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Abstract 

Rhizome of Ligusticum chuanxiong Hort. (LC), also known as Chuanxiong, is a very 

common herb widely used to treat cardiovascular and cerebrovascular diseases. It is 

also used as a major ingredient in soups for regular consumption to promote good 

health. To study the protective effect of LC ethanolic extract (LCEE, 600 mg/kg/day, 

p.o.) on the integrity of the vascular system, ovariectomized (OVX) rats were fed with 

a high-fat diet (HFD) plus LCEE for 12 weeks. The animal model mimics the 

dyslipidemic condition seen in postmenopausal women. LCEE was found to 

significantly reduce the body weight gain, improve serum lipid profiles (lowering 

total cholesterol and low density lipoprotein cholesterol but raising high density 

lipoprotein cholesterol) and protect vascular endothelium in the HFD-fed OVX rats. It 

is postulated that LCEE could provide its vascular protective effect through multiple 

targets by (1) improving serum lipid profiles to reduce the detrimental effects given 

by cholesterol; (2) reducing ROS level inside the body via enhancing hepatic 

anti-oxidative activity or antioxidant level to scavenge the reactive oxygen species 

generated in the postmenopausal hypercholestemic condition; (3) stimulating 

eNOS-derived nitric oxide production; and (4) counteracting the up-regulation of 

inflammatory cytokine (TNF-α, VCAM-1 and ICAM-1) expressions so as to reduce 

endothelium damage. 

 

 

 

Keywords: Ligusticum chuanxiong Hort.; vascular reactivity; antioxidant; high-fat 

diet; ovariectomized rat 
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1. Introduction  

It is well-known that the vascular endothelium plays a pivotal role in the local 

regulation of vascular tone.
1
 Endothelium injury characterized by abnormal 

endothelium-dependent vasorelaxation can result from the disruption of normal 

vascular homeostatic balance and clinically significant cardiovascular diseases such 

as atherosclerosis, thrombus and coronary heart disease.
1
 Current research findings 

have suggested that oxidative stress alters many vascular functions including 

endothelium-dependent vasorelaxation tone.
2
 Epidemiological studies have shown 

that postmenopausal women have a higher risk of developing cardiovascular diseases 

than premenopausal women partly because of estrogen deficiency-induced oxidative 

stress.
3,4

 Hormone therapy in postmenopausal women not only relieves 

postmenopausal syndrome but also exerts beneficial effects on serum lipid profiles 

and vascular endothelial function.
5,6

 However, recent findings have shown that 

exposure to estrogen is associated with increased risks of breast and ovarian cancers.
6
 

Hence, alternative approaches for prevention/treatment of postmenopausal 

cardiovascular diseases are needed. 

Rhizome of Ligusticum chuanxiong Hort. (LC), also called Chuanxiong, is a very 

common herb widely used to treat cardiovascular and cerebrovascular diseases in 

China.
7
 It is also used as a major ingredient in soups for regular consumption to 

promote good body health. LC ethanolic extract (LCEE) and its major constituents, 

such as ferulic acid and ligustrazine, have been found to improve serum lipid profiles, 

increase blood fluidity, inhibit platelet aggregation and exert antioxidative 

activity.
8,9,10,11

 Ferulic acid was found to increase serum level of estrogen, improve 

menopausal symptoms in postmenopausal rat model or women, and display 

estrogen-like effect.
12,13

 Some of the LC active compounds were found to exhibit 

vasorelaxation effects in rat isolated aorta.
14,15,16

 In addition, LC has been used, alone 

or in combination with other herbs, for the improvement of menstrual disorders such 

as irregular menses, amenorrhoea and dysmenorrhoea.
17

 However, no information is 

available regarding the vascular protective effect of LC under postmenopausal status. 
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Ovariectomized (OVX) animals are a well-known experimental model similar to 

human estrogen loss. Such an animal model is commonly used to investigate the 

mechanisms responsible for postmenopause-related complications in humans.
18

 In 

order to study the role of LC supplement in protecting the integrity of vascular system, 

OVX (the same as estrogen-deficient) rats were fed a high-fat diet (HFD) to mimic 

dyslipidemia as seen in postmenopausal women. In the present study, changes in body 

weight, uterine weight index, serum lipid profiles [total cholesterol, triacylglycerols, 

high density lipoprotein cholesterol (HDL-cholesterol) and low density lipoprotein 

cholesterol (LDL-cholesterol)] and vasorelaxation of the HFD-fed OVX rats with or 

without treatment of LCEE for 12 weeks were investigated. Further analyses were 

made on the oxidant/antioxidant levels in the livers, in vitro aortic nitrate/nitrite 

production and mRNA expressions of endothelial nitric oxide synthase (eNOS), tumor 

necrosis factor α (TNF-α), intercellular cell adhesion molecule-1 (ICAM-1) and 

vascular cell adhesion molecule-1 (VCAM-1) in isolated aorta rings. 
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2. Materials and Methods 

2.1. Chemicals 

17β-estradiol, phenylephrine hydrochloride, acetylcholine hydrochloride, sodium 

nitroprusside, pentobarbital sodium, ferulic acid and tetramethylpyrazine were 

purchased from Sigma Chemicals Co. (St. Louis, MO, USA). Kits for analyzing 

plasma lipid profile were obtained at Biosino Bio-technology and Science Inc. 

(Beijing, China). All other reagents are analytically pure and used without further 

purification. 

 

2.2. Preparation of herbal extract 

Dried LC herb was purchased from the Beijing Guancheng Pharmaceutical Co. Ltd. 

of China (Beijing, China). A voucher specimen was deposited in the Department of 

Applied Biology and Chemical Technology, The Hong Kong Polytechnic University. 

After grinding into powder, the dried herb (1 kg) was extracted twice with 6 L of 80% 

ethanol (ethanol:distilled water = 8:2, v/v). The extracted solutions were filtered, 

combined, concentrated by a rotary evaporator and freeze-dried. The extract yield was 

equal to 13.03%. The dried extract (LCEE) was stored at -20°C and dissolved in 

distilled water before administrating to the animals. 

 

2.3. High performance liquid chromatography (HPLC) analysis on LCEE 

HPLC analysis was performed using a Shimadzu 10advp HPLC system (Shimadzu, 

Japan) coupled to a photodiode array detector. All samples were filtered through a 

0.45 µm Millipore filter unit (Millipore, Bedford, MA, USA) and separated on a C18 

column (250 mm × 4.6 mm; 5 µm) (Elite, Dalian, China) using linear gradient elution 

with a mobile phase containing acetonitrile (solvent A) and 0.05% trifluoroacetic acid 

(solvent B). Linear gradient profile (A:B, v/v) started at 4:96 for 25 min, then 

increased to 25:75 for the last 3 min. The flow rate was set at 1.0 mL/min (25°C). An 

autosampler was utilized for sample injection with an injection volume of 20 µL. 

Detection was performed with a UV wavelength detector at 280 nm. The level of 
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ferulic acid and tetramethylpyrazine in LCEE was calculated from the relevant peak 

area with external standard method. Since ferulic acid is used as a marker to evaluate 

the quality of LC in Chinese medicine pharmacopoeia
19

 and tetramethylpyrazineisone 

is one of the important active ingredients in LC, ferulic acid and tetramethylpyrazine 

were used to express the quality of the LC 80% ethanolic extract used in the current 

study. 

 

2.4. Animals and experimental settings  

Twenty-eight female Sprague-Dawley rats (3-month-old) were supplied by 

Guangdong Provincial Medical Laboratory Animal Center (Guangdong, China). All 

rats were housed under standard conditions (temperature 20 ± 1°C, humidity 60 ± 

10%, light–dark cycle 12h:12 h) with free access to water and rat chow until they 

were 6 months old. After rats were randomly divided into four different groups (each 

with 7 animals), they underwent bilateral ovariectomy (OVX, n = 21) or laparotomy 

(Sham, n = 7) under anaesthetization with pentobarbital sodium. The rats were 

allowed to recover for 4 weeks and received different treatments according to their 

assigned groups: (1) Control: Sham rats with low fat control diet (LFD) (Harlan 

Teklad, TD.10592) + vehicle; (2) Model: OVX rats fed with high fat diet (HFD) 

(Harlan Teklad, TD.10586) + vehicle; (3) E2: OVX rats with HFD + 17β-estradiol (1 

mg/kg/day, p.o.) and (4) CX: OVX rats with HFD + LCEE (600 mg/kg/day, p.o.). 

Since Formulation of the testing dosage of LCEE in the present study was based on its 

standard clinical dosage (6 – 10 g crude herb per patient).
20

 

The rats were pair-fed with their corresponding commercial diets and received 

different treatments by oral gavage (10 mL/kg) once every morning for 12 weeks. 

During the whole experimental period, the body weight of each animal was monitored 

daily. At the end of the experimental period, the rats were fasted overnight and killed 

by cervical dislocation. Uteruses were weighed and blood samples, livers and aortas 

were collected for further analyses. The experimental protocol was conducted under 

the animal license issued by the Shenzhen Research Institute of The Hong Kong 

Polytechnic University. All procedures were consistent with the Guide for the Care 
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and Use of Laboratory Animals published by the US National Institutes of Health and 

the principles outlined in the Declaration of Helsinki. Every effort was made to limit 

animal suffering and the number of animals used in this study. 

 

2.5. Analysis of lipid levels in blood samples 

After cervical dislocation, blood was collected immediately in chilled centrifuge tubes 

through cardiac puncture and allowed to clot for 2 hr. The clotted blood was then 

centrifuged (2000 ×g) at 4°C for 20 min to get serum. Total serum cholesterol (TC), 

triacylglycerol (TG), LDL-cholesterol and high density lipoprotein (HDL)-cholesterol 

were measured on biochemical autoanalyzer (Alcyon abbot-300, USA) by using their 

commercially available kits (Biosino Bio-technology and Science Inc., Beijing, 

China).  

 

2.6. Determination of oxidant/antioxidant levels in the livers  

Liver tissue was kept at -80°C before measurement of the oxidant/antioxidant levels. 

Each frozen sample was homogenized in ice-cold saline (1:9, w/v) and centrifuged at 

2000 ×g for 15 min (4°C). The supernatant was collected and stored at -20°C until 

further analysis. The levels of malondialdehyde (MDA) as well as the activities of 

superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) were 

measured in duplicate with spectrophotometry-based commercial kits (Keygen 

Biotech. Co. Ltd., Nanjing, PR China). The protein content was measured by 

Bradford method (Bio-Rad, Hercules, CA, USA). Absorbance for various assays was 

determined using a POLARstar Galaxy Plate Reader (BMG, Offenburg, Germany). 

MDA levels were expressed as nmol/mg protein; while SOD, CAT and GPx activities 

were expressed as U/mg protein. 

 

2.7. Isolation of thoracic aorta 

At the end of the experiment period, all rats were sacrificed and their thoracic aortas 

were immediately isolated and placed in 4°C Tyrode’s solution (118 mM NaCl, 4.7 
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mM KCl, 1.2 mM KH2PO4, 25 mM NaHCO3, 11 mM glucose, 2.5 mM CaCl2, and 1.2 

mM MgSO4). After the careful removal of fat and connective tissue, each aorta was 

cut into three ring segments for vascular reactivity study (4 mm in length), in vitro 

nitrate/nitrite production (15 mm in length) and real-time PCR analysis (15 mm in 

length). 

 

2.8. Study of vascular reactivity 

Vascular reactivity was investigated in the isolated thoracic aortic ring as described 

previously.
21,22,23

 The 4 mm-long aortic rings were placed in 5 mL-organ baths 

containing Tyrode’s solution (37°C) bubbled with a mixture of 95% O2 and 5% CO2 

gases. A resting tension of 1.2 g was applied to each aortic ring and Tyrode’s solution 

was changed every 15 min until the end of the 60 min equilibrium period. Then the 

aortic rings were sensitized with 60 mM KCl for three times. The aortic rings were 

contracted with phenylephrine (1 µM) for about 20 min, and then cumulative 

concentrations of acetylcholine (ACh) (an endothelium-dependent vasodilator, 10 nM 

– 10 µM) or sodium nitroprusside (SNP, a nitric oxide donor, 0.1 nM – 0.3 µM) were 

added to measure the endothelium-dependent and endothelium-independent responses 

(isometric tension, in g), respectively. Throughout the experimental period, 

neostigmine (1 µM) and indomethacin (1 µM) were present in the Tyrode’s solution. 

Changes in tension of the isolated aorta rings were recorded by isometric 

force-displacement transducers connected to the PowerLab Data Acquisition system 

(AD Instruments, Sydney, NSW, Australia). Concentration-response curves were 

plotted as percentage vasorelaxation against the logarithmic cumulative concentration 

of either ACh or SNP in the organ baths. 

 

2.10. In vitro nitrate/nitrite production in isolated thoracic aorta 

Nitric oxide (NO) production was evaluated by in vitro nitrate/nitrite production in the 

thoracic aorta. After incubation with 2 mL Tyrode’s solution with ACh (1 µM) and 

neostigmine (1 µM) at 37°C for 2 hr, each 15 mm-long segment was blotted dry and 

weighed. The incubated culture solution of each segment was collected and dried by 
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vacuum freeze-drying, and subsequently re-dissolved with 300 µL of distilled water. 

Nitrate/nitrite levels were detected with a commercial kit (Promega, USA, Cat.: 

G2930). Absorbance (at 520 nm) was determined using a POLARstar Galaxy Plate 

Reader (BMG, Offenburg, Germany). The concentrations of nitrate/nitrite per mg of 

aorta were calculated by following the instructions of the kit. 

 

2.11. Real-time polymerase chain analysis 

For determination of the molecular mechanism of the vasoprotection of LCEE, we 

analyzed mRNA levels of eNOS, TNF-α, ICAM-1 and VCAM-1 in the artery. Total 

RNA was isolated from the other 15 mm-long arteries using Trizol Reagent 

(Invitrogen, Carlsbad, CA, USA, Cat. No. 15596-018), and then reverse-transcribed 

into cDNA with random hexamers using RevertAid™ first strand cDNA synthesis kit 

(Fermentas, Cat. No. K1622). PCR amplifications using cDNA as template were run 

in 20 µL reaction volumes containing 0.4 µM specific primers and IQ
TM

 

SYBR
®

Green SuperMix (Cat. No.170-8884) with a CFX96
TM

 Real-Time PCR 

Detection System (Bio-Rad Laboratories, Hercules, CA, USA). All the primers used 

were synthesized by TaKaRa Biotechnology Co., Ltd. (Dalian, China) (Table 1). The 

housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used 

as the invariant control to correct for differences in quantity and quality between RNA 

samples, and the expression levels of various mRNA of interest were expressed as a 

ratio to GAPDH mRNA. 

 

2.12. Statistical analysis 

All data were expressed as the mean ± S.E.M. Relaxations (%) were expressed as the 

percentage of phenylephrine (1 µM)-induced contraction. GraphPad Prism 5.02 (San 

Diego, California, USA) was used for curve fitting and estimating the magnitude of 

maximum relaxation (Rmax). Statistical analysis was carried out by one-way analysis 

of variance (ANOVA) and Tukey’s test as post-test after ANOVA for multiple 

comparisons by the statistical software, GraphPad Prism 5.02 (San Diego, California, 

USA) for Windows. A significant level of p < 0.05 was used for all comparisons. 
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3. Results 

3.1. HPLC analysis on LCEE 

The chemical characteristic of LCEE was determined using the HPLC-UV method in 

order to ensure the consistency of its quality and standardization of the sample tested. 

Representative HPLC chromatograms of standards (tetramethylpyzine and ferulic acid) 

and LCEE were shown in Fig. 1. It was found that LCEE (1 g) contained 3.00 ± 0.16 

mg of tetramethylpyzine and 4.22 ± 0.23 mg of ferulic acid.  

 

3.2. Body weight and uterine relative weight 

Table 2 summarized the body weight, body weight gain, uterine dry weight and 

uterine weight index (a ratio of uterine weight to body weight) of animals in the 

Control, Model, E2 and CX groups. Ovariectomy plus HFD (Model) could 

significantly increase the body weight gain (p < 0.001) and decrease the uterine index 

of rats (p < 0.001) as compared with those parameters of the rats in the Control group. 

Consumption of 17β-estradiol could prevent body weight gain (p < 0.001) and 

stimulate the growth of the atrophic uterus (p < 0.05) in HFD-fed OVX rats as 

compared with those parameters in the Control animals. Interestingly, treatment of 

LCEE markedly decreased the increased body weight gain induced by ovariectomy 

plus HFD (p < 0.05), but did not significantly alter the uterine dry weight and uterine 

index (CX vs Model: both with p > 0.05). 

 

3.3. Serum lipid profiles 

The serum lipid profiles: total cholesterol, triacylglycerol, HDL-cholesterol and 

LDL-cholesterol levels of rats in different treatment groups by the end of the 

experiment were summarized in Table 3. In the Model group, there were significant 

elevations in the contents of serum total cholesterol (p < 0.01) and LDL-cholesterol (p 

< 0.05) but no significant differences in the contents of triacylglycerol and 

HDL-cholesterol as compared with the Control group. Treating the animals with 

17β-estradiol could suppress the increased serum levels of total cholesterol (p < 0.001) 
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and LDL-lipoprotein (p < 0.001) induced by ovariectomy plus HFD. Interestingly, 

administration of LCEE not only could markedly suppress the increased serum total 

cholesterol and LDL-cholesterol contents (both with p < 0.05) induced by 

ovariectomy plus HFD but also enhance serum HDL-cholesterol level in the HFD-fed 

OVX rats (CX vs Model: p < 0.001).  

 

3.4. Oxidant/antioxidant levels in the liver  

Oxidative stress was evaluated by the production of MDA (a biomarker of lipid 

peroxidation) and antioxidant level was estimated by the activities of the 

anti-oxidative enzymes SOD, CAT and GSH-Px in the liver (Fig. 2). MDA levels 

were raised in the HFD-fed OVX rats compared with the Control rats (~87% increase, 

p < 0.01) and the increase decreased markedly after treatment of 17β-estradiol (p < 

0.05) or LCEE (p < 0.001) for 12 weeks. Compared to the Control group, the 

activities of SOD, CAT and GPx reduced significantly in the HFD-fed OVX rats [with 

~30% (p < 0.01), ~30% (p < 0.05) and ~26% (p < 0.05) reduction, respectively). 

Administration of LCEE, similar to administration of 17β-estradiol, could 

significantly (p < 0.05) elevate the activities of these enzymes back to the levels as 

observed in the Control group. 

 

3.5. Vascular reactivity 

The contractions induced by phenylephrine (1 µM) on isolated aortic rings from 

different groups were not significantly different (p > 0.05, Table 4). The ACh-induced 

endothelium-dependent relaxation was significantly suppressed under the condition of 

ovariectomy and HFD (Control vs Model: p < 0.001) (Table 4 and Fig. 3A). The 

maximum ACh-induced vasorelaxation observed in the isolated aortic rings from the 

CX group (Rmax: 57.39 ± 13.87%) was slightly higher than that from the E2 group 

(Rmax: 55.51 ± 3.63%). The isolated aortic rings of both the CX and E2 groups could 

provide significantly enhanced ACh-induced vasorelaxation as compared with those 

of the Model group (both, p < 0.001). Interestingly, there were no significant 

differences in the vasorelaxation elicited by SNP, a NO donor, among all the 
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experimental groups (p > 0.05, Table 4 and Fig. 3B). All these findings indicated that 

the vascular dysfunction induced by the condition of ovariectomy plus HFD could be 

prevented by either LCEE or 17β-estradiol treatment.  

 

3.6. In vitro NO production in the isolated thoracic aorta 

Nitrate/nitrite production in the isolated thoracic aorta from various groups of animals 

was tested to estimate NO production and the result was presented in Fig. 4. In the 

Control rats, the average of nitrate/nitrite production in the isolated thoracic aortic 

ring was 1.07 nmol/mg aortic tissue. It was found that nitrate/nitrite production was 

markedly attenuated in the aortic rings from the Model group (0.40 nmol/mg aortic 

tissue). With 17β-estradiol or LCEE treatment, the extent of decrease in nitrite/nitrate 

production induced by ovariectomy plus HFD was obviously antagonized as 

compared with that of the Model group (E2 vs Model, p < 0.05; CX vs Model, p < 

0.05). 

 

3.7. Real-time polymerase chain reaction analysis in the isolated thoracic aorta 

In order to understand the molecular mechanism of the effect of LCEE on preventing 

vascular dysfunction induced by ovariectomy plus HFD, the mRNA levels of four 

genes related to vascular functions were studied by real-time polymerase chain 

reaction analysis (Fig. 5). It was found that the combined actions of ovariectomy and 

HFD (as indicated in Model) markedly down-regulated the mRNA expression of 

eNOS (p < 0.01) and up-regulated the mRNA expressions of TNF-α, VCAM-1 and 

ICAM-1 (for all genes, p < 0.001) as compared with those in the Control rats (Fig. 5). 

It was found that treating the HFD-fed OVX rats with either 17β-estradiol or LCEE 

significantly enhanced the eNOS expression (E2 vs Model: p < 0.05; CX vs Model: p 

< 0.01) and reduced the up-regulation of TNF-α, VCAM-1 and ICAM-1 mRNA 

expressions (E2 vs Model: for all genes, p < 0.001; CX vs Model: for all genes, p < 

0.001). 
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4. Discussion 

There is increasing evidence suggesting that postmenopausal women with estrogen 

deficiency are much more prone to suffering from abnormal serum lipid profiles, 

increased oxidative stress and impaired vascular endothelium than their 

premenopausal counterparts.
5,24

 Thus, postmenopausal women have higher incidence 

rates for cardiovascular diseases. In the present study, we successfully combined 

HFD-feeding with OVX in female SD rats to simulate the cardiovascular condition of 

postmenopausal women with dyslipdemia, high oxidative stress and endothelial 

dysfunction. To evaluate the applicability of the current animal model, 17β-estradiol 

was used as a positive control in the present study. The consumption of 17β-estradiol 

was shown to reverse the deterioration induced by ovariectomy plus HFD. The 

current study demonstrated for the first time that treatment of LCEE for 12 weeks 

could provide an overall health benefit by counteracting the detrimental effects, such 

as body weight gain, serum lipid profile abnormality, decreased hepatic anti-oxidative 

activity and vascular dysfunction, induced by ovariectomy plus HFD.  

In order to ensure its quality consistency and standardization of the LCEE used 

in the present study, the chemical characteristics of it were determined using the 

HPLC-UV method. Two markers, ferulic acid and tetramethylpyrazine, were selected 

to express the quality of LCEE since ferulic acid is used as a marker to evaluate the 

quality of LC in Chinese medicine pharmacopoeia
19

 and tetramethylpyrazineisone is 

one of the important active ingredients in LC. Although the chemical composition of 

LCEE is mostly known, the current HPLC fingerprint provided is to help compare the 

quality of LCEE produced from other team so as to ensure the reproducibility of the 

current experimental data.   

LC has been reported to have phytoestrogenic-like effect in vitro
25

, the total 

amount of phytoestrogen in LCEE and phytoestrogenic-like effect provided by LCEE 

were relatively low. Therefore, the beneficial effects of LCEE on the HFD-fed OVX 

rats observed in the current study didn’t appear fully consistent with those of 

17β-estradiol, especially the beneficial effects on uterine index. It is believed that the 
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beneficial effects of LCEE may be through a non-estrogenic pathway or a synergistic 

interaction with multiple active components (both phytoestrogenic and 

non-phytoestrogenic compounds). It is interesting to note that the beneficial effects 

given by LCEE were mainly on cardiovascular system. The effects are similar to 

those of statin, a potent hypocholesterolemic and hypolipidemic drug.
22,23

 Further 

studies with simvastatin as another positive control could definitely help comparing 

and dissecting the pharmacological mechanisms of LCEE.   

Cholesterol is the underlying agent responsible for causing atherosclerosis and 

other cardiovascular diseases. If serum cholesterol levels get too high, it can form 

plaques inside the blood vessels and make blood vessels more fragile and easier to 

break.
26

 Clinical and epidemiological evidence has demonstrated that total and/or 

LDL-cholesterol levels are significantly elevated in postmenopausal women as 

compared with premenopausal women.
27,28

 In the present study, we found LCEE 

treatment for 12 weeks on the HFD-fed OVX rats not only significantly decreased the 

elevated serum total cholesterol and LDL-cholesterol, but also markedly increased 

serum HDL-cholesterol. HDL-cholesterol was shown to reverse cholesterol transport, 

prevent endothelial dysfunction and maintain the critical balance needed for 

normal vascular function.
29

 Many natural products, such as Bacopa monniera Linn. 

and Cynanchum wilfordii, were found to exerted their vasculoprotection mainly 

through increasing HDL-cholesterol and improving antioxidant status.
30,31

 Our results 

suggested that consumption of LCEE could modulate serum lipid profiles (including 

decrease in serum total cholesterol and LDL-cholesterol and increase in 

HDL-cholesterol) and subsequently reduce the risk of atherosclerosis and other 

cardiovascular diseases in postmenopausal women, but the molecular mechanism is 

still unclear and awaits further studies. 

Oxidative stress, defined as the imbalance that is in favor of reactive oxygen 

species (ROS) generation over antioxidant defense, exerts several negative effects on 

the arterial wall, such as damage on endothelium and decrease in bioavailability of 

NO.
32

 Previous studies have indicated that postmenopausal women have higher 

chance to have hypercholesterolemic atherogenesis.
33,34

 In fact, abnormality in the 
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redox state is often observed in OVX or HFD-fed rat models.
4,35

 In the present study, 

high MDA (a biomarker of lipid peroxidation) with low activities of the antioxidant 

enzymes (SOD, CAT and GPx) were recorded in the livers of the HFD-fed OVX rats. 

17β-Estradiol consumption could markedly prevent the oxidative stress induced by 

ovariectomy plus HFD. A significant reduction of MDA content as well as significant 

increase in SOD, CAT and GPx activities were observed in the liver of the HFD-fed 

OVX animals treated with 17β-Estradiol. Similar results were obtained in the 

HFD-fed OVX rats treated with LCEE. Previous studies have shown that the extract,
36

 

essential oils
37,38

 and some active ingredients
9,10

 of LC herb could strongly alleviate 

oxidative stress. It could help to explain why LC is widely used to prevent and treat 

oxidative disorders, such as ischemic stroke and ischemia/reperfusion injury.
9,10

  

Endothelium plays a pivotal role in modulating vascular tone by producing and 

releasing vasoactive substances such as NO.
39

 Endothelial vasodilator dysfunction 

contributes to the progression of vascular disease and vascular reactivity 

abnormality.
40,41,42

 Oxidative stress induced by menopause could also result in 

endothelial dysfunction.
43,44

 Hormone therapy in postmenopausal women (or OVX 

animal) could limit the uptake of cholesterol ester into the arterial wall, reduce 

oxidative stress, improve NO-mediated endothelium-dependent vasodilation and exert 

cardiovascular protection.
6,45,46

 In the present study, ovariectomy plus HFD reduced 

the vasorelaxation induced by ACh (endothelium-dependent relaxation) without 

affecting that induced by SNP (endothelium-independent relaxation), suggesting 

LCEE could protect the endothelium from the detrimental effect given by 

ovariectomy plus HFD. It was found that there was a partial loss of endothelial 

function in aorta from the control group rats since the maximum relaxation with ACh 

is around a 60% of the contraction induced by phenylephrine (1 µM) (Fig. 3). It may 

be resulted from the age (8-month old) of the rats at the end of the experiment. In our 

previous studies, end point measurement on aortic endothelium-dependent relaxation 

from younger rats (3-month old) gave a higher ACh-induced maximum relaxation 

(>80%).
47,48

 It further confirmed that age is inversely related to the endothelium 

function.  
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Oral administration of LCEE to the HFD-fed OVX rats increased the vascular 

response to ACh via up-regulating eNOS mRNA expression and inducing the NO 

release from the isolated aortic rings. Additionally, LC has been report to have direct 

in vitro vasorelaxation effect.
49

 However, whether the LCEE-induced improvement on 

endothelium-dependent relaxation is due to a direct pathway via up-regulation of 

eNOS mRNA expression in the endothelium or as a result of an indirect mechanism 

through improving lipid profile/antioxidant level or both is presently unclear and 

awaits further studies. 

Inflammation plays a crucial role in the pathogenesis of various vascular diseases, 

including atherosclerosis. Estrogen (or 17β-estradiol) could antagonize the acute 

vascular injury response and the development of other forms of vascular pathology, in 

part, by altering the vessel wall’s ability to express various growth factors, adhesion 

molecules and chemokines, such as TNF-α, ICAM-1 and VCAM-1.
6,50

 TNF-α, a 

pro-inflammatory cytokine, is mainly derived from mononuclear phagocytes and 

primarily targeted some cells including vascular endothelial cells.
51

 Animal under 

OVX and/or HFD-fed condition was found to with elevated TNF-α 

expression.
52,53,54,55

 The increase in TNF-α expression could induce the gene 

expressions of various inflammatory cytokines, stimulate the production of ROS, 

impair NO bioavailability and result in endothelial dysfunction.
51,56

 In the present 

study, up-regulations of the mRNA expressions of TNF-α, VCAM-1and ICAM-1 

were observed in the isolated aortic tissues from the HFD-fed OVX rats. LCEE 

treatment for 12 weeks could significantly counteract the up-regulations of 

inflammatory cytokine (TNF-α, VCAM-1 and ICAM-1) expressions induced by 

ovariectomy plus HFD. The current results are in agreement with pervious in vitro 

studies which showed that LC and its main ingredients had protective effects against 

endothelial dysfunction in vitro by down-regulating TNF-α, VCAM-1 and ICAM-1 

expressions.
57,58,59

 In order to confirm the mechanism of LCEE’s vascular protective 

effect through the anti-inflammatory pathway, further studies with monitoring on the 

protein expressions are warranted. 
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5. Conclusions 

The current findings demonstrated for the first time that oral administration of LCEE 

(600 mg/kg/day) to HFD-fed OVX rats for 12 weeks had significant beneficial effect 

in terms of reducing body weight gain, enhancing hepatic anti-oxidative activity 

improving serum lipid profiles and preventing vascular endothelial dysfunction. 

Based on the outcome of the current study, the mechanisms by which LCEE exerted 

vascular protective effect are summarized in Fig. 6. It is postulated that LCEE could 

provide its vascular protective effect via multiple targets, (1) improving serum lipid 

profiles to reduce the detrimental effects given by cholesterol; (2) reducing ROS level 

inside the body via enhancing hepatic anti-oxidative activity or antioxidant level to 

scavenge the reactive oxygen species generated in the postmenopausal dyslipidemic 

condition; (3) stimulating eNOS-derived nitric oxide production; and (4) 

counteracting the up-regulations of inflammatory cytokine (TNF-α, VCAM-1 and 

ICAM-1) expressions so as to reduce endothelium damage. Although the precise 

molecular mechanism(s) exerted by LCEE to protect the vascular system is still 

unknown, the present study clearly demonstrated that LCEE treatment could provide 

an overall beneficial effect to the body under postmenopausal dyslipidemic condition.  
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Figure legends 

 

Fig. 1. Representative high performance liquid chromatography chromatograms of (A) 

standards and (B) LCEE. 1 = tetramethylpyzine; 2 = ferulic acid. 

 

Fig. 2. Oxidant/antioxidant levels in the liver obtained from the Control, Model, E2 

and CX groups. Data are expressed as means ± S. E. M., n = 7. *p < 0.05, **p < 0.01 

and ***p < 0.001 represent significant differences when compared with the Control 

group. 
#
p < 0.05, 

##
p < 0.01 and 

###
p < 0.001 represent significant differences when 

compared with the Model group. 

 

Fig. 3. Cumulative concentration-response curves of (A) acetylcholine-induced or (B) 

sodium nitroprusside-induced vasorelaxation on the phenylephrine pre-constructed 

thoracic aorta isolated from the Control, Model, E2 and CX groups. Data [a decrease 

in steady-state tension elicited by phenylephrine (1 µM)] are expressed as means ± S. 

E. M., n = 7. ***p < 0.001 represents significant differences when compared with the 

Control group. 
#
p < 0.05 and 

###
p < 0.001 represent significant differences when 

compared with the Model group. 

 

Fig. 4. In vitro nitrate/nitrite production in isolated thoracic aorta from the Control, 

Model, E2 and CX groups. Data are expressed as means ± S. E. M., n = 7. ***p < 

0.001 represents significant differences when compared with the Control group. 
#
p < 

0.05 represents significant differences when compared with the Model group. 

 

Fig. 5. Real-time PCR analysis of the gene expressions of (A) eNOS, (B) TNF-α, (C) 

VCAM-1 and (D) ICAM-1 in isolated aortas from the Control, Model, E2 and CX 

groups. The expression level of each gene was normalized to that of the GAPDH gene. 

Data are expressed as means ± S. E. M., n = 7. **p < 0.01 and ***p < 0.001 represent 

significant differences when compared with the Control group. 
#
p < 0.05, 

##
p < 0.01 

and 
###

p < 0.001 represent significant differences when compared with the Model 
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group. 

 

Fig. 6. Outline of the proposed mechanistic pathways for the vascular protective 

effect of LCEE in HFD-fed OVX rats. They are: (1) improving lipid profiles; (2) 

enhancing hepatic anti-oxidative activity; (3) stimulating eNOS mRNA expression; (4) 

counteracting the up-regulations of inflammatory cytokine expressions. EC, 

endothelial cell; HFD, high fat diet; LC, liver cells; VSMC, vascular smooth muscle 

cell; ROS, reactive oxygen species; OVX, ovariectomized. Dashed arrow represents 

stimulatory effect. Broken arrow represents inhibitory effect. 
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Table 1: The primer sets used for real-time PCR analysis. 

Genes Forward primer (5’ to 3’) Reverse primer (5’ to 3’) Product’s Size (bp) Accession number 

eNOS GGATTCTGGCAAGACCGATTAC GGTGAGGACTTGTCCAAACACT 159 NM_021838.2 

ICAM-1 AGACACAAGCAAGAGAAGAA GAGAAGCCCAAACCCGTATG 105 NM_012967.1 

VCAM-1 GGAGCCTGTCAGTTTTGAGAATG TTGGGGAAAGAGTAGATGTCCAC 234 NM_012889.1 

TNF-α TGAGGCTACAATCTGTTTTCTCAG AGCAGCAGAAGTTATGAATGTCAG 131 NM_182950.4 

GAPDH TGCACCACCAACTGCTTAG AGTGGATGCAGGGATGATGT 180 NM_017008 
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Table 2: Body weight and uterine dry weight of the Control, Model, E2 and CX 

groups at the end of the 12-week treatment. 

Groups Body weight 

(g) 

Body weight gain 

(g) 

Uterine dry 

weight (mg) 

Uterine index 

(mg/g) 

Control 358.0 ± 8.59 18.96 ± 5.21 1.09 ± 0.29 0.75 ± 0.08 

Model  446.2 ± 11.65
***

 87.38 ± 6.01
***

 0.12 ± 0.01
**

 0.12 ± 0.01
***

 

E2 380.5 ± 10.06
###

 20.76 ± 6.86
###

 0.38 ± 0.02
###

 0.40 ± 0.02
###

 

CX 442.7 ± 6.20 61.41±7.57
#
 0.12 ± 0.01 0.13 ± 0.01 

 

Results correspond to the means ± S. E. M., n = 7. 
**

P < 0.01 and 
***

P < 0.001 

represents significant differences when compared with the Control group. 
#
P < 0.05 

and 
###

P < 0.001 represent significant differences when compared with the Model 

group. 
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Table 3: Serum lipid profiles of the Control, Model, E2 and CX groups at the end of 

the 12-week treatment. 

Groups Total cholesterol 

(mmol/L) 

Triacylglycerol 

(mmol/L) 

LDL-cholesterol 

(mmol/L) 

HDL-cholesterol 

(mmol/L) 

Control 2.47 ± 0.13 1.92 ± .19 0.26 ± 0.04 1.82 ± 0.09 

Model  3.50 ± 0.13
**

 1.61 ± 0.20 0.42 ± 0.04
*
 2.06 ± 0.14 

E2 2.03 ± 0.13
###

 1.74 ± 0.15 0.14 ± 0.06
###

 1.68 ± 0.06 

CX 2.84 ± 0.23
#
 1.08 ± 0.21 0.33 ± 0.01

#
 2.77 ±0.18

###
 

 

Results correspond to the means ± S. E. M., n = 7. 
*
P < 0.05 and 

**
P < 0.01represents 

significant differences when compared with the Control group. 
#
P < 0.05 and 

###
P < 

0.001 represent significant differences when compared with the Model group. 
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Table 4: Vascular contraction induced by 1 µM phenylephrine and maximum 

vasorelaxation to acetylcholine and sodium nitroprusside in the isolated thoracic aorta 

from different groups of rats. 

Groups  Contraction  

(to phenylephrine, g) 

Maximum relaxation 

 (induced by 

acetylcholine, %) 

Maximum relaxation  

(induced by sodium 

nitroprusside, %) 

Control 0.42 ± 0.11 54.60 ± 0.358 99.79 ± 3.05 

Model  0.48 ± 0.18 31.12 ± 5.84
***

 109.40 ± 2.37 

E2  0.45 ± 0.13 55.51 ± 3.63
###

 111.80 ± 3.69 

CX 0.54 ± 0.19 57.39 ± 13.87
###

 99.99 ± 2.62 

 

Results correspond to the means ± S. E. M., n = 7. 
***

P < 0.001 represents significant 

differences when compared with the Control group. 
###

P < 0.001 represents 

significant differences when compared with the Model group. 
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Figure 3 
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Figure 4 
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Figure 5 
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