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{. INTRODUCTION

111

In animal studies, dietary proteins derived from animal sources are gener-
ally found to be hypercholesterolemic when compared with proteins from
plant sources [Carroll, 1978; Kritchevsky, 1979; Terpstra et al, 1982b]. Epi-
demiological studies [Stamler, 1979] and nutritional studies in vegetarians
[Hardinge and Stare, 1954; Sacks et al, 1975; Burslem et al, 1978] have also
suggested a relation between intake of animal protein and serum cholesterol,
Such epidemiological observations, however, should be interpreted with cau-
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tion as differences in other nutritional factors may be present. In humans, only
a few controlled trials relating dietary protein to serum cholesterol have been
carried out, and the results are conflicting [Anderson et al, 1971; Carroll et al,
1978; Sirtori et al, 1979; Shorey and Davis, 1979; Descovich et al, 1980; Vessby
et al, 1980; Holmes et al, 1980; Bodwell et al, 1980; Wolfe et al, 1981].

We have recently investigated, in strictly controlled dietary studies, the ef-
fects of diets containing casein and soy protein on the concentration of serum
cholestero! and lipoproteins in large groups of young students and middle-
aged subjects. During our studies with humans, duplicate portions of the test
diets were collected and were later fed to rabbits and rats. In this paper the re-
sults of the human and animal studies are discussed. Some of the results have
been published previously [van Raaij et al, 1981, 1982].

Il. MATERIALS AND METHODS
A. Human Subjects, Animals, and Diets

In the experiments to be described, three principal sources of protein have
been used: casein; soy protein isolate, which is the purest form of soy protein
commercially available; and soy protein concentrate, which contains more di-
etary fiber (Table 7-I). Six studies have been carried out and they can be
divided into two groups on the basis of the diets fed (Table 7-11; Fig. 7-1).

TABLE 7-], Composition of the Protein Preparations Used*

Soy isolate

UNISOL PP500E,
Caseinate? NH 70b PP61(¢ Soy concentrated
Protein® 92.4 84.6 9.7 57.2
Moisture 3.0 k| 5.5 5.9
Fat 0.3 0.1 0.5 1.6
Ash 4.2 3.5 4.0 6.4
Carbohydrates 0.2 8.78 10,38 28.98

*All values are g/100 g.

2Calcium and sodium caseinate (spray dried, bland), DMV Milk Industries, 5460 BA Veghel,
Data expressed as mean of the values for calcium and sodium caseinate.

SUNISOL NH 70, UNIMILLS BV, 3330 AA Zwijndrecht (used in I-Human and I-Rabbit),
cSoy protein isolate PPSO0B and PP610, Purina Protein Europe, B-1050 Brussels, Belgium
(used in I1-Human, [1-Rabbit, [}-Rat and 11-Rabbit-SP). Data expressed as mean of the values
for PPS00E and PP610,

4Soy pratein concentrates Unico (powder) and Dubit (textured, prepared from Unlco), UNI-
MILLS BV, Data expressed as mean of the values for Unico and Dubit.

cKjeldahl nitrogen-to-protein factors of 6.38 for casein and 5.70 for soy protein have been used.
fLactose; data provided by manufacturer.

2By difference.
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Fig. 7-1. Experimental designs. Blood sampling is indicated by arrows,



114 / van Raall, Katan, and West

> 0 6°L ;901 3 p°SS > > 3 8y €17 (19qey) jerrowwo)
B 0 19 iy 3 L9s H Y 2 €L ST (3ey) [eRPWWOD
L0°0 90°0 9t 8Tl ory 6Ty 9y 99 7L 81 oL761 1enuducs £0g
L0°0 LO0 138 2 1)1 sl TSy 8y L 9L 961 oL°61 a1e|0st £0S
LO0 L0°0 9r T8 L's1 LSy 8y 9°L €8 L0T o170 upsed
pouad 1531 nqqed-1i
Lo0 Lo0 Sy 8L 09t T 194 L'L '8 90T 70T used BY-11
potsad [01100D uewnp-[ 1
zro L0°0 9°¢ 98 $9r 8y 'y 1°01 08 T oFLL 211051 A0S
[4 %) Lo0 Le 1’6 vLL 6°C 'y 6°6 18 T2 p78I UuRse)
2o 80°C LeE 978 61 'ty 8¢ ¥'6 g €Iz 9L Kosse)
powad 1591
’ 0 6L 4901 > $°sS > > 2 24 13 4 [ERUWWo))
e 80°0 ¢t T6 vyl £y 9°¢ 6 '8 12 a8l A0SsED uqqed-1
pouad jo13uo) trewIny-{
Sjos91S (0191 Ysy  12qy siedug [RIOL PalBIniesun  pPOJRINIBSUN  pIjRINIES  [RI0]L qUIDNOIS  £IBIP pue pousd JuswLdxs
-0144 -Sa[oyd KLieid % -K10d -OUON
1.g

[1PnEIN A1d 3 po1 12d 3) pasn) 121 23 jo nomsedwo] - ATIVL



Caseln, Soy Protein, and Serum Llpids / 115

*33qY PN,

*JIGR[IRAR BIEP ON>

“A[earoadsas ‘urejosd £0s pUE LIISED 10] PISN 210M §E°9 PUR OL°S JO SIORE] uisjoxd 03 uaSomu [yeppRHp

*pasn sem §Z°9 JO 10108} uiold o1 uaSoInu [UEpPIRs

- dS-1QARY-1 Ul %00f PUB *NGQEY-T] Pue ‘Tey-]] ‘UewmE-1I Ul 9409 ‘Nqqey-] PUe UBWIMH-T U] 059 Sexm ura101d 1591 Se W101d JO HotLIedord A 1q
“SIpINIORINUBW AG Papia0ad 319m SIAIP 3SAY3 JO uomsodiod ay3 uo BIR( ‘@Y~ pue ‘nqqey-11 “1nqqey-] ul pasn afam SPIp [el

~Iounwod paaqied ‘S19Ip TRLINY 3 O} uonippe uj “{Z861 ‘e 19 wele)]] JolIes paqLISIp usdq SBY SOXTUISId [RISUILL PUE MIUIENA 31 JO uonsoduwrod sy L
- KjpAndadsal ‘S131p 31BLHUIINO0I PUE AB[OSI Y3 U SIS g 4[ pue 'z £q pesejdossea [JBN JO 8 T ‘wiased Ueyl [DEN 10U pIUTLIU0D suoyelt
-edaId A0S 311 Se PUB ‘FUIUOIIAUI Ul WUAYAP S{ ufe101d £0S SV 81 ““ODH PU® $Z"OBIA € SODBIN 19 “IDBN 6T ‘OHTZ "OJHED ‘01 *Xiwn1d [elsunu
71 *xrwoad uneya f0g ‘Sasse[ow (01 ‘[1o ueaqkos Jop €[t0 U003 40T T “ISNP MeS {0[T ‘IS0IIXIP £08Z ‘yorels szrewW g6 ‘IRIIUIDUCD ua101d £0s 10
‘g[z *a1e]0s! uPIoLd A0S 10 ‘Q1Z ‘USEd :(A[2A10adsal *191p 21BIIUADUCD PUB ‘31B]OS] ‘WISED 31]3 0] S480'T PUE ‘900" T 000" 1/ up pasn slupaidul oy
Josiseq U0 Paje[nofeD sem S19Lp 353Y) JO uonsodos 2y, “s1atp pajefed payundruas oat porerodioout 2.50m suotreredard nia101d 3y 4S-1qqR-11 U1
*[Z861 *1861 ‘[E 13 [eey Wea] SISATEUE [BIIWAYD AQ PIUIULISISP Seam SIBIP 35aY3 JO uonsodinoo 24 ], *S[ewITe 3y3 03 SUIPa3) 210J3q PALIP-3Z331f IRM SIRIP
359U 1 "SI9Ip UBWIOY [EUOIIUIAUOD 1am ‘gS-Hqqey-I1 noygnoy] pue 3qqey-{ Jo pouad [01U02 3 I 1d23%3 *SIUAWIIAX3 [[R Ul Pasn S131P 1591 9Y Le

> 0 > LL] Tyt ULy 6°0 90 9t s 8791 srenuedUod L0

S 0 £ 87Tl g'tc UES 8°0 S0 (ta4 £ pl 61 steqost Log

5 0 3 $01 Ll vEs La $0 o'y 1 P IZ urRseD
ﬁom.uun— 3L,

> 0 3 6ot oL v'es La S0 [t 4 1Y 91T ULISED

porrad jonnuo) JS-uqqed-11



116 / van Raalij, Katan, and West

The first group of studies (van Raaij et al [1981] referred to in this paper as
group 1) consisted of a study with humans (I-Human) and a study with rabbits
(I-Rabbit). In [-Human, 69 young healthy students aged 18 to 28 years were
fed for 38 days on diets containing 13 % of energy as protein of which 65% was
replaced by protein from casein, from soy protein isolate, or from a 2:1 mix-
ture of casein and soy protein isolate. After a control period of ten days during
which all the subjects received the casein-soy diet, 20 subjects continued on
this diet for a test period of 28 days, 25 subjects switched to the casein diet, and
the remaining 24 subjects switched to the soy diet. Throughout the experiment
duplicate portions of the diets were collected, and these were later homoge-
nized in order to carry out a study with rabbits (I-Rabbit). Twelve male New
Zealand white rabbits were maintained on a commercial diet (Cunicon I,
Trouw and Co, 3881 LP Putten) until 3 months of age (control period-1). Half
were transferred to the homogenized casein diet and half were transferred to
the soy isolate diet for a test period of 22 weeks before both groups were
transferred back to the commercial diet for 2%2 weeks (control period-2). The
homogenate was supplied freeze-dried and pelleted during the first 12 days of
the test period and as a wet mash during the remaining six days.

The second group of studies (group II) included a study with humans (II-
Human), one study with rats (11-Rat) and two studies with rabbits (II-Rabbit
and II-Rabbit-3P), In II-Human [van Raaij et al, 1982}, 57 healthy subjects
aged 29 to 60 years were fed for 45 days on diets containing 16% of energy as
protein of which 60% was replaced by protein from casein, from soy protein
isolate, or from soy protein concentrate. After a control period of 17 days dur-
ing which all the subjects received the casein diet, 17 subjects continued on this
diet for a test period of 28 days, 20 subjects switched to the soy isolate diet, and
the remaining 20 subjects switched to the concentrate diet. As during the first
study with humans, duplicate portions of the diets were collected, homoge-
nized and freeze-dried in order to carry out a study with male New Zealand
white rabbits (1I-Rabbit) and also with female lean Zucker strain rats (1I-Rat).
The experimental design of these two studies was essentially the same as 1~
Human, Before the control periods, the rats and rabbits were maintained on
commercial rat and rabbit pellets, respectively (Trouw and Co). In addition a
further experiment with rabbits (II-Rabbit-SP) was carried out according to a
similar design, but this time we used semipurified diets in which 100% of the
protein was supplicd by the same preparations of cascin, soy isolate, and soy
concentrate as used in II-Human, II-Rat, and IJ-Rabbit. At the beginning of
the control periods, the rabbits and rats in the second group of experiments
were 10-13 and 4 weeks of age, respectively.

For the two human experiments, food records and chemical analysis of the
diets indicated that within each study there were essentially no differences be-
tween the experimental diets except for the type of protein and/or the amount
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of nonprotein material derived from the protein preparations used. Apart
from 120 kcal per day in I-Human and 240 kcal per day in 11-Human, all of the
food eaten was daily supplied to the subjects in amounts appropiiate to each
individual’s energy requirements. The composition of the diets is given in
Table 7-11, but more details about the diets have been described previously
[van Raaij et al, 1981, 1982].

In the animal studies water was provided ad libitum. In 1-Rabbit and II-Rat,
the casein and soy diets were provided ad libitum, while in II-Rabbit and 11-
Rabbit-SP, the diets were fed on a restricted basis to supply the rabbits in each
experiment with equal amounts of protein. The animals were maintained as
described by Katan et al [1982] except that the rats as well as the rabbits were
housed individually. The individual body weights were recorded weekly.

B. Sampling of Blood and Liver and Biochemical Analysis

Blood samples were collected throughout the experiments as shown in Fig-
ure 7-I. Blood was taken after an overnight fast as described earlier for
humans [van Raaij et al, 1981}, rabbits [Terpstra and Sanchez-Muniz, 1981]
and rats [Terpstra et al, 1982a]. Serum was obtained by low-speed centrifuga-
tion, and all the serum samples were assayed for total cholesterol.

At the end of hoth periods, in both human studies and in II-Rat and II-Rab-
bit-SP, the lipoproteins of the serum were isolated by density-gradient ultra-
centrifugation using a modification [Terpstra et al, 1981b] of the method de-
scribed by Redgrave et al {1975). An SW50 rotor (Beckmman Inc, Palo Alto,
CA 94304, USA) was used for the separation of lipoprotein classes from 1-ml
serum samples, as in 11-Rat, and an SW41 rotor was used for the separation
from 2-ml samples, as in all other studies. The lipoproteins in the gradient
were visualized by prestaining the serum with Sudan black prior to ultracen-
trifugation. Lipoprotein fractions were removed either by tube-slicing (I-Hu-
man) or by aspiration (all other studies). In the human studies the following
lipoprotein fractions were collected from individual sera: in 1-Human —very
low density lipoprotein (VLDL) (d < 1.015 g/ml), low-density lipoprotein
(LDL) (1.015 < d < 1.060), and high-~density lipoprotein (HDL) (d > 1.060
g/ml); and in II-Human — VLDL (d < 1.006 g/ml), LDL + sinking pre-beta-
lipoproteins (1.006 < d < 1.075), and HDL (d > 1.075). In I-Rat, the serum
samples were pooled per group at the end of the control period and again at the
end of the test period. Nine lipoprotein fractions were collected, eight of which
floated above the following densities (d, g/ml), respectively: 1.016, 1,032,
1.045, 1.060, 1.078, 1.102, 1,128, and 1.146, while the ninth fraction hada d
> 1.146 g/ml. In II-Rabbit-SP analyses were carried out on pooled samples
with similar cholesterol concentrations. At the end of the control period, six
pools each of six sera were formed and at the end of the test period there were
four pools within each group with each pool consisting of three sera. Three
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lipoprotein fractions were collected: VLDL (d < 1.006), LDL (1.006 < d <
1.063), and HDL (d > 1.063 g/ml).

At the end of experiment [1-Rabbit-SP, ie, after five weeks on the test diets,
the concentration of cholesterol and the proportion present as the ester was
measured in the livers of the rabbits, The animals were first stunned by a blow
to the head and then killed by severing the major blood vessels in the neck and
draining the blood from the body. The livers were removed immediately, dried
off, and weighed. The liver was then homogenized with a Potter-Efvehjem
homogenizer and lipids were extracted from a 10-g aliquot [Folch et al, 1957].
We measured total cholesterol in one part of the extracl wilth Liebermann-
Burchard reagent [Huang et al, 1961] after alkaline hydrolysis. Another part
of the extract was used for separating and quantitating free and esterified cho-
lesterol by thin-layer chromatography [West and Rowbotham, 1967].

In both human studies serum cholesterol was measured with the reagent of
Huang et al [1961] with strict standardization [Katan et al, 1982]; animal sera
and lipoprotein fractions were assayed for cholesterol by an enzymatic method
[Réschlau et al, 1974] using a kit (Catalase kit, no. 124087, Bochringer-Mann-
heim GmbH, West Germany). Apolipoprotein-B (I-Human and II-Human)
and apolipoprotein A; (1I-Human) were measured in whole serum by rocket
immunoelectrophoresis [Laurell, 1972] largely as described previously [Brus-
saard et al, 1980). Rabbit antibody against apolipoprotein Aj was kindly do-
nated by Dr. P. Demacker,

The response to the test diet was calculated per subject or animal as the
change from the end of the control to the end of the test period. Differences in
diet effects were cxamined by comparing the mean responses of the groups by
unpaired two-tailed t-tests [Snedecor and Cochran, [967].

lll. RESULTS
A. Human Experiments

The concentrations throughout experiments I-Human and II-Human of
cholesterol in whole serum, HDL, and LDL and of apolipoproteins A (11-Hu-
man only) and B are given in Tables 7-111 and 7-1V, and in Figure 7-11. In both
studies, there was no clear difference in response with respect to serum total
cholesterol between the casein and soy isolate groups. In both studies a decline
in LDL cholesterol and an increase in HDL cholesterol was observed on the
soy isolate diet when compared with the casein diet, bul only in 1-Human the
difference with respect to LDL cholesterol reached statistical significance (Fig.
7-I1; van Raaij et al {1981, 1982]).

In I-Human an increase in apolipoprotein-B and a decline in the LDL cho-
lesterol/apolipoprotein-B ratio was observed on the isolate diet when com-
pared with the casein diet, suggesting that the decline in LDL cholesterol on
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the isolate dict had not been caused by a decline in the number of LDL parti-
cles, but in the composition of the LDL. These findings are confirmed by the
changes in the density of LDL [van Raaij et al, 1981].

In II-Human a decline in apolipoprotein-B, an increase in apolipoprotein-
Aj, and no clear differences in LDL cholesterol/apo-B and HDL cholesterol/
apo-A; ratios were observed on the soy isolate diet when compared with
casein. These results suggest that the decline in LDL cholesterol and the in-
crease in HDL cholesterol were caused by a decline in the number of LDL par-
ticles and an increase in the number of HDL particles, rather than by changes
in the lipoprotein composition. The correlation coefficients between LDL cho-
lesterol and serum apo-B at the end of the control and test period were r =

TABLE 7-l1I. The Effect of Casein and Soy Protein Dicts on Serum Cholesterol Concenirations
in Humans, Rabbits, and Rats

Serum cholesterol concentration (mg/dl, mean & SDb)

End control End test Change over
Experiment Group?® n Initial period period test period
1-Human Casein 35 16232 15227 149 & 24 -3& 14
Isolate 24 150 26 153 & 23 150 % 23 -3z 10
Cassoy 20 160 =27 153 x 24 150 2= 25 - 3% 13
1-Rabbit Casein 6 c 0% 7 120& 65 +89 % T4
Isofate 6 c 212 55+ 18 +24 £ 20**
[-Human Casein 17 211 =38 207 &£ 36 205 & 35 - 2x 10
Isolate 20 219 =42 205 £ 40 197 & 43 - B [2¥¥r¥
Concentrate 20 215 =41 199 & 35 200 2 38 + 1 10
II-Rat Casein 1t 96 7 62x 7 53+ 5 -9+ 5
Isolate 12 95+ 9 63z 9 5t S -13+£ 6
Concentrate 12 95+ 10 63 7 50 6 -3+ 5™
Commercial 7 95+ 10 74 & [2¥0F 60 1 TEMEE 142 9
11-Rabbit Casein 8
Isolate 7 } 45 £ 12 160 £ 54
Concentrate 8
Commercial 6 45%13 60 £ 17 62+ 26 + 2% 22
[1-Rabbit-SP  Casein 12 63 226 121 & 44 278 & 119 +157 = 118
Isolate 12 5417 11748 92 & 4l¥r¥¥ —26 £ 46%**
Concentrate 12 65 = 38 120 = 51 95 & J7HAre —26 % S§TH*

aDjets indicated under Group were given in the test period; for diets given in the control period, see Figure
7-L.

b100 mg/dl = 2.59 mmol/l.

¢Not delermined,

Statistical comparison with the cascin group by Student’s tiest: *P < 0,075, **P < 0.05, ***P < 0,001
with the concentrate group: ****P < 0.05; and with all test groups: ##¥**p < 0,05.
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control period test period
I-HUMAN
vLDL j

Casein LoL [ J
HOL I 1

Soy isolate LOL L I

I1-HUMAN

vLDL r—l
Casein o]

HDL ] |

vioL

Soy isolate LDL[ j
HDL \ |

o M

Soy concentr LDL { |
HOL | |

150 120 90 60 30 0 330 60 9% 120 10
cholestarol concentration(mg/dl)

Fig. 7-11. The effect of casein and soy protein diets on the concentration of cholesterol in lipo-
proteins in humans (experiments [-Human and [{-Human). The shaded areas right of the verti-
cal line represent an increase over the Lest period, and those left of the vertical line a decrease;
changes less than 1 mg/dl are not shown.
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0.86 (n = 56)and r = 0.90(n = 56), respectively. The correlation coefficients
between HDL cholesterol and serum apo-A; werer = 0.60 (n = 55)and r =
0.67 (n = 55), respectively.

Compared with soy protein concentrate, soy protein isolate produced a de-
crease in serum total cholesterol, LDL cholesterol, apolipoprotein-B, and
LDL cholesterol/apo-B ratio, an increase in HDL cholesterol, and apolipo-
protein-Aj, but had no effect on the HDL cholesterol/apo-A; ratio. These re-
sults suggest that the increase in HDL cholesterol has been caused by an in-
crease in the number of HDL particles, and that the decline in LDL cholesterol
has been caused by a decline in both the number of 1.DL particles and in their
cholesterol content. No differences in lipoproteins were found between the
casein and the soy protein concentrate group.

The overall changes in lipoproteins can be summarized by the HDL choles-
terol/total cholesterol ratio and by the apo-Aj/apo-B ratio. In experiment II-

TABLE 7-VY. Feed Intake and Weight Grin in Ruabbits and Rats

Feed intakeb Weight gain

Control Test Conltrol Test

Body weight? period period period period

Experiment Groups (2) (g/day) (a/day) (g/day) (g/day)
I-Rabbite Test (all) 2,322 f 758 f 12,5
11-Rabbitd Test (all 1,481 57 LyLN 18.2 28,7
Commercial 1,503 85 gsi 22.4 25.8
I[-Rabbit-SP4  Test (allF 1,834 67 67 f 17.1
II-Rat¢ Test (all)e 70 9.3 10.6k 2.6 1.8
Commercial 68 11.8 14.0 2.1 1.7

8At start control period (I1-Rabbit and 11-Rat) or at start test period (I-Rabbit and [I-Rab-
bit-SP).

bDry-matter contents of the diets were 94.5% for the pelleted human diets (I-Rabbit and 1I-Rab-
bit); 99.5% for the unpelleted human diets (11-Rat); 91.5% for the semipurified diets (11-Rabbit-
SP); and 89.0% for the commercial rabbit and rat diets.

cDiets were provided ad libitum.

dDiets were provided restricted,

°Mean data of the test groups are given except for the food intake during the test period in which
data for the casein group are given; there were no differences between group means for body
weight and weight gain,

Not measured,

8Food intake was 83 g per day for the isolate group.

WFood intake was 58 and 61 g per day for the isolate and concentrale groups.

iDuring first two weeks of test period.

JFoad intake was 67.5 and 69.5 g per day for the isolate and concentrate groups.

kFood intake was 11.0 and 11.3 g per day for the isolate and concentrate groups.
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Human, significant increases in both ratios were observed on the soy isolate
diet when compared with the casein or concentrate diet (Table 7-1V; van Raaij
et al [1982)).

B. Feed Consumption and Growth of the Experimental Animals

The feed consumption and growth of the rabbits and rats throughout the ex-
periments are presented in Table 7-V. In all of the experiments, except in II-
Rabbit, feed consumption and growth were satisfactory. In II-Rabbit, the ani-
mals consumed all their feed under the restricted feeding regime throughout
the control period and for the first two weeks of the test period. However,
after that, twelve rabbits failed to eat all the feed provided, their growth fal-
tered, and their health deteriorated. Four of the rabbits lost hair. It may well
be that the human diets, either before or after freeze-drying, contained insuf-
ficient vitamins and minerals for the growth of rabbits. When the experiment
was completed, the rabbits were transferred to the commercial rabbit diet, and
the growth and health of the less severely affected animals improved mark-
edly, Because of the problems encountered, data obtained during the test
period of experiment II-Rabbit were deleted in the subsequent analysis of the
results. In all other studies, the experimental diets were well accepted, and the
feed offered was consumed,

C. Serum Cholesterol and Lipoproteins and Liver Cholesterol in the
Experimental Animals

The concentrations of total cholesterol in serum in the experiments with
rabbits and rats are shown in Table 7-II1. When rabbits were fed semipurified
diets (experiment [1-Rabbit-SP), the diet containing casein produced a marked
increase in serum cholesterol concentration, most of the increased cholesterol
being found in the LDL fraction (Table 7-VI). The declines in concentration of
cholesterol after the casein control period seen on the two diets containing soy
isolate and soy concentrate, respectively, were identical; these declines were
observed in the LDL fraction. The higher concentration of cholesterol in the
serum on the casein diet compared with the two soy diets is reflected in the con-
centration of cholesterol in the liver (4.5 & 1.3 mgcholesterol /g liver, mean =
SD), although the difference was only significant (P < 0.05) when compared.
with the soy concentrate group (3.3 =+ 1.0 mg/g) and not with the soy isolate
group (3.6 = 1.6 mg/g). Most of the additional cholesterol which is found in
the liver at increasing serum cholesterol concentrations is in the form of cho-
lesteryl ester. This is seen from the relationships between serum cholesterol
concentration and liver cholesteryl ester concentration (Fig. 7-III) and be-
tween liver cholesterol concentration and the proportion of cholesterol in the
liver that is esterified (Fig. 7-IV).
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Fig. 7-111. The relationship between the cholesterol concentration in serum (mg/dl) (x) and the
amount of cholesterol as ester in the liver (mg/100 g) (v} in rabbits (experiment 11-Rabbit-SP): y
= 0.47x + 63.6;r = 0.481, P < 0.01; O, casein-{ed rabbits; A, soy isolate-fed rabbits; {1, soy
concenirate-fed rabbits.

TABLE 7-VI. The Effcet of Cnsein and Sey Protein Diets on the Concentration of Cholesterol
in Lipoproteins in Rabbits on Semipurified Diets
(Experiment II-Rabbit-SP)*

Test period
Control period Soyisolate  Soy concentrate

Casein dieta Casein dletb dietd dietb
Lipoprotein fraction {n = 36) (n = 12) n = 12) (n =12)
VYLDL 17 33 17 18
LDL 74 223 48 55
HDL 25 41 kY| 31
Whole serum¢ 119 278 92 95

*All values expressed in mg/100 ml.

8Mean values of six pools, each of serum from 6 animals.
bMean values of four pools, each of serum from 3 animals,
“Mean values from serum of individual animals.
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In the first experiment with rabbits using the human diets (experiment I-
Rabbit), the rabbits were transferred straight from the commercial diet to the
test diets containing either casein or soy protein isolate, After 214 weeks of test
period, the casein diet produced significantly higher increases in cholesterol
than did the soy isolate diet (Table 7-1IT). When the rabbits were subsequently
returned to the commercial diet, the concentration of cholesterol in the serum
of both groups of rabbits fell to a mean value of about 30 mg/dl [van Raaij et
al, 1981]. Thus the human diet containing casein has a pronounced hypercho-
lesterolemic effect in rabbits when compared with the soy protein diet.

In the second experiment with rabbits using the human diets (experiment I1-
Rabbit), the rabbits were transferred from the commercial diet to the human
diets for a control period of 24 weeks before being transferred to the test diets
for a subsequent four weeks. On the casein control diet, the concentrations of
cholesterol in serum increased steeply and significantly when compared with
the cholesterol levels of the rabbits that continued on the commercial diet.
After 4-5 weeks on the human diets, the rabbits began to show signs of ill
health such as reduced appetite, reduced growth and hair loss. As discussed
earlier, this may have been due to a mineral or vitamin deficiency, which did
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Fig. 71V, The relationship between the cholesterol concentration in the liver (mg/100 g) (x)
and the proportion of cholesterol esterified (%) (v) in rabbits (experiment I1-Rabbit-SP): y =
0.087x — 1.46; r = 0,827, P < 0.001; O, casein-fed rabbils; A, soy isolate-fed rabbits; [J, soy
concentrate-fed rabbits.
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not become manifest within the 24 -week period that the rabbits in experiment
I-Rabbit were on the human diets.

In the experiment with rats using the human diets (1I-Rat), the rats were
transferred from the commercial diet to the human casein diet for a control
period of 2% weeks before being transferred to the human test diets. Concen-
tration of cholesterol in serum was declining in the rats used, as shown by the
rats that continued on the commercial diet for the whole experiment. On the
casein control diets significant lower concentrations of cholesterol in serum
were observed than on the commercial diet. During the test period the declines
in serum cholesterol on the human test diets were similar to those on the com-
mercial diet; however, the declines on both soy protein diets were more pro-
nounced than that on the casein diet (Table 7-111), The larger declines on the
soy protein diets occurred mainly in the lipoprotein fractions with densities be-
tween 1,060 and 1,128 g/ml (Table 7-VII).

IV. DISCUSSION

In our studies with young and middle-aged adults we failed to find a marked
effect on serum total cholesterol of diets containing either soy isolate or soy
concentrate when compared with a diet containing casein. When the soy prep-
arations were incorporated into semipurified diets and fed to rabbits, we ob-
tained results similar to those reported previously (for a review, see Terpsira et
al [1982b]): Casein was found to be strongly hypercholesterolemic when com-
pared with the soy preparations. Similar results were observed when rabbits
were fed the human diets: A human diet containing soy isolate resulted in sig-
nificantly lower cholesterol concentrations than the human diet containing
casein (experiment I-Rabbil). In experiment [I-Rabbit, the rabbits also showed
a marked increase in serum cholesterol concentration after they had been
transferred from the commercial diet to the casein-containing human diet
(Table 7-III). As discussed before, it is unfortunate that in experiment II-
Rabbit no comparisons could be made between the casein and the soy protein
diets. In rats, the differences between the human diets containing either casein
or soy protein were small, but marginally significant.

How can one explain these different results between humans and animals?

A. Species Effects

Animal species differ greatly in their resistance to diet-induced hypercholes-
terolemia. For example, rabbits are highly susceptible to hypercholesterolemia
by dietary means; the replacement of protein in semipurified diets by casein
and the addition of small amounts of cholesterol have both been shaown to be
very effective. Although most studies with rabbits have been carried out with
semipurified diets, our studies clearly indicate that human diets give similar re-
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sults. In our studies the effects with the human diets were less pronounced than
with the semipurified diets, but this can be explained, at least partly, by the
fact that in the human diets only 65 % of the protein consisted of test protein
compared with 100% in the semipurified diets, while the total proportion of
protein in the two types of diets was about the same. The hypercholesterolemic
effect of casein increases when the amount of casein in the diet is increased
[Terpstra et al, 1981a]. The amount of linoleic acid in the diet may also be a
contributing factor as the casein-induced hypercholesterolemia in rabbits dis-
appears when increased amounts of linoleic acid are included in the diets
[Lambert ct al, 1958; Wigand, 1959; Carroll and Hamilton, 1975; Beynen and
West, 1981]. In our human diets, the proportion of polyunsaturated [at in the
diet was about 4% by weight, while in the semipurified diets the proportion
was less than 1%, The differences in results between the human and semipuri-
fied diets can probably not be explained by difference in duration, because
after 24 weeks on the semipurified diets the difference in effects between the
casein and soy protein diets was already greater than on the human diets (data
not shown).

In rats fed semipurified diets the effccts of dietary proteins are only ob-
served when considerable amounts of cholesterol (approximately 1%) are
added to the diets [Terpstra et al, 1982a]. In our experiments only 0,07% of
cholesterol was present, and this explains why the observed effects in rats were
so small. Qur studies with humans suggest that normocholesterolemic aduits
are also relatively insensitive to changes in dietary protein, and one might
speculate that in humans, diets have to contain considerable amounts of
cholestero! before the differential effect of casein and soy protein on the level
of serum cholesterol is expressed. It should be noted, however, that in the ex-
periments of Sirtori et al [1979] the cholesterol-lowering effect of the soy diet
in hypercholesterolemic patients was most pronounced against a high-linoleic
acid low-cholesterol background, ie, the opposite of the conditions under
which the effects of dietary proteins are seen most clearly in animals.

B. Age of the Animals

Animal studies in general and our studies in particular have been carried out
with young, growing animals, while in most human studies, including those re-
ported here, adults were used. It has been reported that dietary casein-induced
hypercholesterolemia in male rabbits occur only in young growing animals
[West et al, 1982), and similar results have been observed in rats [McGregor et
al, 1971). Such animals spend a considerable proportion of their lives on the
experimental dicts. Therefore, our results on humans do not rule out the pos-
sibility that a long-term intake of animal protein starting at an early age will
cause similar cholesterol-raising effects in normocholesterolemic humans.
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C. Differences in Lipoprotein Metabolism

A point to keep in mind in extrapolating animal data to man concerns the
differences in the distribution of cholesterol over the various lipoprotein frac-
tions. In healthy humans, most of the serum cholesterol is transported in the
LDL fraction, whereas in normocholesterolemic rabbits and rats the HDL
fraction is the main carrier of cholesterol {Terpstraet al, 1982¢]. Furthermore,
hypercholesterolemic diets in animals often cause the appearance of an un-
usual lipoprotein with the density of VLDL but with a much higher cholesterol
content and with a higher proportion of apolipoprotein-E [Ross and Zilver-
smit, 1977; Mahley et al, 1980; Terpstra et al, 1982a; Scholz et al, 1982]. In
humans such a particle is seen only in type III hypercholesterolemia, a fairly
rare disease. In healthy humans we did not find any marked abnormalities of
the lipoprotein spectrum after six weeks on the casein diet. In comparison,
however, the subjects who had received the soy isolate diet showed slightly
lower LDL and higher HDL cholesterol levels, Apart from slight changes in
the composition of LDL in I-Human, our apoprotein measurements did not
point to marked effects of dietary proteins on lipoprotein composition in man,
Thus at the level of the separate lipoproteins, casein-fed rabbits and rats ap-
pear Lo be different from humans.

D. Possible Mechanisms

The mechanisms underlying the cholesterclemic properties of dietary pro-
tein are not clearly understood. Probably several mechanisms are involved,
The amino acid composition of the proteins plays a role [Carroll, 1978; Krit-
chevsky, 1979; Hermus, 1975; Terpstra et al, 1982¢], but how amino acids
might influence cholesterol metabolism remains to be established, Differences
in amino acid composition between casein and soy protein, however, cannot
fully explain the different results [Carroll, 1978; Terpstra et al, 1982c]. It has
been suggested that some substances in the nonprotein part of the soy prepara-
tions such as fiber or saponins might be partly responsible for the observed
effects [Potter et al, 1980; Topping et al, 1980}, but our human and animal
studies clearly indicate that the nonprotein part of soy concentrate did not in-
fluence serum cholesterol when compared with soy isolate. Similar results
were found by Hamilton and Carroll [1976] in rabbits. As discussed previously
[van Raaij et al, 1982] the type of dietary fiber present in soy concentrate is not
likely to exert a marked hypocholesterolemic effect. As casein increases the
concentration of cholesterol in both the liver and in serum (experiment 11-Rab-
bit-SP), a redistribution of cholesterol between the serum and liver would not
appear to be involved as is the case with the difference between rabbits which
are hypo- or hyperresponsive to cholesterol [West and Roberts, 1974]. Per-
haps the differential effect of casein and soy protein on serum cholesterol
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levels in rabbits may be attributible to differences in the digestibility of the two
proteins. As has been postulated elsewhere [Terpstra et al, 1982¢] soy protein
may be less digestible than casein in rabbits and the undigested protein could
bind bile acids, thus facilitating their excretion and preventing their reab-
sorption. It may well be that in humans, soy protein is not significantly less di-
gestible than casein or that the binding of soy protein to bile acids does not
have a significant effect on the excretion of bile acids either because of the
presence of other materials in the gut or because of the nature of the bile acids
involved.

Although we did not find a marked change in serum total cholesterol con-
centrations in humans on the casein and soy diets, our data do show a small
decline in LDL cholesterol and a small increase in HDL cholesterol on the soy
isolate diet when compared with the casein diet, but there was no effect with
the soy concentrate diet, Apart from small changes in the composition of LDL
in [-Human, the apoprotein results suggest that the changes in cholesterol con-
centrations in the lipoprotein fractions resulted from changes in the number of
lipoprotein particles.

An increase in the ratio of HDL cholesterol/total cholesterol has becn as-
sociated with a lower risk of coronary heart disease [Blackburn et al, 1977;
Miller and Miller, 19751, so it may well be that the increase in this ratio on the
soy isolate diet could have a beneficial effect even when the concentration of
total cholesterol remains constant. Yet it must be noted that in our studies
these favorable effects were only observed with the rather pure soy protein
isolate and not with the soy concentrate. Thus the dramatic effects observed
by Sirtori et al [1979] with textured soy protein not only on HDL cholesterol/
total cholesterol ratio but also on the concentration of total cholesterol eluded
us when we used the soy concentrale diet.

An expectation has developed that the replacement of animal proteins by
vegetable proteins in human diets might aid in lowering serum total cholesterol
levels, thereby providing a very useful tool in the prevention of coronary heart
disease [Lewis, 1980]. This expectation is based on the many studies with
animals, particularly the rabbit, and a limited number of studies with humans,
particularly hypercholesterolemic patients [Sirtori et al, 1979; Descovich et al,
1980; Wolfe et al, 1981] in which diets containing animal proteins, particularly
casein, have been compared with diets containing vegetable proteins, particu-
larly soy protein, However, the results of most studies with normocholesterol-
emic humans, inclnding our two studies, do not provide support for this ex-
pectation: The normocholesterolemic human appears to be relatively
insensitive to changes in the type of protein in the diet, However, a small
favorable effect on the distribution of cholesterol over the various lipoprotein
classes cannot be excluded.
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V. SUMMARY

This paper reports the results of studies in which the effect of casein and soy
protein on serum cholesterol and lipoprotein concentrations were compared in
humans, rabbits, and rats using human diets. In the human studies, no marked
effect of diets containing either soy isolate or soy concentrate on serum total
cholesterol was observed when compared with a djet containing casein. When
rabbits and rats were fed the human diets, lower serum cholesterol levels were
found on both the soy diets when compared with the casein diet, the differ-
ences being much more pronounced in rabbits than in rats. These results con-
firm differences in susceptibility between species, and that the normocholes-
terolemic human appears to be relatively insensitive to changes in these dietary
proteins. Although in humans no effects on serum total cholesterol level were
observed, the soy isolate diet did cause a small decline in cholesterol concen-
tration in the low-density lipoprotein fraction (LDL) and a small increase in
cholesterol concentration in the high-density lipoprotein fraction (HDL) when
compared with the casein diet. However, there was no effect with the soy con-
centrate diet. Analysis of apolipoprotein concentrations suggested that the
changes in cholesterol concentrations in the lipoprotein fractions resulted
mainly from changes in the number of lipoprotein particles, but minor effects
on the composition of the LDL could not be excluded. The lack of a choles-
terol-lowering effect of the less-refined soy concentrate when compared with
soy protein isolate in both the human and animal studies suggest that the non-
protein part of the soy preparations probably does not have a specific choles-
terol-lowering effect. Our studies stress the risk of extrapolating animal data
concerning the effect of protein on cholesterol metabolism to man.
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