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Foreword

To most scientists and to all of the general public, heart disease begins and ends
with fat and cholesterol. Only those scientists who have done research in the field
know that the earliest purely nutritional studies of experimental atherosclerosis were
predicated on finding an atherogenic principle in animal protein. The early experi-
ments did point to a connection between food of animal origin and atherosclerosis,
but the observation that dietary cholesterol induced arterial lesions overwhelmed the
earlier studies. It was assumed that the cholesterol content of the animal protein was
responsible for the observed effects.

The obsession with dietary cholesterol exists to this day and the role(s) of animal
and vegetable proteins have been investigated for brief periods and are rarely cited.
There was a period of interest in the 1920s when Newburgh and Clarkson demon-
strated the atherogenicity of animal protein even in the absence of cholesterol. The
first comparison of the effects of animal and vegetable proteins was carried out by
Meeker and Kesten in 1940, but this observation was not exploited for another two
decades. There has been a steady output of papers in this field since the early 1970s
but it has remained a trickle in comparison to the cholesterol and fat literature. This
situation may change, now that we recognize risk factors such as homocysteine,
C-reactive protein and the role of infection, and we realize that the disease goes
beyond dietary fat.

In this book, Professor Debry has succinctly summarized and discussed the role
that dietary protein may play in the etiology of atherosclerosis and atherosclerotic
heart disease. The book is encyclopedic in scope and, remarkably for its size,
summarizes virtually all aspects of the protein—atherosclerosis connection.

Data are presented on every animal species available for experimental work.
The effects of proteins from different sources and of proteins within each source
category are discussed, as are the additional effects of other dietary components (fat,
fiber, minerals).

The possibility that levels or ratios of specific amino acids may exert special
influences is addressed as well. The possible mechanisms of protein effects (which
have still not been clarified) are also summarized. The effects of the nonprotein
components of plant protein are also mentioned. Finally, there is a discussion of
dietary protein effects in humans. Two of the conditions that play a role in athero-
sclerosis — hypertension and thrombosis — can also be affected by dietary protein
and these, too, are discussed.

In the 1950s when the relationship between dietary fat and atherosclerosis was
becoming established epidemiologically, Yerushalmy and Hilleboe used the same
epidemiologic data to show that there was a protein effect that was as strong as that
of fat. This book provides data that support and expand their observation.



Professor Debry has provided an invaluable source of data concerning dietary
protein and atherosclerosis. It is not meant to displace the interest in fat and
cholesterol in this disease, but rather to offer another area of interest and investigation
that has been generally neglected. This book should become part of the library of
every person working in atherosclerosis research or in public health. It will expand
the horizons of research workers in the fields of biology and medicine related to
atherosclerosis and heart disease. Combining the many new research tools now
available with the long-neglected data presented in this volume should yield greater
comprehension of the etiology of atherosclerosis and may lead to an earlier solution
of this major health problem.

David Kritchevsky
Philadelphia, PA



Preface

Although food lipids are now recognized as the major nutritional factors in athero-
sclerosis, it is interesting to remember that the first experimental research projects
investigating the possible relationships among nutrition, blood lipids, and athero-
sclerosis studied the effects of animal proteins and meat in particular. Indeed, dietary
meat induces various forms of pathologic damage to hepatic tissues in rabbits
(Garnier and Simon 1907) and dogs, and also liver necrosis and arterial lesions
(D’Amato 1908). The results of these studies on rabbits were confirmed by
Ignatowski (1908a, 1908b) and Fahr (1912). Later, investigators assessed the effects
of different animal proteins: meat (Lubarsch 1909, 1910) or various associations
such as meat, egg yolk, egg white, and milk (Starokadomsky and Ssobolew 1909;
Stuckey 1911, 1912). Anitschkow and Chalatow established the cholesterol-fed
rabbit as a model for atherosclerosis research (Anitschkow and Chalatow 1913;
Finking and Hanke 1997). On the basis of their results, the investigators came to
the conclusion that proteins were not the only factors responsible for arterial injuries
and that the initially suspected effects of cholesterol should be accepted (Chalatow
1912; Wesselkin 1913; Anitschkow and Chalatow 1913; Wacker and Hueck 1913).

The respective roles of animal proteins and cholesterol already studied (Kon
1913, 1914; Steinbiss 1913; Knack 1915; Newburgh 1919; Newburgh and Squier
1920; Newburgh and Clarkson 1922, 1923a, 1923b; Diecke 1926; Clarkson and
Newburgh 1926) are discussed later. A positive correlation has been established
between animal protein consumption and serum cholesterol concentrations and the
extent of atherosclerosis, despite the absence of cholesterol in the diet (Newburgh
and Clarkson 1923a, 1923b). However, according to Diecke, no correlation can be
established between atherosclerosis and hypercholesterolemia (Diecke 1926). The
arterial hypertension observed in rabbits on a diet including meat could also be the
cause of atherosclerotic lesions (Schmidtmann 1926). The prevalence of cardiovas-
cular diseases, as assessed by epidemiologic studies over the same period, is posi-
tively and equally correlated with animal protein or fat consumption (Yerushalmy
and Hilleboe 1957; Yudkin 1957).

Meeker and Kestens (1940, 1941) demonstrated that in contrast to animal pro-
teins, vegetable proteins do not induce an increase in serum cholesterol concentra-
tions. Atherosclerosis is not observed in rabbits fed maize oil and casein or wheat
gluten. Nevertheless, plasma cholesterol concentrations were higher when the rabbits
were fed casein rather than wheat gluten (Enselme et al. 1963).

The experiments by Kritchevsky et al. (1959) and Howard et al. (1965) con-
firmed the results obtained by Meeker and Kestens. When cholesterol was added to
the diet of rabbits, the nonpurified soybean protein provided decreased serum cho-
lesterol concentrations, and not only was harmless but prevented atherosclerosis.
Two general reviews have summarized the effects of dietary proteins on plasma



cholesterol concentrations and atherosclerosis in animals (Yudkin 1957; Enselme
et al. 1962).

In young women, the capacity of vegetable proteins compared to animal proteins
to lower plasma cholesterol levels was first observed by Walker et al. (1960). In
men, Hodges et al. (1967) showed that vegetable proteins decrease the serum cho-
lesterol concentrations induced by diets containing various proportions of fats and
simple or complex carbohydrates. In spite of these results, investigations on the
relationship between proteins and atherosclerosis have been replaced by others
focusing on the rapid development of the lipidic theory of atherosclerosis.

Nevertheless over the past 30 years, there has been renewed interest in the protein
theory (Connor and Connor 1972; Carroll and Hamilton 1975; Hermus 1975;
Kritchevsky 1976; Hamilton and Carroll 1976; Debry 1976; Carroll 1978a, 1978b;
Kritchevsky 1980a, 1980b; Carroll 1981b; Kritchevsky and Czarnecki 1982, 1983;
Laurent 1983, Terpstra et al. 1983a, 1983b; Kritchevsky 1983a, 1983b; Kritchevsky
et al. 1983, 1984; Debry et al. 1984; Goldberg and Schonfeld 1985; West and Beynen
1986; Forsythe et al. 1986; Kritchevsky et al. 1987; Kritchevsky and Klurfeld 1987;
Debry 1987a, 1987b; Guzman and Strong 1987; Kritchevsky 1987; Foley et al. 1988;
West and Beynen 1988; Barth and Pfeuffer 1988; Kritchevsky 1990; Debry 2001a,
2001b). The history of these relationships was reviewed by Kritchevsky and Czar-
necki (1983) and Terpstra et al. (1983a, 1983b), and more recently by Kritchevsky
(1993, 1995). However, in one general review on diet, plasma cholesterol, and
coronary heart disease by Smith and Pickney (1989), none of the 1700 references
quoted dietary proteins as a possible factor involved in atherosclerosis, and in a
recent review on coronary heart disease risk factors (Ferns and Lamb 2001), the
eventual role of proteins is not mentioned.

The results of experiments with varying diet components have shown that serum
cholesterol concentrations are positively correlated with animal protein content, and
casein in particular. However, according to the authors, these effects could also be
due to other diet components (Carroll and Hamilton 1975; Hamilton and Carroll
1974, 1976; Carroll 1978a), and cannot be generalized since the serum cholesterol
levels induced by certain animal and vegetable proteins are not significantly different.
This is the case, for example, with pork protein or raw egg white, wheat gluten, and
peanut protein (Carroll and Hamilton 1975) or with beef and vegetable proteins
(Kritchevsky et al. 1981). Moreover, since animal growth depends on the biological
value of proteins, this value should be taken into account (Hermus 1975).

Although the results of epidemiologic studies and clinical trials support the
notion of a positive correlation between the consumption of dietary proteins and the
prevalence of atherosclerosis or coronary thrombosis, this theory cannot be attested
with certainty since the collection of data on animal and vegetable protein consump-
tion remains relatively inaccurate in humans. In contrast, the numerous experimental
studies carried out in animals of various species as well as in humans have partly
identified, although only in a limited number of studies, the pathophysiologic mech-
anisms of the effects of proteins on atherosclerosis.

The damage caused by some animal proteins and the protective effects of certain
vegetable proteins have been clearly demonstrated. Although dietary proteins are
considered to be of minor importance in the etiology of hypercholesterolemia and



atherosclerosis in humans (Carroll 1978a; Kris-Etherton et al. 1988), their effects
on plasma lipids, various factors of blood coagulation, endocrinologic balance,
arterial hypertension, and arterial wall properties have been demonstrated. The
effects of nonprotein substances associated with vegetable proteins in plants have
been the subjects of numerous studies over recent years. Results have shown that
the direct influence of these proteins on plasma lipid levels and the development of
atherosclerosis remains unclear and further studies are still required to establish the
real effects (Smith 1998).
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Introduction: Epidemiologic
and Clinical Data

EPIDEMIOLOGIC DATA

In some epidemiologic surveys, a strong positive correlation has been observed
between the consumption of animal proteins and the incidence of coronary morbidity
and mortality (Yudkin 1957; Yerushalmy and Hilleboe 1957; Connor and Connor
1972; Armstrong et al. 1975; Kritchevsky 1976; Stamler 1979; Kritchevsky and
Czarnecki 1982; Debry et al. 1984, 1987a, 1987b). Data from epidemiologic studies
regarding the relationships between protein consumption, plasma lipids, and athero-
sclerosis in vegetarians and vegetalians cannot be considered significant since these
diets contain few saturated fats and a high quantity of dietary fibers (Hardinge and
Stare 1954; Sacks et al. 1975; Burslem et al. 1978). In the same way, the results of
several epidemiologic surveys in Western countries cannot be considered significant
even though the consumption of animal proteins is high because, in these foods, the
proteins are associated with animal fats. In addition, these foods are cooked with
animal fats. The nature of the fats associated with the proteins must also be taken
into account. As an example, the plasma cholesterol concentrations in the Masai
population who drink considerable quantities of milk (Mann etal 1964) and in
Eskimos who consume large quantities of fish fats (Bang et al. 1971) are significantly
lower than those of Western populations. Nevertheless, more accurate surveys are
still necessary to provide a correct interpretation of these results.

In conclusion, epidemiologic data relating to a possible effect of certain food
proteins on the development of atherosclerosis in humans are still inadequate for
any conclusive association to be confirmed. This explains the absence of consensus
statements in the international literature (Dawber 1980; Bulpitt 1985; Lee et al.
1990).

CLINICAL DATA

The influence of malnutrition and the incidence of cardiovascular diseases with
atheroma remain unclear. The consumption of proteins, animal fats, minerals, vita-
mins, and antioxidant substances are indeed reduced. During starvation the incidence
of coronary heart disease and of myocardial infarction is reduced, whereas that of
hypertension and congestive heart failure remains unchanged. Plasma cholesterol
concentrations do increase during the progression of kwashiorkor but the disease
duration is too short, invariably interrupted by death or nutritional rehabilitation, to
allow any progression of the atherosclerosis.



Kwashiorkor may be induced by an unbalanced diet containing adequate energy
supplies or by a diet of poor protein quality whereas marasmus is induced by either
a balanced or an unbalanced diet with inadequate energy supplies (Sidransky 1990).
In both of these diseases, plasma lipid concentrations are very likely reduced via a
mechanism of reduced protein synthesis that diminishes lipoprotein formation
(Truswell and Hansen 1969). Total heparin lipolytic activity is reduced, particularly
as a result of reduced hepatic lipase activity in children with kwashiorkor (Agbedana
et al. 1979a, 1979b). In infants with kwashiorkor, plasma cholesterol concentrations
are restored to normal levels by a low-fat diet enriched with amino acids or various
proteins (Schendel and Hansen 1958). These diets have the same effects in under-
nourished adults (Tripathy et al. 1970). In patients with chronic renal insufficiency,
the Kempner diet, which is low in proteins and fats, reduces plasma lipid concen-
trations (Kempner 1948; Loschiavo et al. 1988; Coggins et al. 1994). However, Olson
et al. (1958b) suggested that this reduction may not be due to reduced protein intake
alone.

With the exception of the anatomopathologic study by Moore et al. (1981), we
have not found any other anatomopathologic work relating to the association between
protein consumption and atherosclerosis. In this study, however, the correlations that
were established between protein consumption and the extent of atherosclerotic
lesions cannot be interpreted since the confounding influence of the consumption
of fats is too great.



Contents

| ST H (0 Ta LT el L)+ RPN XXV
Epidemiologic Data.... iy siiimmisiam s XXV
CHNICAD DALA oot eaaeeee e XXV

Chapter 1 Protocol Design for Experimental Data on the Effects of Food

Proteins on Plasma Lipids and Lipid Metabolism...........c.ccoocveenen. 1

1.1 General Conditions for Protocol Design .........ccccooieviiiiiieniiiniiiciccieieeeene, 1

1.2  ADIAL SPECIES. cvvsvserimvossuwossuns suumnssnss ot yas on st ses yessss e sy ssism sy gss 1

L3 GENCHE BACIOTS: wusiusivonsyossinsessssiovssumssssinsiimunaisosy svs asaass ains 5453508008 55 SV sR 40393040353 2

Lid AL et 4

LS X e e 5

LiO  DHEE sucuwommouvennomssnpssssonsonaussssssdonsssessins s sssamsssd s o ses s soniss sasmsaesss sEamsismotodsaisaes 5

1.7  Similarities and Contrasts between Animals and Humans ..................ccccooee 6

1.8 CONCIUSION ..ttt et 7

Chapter 2 Experimental Data on Animals..........coccoveeencneneneninennicnienecienennens 9

2.1 Effects of Dietary Protein Level.......ccoccooiiiiiiioicciiieieccceecce e 9

21T BIEAS o 9

2.1.1:1  ‘Chickens and COCKETELS ....cuusmemisseimpesmismnssssimimsssseiossansossasia 9

2lhli2 PABOOIS s wowssn o e o te o enFa 8RS Snnomsmsiomesaasa amsainn e fonse 11

2,113 QUALLS o 11

2,120 RaADDIES o 11

2.1.3  ROACNES .iississmassasmssonvossisossvvvsngsosssnsasnsssssassssisssss ossos s syossns sy susesnessass 12

213010 RALS o 12

2.1.3.2  Mice and HamsSters ......cceovvreeiiiiiiiiieiie e 14

2014 DIOZS e 15

2,15 HCAIVES unsiussusssssnensmsmssvssnensasmsonpsssssmnasrosvsstusstopss s ssae s st e 15

210 P S vorsisssnsmansis sai camssmsion 1aisaaen e i hee AT AAVEES S Sre o S ATE e S AR O A S 15

207 MONKEYS oottt ettt 15

2. 1.8 SUMIMATY .viiiiiiiiiie ettt 16
2.1.9 Effects of Low-Protein Diet on Plasma Lipids, Liver Enzymes,

Lipid Metabolism, and Biliary FIOW .........cccccooiiiiiniiiiiice 16

2.1.9.1  Plasma Lipids......ccccooiiiiiiiiiiiiiiiiciiccceec e 16

2.1.9.2 Liver Enzymes and Lipid Metabolism...........cccccccceoeinnnne 17

2.1:9:3  BilIaTy FlOW oisiimssisssssssmassosspsmsssssrasssonssssssssiommsssmashsyessvsss 19

2.1.10 Effects of High-Protein Diet on Enzymes and Liver Lipogenesis........ 19

21 1T CONCIUSTON ...t aeaeaaeaeean 19



2.2 Effects of the Nature of Proteins...........coovueiiioiieiieieeeoe oo 20

[§8}
W

24

2.2.1 Casein versus Soybean Protein: Effects on Serum Cholesterol
CONCENITALIONS ...ttt ettt e 20
22051 BIEAS:ucisusmnsssssssosnmsmssssssvssanssassisss oo sisae simavns 14550 56 fois 20
22,12 RabDILS oot 21
22,130 RALS coii e 23
22008 VIIOE woosnessormunssssmivinnvissinsmissass s ssssmssmss sy s iasss s isins 25
2.2.1.5 Guinea Pigs and Hamsters .........cccoceeiiminiievicieieeee 26
22,16 PIgS..cciiiiiiice s 27
22,17 MONKEYS ..ottt 27
2.2.2  Casein versus Soybean Protein: Effects on Lipid and
Cholesterol MetaboliSms............coivuiiriiiririiincniineieee e 28
2221 RabDIts .o 28
2222 RALS coiiiiii e 29
2.2.3 Casein versus Soybean Protein: Effects on Lipoproteins ................. 30
2 R 5 T YU 30
2.2.3.2 RaADDILS .ot 30
2233 RALS (i 31
2234 MONKEYS w.csusssessusonsussnissssvnsssossssissmsssmssssivsnsssassmsnssississasssssns 33
2.2.4 Casein versus Soybean Protein: Effects on Apoproteins................... 33
2.2.5 Casein versus Soybean Protein: Effects on Polyunsaturated
Fatty ACIAS ..ot 34
22,60 SUMMATY oottt ettt sae et ese e et eaeeseeaeeneas 34
Effects of Various Types of Soybean Protein and Casein Products ............. 34
2.3.1 Soybean Protein ISOlAtes..........ccoccvuririiinerinieiecieeeee e 35
2311 GerbilS i 35
23052 RAbDIS o s messasismamwigiiss 36
2:3.1.3  Rats and MICe . sunimsmmniinisissiisinidasmssnmsmmsmmssessosresasaronsons 36
2314 HAMSIETS oottt 37
2315 P8 38
2.3.0.0  MONKEYS: .cowismssmssmmnsssssssssnisnosssssmarmssosssissssasoesisssms sinsirian 38
2.3.2 Soybean Protein Extracts of High or Low Molecular Weight
and Undigested Fractions of Soybean Protein ............c.cccoccevvnnne.e. 38
2.3.3  Germinated or Fermented Soybean ..........cccc.ocooooiiviiiiiiiciiciecin 39
2.3.4  Soybean Protein HydrolySates ............cccoovevieeieiecieieiiieececeeesien 39
2.3.5 Casein and Soybean Protein Treated with Formaldehyde ................ 39
2.3.6 Sodium CaseiNale.........ccovveuiruerieieieieieieeieiete ettt es e 40
237 SUIMMATY ..ottt st 40
Influence of Dietary Food Environments on Effects of Soybean Protein
AN CASCIIL isresissesnarnsssssivesmsssssastisosissionsassnsassessesassansonsstssansosesnossnsesssansassanssaes 40
241 BalanCe ....cocioiiiiiiiiii e 41
2.4.2  Fatty Acid CONENE.......cciiuiiriiiiiiirieccieieiee et 4]
2.4.3 Choline and Lecithin Content..........c.cccoevieiverinonisenieieesceecne 43
2.4.4  Cholesterol CONENL.......c.cueuiieririeiiieieiereiereeee e 45
2.4.5 Carbohydrate CONtENt .........ccoeeviiirieiiieiieieeseeiee e 47
2.4.6 Dietary Fiber CONENt ........cocveviuiiuieieeieeieeeeeeeeeeee e 48



25

2.6

2.7

2.4.7 Mineral and Vitamin CONENt ...........cccceeevvverieeieiiinreeeeeeseirreeeeesesssneens 50

2.4.7.1  Calcium CONtent.........cooovvieeeiiieeieeeeieee e eeieeeeeneee e 50
2.4.7.2 Zinc, Copper, and Magnesium Content ............ccccoeeeeunenne. 51
2.4.7.3 Vitamin A and Vitamin E Content .........c..cccceeevieiveennennnn. 52
248 Conclusion . cimumiisamssmiomsisssimsissssissisumssmsimvi s s s miswe) o
Effects of Other FOOd Proteins ..........cccccovvuieeiiiieeiiiie e 93
2.5.1  Vegetable Proteins........ocoviviiiiiininiinineieececiceeeceee e 54
2.5.1.1 Wheat and Corn Gluten............ccooveeivieeiiiiieeiiieeeiee e 54
2.5.1.2 Rice and Rice-Protein Concentrates...........cccoceeeevvveeeenveennns 55
2.5.1.3 Other Vegetable Proteins ...........ccccoceeviiiiiininiiiiicicinn. 56
2514 SUMMATY ..ot 58
2.5.2  AnImal Proteins........cooiiieiiiiiiceiee et 58
209.2. 1. FISH PEOTGAN cis.5emm50mmm mnmes i rn s G0 50 55058 3R 0570455 ST 555 54 58
2.5.2.2  MilK Protein .....cc.ooeeiuieiieiie e 60
2523 EgZ Protein .cc.ocoiiiiiiiiiiiiiiieeec e 62
2524 Beef Protein c...ocoovieiiiiiieiiiieeeee e 63
2.52.5  CarnItiNe....cc.eveeeiiieeeiee e et e e etee e e eae e e e eneaaenes 64
2.5.3 Animal and Vegetable Proteins..........ccccoceeveiiiiiiiiniiiiiicicciee 64
254 SUMIMATY .ottt ettt st eeaeneas 65
Effects of Amino Acid Mixtures and Amino AcidsS........cccoeevevviviciiiiecennnnnn. 65
2.6.1  AmIno Acid MIXIUTIES ....ooiiiiiiiiiiie e 65
2.6. 1.1 RADDILS ...oooiiiiiiiiiice e 65
2.6.1.2 RS oo 67
2/6.1:3  MONKEYSciosmussswssssnossssissosmsisssnasonsins aimsasmessusosssssdomsssussssesns 69
2.6.1.4  SUMMATY ..ooiiiiiiiiiiieie et 69
2.6.2  AMINO ACIAS .ovviiiiiiieiiiiiee e e e 70
2.6.2.1  AlQNINE ..o 71
200:2:2  CYSIEING  :cossnisiwrussssivssossmsssnssamssssianssas vvavassss ammssmasssumiass 72
2.6.23  EthiONINE ......oooiviiiiiiieeiie e 76
2.6.2.4  Glutamic ACI.......ooviuiiiiiiieciee e 76
2025  GLYCINE covmmassssssssnsmsesasnseisss sme 5555 arsssssnsiamossm s sansesssssnisavss 77
2:6.2.0  HISHAING . cisivswsinsssrsemmissimacsnnssassnsns swsvssssesn woas s s dssamsisiassss 79
2.6.2.7  ISOIEUCINE ....ovvieeeeiiiiieee e e e e 80
2.6.2.8  LEUCINE .....ooiiiiiieieeiie e 80
2.6.2.9  MEthiONINE ......ooeiiiiiiiiiieeciie e 80
2.6.2.10 Phenylalaning .. sercsvsmsmmmanpsssmmsmemnamsiamaisssmiss 85
2.6.2.11 TAUTINE ...ooiiiiiieieiieee ettt e e e e e e sanea e 85
2.6.2.12 TRICONINE .....cvviieiiiiieiie e 89
2:6.2.13 Tryplophail s esommssssemopesssssssenssssssssiseinassnssassessssnnapisss 90
2.0.2.14 TYTOSINC svsvsisvisvsrsivasssrssssssinsssssassins vivassssns vy sasyonsoasssesmaionsie 91
2.6.2.15 VAlNE ..ooovvieiiieiiiecee e 92
2.6.2.16 Summary and Conclusion ............cecvereiieiiiiieiieiicceee 92
Action Mechanisms of Soybean Protein, Casein, and Amino Acids............ 93

2.7.1 Effects on Digestive Absorption of Lipids, Cholesterol, and
Steroids and Fecal Excretion of Steroids ..........cccocveeiiiieiiiiiieecnnnnnn. 94



