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Department of Poultry Science, Rutgers, The State University, New Brunswick, N .  J .  

Peterson et a l . ( l , 2 )  have reported that 
relatively high levels of dietary soybean ster- 
ols ( 1.3 % ) prevented hypercholesterolemia 
and atherosclerosis in cholesterol-fed chicks, 
and lowered blood cholesterol in man. They 
suggested that the soy sterols interfered with 
cholesterol absorption. Beveridge et al. ( 3 )  
showed that a considerable part of the hypo- 
cholesterolemic activity of corn oil was as- 
sociated with its sterol fraction, and Fisher 
et aL(4)  reported that the beneficial effects 
from feeding unsaturated plant fats to chick- 
ens were attributable primarily to their sterol 
fraction rather than to the unsaturated fatty 
acid fraction. Reiner et a l . (5 ) ,  in reporting 
on hypercholesterolemic sterols derived from 
marine algae, suggested that appreciable 
amounts of sterol might be absorbed and 
thus act in a manner other than by interfer- 
ence with absorption of cholesterol alone. 
This view is supported by the finding of 
Fisher et aL(4) that the feeding of a small 
quantity of corn sterols does not increase 
cholesterol excretion of chickens. 

The present work was undertaken to study 
the effect of prolonged ingestion of a low 
level of corn oil sterols (0.05% of diet) in 
counteracting the atherogenicity of a diet 
containing 20% whole egg powder. We also 
checked (a) whether the atherogenic proper- 
ties of egg powder were due to its fat con- 
tent, and (b) whether lasting effects might 
remain in chickens given a brief, early ex- 

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

posure ( 3  months out of 20) to an ather- 
ogenic egg powder diet. 

Experimental. Day-old Leghorn cockerels, 
divided into 6 groups of 30 birds each, were 
used for this study and maintained through- 
out a 20-month experimental period in tem- 
perature-regulated rooms. For the first 12 
weeks, 2 groups were given the control ration 
supplemented with 20% egg powder, which 
supplied 0.5% cholesterol. At the end of this 
time the egg powder diet of one group was 
replaced with the control ration for the re- 
mainder of the experimental period. The 
other 4 groups were respectively given the 
following diets throughout the experimental 
period: (a) a control ration (for composition 
see Fisher et al. ( 4 )  ) , essentially free from 
cholesterol and containing a small amount of 
fat derived from soybean meal; (b) control 
ration supplemented with 2 %  corn oil and 
0.05% corn sterols; t (the former was added 
to facilitate sterol absorption, should it oc- 
cur) (c) control ration supplemented with 
10% egg oil,$ which was equivalent to the 
fat supplied by 20% whole egg powder and 
(d) control ration supplemented with both 
20% whole egg powder and 0.05% corn 
sterols. The measurements made on the ex- 
perimental animals by methods previously 
described ( 6,7) included blood pressure, blood 
clotting time, blood and aortic cholesterol, 
aortic hydroxyproline, and scoring of the 

t Corn oil sterols were kindly supplied by A. E. 
Staley Manufacturing Co., Decatur, Ill., through 
the courtesy of Dr. S. S. Chang. 

$ Egg oil was generously supplied by Henningsen 
Inc., New York. 
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aortas. A 'morphometric' measurement, con- 
sisting of the ratio of weight to surface area 
of the abdominal aorta, was also included. 
Birds were sacrificed for aortic analysis a t  
1 2  and at  20 months. 

Forty-eight hour excreta collections were 
carried out a t  12 weeks for a total sterol 
analysis to determine whether the dietary 
plant sterols had interfered with cholesterol 
absorption and therefore possibly caused an 
increased excretion. These determinations 
were also carried out by methods previously 
described (4). 

Results and discussion. There were no ef- 
fects of dietary variables on blood pressure, 
blood clotting time, aortic hydroxyproline or 
on any of the measurements made on the 
thoracic portion of the aorta. These values 
were therefore omitted from the tables of re- 
sults. Since there were only minor differ- 
ences between values measured at  12 and at  
20 months, these were averaged for presen- 
tation in Table I. 

Plasma cholesterol. There were significant 
differences in plasma cholesterol levels among 
treatments (Table I). The groups given 
either whole egg powder or its equivalent in 
egg oil (both of which contributed approxi- 
mately 0.5 % cholesterol), had much higher 
cholesterol levels than the controls (P< 
0.01). The birds given corn sterol had simi- 
lar blood cholsterol levels as those not re- 
ceiving sterol. The groups that had received 
the egg powder diet for the first 12 weeks 
showed a high plasma cholesterol level a t  
that time, but reverted to a cholesterol level 
similar to that of the controls by 1 year of 
age. The 12- and 20-month cholesterol aver- 
ages are generally considerably lower than 
the 3-month values. Although previous ob- 
servations from this and other laboratories 
have suggested an adaptation, in blood cho- 
lesterol level, to prolonged ingestion of cho- 
lesterol (8,9,10), this does not adequately ex- 
plain the present findings, since the level of 
the control groups not ingesting cholesterol 
was also lowered. 

Aortic lipid. The total fat values for the 
abdominal segment of the aorta showed an 
interesting difference among dietary treat- 
ments (Table I). Both of the groups given 
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TABLE 11. Lipid Excretion on Various Diets. 

Total lipid Total sterol" Total sterol" 
Diets (% dry excreta) (% dry excreta) (% excreta lipid) 

Control 2.68 
Corn oil, 2% 
Corn oil sterol, .05% 4.20 
Whole egg powder, 20% 7.15 
Egg oil, 10% t 7.38 
Whole egg powder, 20% 
Corn oil sterol, .05% 6.94 

5 3  

.82 
1.12 
1.34 

1.23 

19.8 

19.5 
15.6 
18.2 

17.7 

" Measured by the ferric chloride Zak reaction(l1) which gives the same color density for 

t Supplied the same amount of egg fat  as 20% whole egg powder. Both supplied approxi- 
corn sterols as for cholesterol. 

mately 0.5% cholesterol. 

corn oil sterols had a lower lipid content 
than did their respective controls. This corn 
sterol effect is particularly noteworthy in 
view of the lack of difference in plasma cho- 
lesterol as well as in aortic cholesterol level 
(see next paragraph) between the sterol 
treatments and their respective controls. 

The aortic cholesterol content for the ab- 
dominal segments shows differences due to 
diet for the 3 groups which had been given 
either whole egg powder or egg oil. These 3 
groups have generally higher cholesterol lev- 
els than their respective control groups or 
the group that had been given egg powder 
for the first 12 weeks only (Table I ) .  I t  
should be noted that the cholesterol content 
of the sterol-supplemented groups was not 
appreciably lowered despite the reduced to- 
tal fat content of these groups compared with 
their respective controls. These results point 
to a continuing process involving cholesterol 
deposition, irrespective of the type of diet- 
ary treatment. 

Atherosclerosis measurements. Table I 
gives the average visual scores of the ab- 
dominal aortic section for the birds killed at  
12 and at 20 months and weight-area ratios 
for the birds killed at 20 months. Addition 
of corn oil sterols to the egg powder diet 
appeared responsible for a reduced severity 
of atherosclerosis, as was evidenced by a sig- 
nificantly lower abdominal visual score (P< 
0.05) and by the lower weight-area ratio. 

In contrast with the relatively large 
amount of sterol (1.3%) which Peterson et 
al.( 1) had used in their early studies, in 
this experiment the inclusion of as little as 
0.05% also seemed effective in retarding 

atherogenesis during a long-term feeding 
trial. This is in agreement with our previ- 
ous observations made over a shorter experi- 
mental period (4). The sterol excretion re- 
sults (Table 11) did not indicate an in- 
creased cholesterol excretion due to the sup- 
plementation with corn sterols. We would 
therefore suggest that the beneficial effect of 
the corn sterol results from a mechanism 
other than interference with cholesterol ab- 
sorption alone. This is strengthened by the 
observation that total lipid deposition (but 
not cholesterol deposition) in the abdominal 
aorta was considerably retarded in the corn- 
sterol fed groups. Evidence for the appreci- 
able absorption of plant sterols for man and 
the rat have been cited by Reiner et a l . (S ) .  

The atherogenic effects of whole egg pow- 
der appear to reside primarily in the egg oil, 
since addition of this material resulted in a 
severity of atherosclerosis similar to that ex- 
perienced with the egg powder. 

The early exposure of one group of birds 
to the stress of the egg powder diet did not 
leave lasting effects, and these birds had low 
visual scores and the lowest weight-area ratio 
a t  the end of the 20-month experiment. 

While the atherogenic properties of the 
egg diets (which supplied 0.5 o/o cholesterol) 
are clear, the inexorable development of 
spontaneous atherosclerosis, as illustrated by 
the scores for the control groups, should not 
be minimized or overlooked. In contrast 
with the retarding effect of corn sterols on 
the induced or accelerated type of atkiero- 
genesis, no such beneficial effect was ob- 
served in relation to the spontaneous type 
exhibited by the control group. 
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Summary. Leghorn cockerels were fed for 
2 0  months on diets containing either no sup- 
plement, whole egg powder, egg oil equiva- 
lent to that contained by egg powder or 
these diets in combination with corn sterols, 
the latter added in amounts equivalent to 
that supplied by 5% corn oil. An additional 
group was given egg powder for 12  weeks 
and then placed on the control ration for 
the remainder of the experimental period. 
The inclusion of corn oil sterol retarded the 
atherogenesis that was accentuated by the 
addition of egg powder or egg oil. Total fat 
deposition in the abdominal section of the 
aorta was reduced in the groups fed the 
sterols. The brief exposure to egg powder 
did not leave lasting effects on those animals 
that were changed over to the control diet. 
Egg oil appeared to be similar in its athero- 
genicity to egg powder. Sterol excretion pat- 
terns suggested that the beneficial effect of 
the corn sterols was not due to interference 
with cholesterol absorption alone. 
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Effects of Copper Ion on Oxygen Uptake by Planktonic Cyprids of the 
Barnacle, Balanus amphitrite niveus.* (28383) 

FRANCIS J. BERNARD AND CHARLES E. LANE 
Institute of Marine Science, University of Miami, Miami, Flu. 

Copper ion is absorbed by planktonic cy- 
prids of Balanus amphitrite niveus mainly 
through the surface epithelium of the thorax 
(1) ,  and is excreted into the lumen of the 
gut in certain regions by the lining epithe- 
lium. Concentration and storage of copper 
in specialized intracellular loci, in the cypris, 
suggest a role for this ion in normal devel- 
opment. Because it appeared to be involved 
in metabolism and because of its widespread 
use in antifouling coatings, the effect of vari- 
ous concentrations of copper ion on oxygen 
uptake by barnacle cyprids was evaluated. 

*These studies were supported in part by contract 
between U. S. Navy Bureau of Ships and Univ. 
of Miami. 

Contribution No. 465 from Marine Laboratory, 
Inst. of Marine Science, Univ. of Miami. 

Materials and methods. Isotonic solutions 
containing 0.5, 1, 5 ,  10, 20, and 50 mg of 
copper ion per liter were made by adding 
appropriate volumes of a standard 5 0 0  mg 
Cu++/l solution to Millipore-filtered Gulf 
Stream sea water. Solutions of 100, 200, 500, 
and 1,OOO mg/l were made by dissolving 
cupric acetate directly in Gulf Stream water. 
At higher copper concentrations it was neces- 
sary to lower the pH slightly to dissolve 
sufficient copper acetate. The higher con- 
centrations are well above those ever pres- 
ent in nature. Individual animals were stud- 
ied in Kirk differential capillary respirom- 
eters (2). Oxygen consumption of individual 
animals was determined at  23"-25°C during 
a one-hour period. Values for 10 animals 
which survived this treatment and did not 
attach to the vessel wall during the period 




