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Preventive effect of Eucommia leaf extract on aortic
media hypertrophy in Wistar-Kyoto rats fed
a high-fat diet

Shingo Hosoo1, Masahiro Koyama2, Akira Watanabe2, Ryuya Ishida2, Tetsuya Hirata1, Yasuyo Yamaguchi1,
Hiroo Yamasaki1, Keiji Wada3, Yukihito Higashi4 and Kozo Nakamura2

Eucommia ulmoides Oliver leaf extract (ELE) has been shown to have anti-hypertensive and anti-obesity effects in rats that are

fed a high-fat diet (HFD). To explore the effects of chronic administration of ELE on body weight, blood pressure and aortic

media thickness, 7-week-old male Wistar-Kyoto (WKY) rats were orally administered a normal diet, a 30% HFD, or a 5% ELE

plus HFD ad libitum for 10 weeks. The HFD treatment caused mild obesity and hypertension in the normotensive rats, while rats

receiving both ELE and the HFD had significantly lower body weights, less visceral and perirenal fat, lower blood pressure and

thinner aortic media than the control rats receiving the HFD only. The plasma adiponectin/leptin ratio also improved in

ELE-treated rats. Although plasma leptin levels were elevated in all HFD rats, adiponectin levels increased only in the

ELE-treated rats. Anti-hypertensive and anti-obesity effects may be caused by the geniposidic acid (GEA) and/or asperuloside

present in ELE. These findings suggest that chronic ELE administration prevents aortic media hypertrophy in early-stage obesity

with hypertension. Long-term administration of ELE might inhibit the development of arteriosclerosis.
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INTRODUCTION

The World Health Organization has estimated that ~ 17.3 million
people died from cardiovascular disease (CVD) in 2008;1 more than
80% of these individuals lived in low- and middle-income countries.
More than 23 million people per year are predicted to die from CVD
by 2030.1 Hypertension directly increases the risk of CVD and
is responsible for at least 45% of CVD-related deaths.1 Of the
components of metabolic syndrome (MS), hypertension is the most
important determinant in the development of carotid intima-media
thickness, which is a useful marker of early atherosclerosis
development.2 A recent study shows that being overweight or obese
has been a major risk factor for hypertension over the past 30 years in
Japan.3 In obese individuals, the accumulated visceral fat tissues
secrete adipocytokines, which cause metabolic abnormalities such as
insulin resistance4 and hypertension.5 Both abdominal obesity
and hypertension result in impaired cardiac function at the early
asymptomatic stage of CVD.6,7 Therefore, the early prevention and
control of obesity and hypertension represent important approaches
for reducing the risk of future CVD.
Eucommia ulmoides Oliver is a tree that is found in China and

belongs to the Eucommiaceae family. Eucommia leaves (ELs) are used
as a traditional Chinese anti-hypertensive medicine.8 In Japan,
a bottled beverage made from ELs (Tochu-cha) is marketed as a

government-approved food for specified health uses for people with
elevated blood pressure. A hot water extract of ELs (ELE) has also
demonstrated anti-hypertensive,9 anti-obesity,10 anti-hyperlipidemic,11

anti-oxidant,12 anti-hyperglycemic13 and insulin-sensitizing effects.14

The anti-hypertensive effects of ELE have been demonstrated in
humans, where ELE intake reduced blood pressure in individuals
with high-normal blood pressure and stage I hypertension, defined as
the blood pressure range of 130–139 mmHg/85–89 mmHg, and
140–159 mmHg/90–99 mmHg, respectively.15 The anti-obesity effects
of ELE have been evaluated in vivo using an MS-like rat model fed a
high-fat diet (HFD) for 3 months; ELE intake decreased body weight,
white adipose tissue (WAT) weight and plasma levels of triglyceride
and total cholesterol in these animals.10 Recently, we studied a
spontaneously hypertensive rat model fed a normal diet supplemented
with 5% (w/w) ELE and found that long-term ELE administration
suppressed systolic blood pressure (SBP), restored vascular function
and prevented hypertrophy of the thoracic aorta.16 However, there is
little information about the long-term effects of ELE on thoracic aorta
morphology in early-stage obesity.
Based on the results of these previous in vivo studies of ELE,

the present study was designed to examine the effects of chronic
ELE administration on aortic media thickness in normotensive
Wistar-Kyoto (WKY) rats fed a HFD containing 30% (w/w) lard.
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WKY rats are often used as controls in studies of spontaneously
hypertensive rat (SHR), and they have been reported to develop aortic
fat deposition more readily than other normotensive rat strains, such
as Sprague-Dawley or Wistar rats.17 Therefore, WKY rats fed a HFD
are a useful model of dietary-induced obesity and hypertension for
studying early-stage arteriosclerosis. In this study, we investigated
WKY rat body weight, WAT, SBP, thoracic aorta morphology and
plasma adipocytokines such as adiponectin and leptin with and
without ELE administration for 10 weeks.

METHODS

Reagents
Ethanol was purchased from Kanto Chemical (Tokyo, Japan). Ethylenediami-
netetraacetic acid (EDTA)-2 K, 10% buffered formalin and 30% H2O2 were
purchased from Wako Pure Chemical Industries (Osaka, Japan). Citraconic
anhydride solution (0.05%; ImmunoSaver) and 10% normal donkey serum
were purchased from Nisshin EM (Tokyo, Japan) and Abcam (Cambridge,
UK), respectively. Diaminobenzidine and hematoxylin were purchased from
Dojindo Laboratories (Kumamoto, Japan) and Merck KGaA (Darmstadt,
Germany), respectively.

Animals and experimental protocols
Six-week-old male WKY/Izm (n= 24) rats were purchased from Japan SLC
(Shizuoka, Japan) and were fed a normal diet (ND group, n= 8), a HFD
(HFD-control group, n= 8), or a HFD with 5% (w/w) ELE (HFD-ELE group,
n= 8) for 10 weeks. They were given food and water ad libitum and housed in
the experimental room at the Animal Research Center (Faculty of Agriculture,
Shinshu University), which was maintained on a 12 h light/dark cycle. The
ambient temperature of the room was 23± 1.0 °C, with a relative humidity of
50± 5%. All animal experiments were carried out in strict accordance with the
Care and Management of Laboratory Animals and Relief of Pain (2006)
published by the Japanese Ministry of the Environment and approved by the
Animal Care Committee of the Faculty of Agriculture, Shinshu University
(permit number: 260026). During the feeding period, food and water intake,
body weight and SBP were measured. At the end of the experimental period,
the animals were given diethyl ether anesthesia and then dissected. In each
animal, the WAT weight, aortic media thickness, plasma adiponectin and leptin
levels and leptin/adiponectin ratio were examined.

Preparation of ELE
ELs leaves were obtained from the Sichuan District of China, and ELE was
prepared as described previously.18 Briefly, fresh ELs were pretreated with
steam at 100–110 °C and then dried and roasted. The roasted leaves (2 tons)
were soaked in 10 tons of water and heated for 1 h at 90 °C. After extraction,
the slurry was filtered and concentrated. The concentrate was left to stand for
1 day before further filtration and vacuum drying; the yield of powdered extract
was 18%. The content of GEA was 63.0 mg g− 1 dry weight of ELE, as
determined by high-performance liquid chromatography.19

Long-term dietary administration
A moderate-fat diet (Oriental Yeast Company, Tokyo, Japan) was fed to the ND
group. This diet was composed of water (7.9%), protein (23.1%), lipid (5.1%),
ash (5.8%), dietary fiber (2.8%) and nitrogen-free extract (55.3%); the total
calorie content was 359 kcal per 100 g. The control HFD was prepared by
adding 30% (w/w) lard and 5% (w/w) casein to this moderate-fat diet. The
HFD was thus composed of 8.0% water, 18.8% protein, 32.5% lipid, 3.8% ash,
1.8% dietary fiber and 35.1% nitrogen-free extract; the total calorie content was
508 kcal per 100 g. The diet containing ELE was prepared by mixing 5% (w/w)
ELE with this HFD; the total calorie content was 504 kcal per 100 g. After
acclimation for 6 days, the animals were divided into three groups of eight
animals that received the ND, the HFD, or the HFD plus 5% ELE for 10 weeks
ad libitum. This dosing period was suitable for the evaluation of arteriosclerosis
in early CVD caused by high fat-loading.20 During the experimental period, the
rats’ body weights and food and water intake were measured twice a week, and

the SBP was measured once a week using the tail cuff method (Softron BP98A;
Softron, Tokyo, Japan).

Biochemical analyses
Biochemical analyses were performed at the end of the experimental period.
Blood was drawn from the abdominal vena cava into an EDTA-2 K-coated
tube, and the plasma was obtained by centrifuging the blood at 1200 g
for 20 min at 4 °C. Plasma adiponectin and insulin levels were evaluated using
a mouse/rat adiponectin enzyme-linked immunosorbent assay kit (Otsuka
Pharmaceutical, Tokyo, Japan) and an ultra-high-sensitivity rat insulin assay kit
(Morinaga Milk Industry, Tokyo, Japan), respectively. Plasma leptin, glucose,
hemoglobin A1c (HbA1c), non-esterified fatty acid (NEFA), triglyceride, and
total cholesterol levels were measured using an automated analyzer (Hitachi
7180; Hitachi, Tokyo, Japan).

Immunohistochemical analysis
This analysis was performed using an avidin-biotin-peroxidase complex
technique, as described previously.16 The thoracic aorta of each rat
(n= 8/group) was isolated, as described in the ‘Animals and experimental
protocols’ section. Briefly, the aortic tissue was fixed in 10% buffered formalin,
embedded in paraffin, and sliced into 4 μm sections at the Research Center for
Human and Environmental Science, Shinshu University. After deparaffinization
of the sections, the antigen retrieval was performed by incubating the sections
in ImmunoSaver for 50 min at 98 °C. Endogenous peroxidase and non-specific
binding were blocked using 3% H2O2 for 30 min and 10% normal donkey
serum for 30 min, respectively. The blocked sections were reacted with a
polyclonal rabbit anti-alpha smooth muscle actin primary antibody (1:1000;
Abcam) overnight at 4 °C. The treated sections were then incubated with a
horseradish peroxidase-conjugated secondary antibody (1:500; Abcam) for
30 min at room temperature. Immunoreactivity was visualized using
diaminobenzidine, and sections were counterstained with hematoxylin. Finally,
the sections were washed in tap water, dehydrated using ethanol, coverslipped
and observed using an Axio Imager A1 microscope (Carl Zeiss AG,
Oberkochen, Germany) equipped with AxioVision software (Carl Zeiss AG)
to measure the medial thickness.

Statistical analysis
All experimental data were presented as the mean± s.e.m. A P-value of o0.05
was taken to indicate a statistically significant difference between two groups
using Student’s t-test.

RESULTS

WKY rats were fed a normal diet (ND group, n= 8), a HFD
(HFD-control group, n= 8), or a HFD with 5% (w/w) ELE (HFD-
ELE group, n= 8) for 10 weeks. During the feeding period, food and
water intake, body weight and SBP were measured. After the study
period, the WAT weight, aortic media thickness, plasma adiponectin
and leptin levels and leptin/adiponectin ratio were examined.

Dietary intake, body weight and WAT weight
Table 1 shows the dietary intake and tissue weights in the study
groups. During the 10-week treatment period, the average daily food
intake of the HFD-control and HFD-ELE groups was significantly
lower than that of the ND group (each Po0.01), but there was no
significant difference between the food intake of the HFD-control and
HFD-ELE groups. The differences in the average daily water intake of
the three groups showed the same pattern of significance as the food
intake. Caloric intake in the three groups was calculated based on their
food intake. The average daily caloric intake of the ND group was
significantly lower than that of the HFD-control group (Po0.05),
but there was no significant difference between the caloric intake of
the HFD-control and HFD-ELE groups. There were no significant
differences among the initial average body weights of the ND,
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HFD-control and HFD-ELE groups (196.4± 2.3, 202.4± 3.2 and
204.6± 3.0 g, respectively). The final body weight and body weight
gain values of the HFD-control group were significantly higher
than those of the ND group and HFD-ELE group (Po0.01). The
mesenteric vascular bed and perirenal WAT weights in the
HFD-control group increased significantly compared with the ND
group (each Po0.01); however, these changes were significantly
ameliorated in the HFD-ELE group (Table 1).

SBP
As shown in Figure 1, the SBP of WKY rats in the ND, HFD-control
and HFD-ELE groups did not differ significantly at the beginning of
the experiment. In the HFD-control group, the average SBP began to
increase after 2 weeks of dietary intervention and differed significantly
from that of the ND group from week 3 onward, when the rats were
9–17 weeks old (Po0.01, Figure 1). The SBP of the HFD-ELE group
was significantly lower than that of the HFD-control group at
10–17 weeks old and did not differ significantly from that of the
ND group throughout the experiment. The HFD treatment induced
mild hypertension in WKY rats that were originally normotension.

Aortic media thickness
Figure 2 shows typical histology images of the aortic media from rats
in the ND, HFD-control, and HFD-ELE groups. The vascular smooth
muscle cells (VSMCs) were aligned in the ND and HFD-ELE groups.
In contrast, the aortic media showed hypertrophy, and the VSMCs
appeared disordered in the HFD-control group. Figure 3 shows
thoracic aortic ring medial thickness in the ND, HFD-control, and
HFD-ELE groups. The aortic media thickness in the HFD-control
group was significantly greater than that observed in the HFD-ELE
and ND groups (114.4± 4.0, 82.6± 3.3, and 98.8± 4.6 μm,
respectively). Moreover, the medial thickness in the HFD-ELE group
was significantly smaller than that of the ND group (Po0.05).

Table 1 Rat body weight, WAT weight and food intake during the

10-week study

Variables ND HFD-control HFD-ELE

Food intake (g day−1) 18.5±0.5** 14.8±0.4## 13.9±0.3##

Water intake (ml day−1) 31.5±2.1* 24.5±1.5# 22.5±0.7##

Calorie intake (kcal day−1) 66.4±2.0* 75.0±2.2# 69.9±1.6

Final body weight (g) 391.3±10.2** 443.8±8.2## 381.1±4.3**

Body weight gain (g) 194.9±10.3** 241.4±7.0## 176.6±3.0**

WAT weight (g per rat)
Mesenteric vascular bed 2.77±0.23** 5.09±0.20## 3.60±0.20#,**

Perirenal 0.41±0.03** 0.64±0.05## 0.50±0.03#,*

Abbreviations: ELE, Eucommia leaf extract; HFD, high-fat diet; ND, normal diet; WAT, white
adipose tissue.
n=8 for each test group. All values represent the means± s.e.m. *Po0.05, **Po0.01, as
compared with the HFD-control group; #Po0.05, ##Po0.01, as compared with the ND group.

Figure 1 Systolic blood pressure (SBP) in rats receiving a normal diet (ND),
a high-fat diet (HFD) (HFD-control) or a HFD containing 5% Eucommia leaf
extract (HFD-ELE) over the 10-week study period, when the animals were
7–17 weeks old (n=8 for each test group). All values represent the
means± s.e.m. *Po0.05, **Po0.01, compared with the HFD-control
group; #Po0.05, ##Po0.01, compared with the ND group.

Figure 2 Immunohistochemical visualization of the medial thickness of the thoracic aorta from rats that received (a) a normal diet (ND), (b) a high-fat diet
(HFD) (HFD-control) or (c) a HFD with Eucommia leaf extract (HFD-ELE). #1: adventitia; #2: media; #3: intima; scale bar, 100 μm.
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Blood components
The results of the biochemical analyses in blood plasma from the test
animals are listed in Table 2. The glucose metabolism markers (plasma
glucose, insulin and HbA1c) did not differ significantly among the
three study groups. The plasma levels of lipids, including NEFA,
triglycerides and total cholesterol, were also not significantly different
among the three groups. The results of the evaluations of plasma
adipocytokines from the test animals are shown in Figure 4. In the
HFD-ELE group, the plasma adiponectin level was significantly higher
than those in the ND and HFD-control groups (4.8± 0.3, 3.5± 0.4
and 3.8± 0.2 μg ml− 1, respectively; each Po0.01). Significantly higher
plasma leptin levels were observed in the HFD-ELE and HFD-control
groups than in the ND group (2.4± 0.4, 2.7± 0.6 and 1.9± 0.4
ng ml− 1, respectively; Po0.01 or Po0.05). The adiponectin/leptin
ratio of the HFD-control group was significantly lower than that of the
ND group (1.5± 0.1 and 1.9± 0.2, respectively; Po0.05). In the HFD-
ELE group (2.1± 0.2), a significantly elevated adiponectin/leptin ratio
was observed compared with the HFD-control group (Po0.01).

DISCUSSION

In the present study, we demonstrated that long-term administration
of ELE decreased blood pressure and aortic media thickness in WKY
rats fed a HFD. Long-term ELE administration in these animals also
increased plasma adiponectin levels and the leptin/adiponectin ratio,
and decreased body weight and visceral and peripheral fat. To our
knowledge, this is the first report showing that administration of ELE

may have beneficial effects on blood pressure, aortic hypertrophy, and
obesity in a model of early-stage MS.
The present study showed that administration of the HFD for

10 weeks caused a significant increase in the final body weight, WAT
weight and SBP in the HFD-control group compared with the ND
group. Therefore, it was confirmed that feeding WKY rats on a HFD
provided an appropriate rat model of diet-induced early-stage obesity
with hypertension with which to investigate the effects of chronic ELE
administration on the structural changes to the aorta. In addition, our
results also indicated that WKY rats might exhibit MS-like conditions
such as obesity with hypertension as a result of a HFD intake.
In this study, ELE intake produced an anti-obesity effect in WKY

rats. The HFD-ELE group exhibited significantly reduced body weight
gain, a lower final body weight and lower WAT weights, compared
with the corresponding values in the HFD-control group. This result
was consistent with a previous report that administration of ELE
produced an anti-obesity effect in MS rat models receiving a HFD.10

ELE-enhanced metabolic function in several organs, including

Figure 3 Thoracic aortic ring medial thickness in rats that received a normal
diet (ND), a high-fat diet (HFD) (HFD-control) or a HFD with Eucommia leaf
extract (HFD-ELE) (n=8 for each test group). All values represent the
means± s.e.m. *Po0.05, **Po0.01, compared with the HFD-control
group; #Po0.05 compared with the ND group.

Table 2 Blood components

Variables ND HFD-control HFD-ELE

Glucose (mg dl−1) 162.9±71.0 128.1±16.7 114.0±23.7

Insulin (ng ml−1) 0.5±0.3 0.7±0.3 0.7±0.3

HbA1c (%) 4.2±0.2 4.1±0.1 4.1±0.2

NEFA (μEq l−1) 667.3±308.5 710.1±274.1 741.4±157.5

Triglyceride (mg dl−1) 29.1±9.6 38.4±7.7 36.0±12.5

Total cholesterol (mg dl−1) 119.3±9.8 116.1±7.4 114.3±8.5

Adiponectin (μg ml−1) 3.5±0.4 3.8±0.2 4.8±0.3**,##

Leptin (ng ml−1) 1.9±0.4 2.7±0.6## 2.4±0.4#

Adiponectin/leptin ratio 1.9±0.2 1.5±0.1# 2.1±0.2**

Abbreviations: ELE, Eucommia leaf extract; HbA1c, hemoglobin A1C; HFD, high-fat diet;
ND, normal diet; NEFA, non-esterified fatty acid.
All values represent the means± s.e.m. for each test group (n=8). **Po0.01, as compared
with the HFD-control group; #Po0.05, ##Po0.01, as compared with the ND group.

Figure 4 Plasma adiponectin and leptin levels, and leptin/adiponectin ratio
in rats that received a normal diet (ND), a high-fat diet (HFD) (HFD-control),
or a HFD with Eucommia leaf extract (HFD-ELE) (n=8 for each test group).
All values represent the means± s.e.m. **Po0.01, compared with the HFD-
control group; #Po0.05, ##Po0.01, compared with the ND group.
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diminishing ATP production in WAT, accelerating β-oxidation in liver
and increasing the use of ketone bodies/glucose in skeletal muscle.18

These effects on lipid metabolism promoted loss of visceral fat and
body weight in rats fed a HFD.
For glucose and lipid metabolism measurements, no differences in

plasma levels of glucose, insulin and lipids were observed in the three
groups. Therefore, the WKY rats fed a HFD showed diet-induced
early-stage obesity with hypertension but without insulin resistance,
supporting an investigation into the effects of chronic ELE
administration on the structural changes in the aorta observed during
early obesity stages.
The present study identified a suppressive effect of ELE on the SBP

elevation induced by the HFD in WKY rats, consistent with the anti-
hypertensive effect of ELE in previous animal and human studies.15,16

In the HFD-ELE group, significant suppression of medial thickness
was also observed in the thoracic aorta. This result reflected the
suppression of SBP by ELE because elevated SBP causes increased
medial thickness.21

The examination of plasma adipocytokines identified significantly
elevated plasma leptin levels in the HFD-control and HFD-ELE groups
compared with the ND group. Leptin stimulates the sympathetic
nervous system and increases blood pressure.22,23 Therefore,
hyperleptinemia might have contributed to the elevation of SBP
observed in the HFD-control group. Moreover, leptin promotes
VSMC proliferation, vascular remodeling and hypertrophy,24 and
these effects may have contributed to the significant increase in medial
thickness in the HFD-control group. However, despite the elevated
blood leptin levels in the HFD-ELE group, these rats showed
significantly lower SBP and aortic media thickness. In addition, the
significant increase in plasma adiponectin levels was observed only in
the HFD-ELE group. Adiponectin is an abundant circulating protein
secreted by adipose tissue, and has been reported to promote fatty acid
metabolism, induce nitric oxide-dependent vasodilation and inhibit
smooth muscle cell proliferation.25,26 Elevation of the adiponectin level
in the HFD-ELE group could thus ameliorate the increases in SBP and
medial thickness induced by the HFD. In addition, the media
was significantly thinner in the HFD-ELE group than in the ND
group, suggesting that the higher adiponectin level might also inhibit
aging-related increases in medial thickness.
Adiponectin can be used as a marker of subclinical

arteriosclerosis,27 and lower serum adiponectin levels have been
reported to increase the risk of arteriosclerosis.28 Leptin has also been
associated with systemic atherosclerosis,29 where increased serum
leptin levels increase the risk of this condition. Therefore, the ratio
of leptin to adiponectin has been reported to act as an atherogenic
index in obese patients with type 2 diabetes.30 Recently, the
adiponectin/leptin ratio has been reported to be a predictive marker
of CVD-related events.31 The significantly higher adiponectin/leptin
ratio observed in the HFD-ELE group compared with the
HFD-control group may indicate a preventive effect of ELE on
arteriosclerosis. Early-stage obesity contributes to the development
of CVD, including arteriosclerosis.32 Our findings indicate the
importance of the improved adiponectin/leptin ratio observed in the
HFD-ELE group during early-stage obesity.
ELs contain compounds that include the iridoid glucosides, GEA,

asperuloside (ASP) and the caffeic acid derivative chlorogenic acid
(CHA).33,34 It has been reported that the phytochemical components
of ELs consisted of 5.47% GEA, 1.75% ASP and 0.35% CHA.35 The
anti-hypertensive effect of ELE might be attributed to GEA,36 which is
a major active component of EL.33 The observed increase in
adiponectin levels and the anti-obesity effect of ELE may be attributed

to ASP.10 CHA has been reported to produce significant
anti-hypertensive effects in SHR at a dose of ~ 300 mg kg− 1 day− 1.37

However, the estimated CHA intake in the HFD-ELE group was only
8.2 mg kg− 1 day− 1, suggesting that the CHA in ELE might be too
small to cause the anti-hypertensive effect. Although the present study
demonstrated that ELE administration had anti-hypertensive and anti-
obesity effects associated with reduced aortic media thickness and an
increased adiponectin/leptin ratio, it did not investigate how active
ELE constituents contribute to these effects; therefore, further studies
are necessary.
In this study, the HFD diet-induced mild obesity with hypertension,

a low adiponectin/leptin ratio and arterial hypertrophy in the WKY
rats. These results suggested that the imbalance in adipocytokine
secretion might gradually promote arterial morphological changes,
such as aortic media hypertrophy, which was an important determi-
nant of arteriosclerosis. In fact, arterial stiffening caused by arterial
wall remodeling is used as an early indicator of cardiovascular
complications due to metabolic disease.38 Although ELE is a health
food and not a drug, the preventive effect of the disease may be
attributed to the therapeutic effect of ELE. To our knowledge, the
present study is the first to demonstrate that chronic administration
of ELE significantly improved aortic media thickness and blood
adiponectin levels in early-stage obesity with hypertension in WKY
rats receiving a HFD. Therefore, ELE treatment may reduce the risk of
CVD by preventing arterial hypertrophy during early-stage obesity
with hypertension.
In conclusion, our study showed that long-term administration of

ELE reduced weight gain effectively and improved blood pressure,
aortic morphology, and blood adiponectin levels in WKY rats
receiving a HFD. These data suggest that the supplementation of
ELE may prevent aortic media hypertrophy in early-stage obesity and
reduce the risk of arteriosclerosis development in the future.
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