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Arteriosclerosis in the Influx and Intravisceral Arteries of
the Liver, Kidney and Lung of WHHL Rabbits
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Abstract: We performed a histopathological investigation on arteriosclerotic development
in the influx and intravisceral arteries of the liver, kidney and lung of male WHHL rabbits. In
the influx arteries of these organs, we observed severe atherosclerotic vascular lesions with

high-grade luminal stenosis.

In the intravisceral arteries of the liver and kidney, no

arteriosclerotic lesions were observed. However, in the intrapulmonary arteries, we
recognized severe atherosclerotic vascular changes with high-grade stenosis or total

obstruction of the lumen in some middle to large sized pulmonary arteries.

These

observations indicate that the development of arteriosclerosis in parenchymatous organs
differs, and that some organs are predisposed to arteriosclerosis formation.
Key words: arteriosclerosis, organ-specificity, WHHL rabbit

The Watanabe heritable hyperlipidemic (WHHL) rab-
bit, which spontaneously forms atherosclerosis, has been
regarded as an animal model for human atherosclerosis
[1, 6, 10], and familial hypercholesterolemia especially
[2, 3, 15]. There have been many reports on sclerotic
lesions of the coronary artery [7, 11, 13, 16] and aorta
[4, 5, 8, 9] until now, but there are no reports on the
arterial lesionsin the influx and intraviscera arteries of
the parenchymatous organs, except for the heart and
brain [12], in the WHHL rabbit. In the present study,
we investigated histopathologically the arteriosclerotic
changes in the influx and intravisceral arteries of the
liver, kidney and lung, and clarified the degree and
progress level of arteriosclerosis in these parenchyma-
tous organs.

Five male two- year-old WHHL rabbits weighing
3.2-3.5 kg were used in this study. The rabbits were
caged in an automatically conditioned room (tempera-
ture: 22 + 2°C; humidity: 55 + 10%; air change: 10
times/hr; 12 hr light/12 hr dark cycle) and were fed a
standard rabbit chow. Water was provided ad libitum.
They were euthanatized with an over-dose of sodium-
pentobarbital and the liver, kidney and lung were
removed immediately including all the influx arteries.
Fixation of the organs was performed by immersing in
10% buffered formalin. After paraffin embedding, 5-
um-thick sections were stained with hematoxylin-eosin
(H E) or Van Gieson. In the liver, the celiac trunk
bifurcation, common hepatic artery, proper hepatic ar-
tery of the porta hepatis, and interlobular artery were
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Fig. 1. Theinflux and intravisceral arteries of theliver. (a): Severe luminal stenosis was seen in acommon hepatic artery (x
25) (stenotic rate: 85%). (b): No sclerotic change was observed in an interlobular artery (x 25).

histologically examined. In the kidney, the target ves-
sels of the examination were the bifurcation of the renal
artery, renal artery in the hilum of kidney, arteriae
interlobulares renis, and arteriae interlobulares. In the
lung, the pulmonary artery trunk, pulmonary artery of
the hilus, and intrapulmonary artery were investigated.
The rate of vascular lumen stenosis was calculated on a
computer using an image analysis software (NIH Im-
age Ver.1.56). The stenosis rate was defined as follows:

Stenosis rate (%) = (areaof intimal thickening/area of
native lumen of the artery) x 100

The present study was carried out after receiving per-
mission from the Committee of Animal Experimentation,
Faculty of Medicine, Kagoshima University.

[Liver] Theinflux arteries: In the celiac trunk bifurca-
tion, hepatic artery and proper hepatic artery, advanced
arteriosclerotic lesions with severe luminal stenosis were
recognized and the stenotic rates were 50-90% (Fig. 1.a).
The severity of lumen stenosis was advanced to close to
the porta hepatis. Fibrous connective tissue and wide
hyalinization were characteristics of the lesions. The
intrahepatic arteries: Though a slight intimal prolifera-
tion was partially recognized in the proper hepatic artery
right after the porta hepatis, arteriosclerotic lesions were
not observed in the interlobular artery (Fig. 1.b). [Kid-

ney] Theinflux arteries: The rena artery showed severe
stenosis and the stenotic rates of the base and hilus renalis
were 60-80% (Fig. 2.8). Theintrarena arteries: In some
interlobar arteries right after the hilum, a slight intimal
proliferation composed of foam cells could be recog-
nized (Fig. 2.b), but no scleromatous lesions were
observed in any other vessels. [Lung] The influx arter-
ies. Severe atherosclerotic lesions were observed in the
pulmonary arterial trunk. Complicated lesions with cho-
lesterol clefts and fibrous cap were recognized (Fig. 3.8).
The intrapulmonary blood vessels: In some large sized
intrapulmonary arteries, severe vascular lumen stenosis
due to the intimal proliferation of foam cells and fibrous
connective tissue were frequently recognized. Stenotic
rates of the vessels reached 80-90% (Fig. 3.b) and a
vessel in which the vascular lumen was obstructed en-
tirely was observed. Furthermore, vascular lumen
stenosis was recognized in some middle sized intrapul-
monary arteries, too. To date, there have been no reports
on the lesions in the influx and intravisceral arteries of
parenchymatous organs except for the heart [7, 11, 13,
16] and brain [12] in WHHL rabbits. In the present
study, we investigated arteriosclerosis in the lung, liver
and kidney. In the influx arteries of the liver, kidney
and lung, high-grade arteriosclerotic lesions were ob-
served. The representative lesions of the pulmonary
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Fig. 2. Theinflux and intravisceral arteries of the kidney. (a): High-grade luminal stenosiswas observed in an influx artery
at the hilusrenalis (x 13) (stenotic rate: 82%). (b): Slight intimal proliferation was recognized in an interlobar artery
just behind the hilum of the kidney (x 13).

Fig. 3. Theinflux and intravisceral arteries of the lung. (a): Severe atherosclerotic lesions were recognized in the pulmo-
nary arterial trunk. The lesions were composed of cholesterol clefts, necrosis and fibrous caps (x 10). (b): Severe
atherosclerosis with high-grade lumen stenosis due to the intimal proliferation of foam cells and fibrous connective
tissuein alarge sized intrapulmonary artery (x 10).

arterial trunk were atheroma composed of fibrous cap-  and the main lesions were composed of fibrous capsule
sule, cholesterol clefts and necrosis. However, wide  intherenal influx arteries.
hyalinization was characteristic in the hepatic arteries Furthermore, there were plenty of differencesin arte-
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Tablel. Gradesof arteriosclerosis

Organ Influx artery Intravisceral artery
Liver +++ -~
Kidney +++ —~%

Lung +++ ++ ~ +++

— No lesion. =~ +: Intimal thickening up to 50% of the
perimeter of the lumen. ++: Concentric arterial lesion with
fibrous capsule, cholesterol clefts or necrosis (mild or mod-
erate lumina stenosis estimated at <50%). +++: Concentric
arterial lesion with fibrous capsule, cholesterol clefts or ne-
crosis (severe luminal stenosis estimated at >50%).

riosclerosis formation in the intravisceral arteriesin these
organs. In the liver and kidney, a distinct arterioscle-
rotic lesion was never observed in any of the intraviscera
arteries, but in the intrapulmonary arteries, high-grade
atherosclerotic changes with severe stenosis and com-
plete obstruction of the lumen were recognized.

Napoli [12] reported that the intracranial arteries
(middle cerebral and basilar artery) of human fetuses
were more resistant to fatty streak formation, due to
maternal hypercholesterolemia, than the extracranial
(common carotid artery and the abdominal aorta) arter-
ies. He also demonstrated that the activities of
superoxide dismutase, catalase and glutathione peroxi-
dase in the intracranial arteries were significantly higher
than in the extracranial arteries. This result means that
the intracranial arteries have a protective mechanism
against free radical-mediated atherogenic processes. It
is tempting to speculate that this hypothesis may ex-
plain the differences observed in the influx and
intravisceral arteries in the liver, kidney and lung, in
the present study.

From the consideration of the physiological differ-
ences in the brain, liver, kidney and the lung, only the
pulmonary perfusion pressures are characteristic. In
the lung as with the heart, the perfusion pressure is
lower than in the other parenchymatous organ (the liver,
kidney and brain) [14]. The low perfusion pressureisa
possible cause of atherosclerosis. Furthermore, we can-
not ignore the aging factor in arteriosclerotic formation.
It is common knowledge that brain atherosclerosis oc-
curs over 10 years later than in the heart. Discrepancies
in the formation of arteriosclerosis in the liver, kidney
and lung were recognized in the present study. How-
ever, now, there is the possibility of future occurrence

of arteriosclerosis in the intravisceral arteries of the
liver and kidney with aging.

In conclusion, arteriosclerotic changes were observed
in all the influx arteries of the liver, kidney and lung,
but in the intravisceral arteries of these organs, athero-
sclerotic lesions with high-grade stenosis or total
obstruction of the lumen were recognized only in the
lung (Table 1).

From the present study, the lung is an organ predis-
posed to atherosclerosis, as are the heart and brain, but
not the liver and kidney. Thisresult is very interesting
because the lung is recognized as an important organ
for producing many vasoactive substances and for regu-
lating the systemic circulation.
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