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Cholesterol esterification by arterial tissue 
has been demonstrated in rats ( l ) ,  rabbits 
(2, 3),  man (4),  and pigeons ( 5 ) .  In vivo 
studies indicate that cholesterol esterification 
within the arterial wall contribut'es measur- 
ably to the cholesteryl ester content of athero- 
sclerotic rabbit aortas (6 ) .  The magnitude of 
stimulation of cholesterol esterification with 
atherogenesis ( 2 )  suggests that this process 
may be responsible for the accumulation of 
the cholesteryl ester in the atheroma. 

Susceptibility to athferosclerosis varies 
widely among different species, and within 
any species susceptibility varies from one 
anatomical site to another. The reason for 
these differences, which are for the most part 
unexplained, has sparked considerable inter- 
est; any metabolic or structural feature which 
displays a high correlation with susceptibility 
would ips0 facto provide an important clue 
to critical mechanisms of atherogenesis. Re- 
sistance to (atherogenesis has been attributed 
to a high ratio of alpha to beta lipoproteins 
in plasma (7) ;  to high lipolytic activity in 
the arterial wall (8) ; to homeostatic mecha- 
nisms which resist the development of hy- 
percholesterolemia (9) ; and inversely to the 
'acid mucopolysaccharide coatent of the ar- 
terial wall ( lo ) .  While probably all valid, 
these phenomena fail to explain many of the 
known species diff erenccs and anatomical dif- 
ferences in propensity to atherogenesis. 

In the present investigation, the possibil- 
ity was considered thiat the propensity of 

1 This investigation was supported by Veterans 
Administration research funds and by a grant from 
The Arthur Dodd Fuller Foundation. 
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arterial tissue to develop atherosclerosis was 
related to the innate capacity of th(e tissue 
to esterify cholesterol. To test this hypothe- 
sis, we examined the cholesterol-esterifying 
activity in aortas derived from several species 
which are resistant land susceptible to experi- 
mental atherosclerosis, and compared activi- 
ties of thoracic and abdominal aortic seg- 
ments in some of these species. 

Methods. The following species were used: 
male mongrel dogs (average wt 16.3 kg); 
male New Zealand rabbits (average wt 2.8 
kg) ; male Wistar rats (average wt 270 g) ; 
cockerels (average wt 3.2 kg) ; male (aver- 
age wt 526 g) and female (average wt 464 
g) Show Racer pigeons; male (average wt 
471 g) and female (average wt 470 g) White 
Carneau pigeons. Level of maturation was 
roughly comparable (young adults) for all 
species, except in the dogs whose ages were 
not accurately known. Animals were studied 
on conventional (nonatherogenic) diets, and 
the pigeons were studied while young (6  
months) and free of atherosclerosis, since we 
were interested in determinants of athero- 
genesis rather than its consequences. Dogs 
and rabbits were killed with pentobarbital; 
the remaining animals were decapitated. 

Thoracic and abdominal aortas were re- 
moved and stripped of periarterial fat. The 
aortas were cut along the longitudinal axis, 
and the adventitia was removed by scraping 
with a razor blade. Cell-free homogenate of 
the remaining tissue-intima + media + 
shreds of adventitia (approximately 1.8 g)- 
was prepared in 0.1 M phosphate buffer 
(7.4), and the microsomes were isolated as 
described previously (2). 
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The composition of the incubation medi- 
um is given in the Tables. The reaction mix- 
ture was incubated a t  37" for 4, 8, and 16 
min under air. Incubation medium with sub- 
strate but without microsomes was used as 
a control. After incubation the reaction was 
stopped with 20 ml chloroformmethanol 
(2 :  1) .  Lipid was isolated from the chloro- 
iorm-methanol extract by the procedure of 
E'olch et al. (1  1) .  Cholesteryl ester was iso- 
lated by thin-layer chromatography of the 
lipid on silioa gel G using 5% diethyl ether- 
97% petroleum ether (boiling range 60-90"). 
After development, the cholesteryl ester area 
was scraped into a counting vial, suspended 
in a thixotropic gel (12),  and assayed for ra- 
dioactivity in a Packard liquid-scintillation 
spectrometer. Protein concentration of the 
microsomal suspension was determined by the 
method of Lowry et al. (13). 

Results. Esterification of cholesterol by 
aortic microsomes derived from several spe- 
cies was ,examined using [ 1 J4C] palmityl- 

CoA as a substrate. As shown in Table I, in- 
corporation of radioactivity into cholesteryl 
ester increased progressively with time of in- 
cubation. Cholesterol-esterifying activity of 
microsomes from thoracic aortas varied with 
the species. Activity of microsomal material 
from rat thoracic aorta was 3.6 times as great 
as that from dogs and rabbits and 6.5 times 
as great as that from cockerels. Cholesterol- 
esterifying activity of microsomes from ab- 
dominal aortas was approximately the same 
in all four species. 

Cholesterol-esterifying activity of aortas 
derived from atherosclerosis-resistant pigeons, 
Show Racer, and atherosclerosis-suscep tible 
pigeons, White Carneau, was examined (Ta- 
ble 11). Microsomal cholestarol-esterifying 
activity was greater in Show Racer females 
than in Show Racer males. A less convincing 
but similar sex differential was observed in 
the White Carneau strain. However, no dif- 
ences were observed between the two 
strains. 

TABLE I. Cholesterol Esterification by Thoracic and Abdonlinal Aortic Microsomes Derived 
from Males of Several Species." 

Incorporation of the palmityl group of palmityl-OoA into 
cholesteryl esters (pmoles/mg protein) 

~ ~~ 

4 min 8 min 16 min 

Rat aorta 
Thoracic (T)  
Abdominal (A) 
T vs A, P < 0.01 

Dog aorta 
Thoracic (T) 
Abdominal (A) 
T V8 A, NS 

Rabbit aorta 
Thoracic (T)  
Abdominal ( A )  
T vs A, P < 0.01 

Cockerel aorta 
Thoracic (T)  
Abdominal (A) 
T vs A, P < 0.01 

34.2 k 9.2b 
10.7 & 4.0 

11.2 5 1.5 
7.5 k 1.4 

10.6 2 2.0 
7.4 2 0.5 

5.0 k 0.5 
9.3 & 2.1 

57.7 k 15.9 
18.4 k 6.8 

17.6 & 2.9 
12.8 k 2.4 

16.7 2 2.5 
12.8 -c 1.0 

9.3 k 1.7 
15.1 k 2.2 

90.8 2 25.8 
30.7 6.8 

21.2 -F- 2.9 
24.8 2 8.6 

24.2 2 0.7 
18.5 2 1.3 

13.3 ~f: 2.5 
24.3 2 4.9 

a Incubation medium consisted of 0.1 M phosphate buffer ( p E  7.4) oontaining 1% albumin, 
0.4 p a [  l-14C]palmityl-CoA (sp act, 58 puCi/pmole) and 0.3-0.5 mg microaome. Reaction mixture 
was shaken at 37" under air. Significance of the difference between the values obtained With 
thoracic and abdominal aortas was assessed by the analysis of variance. 

Mean -F. standard deviation of three experiments. 
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TABLE 11. Oholesterol Eaterification by Aortic Microsomes from White Carneau and Show 
Racer Pigeons.o 

Incorporation of the palrnityl group of palmityl-0oA into 
cholesteryl esters (pmolm/mg protein) 

4 min 8 min 16 min 

Show Racer 
Male (M) 1'0.1 & 0.9b 18.7 f 2.4 25.4 2 2.4 
Female (F) 20.1 f 8.2 31.9 f 13.5 43.8 & 19.8 
M vs F, P < 0.015 

Male (M) 11.7 3.8 20.0 f 5.0 28.2 +- 8.2 
Female (F) 15.0 2 4.4 25.5 f 5.6 35.0 f 9.1 
M vs F, P < 0.10 

White Carneau 

Show Racer male vs White Carneau male, NS 
Show Racer female vs White Carneau female, NS 

Conditions of inmcubstion were the same as described in Table I. Tests of significance were 

Mean 
performed using the analysis of variance. 

standard deviation of three experiments. 

Discussion. The dominant cholesterol-es- 
terifying activity in the aortas of rabbits and 
pigeons is due to acylCoA: cholesterol acyl- 
transferase ( 2 ,  5 ) .  Assuming that the same 
mechanism is responsilble for cholesterol es- 
terification in rat, dog, and chicken aortas, 
we assayed cholesterol-esterifying activity in 
all these species using palmityl-CoA as a sub- 
strate. 

Species vary in their susceptibility to ath- 
erosclerosis. For example, the rat and dog are 
resistant, while the rabbit and chicken are 
susceptible to atherosclerosis (14). Anatomi- 
cal localization of atherosclerotic lesions var- 
ies; they are more prevalent in the abdomi- 
nal portions of the aorta in the dog (15) and 
the rat (16) ,  whereas in the rabbit (17), le- 
sions are found mainly in the thoracic por- 
tion of the aorta and in the 'chicken the le- 
sions are found in both the thonacic and ab- 
dominal portions of the aorta with choles- 
terol-feeding (18). If the magnitude of the 
cholesterol-esterifying activity of aortas bears 
a relationship to susceptilbility, we would ex- 
pect that the relative order of cholesterol- 
esterifying activity would follow the relative 
order ojf susceptibility. The results of these 
experiments did not support this relationship. 
In  fact, in the rat, probably the most re- 
sistant of these five species to induction of 
atherosclerosis, 'the microsomal cholesterol- 

esterifying activity was by far the greatest 
of the animals studied. 

We also examined the cholesterol-esterify- 
ing activity in aortas of two strains of pi- 
geons, one of which (White Carneau) devel- 
ops atherosclerosis spontaneously (19). This 
seems to be a more critical test of the hy- 
pothesis; if the peculiar characteristic of the 
White Carneau is due to a single-gene defect, 
pathways other than the affected one ought 
to function similarly in both strains. We 
found that the cholesterol-esterifying activ- 
ity was the same in both the White Carneau 
and the Show Racer. Thus, as with other 
species studied, the cholesterol-esterifying ac- 
tivity in the aortas of the pigeons could not 
be related to the susceptibility of these pi- 
geons to atherosclerosis. However, a sex dif- 
ference in cholesterol-esterifying activity was 
observed. This unexpected finding does not 
shed light on mechanisms of susceptibility, 
since in the pigeon, the two sexes are equal- 
ly susceptible (19). 

The results thus indicate that the choles- 
terol-esterifying activity of normal aortic tis- 
sue does not reflect the predisposition of the 
tissue to develop atherosclerosis. I t  is, of 
course, conceivable that there are differences 
in inducibility of the microsomal enzyme by 
cholesterol feeding, but we do not perceive 
a satisfactory way of testing this possibility. 
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The most striking finding in these experi- 
ments was the very high microsomal choles- 
terol-esterifying activity in arterial tissue of 
the rat, which is probably the most athero- 
sclerosis-resistant of the several species in- 
volved in this study. This observation de- 
mands consideration of an alternative hy- 
pothesis: that cholesterol esterification is a 
protective phenomenon (Le . ,  that free cho- 
lesterol is atherogenic and that its esterifica- 
tion is an adaptive change). We can pose but 
not further support such a hypothesis. I t  
would be more attractive if all our observa- 
tions showed an inverse relationship >between 
susceptibility and cholesterol-es teri fying ac- 
tivity, but this was not the case. 

Summary. A study was undertaken to re- 
late the magnitude of the cholesterol-esteri- 
fying activity in aortic microsomes to the 
susceptibility of species to atherosclerosis and 
to the propensity of the thoracic and ab- 
dominal segments within a species to develop 
atherosclerosis. The cholesterol-esterifying ac- 
tivity was the greatest in the rat, probably 
the most resistant to atherosclerosis, and the 
least in the cockerel, one of the species more 
susceptible to atherosclerosis. The cholesterol- 
esterifying activity in the aorta was the same 
for the dog (atherosclerosis resistant) and 
the rabbit (atherosclerosis susceptible). Rela- 
tive cholesterol-esterifying activities of tho- 
racic and abdominal portions of the aorta 
within a species also did not coincide with 
the relative susceptibility of these anatomi- 
cal sites to atherosclerosis. The cholesterol- 
esterifying activity was examined in the aor- 
tas of two genetic strains of pigeons which 
vary in their susceptibility to atherosclero- 
sis; the enzyme activity in the aorta of the 
White Carneau (atherosclerosis resistant) 
was the same as that of the Show Racer 
(atherosclerosis susceptible). Thus, choles- 
terol-esterifying activity does not consistent- 
ly reflect the predisposition of the tissue to 
develop atherosclerosis. 

Pigeon microsomes displayed an unexpect- 
ed difference between the sexes. I n  the Show 
Racer, cholesterol-esterifying activity was 
significantly greater in the female aortic mi- 
crosomes than in the male. A similar but 
smaller trend was apparent in the White 
Carneau. 

We express our appreciation to Dr. T. B. Clarkson 
for the Show Racer and White Carneau pigeons and 
for his helpful suggestions concernling the treatment 
of these animals. We express our gratitude to Mrs. 
L. Berg for her expert laboratory assistance. 
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