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In contrast to the extensive literature deal- 
ing with chemical changes in circulating blood 
in atherosclerosis, the role played by the 
metabolism of arterial tissue in atherogenesis 
has received little attention. It is known that 
while arterial tissue is susceptible to either 
spontaneous or experimental atherosclerosis 
in certain species, some arteries are more af- 
fected by it than others, and moreover in the 
same artery, such as the aorta, there are sites 
of predilection for its development. Investi- 
gation of the metabolism of arterial tissue in 
various species and in various segments of the 
aorta may be helpful in understanding a t  
least partly, the reason for the site of pre- 
dilection of this pathologic process. The 
study of metabolic patterns of the 3 aortic 
segments (ascending and arch, referred to 
hereafter as arch, descending thoracic, and 
abdominal) in man, rabbit and dog was there- 
fore undertaken. 

Our investigation deals with the oxidative 
capacity of normal aortic tissue, namely SUC- 

cinic oxidase and cytochrome oxidase systems, 
in tissue slices, as determined by oxidative re- 
sponse to succinate and p-phenylenediamine. 
Study of these 2 enzymatic systems appeared 
of particular interest since i t  was shown in 
various tissues that succinic dehydrogenase, 
cytochrome oxidase ( 1 ) and cytochrome c 
( 2 ) ,  among others(3), are affected by the 
level of thyroid function, which in turn plays 
a role in rendering certain species susceptible 
to atherosclerosis (4). 

The tissues used 
were aorta of man, rabbit and dog. Liver and 
inferior vena cava (infra-renal segment) were 
also used for comparison. Animal specimens 
were secured from male chinchilla rabbits and 
from male and female mongrel dogs. Ani- 
mals were sacrificed either by exsanguination 
or air injection. Human specimens were se- 
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Material and methods. 

cured from autopsies within a few to 18 hours 
after death, during which time they were kept 
in ref rigerators. Preliminary experiments 
with animal tissues, simulating conditions be- 
fore autopsy, were performed to ascertain the 
validity of this study after this lapse of time. 
Tissues kept a t  room temperature for 3 to 4 
hours, then kept a t  +4"C for about 16 hours, 
and kept again a t  room temperature for 2 to 
3 hours, showed the same oxidative capacity 
as that determined in tissues shortly after 
removal from the animal, except for endoge- 
nous oxygen uptake which became negligible 
or very small. The used segments of human 
aortic tissue were free of atherosclerosis. 
After removal from the host, the tissues were 
immediately placed in ice-cooled containers 
with tight-fitting tops to avoid evaporation. 
The blood vessels were carefully freed of 
adherent fat and connective tissue, rinsed 
quickly in ice-cold saline solution and blotted 
with filter paper. The study of aortic tissue 
was performed on its 3 segments, i .e. arch, 
descending thoracic and abdominal. Slices of 
liver and aorta were prepared free-hand by 
razor blade, while the tissue was placed be- 
tween 2 frosted glass plates, the bottom one 
lying on crushed ice. Thin blood vessels, such 
as rabbit's aorta and inferior vena cava, were 
opened along the longitudinal axis and cut 
transversally to provide strips of tissue. The 
slices or strips were collected in ice-cooled 
chambers, blotted, weighed and transferred 
to ice-cooled manometer flasks containing 
Krebs-Ringer phosphate solution, pH 7.4 ( 5) 
of final phosphate concentration 0.023 M, in 
the main chamber and the substrate in the 
side arm. The thickness of slices was about 
0.3-0.5 mm for liver and about 0.5-0.7 mm for 
aorta. Preliminary experiments with aortic 
tissue slices of various thicknesses have 
shown that up to 1 mm the thickness of the 
slice was not the limiting factor in its oxygen 
uptake. Oxygen consumption was determined 
by the direct method of Warburg(6), a t  
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37.5"C. with oxygen as gas phase. Amounts 
of fresh tissue flask were 100-150 mg for rab- 
bit and dog aorta. 150-200 mg for human 
aorta, 125-150 mg for inferior vena cava. 30- 
40 mg for rabbit and human liver. and 20-30 
mg for dog liver. The aorta of man and dog 
provided sufficient material for duplicate de- 
terminations whereas that of the rabbit. par- 
ticularly arch a d  abdominal segments, did 
not provide enough material, making it neces- 
sary to pool tissues of 2 to 3 rabbits. Initial 
dry weights were determined for each experi- 
ment, by drying tissues to constant weight a t  
106"-108cc'. Substrates used were sodium 
succinate (pH 7.4) of final concentration 0.05 
31 for determination of the succinic osidase 
system and 13-phenylenediamine of final con- 
centration 0.03 R I ,  dissolved in phosphate 
buffer (pH 7.4) under nitrogen, for the cy- 
tochrome oxidase system. Their concentra- 
tion appeared to be optimal since rate of 
oxygen consumption remained constant when 
the concentration was doubled. and it in- 
creased proportionately with increasing 
amounts of tissue. Both these substrates are 
known to penetrate the tissues. Tn the pres- 
ence of succinate. oxygen uptake was con- 
stant during 30-40 minutes for liver and 40- 
60 minutes for artery and vein. In the pres- 
ence of p-phenylenediamine it was constant 
during 10-20 minutes for liver and 40-60 min- 
utes for artery and vein. The oxygen con- 
sumption,/hour was computed from the period 
of linearity. It was related to initial dry 
weight and was expressed as Qo2, i.e. oxygen 

consumption in cmm/mg initial dry weight/ 
hour. corrected for oxygen uptake of tissue in 
absence of added substrate. 

Tables I and I1 summarize the 
results obtained with the 3 aortic segments 
and liver of man, rabbit and dog, and inferior 
vena cava of man and dog. All ages were in- 
cluded in these groups. They varied from 
one day to 73 years for man, 5 months to 2 5  
years for the rabbit and 5 months to 17  years 
for the dog. 

These Tables reveal that in man and rab- 
bit the 3 aortic segments showed no appre- 
ciable difference in oxidative response to 
either succinate or p-phenylenediamine. In  
contrast. in the dog, while the 2 first aortic 
seamen ts exhibited no appreciable difference 
in their oxidative response to both substrates, 
the abdominal segment showed a markedly 
lower response to succinate and a moderately 
lower to p-phenylenediamine. It is note- 
worthy that in man the oxidative response of 
the inferior vena cava to both substrates was 
ahout 3 times higher than that of the aorta, 
whereas in the dog i t  was about 3-5 times 
lower with succinate and 2 times lower with 
1 )-phenylenediamine. The oxidative response 
of arterial and venous tissues to both suc- 
cinate and p-phenylenediamine appears to be 
quite low in the 3 species studied, when com- 
pared to that of the liver. The oxidative re- 
sponse of aortic and venous tissues to suc- 
cinate was approximately 1/24th and 1/9th 
that of liver in man, 1/13th, 1/20th and 
11'65th for the first 2 aortic segments, the ab- 

Rcsdts. 
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TAIZLE: IT. Oxidative Capacity of Aorta, Inferior Vena Cava and Liver of Man, Rabbit and Dog. Sub, 
strate : p-phenylenediamine. 
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dominal aorta and inferior vena cava respec- 
tively in the dog, and 1/9th for the 3 aortic 
segments of the rabbit. Using p-phenylene- 
diamine as substrate, the oxidative response of 
aortic and venous tissues was approximately 
l j l s t h  and l/5th that of liver in man, 1/13th 
and 1/20th respectively in the dog and 1/Sth 
for the aortic tissue in the rabbit. 

Influence of age. Values of oxidative re- 
sponses to succinate and p-phenylenediamine 
summarized in Tables I and I1 represent av- 
erages of results obtained in groups including 
all ages. When correlated with age, it was 
found that in the rabbit ( 5  months to 2% 
years) and in the dog (5 months to 17 years) 
there was no appreciable change in oxidative 
responses to both substrates in either aorta, 
liver or vena cava. In contrast, in man, the 
oxidative capacity diminishes with age in 
aortic tissue while showing no appreciable 
change in vena cava and liver. Tables I11 

and IV summarize the influewe of age on 
oxidative capacity of the 3 aortic segments, 
inferior vena cava and liver, in man. These 
Tables reveal that average values of oxi- 
dative responses of the aortic tissue to suc- 
cinate and p-phenylenediamine are markedly 
lower in the group 2 1  to 73 years old, as 
compared to those of the group one day to 
17 years old. Table I11 also reveals that the 
oxidative response to succinate is lower in 
the abdominal aortic segment in the younger 
group, and that this difference between thor- 
acic and abdominal aorta seems to level off 
in the older group. The oxidative response of 
aortic tissue to succinate in the older group is 
about 50% and 30% lower in the thoracic 
(arch and descending) and abdominal seg- 
ments respectively as compared to that found 
in the younger group. Using p-phenylenedi- 
amine as substrate, oxidative response of the 
3 aortic segments in the older group is about 

TABLE 111. Comparison of Oxidative Capacity of Aorta, Inferior Vena Cava and Liver of Man One 
Day to 1 7  Years and 21 to 73 Years Old. Substrate: siiccinate. 
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8' 

De t ermi- 12 12 11 7 9 
nations 

* Figurcs in parentheses represent range of variation. 
t QO, z Oxygen coilsumptioil i n  mms/mg in i t i d  dry wt/hr, corrected for oxygen uptake of tissue in 

:il)scncc of adclecl substrate. 



428 3 I E TAB0 L I S .1 I 0 I.’ -4 R TE K I AL TI SS U E 

50% lower. 
Ilist-ussiorz. Osidative response of arterial 

tissue slices to succinate and p-phenylenedi- 
amine in optimum concentration. may be con- 
sidered to be a fair index of osidative capacitJ7 
of the succinic osidase (succinic dehydro- 
Senase + cytochrome c -1 cytochrome osi- 
dase) and cytochrome oxidase (cytochrome 
c + cytochrome oxidase) systems and affords 
a quantitative measure of their oxidative ca- 
pacity. with cofactors available a t  the con- 
centration existing in the tissues. This meth- 
od has proven of value in  the study of a nuin- 
bet- of normal and neoplastic tissues ( 7.8) . 

Oxidative utilization of succinate indicates 
the existence of succinic dehydrogenase in the 
aorta of man. rabbit and dog and vena c a w  
of nian and dog. The vena cava of the rab- 
bit was not studied. Our results are in agree- 
ment with previous findings of the esistence 
of this enzyme in the thoracic aorta of rat(9) 
and man ( 10). The oxidative response to p- 
phenylenediamine indicates the presence of 
cytochrome oxidase in the above mentioned 
vessels. 

Our findings reveal that aortic and venous 
tissues possess a relatively low oxidative ca- 
pacity for both succinic and cytochrome osi- 
dase systems. Our data further indicate that 
a difference exists in ositlative capacity of 
aortic tissue in regard to the above 2 systems, 
in the 3 species studied. human aorta eshibit- 
ing the lowest oxidative response to both sub- 
strates. The dog’s thoracic aorta exhibits the 
highest response to succinate, while its ab- 
dominal segment and the 3 aortic segments of 
the rabbit exhibit values of equal magnitude, 

bctween those of nian and thoracic aorta of 
the dog. The oxidative response to p-phenyl- 
enediamine is of equal magnitude in the aorta 
of rabbit and dog. 

Paralleling these findings, the liver shows 
the lowest oxidative capacity in man, highest 
in the dog and intermediate in the rabbit. In  
contrast, the oxidative response of human 
vena cava to both substrates is higher than 
that of the dog. 

A similar species difference exists for 
adenosine triphosphatase: which is higher in 
the aortic tissue of the dog as compared to 
that of the rabbi t ( l1) .  Oxygen uptake of 
the aorta is also different in several species, 
in a medium containing simultaneously lac- 
tate. glutamate and fumarate( 12) .  

Since the aorta is composed of several lay- 
ers of different tissues, relationship between 
enzymatic makeup of aortic tissue and its 
morphologic components may be raised both 
with regard to its segments and species. His- 
tologic differences between thoracic and ab- 
dominal aorta are known to exist and consist 
chiefly in greater thickness of the media and 
more abundant elastic tissue in the thoracic 
segment. While in the dog, i t  may be tempt- 
ing to ascribe differences in oxidative re- 
sponses of thoracic versus abdominal segment 
to the above morphologic differences, this 
does not hold true, however, in rabbit and 
man. Likewise. the observed differences in 
oxidative responses of aortic tissue in the 3 
species studied do not seem to reflect the 
known difference in morphologic components. 
Factors responsible for the above species dif- 
ference remain to be elucidated. 
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The lower oxidative capacity of the suc- 
cinic oxidase system in the abdominal aorta 
of the dog, as compared to the thoracic, may 
prove of interest when correlated to its sus- 
ceptibility to atherosclerosis. Indeed, in the 
dog on an atherogenic regimen, the abdominal 
segment is the most susceptible to athero- 
sclerosis, whereas the thoracic aorta is refrac- 
toryt ( 13, 14). The decrease in oxidative ca- 
pacity of human aorta with age may prove 
equally interesting when correlated to the 
known greater susceptibility of man to athero- 
sclerosis with advancing age. It is likely that 
the observed differences between the 3 spe- 
cies studied may be part of a broader differ- 
ence in metabolic patterns of their arterial tis- 
sue. Work now in progress seems to support 
this view. 

The oxidative capacity of suc- 
cinic oxidase and cytochrome oxidase systems 
in 3 aortic segments (ascending and arch, de- 
scending thoracic, abdominal), inferior vena 
cava and liver slices of man, rabbit and dog 
was studied. A species difference was found 
to exist: a )  man exhibited the lowest oxida- 
tive values for both systems: b)  the dog, the 
highest values for the succinic oxidase system 
in the thoracic aorta; c) the rabbit, inter- 
mediate values for the succinic oxidase system 
in all 3 aortic segments; d )  oxidative values 
for the cytochrome oxidase system were of 
approximately equal magnitude in the aortic 
tissue of dog and rabbit. A significant de- 
crease in oxidative capacity of aortic tissue 

Su?nmarjl. 

was associated with aging in man, while the 
vena cava and liver remained unaffected. No 
appreciable change with age was found in 
rabbit and dog. 

The significance of the above findings in 
relation to atherogenesis was discussed. 

The technical assistan,ce of Sue Krakower is grate- 
fully acknowledged. 
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Virtually all of the serum lipids exist in 
combination with proteins( 1) .  On the basis 
of electrophoretic mobility( 2 )  ! solubility (3, 
4 ) ,  and density( 5 )  these lipoproteins may be 

* Presenit address: Albert Einstein CoIIepe of Medi- 

divided into two large groups, the alpha or 
high density lipoproteins and the beta or low 
density lipoproteins. Each of these groups 
may be further subdivided on the basis of 
density differences(6). In addition to these 
physical differences, the various lipoproteins 
differ in their lipid composition ( 7 ) .  Recent cine, S. Y. City. 


