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Three separate experiments show that cholesterol admin- 
istered to rabbits in the absence of added fat is more athero- 
genie than cholesterol fed together with corn oil. When 
cholesterol is dissolved i~ the corn oil (by heating) prior 
to mixing with the diet., it is more atherogenic than when it 
is suspended in the oil In every case the lowest serum and 
liver cholesterol levels were observed in the group not receiv- 
ing corn oil. 

Gas chromatography of the fatty acids of the serum 
cholesterol esters of pooled sera suggest that there are smaller 
amounts of unsaturated C~s fatty acids in the cholesterol-no 
fat group. Deficiency in these unsaturated acids may be the 
cause of the high atherogenicity of the cholesterol-no fat diet. 
There is also a lower proportion of unsaturated fatty acids 
in the triglycerides of this group. 

Heating of corn oil 10 rain. at 160-200~ causes an in- 
crease of titratable fatty acid in the oil (0.008 m-equiv./g, to 
0.088 m-equiv./g, or 0.14% lVFA to 2.56/0 :FFA). The relatively 
large amounts of free unsaturated fatty acids in the heated 
oil may be the cause of the greater atherogenicity of the solu- 
tion, as compared to the suspension, of cholesterol in corn oil. 

F 
IEEDING RABBITS CHOLESTEROL without added fat 

will result in the development of atheromatous 
lesions (1-4) .  I n  early experiments we com- 

pared the atheromata in rabbits fed cholesterol with- 
out added fat, with relatively saturated fat, or with 
relatively unsaturated fat  (5) and found that  eholes- 
teroI fed without other dietary lipid caused the most 
severe atheromata. Bortz, Larsen, and Civin (6) have 
recently confirmed these results. To extend these 
observations we then compared the atherogenieity 
of cholesterol suspended in corn oil with that of 
cholesterol dissolved in corn oil and of cholesterol 
without fat  (7). Again the cholesterol administered 
in the absence of fa t  proved to be the most atherogenie. 

The work described in this report  was undertaken 
to expand these early observations. Three separate 
feeding experiments were carried out, the serum and 
liver ]ipids were assayed, and the atherosclerotic 
lesions were evaluated. In  all cases the initial obser- 
vation, namely, the increased atherogenicity of cho- 
lesterol administered without added fat, was confirmed. 

:Experimental 

In  each experiment four groups of Dutch-Belted 
rabbits weighing 1.5 to 2.0 ks. were used. The ani- 
mals were maintained on the experimental diets for 
eight weeks, bled by heart  puncture, and killed. The 
diets consisted of a) Pur ina  rabbit  Chow, b) the 
Chow augmented with 2% cholesterol, c) Chow with 
2% cholesterol dissolved in 6% corn oil, and d) Chow 
with 2% cholesterol suspended in 6% corn oil. 

Tile 2% cholesterol diet was prepared by dissolv- 
ing the sterol in chloroform and pouring the hot 
solution on the Chow while the Chow was being 
tumbled in a cement mixer. Mixing was continued 
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until the Chow was thoroughly coated. This diet 
was then kept in the air unti l  free of solvent odor. 
The cholesterol-corn oil diets were prepared in the 
same way. The corn oil used was the regular com- 
mercial prodnet purchased from A. E. Staley Manu- 
facturing Company, iodine nmnber 127. 

Aortas were inspected visually for atheroselerotic 
lesions and graded on a 0-4 scale. The thoracic aorta 
and the aortic arch were graded separately. 

Serum cholesterol was determined by the method 
of Trinder (8). The livers were weighed and homog- 
enized; and an aliquot was taken for lipid analysis. 
The liver aliquot was homogenized in alcohol-ether 
3: 1, and the extract was dried over anhydrous 
NafSO,. The dried solution was diluted in a volu- 
metric flask, total liver lipids were determined gravi- 
metrically, and liver cholesterol was determined co l  
orimetrically by using the Trinder method. 

For  gas chromatography, aliquots of pooled sera 
from each group were extracted with methanol-chlo- 
roform and the extracted lipid was subjected to 
silieie acid chromatography (9). The cholesterol 
esters were separated, the fa t ty  acids were converted 
to the methyl esters, and the resulting fa t ty  acid 
methyl esters were subjected to gas chromatography. 
Gas chromatography was carried out, using a Barber- 
Colman gas chromatograph. For  detection an argon 
cell ionization cell was used; radium foil acted as the 
ionization sotlrce. The lipid phase consisted of di- 
ethylene glycol succinate polyester, adsorbed on sili- 
conized chromosorb W (Johns-3[anville). The chro- 
matograph was developed by using argon gas at a 
pressure of 30 p.s.i, and a flow rate of 100 ce./min. 

Results and Discussion 

Autopsy data on the rabbits in the three experi- 
ments are shown in Table I. The results consistently 
show that the rabbits fed cholesterol in the absence 
of added corn oil had the most severe atheromata 
and the lowest serum and liver cholesterol levels. 
The results also show consistently higher athero- 
genieity for the solutions, as compared with the sus. 
pensions, of cholesterol in corn oil. The cholesterol. 
corn oil suspension was prepared by mixing the 
sterol and the oil, then adding this suspension to the 
Chow. The cholesterol-corn oil solution was prepared 
by heating the suspension until  all the sterol had 
dissolved, then adding this to the Chow. As soon as 
the hot solution came in contact with the cold Chow, 
the cholesterol crystallized out and mixing was main- 
tained until  all the food had become coated. Two 
possible changes in the " s o l u t i o n "  diet could account 
for the differences in atheromata observed: a change 
in the cholesterol or in the vehicle. The most likely 
change in the cholesterol would be oxidation to 7- 
hydroxyeholesterol or some similar compound, but 
recent work has shown rigorously purified cholesterol 
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Autopsy  Da ta  on Rabbi t s  Fed  2 %  Cholesterol Wi th  and W i t h o u t  6% Corn Oil :  Exper iments  1, 2, and 3 

l 0 

E x p .  
N O .  

Diet  No. of 
r abb i l s  

Cholesterol~no oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! 5 b 

CholesteroI~no oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 8 
/ 

CholesteroI~no oil ........................................ 8 ! 
Cholesterol~oil solut ion 7 u 

Cholesterol-oi l  so lu t ion  ................................. i 6 i) 

Cholesterol~oil solut ion ................................. 8 

Cholesterol~oil suspens ion  ............................. 8 b 

Cholesterol~oil suspension ............................ 7 u 

CholesteroGoil  suspension ............................ 10 

Normal  ........................................................... 5 

Normal  ........................................................... 8 

Normal  ........................................................... 6 

Weigh t  
ga in  

g. 
334 

242 

152 

656 

- 80 

140 

424 

34 

116 

518 

126 

498 
c 

L i v e r  
we igh t  

g. 
73.4 

96.9 

77.5 

110.0 

93.5 

95.6 

99.1 

97.6 

87.8 

51.0 

6 3 . 9  

72.3 

L i v e r  L ive r  
l ip id  choles- 

terol  

eft w e t  w t .  ~,/c w e t  w t .  
3.0 0.6 

1.8 

10.4 

11.4 

1.3 

1.8 

6.9 

2.5  

7.3 

0.1 

0.1 

Serum 
choles- 
terol  

Atheromata  

Arch  

m g . % a  
2195 

�9 (1040--3500)  
1378 

( 7 5 0 - 2 5 5 0 )  
1555 

(1090 2550)  
2248 

( 7 2 5 - 3 0 7 5 )  
1970 

( 1 5 2 5 - 2 5 9 0 )  
2493 

( 1 7 6 5 - 3 9 7 0 )  
2 3 1 8  

( 1 4 2 0 - 3 2 6 0 )  
1752 

( 7 9 0 - 2 6 5 0 )  
2170 

(1100 3040)  
55 

( 2 5 - 8 8 )  
128 e 

( 4 5 - 5 0 0 )  
67 

( 4 8 - 8 5 )  

score  
3.4 

3.4 

3.4 

2.7 

3.4 

3.1 

2.1 

2.6 

2.9 

0.1 

0.1 

0.10 

Thoracic 

8core 
2.9 

3.0 

3.2 

2.1 

2.4 

2.6 

1.4 

1.6 

2.2 

0.1 

0.7 

0.0 

a Ranges  in  parentheses .  
b Number  of rabbi t s  s u r v i v i n g  u n t i l  end of experiment .  Expe r imen t  1:  o r ig ina l ly  n ine  rabbi t s  in  this  g r o u p ;  Exper imen t  2 :  or ig ina l ly  e ight  

rabbi t s  in  th is  g r o u p ;  Expe r imen t  3:  o r ig ina l ly  12 rabbi t s  in  th is  group.  
e Average  re la t ively  h igh  because of one i ipemic rabb i t  (w i thou t  a theromata)  wi th  cholesterol level of 500 mg, %. 

to be more atherogenic than relat ively impure  com- 
mercial  mater ia l  (10). The other possible cause for  
the observed differences would be a change in the 
composition of the cholesterol vehicle. The explana- 
tion, discussed later  in this report ,  is that  the heat ing 
of corn oil (to effect solution of cholesterol) may  be 
responsible for  the increase in atherogenicity. 

The Chow which was the basis of the atherogenic 
diet contains about 2.2% of ether-alcohol extractable 
material .  This mater ia l  has an iodine number  of 115. 
Gas chromatography  of the f a t ty  acids of this Chow 
lipid shows the pr incipal  composition to be 22.8% 
palmitic acid, 2.5% stearic acid, 24.0% oleie acid, 
48.8% linoleic acid, and 1.8% trace acids. These 
values compare well with earlier findings of Evans  
et al. (11), who found Pur ina  Chow to contain 2% 
lipid of iodine value 120.7; 70% of the component 
f a t t y  acids were unsaturated.  The f a t t y  acid com- 
position of the corn oil used was 15.3% palmitic, 
5.2% stearic, 30.5% oleie, 47.6% linoleic, and 1.4% 
traces including arachidic. 

In  an effort to learn more about the f a t t y  acids 
of the cholesterol esters and tr iglyeerides present  in 
the sera of these rabbits, pooled sera f rom each group 
in each of the first two experiments  were subjected 
to silicie acid chromatography  and the f a t t y  acids 
f rom the cholesterol esters and tr iglyeerides thus 
obtained were analyzed by gas chromatography.  The 
data  are presented in Table I I .  Calculations were 
based on the assumption that  the recovered acids 
represented all of the f a t t y  acids. 

In  the first experiment  considerably less unsatu-  
rated acid was found in the serum cholesterol ester 
f ract ion of the group fed no corn oil than  in any  of 
the other three groups. In  view of repor ts  tha t  rab- 
bits fed cholesterol plus unsa tura ted  fa t  exhibit  less 
a theromata  than rabbi ts  fed cholesterol plus sa turated 
fa t  (5, 6, 12) our results may  perhaps  be explained 
as functions of the amount  of available unsa tura ted  
f a t t y  acid. As would be expected, the tr iglycerides 
contained a smaller proport ion of unsa tura ted  f a t t y  
acids than  did the cholesterol esters. 

In  the second exper iment  an appreciable amount  
of palmitoleic acid was found in the pooled sera of 

the group on the corn oil-free diet. This acid also 
was present  in tile pooled tr iglyceride f a t t y  acids of 
this group. Inasmuch as these data  represent  pooled 
sera, a significant amount  of an anomalous fa t ty  acid 
in any  one sermn may affect the results as shown. 
The percentage of C-18 unsa tura ted  acids in this 
sample was lower than that  of the rabbits  on choles- 
terol dissolved in corn oil or of the controls. As in 
the previous experiment,  a larger  proport ion of satu- 
rated f a t t y  acids was general ly found in the tr iglyc- 
erides. A new series of experiments  in which f a t t y  
acids will be studied in individual sera is under  way. 
I t  may  also be noteworthy that  the most consistent 
results were obtained with the two samples of pooled 
normal-rabbi t  serum. 

The differences between the f a t t y  acid distr ibution 
in the serum cholesterol esters of the two groups fed 
cholesterol and 6% corn oil were slight. The effect of 
heat ing on the composition of the corn oil was in- 
vestigated as a possible cause of the increased athero- 
genicity of the heated corn oil-cholesterol diet, 
Nishida, Takenaka,  and Kummerow (13) had found 
that  heated corn oil was more atherogenie for  cho- 
lesterol-fed chickens than  was fresh oil. They at- 
t r ibuted  their  results to " t o x i c i t y "  of the heated oil 
and possibly to reduced availabil i ty of the essential 
f a t ty  acids which facili tate cholesterol absorption 
(14). For  solution of cholesterol in corn oil the oil 
is mainta ined at elevated tempera tures  for  10-15 
rain. Since it  has been repor ted tha t  free unsa tura ted  
f a t t y  acids aggravate  cholesterol atherosclerosis in 
rabbits  (15), we t i t ra ted the free f a t ty  acids in corn 
oil before and a f te r  it had been heated for  10 rain. 
at 160-200~ We found that  the fresh oil had 
0.005 --+0.0003 m-equiv, free acid per  g ram (0.14% 
free f a t t y  acid),  and the heated oil 0.088 •  
m-equiv, free acid per  g ram (2.5% free f a t ty  acid).  
The results represent  the average of three different 
t i t ra t ions of each sample. The greater  content of 
free f a t ty  acid may  explain the increased athero- 
genieity of the heated corn oil. 

Examinat ion  of the l iver  cholesterol data  shows 
that  the l iver cholesterol levels were the lowest in 
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TABLE I I  
Gas Chromatography of Cholesterol Ester and Triglyceride Fatty Acids from Sere of Rabbits on ~Various 

Atherogenic Regimens: Experiments 1 and 2 

Exp. 
No. No. of 

carbon 
atoms 

14 
14 
16 
16 
16 
18 
18 
18 
18 
18 
18 

Acid Diet 

No. of 
double 
bonds 

Cholesterol- 
no fat 

Cholesterol- 
solution 

CE a TG b 

% % 

2.4 2.4 
37.0 46.4 
20.1 35.9 

9.0 3.7 
4.9 11.7 

43.5 31.5 
14.5 10.5 

1.4 4.0 
42.3 26.6 
24.8 27.4 

41.9 58.1 
23.9 42.3 
58.0 42.0 
76.1 ~ 57.7 

CE TG 

Cholesterol- 
suspension 

9.4 11.3 

15.7 21.9 
22.4 29.3 

1.6 316 
51.7 28.5 
31.5 34.7 

3.5 4.3 
50.6 44.3 
23.5 22.1 

26.7 33.2 
25.9 33.6 
83.2 63.2 
74.1 66.4 

CE CE TG 

13.5 
7.9 

18.2 33.0 
25.2 27.1 

2.9 a.a 
53.0 32.3 
25.8 15.7 

1.7 3.8 
48.6 34.3 
16.6 34.8 

21.1 52.0 
34.8 30.9 
78.8 48.0 
65.2 69.1 

% 

20.8 
23.8 

3.8 
34.0 
41.5 

1.7 
38.4 
36.2 

Normal 

TG 

% 

35.4 
30.2 

4.7 
37.9 
21.9 

4.8 
35.4 
29.5 

1 % Saturated acids 24.6 40.1 
2 % Saturated acids 25.5 35.0 
1 % Unsaturated acids 75.5 59.8 
2 % Unsaturated acids 74.6 64.9 

CE a ~ Cholesterol ester. 
CE b = Triglyceride. 

groups with the highest atheromata.  Nishida et al. 
(13) found a similar t rend in chickens fed cholesterol 
with heated or fresh corn oil. Fu r the rmore  the most 
atherogenie diet produced the lowest serum choles- 
terol levels al though it must  be pointed out tha t  even 
these so-called low levels were considerably above 
normal  serum cholesterol levels. I t  is probable then 
tha t  the higher atherogeniei ty observed for the fa t -  
free diet m a y  be caused by  insufficient amounts of 
the unsa tura ted  f a t t y  acids with which cholesterol 
is preferent ia l ly  esterified (16,17), thus re ta rd ing  
normal  circulation and metabolism of this sterol. The 
atherogenici ty of the heated fa t  m a y  be increased by 
changes affecting the t ranspor t  of cholesterol and the 
composition of the beta-lipoprotein. Nishida et el. 
(13) found tha t  the serum of the chickens fed cho- 
lesterol plus heated corn oil was pract ical ly  free of 
the Se 20-400 classes of lipoproteins. Thus all the 
l ipoprotein was present  as the cholesterol-rich Se 0-20 
fract ion (18). Although we have not done l ipoprotein 
analyses of the sera obtained in this experiment,  
previous analyses showed tha t  rabbits  fed cholesterol 
in the absence of fa t  had lower serum lipoprotein 
levels than those fed cholesterol in corn oil but  that  
a larger  proport ion of the l ipoprotein was present  
as the S~ 0-20 class (5).  The effect of free f a t ty  acids 
on serum lipid composition in both normal  and cho- 
lesterol-fed animals merits  fu r the r  scrutiny. 
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The Complex Nature of Castor Sensitivity 
LAURENCE L. LAYTON, LLOYD K. MOSS, 1 and FLOYD DEEDS, Western Regional 
Research Laboratory, 2 Albany, California 

T h e  c a s t o r  seed  a n t i g e n  CB-1A,  p r e p a r e d  b y  the  ba s i c  l ead  
a c e t a t e  m e t h o d  of  Sp ies  et  el . ,  h a s  b e e n  s u b j e c t e d  to c o l u m n  
c h r o m a t o g r a p h y  on d i e t h y l a m i n o e t h y l  cellulose.  A n t i g e n i c  d i f -  
f e r e n c e s  b e t w e e n  f r a c t i o n s  w e r e  f o u n d  b y  t he  S c h u l t z - D a l e  
t e chn ique ,  w h i ch  i n d i c a t e d  the  poss ib le  ex i s t ence  of  six an t i -  
g e n i e  or  a l l e r g e n i c  c o m p o n e n t s .  

C r o s s - r e a c t i o n s  b e t w e e n  c a s t o r  pol len ,  c a s t o r  b lossoms ,  a n d  
c a s t o r  seed  m e a l  w e r e  i n d i c a t e d  b y  t he  S c h u l t z - D a l e  m e t h o d .  

1 Stanford Research Institute, ]~enlo Park, Calif. 
A laboratory of the Western Utilization Research and Development 

Division, Agricultural Research Service, U.S. Dept. of Agriculture. 

I t  wo u ld  a p p e a r  t h a t  a l l e r g y  to c a s t o r  p o m a e e  m a y  a c t u a l l y  

be s e n s i t i v i t y  to a n y  one or  m o r e  of  t h e  a n t i g e n i c  c o m p o n e n t s  

of  the  p o m a c e ,  i n c l u d i n g  b o t h  po l l en  a n d  f m n a l e  b lossoms .  

LERGY t o  castor seed protein has been recognized 
since 1914 when Alilaire (1) described the al- 
lergy and a t t r ibuted it to sensit ivity to the toxic 

albumin riein. Ra ther  and Gruehl  (2) showed tha t  
riein was not responsible for  the al lergenicity of castor 
proteins, and the classical studies of Spies, Coulson, 


