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Effect of Iridium 192 Radiation on
Thromboatherosclerotic Plaque
in the Rabbit Aorta

MEYER FRIEDMAN, MD, AND SANFORD O. BYERS, PhD SAN FRANCISCC

TuE weELL-KNOwWN antiatherogenic
effect of cortisone administration in the
cholesterol-fed rabbit is due primarily to its
capacity to inhibit intimal hyperplasia in
this animal.! Inhibition of medial hyperplasia
also probably accounts for the .antiathero-
genic effect observed® in rabbits whose
aortas were exposed to radiation from irid-
wm Ir 192 wire prior to cholestercl feeding.
In animals exposed to such radiation there
was a conspicuous inhibition in the develop-
ment of the type of atherosclerosis ordi-
narily observed in an aorta subjected to
the abrasive effect resulting from a wire
(vinyl-covered) dwelling 48 hours in its
lumen?

Although cortisone retarded or prevented
the development of diet-induced atherosclero-
sis in the cholesterol-fed rabbit, it was not
found to be equally effective in retarding
the hyperplastic phase of a thromboathero-
sclerotic process, even when this process
was present in the same animal whose
dietary-induced atherosclerotic response was
being markedly altered by the administration
of the drug. In view of this last finding, it
seemed important to us to determine what
effect, if any, prior exposure of the aorta
to radiation from 1°2Ir might have upon the
development of this same type of thrombo-
atherosclerotic lesion. The results of such
study furnish the subject for this present
report.

Methods

The thoracic and abdominal segments of the
aortas of 20 mature, male, albino rabbits (2,800 to
3,800 gm) were exposed for 48 hours to radiation
from a 20-cm length of iridium Ir 192 wire (Iridi-
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tope) sheathed in vinyl tubing, exactly as described
in a previous study.® For control purposes, a similar
length of nonradioactive iridium wire was placed in
the aortas of 20 additional rabbits fcr 48 hours. The

total average radiation emitted by the wirc was

cstimated to be approximately 1.030 mg hours,

cquivalent of radium. If the aortic wail is assumed
to be 0.75 mm from the central axis of the wire, then
the aortas of the irradiated rabbits received 1,370
rocntgens. Fourteen days after removal of the wires,
all 40 rabbits were reoperated on under pentobarbital
sodium and cther anesthesia and a magnesium-
aluminum alloy thrombogenic coil (3 cm in length)
was inserted into each abdominal aorta immediately
distal to the exit of the left renal artery, according
to previously described methods. For additional
controls, five normal stock-fed rabbits also bore an
inserted alloy coil. Except for these latter five,
all 40 remaining rabbits then were fed a cholesterol
(2%) and cottonseed oil (2%) cnriched diet for
ten wecks at which time they were killed. Five of
the rabbits exposed to radiation and two of the
rabbits exposed to inert wire died during the first
week following insertion of the thrombogenic coil.
Thirteen rabbits exposed to radiation and 16 rabbits
exposed to inert wire survived the ten-week period
of cholesterol feeding. Al of the five stock-fed
rabbits bearing only the thrombogenic coil survived.
Blood samples were obtained immediately before,
and then at four and ten weeks after the beginning
of the cholesterol ingestion. These were analyzed
for their plasma cholesterol content.® ’

"At autopsy the entire aorta of each rabbit exposed
to inert or radioactive wire was opened, inspected,
and its amount  of gross atherosclerosis graded.?®
Blocks of tissue from the aorta were obtained from
(1) the arca immediately below the semilunar valves
but above any point possibly reached by the wire,
and (2) the thoracic and abdominal area which once
had been cxposed to the wire. Scctions cut from
these blocks were stained with Sudan IV, In addi-
tion, the proximal 10-cm section of each aorta was
analyzed for cholesterol content as described previ-
ously.® The thromboatherosclerotic plaques induced
by the magnesium-aluminum ailov coils also were
inspected and sections removed f{or wmicroscopic
study. The plaques were then removed from tihe
aorta and analyzed for their cholesterai content. Tiie
aortas and thromboscierotic plaques of the five
stock-fed rabbits were similariv treated.
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Fxg 1.—Two aortas (left) of r'lbbxts fed excess
cholesterol for ten weeks, beginning two wecks
after 48 hours’ exposure to indwelling intra-aortic
vinyl tubing stiffened with tridium Ir 192 wire and
two aortas (right) of rabbits similarly treated ex-
ept that vinyl tubing had contained an inert wire.
Note marked suppression of atheroesclerotic process
in thoracic and abdominai Segments of aortas
which has been exposed to ™Ir. Circular pattern
of atherosclerosis observed in control aortas is
typical of type of atherosclerosis induced by
mechanical abrasion from tubing. ’

Results

When the aortas of the rabbits exposed
to radiation were compared with those of
rabbits exposed only to inert wire, it was
evident (Fig 1) that the aortic athero-
sclerotic process had been markedly inhibited
in the rabbits whose aortas approximately
12 weeks previously had been exposed for
48 hours to *®2Ir. A much more extensive

process wis s observed in the tholauc and
abdominal segments of the aorias exposed
only to the inert wire, while the majority of

. the aorlas exposed to %2Ir showed, in

analagous aortic segments, only limited
areas of slightly elevated, grey-white tissue.
The average gross grading of the 13 aortas
exposed to radiation (Table) was 0.8, com-
pared with a grading of 3.5 in the 16 controls
(aortas exposed to nonradioactive wire)
(P<0.001). The average cholesterol content
of aortic segments from the 13 aortas ex-
posed to radiation was 4.9 gm/100 gm, as
compared to 9.6 gm/100 gm in similar seg-
ments from the 16 aortas exposed to non-
radioactive wire (P <0.001).
Microscopically, there was also evident
inhibition of the atherosclerotic process in
those segments of the aorta which had been
exposed to the *2Ir. In accord with our
previous observations,® the superficial layer
containing sparsely distributed pleomorphic
cells with occasional sudanophilia (color
plate, Fig 1) again was observed in the
sections taken from the aortic segments
exposed to the 1*2Ir. This very limited proc-
ess contrasted with the intense hyperplasia
and lipid infiltration observed in sections
taken from analagous areas in aortas ex-
poscd to only inert wire. In these latter
aortas (color plate, Fig 2) the hyperplastic
tissue composed of smooth muscle fibers in-
duced initially by the vinyl tubing itself * was
observed to be infiltrated by abundant

Effect of I"™ Radiation Upon Aortic and Thromboatherosclerosis

Aorta Plague
. Average
~No. of Average  Serum Cholesterol Grade Atherosclérosis  Cholesterol — Dry Weight  Cholesterol
Rabbits Weight (Gm) (Mg/100 MI) {0-4) (Gm/100 Gin) (Mg) (Gin/100 Gim)
Ralibits Exposed to Iridlum Irt22 and Fed Cholesterol Diet

13 3.406 975 - 08 49 154 o\
l}:mge (3.195-3.540) (513-1,370) (0-1.5) (3.08.2) (6-43) (20.031.2)
SE +82 =018 +0.34 £3.5 #l.1

Control Rabbits Fed Chelesterol Dict

16 3.500 1,025 3.5 0.6 2.4 2.7
l_(:nge (2.871.3,818) (G7-1,50660) 1.1 (4.6-15.1) (6-42) (13-28.9)
L E +0.3 +0.71 +=4.5 +=0.8

Caontrol Rabhits Fed Stock Dict

N 3.415 50 0 0.6 8.0 1.1
Range (2,005.3.740) (30-63) (0.5-0.7) (4-14) (0.8-1.7)
SE +2 0.1 £2.1 0.1
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Fig 1.—Photomicregraph of aortx or rabbit fed
excess cholesierol for ten weeks, hegiming two
weceks after exposure of this scament of the aorta
for 48 hours to iridium [+ 192 wire sheathed in
vinyl tubing. Note the narrow fringe of new
growth (afoze grrowe) upon the lwminal surface
and the hpid accumuintion {red) in this tissue and
in the tunica media. The.inhibitory cffect of *™Ir
radiation can ecasiiv he scen when this worta is
compared to those siiown m Fie 2 and 3. Sudan

IV, X 160.

Fig 2—Photomicrogranin of norta of rabbit
treated exactly as thut described in Fig | except
this segment of the aorta has been exposed to
inert wire sheathed in tubing. The hyperplastic
tisue (adove crreww) here iz much more extensive
than that seen in 1 and aiso Fig 3. Note that
compared with the aorin ihows i Fig 3, the
hiyperplastic tissue here. despite the lipid infltra-
tion appears uniform, the cellular portion con-
sisting  almost entireiv of zpindle-shaped smooth
muscle cells. Sudan I\ X i60.

Fig 3.—Photomicrograph
same aorta as shown n ir 1 which was taken
from an atheroscicrotic aren (in ascending por-
tion of the aoria just bevoned the semithunar vaives)
which had never a exposed to the ridinm wire
or its vinyl tubinge. = the usnal (ype ot aortic
“spontancous” ather otic process (alaoie ar-
row) ohserved n the cholesicral-{ed rabbit. Fyven
at this time (v, afte: sweeks of choiestevol feed-
ing), most of i foam  cells

of o scement of the
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rather than smooth muscle cells, thus giving tie
tissue an irregular, unpatterned type ot architee-
ture. This irregularity of pattern and relatively
modest total hyperplasia is characteristic of the
“spomtancous’” plaques. Sudan IV; X 160.

Fig 4—Photomicrograph of the thromboathero-
sclerotic plaque i the same aorta as shown in Fig

1. The media (belewe) is markedly encroached up-,

on, thimed and infiltrated with lipid. The fibrous
cap of the plaque (fop), as is usually observed. is

relatively “free of lipid, Compared to the plaque

shown in Fig 3, this plaque shows essentially the
same size, ceilular structure and lipid accumula-
tion. Sudan IV: X d0.

Fig 3.—Photomicrograph of the thromboathero-
sclerotic plague in the same aorta shown in Fig 2.
Despite the difierence observed hetween the type of
atherosclerosis sumilarly induced in this aorta by
mechanical abrazion {rom the wire sheathed in vinyl
tubing and the atherosclerosis similarly induced m
the aorta exposed to ™Ir, their respective aortic
thromboatherosclerotic plaques are similar in cvers
discernible detail. Sudan IV; X 40.

Fig 6. —DPhotomicrographi oi the aortic thrombo-
sclerotic plaue of rabbit fed stock diet ior ten
wecks. Lipid deposit is mimimal because this rabbir
remaincd normocholesteremic. Note the rupture of
the medin and the muerowth of cells trom the ad-
ventittn.  These cclls appear to be hhrocyies i
cventiniily compose the greater part of the plague

Sudan 1V X 40

Path




amounts of lipid. Finally, the retarded
atherosclerotic process observed in the seg-
ments of aortas exposed to 2Ir also
contrasted strongly with the profuse dietary-
induced atherosclerosis (color plate, Fig 3)
which was frequently observed in these same
aortas in the area immediately subjacent to
the semilunar values which had been exposed
neither to radiation from the wire nor to
abrasion from its vinyl sheath.

On the other hand, the thromboathero-
sclerotic plaques induced in the rabbits ex-
posed to 2Ir did not appear to differ from
those induced in the control rabbits exposed
to the nonradioactive iridium wire (Fig 2).
Both types of plaques, unlike those in the
aortas of the stock-fed rabbits, were equally
and severely infiltrated with lipid. The aver-
age weight and also the cholesterol content
of the plaques of the rabbits exposed to *%2Ir

- also were approximately the same (Table)

as those of the plaques of rabbits exposed
to the inert wire. The plaques of both series
in turn were considerably heavier and far
richer in cholesterol than the plaques induced
in the stock-fed rabbits.

Histologic examination (color plate, Fig
4 and 5) also failed to differentiate the
plaques of the cholesterol-fed rabbits exposed
to 12Ir from those of rabbits exposed to
inert wire. Plaques from both these groups
exhibited the sanie amount of basal deposi-
tion of lipid. The plaques of the stock-fed
rabbits, of course, exhibited no sudanophilia.
Perhaps of equal importance, the structure
as well as the provenance of the tissue mak-
ing up all these plaques was observed to be
quite different from that of the tubing-in-
duced hyperplastic tissue. Unlike the latter,
the thrombus-induced plaques consisted
chiefly of dense fibrous tissue which had its
origin in the tunica adventitia (color plate,
Fig 6). Thus, tubing-induced hyperplasia
had its origin in and reflected the structure
of the media, whereas thrombus-evoled new
tissue arose from and reflected the cyto-
architecture of the adventitia.

Comment
We have reported previously® that ex-
posure of the rabbit’s aorta to wire-stiffened
vinyl tubing for 48 hours caused immediate

Fig 2—Aortic . thromboatherosclerotic  plaque
(left) of a rabbit fed excess cholesterol for ten
weeks, beginning two weeks after 48 hours' ex-
posure to “*Ir wire and plaque (right) of rabbit
similarly treated except exposed to inert wire.
Note that in contrast to aortas shown in Fig 1,
lipid accumulation and development of plaques
are essentially similar.

denudation of the aortal lining endothelium
and probable frequent fragmentation of its
internal elastic lamina. These particular in-
juries led to a characteristic type of hyper-
plasia in which smooth muscle cells and
elastic fibrils derived from the tunica media
predominated. Moreover, these lesions ap-
peared to persist for many months3 during
which they quickly became atherosclerotic if
the animal was fed excess cholesterol. How-
ever, if such aortas had been exposed to
W2]r at the time of denudation, both the
hyperplastic and atherosclerotic processes
were inhibited markedly.?

In the present experiments, a second form
of atherosclerosis also was induced (ie,
thromboatherosclerosis).  This type of
atherosclerosis, unlike that induced by ex-
posure of the aorta to vinyl tubing, was not
composed of smooth muscie cells and elastic
fibrils * but of densely packed fibrous tissue.
This latter tissue, moreover, was observed

Areh Path—Vol §0, Scpt 1965
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to arise not from the tunica mecia but from
the tunica adventitia. Also, unlike tubing-
induced atherosclerosis, the thromboathero-
sclerotic plaque was not inhibited in its
development or lipid accumulation by prior
exposure of its site of aortic origin to **Ir.
Why does earlier exposure to **Ir afford
protection of the aorta against one form of
\ - atherosclerosis, te, the one induced by the
% . wire sheathed in vimyl tubing, and not
/ against ‘another form of atherosclerosis, ie,
the thromboatherosclerotic piaque? Certain-
ly, it cannot be due to the fact that the in-
jury induced by the vinyl tubing is more
quickly recovered from than that induced
by the thrombogenic coil because the lesion
induced by the vinyl tubing persists as an
. active process and is quite susceptible to
. / atherosclerotic  involvement for many
e~ . months, as our earlier study ? revealed. We
& believe that this difference in protection af-
L forded by prior irradiation is due to the fact
4 that the tubing-induced plaques (whose de-
i\¢ velopment is inhibited) are composed chiefly
" of smooth muscle cells coming from the
__stunica media as shown in an earlier study.?
However, the tissue making up the thrombo-
atherosclerotic plaque is chiefly composed of

19}%;’%
.

-+, .4 connective tissue or fibroblasts stemiming di-
BU\,‘-‘ rectly from the tunica adventitia (color

plate, Fig 6). The proliferation of these
‘\”‘D w7 cells do not appear to be affected by prior

W

exposure to 19Ir.
N

M
¥

& » Therefore, inhibition of an atherosclerotic
¥ wProcess by inhibition of hyperplasia can oc-
% cur only if the inhibiting agent, such as
g‘ -+ {* radiation from !*Ir or cortisone administra-

LB . . : .
5 tion, is capable of suppressing the hyper-

plasia of the particular cell components
making up that particular atherosclerotic
process. Thus, cortisone was found ! to in-
hibit the development of the “spontaneous”
type of plaque (ie, the one usually occurring

296 .THROMBO:ITHEROSCLEROTIC PLAQUE—FRIEDMAN &

3YERS

in the rabbit simpiy fed cholesterok and not
subjected to any other procedure) by pre-
venting the hyperplasia and metaplasia of
the original lining endothelial cells into
luminal foam cells.¥ However, cortisone ad-
ministration did not significantly diminish
the cellular development of a thrombo-
atherosclerotic process, and as a consequence
the plaques resulting were almost similar in
their size and lipid content! to those of
rabbits not treated with corzisone. Exposure
of thé aorta to radiation {rom °%Ir, as the
present studies demonstrate, was similarly
unable to alter the cellular development of
thromboatherosclerotic plagues, even though
another cellular type of atherosclerosis was
being inhibited in the same aortas. It is
therefore probable that, if interference with
the cellular development of an atheroscle-
rotic plaque ever becomes a mode of
therapy, the sensitivity of the particular tis-
sue comprising most of the plaque to the
agent to be employed must be assayed.

Summary

Prior exposure of a segment of the rab-
bit’s aorta to radiation from iridium 192,
markedly inhibits subsequent development
of atherosclerosis in the exposed segment of
aorta when the animal is fed excess
cholesterol, but.it was not found capable of
inhibiting the development of thrombo-
atherosclerosis in the same segment. This
difference in inhibitory effect appears to be
due to the difference in the provenance and
composition of the cellular components
making up the two types of atherosclerosis.

This work was aided hy grants from the National Insti-
tutes of Health, National Hcart Institute (HE.00119), and
the Life Insurance Medical Research Fund.,

The Burroughs \Welicome Fund underwrote the cost of
color reproductions used in this article.

Generic and Trade Name of Drug

Iridium Ir 192——/riditope.
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