F

As shown in Figure 3, the effects of CT-F 100 mg/kg on
SBP in SHRs for six weeks were measured. Seen from the
mean, systolic blood pressures of SHRs were significantly
higher compared with WKYRs before administration;
meanwhile there is no difference in SBP among the SHR
groups. After ig administration with CT-F (100 mg/kg) and
captopril (40 mg/kg) for six consecutive weeks, the SBPs of
SHRs were reduced gradually and reached a relatively stable
level at last. Furthermore, the SBP of SHRs in the treatment
groups were significantly lower than those of SHRs in the
model group (P <0.01).
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t/ min

Figure1 HPLC of CT-F

1: flavanomarein 2: marein 3: quercetagetin-7-O-glucoside
4: quercetin  5: luteolin  6: coreopsis chalcone

3.3 Effects of CT-F on Ang Il

Ang II could raise the blood pressure (BP) through
vasoconstriction and salt-water retention. As shown in Table 2,
after 6 weeks of treatment, the CT-F group showed lower
level of Ang II [(624.96 + 11.57) pg/mL] in plasma than that
of the model group [(1143.42 £ 37.56) pg/mL] (P < 0.01).

3.4 Effects of CT-F on NO and MDA in serum

As shown in Table 2, the MDA level in serum of model
group was much higher than that of WKYRs (P < 0.05). CT-F
improved the MDA activity in serum of SHRs, and the MDA
levels of SHRs were significantly decreased compared with the
model group (P < 0.05), but captopril decreased the MDA level

Figure 2 Structures of compounds 1-6

—— WKYR
26. —x—model
6.7 —e—captopril 40 mg-kg '
253

240 I
22.7
21.3
20.0
18.7 %
173
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SBP / kPa
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Figure 3 Effect of CT-F on SBPof SHRs (X + 5 ,n =8)
"P<0.05 “P<0.01vsmodel group

of SHRs in serum compared with the model group (P > 0.05).
NO levels were apparently reduced in SHR compared to
WKYRs (P < 0.05) (Table 2). However, CT-F treatment
restored the NO levels in SHR, which were significantly
increased compared with the model group (P < 0.01).

3.5 Effects of CT-F on thoracic aorta histology

The increase in media thickness is a marker of structural
modifications of aorta walls which is directly related to the
higher pressure. As shown in Figure 4, thickening of the
aortic media was clearly observed in the arteries of SHRs in
the model group [(120.13 + 7.56) um]. In contrast, the CT-F
treated SHR exhibited thinner media thickness [(78.57 = 4.11)
um] (P <0.05).

3.6 Effects of CT-F on myocardium oxidation necrosis

Hypertension-induced cardiovascular damage could
generate destructive oxidants and oxygen free radicals, which
could induce myocardium oxidation necroses. As shown in
Figure 5, the SHRs were notably ameliorated after treated
with CT-F and captopril.

3.7 Effects of CT-F on expression of ACE, ACE I, AT1R,
and TGF-61

As shown in Figure 6, compared with WKYRs group,
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Table 2 Effects of CT-F on Ang II in plasma and NO and MDA levels in serum of rats (X + 5 ,n = 8)

Groups Dose / (mgkg™) Ang IT/ (pgrmL™") NO / (umol-L™") MDA / (nmol-mL ")

WKYRs - 45400+ 9.57” 3424+3.99 3.64+0.15"

model - 1143.42 + 37.56™ 21.22 +3.54% 446+0.127

captopril 40 574.63+ 5.557% 35.81£5.19° 425+0.14%

CT-F 100 624.96 + 11.57"" 41.93+3.41" 3.96+0.17"
P<0.05 "P<0.01vsmodel group; P <0.05 *P<0.01vs WKYRs group; same as below

WKY SHR

captopril CT-F

Figure 4 Effects of CT-F on media thickness of aortas in rats (HE staining)

SHR

captopril CT-F

Figure 5 Effect of CT-F on myocardium oxidation necrosis of SHRs (HE staining)
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ACE ACE H
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Figure 6 Effects of CT-F on mRNA expression of ACE, ACE II,
ATIR, and TGF-B, in left ventricles of SHRs (X £ s ,n=8)

ACE 1I in the model group was lower (P < 0.05), but the
expression of ACE, AT1R, and TGF-f; was higher (P < 0.05).
Compared with the model group, the expression of ACE II in
both captopril and CT-F groups was higher (P < 0.05), but
those of ACE, AT1R, and TGF-B1 were lower (P < 0.05).

4, Discussion

The flower buds of Coreopsis tinctoria Nutt. (CT) have
demonstrated many beneficial effects, including anti-
hypertensive activity and reducing hyperglycemia in diabetic
patients (Teresa et al, 2010; Luis et al, 2011). The ethanol
extracts from the flower buds of CT have a high amount of
flavanone, and

natural flavonoids, including chalcone,

flavone (Zhu et al, 2006; Jing et al, 2012), which are
considered to mainly contribute to the health benefits of CT.
However, it is important to note that not all flavonoids exhibit
the same bioactivity (Shi and Xiao, 2009; Gao et al, 2009; Fu
et al, 1980). This fact necessitates the characterization of the
flower buds of CT to identify their bioactive constituents. In
this study, the reverse-phase HPLC analysis of the individual
CT-F revealed that the most abundant CT-F was
quercetagetin-7-O-glucoside (16.90%), successively followed
by flavano-marein (6.20%), quercetin (4.87%), marein (3.92%),
luteolin (2.31%), and coreopsis chalcones (1.63%).

In this study, SHR was chosen as a model for studying
hypertension since the high BP is genetic and idiopathic, and
WKYRs were also used specifically as control to SHRs.
Based on the previous study, we chose only one dose of CT-F
(100 mg/kg), which is the most effective dose in a clinical
effective dose range (Ling et al, 2013a). Our results showed
that daily ig administration of CT-F caused notable decline in
SBP after 3 d and the persistent hypotensive effect was
observed in the following 39 d. Meanwhile, CT-F was able to
stably lower the plateau SBP. At the end of this experiment,
CT-F and captopril groups exert the same therapeutic effect
(P>0.05).

Further observation was conducted to explore the
possible mechanisms of CT-F in lowering BP in this study.
The association of free radical production, lipid peroxidation,
oxidative stress, and hypertension was well known (Martinez-
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Revelles et al, 2013). It was reported that the vascular
oxidative stress played a major role in pathogenesis of
hypertension (Popolo et al, 2013; Sahoko, 2013).
Hypertension-induced cardio-vascular damage could generate
destructive oxidants and oxygen free radicals, which could
increase BP through decreasing NO bioavailability and result
in reactive oxygen species (ROS)-mediated cardiovascular
remodeling (Zhang et al, 2010). Previous studies showed that
CT exerts anti-oxidative activity that could scavenge the
hydroxyl radical (OH), superoxide radical (O*), and DPPH
radical in vitro (Cao et al, 2011; Luis et al, 2011). The present
results showed that treatment with CT-F significantly reduced
the MDA level in serum and the thoracic aorta media
thickness in SHRs. The MDA level in serum reflected
probably general indexes of oxidative status and lipid
peroxidation (Dmitriev and Titov, 2010), therefore, the anti-
hypertensive effects of CT-F may be associated with a
reduced oxidant status due to its anti-oxidative properties.
Previous studies disclosed that the CT had the

significant role in dilation on blood vessels (Sun et al, 2013).

NO played a relaxation role on various blood vessels, which
reduced peripheral vascular resistance. Studies showed that
NO could diffuse to nearby smooth muscle cells (SMCs)
and increase the cytoplasmic level of cyclic guanosine
monophosphate (cGMP), which could dilate SMCs via
various ways and lead to hypotension (Murad, 1986). Our
results showed that CT-F administration could significantly
elevate the level of NO in serum.

In hypertension, the increased vascular resistance could
result in basic haemodynamic abnormality, which was due not
only to vasoconstriction, but also to structural changes in the
arterial wall (Saleh and Jurjus, 2001). The increase in media
thickness is a marker of structural modifications characterized
by SMC hypertrophy and fibrosis which is directly related to
higher pressure (Simon et al, 2002). Pharmacologic treatment
in SHRs could attenuate the hypertensive structural changes
in large arteries, and this effect is associated with a reduction
in BP. (Frantisek et al, 2013). The data suggested that CT-F
could ameliorate some vascular histopathologic changes, thus
the diminished aortic media thickness could be consequences
of the reduction in BP.

As a leading cause of death and disability worldwide, the
rennin angiotensin system (RAS) plays an important role in
the pathophysiology of CVD (Bos, 2011). Within the RAS,
the ACE converts Ang I into the vasoconstrictor Ang II, the
main effector of the system, which mediates its effects via the
ATIR. Ang II has the actions to raise BP through
vasoconstriction and salt-water retention, and contributes to
cardiac remodeling, inflammation, thrombosis, and plaque
rupture (Louise et al, 2013). The Ang II level was higher in
SHRs (Ryohei et al, 2013). Recent studies reported that ACE
II was an important regulator of cardiac pathophysiology
(Yamamoto et al, 2006). In this study, the influence of CT-F
on the Ang II level and mRNA expression of RAS-related
gene in plasma of SHRs were observed. Our experimental
data showed that CT-F could down-regulate Ang II in plasma,
and the expression of ACE, ATIR, and TGF-B1 in the left

ventricles, but up-regulate ACE II.
Hypertension-induced progressive accumulation of
interstitial collagen fibers may disrupt myocyte alignment and
impair the cardiac contractile function (Lopez et al, 2006). In
this respect, growing evidence indicates that transforming
grown factor-p (TGF-B) is involved in the progression of
cardiac hypertrophy to heart failure (Spinale, 2007). TGF-f is
an important mechanism for the transition of fibroblasts to
myofibroblasts, thus promoting fibrosis. The present data

show that CT-F has a descent effect on TGF- mRNA.
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Introduction of Cover Picture

Coreopsis tinctoria Nutt. or calliopsis, is an annual forb. The plant is
common to Canada, Northeast Mexico, much of the United States, especially
the Great Plains and Southern states where it is often called “calliopsis”. It
often grows in disturbed areas such as roadsides and cultivated fields.

Growing quickly, Coreopsis tinctoria plants attain heights of 12 to 40
inches (30-100 cm). Leaves are pinnately-divided, glabrous and tending to thin

at the top of the plant where numerous 1 to 1.5 inches (2.5 to 4 cm) flowers sit

atop slender stems.

Flowers are brilliant yellow with maroon or brown centers of various

sizes. Flowering typically occurs in mid-summer. The small, slender seeds germinate in fall (overwintering as a low rosette) or

early spring. The Zuni people use the blossoms of the tinctoria variety to make a mahogany red dye for yarn. This variety was

formerly used to make a hot beverage until the introduction of coffee by traders. Women also use an infusion of whole plant of

this variety, except for the root if they desire female babies.

(Photo provided by Qiang Yang)



