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The following investigations were made to 
study the fate of cholesterol administered to 
rabbits in amounts known to effect athero- 
sclerotic lesions. 

Methods .  Several groups of rabbits were 
fed commercial cholesterol (U'ilson) , each 
animal receiving 900 mg 'day for 1 2  weeks. 
In  each group the commercial material was 
replaced for 6 days as outlined below by one 
or the other of 2 types of radioactive material. 
Cho1esterol-C1-I, obtained from livers of rats 
injected with sodium acetate-1-C" for various 
purposes, was purified through the digitonide 
and the dibromide. Cholesterol-H:; was pre- 
pared by Wilzbach's method a t  New England 
Nuclear Corp. from cholesterol acetate and 
tritium and was stabilized in this laboratory 
by boiling several times with methanolic so- 
dium hydroxide until the last operations 
showed a nearly constant count of 3.196 >( 
10" min./mg. This material was dissolved in 
boiling methanol with calculated amounts of 
commercial cholesterol (Wilson) and left to 
crystallize in the cold. It could not be puri- 
fied further through the dibromide because re- 
peated treatment of a sample with bromine 
and afterwards with zinc and acid showed a 
continuous loss of radioactivity. Cholesterol 
was dissolved in ether and poured together 
with 5% cotton oil over the rabbit chow and 
ether was eliminated by heating under stirring 
or shaking on a water bath. Feeding of radio- 
active and commercial material was done 
every day except on Sunday. Young healthy 
male and female Dutch belted rabbits weigh- 
ing 3 to 4 lb were arranged in groups of 10 to 
13 animals so that each group contained an 
equal number of males and females. One 
group was fed cholesterol-H:: during the first 
week, another during seventh week and one 
during twelfth week. In  another series choles- 
te r01-C~~ was fed during the first week and 
to 3 animals for 2 days in the twelfth week. 

~ 

*This work supported by grants from NIH of 
1J.S.P.H.S. and from Am. Cancer Soc. 

A\t end of the week of radioactive cholesterol 
ieeding, 3 or 4 animals were killed and worked 
ul).  while remainder of group was continued 
on ordinary cholesterol, until a t  end of 12 
weeks all animals were killed. 

The animals were killed by heart puncture 
and blood was taken for cholesterol deter- 
minations. The animals were then dissected 
into aortae, livers, small intestines, adrenals, 
brains, kidneys and blood ; the corresponding 
tissues for each group were combined, weighed 
and hydrolyzed with 30% KOH and the cho- 
lesterol isolated as digitonide. In  the CI4 ex- 
j'eriments this material was further purified 
by bromination. All these operations have 
been described ( 1 ) . Cholesterol-H:' was 
counted in a scintillation counter, while for 
cholesterol-C14 an end window or scintillation 
counter was employed. 

,411 animals showed atherosclerotic lesions 
of varying degrees on macroscopic inspection 
but no histological evaluation was made. 
Cholesterol determination in blood serum at 
time of killing showed usual considerable rise 
of serum cholesterol in most animals. 

Results. The results are presented in Tables 
1 and 11. Radioactive cholesterol was found 
a t  end of 1 week feeding in each tissue but in 
different amounts. The brain showed lowest 
deposition. Even after only 2 days feeding of 
cholesterol-C1' as in Exp. 3 of Table I the 
substance isolated from aortae contained ra- 
dioactivity. From the count of this material 
and total radioactivity fed, one can calculate 
the amount of cholesterol laid down during 
feeding and relate it to weight of tissue. It is 
thus found that the amount of cholesterol de- 
jmited in the aortalfeeding day/animal/g of 
wet aorta weight was 0.03 mg (0.029-0.032) 
for the 3 experiments carried out with choles- 
tero1-P4. Exp. 2 showed that after deposi- 
tion of radioactive substance in the aorta, 
further feeding of ordinary cholesterol not 
only covered the radioactive layer but re- 
placed the radioactive substance and a nearly 
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digitonin precipitate by bromination showed 
some formation of cholesterol derivatives, 
which were still precipitable. 

Much the same situation was found in Exp. 
1-4 of Table IT: with cholesterol-H3. When 
this substance was fed in the first or seventh 
week and ordinary cholesterol was given dur- 
ing remaining part of experiments. radioactiv- 
ity a t  the end of 12 weeks decreased consider- 
ably in all tissues. As i n  experiments with C ' I 1  

this decrease was greater than a possible d i lu-  
tion caused by increase of total cholesterol in 
the tissues. For example, in Exp. 1 the aorta 
cholesterol doubled from 1.5 to 3.0 ing 'g wet 
tissue whereas the count dropped from 2410 
to 208. In  other tissues such as liver, small 
intestine or adrenal, this discrepancy, possibly 
because of their specific metabolism, was more 
pronounced. Only in the brain was a definite 
increase of radioactive material observed a t  
end of eq3eriments. although these counts re- 
mained quite low. This may be so because 
the brain has apparently a very low choles- 
terol turnover-adult brain does not synthe- 
size cholesterol from acetate(Z)-and ex- 
change of cholesterol between blood and brain 
may be very limitecl(3). The decrease in 
counts of cholesterol in all tissues is therefore 
determined not only by dilution with non- 
radioactive cholesterol present in the tissue 
prior to feeding. or by subsequent deposition 
of non-radioactive substance fed after the 
radioactive feeding period. but also by the 
specific metabolism including biosynthesis of 
cholesterol in each tissue. I t  is further inter- 
esting to note that even after one week's feed- 
ing whether it was the first, seventh or twelfth 
week in the experiment, the counts of choles- 
terol-H:3 used were diluted in each tissue a t  a 
different rate. Thus for example the relation 
of the count in starting cholesterol to the 
count in cholesterol isolated from the aortae 
in Table I1 is 8.2, 10.6, 10.5 and 9.8 after 1 
week of feeding of radioactive material. The 
same calculation however gives 36.4 and 25.1 
in Exp. 1 and 2 (Table I )  with cholesterol- 
( ' I 4 ,  which were carried on for 1 week. It was 
lwintetl out ahove that amount of cholesterol 
laid down in the aortae/day/anirnal, and /g 
of wet aorta weight can be calculated as 0.03 

mg. The  same calculation extended to experi- 
ments with cholesterol-H3 in Table 11, gives 
considerably lower values, namely 0.01 1 
(0.005-0.01 7).  Similar differences are found 
between experiments of Tables I and I1 for 
other tissues investigated, with exception of 
the brain where the figures are too small to 
allow evaluation. Dilution of the original 
count was always greater for cholesterol-H3 
than for cholesterol-C14. In  both types of ex- 
periments however the amount of radioactive 
material fed was the same, namely 900 mg/ 
day 'animal and it is therefore evident that 
the amount of deposited radioactive material 
must be the same for each corresponding pair 
of tissues of Tables I and 11. The explana- 
tion of the discrepancies seems to be that in 
the ('l4-inateria1 the radiocarbon is part of the 
skeleton of the molecule, while the radioactive 
hjdrogen is on its periphery, exposed to at- 
tack of oxygen, and therefore can be detached 
from the molecule without destroying its in- 
tegrity. Borgstroem and Wintersteiner (4) 
have indeed shown that cholesterol in col- 
loidal suspension, under conditions similar to 
those in blood, is very easily oxidized by 
molecular oxygen, giving 7-keto- and 7 ~ -  or 
7/J-hydroxycholesterol. Katienagar and Mor- 
ton(5) found in plaques of human aortae 
~:!.1.'-diene-7-one and other substances de- 
rived from cholesterol by oxidation. These 
findings were confirmed by Henderson ( 6 )  
who by paper partition chromatography dem- 
onstrated in human aortae the presence of 
L.i-c holes tene-3/3,7/3-diol, A5-cholestene-3p, 7 ~ -  
diol, cholestane-3p,Sp,6p-triol and A5-choles- 
tene-3p, 24 (or 2 5 )  -diol. All these substances 
can only be formed from cholesterol by loss 
o f  hydrogen which in cholesterol-H3 causes 
the observed decrease of radioactivity. A fur- 
ther loss of hydrogen and therefore tritium 
may be effected by dehydrogenation. Festen- 
stein and Morton( 7 )  made probable the pres- 
ence in tissues of a specific dehydrogenase, 
the normal substrate of which is cholesterol. 

This peripheral oxidation of cholesterol 
maj7 account for the striking differences be- 
twet2n eqleriments with the 2 types of radio- 
active cholesterol (i.~., C' * or H!) . However 
the alniost comlilete disappearance of radio- 
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activity when one week of radioactive choles- 
terol is followed by 7 or 11 weeks of ordinary 
cholesterol, is explained by degradation of the 
cholesterol skeleton itself in formation of bile 
acids and by elimination of cholesterol 
through the feces. 

The figures for cholesterol isolated from 
bloocl suggest that a large part of oxidative 
degeneration must occur in blood, in agree- 
ment with experiments of Borgstroem and 
Wintersteiner (4).  The small differences be- 
tween the digitonin and dibromo-cholesterol 
figures in Table I showed that in the course 
of 1 week during which radioactive material 
was Fed, little degradation of the cholesterol 
skeleton itself occurred. 

Continuation of experiments with both 
types of radioactive cholesterol by feeding 
non-radioactive substance resulted in consid- 
erab1:y lower counts in most tissues. This 
show:; that there is a continual exchange and 
subsequent degradation taking place between 
cholesterol of tissues and blood. Such re- 
action has been observed before(8) but i t  is 
surprising that in the aortae, where choles- 
terol is deposited in plaques, such an exchange 
isl also functional. While it is not possible to 
decide how much of these changes occur in 
blood before and how much in the tissue after 
deposition of cholesterol, i t  is quite probable 
that almost all of it is finally broken down in 
the liver and so disposed of, thus explaining 
disappearance of radioactivity a t  end of ex- 
periments. 

The experiments here reported are in agree- 
ment with Biggs and Kritchevsky( 9)  who fed 
cholesterol-H3 to rabbits and established that 
errogeinous cholesterol is deposited in tissues, 
and of Dayton ( 10) who fed cholesterol-C1*'. 
to chicks. The present work however shows 
that cholesterol, once deposited, is continu- 
ously exchanged between tissues including 
aortae and blood and that the amounts in- 
volved in these shifts are extremely small. 
The smallness of the deposit in the aortae- 
only 1/3000 of 1 percent of cholesterol ad- 
minist ered-explains why the accumulation of 
deposits in the aortae takes as long as linown 
from the course of human disease, and sup- 

ports the view that cholesterol deposition is 
not the primary damaging factor in athero- 
sclerosis. 

Sunzmary. Cholesterol-C14 and cholesterol- 
HX were fed to rabbits for 1 week and choles- 
terol was isolated from aortae, livers, small 
intestines, adrenals, kidneys, brains and 
blood. Isolated material from all tissues had 
a lower count than the material fed. I t  was 
surprising that cholesterol-H3 counts were 
always comparatively lower than cholesterol- 
C1* counts. This discrepancy may be ex- 
plained by a peripheral oxidation of the cho- 
lesterol-H:: molecule, in which it loses radio- 
active hydrogen and therefore radioactivity. 
This peripheral oxidation is apparently 
mainly operative in blood. If after feeding 
of radioactive material non-radioactive cho- 
lesterol is fed for 7 or 11 weeks, radioactivity 
in both types of experiments is reduced to a 
small fraction of original values. From these 
data one can calculate that about 8.03 rng 
cholesterol are laid down in the aorta/animal/ 
day/g of wet tissue, a very small part of the 
980 mg fed/day,/animal. The experiments 
show that there is a continuous exchange of 
radioactive cholesterol between tissues and 
blood in which even the plaques, formed in the 
aortae, must take part. 

The help of Erszebet Joachim, Eva Moring and 
Deirdre McLeod is gratefully acknowledged. 
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