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While the effect of acute and chronic hypertension on small vessels
has been extensively studied,1-6 less attention has been paid to the effect
on the elastic arteries.7 Yet it is widely held that the commonest disease
of large arteries-namely, atherosclerosis, both human and experimen-
tal-is accelerated by hypertension.8-3 The mechanisms by which this
acceleration is accomplished are not known, but it seems important to
establish the effect of hypertension on normal vessels of the caliber usu-
ally affected by atherosclerosis.
The following study illustrates the effects of relatively short periods

of hypertension on the aortic intima of the rat. It shows that an appar-
ently selective infiltration of mononuclear cells occurs and that the sites
of infiltration may be dependent on the condition of the underlying
internal elastic lamina.

MATERIAL AND METHODS
Aortic hypertension was created by constricting the aorta by ligature at the site

between the origins of the renal arteries. No elaborate measures were taken to ensure
the same degree of constriction in each case, and a constriction was deemed successful
if the distal kidney blanched immediately after constriction but thereafter showed
reactive hyperemia.

Direct blood pressure readings from the carotid arteries were taken before, and at
intervals after, constriction in the test animals and in a number of control animals
before and after sham operations, without actual constriction of the aorta, had been
performed. Significant rises in blood pressure were always obtained in the test animals
beginning 4 hr. after constriction. The smallest mean rise was I5 mm. Hg and the
greatest So mm. Hg above initial levels. No significant rises in blood pressure were
obtained in the sham-operated animals.
For the experiment, I2 male rats of the Wistar strain, weighing an average of 350

gm., were used. The aorta was constricted by a silk ligature and animals killed at
intervals of 4 hr. to 7 days afterwards. The thoracic and upper abdominal aorta-
that is, above the constriction-was taken for examination in each case, and for con-
trol purposes, the same segments were taken from a sham-operated animal. The
lower abdominal aorta (below the constriction) was taken from the test animals and
examined as an additional control for the segments above the constriction. The aortas
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were removed before fixation, cut into thin cross sections, and fixed as such in i%
buffered osmium tetroxide for i hr. in the cold. The tissue was subsequently em-
bedded in Maraglas D.E.R.14 Phase sections were cut from all blocks and thin sections
from appropriate areas. An RCA EMU 3G microscope was used.

RESULTS

In all test animals the aorta above the constriction was visibly dilated,
as compared with the normal rat aorta at the same level, and its wall was
rigid and open when removed. This contrasted with the collapsed state
of the vessel below the constriction. The morphologic changes to be
described were present in the upper segments of the test aortas only;
no comparable changes were seen in the segments of vessel below the
constriction in the same animals or in the aortas of the control animals.
The aortic intima of the control rats consisted of a single layer of endo-
thelial cells, separated from the internal elastic lamina by a nominal
subendothelial space which contained a few connective tissue fibrils.
Occasionally a single mononuclear cell, not of smooth muscle origin, was
present.15 The same structure was true for the aortic intima below the
constriction in the test animals.

Study of phase sections from the upper segments showed than intimal
changes described below were present in the great majority, were focal
in distribution, and appeared to be related to gaps or other irregulari-
ties in the internal elastic lamina. The impression was also gained that
although there was some increase in the severity of the changes between
4 hr. and 7 days, the increase was of a mild degree.

Mononuclear cells, monocytes, and lymphocytes, in approximately
equal numbers, were found in all stages of entry into the intima (Fig. i,
2, and 4). This reaction was focal. In all sections studied, no cell of blood
origin other than monocytes and lymphocytes could be identified in the
intima. On one occasion a red cell was seen apparently entering the
intima in company with a monocyte. It was rare to see polymorpho-
nuclear leukocytes or platelets in apposition with the endothelium, and
this was in contrast to the large numbers of mononuclear cells found
adhering to the surface (Fig. I-3 and 5). Frequently, pseudopodia from
the mononuclear cells were linked with hooklets 15 projecting from the
luminal surface of endothelial cells (Fig. 4). A number of the mono-
nuclear cells, both on the surface of the intima and in the intima, con-
tained osmiophilic inclusions of varying density and composition. These
were considered to be lipid in nature (Fig. 5 and 6).

In all animals the subendothelial space was widened even in the areas
not containing cells. In these areas and around cellular infiltrations,
widening was due to an accumulation of granular material (Fig. 7)
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which in places was more fibrillar in nature (Fig. 5 and 8) and occa-
sionally contained fragments of fibrin (Fig. 8). Many endothelial cells
showed vesicles of varying size containing apparently identical granular
material to that seen free in the intima (Fig. 3).

Survey of a large number of thin sections confirmed the impression
gained from the phase sections-namely, that mononuclear accumula-
tions were most frequently found where the underlying internal elastic
lamina showed a gap (Fig. I, 3, 4, and 6). With some frequency also,
cells were found near small pads of smooth muscle that are normally
found in the intima of the rat, 5 mouse,ys and rabbit 17,18 (Fig. 3 and 5) .
These smooth-muscle pads were contained within fenestrae of the elastic
lamina and the elastic tissue on the luminal side was seldom complete.
Since these pads were also frequently adjacent to gaps in the internal
elastic lamina proper, the over-all impression was that infiltrating cells
gathered in areas of intima where the internal elastic lamina was, for
some reason, not smooth or continuous.
Many endothelial cells appeared plump and swollen. They showed

a marked increase in small vesicular structures, the membranes of the
Golgi complex were conspicuous, and there appeared to be a general in-
crease in smooth-walled membranes (Fig. 2, 4-6, and 8). Endothelial
cells at times showed dense osmiophilic inclusions and, more frequently,
vesicles of varying size containing granular material (vide supra). Evi-
dence of degeneration of endothelial cells was not conspicuous and was
considered no more frequent than in the normal aorta.

DISCUSSION

Increased intraluminal pressure in the aorta of the rat produces lo-
calized infiltrations of mononuclear cells into the intima. There is little
doubt that such cells are derived from the luminal blood flow and are
entering the intima from the lumen. Further, although this is much less
certain, infiltration of mononuclear cells appears to occur with greatest
frequency where gaps exist in the internal elastic lamina or where intimal
smooth-muscle-cell pads exist. Coincidental with the cellular invasion
there is, in the intima, a more generalized accumulation of granular ma-
terial believed to be derived from blood plasma.
The infiltrating cells seen in the intima were entirely mononuclear in

type. Esterly and Glagov 7 have shown that under chronic hypertensive
conditions the main renal artery becomes unduly permeable to cells
from the blood. They found mononuclear cells, polymorphonuclear cells
and red cell fragments in the intima and presumed these had been forced
into the vessel wall by increased luminal pressure. The infiltration of
cells under these circumstances is not so selective as it appears to be
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in the present investigation, although it may be that after lengthier terms
of hypertension, other cells would appear in the intima. Nevertheless,
the absence of blood-borne cells other than mononuclears at this stage
is intriguing. It would appear that monocytes and lymphocytes play
some active role in penetrating the endothellum rather than being merely
passively forced through it. The endothelium did not appear to be dam-
aged by this immigration, and it is assumed that penetration took place
between endothelial cells. The changes observed in the endothelium
could be accounted for by the increased filtration of plasma elements
consequent to raised intraluminal pressure.1

In studies of experimental and human atherosclerosis by the present
author and others,15.17182024 the importance of the monocyte in this
process and its propensity to invade the intima has been emphasized.
The present study again illustrates the role this cell may have in arterial
disease. Further, the presence of lipid within such cells, both those at-
tached to the endothelium and those in the intima within hours of arterial
constriction, shows their ability to become lipophages in circumstances
other than those of hyperlipidemia.
The impression gained in the present study was that infiltrating cells

gather preferentially in areas of the intima immediately adjacent to
gaps in the internal elastic lamina and where pads of smooth-muscle
cells were present. These gaps in the lamina and pads of cells in the
intima have been described in the aorta of the rat,15 mouse,18 and rab-
bit,17'18 and their reactions to the effects of hyperlipidemia have been de-
scribed.17'18'22 However, a much more extensive study would be required
to test the plausibility of the suggestion that they play some part in the
site selection of more extensive arterial changes. At present it appears,
for example, that they are too numerous to be of importance in influenc-
ing the eventual site of atherosclerotic plaques. Nevertheless, they ap-
pear, under hypertensive conditions, to be areas of potential weakness.

This study and that of Esterly and Glagov 7 indicate that under hyper-
tensive conditions whether of short (hours) or long (weeks) duration
the intima of large arteries becomes abnormally permeable to cells and
other material from the circulating blood. This process may therefore
be of importance in the initiation of some arterial lesions and the en-
hancement of others.

SUMMARY
Increased luminal pressure was produced in the rat aorta by con-

striction of the abdominal segment. These conditions produced, within
4 hr., infiltration of mononuclear cells from the blood into the intima,
together with an accumulation of plasma elements in the subendothelial

724 STMLL Vol. 5z, No. 5



Nov. 1967 HYPERTENSION AND AORTIC INTIMA 725

space. The cells appeared to gather in areas of intima which were con-
tiguous to gaps in the internal elastic lamina.
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LEGENDS FOR FIGURES
FIG. I. Intima 48 hr. after constriction. Three mononuclear cells (M) are in sub-

endothelial space, one showing protrusion through endothelium (arrow). Another
(MO) is attached to endothelium. Gap is present in elastic lamina (X). X 7000.
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FIG. 2. At i8 hr. after constriction, mononuclear cell (M) is seen penetrating endothelium
(arrows). Another is in contact with surface at top left. x I5,000.
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FIG. 3. At i8 hr. after constriction, monuclear cells (M) are in various positions relative to
endothelium. Granular material is present in subendothelial space and in vesicle top right
(V). Pad of smooth muscle is present (SM). Internal elastic lamina proper is at bottom
right (I). X 5000.
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FIG. 4. At 48 hr. after constriction, mononuclear cell (M) has just penetrated endothelium
(arrow). Another at right is attached to endothelium by interlocking process. Gap in in-
ternal elastic lamina (I) is present. X 8ooo.
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FIG. 5. Mononuclear cell (M) with large osmiophilic inclusion is in contact with endothelium
(E). Note hooklets in endothelium. Granular material has gathered in subendothelial
space (G) and is mixed with collagen fibrils. Smooth-muscle cells at bottom left are part
of intimal pad of this tissue. Four days after constriction. X 88oo.
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FIG. 6. Mononuclear cell (M) with osmiophilic inclusions of different densities, 48 hr. after
constriction. Two endothelial cells (E) show large number of small vesicles. Gap is present
in internal elastic lamina (arrow). X 88oo.
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rIG. 7. r our aays atter constriction, subendothelial space is much widened by granular mate-
rial (G). Mononuclear cells of different types are present in intima, and fragment of cell
containing lipid is at bottom right. Endothelium (E) shows a number of hooklets. Internal
elastic lamina is continuous. X 4600.
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FIG. 8. Endothelium (E) shows prominent increase in smooth-walled lamellae and small
vesicles. Granular material (G) in subendothelial space is now more fibrillar in appear-
ance, and strands of fibrin are present (arrows), some with cross striations visible. Seven
days after constriction. X I7,400.


