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Abstract

or in atherosclerosis, can be alleviated via transient limb ischemia.
Background: Endothelial dysfunction, the initial pathogenic fact
We observed the effects of regular transient limb ischemia (RTLI) on atherosclerosis in hypercholesterolemic rabbits.
Methods: Twenty-eight rabbits were randomized to control, cholesterol, sham, ischemia groups (n=7 each) between October 2010
andMarch 2011. They were fed a normal diet in the control group and hypercholesterolemic diet in other groups for 12 weeks. Six
cycles of RTLI were performed once per day on the ischemia group. Serum samples were prepared to measure the total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) before the experiment (W0), at the
end of weeks 4, 8, 12 (W4,W8,W12). The whole aorta was harvested atW12 and stained using Sudan IV to identify the plaque. The
plaque area was measured using Image J. Results were analyzed by analysis of variance or rank sum test.
Results: Concentrations of TC in the cholesterol group were higher than those in the control group at W4 (29.60 [23.75, 39.30] vs.
1.00 [0.80, 1.55], Z = –2.745, P = 0.006), W8 (41.78 [28.08, 47.37] vs. 0.35 [0.10, 0.68], Z = –2.739, P = 0.006), W12 (48.32
[40.04, 48.95] vs. 0.61 [0.50, 0.86], Z = –2.739, P = 0.006). Similar results were obtained for HDL-C and LDL-C. Serum
concentrations of TC, HDL-C, and LDL-C in the hypercholesterolemic groups had no differences (all P > 0.05). The percentage of
plaque area in the cholesterol group was higher than that in the control group (47.22 ± 23.89% vs. 0, Z = –2.986, P = 0.003).
Square root of the percentage of plaque area was smaller in the ischemia group than that in the cholesterol (0.44 ± 0.13 vs.
0.67 ± 0.18, P = 0.014) or sham groups (0.44 ± 0.13 vs. 0.61 ± 0.12, P = 0.049).
Conclusion: In hypercholesterolemic rabbits, RTLI might prevent atherosclerosis progression by reducing the percentage of plaque
area.
Keywords: Atherosclerosis; Ischemic pre-conditioning; Hypercholesterolemia

Introduction Transient limb ischemia (TLI), defined as one or several

episodes of brief occlusion followed by reperfusion of
The complications of atherosclerosis are the main causes of
death worldwide.[1] The formation of atherosclerosis is
affected by many risk factors. However, since Ross
demonstrated that various kinds of insults to the
endothelium could result in plaque lesions through an
inflammatory-fibroproliferative response, endothelial cell
injury, and dysfunction, endothelial injury has been widely
accepted as the initial factors that play critical roles in the
pathogenesis of atherosclerosis.[2] Endothelial dysfunction
is even found to precede the development of morphological
atherosclerotic changes.[2,3] Therefore, restoration of the
dysfunctional endothelium is a key target of interventions
to reduce cardiovascular risk factors.[4-7]
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blood flow to a limb, can provide multiorgan protection
against further prolonged episodes of ischemia, and it is
derived from the idea of remote ischemic pre-conditioning
(RIPC).[8] Kharbanda’s study found that endothelial
dysfunction might be prevented by TLI, which was able
to attenuate the systemic activation of neutrophils.[9] A
study has shown that TLI with three cycles of 5-min
ischemia followed by 5-min reperfusion prevented ische-
mia-reperfusion-induced endothelial dysfunction in the
contralateral arm in humans.[10] A study demonstrated
that TLI augmented endothelium-dependent vasodilation
in humans through an increase of nitric oxide (NO)
production.[11] Liang’s study demonstrated that long-term
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RIPC improved endothelial function in patients with
coronary heart disease.[12] Although the exact mechanism

Province, Guangzhou, China, with animal production
license number SCXK ([Yue] 2008-0002), weighing

*There were one,two,one,zero dropouts in the control, cholesterol, sham, and ischemia groups, respectively. 
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Figure 1: Flow chart of the experimental protocols of the study. (A) Animal grouping, diet, and intervention. Rabbits in the ischemia group were kept in rabbit hutches and subjected to the
RTLI once per day in the afternoon during the 12-week period. Rabbits in the sham group were kept in rabbit hutches and had a deflated cuff on the left hind limb for 60 min accordingly. (B)
The time points to record body weight; blood sample was drawn to prepare serum for lipids analysis and finally harvest aorta. RTLI: Regular transient limb ischemia.
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of endothelial protection by TLI remains unclear, TLI has
been reported to provide endothelial protection.[13]

From the above studies, endothelial dysfunction can
eventually lead to atherosclerosis, and TLI can protect
endothelial function. We hypothesized that long-term
regular TLI (hereinafter referred to as RTLI) might be an
effective method to prevent progression of atherosclerosis
mediated by protecting the endothelial function. This pilot
study aimed to explore whether RTLI could prevent
atherosclerosis progression in hypercholesterolemic rabbits.

Methods
Ethics

The study protocol was approved by the Institutional
Animal Care and Use Committee of Sun Yat-sen University
(No. LAEC-2010-0901), and the study complied with the
Regulations for the Administration of Affairs Concerning
Experimental Animals (Approved by the State Council on
October 31, 1988, and promulgated byDecreeNo. 2 of the
State Science and Technology Commission on November
14, 1988, China).

Animals and grouping
080
A total of 28 male New Zealand white rabbits from
Medical Experimental Animal Centre of Guangdong

1

2.0±0.2 kg, were randomly assigned to four groups (n=7
each): control group, cholesterol group, sham RTLI as
sham group, and RTLI as the ischemia group [Figure 1A].

Rabbits were maintained in individual stainless-steel cages
with temperature-controlled air-conditioning (20°C) and
50% humidity, in a light-dark cycle of 12 vs.12 h.

After 1 week of adaptation, all rabbits received restrictive
amounts of rabbit chow for 12 weeks (150 g/day), that is,
70 g in the morning and 80 g in the evening. Rabbits in the
control group were fed with normal rabbit chow. Rabbits
in the other three hypercholesterolemic groups were fed
with normal chow in the morning and hypercholesterol-
emic diet in the evening (80 g hypercholesterolemic chow
consisted of 1.5 g cholesterol, 9 g of corn oil, and 69.5 g of
normal chow). To prepare the hypercholesterolemic diet,
cholesterol powder (Sinopharm Chemical Reagent Co.,
Ltd, Shanghai, China) was dissolved in heated corn oil
(Wilmar International Co., Ltd, Shanghai, China) and
mixed immediately with the normal rabbit chow. The food
was packed in a container and allowed to cool down
completely before use. This feeding protocol was adopted
in accordance with the literature[14] and our pilot study.
During our pilot study, we found that the rabbits would eat
up the hypercholesterolemic chow with our feeding
protocol, but not the chow consisting of 1% cholesterol
and 6% corn oil given twice per day.[14] With our feeding
regimen, the total percentage of cholesterol and corn oil
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consumed by the rabbit every day equaled that in a
previously described protocol.[14] All rabbits had free

determined by en face quantification as described in the
literature.[16] Briefly, after fixation with 10% neutral
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access to water during the experimental period. Body
weight of all animals was recorded before the experiment
and at the end of every week during the experimental
period (in weeks, W0–W12).

Intervention procedures
The rabbits in the ischemia group were kept in rabbit
hutches and allowed to rest at least 15 min before being
subjected to RTLI. RTLI was induced by six cycles of
ischemia and reperfusion by inflating a 4.5 cm-wide blood
pressure cuff (Shenzhen Medke Technology Co., Ltd,
Shenzhen, China) placed on the topmost segment of the left
hind limb to 200mmHg for 5min followed by deflating the
cuff for 5 min, and this protocol has been proven to be safe
and reliable in our previous study.[15] This procedure was
started at the beginning of the 12-week hypercholesterol-
emic diet feeding. The rabbits in the ischemia group were
subjected to the above RTLI once per day in the afternoon
during the 12-week period, while the rabbits in the sham
group were kept in rabbit hutches and had a deflated cuff
on the left hind limb for 60 min accordingly. All
procedures were performed without anesthesia, and the
rabbits were calmed down by caressing.[15] The rabbits in
the control and cholesterol groups were only fed in the
cages with their respective diet; no intervention was
performed on them [Figure 1A].

Analysis of serum lipids
Blood (9 mL) was drawn from the central ear artery in the
morning after a 14-h fast before the beginning of the
experiment (W0), at the end of the fourth, eighth, and
twelfth week of the experiment (W4, W8, W12,
respectively), and it was centrifuged (1500� g for
15 min at 4°C) to separate the serum. Then, the serum
samples were stored at –80°C until analysis. Serum
concentrations of total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and triglyceride were measured by
the enzymatic method using an automatic biochemical
analyzer (ADVIA-2400, Bayer, Germany) [Figure 1B].

Aorta harvesting
At the end of the 12-week period, the rabbits were
euthanized with an overdose of sodium pentobarbital
(120 mg/kg; Sigma-Aldrich, Saint Louis, MO, USA)
intravenously. Then, a thoracoabdominal incision was
made, and the whole aorta, including the arch and thoracic
and abdominal aorta, was dissected from the dorsal wall,
and all adipose tissues attached were removed gently;
then it was fixed in 10% neutral formalin (Guangzhou
Aifa Biomedical Technology Engineering Co., Ltd.,
Guangzhou, China) at room temperature for 24 h for en
face analysis of atherosclerotic lesions [Figure 1B].

En face quantification of plaque area in the whole aorta
081
The extent of atherosclerosis was expressed as the
percentage of plaque area in the aorta, which was

1

formalin, the aorta was cut longitudinally, unfolded, and
rinsed in 70% ethanol (the volume of absolute ethyl
alcohol [Sigma-Aldrich]: the volume of distilled water-
 = 7:3) for 3 min. Then, the aorta was stained with Sudan
IV solution, which consisted of 0.1% Sudan IV
(AMRESCO, Solon, OH, USA), 35% ethanol, and 50%
acetone (Sigma-Aldrich) for 3 to 5 min, followed by
destaining in 80% ethanol for 3 to 5 min. Thereafter, the
stained aorta was splayed and pinned flat on a white plate.
Images were captured using a digital camera (Canon Inc,
Tokyo, Japan) in a fixed parameter and transferred to the
computer. The atherosclerotic lesion area stained by Sudan
IV (red stain) and total aortic surface area were measured
using a computer-assisted image analysis system (NIH,
Bethesda, Maryland, USA).

Statistical analysis
Continuous normal distributed variables with homogeneity
variance were presented as mean± standard deviation,
repeated values were analyzed using the analysis of
variance (ANOVA) for repeated measures, and other
values were analyzed using the two-tailed one-way
ANOVA. Comparison among normal distributed varia-
bles was done using multiple comparisons of the least
significant difference. Non-normal distributed variables or
normal distributed variables with heterogeneity variance
were presented as median (interquartile range) and
analyzed using a Mann-Whitney U rank sum test.

This study was designed as two levels of factorial design,
after the comparison between the control and the
cholesterol groups to identify the cholesterol effect, the
three hypercholesterolemic diet groups were compared to
identify the RTLI effect. When the plaque area among the
three groups was compared, a paradox result (there was no
statistical significance between the cholesterol and sham
groups, and between the sham and ischemia groups;
however, there was a statistically significant difference
between the cholesterol and ischemia groups) was
obtained, so they were compared again after transforma-
tion of the original data to square root. Statistical analysis
was performed using SPSS version 16.0 statistical software
package (SPSS Inc., Chicago, IL, USA). A P<0.05 was
considered statistically significant.

Results
General data

As shown in Figure 2, no significant differences in terms of
weight gain were found among the four groups over the
12-week period (F=0.352, P=0.788). There were one,
two, one, and zero dropouts in the control, cholesterol,
sham, and ischemia groups, respectively, due to death
before the experiment finished.

Lipid profiles
As shown in Table 1, the concentrations of TC in the
cholesterol group were higher than those in the control
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group at W4 (cholesterol vs. control, 29.60 [23.75, 39.30]
mmol/L vs. 1.00 [0.80, 1.55] mmol/L, Z=–2.745, P=

the control group at W4 (cholesterol vs. control, 5.94
[3.56, 7.20] mmol/L vs. 0.54 [0.40, 0.63] mmol/L,

Table 1: Serum concentrations of TC, HDL-C, LDL-C, and triglyceride in rabbits according to the test points in the control and cholesterol groups.

Parameters Time (week) Control (n=6) Cholesterol (n=5) Z P

TC (mmol/L) 0 1.15 (0.90, 1.45) 1.10 (0.75, 1.55) �0.459 0.647
4 1.00 (0.80, 1.55) 29.60 (23.75, 39.30) �2.745 0.006
8 0.35 (0.10, 0.68) 41.78 (28.08, 47.37) �2.739 0.006
12 0.61 (0.50, 0.86) 48.32 (40.04, 48.95) �2.739 0.006

HDL-C (mmol/L) 0 0.50 (0.37, 0.54) 0.52 (0.50, 0.75) �1.192 0.233
4 0.54 (0.40, 0.63) 5.94 (3.56, 7.20) �2.739 0.006
8 0.40 (0.23, 0.54) 2.11 (2.05, 3.55) �2.745 0.006
12 0.42 (0.27, 0.45) 3.38 (3.20, 3.98) �2.739 0.006

LDL-C (mmol/L) 0 0.32 (0.27, 0.50) 0.28 (0.14, 0.44) �1.006 0.314
4 0.57 (0.35, 1.21) 41.25 (31.78, 49.98) �2.739 0.006
8 0.32 (0.17, 0.57) 17.85 (14.51, 24.84) �2.739 0.006
12 0.23 (0.16, 0.43) 25.95 (22.52, 28.39) �2.739 0.006

Triglyceride (mmol/L) 0 0.80 (0.70, 0.95) 0.80 (0.60, 1.65) �0.282 0.778
4 0.94 (0.73, 1.24) 1.19 (1.04, 2.84) �1.826 0.068
8 0.65 (0.50, 0.95) 1.80 (1.30, 2.80) �2.745 0.006
12 0.40 (0.38, 0.55) 1.80 (1.10, 3.05) �2.764 0.006

All values are presented as median (P25, P75). Control, the group in which the rabbits were fed with normal chowwithout any intervention; Cholesterol,
the group in which the rabbits were fed with hypercholesterolemic chow without any intervention. There were one and two dropouts in the control and
cholesterol groups, respectively. HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; TC: Total cholesterol.

Figure 2: Weight gain of the rabbits in the control, cholesterol, sham, and ischemia groups over the 12-week period. Data are presented as mean± standard deviation, n=6, 5, 6, and 7 in
the control, cholesterol, sham, and ischemia groups, respectively. No differences were found among groups (P=0.788). kg: Kilogram; W0: Before the experiment; W1 to W12: End of the first
week to the 12th week.
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0.006), at W8 (41.78 [28.08, 47.37] mmol/L vs.
0.35 [0.10, 0.68] mmol/L, Z=–2.739, P=0.006), and at
W12 (48.32[40.04, 48.95] mmol/L vs. 0.61[0.50, 0.86]
mmol/L, Z=–2.739, P=0.006). The concentrations of
HDL-C in the cholesterol group were higher than those of

1

Z=–2.739, P=0.006), W8 (2.11 [2.05, 3.55] mmol/L
vs. 0.40 [0.23, 0.54] mmol/L, Z=–2.745, P=0.006), and
W12 (3.38 [3.20, 3.98] mmol/L vs. 0.42 [0.27, 0.45]
mmol/L, Z=–2.739, P=0.006). The concentrations of
LDL-C in the cholesterol group were higher than those of
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the control group at W4 (cholesterol vs. control, 41.25
[31.78, 49.98] mmol/L vs. 0.57 [0.35, 1.21] mmol/L, Z=

original percentage of the plaque area in the cholesterol
group was higher than that in the control group (chole-

Table 2: Serum concentrations of TC, HDL-C, LDL-C, and triglyceride in rabbits according to the test points in the cholesterol, sham and ischemia
groups.

Parameters Time (week) Cholesterol (n=5) Sham (n=6) Ischemia (n=7) Chi-squared P

TC (mmol/L) 0 1.10 (0.75, 1.55) 1.10 (0.90, 1.53) 1.10 (0.90, 1.40) 0.278 0.870
4 29.60 (23.75, 39.30) 33.80 (29.48, 39.13) 38.00 (27.50, 38.40) 0.683 0.711
8 41.78 (28.08, 47.37) 46.81 (39.09, 47.24) 44.89 (43.34, 46.69) 0.711 0.701
12 48.32 (40.04, 48.95) 46.02 (34.34, 48.32) 46.08 (36.78, 48.13) 2.028 0.363

HDL-C (mmol/L) 0 0.52 (0.50, 0.75) 0.57 (0.54, 0.77) 0.49 (0.33, 0.74) 2.220 0.330
4 5.94 (3.56, 7.20) 6.63 (5.85, 7.04) 6.39 (5.36, 7.40) 0.905 0.636
8 2.11 (2.05, 3.55) 2.91 (2.53, 3.43) 3.00 (2.55, 3.17) 0.905 0.636
12 3.38 (3.20, 3.98) 3.60 (3.05, 3.95) 3.50 (2.75, 4.18) 0.051 0.975

LDL-C (mmol/L) 0 0.28 (0.14, 0.44) 0.35 (0.23, 0.45) 0.27 (0.26, 0.33) 0.407 0.816
4 41.25 (31.78, 49.98) 44.74 (39.17, 51.47) 42.59 (33.88, 54.49) 0.263 0.877
8 17.85 (14.51, 24.84) 29.05 (20.50, 31.88) 27.43 (24.60, 30.98) 4.910 0.086
12 25.95 (22.52, 28.39) 25.83 (20.45, 27.47) 26.43 (20.25, 30.95) 0.157 0.924

Triglyceride (mmol/L) 0 0.80 (0.60, 1.65) 0.85 (0.78, 1.20) 0.80 (0.70, 0.80) 1.491 0.474
4 1.19 (1.04, 2.84) 1.75 (0.89, 2.76) 1.56 (1.23, 2.18) 0.147 0.929
8 1.80 (1.30, 2.80) 1.70 (1.18, 4.43) 1.70 (1.40, 3.90) 0 1.000
12 1.80 (1.10, 3.05) 1.60 (0.80, 6.75) 1.25 (1.05, 1.65) 1.585 0.453

All values are presented as median (P25, P75). Cholesterol, the group in which the rabbits were fed with hypercholesterolemic chow without any
intervention; Sham, the group in which the rabbits were fed with hypercholesterolemic chow with sham regular transient limb ischemia; Ischemia, the
group in which the rabbits were fed with hypercholesterolemic chow with a six-cycle 5-min ischemia and 5-min reperfusion on one hind limb per day.
There were two, one and zero dropouts in the cholesterol, sham and ischemia groups, respectively. HDL-C: High-density lipoprotein cholesterol; LDL-C:
Low-density lipoprotein cholesterol; TC: Total cholesterol.
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–2.739, P=0.006), W8 (17.85 [14.51, 24.84] mmol/L vs.
0.32 [0.17, 0.57] mmol/L, Z=–2.739, P=0.006), and
W12 (25.95 [22.52, 28.39] mmol/L vs. 0.23 [0.16, 0.43]
mmol/L, Z=–2.739, P=0.006). The concentrations of
triglyceride in the cholesterol group were higher than
those of the control group at W8 (cholesterol vs. control,
1.80 [1.30, 2.80] mmol/L vs. 0.65 [0.50, 0.95] mmol/L,
Z=–2.745, P=0.006) andW12 (1.80 [1.10, 3.05] mmol/L
vs. 0.40 [0.38, 0.55] mmol/L, Z=–2.764, P=0.006).

As shown in Table 2, no differences in the concentrations
of TC, HDL-C, LDL-C, and triglyceride were observed
among the three high-cholesterol diet groups at W0, W4,
W8, and W12 (all P>0.05).
Aortic intima appearance and plaque area

083
The aortic intima of the rabbits in the control group was
smooth and had no red-stained lipid-rich lesions. In
contrast, obvious red-stained lipid-rich lesions were
observed in the aortic intima of the other three groups;
the lesions were flat or slightly protruding into the lumen.
In the cholesterol and sham groups, some lesions were
fused into a large plaque, which spread along the aortic
arch and thoracic aorta. However, the main location of
scattered plaques in the ischemia group was in the aortic
arch; a few lesions were located in the thoracic aorta, and
plaque size looked smaller than that in the cholesterol and
sham groups [Figure 3].

The data in the control group and the cholesterol group
were analyzed by a Mann-Whitney U rank sum test. The

1

sterol vs. control, 47.22 ± 23.89% vs. 0, Z = –2.986,
P = 0.003).

The original percentages of the plaque area in the aorta of
the cholesterol, sham, and ischemia groups were analyzed
using the two-tailed one-way ANOVA (F=3.987,
P=0.041). There was no statistical significance between
the cholesterol and sham groups (cholesterol vs. sham,
47.22±23.89% vs. 37.88±13.74%, P=0.373) and
between the sham and ischemia groups (sham vs. ischemia,
37.88±13.74% vs. 20.45±12.90%, P=0.082); however,
there was a statistically significant difference between the
cholesterol and ischemia groups (cholesterol vs. ischemia,
47.22±23.89% vs. 20.45±12.90%,P=0.016) [Figure 4A].
The percentages of the plaque area of the cholesterol, sham,
and ischemia groups after square root transformation were
analyzed again using ANOVA (F=4.385, P=0.032):
the square root of the percentage of plaque area in the
aorta was smaller in the ischemia group than that in
the cholesterol (ischemia vs. cholesterol, 0.44±0.13 vs.
0.67±0.18, P=0.014) or sham groups (ischemia vs. sham,
0.44±0.13 vs. 0.61±0.12, P=0.049) [Figure 4B].

Discussion
This study demonstrated that RTLI could greatly decrease
the percentage of plaque area in the aorta in a
hypercholesterolemic rabbit model. The present study
showed a promising result that RTLI could effectively
prevent atherosclerosis progression.

We applied TLI as a long-term intervention (12 weeks;
herein, RTLI) to prevent atherosclerosis. There is no report
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concerning the preventive effect of long-term limb ischemia
on the progression of atherosclerosis; however, there are

Neutrophil function changes (including decreased adhe-
sion and suppressed phagocytosis) and cytokine changes,

Figure 4: The plaque area in the whole aorta of the cholesterol, sham, and ischemia
groups after 12 weeks. Data are presented as mean± standard deviation. n=5, 6, 7 in the
cholesterol, sham, and ischemia groups, respectively. (A) The original percentages of the
plaque area in the aorta. (B) Square root of the percentage of the plaque area in the aorta.
∗
P<0.05 vs. the cholesterol group. †P<0.05 vs. the sham group.

Figure 3: Representative images of the aorta by Sudan IV staining to identify the plaque
lesions in the control, cholesterol, sham, and ischemia groups after 12 weeks. The plaque
lesions are stained by Sudan IV as red color. There is an absence of lesions in the control
group. Obvious lesions are seen in the other groups, especially in the cholesterol and sham
groups. The lesions are fused and protruding out of the intima. “→” indicates the plaque
lesions.
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few studies reporting the effects of long-term limb ischemia
on the other aspects. In 2012,Meng et al[17] found that 300
consecutive days of brief repetitive bilateral arm ischemic
pre-conditioning reduced the incidence of recurrent stroke
at 90 and 300 days and improved cerebral perfusion status.
However, they had not investigated the direct effects of
limb ischemic pre-conditioning upon atherosclerosis. Our
result might partly interpret the mechanism of Meng
et al’s[17] result. Kimura et al[11] also conducted a 4-week
study, assessing endothelial function in healthy humans,
and found that RTLI was associated with improved
endothelial function, and increased endothelial progenitor
cells, vascular endothelial growth factor, and NO levels.

1

associated with modulation of the systemic inflammatory
response, have been identified in a 10-day human RTLI
study by Shimizu et al.[18]

Plaque area is an important index in many studies
concerning protective intervention and the related mecha-
nism of atherosclerosis progression.[19,20] In Johansson’s
study,[21] the plaque area in the thoracic aorta was
increased 22 to 30 times in Angiotensin II-infused
apolipoprotein E-deficient mice regardless of diet. Calkin
demonstrated that Gemfibrozil significantly attenuated the
plaque area of the aorta in streptozotocin-induced diabetic
apolipoprotein-deficient mice, while no significant effect of
gemfibrozil was observed on cholesterol in these diabetic
mice.[22] To date, there has been no effective treatment
strategy for atherosclerosis, which is the fundamental
pathogenic factor of lethal diseases such as stroke and
coronary heart disease. The present study found that RTLI,
once per day for 12 weeks, can prevent progression of
atherosclerosis in hypercholesterolemic rabbits by greatly
reducing the percentage of plaque area in the aorta. To the
best of our knowledge, this study is a rare report to verify
that RTLI can decrease the percentage of plaque area in the
aorta by a large amplitude in a hypercholesterolemic rabbit
model in vivo. The technique in the present study might
have the potential for clinical application as a novel and
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effective adjunct intervention in atherosclerotic diseases
and may be worthy of further intensive studies.

necessary help from Jia-Wei Huang who has received
Master degree in Epidemiology and Health Statistics of

1. Benjamin EJ, Virani SS, CallawayCW,Chamberlain AM, Chang AR,
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Our intermittent hypercholesterolemic chow-feeding
regimen may be more suitable for establishing the
hypercholesterolemic rabbit model. When rabbits are fed
with high cholesterol, supplementedwith a high-fat diet, the
plaque area in the aorta is more easily visible.[14] However,
as mentioned in our method, we had to change the feeding
protocol, and we found that the rabbits would eat up the
whole chow. Our protocol may be termed as intermittent
hypercholesterolemic chow. Serum concentrations of TC,
HDL-C, LDL-C, and triglyceride in the cholesterol group
were higher than that in the control group. Obvious red-
stained lipid-rich lesions were observed in the three
hypercholesterolemic chow groups, but no lesion was
found in all animals of the control group. Besides, there was
no significant difference in weight gain among all groups.
We concluded that the animal model of atherosclerosis
could be established successfully with the feeding protocol
of intermittent hypercholesterolemic chow.

The present study is to observe the effects of RTLI on
atherosclerosis, and there is no data online to refer to in
deciding the sample size, so we designed the sample size as
seven rabbits in each group (routine animal experiments
usually used n=5–10 per group). The statistical analysis
results showed that the sample size may be slightly smaller.
However, the original data of the plaque area had shown
statistical significance; and especially after the data
transformation, the statistical significance was more
powerful.

Although the present study found a promising result, that
is, RTLI could greatly reduce plaque area in hypercholes-
terolemic rabbits, it still had some limitations. As a pilot
study about the effects of RTLI on atherosclerosis, it was
only a superficial step to observe the phenomenon and did
not investigate the underlying mechanism of the athero-
sclerosis preventive effect of RTLI. Tissue micrographs of
aortic with hematoxylin and eosin staining were not
investigated, which was another limitation. In addition, we
did not investigate the effect of other intensities, including
the cuff inflating pressure, duration, and cycles of RTLI
on atherosclerosis. The optimal intensity needs to be
investigated. Finally, the causes of rabbit deaths before the
end of the experiment were not investigated; however, it is
common knowledge that almost all animal experiments
will inevitably have some dropouts. Majority of these
limitations will be investigated in our future research.

Acknowledgements
085
The authors would like to thank Kai Wang and Hong Lei
at the Department of Anesthesia in the Sixth Affiliated
Hospital of Sun Yat-Sen University and Yu-Zhong Chen at
the Department of Anesthesia in the Third Affiliated
Hospital of Guang Zhou Medical University for their
assistance in measurement and collection of tissues. We are
also grateful to Cheng Li at the School of Pharmaceutical
Science of Sun Yat-sen University and Yan-qiu Li at the
First Affiliated Hospital of Sun Yat-Sen University for
their technical assistance. In addition, we appreciate the

1

Sun Yat-Sen University and now works at the operations
office in the Sixth Affiliated Hospital of Sun Yat-Sen
University.

Funding
This work was supported by grants from the Science and
Technology Project (No. 2011B080701029), Natural
Science Foundation (No. 2016A030313303) from the
Department of Science and Technology of Guangdong
province.

Conflicts of interest
The patent to invent an RTLI machine for preventing and
treating diseases related to atherosclerosis is declared and
preserved by the corresponding author.

References
Cheng S, et al. Heart disease and stroke statistics – 2018 update: a
report from the American Heart Association. Circulation 2018;137:
e67–e492. doi: 10.1161/CIR.0000000000000558.

2. Ross R. The pathogenesis of atherosclerosis: a perspective for the
1990s. Nature 1993;362:801–809. doi: 10.1038/362801a0.

3. Choi BJ, Prasad A, Gulati R, Best PJ, Lennon RJ, Barsness GW, et al.
Coronary endothelial dysfunction in patients with early coronary
artery disease is associated with the increase in intravascular lipid
core plaque. Eur Heart J 2013;34:2047–2054. doi: 10.1093/
eurheartj/eht132.

4. Tousoulis D, Antoniades C, Koumallos N, Marinou K, Stefanadi E,
Latsios G, et al. Novel therapies targeting vascular endothelium.
Endothelium 2006;13:411–421. doi: 10.1080/10623320601061714.

5. Chen X, Duong MN, Nicholls SJ, Bursill C. Myeloperoxidase
modification of high-density lipoprotein suppresses human endothe-
lial cell proliferation and migration via inhibition of ERK1/2 and Akt
activation. Atherosclerosis 2018;273:75–83. doi: 10.1016/j.athero-
sclerosis.2018.04.006.

6. Akhmedov A, Rozenberg I, Paneni F, Camici GG, Shi Y, Doerries C,
et al. Endothelial overexpression of LOX-1 increases plaque
formation and promotes atherosclerosis in vivo. Eur Heart J
2014;35:2839–2848. doi: 10.1093/eurheartj/eht532.

7. Langbein H, Brunssen C, Hofmann A, Cimalla P, Brux M, Bornstein
SR, etal.NADPHoxidase4protects against developmentof endothelial
dysfunction and atherosclerosis in LDL receptor deficient mice. Eur
Heart J 2016;37:1753–1761. doi: 10.1093/eurheartj/ehv564.

8. Kharbanda RK, Nielsen TT, Redington AN. Translation of remote
ischaemic preconditioning into clinical practice. Lancet 2009;374:
1557–1565. doi: 10.1016/S0140-6736(09)61421-5.

9. Kharbanda RK, Peters M, Walton B, Kattenhorn M, Mullen M,
Klein N, et al. Ischemic preconditioning prevents endothelial injury
and systemic neutrophil activation during ischemia-reperfusion in
humans in vivo. Circulation 2001;103:1624–1630. doi: 10.1161/01.
CIR.103.12.1624.

10. Loukogeorgakis SP, Panagiotidou AT, Broadhead MW, Donald A,
Deanfield JE, MacAllister RJ. Remote ischemic preconditioning
provides early and late protection against endothelial ischemia-
reperfusion injury in humans: role of the autonomic nervous system.
J Am Coll Cardiol 2005;46:450–456. doi: 10.1016/j.jacc.2005.
04.044.

11. Kimura M, Ueda K, Goto C, Jitsuiki D, Nishioka K, Umemura T,
et al. Repetition of ischemic preconditioning augments endothelium-
dependent vasodilation in humans: role of endothelium-derived nitric
oxide and endothelial progenitor cells. Arterioscler ThrombVasc Biol
2007;27:1403–1410. doi: 10.1161/ATVBAHA.107.143578.

12. Liang Y, Li YP, He F, Liu XQ, Zhang JY. Long-term, regular remote
ischemic preconditioning improves endothelial function in patients
with coronary heart disease. Braz J Med Biol Res 2015;48:568–576.
doi: 10.1590/1414-431X20144452.

http://www.cmj.org


13. Andreadou I, Iliodromitis EK, Lazou A, Gorbe A, Giricz Z, Schulz R,
et al. Effect of hypercholesterolaemia on myocardial function,

19. Tziakas D, Chalikias G, Kapelouzou A, Tentes I, Schafer K,
Karayannakos P, et al. Erythrocyte membrane cholesterol and lipid

Chinese Medical Journal 2019;132(9) www.cmj.org
ischaemia-reperfusion injury and cardioprotection by precondition-
ing, postconditioning and remote conditioning. Br J Pharmacol
2017;174:1555–1569. doi: 10.1111/bph.13704.

14. Misiakos EP, Kouraklis G, Agapitos E, Perrea D, Karatzas G,
Boudoulas H, et al. Expression of PDGF-A, TGFb and VCAM-1
during the developmental stages of experimental atherosclerosis. Eur
Surg Res 2001;33:264–269. doi: 10.1159/000049716.

15. Zhang N, Zheng W, Wen Y, Hu Q, Jin S. Reliability of pressure cuff
induced transient limb ischemia in conscious rabbits. Chin Med J
2014;127:2138–2142. doi: 10.3760/cma.j.issn.0366-6999.20140548.

16. Quan C, Sun Q, Lippmann M, Chen LC. Comparative effects of
inhaled diesel exhaust and ambient fine particles on inflammation,
atherosclerosis, and vascular dysfunction. Inhal Toxicol 2010;22:
738–753. doi: 10.3109/08958371003728057.

17. Meng R, Asmaro K, Meng L, Liu Y, Ma C, Xi C, et al. Upper limb
ischemic preconditioning prevents recurrent stroke in intracranial
arterial stenosis. Neurology 2012;79:1853–1861. doi: 10.1212/
WNL.0b013e318271f76a.

18. Shimizu M, Saxena P, Konstantinov IE, Cherepanov V, Cheung MM,
Wearden P, et al. Remote ischemic preconditioning decreases adhesion
and selectively modifies functional responses of human neutrophils. J
Surg Res 2010;158:155–161. doi: 10.1016/j.jss.2008.08.010.
1086
core growth in a rabbit model of atherosclerosis: modulatory effects
of rosuvastatin. Int J Cardiol 2013;170:173–181. doi: 10.1016/j.
ijcard.2013.10.070.

20. Khanna V, Jain M, Singh V, Kanshana JS, Prakash P, Barthwal MK,
et al. Cholesterol diet withdrawal leads to an initial plaque instability
and subsequent regression of accelerated iliac artery atherosclerosis
in rabbits. Plos One 2013;8:e77037. doi: 10.1371/journal.pone.
0077037.

21. Johansson ME, Wickman A, Fitzgerald SM, Gan LM, Bergstrom G.
Angiotensin II, type 2 receptor is not involved in the angiotensin II-
mediated pro-atherogenic process in ApoE-/- mice. J Hypertens
2005;23:1541–1549. doi: 10.1097/01.hjh.0000174078.95745.77.

22. Calkin AC, Cooper ME, Jandeleit-Dahm KA, Allen TJ. Gemfibrozil
decreases atherosclerosis in experimental diabetes in association with
a reduction in oxidative stress and inflammation. Diabetologia
2006;49:766–774. doi: 10.1007/s00125-005-0102-6.

How to cite this article: Zhou Y, Zhang NR, Zheng ZN, Yang Y, Lyu BF,
Wang HL, Jin SQ. Regular transient limb ischemia prevents atheroscle-
rosis progression in hypercholesterolemic rabbits. Chin Med J
2019;132:1079–1086. doi: 10.1097/CM9.0000000000000204

http://www.cmj.org

	Regular transient limb ischemia prevents atherosclerosis progression in hypercholesterolemic rabbits
	Introduction
	Methods
	Ethics
	Animals and grouping
	Intervention procedures
	Analysis of serum lipids
	Aorta harvesting
	En face quantification of plaque area in the whole aorta
	Statistical analysis

	Results
	General data
	Lipid profiles
	Aortic intima appearance and plaque area

	Discussion
	Acknowledgements
	Funding
	Conflicts of interest
	References


