
680 AKTERIAI, CHOLESTEROL BIOSYNTHESIS 

sible for the activity in the lesioned rat. Re- 
sistance of ACTH and of vasopressin to pep- 
sin digestion has been previously reported and 
is confirmed in the present study(8.9). Loss 
of CRF activity of the SME extracts follow- 
ing incubation with pepsin constitutes defini- 
tive evidence for a CRF distinct from vaso- 
pressin. 

Pitressin (Exp. 3 ) .  purified natural vaso- 
pressin and synthetic vasopressin ( 7 ) have 
been demonstrated to deplete adrenal ascorbic 
acid in the hypophysectomized rat. The pep- 
sin labile factor may also have an extra- 
pituitary action. The fact that Pitressin and 
the pepsin labile factor induce a much greater 
degree of adrenal ascorbic acid depletion in 
the lesioned than in the hypophysectomized 
rat suggests that the major action of both 
agents is on the adenohypophysis. 

A working concept for action of vasopressin 
in inducing adrenal ascorbic acid depletion 
has been presented ( 7 ) .  \'asopressin may re- 
lease ACTH from the adenohypophysis, from 
the kidney. and possibly from other tissues by 
competing for polypeptide binding sites. The 
pepsin labile factor may act in a simiIar 
fashion. That the release of ACTH is rela- 
tively specific is indicated by failure of osy- 
tocin ( 6)  . glucagon (unpublished observation ) 
and polymyxin B to deplete adrenal ascorbic 
acid in the lesioned rat. 

Both the pepsin labile factor and vasopres- 
sin satisfy the classical criteria for endocrine 
roles. They are present in an area whose 

ablation results in an endocrine deficiency 
(failure of ACTH release in response to acute 
stimuli) and administration of either agent to 
the lesioned rat corrects the deficiency (re- 
lease of ACTH).  Demonstration of the pep- 
sin labile factor a t  site of origin of the portal 
venous system lends support to the concept 
that a substance elaborated in the hypothala- 
mus is carried uia a vascular link to the adeno- 
hypophysis where i t  initiates ACTH release. 

Summary. Ability of acid extracts of calf 
hypothalamus ( stalk-median eminence area) 
to induce adrenal ascorbic acid depletion in 
the median eminence lesioned rat is attribu- 
table in large measure to a pepsin labile fac- 
tor distinct from ACTH and from vasopressin. 
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Since the artery itself is the primary target of 
the disease, its own metabolic activity may be 
of great importance in formation of atheroma. 
1-ntil recently the evidence available( 1,2,3) 
seemed to indicate that the lipids found in 
atheromata are deposited directly from the 
plasma. However, studies with P2 indicate 
that a t  least part of the phospholipid moiety 
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is actually synthesized by arterial tissue in 
s i t u ( 4 )  and that this synthetic rate can be 
influenced by naturally occurring substances 
such as epinephrine ( 5 )  and cortisone (6).  Re- 
ports utilizing radioactive tracer technics 
have indicated that aortas of rabbits( 7,8), 
fowl(7.9). swine(lO), and calves(l1) are 
capable of incorporating C14-labeled acetate 
into cholesterol. In only the latter 2 species, 
however. was the purification of isolated 
cholesterol adequately performed to eliminate 
all radioactive contaminants. Since choles- 
terol is the major sterol in atheromata, the 
incorpora tion of Cl4-1abeled acetate into 
cholesterol by arterial tissue is of interest. 
This process was studied in several different 
species of animals for the following reasons: 
1) There is a well known variation of arterial 
response in different species to feeding high 
cholesterol diets. 2 )  Differences have been 
reported for content of various enzymes in 
coronary artery as compared to aorta and in 
atheromatous as compared to non-atheroma- 
tous areas of the coronary artery( 12). 3)  To 
date adequate cholesterol purification pro- 
cedures in studies of arterial cholesterol bio- 
synthesis were performed in only 2 species of 
animals. 4) The possibility of inhibiting ar- 
terial cholesterol synthesis, if there be such, 
by vanadium salts or other inhibitors of cho- 
lesterol biosynthesis has attractive therapeu- 
tic implications. 

Materials and methods. Human aorta was 
obtained at  autopsy within 8 hours of death 
or during great vessel surgery. It was im- 
mediately placed in iced buffer and taken to 
the laboratory where adherent fat  was stripped 
from the adventitial surface. Two 0.5-1.0 mm 
thick slices were made from the intimal side 
with a Stadie-Riggs microtome. Approxi- 
mately 3 g of tissue were placed in 20 ml 
phosphate buffer ( 13) containing 10 mg so- 
dium a ~ e t a t e - 1 - C ~ ~  (0.5 mc/mM) and incu- 
bated for 2 hours a t  37°C in an atmosphere 
of 95% oxygen and 570 Con. At the end of 
incubation period carrier cholesterol was 
added as indicated (Tables I and 11). The 
entire contents of the incubation flask were 
made to a concentration of 70% ethanol and 
570 potassium hydroxide and saponified un- 

der reflux for 2 hours. The non-saponifiable 
material was extracted with petroleum ether, 
(B  .P. 30-60°C). The combined petroleum 
ether extracts were evaporated to dryness 
under a stream of nitrogen and the residue 
taken up in 90% ethanol. Cholesterol was 
precipitated from this solution as the digi- 
tonide. Cholesterol digitonide was washed 
with 90% ethanol, 4070 ethanol - 6070 ether, 
and ether successively. Radioactivity of the 
digitonide was determined and the cholesterol 
then purified via dibromide( 10). The dibro- 
mocholesterol was repeatedly recrystallized 
from methanol to constant radioactivity. Ra- 
dioactivity was determined using a thin end- 
window Geiger-Mueller tube. A sufficient 
number of counts were obtained so that 2 
counts above background were reliably higher 
than ambient ionization counts at a level of 
confidence less than 0.01. When coronary 
artery was obtained, the easily accessible por- 
tions (usually proximal portion of right and 
left coronary arteries) were rapidly dissected 
free from adherent fat, opened along their 
long axes and incubated without preparing 
slices. Groups of the various species of adult 
animals were sacrificed by a blow on the head 
and the aorta from the aortic ring to the level 
of renal artery removed and chilled in cold 
buffer. The adventitial surface was stripped 
free of adherent fat and a pool of arteries 
(Table 11) from the same species and sex, 
was incubated in a manner similar to that 
described above for coronary artery. Because 
of the relative thickness of dog aorta, slices 
of this tissue were prepared for incubation. 

Results. Although human aorta and cor- 
onary artery are capable of incorporating 
acetate into a digitonin-precipitable sub- 
stance (Table I ) ,  this material is not choles- 
terol, inasmuch as all radioactivity disappears 
from the cholesterol fraction with preparation 
of the dibromide. Synthesis of a digitonin- 
precipitable substance which was not cnoles- 
terol was also found by Schwenk and Stevens 
(14) when they incubated Yoshida ascites 
tumor cells with radioactive acetate. Increas- 
ing the incubation time to 5 hours, or addition 
to the incubating medium of di and triphos- 
phopyridine nucleotides, adenosine triphos- 
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TABLE I.  Incorporation of Acctatc-1-C" into C'liolesterol by Artcri;il Tissue (Huiiians j .  

Radioac tivity " 
Cl1olcstcrol c;lrl~on 

Cl1olrstcrol \ 

c;irriw, 1,igi- 
A 0 rt :1 A#> scs iiig toiiiilc 7)il)roiiiitlc CRUSC of cleat11 

J.H. 50 0 
. 

0 tins c1 Obtaiiied during surgery 
for  insertion of Huf- 
n:lgel n l w  

M-.D. 15 6 4 1 ti!)() 0 I d o t i  

T.R. (;irca Iiiostly 

T.R. ( a r w  relntivcly 
athcromata) 48 

free of :itllc~romat:i j 
1T.S. 3 4 
E.8. 34 
A.1\I. 78 
J.S. 2.5 
1V.T. 58 

C.R. (i 1110 

phate, or glucose singly or in combination. 
also did not induce conversion to cholesterol. 
The possibility exists that conversion of ace- 
tate to cholesterol does not take place when 
autopsy material is used because of inactiva- 
tion of a necessary enzyme following death. 
However, the fact that aorta obtained during 
surgery behaved in a similar manner miti- 
gates against an enzyme inactivation as the 
explanation. Also it has been shown by 
Jlaier and Hainiovici( 15) that at  least the 
oxidative capacity of dog and rabbit aorta 
does not change appreciably when tissue from 
freshly sacrificed animals is compared to that 
from animals kept under conditions simulat- 
ing those of humans from the time of death 
until autopsies are performed. The apparent 
inability of human aorta and coronary artery 
to incorporate acetate into cholesterol adds 
further corroboratory evidence that choles- 
terol found in atheroma in humans is not syn- 
thesized in situ but rather is deposited from 
plasma cholesterol. 

A similar inability to incorporate acetate 
into cholesterol is seen in the aortic tissue of 
dogs, cats, and rats (Table 11). This is in 
agreement with studies of Gould( 16) on dog 

aorta. Although the possibi1it)- exists that 
addition of carrier cholesterol could dilute 
out a minimal amount of radioactivity, i t  
seems unlikely. The data in Table IT. how- 
ever, are in disagreement with the results of 

l 'AT:IAF:  7 r. Xtuilics on Incorporation of Acetate- 
1 - C " '  into C'liolcsterol hy Arterial Tissiie (Esperi- 

i i ic i i t : i l  hii iainls~.  
~~~ 

Radioactivity" 
Cholesterol 

Carrier S o .  of e;irhoii 
cliolcetcrol, nnim:ils Digi- Dibro- 

. \ c ~ r t : i  Svs iiig poolcil tonide iiiide 

0 
2 

4 
4 

4 
4 

8 
4 
8 
4 
8 
8 
4 

6) - 
590 
620 
'It; 
632 

1 F40 
1150 
1400 

6 0 0 
450 

5280 
926 
1480 
1970 

3 1 ti 

* Raclioiictivitp L counts/iiiin. at. infinite thick- 
ness X iiig cholestcrol carrier. 



ARTERIAL CHOLESTEROL BIOSYNTHESIS 683 

Ranney and IVeiss ( 1 7), who report increase 
in rate of “cholesterol synthesis” of rat aorta 
following administration of a-p-biphenylyl 
butyric acid. Cholesterol in the investiga- 
tions of Ranney and Weiss was assayed for 
radioactivity as the total non-saponifiable 
fraction. This fraction contains several other 
sterols in addition to cholesterol( 10). The 
importance of employing cholesterol purifi- 
cation procedures when one wishes to meas- 
ure “cholesterol synthesis” is further borne 
out by our unpublished findings that even 
plasma itself is capable of converting CI4- 
labeled acetate to a digitonin-precipitable 
substance which is not cholesterol. Further, 
experiments reported here were carried out 
in vitvo to eliminate the possibility of extra- 
arterial cholesterol synthesis in the intact ani- 
mal providing preformed labeled cholesterol 
which could then be deposited in the aorta. 

From the literature and data in Tables I 
and 11. various species of animals can be di- 
vided into 2 groups based upon aortic choles- 
terol metabolism. Group I comprises those 
aninials whose aortas can incorporate acetate 
into cholesterol and includes rabbits, chick- 
ens. guinea pigs. swine ( lo ) ,  and calves ( 11). 
Group TI comprises those animals whose 
aortas cunnot incorporate acetate into choles- 
terol and would include humans, dogs. rats, 
and cats. Two other characteristics of the 
grouping of these species appear evident. 
Animals in Group I consume primarily a 
herbivorous type diet and can be made athero- 
sclerotic with relative ease by feeding a high 
cholesterol diet while animals in Group I1 are 
carnivores and omnivores and it is difficult, 
if not impossible. to produce atherosclerosis 
in these animals by high cholesterol intake 
alone. At present the significance of this dif- 
ference is not evident and no satisfactory ex- 

planation is available for the observed dif- 
ferences. Preliminary attempts to charac- 
terize the radioactive digitonin-precipitable 
substance synthesized by aortas of Group I1 
animals have been unsuccessful. 

Summary. Coronary arteries and aortas 
of humans and aortas of dogs, cats, and rats 
cannot incorporate CI4-labeled acetate into 
cholesterol in vitro. Aortas of guinea pigs, 
rabbits, and chickens can accomplish this 
conversion. 
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