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INTIMAL CHANGES WITH LOW CHOLESTEROL DIET
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TABLE 6
Cholesterol Content of Liver (mg/g dry weight)
Group Free Ester’ Total
Control 5.13 + 0.342 2.27 + 0.157 7.40 + 0.410
1 4.97 + 0.653 2.12 + 0.200 7.09 + 0.785
2 7.75 + 0.260% 4.61 + 0.531% 12.38 + 0.681¢

All values are means + sE. Each group consisted of five monkeys.

*Cholesteryl moiety.
1P < 0.05 compared with control.
+P < 0.01 compared with control.

marked proliferation and incorporation of lipid,
particularly cholesteryl esters, in response to low-
density lipoproteins in animals on a cholesterol-
supplemented diet (30, 31). There is widespread
agreement that proliferation (32, 33) and lipid up-
take by intimal smooth muscle cells are important
in lesion formation, as is the demonstrated
fibrogenic activity of this cell type (34, 35). We
speculate that the intimal smooth muscle cells of
group 1 showed these three responses—prolifera-
tion, lipid storage, and fibroplasia—to nor-
nocholesterolemic plasma whose low-density
lipoprotein was qualitatively altered by dietary
cholesterol

This study was focused on changes in the arterial
intima of a nonhuman primate after administration
of dietary cholesterol at levels far below those used
conventionally to induce experimental athero-
sclerosis. The intimal changes observed were cor-
respondingly much smaller. The regimen for group
1 was originally designed to demonstrate a null
point of the effect of dietary cholesterol on the ar-
terial intima. However, such a point was not found;
no threshold for dietary cholesterol was estab-
lished with respect to a putatively adverse effect
on arteries.

References

1. ManN, G.V., ANDRUS, S.B., MCNALLY, A., AND STARE, F.J..
Xanthomatosis and atherosclerosis produced by diet in
an adult rhesus monkey. J Lab Clin Med 48:533-550,
1956.

2, TayLoR, C.B., Cox,G.E., MANALO-ESTRELLA, P., AND SOUTH-
WORTH. J.: Atherosclerosis in rhesus monkeys: II. Ar-
terial lesions associated with hypercholesteremia in-
duced by dietary fat and cholesterol. Arch Pathol
74:16-34, 1962.

3. Cox, G.E., TRUEHART, R.E., KAPLAN, ], aND TavLoR, C.B.:
Atherosclerosis in rhesus monkeys: 1V. Repair of ar-
terial injury: Important secondary atherogenic factor.
Arch Pathol 76:166-176, 1963.

4. ScorT. R.F., MorrisoN, E.S., JARMOLYCH, J., Nam. S.C,
KROMS, M., AND CouLsTON, F.: Experimental

Circulation Research, Vol. XXXIV, April 1974

10.

11.

12

13.

14.

15.

16.

17.

atherosclerosis in rhesus monkeys: I, Gross and light
microscopy features and lipid values in serum and aorta.
Exp Mol Pathol 7:11-33, 1967.

WissLER, R.W.: Recent progress in studies of experimental
primate atherosclerosis. Prog Biochem Pharmacol
4:378-392, 1968.

Youncer, R.K., Scort, W.H., Jr, BuTTs, W.H., AND STEPHEN-
soN, S.E., JR: Rapid production of experimental hy-
percholesterolemia and atherosclerosis in the rhesus
monkey: Comparison of five dietary regimens. J Surg
Res 9:263-271, 1969.

ARMSTRONG, M.L., AND WARNER, E.D.: Morphology and dis-
tribution of diet-induced atherosclerosis in rhesus
monkeys. Arch Pathol 92:395-401, 1971.

MANNING, P.J., AND CLARKSON, T.B.: Development, distribu-
tion and lipid content of diet-induced atherosclerotic
lesions of rhesus monkeys. Exp Mol Pathol 17:35-54,
1972,

ARMSTRONG, MLL., CONNOR, W.E., AND WARNER, E.D.:
Xanthomatosis in rhesus monkeys fed a hy-
percholesterolemic diet. Arch Pathol 84:227-237,
1967.

WissLER, R.W., Huches, RH., Frazier, LE, GETZ G.S., AND
TURNER, D.: Aortic lesions and blood lipids in rhesus
monkeys fed “table prepared” human diets (abstr.).
Circulation 32(suppl. 11):11-220, 1965.

MACNINTCH, J.E., ST. CLAIR, R.W., LEHNER, N.D., CLARKSON,
T.B., AND LOFLAND, H.B.: Cholesterol metabolism and
atherosclerosis in Cebus monkeys in relation to age. Lab
Invest 16:444-452, 1967.

EMERSON, G.A., WALKER, J.E., AND GANAPATHY, S.N.: Effects
of saturated and unsaturated fats and their mixtures on
the lipid metabolism of monkeys. J Nutr 76:6-10, 1962.

GREENBERG, L.D.: Nutritional Requirements of Macaque
Monkeys in Feeding and Nutrition of Nonhuman Pri-
mates, edited by R. S. Harris. New York, Academic
Press, 1970, pp 117-142.

ARMSTRONG, M.L., WARNER, E.D., AND CoNNOR, W.E.: Re-
gression of coronary atheromatosis in rhesus monkeys.
Circ Res 27:59-67, 1970.

ABELL, L.L., LEvY, B.B., BRODIE, B.B., AND KENDALL, F.E.:
Simplified method for the estimation of total cholesterol
in serum and demonstration of its specificity. ] Biol
Chem 195:357-366, 1952.

BURSTEIN, M., AND SAMAILLE, J.: Sur un dosage rapide du
choléstérol lié aux a- et aux B-lipoproteines du sérum.
Clin Chem Acta 5:609-612, 1960.

FRIEDEWALD, W.T., LEvY, R.1,AND FREDRICKSON, D.S.:
Estimation of the concentration of low-density lipopro-


http://circres.ahajournals.org/

8T0Z ‘6T [1dy uo 1s9nb Aq /Blo'sjeuinofeye’salol10//:dny wolj papeojumod

454

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

tein cholesterol in plasma, without use of the prepara-
tive ultracentrifuge. Clin Chem 18:499-502, 1972.

FREDRICKSON, D.S., LEvY, R.I.,, AND LEES, R.S.: Fat transport
in lipoprotein: Integrated approach to mechanisms and
disorders. N Engl ] Med 276:148-156, 1967.

FoLcH, J., LEES, M., AND SLOANE-STANLEY, G.H.: Simple
method for the isolation and purification of total lipides
from animal tissues. ] Biol Chem 226:497-509, 1957.

ARMSTRONG, M.L., AND MEGAN, MB.: Lipid depletion in
atheromatous coronary arteries in rhesus monkeys after
regression diets. Circ Res 30:675-680, 1972.

LasseRr, N.L.: Effect of an atherogenic diet on the density
distribution of serum lipoproteins in rhesus monkeys
(abstr.). Fed Proc 32:934, 1973.

ARMSTRONG, M.L., CONNOR, W_E., AND WARNER, E.D.: Tissue
cholesterol concentration in the hypercholesterolemic
rhesus monkey. Arch Pathol 87:87-92, 1969.

WIiSSLER, R.W., AND VESSELINOVITCH, D.: Comparative
pathogenic patterns in atherosclerosis. In Advances in
Lipid Research, edited by P. Rodolfo and D.
Kritchevsky. New York, Academic Press, 1968, pp
181-206.

DayTON, S., AND HASHIMOTO, S.: Recent advances in
molecular pathology: A review: Cholesterol flux and
metabolism in arterial tissue and in atheromata. Exp
Mol Pathol 13:253-268, 1970.

VosT, A.: Uptake and metabolism of circulating
chylomicron triglyceride by rabbit aorta. J Lipid Res
13:695-704, 1972.

THOMAS, W.A., FLORENTIN, R.A., NaM, S.C., KiM, D.N., JONES,
R.M., anD LEE, K.T.: Preproliferative phase of
atherosclerosis in swine fed cholesterol. Arch Pathol
86:621-643, 1968.

THoMas, W.A., FLORENTIN, R.A., Nam, S.C., REINER, ].M.,
AND LEE.K.T.: Alterations in population dynamics of ar-
terial smooth muscle cells during atherogenesis: 1. Ac-

28.

29.

30.

31.

32.

33.

34.

35.

ARMSTRONG, MEGAN, WARNER

tivation of interphase cells in cholesterol-fed swine
prior to gross atherosclerosis demonstrated by
“postpulse salvage labeling.” Exp Mol Pathol
15:245-267,1971.

Fi1SHER-DzoGa, K., JoNES, R M., VESSELINOVITCH, D., AND
WissLER, R.W.: Increased mitotic activity of aortic
medial cells in vitro after exposure to hyperlipemic
serum. In Atherosclerosis, Proc 3rd Int Symp, West
Berlin, 1973. New York, Springer-Verlag, in press.

Ross, R., AND GLOMSET, J.A.: Atherosclerosis and the ar-
terial smooth muscle cell. Science 180:1332-1339,
1973.

FisHER-DZ0GA, K., CHEN, R., AND WissLER, R.W.: Effects of
serum lipoproteins on the morphology, growth and me-
tabolism of arterial smooth muscle cells. In Arterial Me-
senchyme and Arteriosclerosis, Proc Int Workshop on
Arterial Mesenchyme and Arteriosclerosis, New
Orleans, 1973. New York, Plenum Press, in press.

CHEN, R., Dzoca, K., BORENSZTAJN, J., AND WISSLER, RW.:
Effect of hyperlipemic lipoprotein on the lipid ac-
cumulation of rabbit aortic medial cells in vitro (abstr.).
Circulation 46(suppl. 11):11-253, 1972.

STaRY, H.C., AND McMILLAN, G.C.: Kinetics of cellular
proliferation in experimental atherosclerosis. Arch
Pathol 89:173-183, 1970.

STARY, H.C.: Proliferation of arterial cells in
atherosclerosis. In Arterial Mesenchyme and Ar-
teriosclerosis, Proc Int Workshop on Arterial Me-
senchyme and Arteriosclerosis, New Orleans, 1973.
New York, Plenum Press, in press.

Ross, R., AND KLEBANOFF, S.J.: Smooth muscle cell: I. In vivo
synthesis of connective tissue proteins. ] Cell Biol
50:159-171,1971.

Ross, R.: Smooth muscle cell: I1. Growth of smooth muscle
in culture and formation of elastic fibers. J Cell Biol
50:172-186, 1971.

Circulation Research, Vol. XXXIV, April 1974


http://circres.ahajournals.org/

8102 ‘6T |1dV uo 159n6 Aq /Bio'sfeulnofeye’sa.olio//.dny wo.uy papeojumoqd

Circulation {rmt
Research

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Intimal Thickening in Nor mochoiester olemic Rhesus Monkeys Fed L ow Supplements of
Dietary Cholesterol
MARK L. ARMSTRONG, MARJORIE B. MEGAN and EMORY D. WARNER

Circ Res. 1974;34:447-454

doi: 10.1161/01.RES.34.4.447
Circulation Research is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 1974 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7330. Online ISSN: 1524-4571

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circres.ahajournal s.org/content/34/4/447

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published in
Circulation Research can be obtained via RightsLink, a service of the Copyright Clearance Center, not the
Editoria Office. Once the online version of the published article for which permission is being requested is
located, click Request Permissions in the middle column of the Web page under Services. Further information
about this process is available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints

Subscriptions: Information about subscribing to Circulation Research is online at:
http://circres.ahajournal s.org//subscriptions/



http://circres.ahajournals.org/content/34/4/447
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circres.ahajournals.org//subscriptions/
http://circres.ahajournals.org/

