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Recent work has pointed to the importance 
of degree of saturation and fatty acid distri- 
bution of dietary fat in affecting serum lipid 
levels ( 1-7). The present study was designed 
to determine the effects of a known athero- 
genic diet on serum lipid levels in rats with 
source of fat  and presence or absence of cho- 
lesterol as the only variables. Two experi- 
ments were performed each with a similar plan 
but each with a different group of dietary 
lipids to obtain varying levels of saturation 
and fatty acid content. 

Materials and methods. Animals. In  2 ex- 
periments 36, 9-month-old albino male 
Sprague-Dawley rats were marked, weighed, 
and bled for serum lipid determinations. Ani- 
mals in first experiment had average weight 
of 540 g (486-625 g) and had been main- 
tained on Purina laboratory chow. They were 
divided into 6 groups comparable with respect 
to distribution of initial weight and serum 
lipid concentrations. All rats were kept in 
thermostatically controlled room (76OF), in 
large wire-bottomed cages with 6 rats/cage. 
In second experiment rats were 4% months 
old and average weight was 424 g (378-456 

Diet. A liquid ration, described by Mosko- 
witz(8) of 50% fat, 28% carbohydrate, 5% 
protein, and 1 % choline (on dry weight basis) 
and containing adequate minerals, vitamins, 
and roughage, was used. In the first experi- 
ment, 6 diets were prepared, each pair con- 
tained one of 3 vegetable fats, all presumably 
free of cholesterol: soybean oil with iodine 
number ( I#)  of 129, olive oil (I# 80.) and 
50% olive oil - 50% palmitic acid mixture 
( I#  40).t Each fat was used to prepare 
2 rations one with and one without 1% 
cholesterol on dry weight basis. Diets 
were prepared biweekly and fed 3 times 
daily by stomach tube(9,lO) thus elimi- 
nating variation in dietary intake. During 
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first week, amount of diet (half of which was 
water) /feeding was increased gradually from 
10 to 15 ml. Each rat then received an esti- 
mated 135 calories/day. Animals were allowed 
tap water ad lib. but no additional diet. In 
second experiment the plan was similar except 
that a different approach was used to achieve 
various levels of dietary lipid saturation. Cot- 
tonseed oil, commonly used in commercial veg- 
etable shortening, was hydrogenated to levels 
of saturation similar to those utilized in Exp. 
1.t Six diets with the same basic composition 
as Exp. 1 were prepared. The 3 pairs of diets, 
one with and one without 1% cholesterol, uti- 
lized fresh oil (I# l07), hydrogenated oil 
( I#  78), and laboratory hardened oil (I# 43). 
Serum lipids. Twelve-hour fasting blood 
samples were obtained from lateral tail vein 
at  biweekly intervals. One ml blood was tak- 
en from each rat, pooled with that removed 
from others of the group, and allowed to clot. 
The serum was then removed after centrifuga- 
tion and total cholesterol and lipid phosphorus 
determined by standard methods ( 1 1 J 2). The 
baseline, 6 week, and in first experiment, 10 
week values were from averaged individual 
determinations. Animals were all killed at 

t Palmitic acid was furnished through courtesy of 
Dr. Robert J. Vander Wal, Food Research Division, 
Armour and Co. 

These fats were furnished and analyzed by Re- 
search Labs. of Swift and Co. Soybean oil I# 128.6 
Linoleic 41.1, Linolenic 6.4, Arachidonic .OO, Oleic 
39.8, Saturated Acids 7.4; Olive oil I# 81.7 Linoleic 
8.6, Linolenic .58, Arachidonic .Ol, Oleic 71.8, Satur- 
ated acids 14.6; Olive and Palmitic I# 40 Linoleic 
3.39, Linolenic .28, Arachidonic .OO, Oleic 38.03, 
Saturated acids 53.9. Fresh Cottonseed I#  
109.5, Linoleic 40.1, Linolenic .08, Arachidonic .OO, 
Oleic 41., Saturated acids 18.8, Trans isomers, l., 
M.P.-2 to +ZoC; Hydrogenated Cottonseed I# 
77.3 Linoleic 9.27, Linolenic 0.04, Arachidonic .OO, 
Oleic 67.3, Saturated Acids 23.4, Trans isomers 30.9, 
M.P. 35OC; Lab Hardened Cottonseed I# 42.5 
Linoleic '0, 'Linolenic, .O Arachidonic .O, Oleic 50 
(calc.) Saturated Acids 45.6, Trans isomers 28.4, M.P. 
5OOC. 
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10 weeks in Exp. 1 and 6 weeks in Exp. 2. 
Re.wlts o j  First Experiment. Rod? Weights. 

A11 groups had initial average weight of about 
540 g. Both sojybean and olive oil groups re- 
gardless of whether cholesterol was added. 
showed similar total weight gains of 200-2 50 
,ii at end of 10 weeks. On the other hand, 
rats receiving the most saturated fat consis- 
tently showed less weight increase, and at  end 
of experiment this was only one-half that of 
other groups or about 125 g. Fecal fat escre- 
tion study during seventh week with animals 
in Groups 1 and 5 showed an average 0.3 g 
more lipid material was excreted/day by rats 
fed palmitic acid-olive oil ration. Part, if not 
all, of lesser weight gain may be accounted 
for by this fact. 

Serum Lipid Determinations. Fig. 1 shows 
results of serum lipid determinations. In 
every group serum cholesterol rose to a peak 
at  2-4 weeks, then declined during remainder 
of experiment even though diets were constant 
during entire 10 weeks. Groups fed soybean 
oil (I# 129) showed a slow rise reaching a 
peak of 160 mg% followed by decline to intial 
levels whether cholesterol was fed or not. In 
groups fed olive oil ( I#  82),  there was a 
sharper rise to about the same peak level as 
in preceding groups. Khen dietary choles- 
terol was added, there was a definite elevating 
effect compared to that observed with com- 
parable cholesterol-free ration. Elevations of 
these serum cholesterol values were niain- 
tained longer but at 10 weeks they had de- 
clined almost to initial levels. The same 
phenomena were noted for the 5O:SO mixture 
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as for olive oil except that peaks for this ra- 
tion were the highest attained. Moreover, al- 
though a subsequent decrease was noted, 
serum cholesterols of the group receiving 
5O:SO fat  mixture with added cholesterol did 
not return to initial levels of blood cholesterol. 
Serum phospholipid curves resembled choles- 
terol curves with initial rise and subsequent 
decline for all diet groups. Soybean and olive 
oil groups were quite similar. With 50:50 
rnisture however, phospholipid levels were 
definitely elevated above levels of other 
groups. In no instance, however, did addition 
of dietary cholesterol raise the phospholipid 
level above its cholesterol-free counterpart as 
it did with serum cholesterol levels. Phospho- 
lipid levels were not elevated until the great- 
est degree of saturation (or lowest levels of 
essential fatty acids) had been reached. 

IYith soybean oil diet, serum cholesterol- 
phospholipid ratio did not change appreciably 
and addition of cholesterol had no apparent 
influence. Olive oil alone also had no influ- 
ence on the ratio, but when cholesterol was 
added, there was a definite elevating effect. 
In groups fed the most saturated 50:SO mix- 
ture only, the ratio was depressed. Addition 
of dietary cholesterol again resulted in higher 
ratio, this time near normal levels. The only 
apparent correlation between dietary variables 
and behavior of ratio was observed in relation 
to oleic acid content of rations. 

For cholesterol-free diet groups, increasing 
saturation of dietary lipid caused increasing 
liver weights and progressively greater liver 
percentage of body weights. Moreover, for 
a given dietary fat, addition of cholesterol re- 
sulted in increase of liver weights above those 
of corresponding cholesterol-free ration. 

Results o f Second Experiment. Weight 
Changes. Groups fed the most unsaturated 
and the moderately saturated cottonseed oil 
gained weight similarly. Groups fed highly 
saturated fat declined after first week and 
showed little net gain at  end of experiment. 
Fecal excretion study for fat at  5% weeks, 
on animals in Groups 2 and 6 showed that 
over 1 g more lipid material was excreted/day 
by rats receiving laboratory hardened fat. 
This correlates with their lower body weight. 

Serum Lipid Analysis. Fig. ? shows results 
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FIG. 2. Meail serum lipid analyses of Exp. 2. 

of serum lipid analyses. As in Exp. 1, the 
general pattern included a peak a t  4 weeks 
and subsequent decline for serum cholesterol 
values in all groups. In this experiment neither 
increased lipid saturation nor added dietary 
cholesterol influenced serum cholesterol level, 
until dietary fat was very saturated. Then 
these factors appeared additive. This sug- 
gests that a critical degree of saturation (or 
a threshold level of essential fatty acid de- 
ficiency) is necessary to produce elevation of 
serum cholesterol and to result in further ele- 
vation by dietary cholesterol. In almost 
every case phospholipid values were parallel 
to serum cholesterol values. The one excep- 
tion was continued rise with feeding of very 
saturated fat  with added dietary cholesterol. 
This phenomenon was similar to that observed 
in the first experiment. Kinsell(7) has re- 
ported a similar result in man. 

Serum cholesterol-phospholipid ratios paral- 
leled serum cholesterol when either natural 
or hydrogenated oils were fed. This was also 
true until 4 weeks, when “lab. hardened” plus 
cholesterol ration was fed, but a t  6 weeks 
there was a precipitous drop due to continued 
phospholipid elevation. As in the first experi- 
ment the ratio of the group fed the most sat- 
urated fat  alone was depressed. 

Discussion. When one varies saturation of 
dietary lipids under experimental conditions, 
other dietary constituents may be changed 
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also. For example such factors as dietary 
estrogenic substances, sitosterol, and choles- 
terol content of experimental rations may be 
inadvertently altered. Furthermore, caloric 
intake and intestinal absorption may be sig- 
nificant but hidden variabIes in an otherwise 
well controlled study. In our experiments 
care was taken to establish conditions which 
would allow a valid comparison of effects of 
saturation of fatty acids with and without 
added cholesterol on blood lipid levels of the 
rat. By employing stomach tube feeding 
technic, and by selected fecal €at analyses, 
variables of caloric intake and gastrointestinal 
fat absorption were either well controlled or 
evaluated. Use of vegetable oils avoided 
cholesterol contamination of those rations to 
which it was not added. Employing a bio- 
logical assay for dietary estrogens( 13) ancil- 
lary studies in conjunction with the first ex- 
periment, indicated that soybean oil had es- 
trogenic activity. Therefore in the second 
experiment a single fat source, free of estro- 
genic effect, was employed and degree of sat- 
uration was varied by hydrogenation. The 
sitosterol content of various oils is a variable 
that was not measured.$ 

Insofar as our results can ;be evaluated, it 
appears that no matter whether saturation of 
dietary fat is increased by additional palmitic 
acid or by hydrogenation of cottonseed oil, 
there is no great tendency €or serum choles- 
terol to rise unless dietary cholesterol is added 
to the diet. Perhaps of more importance is 
the observation that dietary cholesterol has 
little elevating effect on serum cholesterol 
unless it is combined with highly saturated 
fat-containing diet. In both experiments the 
cholesterol-phospholipid ratios were relatively 
higher when dietary cholesterol was added to 
the more highly saturated fats. 

These results aid in interpretation of several 
recent reports on relationship between dietary 
lipids and blood lipids. For example under 

$ Since this manuscript was submitted we have 
completed sitosterol analyses on the lipids used in 
this experiment. These are (mg%>: Soybean oil .59, 
Olive oil .38, Cottonseed oil .44. Hydrogenation of 
cottonseed oil did not alter the sitosterol content. 
These results indicate that dietary sitosterol was prob- 
ably not a significant variable in this study. 



some clic2tal-y c x w l i t  ioils t lwe  i s  evidencc 1 h;i t 
dietary cholesterol has little i f  any effect on 
Mood cholesterol in rats( 1 7 ) .  This is .said 
to he the case in man also(4,7.16), hut it ma!’ 
tie true only when individuals already have ;in 

elevated blood cholesterol level or when the). 
receive diets containing considerable unsatu- 
rated fat. Although most recent evidence sup- 
ports the relationship between saturation of 
dietary fatty acids and elevation of lilood 
cholesterol(3,7), there are also interesting es- 
ceptions to this general correlation ( 14.1 5 ) . 
Such variables as amount of fat consumed. 
initial level of serum cholesterol. length of diet 
period, and presence or absence of dietar!, 
cholate must be evaluated in interpreting these 
experiments. Furthermore, it is evident from 
our data that homeostatic factors probably 
play a major role in influencing ultimate 
serum cholesterol levels in dietary eqeri-  
ments. In both experiments here summa- 
rized. at  2 to 4 weeks. blood lipids of groups 
receiving the less saturated oils showed differ- 
ences between groups fed diets with and with- 
out dietary cholesterol. These either disap- 
peared or changed at 6 or 10 weeks. It all- 
pears, however, that this homeostatic mechan- 
ism is least effective when cholesterol is fed 
with highly saturated lipid. 

Although there is evidence suggesting that 
degree of saturation of dietary fat may influ- 
ence esterification of serum lipids, especiallJ- 
serum cholesterol ( 18) , further study is neces- 
sary to ascertain the relation of these observa- 
tions to elevation of serum lipids and deposi- 
tion of lipids in arteries. I t  appears that 
among the many factors that influence the 
level of serum lipids, highly saturated fat and 
dietary cholesterol combined have a definite 
additive effect. 

Summary. 1) In adult male albino rats tuL)e 
feeding diets containing large quantities oi 
vegetable fats of differing degrees of satura- 
tion and essential fatty acid content. suggests 
that serum cholesterol is elevated by increas- 
ing saturation and that dietary cholesterol 
augments this effect for the more saturated 
oils, Elevation appears transient for the less 
saturated oils but is more sustained for highly 
saturated fats. 2)  Serum phospholipid values 
in general are parallel to serum cholesterol 

v;ilucs. Only with feeding of fats with lowest 
J 8 was thcrr an  elevation of phospholipid 
levels to especially high values as compared 
with serum cholesterol. This effect i s  particu- 
larly striking for “lab. hardened” cottonseed 
oil fed with cholesterol. 3) Cholesterol/phos- 
pholipid ratio shows no difference between 
groups fed high I# oils with or without dietary 
cholesterol. The more saturated fats showed 
elevation of ratios in groups with added cho- 
lesterol above groups fed no cholesterol. High- 
ly saturated fat fed alone had a lowering 
effect on the CAP ratio. 
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