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STELLINGEN 

1. Bij studies in proefdieren is tot nu toe onvoldoende rekening gehouden met 

het feit, dat de dichtheidsgrenzen van de verschillende serumlipoproteinen-

klassen zoals die bij de mens worden gehanteerd, niet zonder meer toepasbaar 

zijn op de serumlipoproteinen van de verschillende diersoorten. 

Dit proefschrift. 

2. Een indeling van de high density serumlipoproteinen van de mens in twee sub-

frakties met als dichtsheidsgrenzen 1.063<d<1.10 en 1.10 < d < 1.21 g/ml 

lijkt juister dan een indeling in 3 subfrakties zoals beschreven door 

Anderson et al. 

Dit proefschrift. 

Anderson, D.W.; Nichols, A.V.; Forte, T.M., and Lindgren, F.T.: 
Particle distribution of human serum high density lipoproteins. 
Biochim. Biophys. Acta 493: 55-68 (1977). 

3. In de literatuur wordt te weinig nadruk gelegd op het feit dat het verschil 

in effect van caséine en soja eiwit in het rantsoen op het serumcholesterol

gehalte bij proefdieren, met uitzondering van het konijn, pas duidelijk 

naar voren komt als atherogene, cholesterolrijke rantsoenen worden gebruikt. 

4. "There is much left to be clarified in the area of diet and its effect on 

serum lipids and atherosclerosis. Research findings to date should be used 

as clues to further inquiry rather than as the basis for dietary dicta". 

David Kritchevsky, in: Nutrition, Lipids and Coronary Heart Disease, 
biz. 240, Raven Press, New York (1979). 

5. Het behandelen van hyperlipoproteinemie door middel van een dieet is te 

prefereren boven het toedienen van medicijnen. 

Descovich, G.C.; Gaddi, A.; Mannino, G.; Cattin, L.; Senin, U.; Caruzzo, 
C ; Fragiacomo, C. ; Sirtori, M. ; Ceredi, C. ; Benassi, M.S.; Colombo, L. ; 
Fontana, G.; Mannarino, E.; Bertelli, E.; Noseda, G., and Sirtori, C R . : 
Multicentre study of soybean protein diet for outpatient hypercholeste-
rolaemic patients. Lancet ii: 709-712 (1980). 



6. Bij het behandelen van hyper!ipemisehe patiënten m.b.v. een dieet zou meer 

aandacht moeten worden geschonken aan voedingseiwitten die betere sensorische 

eigenschappen bezitten dan soja eiwit en bij dierproeven eveneens een serum-

cholesterol verlagend effect te zien geven. 

Descovich, G.C.; Gaddi, A.; Mannino, G.; Cattin, L.; Senin, U.; Caruzzo, 
C.; Fragiacomo, C.; Sirtori, M. ; Ceredi, C.; Benassi, M.S.; Colombo, L.; 
Fontana, G.; Mannarino, E.; Bertelli, E.; Noseda, G., and Sirtori, C.R. : 
Multicentre study of soybean protein diet for outpatient hypercholeste-
rolaemic patients. Lancet ii: 709-712 (1980). 

Carroll, K.K., and Hamilton, R.M.G.: Effects of dietary protein and 
carbohydrate on plasma cholesterol levels in relation to atherosclerosis. 
J. Food Sei. 40: 18-23 (1975). 

7. Belangrijke vindingen worden vaak eerder door toeval gedaan dan door systema

tisch onderzoek. 

8. Onder het motto: "Quot linguas quis callet, tot homines valet" (zoveel malen 

is men man, als men talen spreken kan), moet het terug brengen van het aantal 

verplichte talen op de middelbare school als een verarming van het onderwijs 

worden beschouwd. 

9. Een promotie-assistent zou bij zijn of haar aanstelling als welkomstgeschenk 

een exemplaar moeten worden aangeboden van het boek: "How to write and to 

publish a scientific paper". 

Day, R.A.: How to write and to publish a scientific paper. 
ISI Press, Philadelphia (1979). 

10. Het poneren van stellingen bij een proefschrift is eigenlijk in strijd met 

het dialektisch denken, dat een wetenschapper eigen zou moeten zijn. 

Proefschrift A.H.M. Terpstra 
The effect of semipurified diets containing either casein or soybean protein 
on the concentration of serum cholesterol and the lipoprotein composition in 
rabbits. 
Wageningen, 17 juni 1981 
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Mient Bouius voor het samenstellen van de rantsoenen en naar Jo Haas en 

Willem Capelleveen van het centrum kleine proefdieren voor het verzorgen van de 

konijnen aldaar. 

Ook zou ik Riet Hoogkamer willen bedanken voor het typen van het proef

schrift en Alfred van Baaren voor het fotografisch werk. 

Tenslotte ook mijn dank aan iedereen van het laboratorium, met name Frans 

Schouten en alle anderen die mij tijdens het onderzoek met raad en daad hebben 

bijgestaan. 

En last but not least wil ik in het bijzonder Ypie bedanken voor de morele 

steun. 



INTRODUCTION 

The role of diet and nutrition in the etiology of hypercholesterolemia and 

atherosclerosis was recognized as far back as 1909 by Ignatowski. .Serendipitous-

ly, he found that the feeding of animal products to rabbits resulted in 

arterial lesions similar to those found in humans. Although he ascribed the 

deleterious effect to the protein source in the diet, the focus of attention 

was mainly directed on dietary cholesterol in further studies by other investi

gators. However more recently, the role of dietary protein in the etiology of 

hypercholesterolemia and atherosclerosis has again become a subject of investi

gation. 

In the present study the effect of dietary protein on the serum cholesterol 

concentration and lipoprotein composition has been studied in an experimental 

animal, the rabbit. Since the rabbit is highly susceptible to the induction of 

hypercholesterolemia and atherosclerosis, this animal can be considered as 

\/ery suitable for these studies. 

In all the experiments described, use was made of two different types of 

dietary protein, i.e. casein and soybean protein. These proteins have been 

chosen, since they vary largely in their cholesterolaemic effect. Rabbits fed 

a diet containing casein very soon develop hypercholesterolemia and athero

sclerosis, whereas rabbits on a diet containing soybean protein do not. 

The effect of dietary protein on serum cholesterol concentrations and the 

genesis of atherosclerosis has been extensively studied both in man and experi

mental animals. In the following chapter these studies will be summarized and 

discussed. 

Before starting the experiments on dietary protein, a method was developed 

for the separation of serum lipoproteins, the carriers of serum cholesterol. 

With this technique, alterations in serum lipoproteins due to dietary protein 

could be easily studied. 

Subsequently, the time course of changes in serum cholesterol concentration 

and lipoprotein composition when rabbits were transferred from a commercial 

diet to a semipurified diet containing either casein or soybean protein was 

studied. This was followed by an investigation into whether the hyperchole-

sterolaemic effect of casein could be enhanced by the incorporation of a higher 

proportion of this protein in the diet. Finally the progression and regression 
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of hypercholesterolaemia was studied when rabbits fed a diet containing soybean 

protein were transferred to a casein diet and vice versa. In order to accentuate 

the effect, high protein diets were used in this final study. 
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I INTRODUCTION 

The impact of diet and nutrition on the etiology of hypercholesterolemia and 

atherosclerosis has been well established (114). Since it was observed in the 

first decade of this century that atherosclerosis could be produced by dietary 

means, the effect of various food components on serum cholesterol concentration 

and atherosclerosis has been studied. Initially the focus of attention was 

mainly directed towards dietary cholesterol; later to dietary fat, carbohydrate 

and fibre and more recently dietary protein has become the subject of invest

igation. In this review studies on dietary protein will be scrutinized. The 

effect of both the nature and the amount of dietary protein on cholesterol 

metabolism and atherogenesis in man as well as in experimental animals will be 

discussed. 

II HISTORICAL BACKGROUND 

In order to study atherosclerosis and to elucidate the etiology of this 

disease, much effort has been directed towards the production of arterial 

lesions in experimental animals. Various methods were tried, such as mechanical 

means, injury of nerves or injection with alcohol, lead or epinephrine. 

However, the arterial lesions produced by all these methods were more akin to 

the Mönckeberg type of arteriosclerosis characterized by necrosis and calcifi

cation of the media (133) rather than to the type of human atherosclerosis 

recognized as a pathogenic accumulation of material consisting mainly of lipid 

in the intima (126) (atherosclerosis is derived from the Greek athere meaning 

gruel or mush). Therefore, Saltykow (170) concluded in his review of the 

literature in 1908 that all attempts up to that time to produce arterial 

lesions experimentally in animals resembling those in humans were unsuccessful. 

A great breakthrough was achieved by Ignatowski (82) who studied the 

effect of dietary protein derived from animal sources on the structure and 

function of parenchymous organs in rabbits. He discovered fortuitously that 

rabbits fed meat, milk and eggs developed arterial lesions; the resemblance of 

these lesions to human atherosclerosis was immediately recognized. Great inter

est was aroused by the findings of Ignatowski (82) since now on experimental 

model for studying human atherosclerosis was provided. Furthermore, he had 

demonstrated that atherosclerosis could be produced by dietary means. 

The changes in the vessels were initially ascribed to the injurious 

effects of animal protein (82). However, Stuckey (191) tested different food-
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stuffs of animal origin and found that the feeding of egg yolk to rabbits 

resulted in atheromatous changes in the intima, whereas other animal products, 

such as milk, egg white and meat juice had no effect. These findings together 

with the observation that feeding egg yolk resulted in deposition of large 

amounts of fatty substances in the liver and aorta, prompted the hypothesis 

that the lipid in the egg yolk was responsible and that the protein in the diet 

had little to do with atherosclerosis. Therefore, feeding trials were carried 

out using rabbits fed various types of fat, such as tallow, cod-liver oil, 

sunflower oil and ox brain (190). Only ox brain produced atheromatous changes 

in the aorta identical to those in rabbits fed egg yolk. Therefore, neutral fat 

was no longer considered to be an atherogenic agent. The livers of the rabbits 

used in Stuckey's experiment were studied by Chalatow (23) and microscopic 

examination of the livers of rabbits fed egg yolk revealed the presence of small 

biréfringent crystals in the form of needles and plates. However, the identifi

cation of these crystals was rather difficult and Chalatow suggested that they 

were composed mainly of lecithin contaminated with cholesterol. Since egg yolk 

contains large amounts of lecithin, Wesselkin (203) proposed that this lipid 

might be the atherogenic factor, but feeding lecithin to rabbits produced nega

tive results. Further studies on rabbits fed egg yolk by Wesselkin (203) 

provided evidence that the fatty substance deposited in the liver and aorta 

contained mainly cholesteryl esters. This prompted the idea that in the diet 

the cholesterol from the egg yolk was the culprit. This early work was rounded 

off by Anitschkow and Chalatow (3) and Wacker and Hueck (200) who demonstrated 

independently that feeding to rabbits crystalline cholesterol dissolved in sun

flower oil resulted in similar arterial lesions as did the feeding of egg yolk. 

Therefore, the view of Ignatowski (82) that the arterial lesions in rabbits 

fed animal products could be attributed to animal protein, was largely 

abandoned. From then on the inclusion of cholesterol in the diet was generally 

considered as a prerequisite for the production of experimental atherosclerosis 

in rabbits. Duff (36,37) stated in 1935 in his comprehensive review of the 

literature on experimental atherosclerosis that no data were available to show 

that a sterol-free diet could produce arterial lesions similar to those found 

in experimental arteriosclerosis produced by including cholesterol in the diet. 

This view has been expressed more recently by Armstrong (5) who wrote in 1976 

that dietary cholesterol is a sine qua non for the induction of atherosclero

sis in experimental animals. 

Nevertheless, a number of investigators over the years have still adhered 

to the idea that dietary protein might play an important role in the etiology 
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of atherosclerosis. Newburgh (141) observed in 1919 that high casein diets were 

able to produce atherosclerosis whereas the feeding of soybeans could not. 

Similar results were reported by Meeker and Kesten (129) several years later 

and more recently it has been clearly demonstrated that in rabbits hyperchole

sterolemia can be produced by feeding cholesterol-free semipurified diets 

containing casein (106, 205). The effect of both the nature and the amount of 

dietary protein on cholesterol metabolism has been studied extensively in man 

and various experimental animal species and this will be the subject of this 

article. 

Ill STUDIES IN EXPERIMENTAL ANIMALS 

A. The Role of the Nature of Dietary Protein 

1. Rabbits 

As mentioned above, the role of dietary protein in the etiology of athero

sclerosis was recognized as far back as 1909 by Ignatowski (82). Serendipitous-

ly, he found that rabbits fed animal protein very soon developed arterial 

lesions. Later, Newburgh (141,143) observed while studying Bright's disease, 

that rabbits fed diets high in casein (30 g/day), developed arterial lesions, 

whereas no such changes were detectable in rabbits consuming soybeans. He 

ascribed these changes, as did Ignatowski (82) to the protein in the diet; 

furthermore he found that diets containing lean beef muscle were also able to 

produce atherosclerosis (142). In addition, Clarkson and Newburgh (27) pointed 

out that the amount of cholesterol in the meat was insufficient to produce the 

lesions. Unfortunately, the cholesterol in the meat-free control diet was 

added as a powder, so it was probably not absorbed from the gut as completely 

as the cholesterol in the meat. 

Nuzum and coworkers (148) observed that rabbits fed a high protein diet 

containing liver, casein and cod-liver oil developed atherosclerosis; those 

upon a diet composed of oats, tomatoes, alfalfa and cod-liver oil also 

exhibited arterial lesions, albeit to a lesser extent. However, a diet contain

ing soybeans instead of oats failed to produce arterial lesions, which 

suggests an inhibitory effect of soybeans on atherogenesis. Freyberg (47) also 

did not observe atherosclerosis in rabbits fed high protein diets (33-38%) 

containing soybeans, gluten flour and alfalfa meal. 

Impressed by the results in these studies, Meeker and Kesten (129) reinvest

igated the effect in rabbits of diets high in either soybean protein or casein. 

When rabbits were fed cholesterol-supplemented diets, soybean protein exhibited 
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a protective action, while casein tended to increase the degree of athero

sclerosis and hypercholesterolemia. Furthermore, high casein diets, essential 

ly free of cholesterol, were also able to induce atheromatous lesions indis

tinguishable from those induced by dietary cholesterol (Table 1). 

Table I 

INCIDENCE OF AORTIC SCLEROSIS IN RABBITS FED DIETS CONTAINING EITHER CASEIN OR SOYBEAN PROTEIN, 
ACCORDING TO Meeker and Kesten (129)' 

Diet 

Basic 

Casein 

Soybean 

Basic 

Casein 

Soybean 

Dietary choies 
(mg/day) 

none 

none 

none 

60-250 

250 

60-250 

te rol 

Number 
Used 

8 

12 

8 

21 

13 

16 

Rabb 

Number 
Sclerot 

0 

6 

0 

15 

10 

6 

its 

ic 
Percentage 
Sclerotic 

0 

50 

0 

70 

75 

35 

Degree of Sclerosis of Aorta2 

The diets were fed for 6 months. 

+ , Presence of lesion was doubtful on gross examination, but one became evident on microscopic 
examination. 

++ , One to several small atheromatous plaques were visible on gross examination. 

+++, Numerous plaques were present. 

The hypercholesterolaemic effects in rabbits of cholesterol-free diets 

containing casein as the protein source were confirmed later by Wigand (205) 

and Lambert et al. (106), using the semipurified diets described by Wooley 

(207) and Thacker (195), respectively. Howard et al. (78) varied the composi

tion of these diets and found that the replacement of casein by soybean protein 

was effective in preventing hypercholesterolemia. 

Much research on the effect of dietary protein on hypercholesterolemia in 

rabbits has been done by Carroll and coworkers. They have provided strong 

evidence that the hypercholesterolaemic properties of semipurified diets con

taining casein were attributable to the protein source. The addition of 25% 

casein to a diet consisting of powdered commercial pellets resulted in a mode

rate hypercholesterolemia (19,20). Furthermore, they published the results of 

a series of feeding trials designed to test the effect of different proteins on 

plasma cholesterol levels (22,60). Some protein sources, such as extracted 

whole egg, skim milk powder and casein produced rather high concentrations of 
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Table II 

CONCENTRATION OF PLASMA CHOLESTEROL IN RABBITS FED SEMIPURIFIED DIETS CONTAINING VARIOUS ANIMAL AND PLANT PROTEINS, 
ACCORDING TO Carroll and Hamilton (22, 60)1 

Dietary protein 

Animal protein 

Extracted who 

Skim milk 

Lactalbumin 

Casein 

Beef protein 

Pork protein 

Raw egg white 

le egg 

concentrate 

concentrate 

Number 
of 
rabbits 

4 

6 

5 

20 

5 

6 

6 

Plasma choleste 
(mg/100 ml, 

mean ± S.E 

235 i 89 

230 i 40 

215 Î 69 

200 i 22 

160 i 60 

110 i 17 

105 Ï 28 

rol 

M.) 

Dietary protein 

Plant protein 

Wheat gluten 

Peanut protein concentrate 

Peanut meal 

Soybean protein concentrate 

Soybean protein isolate 

Number 
of 
rabbits 

6 

6 

4 

6 

6 

Plasma cholestero 
(mg/100 ml, 

mean ± S.E.M. 

80 ± 21 

80 i 10 

75 î 27 

25 i 5 

15 i 5 

The diets were fed for 28 days. 

serum cholesterol, whereas other sources of protein, such as pea, soybean and 

fababean protein were able to maintain low levels of serum cholesterol 

(Table II). 

The involvement of dietary protein in cholesterol metabolism has been 

reported also by Hermus (63). In search of an improved semipurified diet for 

.—. 
•o 

en 
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—200 

o 
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i/i 
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Q100 
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o 
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/ ^ r , ryjQ ° 

CD 
CO 12 24 36 

Weeks 
1*6 

-U 

6o 
E 
E 

60 

Fig. 1. Concentration of serum cholesterol in rabbits fed semipurified diets 

containing different proteins. 

x x, 20% casein (6 rabbits);c C , 12% casein + 8% gelatin 

(8 rabbits); «-

(9 rabbits) ; • -

, 7.5% casein, 7.5% fish protein and 5% gelatin 

- • , 6.2% casein, 6.2% fish protein, 4.3% gelatin 

and 4.1% soybean protein (9 rabbits). 

Reproduced from Hermus et al. (63,67), 
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rabbits, the casein in the diet was replaced by a protein mixture composed of 

fish protein, casein, gelatin and soybean protein which resembled more or less 

the amino acid composition of a commercial diet. This mixture turned out to be 

less hypercholesterolaemic than casein which indicates a role for dietary 

protein in the genesis of hypercholesterolemia (Fin. 1). 

Similarly, Kritchevsky (102) observed that rabbits fed lactalbumin 

exhibited levels of serum cholesterol twice as high as animals fed corn 

protein or wheat gluten; the degree of aortic lesions paralleled the levels of 

serum cholesterol. 

Hypercholesterolemia, produced in rabbits by feeding semi purified diets 

containing casein has been found to be accompanied by increased levels of 

cholesterol in low density and very low density lipoprotein particles (16,165, 

193,194,105). The increase in the level of total serum cholesterol is reflected 

initially in an increased concentration of low density lipoprotein cholesterol. 

However, when the level of serum cholesterol increases to a greater extent 

there follows an increase in the level of cholesterol in the very low density 

lipoproteins (Table III). It is noteworthy that feeding semipurified diets to 

Table III 

CONCENTRATION OF CHOLESTEROL IN SERUM LIPOPROTEINS OF RABBITS WITH DIFFERENT 
CONCENTRATIONS OF SERUM CHOLESTEROL PRODUCED BY FEEDING SEMIPURIFIED DIETS 
CONTAINING DIFFERENT PROPORTIONS OF CASEIN, ACCORDING TO Terpstra et al. (193) 

VLDL2 

LDL 

HDL 

Total 

Choleste 

initial 

17.8 - 3.4 

14.0 ± 2.0 

18.4 ± 1.2 

50.2 + 4.4 

rol concentration (mg/100 ml, mean 

semipurified di 

10% casein 

40.7 i 5.4X 

30.9 ± 13.7XX 

15.1 ± 2.8X X X 

86.8 ± 14.6XX 

20% casein 

119.1 ± 33.7 

146.8 ± 15.3 

60.2 ± 5.5 

326.1 ± 45.3 

ets 

± S.E.M.) 

40% casein 

542.2 ± 197.lx 

210.0 ± 57.4 

44.7 ± 11.5 

796.9 + 235.8X 

The diets were fed for 28 days; each group comprised 6 animals, the initial 
values represent the average values of all the 18 rabbits immediately 
before the change to the semipurified diets. Comparison of the 20% casein 
group with the 10% and 40% casein group: 

x P ( 0.05; x x P < 0.01; X X K P < 0.001 

VLDL, very low density lipoproteins; LDL, low density lipoproteins; 
HDL, high density lipoproteins. 
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rabbits produces marked variations between individual rabbits in the density 

profile of the lipoproteins in the serum (194). 

Much evidence is available that the role of dietary protein in the regula

tion of cholesterol metabolism in rabbits might be attributable to the amino 

acid composition of the proteins. Huff et al. (79,81) fed rabbits semi purified 

diets containing an amino acid mixture resembling the composition of either 

casein or soybean protein. Enzymic hydrolysates of both proteins were also used. 

The hydrolysates produced slightly lower serum cholesterol values than the 

intact proteins, but the difference between the two proteins was still present. 

The amino acid mixture equivalent in amino acid composition to casein produced 

concentrations of serum cholesterol similar to those obtained with casein, 

whereas the mixture imitating soybean protein induced somewhat higher levels of 

serum cholesterol than the intact soybean protein isolate. Addition of amino 

acids to casein and soybean protein in order to give an amino acid composition 

equivalent to soybean protein and casein, respectively, revealed that the 

intact protein component of each mixture had an overriding effect. (Table IV). 

Table IV 

CONCENTRATION OF SERUM CHOLESTEROL IN RABBITS FED SEMIPURIFIED DIETS CONTAINING 
VARIOUS SOURCES OF PROTEIN OR AMINO ACID MIXTURES, ACCORDING TO Huff and Carroll 
(79)1 

Protein and 
amino acid source 

Casein 

Amino acids 

Soybean protein (46%) 
+ amino acids (54%) 

Soybean protein 

Amino acids 

Casein (53%) 
+ amino acids (47%) 

Sunflower protein 

Amino acids 

Egg yolk protein 

Amino acids 

Amino acid 
composition 
equivalent to: 

Casein 

Casein 

Casein 

Soybean protein 

Soybean protein 

Soybean protein 

Sunflower protein 

Sunflower protein 

Egg yolk protein 

Egg yolk protein 

Number 
of 
animals 

6 

9 

6 

6 

10 

6 

6 

5 

6 

Plasma cholesterol 
(mg/100 ml, mean ± S 

221 

213 

94 

68 

124 

185 

53 

140 

286 

225 

± 38 

± 42 

± 23 

± 14 

± 30 

± 50 

± 12 

± 28 

± 35 

± 39 

E.M.) 

The diets were fed for 28 days. 
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Similar results were reported by Hermus et al. (66,67).In these studies a 

number of diets were prepared. In one diet casein was supplemented with amino 

acids to give an amino acid composition identical to a protein mixture composed 

of casein, gelatin and fish protein. In another diet casein was supplemented 

with amino acids resembling casein to provide similar experimental conditions. 

The imitation proteins induced higher levels of serum cholesterol than did the 

intact proteins. Nevertheless, the diet containing protein resembling casein 

gave higher serum cholesterol levels than did the diet resembling the protein 

mixture (Fig. 2). 

6 9 12 

Weeks 

Fig. 2. Concentration of serum cholesterol in rabbits fed semipurified diets 
containing different proteins and amino acid supplementations. 
* x , 20% casein (22 rabbits); o o , 7.5% casein, 7.5% fish 

protein and 5% gelatin 0 4 rabbits) ;o o , 14% casein and 6% amino 
acids to give the diet an amino acid composition identical to the diet 
containing 7.5% casein, 7.5% fish protein and 5% gelatin (14 rabbits); 
x x > 14% casein + 6% amino acids to give the diet an amino acid 

composition identical to the 20% casein diet (14 rabbits). 
Reproduced from Hermus et al. (66,67). 

Hermus (63) indicated that the amino acids present in a semipurified diet 

containing 20% casein, meet or exceed the tentative requirements of the rabbit. 

Therefore, the hypercholesterolaemic action of dietary casein might be ascribed 

to an imbalance of amino acids rather than to an absolute deficiency of some 

particular amino acids. 

From the studies of Hermus et al. (66,67) and Huff et al. (79,81) it can be 

concluded that the amino acid composition of the protein under investigation 

plays an important role in the regulation of serum cholesterol levels. However, 
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the observed effects can not be entirely ascribed to the amino acid composition. 

Therefore, it is possible that other factors such as the rate and extent of 

digestion of the proteins and the sequence of absorption of the amino acids 

may also be determinants in the etiology of hypercholesterolemia (79). Further

more, it has been suggested that some secondary components present in plant 

protein preparations might play an important role in maintaining low levels of 

serum cholesterol; for example, saponins commonly found in plant products, have 

been suggested to exert a hypocholesterolaemic action (149,158). On the other 

hand, evidence has been provided that the hypocholesterolaemic effect of soy

bean protein can not be readily explained by the saponin content (155). 

Evaluating these studies in rabbits, it should be taken into account that 

all the experiments have been done in young, growing animals. As far back as 

1909, Ignatowski (82) reported that young rabbits were more susceptible to 

diet-induced atherosclerosis than their adult counterparts. Similarly, more 

recently it has been found that in rabbits the differential cholesterolaemic 

effect of casein and soybean protein is largely reduced when adult rabbits are 

used (Table V). 

rable V 

EFFECT OF AGE ON THE LEVELS OF SERUM CHOLESTEROL IN RABBITS FED SEMIPURIFIED DIETS 
ONTAINING EITHER CASEIN OR SOYBEAN PROTEIN, ACCORDING TO West and Terpstra (204) 

Diet Serum cholesterol (mg/100 ml, mean ± S.E.M.) 

Young rabbits1 Old rabbits1 

Casein 

ad libitum feeding 

restricted feeding 

Soybean protein 

ad libitum feeding 

restricted feeding 

initial 

41 ± 4 

41 i 4 

41 ± 5 

41 ± 5 

6 weeks 

158 ± 17 

127 î 18 

51 ± 5 

68 ± 12 

12 weeks 

186 i ,43 

148 i 27 

42 ± 5 

66 ± 10 

initial 

20 ± 1 

20 î 4 

20 ± 2 

20 ± 2 

6 weeks 

55 ± 10 

49 ± 10 

31 ± 5 

31 ± 5 

12 weeks 

43 i 7 

38 î 12 

34 ± 6 

17 ± 3 

Age at the beginning of the experiment of the young and old rabbits was 13 weeks and 
10 months, respectively. 
Thirteen animals per group. 
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Furthermore, various dietary components might modulate the cholesterolaem-

ic properties of the protein source in the diet. Kritchevsky et al. (104) 

reported that in rabbits the differential effect of casein and soybean protein 

on serum cholesterol concentration disappeared when wheat straw or cellulose in 

the diet was replaced by alfalfa. Likewise, the hypercholesterolaemic response 

of casein diets in rabbits could be erased by the inclusion of considerable 

amounts of polyunsaturated fat in the diet (106,205). 

2. Rats 

The influence of dietary protein on cholesterol metabolism and athero-

genesis has also been extensively studied in rats. The source of dietary 

protein markedly affects the concentration of serum cholesterol in rats fed 

atherogenic diets. The differential effect on the serum cholesterol concentra

tion of soybean protein and casein in rats was reported over 25 years ago by 

Moyer et al. (135). At about the same time, more extensive studies were 

carried out by Nath and coworkers (138). They observed that the ingestion of 

diets containing 40% of a protein such as casein, fibrin, pork protein or zein 

produced elevated levels of serum cholesterol, whereas wheat gluten and purified 

soybean protein resulted in reduced serum cholesterol concentrations. However, 

quite the opposite result was reported by McGregor (128) who found that wheat 

gluten induced higher serum cholesterol levels than casein. Similarly, Fi 11ios 

and Mann (43) observed that casein diets were less hypercholesterolaemic than 

diets containing soybean protein. A satisfactory explanation for these con

trasting results is not readily available. 

De Groot (56) studied the effect of the addition of various proteins to a 

basal diet containing 15% casein. Each of the supplements which provided an 

additional b% of protein in the diet, caused a decrease in the serum chole

sterol level. The lowest level was obtained with dried whole egg, wheat gluten, 

fish and meat meal whereas supplementation of the basal diet with casein 

resulted in the highest serum cholesterol concentration. Furthermore, it was 

shown that a mixture of amino acids identical to wheat gluten had an effect 

similar to intact wheat gluten. 

The role of the amino acid composition of dietary protein in determining 

serum cholesterol levels in rats was confirmed by the studies of Yadav and 

Liener (Table VI). 

Rats fed atherogenic diets containing soybean flour, soybean protein isolate 

and navy bean flour exhibited lower levels of serum cholesterol than rats on 

diets containing casein as the protein source. Likewise, an amino acid mixture 
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TABLE VI 

CONCENTRATION OF SERUM CHOLESTEROL IN RATS FED SEMIPURIFIED DIETS CONTAINING 
VARIOUS SOURCES OF PROTEIN OR AMINO ACID MIXTURES, ACCORDING TO Yadav and 
Liener (208)1 

Protein and amino acid source Number of animals Plasma cholesterol 
(mg/100 ml, mean ± S.E.M. 

Casein 6 363 ± 60 

Soybean flour 6 172 ± 28 

Soybean isolate 6 208 ± 22 

Navy bean flour 6 1 0 0 + 3 

Amino acids 6 347 ± 37 
(resembling casein) 

Amino acids 6 236 ± 12 
(resembling soybean protein) 

The diets were fed for 4 weeks. 

formulated to simulate the amino acid pattern of soybean protein induced levels 

of serum cholesterol which were lower than those obtained with an amino acid 

mixture corresponding to that of casein. 

The differential effect of casein and a protein mixture consisting of 

gelatin, fish protein and casein on the level of serum cholesterol observed in 

rabbits by Hermus (63) has been reproduced succesfully in rats. The replacement 

of casein by the protein mixture resulted in a reduction in the serum chole

sterol concentrations in both lean and genetically obese Zucker rats (Table VII), 

The increased serum cholesterol concentration was mainly reflected in elevated 

cholesterol concentrations in the low density and very low density lipoproteins 

(58). 

In all of the studies reviewed above, use was made of atherogenic diets, 

i.e. diets containing considerable amounts of cholesterol. However, if no 

cholesterol was incorporated in the diets, generally less striking or even no 

effects at all were found. Hevia and Visek (72) studied the effects of soybean 

protein and casein on serum cholesterol in the presence and absence of dietary 

cholesterol. In diets both with and without cholesterol, higher serum chole

sterol levels were observed in the rats fed casein but only when very high 

levels of dietary protein (45%) were used. When the diets contained 30 or 15% 
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Table VII 

CONCENTRATION OF SERUM CHOLESTEROL IN LEAN AND GENETICALLY OBESE 
ZUCKER RATS FED SEMIPURIFIED DIETS CONTAINING EITHER CASEIN OR A 
PROTEIN MIXTURE, ACCORDING TO Guigoz et al. (58) 

Diet Number of Serum cholesterol (mg/100 ml, mean ± S.E.M.) 
animals lean rats obese rats 

initial 12 weeks initial 12 weeks 

Casein 10 107 ± 3 155 ± 19 134 ± 4 343 ± 17 

Protein mixture1 10 108 ± 2 110 ± 14 137 ± 4 292 ± 17 

Commercial diet 5 105 ± 5 65 ± 4 1 3 9 + 5 115 ± 20 

The protein mixture consisted of casein, fish protein and gelatin 
(8 : 8 : 5.5 by weight). 

protein no differential effect was detectable. It should be mentioned that in 

the experiments of Hevia and Visek (72) the animals were fed for only two wee.ks, 

which might explain why effects were only observed at high levels of dietary 

protein. A hypocholesterolaemic action of soybean protein compared to casein was 

also observed by Olson et al. (151) in rats fed cholesterol-free, choline-

deficient diets. However, the protein effect was eliminated when the diets were 

supplemented with choline. Similarly, Nagata et al. (137) using rats on a 

cholesterol-free low-fat diet observed lower serum cholesterol levels with 

soybean protein than with casein. 

A large series of dietary proteins was studied by Neves et al. (140) using 

cholesterol-free diets. Although total plasma cholesterol varied between the 

rats fed the various proteins, the changes were not associated with any parti

cular protein source and plant proteins were not found to have a hypocholesterol

aemic effect compared with animal proteins. Similar findings have been reported 

by Eklund and Sjöblom (38). Finally, Sautier et al. (171) and Pathirana et ai. 

(155) reported no differential effects at all in rats fed cholesterol-free 

diets containing either casein or soybean protein. 

In most of these studies, male rats have been used. However, it is interest

ing to note that there is evidence for a difference in susceptibility to hyper-

cholesterolaemia between male and female rats. Fillios et ai. (44) observed 

that female rats exhibited more pronounced changes in the levels of serum 

cholesterol produced by dietary protein than their male counterparts. 
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Table VIII 

CONCENTRATION OF SERUM CHOLESTEROL IN CONVENTIONAL AND GERM-FREE CHICKENS 
FED DIETS CONTAINING EITHER CASEIN OR SOYBEAN PROTEIN, ACCORDING TO 
Kritchevsky et al. (103)] 

Group 

Experiment I 

Conventional 

Conventional 

Germ-free 

Germ-free 

Experiment II 

Conventional 

Conventional 

Germ-free 

Germ-free 

Diet 

Soybean 

Casein 

Soybean 

Casein 

Soybean 

Casein 

Soybean 

Casein 

protein 

protein 

protein 

protein 

Number of 
rhirkpnç 

10 

10 

10 

10 

11 

10 

11 

10 

Serum chol 

mean 

365 

539 

521 

627 

286 

713 

565 

819 

esterol (mg/100 ml) 

range 

245-587 

300-1062 

233-1328 

262-1054 

138-418 

372-1157 

240-920 

396-1092 

The diets, which also contained 3% cholesterol, were fed for 28 days. 

3. Birds 

In chickens, several studies have been carried out to examine the involve

ment of dietary protein in cholesterol metabolism and atherogenes!'s. Stamler 

et al. (186) produced data showing that semipurified diets containing chole

sterol tended to be less hypercholesterolaemic and atherogenic when soybean 

protein was included rather than casein and gelatin. Similarly, Kritchevsky 

et al. (103) reported that replacement of casein by soybean protein in chole

sterol-enriched diets lowered the levels of serum cholesterol (Table VIII). 

The results of the experiments described by Kenney and Fisher (90) are in 

agreement with these findings. However, when no cholesterol was incorporated 

in the diet, the effect of the dietary protein source on the serum cholesterol 

level has been found to be less pronounced or absent in chickens (85,71) and 

pigeons (118). 
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4. Pigs 

The effect of dietary casein and soybean protein on cholesterol metabolism 

in pigs has been extensively studied by Kim and coworkers (94). Pigs were 

maintained on semi purified diets high and low in fat and cholesterol. When pigs 

were fed high-cholesterol, high-fat diets containing either casein or soybean 

protein a clear difference in cholesterol response was observed (Table IX). The 

animals fed casein exhibited elevated levels of serum cholesterol, whereas the 

concentration in the pigs kept on the soybean protein diet did not significantly 

differ from the group fed a commercial diet. When a cholesterol-free casein diet 

was consumed, no changes in serum cholesterol levels were observed compared with 

those animals fed a commercial diet (Table IX). Nevertheless, the feeding of the 

semi purified diet produced a decrease in the hepatic microsomal HMG-CoA 

reductase activity together with a reduced excretion of bile acids. Neutral 

steroid excretion did not alter significantly. 

Consistent with these findings of Kim et al. (94) are the results of 

Forsythe et ai. (46). They reported that in pigs fed diets high in both fat and 

cholesterol significantly higher serum cholesterol levels were found when an 

Table IX 

EFFECT OF SEMIPURIFIED DIETS CONTAINING EITHER CASEIN OR SOYBEAN PROTEIN ON SERUM CHOLESTEROL LEVELS IN SWINE, 
ACCORDING TO Kim et al. (94,95) 

Diet 

Experiment A 

Commercial 

Casein 

Soybean protein 

Experiment B 

Commercial 

Casein 

Casein 

Proportion of 
energy derived 
from fat {%) 

10 

42 

43 

10 

9 

40 

Dietary cho 
(mg/day) 

0 

1055 

1055 

0 

0 

0 

esterol Number 
of 
swi ne 

5 

5 

5 

4 

4 

4 

Serum cholesterol 

initial 

85 + 8 

97 î 3 

85 i 5 

100 ± 8 

96 ± 4 

91 ± 4 

(mg/ 100 ml i S.E.M.) 

final 

95 ± 4 

219 i 33 

107 i 3 

101 ± 12 

88 ± 7 

118 ± 12 

The diets were fed for 6 weeks. 

The diets were fed for 2 weeks. 



27 

animal protein mixture (casein and lactalbumin) was replaced by a plant protein 

mixture (soybean, corn and wheat protein). These effects occurred reqardless of 

whether polyunsaturated or saturated fats were included in the diet. 

Similarly, Julius and Wiggers (88) observed that there was a general trend 

toward higher plasma cholesterol concentrations in pigs fed casein than soybean 

protein isolate. 

B. The Role of Amino Acids 

As indicated above, the amino acid composition has been found to be an 

important factor in determining the effects of dietary protein on serum chole

sterol levels and atherogenesis. Therefore, several investigations have been 

carried out in order to elucidate the role of particular amino acids in 

experimental animals such as chickens (96,98,85), rats(55,56,57,69,70) and 

rabbits (79). Some of the amino acids that have been extensily studied will be 

discussed. 

i 

1. Sulphur-containing amino acids 

Much attention has been focused upon the sulphur-containing amino acids 

such as methionine, cysteine, cystine and also taurine. Mann et al. (121,123) 

observed that hypercholesterolemia and atherosclerosis in monkeys fed diets 

containing soybean protein and high in cholesterol could be prevented by 

supplementation with methionine. Similar results have been obtained in rats 

(154) and mice (43). Soybean protein is relatively poor in methionine, and 

Leveille et al. (113) reported that the addition of methionine to a diet con

taining marginal levels of this amino acid resulted in a reduction of the 

hypercholesterolaemia in chicks. However, there is evidence that supplementa

tion of diets with methionine has also a hypocholesterolaemic effect in rats 

whether or not the diet is limiting in this amino acid (57). The cholesterol-

lowering effect of methionine has also been reported by other authors using 

rats (139,173,174,175,176) and chicks (73). On the other hand, there are also 

reports showing that when rats were fed diets supplemented with methionine the 

serum cholesterol level was increased (7,167) or did not change (87). Similarly, 

in rabbits (60) and pigs (94) no effect of methionine was observed when diets 

containing soybean protein were given. Addition of methionine to a casein diet 

has been found to increase the serum cholesterol level (Table X ) . 

Cystine has also been shown to provoke a hypocholesterolaemia in rats (41, 

43,175), mice (43,110) and monkeys (121,123). Furthermore, the concentration of 
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Table X 

EFFECT OF SUPPLEMENTING CASEIN DIETS WITH VARIOUS AMINO ACIDS ON THE 
CONCENTRATION OF SERUM CHOLESTEROL IN RABBITS, ACCORDING TO Hermus (64,65) 

Diet Number of Serum cholesterol concentr 
animals (mg/100 ml, mean î S.E.M. 

Experiment A 

Casein (20%) 22 477 ± 59 

Casein (20%) + methionine (0.20%) 14 710 ± 88 

Casein (20%) + arginine (0.80%) 14 548 ± 78 

Casein (20%) + methionine (0.20%) 13 800 ± 117 
+ arginine (0.80%) 

244 ± 55 

106 ± 15 

171 ± 33 

2 
Experiment B 

Casein (20%) 

Casein (20%) + glycine 

Casein (20%) + glycine 
+ arginine 

(1.38%) 

(1.38%) 
(0.35%) 

14 

10 

14 

The diets were fed for 17 weeks. 

The diets were fed for 13 weeks. 

cholesterol in serum has been reported to be reduced by taurine in rats (68,175 

and monkeys (123) and by ethionine in rats (173,174) and dogs (40,50). 

Itokawa et al. (83) described the anti-hypercholesterolaemic effects of 

S-methylcystine sulphoxide and S-allylcysteine sulphoxide which are commonly 

found in plants of the families Liiiaceae and Cruciferae and may be one of the 

largest sources of non-essential sulphur-containing amino acids in the diet of 

the Japanese. They even suggest that consumption of these amino acids may play 

a role in delaying cholesterol-related diseases in the Japanese population. 

2. Other amino acids 

Olson et al. (51,150,152) observed that in man glutamic acid was able to 

reduce the concentration of serum cholesterol. In order to find an experimental 

model for studying this phenomenon, experiments were carried out in gerbils, 

rats, rabbits and chicks (11). When glutamic acid was included in the diet as ; 

source of non-essential amino acids, serum cholesterol levels were significant-
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ly lowered in chicks and gerbils, whereas they were unchanged in the rabbit or 

increased in the rat. Further studies in gerbils suggested that d-ketoglutarate 

which can be readily produced from glutamic acid, was responsible for the hypo-

cholesterolaemic effect rather than glutamic acid per se (12). 

The feeding of an excess of histidine to infant monkeys has been found to 

result in an elevation of the total serum lipids (91). Similar results were 

found in rats (160,181,182) and rabbits (52) where the addition of 5-8% histi

dine to the diets was associated with an increase in serum cholesterol levels. 

It has been suggested that the low content of lysine in plant proteins 

Table XI 

EFFECT OF THE ADDITION OF LYSINE AND ARGININE TO SEMIPURIFIED DIETS CONTAINING EITHER CASEIN OR 
SOYBEAN PROTEIN ON THE CONCENTRATION OF SERUM CHOLESTEROL AND EXPERIMENTAL ATHEROSCLEROSIS IN 
RABBITS, ACCORDING TO Kritchevsky (102)1 

Dietary protein Number Serum cholesterol Mean atheromata grading ± S.E.M. 
of (mg/100 ml, mean ± S.E.M.) 

Casein 

Soybean protein 

Caséine + arginine 

Soybean protein + lysine 

7 
6 
6 
6 

174 i 30 

59 ± 14 

129 ± 12 

106 ± 29 

animals arch thoracic 

2.2 i 0.5 1.5 ± 0.4 

0.8 ± 0.4 0.5 ± 0.2 

1.4 ± 0.4 0.8 i 0.3 

1.6 ± 0.4 1.1 ± 0.2 

The diets were fed for 8 months. 

2 
Arginine was added to give the diet an arginine/lysine ratio equal to that of soybean protein. 

3 
Lysine was added to give the diet an arginine/lysine ratio equal to that of casein. 

might be responsible for their hypocholesterolaemic properties (69,202). In 

rats supplementation of wheat gluten, a protein known to be limiting in lysine, 

with lysine did not alter the serum cholesterol level (128). Likewise, when this 

amino acid was added to diets containing casein, no significant changes in the 

serum lipids were observed (69,70). On the other hand, addition of lysine to a 

commercial diet resulted in a decrease in the serum cholesterol (84). In 

rabbits, however, a diet containing 1% cholesterol and deficient in lysine 

brought about lower serum lipid levels together with less aortic atherosclerosis 

than a diet with sufficient lysine (202). 

Kritchevsky has provided data suggesting that the ratio of arginine to 

lysine might play an important role in the development of hypercholesterolemia 

and atherosclerosis (102). The addition of arginine to casein in order to 
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secure a ratio of arginine to lysine in the diet equal to that provided by 

soybean protein resulted in a decrease of the serum cholesterol levels together 

with a lower degree of atherosclerosis. Conversely, the supplementation of 

soybean protein with lysine to give the diet a ratio of arginine to lysine 

equal to that of casein enhanced atherogenicity and resulted in an elevation of 

the serum cholesterol levels (Tabel XI). However, contrasting results have been 

reported by Hermus et al. (65,67). The addition of lysine to a protein mixture 

composed of casein, fish protein and gelatin in order to secure a ratio of 

arginine to lysine in the diet equal to that of casein, did not affect the 

hypocholesterolaemic property of this protein mixture (Fig. 3 ) . 

LD 12 18 2U 

Weeks 
30 

Fig. 3. Concentration of serum cholesterol in rabbits fed semipurified diets 
containing different proteins and amino acid supplementations. 
x x , 20% casein (15 rabbits) ; o o , 7.5% casein, 7.5% fish 
protein and 5% gelatin;» • , 7.5% casein, 7.5% fish protein and 
5% gelatin supplemented with 1% lysine to give diet a lysine/arginine 
ratio equal to that in casein (17 rabbits);x x , 7.5% casein, 
7.5% fish protein and 5% gelatin supplemented with amino acids present in 
casein in relative large amounts (methionine, lysine, tryptophane, leucin 
isoleucine, tyrosine, threonine, valine, histidine, proline, serine, 
glutamine and phenylalanine) (15 rabbits) ;o o , 20% casein 
supplemented with amino acids present in casein in relatively low 
amounts (arginine, alanine and glycine) (15 rabbits). 
Reproduced from Hermus et al. (65,67). 
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Hermus et al.(67) also studied the effect of various other amino acids in 

rabbits. On one hand casein was supplemented with the amino acids which are 

relatively scarce in casein. On the other the amino acids abundantly present in 

casein were added to a protein mixture composed of casein, fish protein and 

gelatin and known to be hypocholesterolaemic compared to casein. From the 

results (Fig. 3) it could be concluded that the hypercholesterolaemic effect of 

casein could be ascribed either to a relative deficiency of some amino acids in 

casein or to a relative surplus of other amino acids. Further studies revealed 

that when glycine was added to a casein diet, it was able to reduce the serum 

cholesterol levels, whereas the addition of arginine and methionine tended to 

increase the level of serum cholesterol (Table X ) . However in rats, Aust et al. 
(6) observed that semipurified diets rich in glycine reduced the levels of tri

glycerides but did not affect the serum cholesterol levels. In addition, Katan 

et al.(89) found that increased or decreased levels of serum cholesterol pro

duced by modifications in the amino acid composition of the diets, paralleled 

ithe proportion of the aortic surface covered by atheromatous plaques (Fig. 4 ) . 

20 

80 

60 

40 

20 

0 

-

- D 

30 40 50 
1 1 I 

DCba ° a 

100 200 300 
I ' ' 

• 

o 

0 

1 1 1 1 

400 500 
' 1 

» 
X 

8 

a 

• 
c 

\* *° 
3° X° 8 

1 

0 

c 
X 

• 

o 

X 

c 

1 

1000 mg/d 
! 

°o X -
• 

X 

I 
1 2 3 4 5 10 20 30 

LIFETIME AVERAGE SERUM CHOLESTEROL CONCENTRATION (MMOL/L) 

Fig. 4. Proportion of aortic surface covered by plaques as a function of serum 
cholesterol concentration in rabbits fed semipurified diets containing 
different proteins and supplementations of amino acids. 
x , 20% casein; • , 7.5% casein, 7.5% fish protein and 5% gelatin; 
O, 20% casein supplemented with 0.35% arginine and 0.54% alanine; 
C, 20% casein with 0.35% arginine, 0.54% alanine and 0.65% glycine; 
e, 20% casein with 0.35% arginine, 0.54% alanine and 1.40% glycine; 
», 20% casein with 0.35% arginine, 0.54% alanine and 3.15% glycine; 
• , commercial diet. The diets were fed for 49 weeks. 

Reproduced from Katan et al. (89). 
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C. The Role of the Amount of Dietary Protein 

1. Rabbits 

As discussed earlier, Newburgh and Clarkson (142) demonstrated that the 

atherogenicity of lean beef muscle in rabbits was also determined by the propor

tion in the diet of this protein source. Rabbits consuming a diet with 36% 

protein derived from lean beef muscle developed atherosclerosis sooner than 

those receiving a diet with 27% of this protein. 

A similar experiment was carried out by Freyberg (47) using vegetable 

proteins instead of meat. Rabbits were fed diets containing increasing propor

tions (13,32 and 38%) protein derived from gluten flour, ground soybeans and 

alfalfa meal. Regardless of the proportion of protein in the diets no hyper

cholesterolemia or atherosclerosis was observed. 

Polcâk et al. (157) reported when rabbits were fed an atherogenic diet 

containing 10% casein and 1% cholesterol, that the addition of meat to a final 

protein concentration of 15% had a protective effect against hypercholesterol-

aemia. Supplementation with meat also tended to reduce atherosclerotic changes 

in the aorta. Although the authors suggested that the favourable effects might 

be attributable to the meat, it should be borne in mind that the increase in 

the protein content of the diet per se could also be responsible. 

Munro et ai. (136) demonstrated that in rabbits fed commercial diets con

taining casein and 1% cholesterol the accumulation of cholesterol in the liver 

and other organs could be enhanced by diets high in protein (30% vs 8%). No 

differential effects were observed in the levels of serum cholesterol and 

degree of atheromatous degeneration in the aorta. 

The effects of doubling the proportions of casein and soybean protein in 

the diet were examined by Huff et al. (81). When the level of soybean protein 

was increased from 27% to 54 % no significant differences in serum cholesterol 

were found. At both levels of protein, low serum cholesterol levels were main

tained. However doubling the proportion of casein, an atherogenic protein, 

resulted in even more elevated cholesterol levels. Similar results have been 

obtained by Terpstra et al. (193). Rabbits were fed semipurified diets con

taining 10, 20 or 40% casein; increasing proportions of casein produced higher 

serum cholesterol levels (Fig. 5). 

From the results of Newburgh and Clarkson (142), Freyberg (47), Huff et al. 
(81) and Terpstra et al. (193), it might be concluded that in rabbits the 

hypercholesterolaemic and atherogenic effects of a protein can be enhanced by 

increasing the proportion of the protein in the diet. On the other hand, there 
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is no effect when the proportion of a protein without such hypercholesterol-

aemic properties is changed. 

r ig . 5. 
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Concentration of serum cholesterol in rabbits fed semipurified diets 
containing different proportions of casein. 
¥• •¥• , 10% casein before the cross-over and 40% casein after the 
cross-over (6 rabbits);» » , 40% and 10%, respectively (6 rabbits); 
o o , 20% casein throughout the experiment (6 rabbits); 
• D , commercial diet (3 rabbits). The vertical bars represent the 
S.E.M. at each time point. 
Reproduced from Terpstra et al. (193). 

2. Rats 

In rats, several experiments have been done to study effect of different pro

portions of dietary protein on cholesterol metabolism. Baqhi et al.(7) and Hevia et 

al. (69,70) using cholesterol-free diets reported that increasing proportions 

of casein in the diet were associated with increasing levels of serum choleste

rol. No differences in serum cholesterol concentrations were found by Chang and 

Johnson (25) in rats fed cholesterol-free diets containing either 12% or 27% 

casein. In contrast, other studies using either cholesterol-supplemented or 

cholesterol-free diets have shown that serum cholesterol levels were reduced by 

increasing the proportion of casein in the diet (26,42,55,135,175). Likewise, 

high protein diets have been found to be associated with a decrease in serum 

cholesterol levels when diets containing wheat gluten (138), soybean protein 

(135,138), fibrin or pork (138) were used. 

Jones and Huffman (86) described a more complex relationship between the 

proportion of protein in the diet and serum cholesterol levels. The lowest 

serum cholesterol levels were achieved with diets containing 12 to 18% casein; 

a moderate elevation occurred when 7.5% casein diets were fed; and the highest 

increase was found on a 40% casein diet. A biphasic response was also observed 

by Nath et al. (138). 



In the experiments of Nath et al. (138) with rats increased levels of serum 

cholesterol were produced on a 10% casein diet. There was a reduction on a diet 

containing 30% casein and again an increase when a 69% casein diet was fed. 

In addition, the study of Fillios et al. (44) likewise showed that diets con

taining a low (5%) or high (40 and 60%) proportion of casein resulted in more 

severe aortic sudanophilia than diets containing an intermediate proportion of 

casein (10% or 20%). 

Thus, the results in rats are rather inconsistent. An explanation for these 

differences is not readily available, but it is possible that factors such as 

differences in strain or age of the rats or the duration of the experiments have 

affected the results. 

3. Birds 

Abundant literature is available describing the effects of different levels 

of dietary protein on cholesterolaemia and atherogenesis in birds. In most 

studies an ameliorating effect of high protein diets on hypercholesterolaemia 

and atherosclerosis has been found. Various experiments were carried out by 

Leveille and coworkers (107,108,109,112,113) with chickens fed soybean protein 

or sesame meal as the dietary protein source. The effects of different levels 

of dietary protein were examined in the presence and absence of dietary chole

sterol. In all cases diets low in protein were associated with elevated levels 

of serum cholesterol. Similar results have also been reported by various 

authors using cholesterol-free or cholesterol-supplemented diets with soybean 

protein (85,90,97,100,125,145,166,186,187, Table XII). In several other 

studies it was found that a cholesterol-lowering effect of diets high in plant 

protein could be achieved only when cholesterol was included in the diet (144, 

127,166). Diets containing increasing proportions of casein have also been 

reported to be effective in reducing serum cholesterol levels in chickens (45, 

85,90,99,188). 

Likewise, a number of authors have reported that high protein diets have a 

suppressive effect on atherogenesis (45,144,166,186,187,188) and are effective 

in producing regression. Pick et al. (156) studied the effect of different 

levels of dietary protein on the regression of hypercholesterolaemia and 

coronary atherosclerosis. Cockerels were first made hypercholesterolaemic by 

feeding cholesterol and subsequently studied on cholesterol-free diets con

taining different proportions of soybean protein. High proportions of dietary 

protein proved to be more effective in reducing both the serum cholesterol 
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concentration and atherosclerosis than low protein diets. 

Table XII 

EFFECT OF THE PROPORTION OF SOYBEAN PROTEIN IN THE DIET ON THE CONCENTRATION 
OF PLASMA CHOLESTEROL IN YOUNG CHICKENS FED EITHER CHOLESTEROL-FREE OR 
CHOLESTEROL-SUPPLEMENTED DIETS, ACCORDING TO Johnson et al. (85)1 

Proportion of Proportion of Plasma cholesterol 
dietary protein (%) cholesterol (%, w/w) (mg/100 ml, mean + S.E.M.) 

7 - 253 ± 14 

13 - 199 Î 10 

19 - 156 Î 4 

25 - 139 î 3 

31 - 143 Ï 3 

7 2 611 ± 14 

13 2 342 i 29 

19 2 185 î 10 

25 2 169 î 5 

31 2 165 ï 11 

The diets were fed for 3 weeks; 10 animals per group. 

Studies on the cholesterolaemic effect of different levels of dietary 

protein have also been carried out in atherosclerosis-susceptible pigeons. 

Lofland and coworkers (28,117) maintained White Carneau pigeons on diets with 

three levels of protein (5, 15 and 30% casein) and two types of dietary fat 

and also with or without cholesterol supplementation (0.25%). When cholesterol 

was included in the diet, the pigeons on the high casein diets developed 

higher levels of cholesterol in the serum and aorta together with a higher 

degree of aortic and coronary atherosclerosis. Consistent with these findings 

are the data of Little and Angell (116) from the same laboratory. Pigeons fed 

20 or 40% casein diets with 0.25% cholesterol exhibited higher serum chole

sterol levels and a higher degree of atherosclerosis than their counterparts 

on a 10% casein diet. Similar results were reported by Subbiah (192). A 

commercial diet containing 7.5 or 15% protein and not supplemented with 

cholesterol was fed to pigeons for a period of six months. The low protein 

diet resulted in a slight but significant reduction of serum cholesterol level 
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together with a decrease in the total sterol content in the aorta. 

An explanation for these contrasting results obtained in chickens and 

pigeons on the effects of the proportion of dietary protein on serum chole

sterol level and atherosclerosis is not readily available. It is possible that 

there is a genuine difference between the species but it can not be ruled out 

that other factors such as the overall composition of the diet might play a 

role in determining the levels of serum cholesterol. 

4. Monkeys 

The data obtained from studies on the role of the proportion of dietary 

protein on cholesterol metabolism and atherogenesis in monkeys are rather 

inconsistent and even contradictory. Strong and McGill (189) investigated 

baboons fed high (25%) and low (10°/) casein diets in combination with high and 

low dietary cholesterol levels and also with saturated and unsaturated fats. 

Only with diets high in cholesterol and containing saturated fat did a low 

proportion of protein induce a higher level of serum cholesterol and more 

sudanophilia in the aorta than did the high protein diet. However in all other 

cases, the high casein diets were more hypercholesterolaemic and atherogenic. 

In squirrel monkeys fed commercial diets, the proportion of dietary protein 

(either 9 or 25%) exerted little effect on serum cholesterol concentrations 

(130). Such findings were observed regardless of whether cholesterol-free or 

cholesterol-supplemented diets were used. However, aortic atherosclerosis was 

more extensive in monkeys fed a high proportion of dietary protein when chole

sterol was added to the diet. 

Srinivasan (183,184) maintained spider monkeys upon cholesterol-free and 

cholesterol-supplemented (0,5%) diets containing 4, 8 or 25% protein. The 

rations were prepared from commercial feed to which casein and other components 

were added in various proportions. In the absence of exogenous cholesterol a 

lower protein intake induced a lower concentration of total cholesterol and 

also of (i plus pre-Ç-lipoprotein cholesterol, though not significantly. When 

the diets were supplemented with cholesterol, a reduction in the proportion of 

protein in the diet from 25 to 8% was accompanied by a fall in the serum total 

cholesterol'concentration. In contrast, a further reduction of dietary protein 

to the 4% level markedly increased the level of total cholesterol in the serum. 

Interesting enough both in the presence and absence of exogenous cholesterol, 

the very low protein diet (4%) produced a highly significant elevation of the 

«-lipoprotein cholesterol concentration. 
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5. Pigs 

Various studies have been done in pigs. Barnes et al. (9) reported that 

adult pigs fed diets containing 4.9 and 13.7% soybean protein and different 

types of fat exhibited similar levels of serum cholesterol. In another experi

ment these authors (10) fed weanling pigs diets containing either 9 or 16% 

soybean protein and also either high or low proportions of fat. In both the 

high and low protein group a steep increase in the concentrations of serum 

cholesterol occurred, but this elevation was less in the animals fed the diet 

high in protein and low in fat. After reaching a maximum, the levels of serum 

cholesterol declined toward the levels found in adult pigs with the exception 

of the low-protein, high-fat group. In these pigs the levels remained high. 

These findings suggest that the effect of dietary protein may be strongly 

influenced by other food components such as fat. 

In the study of Gupta et al. (59) pigs were kept for a period of 18 months 

on a protein-deficient diet (5% protein) with a high content of both fat and 

cholesterol. The animals developed all the characteristics of protein deficien

cy. Though no consistent differences in serum cholesterol levels were observed 

compared with animals fed a 25% protein diet, the atherosclerotic lesions in 

the low protein group were more extensive and severe. In contrast, Greer et al. 
(54) reported no consistent effect of the proportion of dietary protein on the 

incidence of atherosclerotic lesions, whereas increasing the proportion of 

dietary protein tended to elevate the serum cholesterol levels. However, it 

should be taken into account that in this study the two levels of dietary 

protein derived from soybeans were not that different (12 vs 18%). 

In studying the effects of the nature of dietary protein on the serum 

cholesterol levels in pigs, Kim et al. (94) observed a hypercholesterolaemic 

effect of casein compared to soybean protein. Subsequently a mixture of casein 

and soybean protein containing equal amounts of these two proteins was fed. 

Doubling the proportion of this mixture in the diet did not have any further 

effect. One explanation might be that upon increasing the proportion in the 

diet of this protein mixture (composed of 50% casein and 50% soybean protein) 

the hypercholesterolaemic action of casein and the hypocholesterolaemic action 

of soybean protein were both enhanced to the same extent and therefore 

balanced each other. 

6. Other animals 

In dogs, protein depletion has been found to cause lipaemia and hyperchole

sterolemia (115). When dogs were fed a diet practically devoid of protein, 
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elevated levels of serum cholesterol were produced compared with dogs receiving 

4.4 g casein daily per kg of body weight. When cholesterol was included in the 

diets, an elevation in the serum cholesterol levels occurred but the different

ial effect between the protein-depleted and control animals was maintained. 

An inverse relationship between serum cholesterol concentrations and 

dietary protein level has also been found in calves. A diet containing 9% 
protein derived mainly from soybean meal brought about significantly higher 

serum cholesterol levels than did a 25% soybean protein diet (29). When diets 

containing different levels of soybean protein in the range 0-28% were used 

similar effects were observed (24). Consistent with these findings are the data 

of Bohman et ai. (15). Calves fed a high-fat diet exhibited lower serum chole

sterol levels when the diets were supplemented with alfalfa pellets which con

tained 15% protein. The authors ascribed these changes in serum cholesterol to 

differences in the proportion of dietary protein. However, the high fibre 

content (36%) of the alfalfa may be responsible since such fibres have been 

shown to lower serum cholesterol levels in rabbits (104). 

IV STUDIES IN HUMANS 

A. The Epidemiological Approach 

Epidemiological studies comparing data in different countries have provided 

strong evidence for a link between the intake of protein, particularly of 

animal protein, with the incidence of coronary heart disease. As early as 1957 

relationships between the coronary mortality and the intake of animal proteins 

were described by Yudkin (213) and by Yerushalmy and Hilleboe (74,212). The rela

tionships of mortality from coronary heart disease with the intake of animal 

protein were even better than with the intake of either total or saturated fat. 

A similar relationship was also reported by Olson et al. (151) in 1958 and has 

been confirmed by other authors (Table XIII). On the other hand, a negative 

correlation has been found with vegetable protein (30). It is interesting to 

note that comparisons between countries reveal relatively minor differences in 

the intake of total protein compared with the ratio of the intake of animal 

protein to the intake of vegetable protein (Table XIV). Similar information 

have been compiled by Kritchevsky (101) derived from time trend studies within 

the United States. He showed that the total protein availability in the United 

States did not essentially change during the period from 1909 to 1972. Never

theless, the ratio of animal to vegetable protein did increase considerably and 

this increase paralleled the increase in mortality from cardiovascular disease. 
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et al. (ibJJ tne low protein diet contained vegetaDie protein ana m une m y n 

protein diet mainly animal protein was used. This may mean that the low protein 

diet had a higher P/S ratio and less cholesterol and this may also have contri

buted to the marked decrease in serum cholesterol. 

Furthermore, in the study of Olson et ai. (153) the rather high initial 
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Table XIV 
DATA ON MORTALITY FROH CORONARY HEART DISEASE (CHD) BY SEX AND COUNTRY (1973) AND NUTRIENT AVAILABILITY PER 
CAPITA (1954-1965), ACCORDING TO Stamler (185) 
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