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Hypercholesterolemia (HC) is associated with atherosclerosis in systemic arteries. Its impacts
on microcirculatory disturbances are receiving rigorous investigations. In this study, we used the
cholesterol-enrich diet to treat the rabbit. The dynamic contrast-enhanced magnetic resonance
imaging showed that the induced hypercholesterolemia was associated with increase in
permeability surface area product but did not influence the myocardia blood flow. The
pathological examination of those hypercholesterolemic rabbits delineated greater density of
isolectin- and smooth muscle a-actin bound microvessels. Patchy expression of VEGF in
perivascular and interstitial space of myocardium was also noted.

Hypercholesterolemia was associated with increased coronary leakage without evident
perfusion defect. Increased microvessel density, either pericyte-bound or not, suggested
microvascular remodeling. VEGF could be induced in the setting and served as a possible
underlying mechanism.
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Hypercholesterolemia I s Associated with Disrupted Microvascular

Barrier Integrity in Rabbit Hearts

I ntroduction
Hypercholesterolemia (HC) is associated with atherosclerosis in systemic arteries. Its impacts on
microcirculatory disturbances, such as enhanced leukocyte endothelia interaction in rat
cresmaster muscle flaps and impaired positron emission tomography (PET) defined coronary
flow reserve in human subjects, are receiving rigorous investigations.

Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) is an excellent
non-invasive imaging modality to evaluate tumor microvasculature. Recently its applications in
coronary microcirculation expanded our understanding about collateral formation in ischemic
heart diseases. We previously reported increased fluorescein extravasation in iridic
microvasculature of hypercholesterolemic rabbits. In this study, we developed a platform to
perform and analyze coronary DCE-MRI images. We also tested the hypothesis that in
hyperchol esterolemic rabbits coronary microvascular barrier integrity would be disrupted due to
neovascularization and enhanced VEGF expression.

M ethods

Animals

15 New Zealand white rabbits were enrolled at the age of 8 weeks. (body weight: 1.2-1.5 kg)
Rabbits were randomly assigned into the hypercholesterolemic group (HC, n=8), which were fed
atherogenic diet (enriched with 0.5% cholesterol and 10% coconut oil) for 12 weeks, and the
control group (Ctrl, n=7). The others fed on regular rabbit chow served as the control group. The
protocol follows the regulation of Republic of China Animal Protection Law (Scientific
Application of animals, 1998).
Examination Schedule

All rabbits received examinations at the age of 8, 14, and 20 weeks. Examinations included
body weight measurement, serum lipid level anlysis, and coronary DCE-MRI. Afterwards, rabbits
were sacrificed with a bolus of pentobarbital (100 mg/kg) and exsanguination. Myocardial
samples from middle segments of left ventricle were then snap frozen with liquid nitrogen or
fixed in 4% formal dehyde solution for pathological studies.
DCE-MRI

Animal was sedated with an intramuscular injection of ketamine and xylazine. With a 1.5T
scanner and a surface array coil, coronary DCE-MRI was performed using a True-FISP-IR
sequence. (TR=170ms; TE=1.2ms, Tl= 260ms, dice thickness=9mm; FOV=108x144 mm,
matrix=96x128)160 ECG-gated consecutive measurements of the same mid-ventricular axial
slice were acquired during a bolus of Gd-DTPA. (0.02 mmol/kg, injection flow rate=0.5 ml/sec)
Semiautomated image registration and segmentation programs were created to readout signal to
time curve from myocardium and the cavity of left ventricle. A constrained deconvolutional
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approach was used to extract indices of permeability-surface area product (Ktrans) and regional
tissue perfusion (f) under the assumption of a general pharmacokinetic model for Gd-DTPA:

Myo(t) = j“; LVC(t)MTE (t — X)dx

TF(t) = Ee-EFr / Ve(t-Tc), where E = 1-e-ktrans / Fr(1-rHct)

[Myo(t): myocardial enhancement function; LV C(t) |eft ventricle cavity enhanced function; TF(t):
transfer function; Fr: blood flow, Ve: vascular fraction, Tc: mean transit time;  Ktrans:
permeability surface area product; rHct: capillary hematocrit]
Pathological Analysis

Snap-frozen samples were embedded for cryosection and processed for immunofluorescence
labeling. Images were acquired with laser scanning confocal microscopy. To examine microvessel
density, Bandeiraea simpliciforiaisolectinB4 and anti-smooth muscle a-actin monoclonal
antibody were used. Only cross-sectioned microvessels were counted. Anti-VEGF monoclonal
antibody was used to reveal spatial pattern of VEGF expression.

Results
Atherogenic diet resulted in significantly increased body weight and serum level of lipids, as
shownin figure 1.
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From coronary DCE-MRI, diet-induced hyperchol esterolemia for 6 weeks was associated with an
increase in Ktrans but not in f compared with the controls. (Figure 2) Feeding with cholesterol
enriched diet up to 12 weeks would not further influence both Ktrans and f despite a continual
rise of serum cholesterol concentration. In addition, in control group we noted a decrease in
Ktrans with time from the age of 8 weeks old to the age of 14 weeks old, which was less
pronounced in the HC group.
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Hearts from the HC group showed greater density of isolectin- and smooth muscle a-actin bound
microvessels as shown in Figure3a (HC vs Cirl, lectin: 24.0+5.0 vs 18.0+4.0; a-actin: 0.98+0.27
vs 0.63+0.23 per 100 sguare mm, p<0.001) Since VEGF is an important trigger for
neovascularization, we examined spatial distribution of VEGF expression. Patchy expression of
VEGEF in perivascular and interstitial space of myocardium was noted (Figure 3b).
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Discussion



Hypercholesterolemia was associated with increased coronary leakage without evident
perfusion defect. Increased microvessel density, either pericyte-bound or not, suggested
microvascular remodeling. VEGF could be induced in the setting and served as a possible
underlying mechanism. However, the trigger for VEGF expression remained to be elucidated.
With DCE-MRI, longitudinal aspects of coronary microvascular remodeling could be unraveled,
and we could have further insights into myocardial adaptation to hypercholesterolemia.



