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ABSTRACT: This study investigates the antihypertensive effect of a Chinese herbal formula (Salvia miltiorrhiza
compound recipe, SMCR) and analysed its underlying mechanisms of action using hypertensive male Sprague Dawley
rats. Hypertension was induced by the addition of 5% fructose to drinking water and placing the rats on a high-fat
and high-salt diet. The animals were divided into six groups of eight rats each: the untreated control group, a high
hypertensive group (HMG), SMCR three-dose groups (LDG, MDG, HDG), and a captopril positive control group. Body
weight, systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate were measured once a fortnight. At
the end of the study, a number of indicators related to hypertension were detected. Kidney tissue was stained using H&E.
The hypertension model was successfully established by the high-fructose, high-salt and high-fat diet. Compared with
the model group, SMCR could reduce SBP and DBP, and decrease the levels of renin, AngII, ET-1, TG, total cholesterol,
LDL-C, left ventricular hypertrophy index, HW/BW, uric acid, and insulin (p < 0.05). SMCR could increase the levels
of nitric oxide, eNOS and HDL-C (p < 0.05). There was no effect on weight or heart rate (p < 0.05), and there were no
pathological changes in the kidney. The analysis of the experimental data shows that the SMCR has a significant effect
on reducing hypertension, regulating abnormal lipid metabolism, and slightly affects insulin and uric acid levels.
KEYWORDS: diet-induced hypertensive rat model

INTRODUCTION
Hypertension is a disease condition characterized by
increased arterial blood pressure, the pathogenesis
of hypertension includes multiple organs involving
the cardiorenal system. It is considered one of
the main cardiovascular risk factors, being one of
the most frequent reasons for medical consultation,
both in primary care and in hospital emergency
departments 1 . There are about 250 million hypertensive patients in China. The rising prevalence
rate is correlated with a great increase in fast food
consumption with high diet content of fat and salt
and a dramatic increase of fructose intake in the
last 100 years 2 . High salt stimulation damaged the
activity of Na+ -K+ pump in vascular smooth muscle
cells, which led to the increase of Na+ concentration
in vascular smooth muscle cells and the activation of
Na+ -Ca+ exchanger, resulting in an increase of Ca+
concentration in vascular smooth muscle cells and

the depolarization of cell membrane. Eventually,
vascular smooth muscle cells contract and blood
pressure rises 3, 4 . In addition, high-salt diet can
also cause oxidative stress 5 , vascular endothelial
dysfunction, and inflammatory response 6 . High fat
diet cannot only cause fat deposition and obesity,
but also increase the level of saturated fatty acids in
the human body, thus making the triglyceride and
cholesterol contents increase, which is related to the
development of hypertension. Unlike other sugars,
fructose rapidly causes adenosine triphosphate depletion and results in nucleotide turnover with generation of uric acid 7 . Evidence from animal models
supports the pathogenetic role of hyperuricaemia in
the progression of hypertension and renal disease
and its role as a causal risk factor for cardiovascular
disease 8 . High fructose diets also affect triglyceride
levels 9, 10 , lead to insulin sensitivity, and induce
insulin resistance 11, 12 ; it is a harmful factor for the
occurrence and development of hypertension.
www.scienceasia.org
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In China, Traditional Chinese Medicines have
been used to treat cardiovascular diseases, especially hypertension. Abundant studies had been
done on single herbal medicine, but many traditional Chinese medicine formulae were generally
used according to experience, without scientific experimental evidence, so it is not clear whether there
is a therapeutic effect and how they work. Thus
this article will study a traditional Chinese medicine
compound which called Salvia miltiorrhiza compound recipe (SMCR). This formula is a traditional
Chinese medicine prescription for treating hypertension. It contains dried mature seeds of Cassia
tora, Leguminosae (semen cassiae torae), Crataegus, Rosaceae (hawthorn), dried roots of S. miltiorrhiza Bge., Lamiaceae (S. miltiorrhiza), dried
roots and rhizomes of Panax notoginseng (Burk.)
F.H.Chen, Araliaceae (pseudo-ginseng), and dried
rhizomes of Ligusticum chuanxiong Hort., Umbelliferae (L. chuanxiong) at a ratio of 1:1:3:2:1 (w/w).
Hence the aim of this study is to build a successful
hypertensive rat model, induced by high-fructose,
high-salt and high-fat diet, and to study the antihypertensive effect and potential mechanism of SMCR.

jing, China). All other reagents used throughout
this study were of analytical grade and were obtained from Sinopharm Chemical Reagent (Shanghai, China).

MATERIALS AND METHODS

Rats were allowed access to water ad libitum and
a standard laboratory diet (60% cereals, 33% protein, 3% grease, 4% amino acids). After acclimation for 1 week, the rats were divided into two
groups: control group (CG, n = 8), hypertensive
group (HG, n = 40). Throughout the experiment,
rats in the CG were fed the standard laboratory
chow diet for 14 weeks, while rats in the HG
(n = 40) were given 10% of fructose water and
fed a high-salt and high-fat diet (63% standard
laboratory diet with 20% lard added, 12% egg,
5% salt, prepared in our laboratories) for 8 weeks
and then randomly divided into five groups (n = 8
each): hypertension model group (HMG), SMCRtreated hypertension groups which including SMCRlow-dose group (LDG), SMCR-middle-dose group
(MDG), and SMCR-high-dose group (HDG), and
captopril positive control group (CPCG). The five
groups were still fed a high-fructose, high-salt, and
high-fat diet for 6 weeks.
Starting from the ninth week, CG and HMG
were treated by gastric gavage with distilled water
at dose of 100 mg/kg. LDG, MDG, and HDG were
treated by gastric gavage with SMCR at doses of 1.5,
3, and 6 g kg−1 d−1 . CPCG was treated by gastric
gavage with captopril at dose of 7.5 mg kg−1 d−1 .
Samples were treated by gastric gavage into rats
continuously once per day (at 9:00 am) for 6 weeks.

Preparation of the plant extract
Semen cassiae torae (ST), hawthorn (HR), S. miltiorrhiza (SM), pseudo-ginseng (PG), and L. chuanxiong (LC) were purchased from a local drugstore,
namely, Hefei Big Pharmacy (Hefei, China). SMCR
was prepared by mixing ST, HR, SM, PG, and LC
at 1:1:3:2:1 wt ratio. Herbs were ground into
powder and soaked with 4-fold volume of boiling
water at 100 °C for 1 h. The process was repeated
twice. The aqueous extract was filtered, pooled and
further concentrated by rotary evaporation at 60 °C
under reduced pressure. Concentrated extract was
lyophilized into powder and stored in desiccators at
room temperature.
Chemicals and reagents
Captopril were purchased from a local drugstore,
namely, Hefei Big Pharmacy (Hefei, China). Assay kits for determination of biochemical parameters, including nitric oxide (NO), uric acid (UA),
total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), renin, Angiotensin
II (AngII), endothelins-1 (ET-1), insulin, and nitric oxide synthase (eNOS) were purchased from
Nanjing Jiancheng Biotechnology Institute (Nanwww.scienceasia.org

Experimental animals
Male Sprague Dawley rats (5-week old, body weight
140–160 g) were purchased from the Experimental
Animal Centre of Anhui Medical University (Hefei,
China), animal license is No. SCXK (Anhui, China)
2017-001. During the experiments, the rats were
housed in polypropylene cages under controlled
environmental conditions (temperature of 23 ± 2 °C
and relative humidity of 40–60%) and a 12 h/12 h
light/dark cycle. Before starting the experiment,
the rats were acclimatized for one week. During
the whole experiment, all the animals were treated
according to the guidelines of the National Institute
of Health, which is targeted at the care and use of
laboratory animals, and their experimental use was
approved by the Animal Ethics Committee of Hefei
University of Technology.
Experimental design
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Fig. 1 (a) Effect of high-fructose, high-fat, and high-salt diet on the body weight of hypertensive rats from 0 weeks to
8 weeks. (b) Effect of SMCR on the body weight of hypertensive rats from 8 weeks to 14 weeks. In this figure and the
following, data are shown as mean ± SD (n = 8).

Systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR) were measured by
tail-cuff method using the ZH-HX-Z series rat tail
blood pressure system (Anhui Zhenghua Biological
instrument equipment Co., Huaibei, China), once a
fortnight, on the 0, 2, 4, 6, 8, 10, 12, and 14 weeks
during the experiments. Body weight was also
measured once a fortnight.

was collected and immersed in 4% formaldehyde
for 48 h and then removed and dehydrated before
embedding. The paraffin-embedded tissues were
cut into 5-µm sections, stained with haematoxylin
and eosin (HE) according to standard techniques
and observed under an optical microscope at 100×
for detecting the degree of pathological changes and
recovery.

Determination of biochemical parameters

Statistical analysis

At the end of the six weeks, the rats were anaesthetized via urethane (20% concentration, 1.5 g/kg)
intraperitoneal injection. The anaesthetized rats
were fixed on the operating table, abdominal aorta
was exposed to collect blood, meanwhile, the kidney
and heart were quickly removed, washed, and blotted for further use. Part of the obtained blood was
placed at 4 °C for about 3 h. After blood clotting
and centrifugation (1000g, 4 °C, 15 min), serum
was used for NO, TG, TC, LDL-C, HDL-C, insulin,
and UA detection using commercially available kits.
The rest of the blood was collected in EDTA anticoagulant tube. After centrifugation (1000g, 4 °C,
15 min), plasma was used for ET-1, AngII, renin, and
eNOS detection using the commercially available
kits. The whole heart was weighed, and the atrium,
the large vessels, and pericardial tissues were removed. The left ventricle including ventricular septum was separated along the interventricular septum, cleaned with filter paper, drained, and moisture was added. The left ventricular portion including the ventricular septum weight was measured
and the heart coefficient and left ventricular hypertrophy index were calculated. Fresh kidney tissue

The experimental data were expressed as a
mean ± standard error. All the statistical analyses
including one-way ANOVA and Duncan’s test were
processed using IBM SPSS STATISTICS 22.0. The
differences were considered significant at p < 0.05
and p < 0.01.
RESULTS
Effect of SMCR on the body weight of
hypertensive rats
Changes in the body weight of rats were investigated once a fortnight. As shown in Fig. 1, the
body weight of rats in all the groups had increased
with increasing days throughout the experiment.
However, high-fructose, high-fat, and high-salt diet
feeding led to a significant increase in body weight
compared with those in CG group since the fourth
week (p < 0.01, Fig. 1a). After 6 weeks of treatment, SMCR and captopril administration cannot
slow down body weight gain, and there was no significant difference compared with the HMG group
(p < 0.05, Fig. 1b) Thus the body weight values of
the treatment groups were significantly higher than
that of the CG (p < 0.01, Fig. 1b).
www.scienceasia.org
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Fig. 2 (a) Effect of high-fructose, high-fat, and high-salt diet on the systolic blood pressure of hypertensive rats from
0 weeks to 8 weeks. (b) Effect of SMCR on the systolic blood pressure of hypertensive rats from 8 weeks to 14 weeks.
Legend as in Fig. 1.
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Fig. 3 (a) Effect of high-fructose, high-fat, and high-salt diet on the diastolic blood pressure of hypertensive rats from
0 weeks to 8 weeks. (b) Effect of SMCR on the diastolic blood pressure of hypertensive rats from 8 weeks to 14 weeks.
Legend as in Fig. 1.

Effect of SMCR on systolic blood pressure of
hypertensive rats

the best and fastest.

Changes of systolic blood pressure (SBP) in rats before and after intragastric administration are shown
in Fig. 2, and the SBP of rats were investigated once
a fortnight. The SBP of the CG remained nearly
unchanged during the entire experimental period.
The HG had a significant increase in SBP compared
with the CG because of the high-fructose, high-salt,
and high-fat diet feeding (p < 0.01, Fig. 2a). From
the ninth week, gastric administration began, and
after 6 weeks of gastric administration, though the
SBP of the treatment group was significantly higher
than that of the CG (p < 0.01, Fig. 2b). It was also
significantly lower than that of the HMG (p < 0.01,
Fig. 2b) and the antihypertensive effect of CPCG is

Effect of SMCR on diastolic blood pressure of
hypertensive rats

www.scienceasia.org

Changes of diastolic blood pressure (DBP) in rats
before and after gastric administration are shown
in Fig. 3. The DBP of rats were investigated once
a fortnight. The DBP of the CG showed only slight
fluctuation during the entire experimental period.
The HG had a significant increase in DBP compared
with the CG because of the high-fructose, high-salt,
and high-fat diet feeding (p < 0.01, Fig. 3a). From
the ninth week, gastric administration began, and
after 6 weeks of gastric administration, though the
DBP of the treatment group was significantly higher
than that of the CG (p < 0.01, Fig. 3b), it was also
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Fig. 4 (a) Effect of high-fructose, high-fat, and high-salt diet on the heart rate of hypertensive rats from 0 weeks to
8 weeks. (b) Effect of SMCR on the heart rate of hypertensive rats from 8 weeks to 14 weeks. Legend as in Fig. 1.
Table 1 Effect of SMCR on TC, TG, LDL-C, HDL-C, LVHI and HW/BW of hypertensive rats (n = 8).
Group
CG
HMG
LDG
MDG
HDG
CPCG
*

TG (mmol/l)
0.61 ± 0.09
2.98 ± 0.12**
2.43 ± 0.09** ##
2.09 ± 0.10** ##
1.39 ± 0.12** ##
2.94 ± 0.13**

TC (mmol/l)
1.36 ± 0.08
2.16 ± 0.15**
1.90 ± 0.09** ##
1.76 ± 0.07** ##
1.53 ± 0.08* ##
2.08 ± 0.07**

LDL-C (mmol/l)

HDL-C (mmol/l)

0.58 ± 0.11
1.29 ± 0.11**
1.06 ± 0.08** ##
0.93 ± 0.07** ##
0.69 ± 0.05* ##
1.27 ± 0.08**

1.18 ± 0.08
0.82 ± 0.04**
0.89 ± 0.04**
0.97 ± 0.04** ##
1.09 ± 0.10* ##
0.85 ± 0.07**

LVHI (mg/g)
1.96 ± 0.05
2.65 ± 0.20**
2.59 ± 0.22**
2.14 ± 0.12##
2.04 ± 0.17##
2.54 ± 0.04**

HW/BW (%)
0.29 ± 0.01
0.35 ± 0.02**
0.33 ± 0.02** ##
0.28 ± 0.05##
0.29 ± 0.02##
0.34 ± 0.05**

p < 0.05 and ** p < 0.01 as compared with CG; # p < 0.05 and ## p < 0.01 as compared with HMG.
Data are mean ± SD (n = 8).

significantly lower than that of the HMG (p < 0.01,
Fig. 3b). The antihypertensive effect of CPCG was
similar to that of HDG.
Effect of SMCR on heart rate of hypertensive
rats
Changes of heart rate (HR) in rats before and after
intragastric administration are shown in Fig. 4. The
HR of rats were investigated once a fortnight. As
shown in Fig. 4, The HR of the rats showed only
slight fluctuation during the entire experimental
period. Before and after gastric administration,
there was no significant different in the HR of rats
in the treated groups compared with those in CG
(p > 0.05, Fig. 4a, 4b). This indicated that SMCR
have no significant effect on the HR of rats.
Effect of SMCR on TC, TG, LDL-C, HDL-C, LVHI
and HW/BW of hypertensive rats
In Table 1, it was found that the TG, TC, LDL-C,
left ventricular hypertrophy index (LVHI) and heart
weight/body weight (HW/BW) of the HMG was significantly higher than that of CG (p < 0.01), and the

HDL-C was significantly lower than that of CG (p <
0.01). This suggests that high fructose, high-salt
and high-fat diet caused lipid metabolism disorder
and myocardial abnormality. After administration
of drugs, the TC, TG, LDL-C, LVHI, and HW/BW in
SMCR groups were significantly lower than that of
HMG (p < 0.01). Meanwhile, the HDL-C in MDG
and HDG were significantly higher than that of HMG
(p < 0.01). The CPCG has little effect on TG, TC,
LDL-C, HDL-C, LVHI, and HW/BW (p < 0.05).
Effect of SMCR on renin, AngII and ET-1 in
hypertensive rats
In Fig. 5, the plasma renin level in the HMG was
significantly higher than that in the CG (p < 0.01).
Although there was a significant difference between
the CG and the SMCR treatment groups (p < 0.01),
the plasma renin level in the SMCR treatment
groups were significantly lower than that in the
HMG (p < 0.01). The effect of the CPCG was the
best. The declined ratios of renin levels in the SMCR
treatment groups were in the range of 8% to 18%.
Comparing the renin levels with the different doses
www.scienceasia.org
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of the SMCR treatments, in the high-dose groups
were significantly lower than those in the low-dose
groups (p < 0.01). HDG declined by 11% compared
with LDG.
In Fig. 6, the plasma AngII level in the HMG was
significantly higher than that in the CG (p < 0.01),
although there was a significant difference between
the CG and the treatment groups, the plasma AngII
level in the treatment groups were significantly
lower than that in the HMG (p < 0.01). The effect of
the CPCG was the best. The declined ratios of AngII
levels in the treatment groups were in the range of
15% to 38%. Comparing the AngII levels with the
different doses of the SMCR treatments, in the highdose groups were significantly lower than those in

HMG

LDG

CPCG

Fig. 7 Effect of SMCR on ET-1 in hypertensive rats.

the low-dose groups (p < 0.01). HDG declined by
28% compared with LDG. The effect of the HDG
was similar to that of the CPCG, and there was no
significant difference.
In Fig. 7, the plasma ET-1 level in the HMG
was significantly higher than that in the CG (p <
0.01). After treatment, the plasma ET-1 level was
significantly reduced compared with the HMG (p <
0.01). The declined ratios of ET-1 levels in the
treatment groups were in the range of 31% to 38%.
Comparing the ET-1 levels with the different doses
of the SMCR treatments, there was no significant
difference between the HDG and LDG. The effect of
the CPCG was similar to that of the LDG, although
the level of ET-1 was decreased, it was significant
compared with the CG (p < 0.05).
In conclusion, SMCR can reduce the level of
renin, AngII, and ET-1 in the plasma of hypertensive
rats induced by high-fructose, high-salt, and highfat.
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Fig. 6 Effect of SMCR on AngII in hypertensive rats.
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Fig. 8 shows that the serum nitric oxide (NO) level
in the HMG was significantly lower than that in
the CG (p < 0.05). After treatment, there was no
significant difference between the treatment groups
and the CG. The increased ratios of NO levels in the
SMCR treatment groups were in the range of 18% to
52% compared with the HMG. The serum NO level
in the HDG and CPCG were significantly higher than
that in the HMG (p < 0.05).
In Fig. 9, the plasma eNOS level in the HMG
was significantly lower than that in the CG (p <
0.01), although there was a significant difference
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MDG (p < 0.05) and HDG (p < 0.01) had a significant decrease compared with the HMG, meanwhile,
there was no significant change in the LDG and
CPCG compared with the HMG.
In addition, compared with the CG, the serum
uric acid (UA) level in the HMG increased significantly (p < 0.05), but there was no significant
difference between the treatment groups and the
CG. Meanwhile, there was no significant difference
between the treatment groups and the HMG.
Histopathological observations in kidney tissue
sections
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Fig. 9 Effect of SMCR on eNOS in hypertensive rats.

between the CG and the treatment groups, the
plasma eNOS level in the treatment groups were
significantly higher than that in the HMG (p <
0.01). The increased ratios of eNOS levels in the
treatment groups were in the range of 61% to118%.
Comparing the eNOS levels with the different doses
of the SMCR treatments, there was no significant
difference between the HDG and MDG, but there
was significant difference between the HDG and
LDG, HDG increased by 35% compared with LDG.
The effect of the CPCG was similar to that of the
MDG. The effect of the HDG was the best.
Effect of SMCR on insulin and UA in
hypertensive rats
In Table 2, compared with the CG, the insulin level
in all the treatment groups increased significantly
(p < 0.01). After intragastric administration, the

In Fig. 10, the results showed that high-fructose,
high-salt, and high-fat diet had no significant effect
on the kidney; the kidney showed no pathological
changes and had only slight cell oedema. This might
be that it was a long-term process of organ lesion. In
this study, although the blood pressure rises quickly,
the modelling process is short, so there were no
lesions.
DISCUSSION
In the present study, we proved that the traditional
Chinese medicine prescription of SMCR can significantly reduce SBP (Fig. 2) and DBP (Fig. 3) in
hypertensive rats. The effect of the highest dose
of lowering blood pressure was the same as that
of captopril, a common antihypertensive drug. We
also found that SCMR had no significant effect on
body weight (Fig. 1) and heart rate (Fig. 4). To
find out the possible mechanism of SMCR decreasing hypertension, the related factors in the blood
were detected, and the heart and kidneys were also
investigated.
First, we refer to the renin-angiotensin-aldosterone system, whose changes play a major role
in the control of hypertension, and antagonists or
inhibitors acting on the RAAS system are effective
www.scienceasia.org
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Fig. 10 Kidney tissue morphology of sections dyed with H&E at 100×. (a) CG, the control group; (b) MG, the
hypertensive model group; (c) LDG, the SMCR-low-dose group; (d) MDG, the SMCR-middle-dose group; (e) HDG,
the SMCR-high-dose group; (f) CPCG, captopril positive control group.

in the treatment of hypertension 13 . Meanwhile,
changes in the structure and function of blood vessels associated with hypertension 14 , which is also
related to the over-activation of RAAS system 15 .
In this study, SMCR decreased the levels of renin
(Fig. 5) and AngII (Fig. 6) in the plasma, and significantly regulated the symptoms of left ventricular hypertrophy (Table 1). This is consistent with
previous studies, which reported that S. miltiorrhiza
and L. chuanxiong can regulate the RAS system
and reduce the level of renin and AngII, mainly by
regulating the mRNA expression of renin and AngII
in myocardium and aorta 16, 17 . There were reports
which suggest that the regulation of S. miltiorrhiza
on left ventricular hypertrophy in rats may be related to the adjustment and improvement of local
catecholamine and oxygen free radical metabolism
in the heart, and may also be related to the inhibition of metabolism of RAS in vivo 18 . Other studies
have shown that P. notoginseng saponins can regulate the RAS system, increase left ventricular systolic
and diastolic function, reduce peripheral resistance,
and protect and improve cardiac function in rats 19 .
Secondly, the occurrence of hypertension is also
related to a variety of active substances which is
secreted by vascular endothelial cells. NO and ET1 are the two main endothelium-derived vasoactive factors, and they have opposite effects. NO
can dilate blood vessels, regulate blood pressure,
improve regional blood flow, inhibit platelet agwww.scienceasia.org

gregation and inhibit smooth muscle cell proliferation. Endothelial nitric oxide synthase (eNOS) is the
only rate-limiting enzyme for the production of NO.
The endothelium-dependent vasodilation induced
by endothelium-mediated vasodilation can disappear after given the inhibitor of eNOS. ET-1 is the
strongest vasoconstrictor and pressure substance.
Vascular endothelium regulates vascular function by
regulating the balance of ET-1 and NO. In this
study, SMCR decreased the level of ET-1 (Fig. 7), increased the levels of eNOS (Fig. 9) and NO (Fig. 8),
which was consistent with the previous studies.
S. miltiorrhiza extract can improve atherosclerotic
thrombosis in vitro and in vivo through endothelial nitric oxide synthase and cyclooxygenase pathway 20 . Injection of compound S. miltiorrhiza can
improve vascular endothelial function in patients
with coronary heart disease. One of its mechanisms
is to regulate the mRNA expression of endothelial
nitric oxide synthase and ET-1 21 . We therefore
studied the effects of SMCR on blood lipids, insulin
and UA. Dyslipidaemia is mainly related to highfat and high-sugar diets. Insulin and UA abnormalities are mainly associated with high fructose
diets. Unlike other sugars, fructose can quickly
lead to the consumption of adenosine triphosphate,
leading to the conversion of nucleotides to uric
acid. In this study, TG, TC, LDL-C (Table 1) and
insulin (Table 2) decreased significantly, while HDLC (Table 1) increased after administration. Mean-
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while, there was no significant change in uric acid
(Table 2). These may be related to the activity
of Cassia seed and hawthorn. Semen cassiae may
regulate hepatic lipid homoeostasis by enhancing
the phosphorylation of AMP-activated protein kinase (AMPK) and its primary downstream targeting enzyme, acetyl-CoA carboxylase, up-regulating
the gene expression of carnitine palmitoyl transferase1, and down-regulating sterol regulatory element binding protein1 and fatty acid synthase
protein levels 22 . Hawthorn leaf extract increased
the gene expression of peroxisome proliferator activated receptor α, down-regulated sterol regulatory
element binding protein-1cr, and increased the gene
expression of superoxide dismutase 1, superoxide
dismutase 2, and glutathione peroxidase 3 23 . S. miltiorrhiza have also been proved to have protective
effects on insulin resistance, mainly by reducing
oxidative stress 24 . Some research had proved that
vasorelaxant action was produced primarily by inhibition of Ca2+ influx in the vascular smooth muscle
cells and a small component was mediated by the
opening of K+ channels 25 .
In conclusion, our results showed that SMCR
could significantly reduce blood pressure, improve
left ventricular hypertrophy and regulate lipid and
insulin abnormalities in hypertensive rats. SMCR
is a compound drug with multi-target coordination effect. The results suggest that its possible
mechanism of lowering blood pressure might be
to regulate the mRNA expression of renin, AngII,
ET-1 and eNOS in myocardium and aorta, inhibit
lipids accumulation via the activation of AMPK, up
regulate the expression of carnitine palmitic transferase1, down regulate the sterol regulator element
binding protein1 and fatty acid synthase, and inhibit
the calcium influx in vascular smooth muscle cells.
These findings may provide theoretical evidence for
SMCR to be used scientifically.
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