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Influence of Fatty Acids and Sterols on Atherosclerosis in the 
Avian Abdominal Aorta." (26238) 

HANS FISHER, H. S. WEISS AND P. GRIMINGEX 
Department of Poultry Science, Rutgers, T h e  State University, N e w  Brunswick, N .  J .  

We have previously demonstrated that 
dietary corn oil retards the avian aortic 
atherosclerosis which develops both in pres- 
ence and a,bsence of dietary cholesterol ( 1,2) . 
The present study was undertaken to (a) 
ascertain whether the fatty acids or the ster- 
ols in corn oil provided the observed protec- 
tion and to (b) elucidate the importance of 
circulating and aortic cholesterol levels in 
relation to atherogenesis. 

Experimental. Day-old Leghorn cocker- 
els were fed a standard ration for 17 days, 
then were divided into 4 groups od 20 and 
given the experimental diets for 6 months. 
The basal ration contained in percent: soy- 
bean oil meal (50% protein) 50.0; alfalfa 
meal 2.5; dicalcium phosphate 2.5; corn oil 
2.0; limestone with trace minerals (Mico 
concentrate, Limestone Corp. of America, 
Newton, N. J.) 1.0: salt 0.5; choline C1 
0.2; DL-methionine 0.2; B vitamin mix 
0.1; A, D and E mix 0.1 (for composition of 
bolth mixtures see Fisher and Johnson (3 1 ) ; 
antioxidant (Santoquin, Monsantol Chemical 
Co., St. Louis, 310.) 0.02; and glucose to 
100. The experimental design included the 
following: 1)  control group receivinq the un- 
supplemented ration, 2 )  a group receiving 
2% cholesterol and an additional 570 corn 
oil, 3) a gmup getting 2% cholesterol and 
0.05 % corn oil sterol (approximately equiva- 
lent to sterol content of 5% corn oil) and 4) 
a group receiving 270 cholesterol plus 3% 
fatty acids (containing 72.9% linoleic acid 
which is approximately equivalent to the 
amount of linoleic acid in 5% corn oil). All 
supplements replaced equal amounts, by 
weight. of glucose. The 2 %  corn olil was in- 
cluded in the basal ration to facilitate absorp- 
tion of the dietary cholesterol in the group 
of birds fed the sterol fraction of corn olil. 

*Paper of the Journal Series, N. J. Agric. Exp. 
Station, New Brunswick. Supported in part by 
grants-in-aid from U. S. Public Health Service and 
N. J. Heart Assn. 

Plasma cholesterol was determined inter- 
mittently during the study. At the end of 
the 6-month experimental periold all birds 
were killed, their aortas removed, visually 
graded, and the abdominal section of each 
aorta analyzed for total fat, cholesterol and 
polyunsaturated fatty acids by metholds pre- 
viously described ( 1 ) . The aortic scoring 
system was designed primarily to evaluate 
degree of lumen errcroachment by prolifera- 
tive lesions, and secondarily to evaluate gross 
fatty infiltration, hardness and roughness of 
the intimal surface. No detailed analyses 
were carried out on the thoracic segments of 
the aorta since these showed negligible in- 
volvement for all groups. 

Twice during the study, 24 hour collections 
were made of the excreta. These were dried, 
twice extracted for 24 hours on a shaker with 
chloroform-methanol ( 2  : 1 ) , and cholesterol 
(sterol) determined on the filtered extracts 
by the method of Zlatkis et a l . (4) .  

Results and discussion. The pertinent ob- 
servations are given in Table I. Although 
the differences among groups are compara- 
tively small, it  appears that the group receiv- 
ing the fatty acids equivalent to 5% corn oil 
had the greatest atherosclerotic involvement 
as judged by frequency of high scores, aver- 
age scolre and average abdominal aortic 
weight. Conversely, the group receiving the 
sterols equivalent to 5% corn oil appears to 
have the least severe involvement. In this 
connection Beveridge et al.( 5 )  working with 
the hypocholesterolemic effect of corn oil in 
humans, found at least part of the active 
principle to be present in the sterol1 fraction. 
I n  a similar vein, Howard and Gresham(6) 
have interpreted their results to mean that 
essential unsaturated fatty acids may facili- 
tate deposition of cholesterol in tissues and 
production of atherosclerosis. 

The group which received the fatty acid 
fraction also had the highest amount of 
aortic and plasma cholesterol, but i t  is note- 
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worthy that neither the aortic o r  plasiiia 
cholesterol levels among the other 3 groul's 
bore consistent relationship to severity of 
atherosclerosis. 

The polyunsaturated fatty acid analyses of 
abdominal aortic fat show the highest dienoic 
acid content for the groups that had received 
high dietary linoleic acid in the 5*% corn oil- 
or the 3% fatty acid supplement. The high 
cholesterol content of aortic fat in the group 
receiving the fatty acids thus is not related to  
any essential fatty acid deficiency ( 7  ) since 
it is associated with the highest level of di- 
enoic acid. 

While dienoic acid content of the aortic 
fat reflects dietary intake, the monoenoic 
and saturated fatty acids for the corn oil as. 
the fatty acid supplemented group show con- 
siderable variation. In  the corn oil-fed birds 
the increase in dienoic acid clearly occurred 
a t  the expense of the saturated fatty acids. 
whereas in the fatty acid-supplemented ani- 
mals the increase in dienoic acid was a t  the 
expense of the monoenoic acid only. 

Attention is drawn to the much reduced 
deposition of total fat in the abdominal aorta 
in birds receiving corn oil sterol (as such, or 
with the whole corn oil supplement) as com- 
pared to control birds or those receiving the 

fatty acic 1 supplement. The significance of 
this observation in relationship to athero- 
genesis must await further experimentation. 

The stlerol excretion data in Table I dem- 
onstrate that dietary cholesterol was equally 
well absorbed in the 3 cholesterol-supple- 
mented groups. Thus, lower blood and aortic 
cholesterol levels as well as lower severity of 
atherosclerosis in the animals fed the sterol- 
supplemented diet cannot be explained on the 
basis of interference with cholesterol absorp- 
tion. 

Male chickens 
were fed for 6 months on rations containing 
( a )  no supplement, ( b )  cholesterol plus corn 
oil, (c )  cholesterol plus corn I oil-sterol and 
(d )  cholesterol plus fatty acids rich in lino- 
leic acid. Atherosclerotic severity tended to 
be greatest in the group given fatty acids and 
least on the sterol-containing diet. Since 
sterol excretion indicated a similar rate of 
cholesterol absorption on the cholesterol- 
supplemented diets, it appears that the prin- 
ciple in corn oil which retards avian aortic 
atherogenesis is present in the sterol fraction. 

lye gratefully acknowledge the help of Dr. V. K. 
Rabayan, 1E. F. Drew and Co., Boonton, N. J. for 
supplying us with the fatty acid fraction and that 
of Dr. S. S. Chang, Staley Mfg. Co., Decatur, Ill. 

S z t i i i  iiiary m d  conclusion. 
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Effect of Insulin on Serum Proteins in Scurvy.” (26239) 

SACHCHIDANANDA BANERJEE AND PULAK KUMAR GHOSH 
Dept .  of Physiology, MPdical College, Bikaner, India 

T t  has been reported( 1 )  that in scorbutic 
guinea pigs u:! and f l 2  globulins are dimi- 
nished; al-globulin is increased and no 
change takes place in and ;,-globulins. In- 
sulin is involved in biosynthesis of proteins 
( 2 )  and hypoinsulinism has been observed in 
scurvy (3,4). The derangement of serum 
proteins in scorbutic guinea pigs might have 
been due to diminished insulin formation. It 
was, therefore, of interest to study the effect 
of prolonged injection of small doses of insu- 
lin on the protein pattern of serum in guinea 
pigs during the progress of scurvy. The car- 
bohydrate and lipid containing proteins of 
normal, scorbutic and insulin-treated scor- 
butic guinea pigs were also determined. 

ilfethuds. Forty-eight male guinea pigs 
each weighing between 2501 and 300 g were 
divided into groups of 3 animals, one normal, 
one scorbutic and one insulin-treated scor- 
butic. All the animals were fed a scorbuto- 
genic diet ( 5 ) .  The amount of diet consumed 
per day by the scorbutic member of a group 
was fed to the other 2 members of the group 
on the subsequent day. The ‘normal’ animals 
were fed 5 mg ascorbic acid per animal per 
day. All the animals received 2 drops of a 
concentrate of Vit. A and D twice a week. 
From the 10th day on each animal of the in- 
sulin treated group was given a daily subcu- 
taneous injection of protamine zinc insulin 

4 This investigation was carried out with financial 
assistance of the Indian Council of Med. Research, 
New Delhi. 

(Lilly) in a dose increasing from 0.1 unit per 
100 g body weight to 0.3 unit over the period 
of experiment. On the 24th day of experi- 
ment all the animals were sacrificed after an 
over-night fast, blood collected from neck 
veins, and clear serum analyzed for different 
protein fractions (6 ) ,  glyco- and mucoproteins 
( 7 )  and lipoproteins (8,s). Swahn ( 10) had 
shown that uptake of Sudan Black €3 by 
whole serum on filter paper was correlated 
with total lipid content of serum. Total area 
of the plotted curve was, therefore, equiva- 
lent to total serum lipid content of sample 
used for electrophoresis. The u and /3-lipo- 
proteins and the “0” fraction were expressed, 
on the basis of their respective areas, as per- 
centages of the total area and hence of total 
lipid. 

Results. Serum albumin and and /3. 
glolbulins which diminished and al globulin 
which increased in scurvy were brought back 
to approximately normal level after pro- 
longed insulin treatment of the scorbutic ani- 
mal. Serum glycoprotein and mucoprotein 
fractions which increased in scurvy remained 
unaffected after insulin treatment. Serum 
a-lipoprotein and “0” fractions considerably 
diminished and #-lipoprotein fraction signifi- 
cantly increased in the scorbutic conditioln. 
Insulin treatment did not produce marked 
effect on these fractions. The results are 
given in Table I. 

Discussion. The alterations in serum pro- 
tein patterns of scorbutic guinea pigs could 


