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Background: Echo-tracking (ET) is a new technique that allows the assessment of arterial function and stiffness. This study
aimed to ascertain the utility of the echo-tracking (ET) technique to assess vascular stiffness in rats with hy-
percholesterolemia and atherosclerosis.

Material/Methods: ET was used to measure the arterial stiffness of the aorta in cholesterol-fed Sprague-Dawley rats (group T1,
n=10, for 4 weeks; group T2, n=10, for 12 weeks) and normal control rats (group C1, n=10; group C2, n=10). In
vitro isometric tension experiments were used to measure the maximum contractile tension (MCT) and max-
imum relaxation percentage (MRR%) of aortic rings. Indicators of arterial stiffness and aortic MCT and MRR%
were compared between groups using linear regression analysis. Light microscopic evaluation was used to
demonstrate atherosclerotic changes in the aorta.

Results: The rat models were successfully induced; pathological examination of the aortas showed significant atheroscle-
rosis in group T2, but not in groups C1, C2, or T1. The arterial stiffness parameters obtained using ET and aortic
rings in vitro showed significant impairments in T1 and T2 rats compared with C1 and C2 controls (all P<0.05 vs.
controls). In addition, these impairments were greater in the T2 group than in the T1 group (all P<0.05). Finally,
MRR% correlated with the distensibility coefficient (r=0.396, P=0.012), arterial compliance (r=0.317, P=0.047),
stiffness parameter B (r=—0.406, P=0.009) and one-point pulse wave B (r=—0.434, P=0.005).

Conclusions: These results suggest that ET could be used to evaluate the changes in arterial wall elasticity associated with
atherosclerosis and hypercholesterolemia.
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Material and Methods

Hypercholesterolemia and atherosclerosis are known to be in-
volved in the development of cardiovascular diseases. One of
the first steps in atherosclerosis development is endothelial
dysfunction, which is a state characterized by decreased arte-
rial responsiveness to stimuli and increased arterial stiffness.
Age and smoking, 2 risk factors for cardiovascular diseases,
are associated with arterial stiffness [1,2]. Previous studies in
humans showed that arterial stiffness could be beneficial for
predicting the risk of cardiovascular diseases [3]. Exercise [4]
and lipid-lowering treatments have been shown to decrease
arterial stiffness in humans [5,6] and in animal models [7].

Echo-tracking (ET) is a new technique that allows the assess-
ment of arterial function and stiffness. ET follows the phase
shift in ultrasound frequency generated by vessel wall motion
during the cardiac cycle, and automatically calculates indica-
tors of arterial stiffness, such as stiffness parameter a, stiff-
ness parameter B, arterial compliance (AC), distensibility coeffi-
cient (DC), and one-point pulse wave velocity (PWVp). Previous
studies have used ET to evaluate arterial function in patients
with diabetes [8-10], hypertension [11], cardiovascular dis-
ease [12], Grave’s disease [13], and progeria [1] in patients
receiving hemodialysis [14], in smoking individuals [2], and in
normal individuals [15]; ET can also be used in animals.[16]

In addition to previous studies showing an association be-
tween pathological states and arterial stiffness measured by
ET, it has been reported that arterial stiffness measured using
ET is correlated with blood pressure [17]. Using methods oth-
er than ET, arterial stiffness has also been shown to correlate
with blood pressure [18,19] and noradrenaline [19].

However, few studies have compared the arterial function mea-
sured by ET with the in vitro arterial isometric tension test or
with pathological results. The in vitro arterial isometric ten-
sion test allows the direct measurement of arterial function in
response to different stimuli [20,21]. The aim of the present
study was to ascertain the utility of the ET technique in the
assessment of vascular stiffness in rats with hypercholester-
olemia and atherosclerosis. We used ET and isometric tension
tests to assess the aortic properties in normal Sprague-Dawley
rats and in rat models of hyperlipidemia and atherosclerosis.
We investigated the associations between the arterial prop-
erties measured by these 2 methods, as well as their associ-
ations with the pathological results.

Preparation of the cholesterol-fed rat model

All studies were performed with the approval of the animal use
and care committee of the Ruijin Hospital, Shanghai Jiaotong
University School of Medicine. Male Sprague-Dawley rats, 28
to 32 weeks old and weighing 390 to 600 g, were provided
by Slike Experimental Animal Co. Ltd. (Shanghai, China) [SCXK
(Shanghai) 2007-0005]. Rats were housed in a temperature- and
humidity-controlled environment. Cholesterol-fed rats received
15 g of rat chow per day supplemented with 1.3% (wt./vol.)
cholesterol, 10% cane sugar, 16.4% grease, 8.5% casein, 0.3%
bile salts, 1.6% premix and 1.9% maltodextrin for 4 weeks to
induce hypercholesterolemia (group T1, n=10) [16,22] or for
12 weeks to induce atherosclerosis (group T2, n=10) [16,23].
Previous studies have demonstrated that feeding of rats with
a high-fat diet induces a significant increase in plasma cho-
lesterol after 4 weeks [16,22] and atherosclerotic changes in
arteries after 12 weeks [16,23]. In the present study, hyper-
cholesterolemia was determined by a biochemical assay and
atherosclerosis was confirmed by pathological examination.
Control (C1 and C2, n=10 each) rats received 15 g of rat chow
daily without supplements. Access to water was unrestricted
throughout the study.

Measurement of abdominal aorta stiffness

Blood pressure was measured by a BP-98A device (SOFTRON,
Japan). After an intraperitoneal injection of chloral hydrate
(1 mL/300 g) for anesthesia, transabdominal grayscale ultra-
sound with aortic stiffness measurement was performed on
the first day (baseline), and at 4 weeks (groups T1 and C1)
(Figure 1), or 12 weeks (groups T2 and C2) (Figure 2). A longi-
tudinal section of the abdominal aorta 2 to 3 cm distal to the
iliac artery was obtained using an ESAOTE MyLab 90 ultrasound
scanner with a 7.5-10 MHz linear array probe (ProSoundMyLab
90, ESAQTE Co,, Italy). The ultrasound system has an embed-
ded vessel wall ET mode that can automatically measure the
diameter of the vessel and dynamic changes in the diameter
during the cardiac cycle (CC). The sampling gate was placed
at the middle of the vessel after setting the B/M mode (gray-
scale imaging with motion mode). Efforts were made to obtain
the maximum inner diameter of the vessel and to optimize the
images by setting the ultrasound beam vertical to the arteri-
al wall. The waveforms reflecting the changes in the arterial
inner diameter, including systolic diameter (Ds) and diastolic
diameter (Dd), were continuously collected for more than 12
CCs. Five steady waveforms within 12 CCs were selected man-
ually, and the systolic pressure (Ps) and diastolic pressure (Pd)
data were entered into the ultrasound system. Then, the stiff-
ness values were calculated automatically by the system ac-
cording to the following equations:
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Figure 2. Echo-tracking in a control rat at 4 weeks and control
rat at 12 weeks.

Figure 1. Echo-tracking in a rat with hypercholesterolemia at 4
weeks and atherosclerosis at 12 weeks.

Stiffness parameter a=In (Ps/Pd)/[(As-Ad)/Ad]
Stiffness parameter B=In (Ps/Pd)/[(Ds-Dd)/Dd]
AC (cm/mmHg)=n (DsxDs—DdxDd)/[4x(Ps—Pd)]
DC (mmHg)=(As—Ad)/(AsxAP)

PWVB (m/s)=(Bpd/2p)

segments was then tested by exposing them 2 times to a de-
polarizing 60 mmol/L KCl solution. After recording the maxi-
mum contractile tension (MCT), the segment was washed with
Krebs solution. Contractility of segments was then tested by
an exposure to phenylephrine (Phe, 1 pmol/L) and the MCT
value was recorded. Maximum relaxation responses (MRR) to
acetylcholine (Ach, 1 pmol/L) were recorded. The curves of the
contractile and relaxation responses were saved. The MCT in-
duced by Phe or KCl was set as 100%. The ratio of the vascu-
lar tone range under Ach to the MCT indicated the variation
in the vascular tone (Figure 3).

where Ps and Pd are systolic and diastolic blood pressures,
As and Ad are the systolic and diastolic area of the artery, Ds
and Dd are the systolic and diastolic diameter of the artery, p
is the density of blood (1050 kg/m?), and AP is the difference
of the closed position between the culmination of Ps, extro-
version pulse wave and backward wave [24].

MRR percentage (MRR%) = (MCT value to Phe — MRR value to

Tension test

The abdominal aorta was dissected under anesthesia. Ring seg-
ments of 2-3 mm in length were dissected free of fat and con-
nective tissue, and were mounted in a Multi Wire Myograph
System (Danish Myo Technology Model 610M, Denmark) for
measurement of isometric tension. The remaining rings were
sent to the Pathology Department. Two steel wires (40-um di-
ameter) were introduced through the lumen of the segments,
which were mounted according to the method described by
Mulvany and Halpern [25]. Vessels were maintained at 37°C
in physiological Krebs solution containing 118 mmol/L NaCl,
4.7 mmol/L KCl, 1.2 mmol/L MgSO,, 1.2 mmol/L KH,PO,,
1.2 mmol/L MgCl,, 11 mmol/L D-glucose, 25 mmol/L NaHCO,,
2.5 mmol/L CaCl,, and 0.026 mmol/L EDTA that was bubbled
with 95% O, and 5% CO, to maintain the buffer at pH 7.4. Data
were recorded using a PowerlLab/8sp data acquisition system
(A.D. Instruments, Castle Hill, Australia). After being mounted,
the arteries were allowed to equilibrate for 90 minutes before
they were stretched stepwise to characterize the passive elas-
tic properties, as previously described [25]. Contractility of the
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Ach)/MCT value to Phe x100%.

Pathological evaluation

After completion of the experiment, the remaining aortas were
removed for gross pathological evaluation. For light microscop-
ic examination, the specimens were fixed in 4% formalin for
24 hours, embedded in paraffin, and cut into 5-um tissue sec-
tions for hematoxylin-eosin (HE) staining.

Statistical analysis

Statistical analysis was performed using SPSS 16.0 (SPSS Inc.,
Chicago, IL, USA). Continuous data are expressed as the mean
+SD. Comparisons of means were performed using analysis of
variance (ANOVA) followed by LSD post-hoc tests. To assess
covariates and confounders, we performed analysis of covari-
ance and multiple linear regression. P-values <0.05 were con-

sidered significant.

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Current Contents/Clinical Medicine]

[Index Medicus/MEDLINE]
[Index Copernicus]

[SCI Expanded]

[ISI Alerting System]
[EMBASE/Excerpta Medica]



ZhangY.etal.:
AN I MAL STU DY Echo-tracking and arterial ring tension

© Med Sci Monit, 2015; 21: 2933-2942

50 ey Dp—
401
30
20 e frsbecstoiecsdaf ity B e TR AR S ]/ :
i i
10:00 20:00 30:00 40:00 50:00 1:00:00 1:10:00 1:20:00 1:30:00
B
w0 é
20 :
d e O g f 5
2 g;ﬁ ‘L o
9] L13] L1 LS

0:00 5500 1:00:00 1:05:00 1:10:00 1:15:00 71:20:00 1:25:00 1:30:00 1:35:00 1:40:00 1:45:00 1:50:00 1:55:00 2:00:00 2:05:00 2:10:00 2:15:00

40

20 i
' 3 5 3 5
112] L16] L4 8

i 3]
50:00  55:00  1:00:00 1:05:00 71:10:00 1:15:00 1:20:00 1:25:00 1:30:00 1:35:00 1:40:00 1:45:00 1:50:00 1:55:00 2:00:00 2:05:00 2:10:00 2:15:00

D ;
601 :
0
20 ettt (5 5 %

2:00:00 2:05:00 2:10:00 2:15:00 2:20:00 2:25:00 2:30:00 2:35:00 2:40:00 2:45:00 2:50:00 2:55:00 3:00:00 3:05:00 3:10:00 3:15:00 3:20:00 3:25:00

Figure 3. Contraction and relaxation response curves of aortic rings. (A): contraction response curve to KCl and Phe, and the relaxation
response curve to Ach in the aortic ring of a rat in group C1. (B): contraction response curve to KCl and Phe, and the
relaxation response curve to Ach in the aortic ring of a rat in group T1. (C): contraction response curve to KCl and Phe, and
the relaxation response curve to Ach in the aortic ring of a rat in group C2. (D): contractile response curve to KCl and Phe,
and the relaxation response curve to Ach in the aortic ring of a rat in group T2.

Results C1 or between groups T2 and C2 (all P>0.05) (Table 1).

Baseline parameters Echo-tracking detected differences between the groups

At baseline, there were no significant differences in weight, At the end of the 4- or 12-week period, Ps was higher in the T2
height, Ps, Pd, DC, AC, o, B, or PWVJ between groups T1 and group than in the C2 group (P<0.001). Ps and Pd were higher
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Table 1. Parameters at baseline.

Control at
12 weeks (C2)

Atherosclerosis at
12 weeks (T2)

Control at
4 weeks (C1)

Hypercholesterolemia at
4 weeks (T1)

n 10 10 10 10
CHeight(cm)  4490s185 45704183 44874179 4635el7l
Cweight(®  4987sde99 S0160447.92 - a9954r45.44 5020144565
CPs(mmHg 102148285 995642 100074354 08371443
CPd(mmHg 76711647 090801 7454743 7543722
bc oom002 0064002 004001  005:002
AC oiss008 0355011 028:010 0298009
« agma 1645065 224200 2206198
B sgrsass 3sost7 49840l asomas
CPwvp  s3sslss 4121065 503:098 498123

Ps — systolic blood pressure; Pd — diastolic blood pressure; DC — distensibility coefficient; AC — arterial compliance; o — stiffness
parameter o; B — stiffness parameter 3; PWV[ — one-point pulse wave velocity. All data are presented as mean +SD. All P>0.05 in each
row.

Table 2. Blood pressure, stiffness parameters, arterial compliance, distensibility coefficient, and one-point pulse wave velocity after

treatment.
Hypercholesterolemia at Control at Atherosclerosis at Control at
4 weeks (T1) 4 weeks (C1) 12 weeks (T2) 12 weeks (C2)
Ps (mmHg) 101.00+5.44 98.5+7.62 108.80+4.39###5 102.5+2.42

7.06+1.39###S

5.06+0.71* 4.08+0.83 4.54+0.77

Ps — systolic blood pressure; Pd — diastolic blood pressure; DC — distensibility coefficient; AC — arterial compliance; o — stiffness
parameter o; B — stiffness parameter ; PWV[ — one-point pulse wave velocity. All data are presented as mean +SD. * P<0.05 T1 vs. C1;
# P<0.05, *** P<0.001 T2 vs. C2; ® P<0.001 T1 vs. T2.

in the T2 group than in the T1 group (P<0.05). The DC and AC
values of the T1 and T2 groups were decreased compared with
C1 and C2 (all P<0.05). Furthermore, o, B, and PWVp values
were increased in groups T1 and T2 compared with C1 and
C2 (all P<0.05). PWVP was higher in the T2 group compared
with T1 (P<0.001) (Table 2).

Atherosclerosis affected aortic ring responses

At the end of the 4- or 12-week period, MCT to KCl, MCT to
Phe and MRR% were decreased in the T1 group compared
with C1 (P<0.001, P<0.01 and P<0.001, respectively). MCT to
KCl and Phe were increased in the T2 group compared with
C2 (P<0.05 and P<0.05, respectively). However, MRR% was de-
creased in the T2 group compared with C2 (P<0.001). MCT to
KCl and MCT to Phe were higher in the T2 group compared
with T1 (P<0.001 and P<0.05, respectively) (Table 3).
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Table 3. Aortic ring tension parameters.

Control at
12 weeks (C2)

Atherosclerosis at
12 weeks (T2)

Control at
4 weeks (C1)

Hypercholesterolemia at
4 weeks (T1)

KCl 32.65+5.61*** 40.85+1.85 43.66+4.28%55 39.21+3.52
Phe 35.04+6.74** 40.13+1.98 41.84+3.46%5 38.48+3.82
MRR% 0.34+0.05*** 0.65+0.20 0.29+0.09%# 0.67+0.22

KCl — the maximum contractile tension value of the ring to high-K solution; Phe — the maximum contractile tension value of the ring to
phenylephrine; MRR% — maximum relaxation response percentage. All data are presented as mean +SD. ** P<0.01,*** P<0.001 T1 vs.
C1; * P<0.05, #** P<0.001 T2 vs. C2; * P<0.05, %% P<0.001 T1 vs. T2.

Table 4. Correlations between blood pressure, stiffness parameter B, arterial compliance, distensibility coefficient, and one-point pulse
wave velocity.

Ps — systolic blood pressure; Pd — diastolic blood pressure; DC — distensibility coefficient; AC — arterial compliance; o — stiffness
parameter o; B — stiffness parameter 3; PWVf — one-point pulse wave velocity.

Table 5. Correlation analysis between maximum contractile tension value and relaxation percentage.

Phe — the maximum contractile tension value of the ring to phenylephrine, MRR%=maximum relaxation response percentage;
KCl — the maximum contractile tension value of the ring to high-K solution; DC — distensibility coefficient; AC — arterial compliance;
o - stiffness parameter a; B — stiffness parameter 3; PWV[ — one-point pulse wave velocity.

Correlations

B was positively correlated with Ps (r=0.373, P=0.018) and Pd
(r=0.377, P=0.017), and negatively correlated with DC (r=—0.798,
P<0.001) and AC (r=—0.667, P<0.001). DC was negatively corre-
lated with Ps (r=—0.438, P=0.005) and Pd (r=—0.417, P=0.007).
AC was negatively correlated with Ps (r=—0.492, P=0.001) and
Pd (r=—0.530, P<0.001). PWVp was positively correlated with

B (r=0.838, P<0.001), Ps (r=0.471, P=0.002) and Pd (r=0.387,
P=0.014). PWVp was negatively correlated with DC (r=—0.798,
P<0.001) and AC (r=—0.667, P<0.001) (Table 4).

MRR% was negatively correlated with o (r=-0.390, P=0.013),
B (r=-0.406, P=0.009) and PWVp (r=—0.434, P=0.005). MRR%
was positively correlated with DC ((r=0.396, P=0.012) and AC
(r=0.317, P=0.047) (Table 5).
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Figure 4. HE staining of the aorta of a control rat at 4 weeks and control rat at 12 weeks. (A): 200x magnification; (B): 400x

magnification.

Figure 5. HE staining of the aorta of a rat with hypercholesterolemia at 4 weeks. (A): 200x magnification; (B): 400x magnification.

Foam cells are indicated by a black arrow.

Pathological analysis

Gross examination showed a smooth aortic intima with no
atherosclerotic plaque in groups C1, C2, and T1, whereas ob-
vious atherosclerotic plaque formation was observed in the
T2 group. Microscopy showed that the endothelial cells were
smooth and that the intima was level. The elastic fibers of
the tunica media showed a smooth structure. The tunica ad-
ventitia showed loose connective tissues in groups C1 and C2
(Figure 4). However, in the T1 group, some foam cells were ob-
served under the endothelial cells (Figure 5). In the T2 group,
the endothelial cells were reduced and the intima was clearly
thickened. The surface of the plaques showed a fibrous cap
with lipid deposits. The deep part was necrotic. The tunica me-
dia was compressed and atrophied (Figure 6).

Discussion

The aim of the present study was to ascertain the utility of
the ET technique for the assessment of vascular stiffness in
rats with hypercholesterolemia and atherosclerosis. The re-
sults showed an increase in stiffness parameters and a de-
crease in dilation parameters evaluated using ET in rat mod-
els of hypercholesterolemia and atherosclerosis. Importantly,
the stiffness changes detected by ET in rats with hypercho-
lesterolemia were evident in the absence of gross pathologi-
cal changes (such as the presence of plaque), suggesting that
ET may detect functional abnormalities reflecting the under-
lying disease that might not be identified with morphological
techniques such as angiography. Therefore, ET represents a vi-
able method for detecting changes in arterial stiffness in rats
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Figure 6. HE staining of the aorta of a rat with atherosclerosis at 12 weeks. (A): 200x magnification; (B): 400x magnification. A plaque

is indicated by a black arrow.

that occur secondary to hypercholesterolemia and/or athero-
sclerosis. On the basis of these findings, further studies are
merited to determine whether ET could be used as a noninva-
sive technique in the clinic for monitoring pathological chang-
es in arterial function in patients with hypercholesterolemia
and/or atherosclerosis.

Previous studies have shown that rabbit models of athero-
sclerosis had higher arterial stiffness than controls [26-28].
These results were also observed in humans with increasing
levels of atherosclerosis [3,29,30]. These results could be be-
cause high atherosclerosis induces structural stiffness in arter-
ies due to calcification and hypertrophy. In the present study,
pathological changes of atherosclerosis were observed in the
aortas of the T2 group, and these aortas showed decreased
reactivity to the different stimuli used to assess their respon-
siveness, suggesting an association between atherosclerosis
and arterial stiffness. However, assays were not performed to
assess the changes in collagen associated with atherosclero-
sis and their association with arterial stiffness parameters.
Future studies will have to address this issue. Nevertheless, a
recent study has shown that arterial stiffness predicted car-
diovascular death independently from arterial thickness [31],
causing some controversy regarding the subject.

In the present study, B, AC, DC, and PWV[ were selected to
assess arterial stiffness by ET. Among these, B and PWV} are
stiffness parameters, and AC and DC are dilation parameters.
As might be expected, the present study showed that stiff-
ness parameters were negatively correlated with dilation pa-
rameters. In addition, p and PWVp were higher in the T1 and
T2 groups compared with controls, while DC and AC were low-
er. These results are supported by previous studies. Indeed, a
study in rabbits showed that ET parameters were associated

with atherosclerosis [16]. A previous study in humans has
shown that there was an association between aortic steno-
sis and arterial compliance [32]. Another study in humans has
shown that arterial stiffness could detect the early changes in-
duced by atherosclerosis [28]. In addition, an autopsy study re-
vealed that there was a relation between pathological findings
of carotid atherosclerosis and pre-death ET B parameter [33].

PWV represents the vascular wall’s bionomics, vascular ge-
ometry characteristics, and blood density. PWV reflects vas-
cular stiffness because the variations in vascular geometry and
blood density are usually small. A cross-sectional study indi-
cated that aortic PWV was correlated with the cardiovascular
risk and that the stroke risk was 1.72-fold higher when PWV[3
was increased by 4 m/s [34]. Arterial stiffness was correlat-
ed with cardiovascular mortality in terminal-stage nephritis.
Furthermore, PWV can predict the risk of cardiovascular dis-
eases in people over 70 years old [35,36]. In the present study,
PWV was increased in the atherosclerosis groups, but no dif-
ferences were observed in 3, AC, and DC, suggesting that PWVJ
can objectively reflect the degree of arterial stiffness and that
PWV is more sensitive than the other indexes. It is possible
that these parameters are sensitive indexes of vascular func-
tion but that they are not related to variations in morpholo-
gy. However, these findings need to be validated in humans.
Nevertheless, PWV has been shown to predict cardiovascular
events in humans [37,38].

AC and DC reflect the vascular abilities of contraction and re-
laxation. We performed aortic ring testing according to the
method by Mulvany and Halpern [25] and tested the validi-
ty and confidence of vascular stiffness parameters measured
by ET with the parameters using aortic rings. Cai et al. [21]
used a similar approach in high-fat-fed rats and controls and
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measured the response of thoracic aorta to norepinephrine
(108-10"* mmol/L) and Ach (10°-10"* mmol/L) after 5 weeks.
The results showed that the response to norepinephrine or Ach
was weaker in the high-fat diet group and that arterial contrac-
tion and relaxation were decreased. These results were sim-
ilar to those observed in the T1 and C1 groups. The present
study showed that the MRR% of aorta rings in the T2 group
was obviously lower than in C2, but that the MCT to KCl and
Phe were obviously higher than in the C2 group. Furthermore,
MCT was higher in the T2 group compared with T1. These re-
sults suggest that atherosclerosis has a direct impact on the
reactivity of arteries to contraction/dilation stimuli.

Indeed, some studies have shown that the impairment of vas-
cular endothelial cells and abnormal vascular relaxation func-
tion was due to the impairment of the usual vasoactive factors
released by the endothelium [39]. Indeed, blood vessel endothe-
lium releases vasoactive substances like prostacyclin PGL, NO,
and endothelin, which act together to maintain a proper vas-
cular tone [40,41]. Factors involved in the pathogenesis of ath-
erosclerosis are toxic to endothelial cells [42], damaging arteri-
al endothelial cells, and decreasing NO and biological function
of the cells. A previous study showed that there was a relation
between arterial stiffness and flow-mediated dilation in pa-
tients with or without cardiovascular diseases [43]. Imbalances
in dilation mediators result in endothelial dysfunction, a state
promoting the development of arteriosclerosis plaque and the
deregulation of vascular tone. In the present study, the MCT
in the T2 group was obviously higher than in T1 and controls.
We suppose that the aortic contractile response to KCl and Phe
would be strengthened, possibly because of serious endotheli-
al dysfunction and induced production of the vasoconstrictor
endothelin by the endothelium. However, in-depth biochemi-
cal studies are necessary to examine this point.

MRR% reflects the relaxation function of aortic rings. In rings
confirmed to have serious atherosclerosis, f and PWV[ were
higher, representing a higher degree of impairment of the en-
dothelial cells. Consequently, the relaxation ability of the aor-
tic rings was much lower and AC and DC were much lower.
The in vitro results correlated with those obtained using ET.
Indeed AC, DC, and MRR% in the T1 and T2 groups were low-
er than in C1 and C2. However, no difference was observed

References:

1. Varady E, Feher E, Levai A, Battyany I: Estimation of vessel age and early
diagnose of atherosclerosis in progeria syndrome by using echo-tracking.
Clin Hemorheol Microcirc, 2010; 44: 297-301

2. Zhang P, Guo R, Li Z et al: Effect of smoking on common carotid artery wall
elasticity evaluated by echo tracking technique. Ultrasound Med Biol, 2014;
40: 643-49

ANIMAL STUDY

between the T1 and T2 groups. Furthermore, MRR% was neg-
atively correlated with Ps, 3, and PWV, and positively corre-
lated with DC and AC. These results strongly suggest that the
parameters obtained using ET and the tension test are repre-
sentative of each other, and that ET correctly assesses arte-
rial stiffness. In addition, the pathological changes were con-
firmed in the atherosclerosis rat models. The changes in the
aortas were confirmed by pathological examination of the
specimens, strengthening our results.

The results of the present study were obtained in an animal
model; therefore, further studies should be performed in hu-
mans. In addition, in-depth immunohistochemical analyses
should be performed to characterize the changes in aortas in
relation to ET parameters.

Conclusions

ET and in vitro aortic ring tension are correlated with the path-
ological evaluation. Therefore, ET represents a suitable tech-
nique for evaluating the changes in arterial wall elasticity as-
sociated with atherosclerosis and hypercholesterolemia in
rats. Further studies are merited to explore whether ET could
have clinical utility in the assessment of arterial wall elasticity
in patients with hypercholesterolemia and/or atherosclerosis.
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