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Effect of Iridium 192 Radiation on 
Thr_omboatherosclerotic Plaque 

in the Rabbit Aorta 
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THE \VELL-I{NOWN antiatherogenic 
effect of cortisone administration in the 
cholesterol-£ ed rabbit is due primarily to its 
capacity to inhibit intimal hyperplasia in 
this animal. 1 Inhibition of medial hyperplasia 
also probably accounts for the .antiathero
genic effect observed 2 in rabbits whose 
aortas were exposed to radiation from irid
ium Ir 192 wire prior to cholesterol 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.3 

_-\!though 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 192Ir 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-c:n length of iridium Ir 19.2 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 nonradioacth·e iridium wire "·as placed in 
the aortas of 20 additional rabbits ic:· -,8 hours. The 
total average radiation emitted by :he wire was 
estimated to be approximately 1.050 mg hour; 
equivalent of radium. Ii the aortic wall is a,sumed 
to be 0.75 mm from the central axis oi the wire, then 
the aortas oi the irradiated rabbits receiHd 1,5,0 
roentgens. Fourteen days after re~oval of the wire,, 
all 40 rabbits were reoper:ited on ,:nder pentobarbital 
sodium and ether anesthesia :inci a magnesium
aluminum alloy thrombogenic coil (3 c:11 in length) 
was inserted into each abdominal aorta imme<liateiy 
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%) enriched diet ior 
ten weeks at which time they were killed. Five oi 
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. All 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 C"ntirc 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 
(I) the area immeJiatdy below the semilunar vah-es 
but above any point possibly reached by the wire. 
and (2) the thoracic and abdominal area which once 
had been exposed to the wire. Sections cut from 
these blocks were stained with Sudan IV. In addi
tion, the proximal 10-cm section oi each aorta was 
analyzed for cholesterol content as describer! pre,·i
ously.• The thromboatherosclerotic plaques inducer! 
by the magnesium-aluminum ailoy coils ;ilso were 
inspectcrl anrl sections removed for microscopic 
study. The plaques were then re:noved iro:n :he 
aorta and ;m;ilyzed for their cholcstcroi contc1;t. The 
aortas and thromboscierotic plaques of the five 
stock-fed r;ibbits were similariy trc;itcd. 
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Fig 1.-Two aortas (left) of rabbits ied rxce~s 
cholesterol for ten weeks, beginning two weeks 
after 48 hours' exposure to indwelling intra-aortic 
vinyl tubing stiffened with iridium Ir 192 wire and 
two aortas (rig/it) of rabbits similarh· treated ex-
ept that _vinyl tubing had contained an inert wire. 

~ote mar~ed suppression. of atherosclerotic process 
m thoracic and abclommal segmcn;s of aortas 
which has been exposed to 112Ir. Ci~cnlar pattern 
of atherosclerosis obser\'ed in control aortas is 
typical of type of atherosclerosis induced b" 
mechanical abrasion from tubing. · 

Results 

\.Vhen 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 192 Ir. A much more extensive 

.· .... ~f:, 

process was observed iii the ti1oi·a~ic ,mtl 
abdominal segments of the aor,as txpm,ed 
only to the inert wire, while the majority of 
the aortas exposed to 192 Ir showed, in 
analagous aortic segments, only limited 
areas of slightly elevated, grey-white tissue. 
The aYerage gross gradirig 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 
oi 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
radioacliYe wire ( P <0.001). 

?l'Iicroscopically, there was also evident 
inhibition of the atherosclerotic process in 
those ~egments of the aorta which had been 
exposed to the 192 Ir. In accord with our 
previous observations,2 the superficial layer 
contammg 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 1112Ir. This very limited proc
ess .contrasted with the intense. hyperplasia 
ancl lipid infiltration observed in sections 
taken from analagous areas in aortas ex
posed 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 3 \Vas 
observed to be infiltrated by abundant 
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Range 
SE 

Hnnge 
SE· 

Rnn~c 
SE 

Atlrln Plaque 

Avernge Srrtm1 Clu,1,,;:.-rol Grndc A:hcrosc!rrnsls Cholesterol Dry Weight Cholesterol 
Wcighl (Gm) (~lgilOO ~11) (0-4) (Gm/JOO Om) (Mg) (Gm/100 Gm) 

nal,hils F:,pnseil lo Iridium Ir'" nncl Fed Cholesterol Diet 

3.106 975 · o.s 4.9 15.4 23.1 
(3.195-3.SlOJ (513-1.3.0) (0-1.5) (M-8.2) (6-43) (20.0.Jl.'.!) 

±S2 ±0.IJ ±0.34 ±3.5 :!:1.1 

Conlrol Hahhirs Frd Ch~lrslerol Dtct 

3.~90 1.11~.s 3.j 0.6 22.4 2:?.7 
(2.~71-J.SIS) ((ii-: ,;1f,li) 11-1) (4.6-15.1) (6-42) (13-25.9) 

±i-1 ±0.3 ±0.il ±4.5 ±0.S 

C:nntrol rt2hhi1s Fed Stork Diet 

3,415 .~o 0 0.6 s.o 1.1 
(2.a<JS-3.710) t:10.r..;) (0.5-0.7) (4-14) (O.S-1.2) 

±2 ±0.1 ±2.1 :i:0.1 
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Fig- 1.-Photumicrc-c;rapii of aorta 0r rabbit feel 
excess d1olcs:croi : (•r :en \\'eek,. ltc.r:inning- two 
weeks aiter exposure ur tiii~ ;:cg:ment oi the aorta 
for .JS hours to iridi:1:11 fr 192 wire ;;heat::ccl in 
,·in) 0l tubing. X etc ,he narrow t r111g-c of new 
growth (criio,·c .,,.,.,,,,· 1 :111011 thC' Iuminal ~uriacc 
and the lipid acc:nnuiat:on ( rrd) in this tis~t:c and 
in the tunica media. The i11hihitc1n· effect of '"'Ir 
radiation can easiiv he ;ccn whc;1 this aorta is 
compared to t!:0se ·;i,own in Fi~ 2 :mcl 3. Sudan 
IV; X 160. 

Fig 2.-Photom:cr0c-ra1Jii of aorta of r;ibbit 
treated exactly as t11at c\cscribed i11 Fig- I except 
this segment of :he aorta ha; bet•n exposed to 
inert wire shea:hcd i:1 tuiJin!!'. The hyp1:rplastic 
tisue (abo~·e c1.,-,,_.·) !:ere i, much more extensive 
than that seen :;-: F;~ l an,: ai~o Fie- 3. Xote that 
compared with the. :wr::, c!:o\\'n .111 Fig J. the 
hyperplaHic tissue !:crC'. dc.-pite 11,c lipid infiltra
tion appears '.mifor::1. the t•dh1lar portiun con
sisting- almost entirciy oi •pi11d!c-sl1:11ii:d smooth 
muscle cells. Sudan I\"; >< i 60. 

Fis- J.-Photo111icr0..::·~ph <;i a ,c't:ment oi ihe 
;ame aorta as ,how:: :11 ,.-,c: I l\'liicii \\';JS takc11 
from an athero,clc!'L'lic :t:'Cl (:11 :l>l"l'lldit1C: por
tion oi the aor.a i~st !-.:,·u11•l the srmilt1t1:1r \·ah·es) 
which hacl t1c\·c~ .i11~·r:1 cXi~r1.:.,.:1l :o tht' iri<liu:n \\·ire 
or its Yinyl tuii:n'.,.!". T)1i., :., 11:C' u~u:d Lype ol aortic 
"spont;1ncol1s"' :lrhcrl·::r:c;-n~ic pn.lce:::.::. ( abo-;·t' ar
rolL,) 0hscrvrd ii ti:l' ,.-::i)ll:-:icrr,1-i\·d ?·:d1bit. E\"e:1 
:1t tl:is ti111e (i~.:. :'i re:·:(:! '\"l'l';,, oi 1.:i:i1ic::tc~·ol f~cd
i11g). most vi : ,c cc';, :1rl' ,11::::11:d fo:1111 cells 

Fig 6. 

rather than smooth muscle cells. thus gfrinc: tire 
tissue an irregular. 1111patterned type oi ard1itcc
ture. This irre!,!ularity oi pattern and rl'lati\·r!y 
modest total hyperplasia is characteristic oi the 
"spontaneous" plaques. Sudan IV; X 160. 

Fi:; .J.-Photomicr0graph of the thromboathcro
sclcrntic plaque :11 the ::ame aorta as shown in Fig 
!. The media ( !,d, .. ,c) is marke<lly cncro:iched up-_ 
on, thinner! and infiltrated with lipid. The fihro11:< 
cap oi the plaque (Inf>), as is usualh· obsen·cci. is 
relati\'cly 'free •Jf lipid. Compared to the plaque 
shown in Fig 3. this plaque shows essenti:illy the 
same ;ize, ceilular ;tructure and lipid accunrnb
tion. Sudan I\": X .JO. 

Fi~ :i.-Photomirrograph of il:e thromboathcro
sclerutic plaque in the same aort,1 shown in Fi~ 2. 
Despitr the dilTcrrnrc: ol,,er\'ed bet\,·cen the type oi 
atherosclerosis ::imibrly induce<l in this aorta br 
mechanical abr:.,ion irom the wire sheathed in Yim·! 
tubing and the atherosclerosis similarly indui:·e·d 111 
the aort;i exposed tti "''Ir, their respective aortic 
thromboatherosc!eroti..: plaques are similar in ner:,
discernible detaii. Sudan IV; X 40. 

Fii:- 6.-Phutomicrograpli oi tr.e ;iortic thro1;1h,J
sckrntir plaque <)f r;rbbit ie<l stock diet ;r,r ten 
week,. Lipid dcpn:<it is 111i11i111al bcc:i11sc thi, r:d,1,ir 
rc111ai11c,l IHJr111(1d;ok,teremic. Xote the rupt11rc ·,i 
the 111tdi;1 :llld the i111:"1·owth ui cells trL1111 tl:e :H!· 
,·e11t1tra Tirc,e cells .. ;ippear tu be til,roc,·te, :1::,i 
c,·e11t11:1 ly compose tile grr;iter part oi the pl;11;t:l' 
Sudan \-'; X -10. 
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amounts of lipid. Finally, the retarded 
atherosclerotic process observed in the seg
ments of aortas e.'Cposed to 1112Ir also 
contrasted strongly with the profuse dietary
induced atherosclerosis ( color plate, Fig 3) 
which was frequent!); 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 192 Ir 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 t·hose 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 192 Ir 

· 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 S) also faiied to differentiate the 
plaques of the cholesterol-fed rabbits exposed 
to 192 Ir from those of rabbits exposed to 
inert wire. Plaques from both these groups 
exhibited the same 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-evoked new 
tissue arose from and reflected the cyto
architccture of the adventitia. 

Comment 

vVe have reported previously 3 that ex
posure of the rabbit's aorta to wire-stiffened 
vinyl tubing for 48 hours caused immediate 

Fig 2.-Aortic thromboatherosclerotic plaque 
(lcf t) 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 aorta! 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 months 3 during 
which they quickly became atherosclerotic if 
the animal was feel excess cholesterol. How
ever, if such aortas had been exposed to 
1112Ir at the time of denudation, both the 
hyperplastic and atherosclerotic processes 
were inhibited markedly. 2 

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 muscle cells and elastic 
fibrils ·1 but of densely packed fibrous tissue. 
This latter tissue, moreover, was observed 
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~9G .THROMBO...J.TI-iEROSCL!:.ROTIC PLAQUE-FRIEDJI.-J.V .':- J}'~RS .. .l 
to arise not from the tunica media but from 
the tunica adventitia. Also, unlike tubing
induced atherosclerosis, the thromboathero
sclerotic plaque was not inhibited in its 
development or lipid :iccumulation by prior 
exposure of its site of aortic origin to 1nrr. 

in the rabbit simpiy fed choies:tcrc,t an:J not . j . 
subjected to any other proced·.1re). by _pr~
venting the hyperplasia and metaplasia of 

\Vhy does earlier exposure to rn~r r afford 
protection of the aorta against one form of 
atherosclerosis, ie, the one induced by the 
wire sheathed in vinyl tubing, :ind not 
against ·another form of atherosclerosis, ie, 
the thromboatherosclerotic pbque? Certain
ly, it cannot be due to the fact that the in
jury induced by the vinyl tubing is more 
quickly recovered from th:in th:i t induced 
by the thrombogenic coil bec:iuse the lesion 
inducer! by the vinyl tubing persists :is :in 

, ! active process and is quite susceptible to 
_ l.\,.:{___atherosclerotic involvement for many ~, . 

~ ,f,,J• :' months, as our earlier studv ~ reve;iled. \Ve 
/Y ~/:_/':: believe that this difference .in protection af-
N\i' forded by prior irradiation is due to the fact ; 

'-/'''ff: that the tu~i~g-i_n~uced plaques (whose_ de
-\ J ~ velopment 1s mh1b1ted) are compose<l chiefly 

L{fJ)e/ of _smooth. muscle cell~ coming . from the 
CJ°' cJ/ tumca media as shown 111 an earlier studv:~ v . 
4,1_~) However, th~ tissue m~kin~ up the thrombo-

,'Jl ,. atherosderotic plaque is chiefly composed of 

/' 72.. 
1 

/ connective tissue or fi~roblasts st~i:1:ning di
j:/' u\/ ! rectly from the tum ca a<lvent1t1a ( color 

plate, Fig 6). The proliferation of these 
~ ~Jj cells do not appear to be affected by prior 
~ .JJf exposure to 102 Ir. 
r'·i'' .t ~ Therefore, inhibition of an atherosclerotic 
,J ,.,/·:lJ ~ t~to/'rocess by inhibition of hyperplasia can oc
)(~',o · \/ cur only if the inhibiting agent, such as 
~ -. -, {b radiation from 1112Ir or cortisone administra-
,\ \ 'O tion, is capable of suppressing the hyper-

. plasia of the particular cell components 
making up that particular atherosclerotic 
process. Thus, cortisone was found 1 to in
hibit the development of the "spontaneous'' 
type of plaque (ie, the one usually occurring 

the original lining endothelial cells into 
luminal foam cells.s Howe\'er, cortisone ad
ministration did not significantly diminish 
the cellular development of a thrombo· 
atherosckrotic process. and as a consequence 
the plaques re~ulting were almost similar in 
their size and lipid content 1 to those of 
rabbits not treated with cortisone. Exposure 
of the aorta to radiation from 10~Ir. as the 
present studies demonstrate, was similarly 
unable to alter the cellula:· development of 
thromboatherosclerolic plaques, e,·en though 
another cellular type of atherosclerosis was 
being inhibited in the same aortas. It is 
therefore probable that, if interference with 
the cellular deYelopment of an atheroscle-
rotic plaque e,·er becomes a mode of 
therapy, the sensiti,·ity of the particular tis-
sue comprising most of the plaque to the 
agent to be employed must be assayed. 

Summary 

Prior exposure of a ~egment of the rab
bit's aorta to radiation from iridium 192, 
markedly inhibits subsequent deye)opment 
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 
clue to the difference in the provenance and 
compos1t1on of the cellular components 
making up the two types of atherosclerosis. 

This work was aicletl hy grants from the National Insti· 
lutes of Health. ~,atit'nal Heart Instirule (HE-00119), and 
the Life Insurance ~ledical Reseorch Fund. 

The Ilurrouf;hS \\'ellcome Fund underwrote ihe cost of 
color reproductions u~c<l in this :trticlc. 

Generic and Trade Name of Drug 

Iridium Ir 192--lriditotc. 
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