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It has been postulated on the basis of the results of epidemiologic and clinical observa-
tions that a high arterial blcod pressure (BP) is a positive risk factor of atherosclerosis,
which accelerates the development of morphological or clinical manifestations of the disease
[3, 12]. According to the Framingham study, the number of cases of ischemic heart disease
(IHD) recorded in the population of men with essential hypertension was 5 times higher than
in the pormotensive group [4]. According to autopsy data, this difference was greater still:
In patients with hypertension the frequency and degree of arterial atherosclerosis are 10
times higher than in the control, normctensive group for the same age [4]. However, it has
not yet been explained how and under what conditions a high BP accelerates the development of
athersclerosis.

Chronic or acute hypertension combined with hypercholesterolemia does not induce the de-
velopment of atherosclerosis in the arteries of animals [6]. However, hypertension with a high
plasma cholesterol level stimulates the development of typical lipofibrous plaques in zones
of mechanical injury or denudation of arteries in animals [6}. These data led to the conclu-
sion that a high BP does not affect zones with intact, undamaged endothelium, but rather ac-
celerates the development of atherosclerosis in zones where loss of or injury to the endothel-
ium has already occurred.

The aim of this investigation was to study whether a short-term increase of intravascular
pressure causes morphological injuries to the endothelium or accelerates the accumulation of
*257_labeled low-density lipoproteins (*?®I-LDL) in the wall of perfused arteries of healthy
rabbits, and how a raised hydrostatic pressure affects *257_1D1 transport in denuded areas of
perfused arteries.

EXPERIMENTAL METHOD

Experiments were carried out om 42 male chinchilla rabbits weighing 2-3 kg. The thoracic
acrta was perfused in anesthetized, artificially ventilated animals. Segments of the vessel
3-4 cm long were cannulated. Perfusion was carried out under standard conditioms [1, 10].

The perfusion medium consisted of medium 199 with 107 delipidized calf serum (Gibco, USA).
Perfusion of the aorta by this method, under a physiological pressure of 100 mm, enabled the
endothelium to be kept morpholegically intact for 4-5 h [2, 5]. Elevation of the pressure

in the vessels while the peristaltic pump was in operation was produced by compressing the
drainage tube partially. The intravascular pressure was measured by means of a strain-gauge
transducer of a Polyphysiograph (Schwarzer, West Germany). The vessels were prepared for scan-
ning electron microscopy by the method described previously [2]. The morphology of the endo-
theliur was studied outside the zone of the ostia. Specimens were studied in the Philips-500
scanning electron microscope. The number and area of zones of de-endothelization, the number
of argyrophilic cells and of craters and stomata, and the area of regions of endothelium with
stigmata were counted on the microscope screen {2]. The density of endotheliocytes per square
millimeter was determined by counting the cells in 50 random areas each of 0.08 mm®. The area
and length of the cells were measured on the MOP-3 semiautomatic image analyzer. In each seg-
ment 200 random cells were analyzed.
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TABLE 1. Mean Number of Endotheliocytes
per 1 mm® Luminal Surface of Rabbit Tho-
racic Aorta under?Increased Intravascular
Pressure (M * m)

- Pressure,; mm Hg
100 | 150 250

Fixation .

Under nermal pres-

sure (100 mm HgYy 13904-26%
Undos Satsed pres-g 4754-40 (56){1410+-24 (56)|13 Qi 6% (56)

sure (150 and 200
mm Hg) 14753-40 (56)|13854-57 (16){1375+21* (16)

Legend. Total area on which density of
endotheliocytes was determined is shown
(in mm?®) in parentheses. Here and in
Tables 2 and 3: P < 0.05 compared with
data under a pressure of 100 mm Hg.

Interaction of '?°I-LDL with the vascular wall was determined quantitatively by the meth-
od described previously [1]. *?°I-LPL with a density of between 1.019 and 1.067 mg/ml, ob-
tained from human serum by preparative ultracentrifugation in a dose of 5 ug/ml, were used.
The LDL were labeled by the iodine monochloride method. To investigate the effect of an excess
of unlabeled LDL on *?°I-LDL uptake, two parallel perfusion systems were used, in one of which
unlabeled LDL were added in a dose of 250 ug protein/ml instead of *?°I-LDL. De-endotheliza-
tion was carried out with a Foggarty's balloon catheter [10], and the completeness of de-endo-
thelization was verified on the scanning electron microscope. Incorporation of **®I-LDL into
the vessel wall was determined by measuring radioactivity of a segment of the aorta on a Gam-
ma-counter (Searle 1175, USA), after which the result was expressed per picogram protein of
12°1-1DL/mm® of luminal surface of the vessel. The experimental results were subjected to
statistical analysis. The significance of differences was estimated by Student's test.

EXPERIMENTAL RESULTS

Unlike in previous investigations [1, 10] perfusion of the rabbit aorta in situ was car~
ried out at different hydrostatic pressures, i.e., during varying of the diameter of the vas~
cular lumen. It was therefore necessary to determine whether the morphology of the endothelial
lining changes in response to stretching the lumen of the vessel. We calculated the average .
number of cells per 1 mm® of luminal surface during perfusion under a pressure of 100-250 mm
Hg (Table 1). For quantitative morphometry the vessels in group A were fixed under a pressure
of 100 mm Hg, those in group B under a pressure equal to that during perfusion. The mean cell
density in the monolayer began to decrease very slightly but significantly (P < 0.05) only
under a pressure of 250 mm Hg, by both methods of fixation. Under low magnification of the
scanning electron microscope regional redistribution of the number of cells could not be de-
tected during stretching of the luminal surface by a pressure of 100-250 mm Hg. Sample analy-
sls of the polymorphism of the endothelial cells relative to area and diameter revealed no
significant change in the redistribution of the cells by size in arteries perfused under a
pressure of 100-250 mm Hg. The mean area of the endothelial cell likewise remained unchanged
with a change of pressure in the perfused vessel.

During a short-term rise of hydrostatic pressure, a significant increase was found in
the number of lesions under pressures of 150 and 250 mm Hg, mainly due to an increase in the
number of argyrophilic cells and of stigmata. Incidentally, a rise of pressure led to a
significant increase in size of the deendothelized zones only under a pressure of 250 mm
Hg (Table 2).

Incorporation of **°I-LDL into the aorta was increased by 1.7 times (P < 0.05) when the
pressure was raised from 100 to 150 mm Hg, to reach a maximum (an increase of 2.2 times) un-
der a pressure of 200-250 mm Hg (Table 3). An increase in intravascular pressure stimulated
specific, receptor uptake of *?°I~LDL very slightly, but activated nonspecific, i.e., not
controlled by an excess of unlabeled LDL, incorporation of 1251 LDL into the aorta about
threefold. Perhaps this stimulation of uncontrolled tranmsport of *?°I-LDL was partly due to
‘an increase in the number of dying argyrophilic cells and a defect of intercellular junctions
(stigmata, craters). Nvertheless, under a pressure of 250 mm Hg the endothelium in the ves-
sels maintained an unchanged level (about 30%) of receptor-determined uptake of labeled LDL.
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TABLE 2. Morphology of Endothelial Lining of Rabbit Aorta under Increased Intravas-—
cular Pressure (M % m)

Pressure, |Ared exa~ | Area of de~ Number of de- N?lrrgb;irﬁ"f ar- | Number of | Nymber of Area of zones
mm Hg mined, mir?} endothelized endmhehze‘_i %:Znsp eri crategs Per | stomata per | with stigmata,
. zone, % rzr?rrrxl%s Qer 1: e P 1 mm 1 mm? ,
|
100 g 77 0,10,02 0,34-0,08 1,1+0,3 0,5:0,2 1,00,2 5,6:£1,5
150 77 0,2740,15 0,69+0,19 3,7+0,9% 0,4+0,2 1,64-0,4 10,9+3,3
200 22 0,11+90,07 0,81+0,23 4,7+2,0 0,6-+0,2 0,8+0,6 18,745,1%
250 77 0,33+0,08% 1,36--0,27* 6,241,1* 0,3+0,1 2,1+0,8 23,6+5,3%
| !

125

TABLE 3. Incorporation of I-LDL into Wall of Rabbit Aorta (in pg protein **°I-
1DL/mm*®) under Increased Intravascular Pressure (M # m)

Aorta Perfusion Number of Pressure, mm Hg
) . fluid experiment 100 150 l 200 ‘ 250
Natwe 125[«LDL '+ ex- 9 115,34-14,0 195,4+16,1% 248,9+18,2%* 247,7+10,5%
Native +- cess of LDL 8 69,4+8,9 — = 180,3+-24,7*
De-endothelized | 1**1-LDL 7 1181,3£275,5 — E — 2365,3+-418,9*

Uptake of **°I-LDL in the denuded zones of the aorta was much more marked: under a pres-

sure of 250 mm Hg accumulation was increased 20-fold compared with the normal vessel, perfused
under a pressure of 100 mm Hg. These results are in agreement with the accelerated transport
of other proteins and macromolecules in denudation zomes observed previously [9-11]. These
data suggest that the "atherogenic risk" or a raised intravascular pressure is linked primari-
ly with the more rapid filtration of atherogenic LDL in the region of the luminal surface,
where morphological defects of the endothelial lining are found. The injurious effects and
accelerated transport of lipoproteins associated with a raised intravascular pressure are per-
haps even more marked in atherosclerotic vessels, where the probability of macroscopic and
microscoplc lesions of the endothelium is increased {1, 7, 8].

The authors are grateful to V. O. Ivanov for his help in obtaining the '?°I-LDL, to
V. V. Dolgov for his technical collaboration, and to Professor V. S. Repin for his advice
on the manuscript.
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