Methionine Deficiency in Rats Fed Soy Protein Induces Hypercholesterolemia
and Potentiates Lipoprotein Susceptibility to Peroxidation
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A number of studies have provided evidence that plant proteins, especially soy protein, have a cholesterol-lowering effect as
compared with casein. However, dietary supply of sulfur amino acids may be deficient when soy protein is present in the diet at
a suboptimal level, which could affect lipid metabolism. Accordingly, in rats fed 13% protein diets, soy protein feeding resuited
in a cholesterol-increasing effect (+18%), which could be counteracted by methionine supplementation (0.4%). In contrast, soy
protein was effective in decreasing plasma triglyceride, as compared with levels in rats fed casein; this triglyceride-lowering
effect was entirely abolished by methionine supplementation. The hypercholesterolemic effect of soy protein was character-
ized by a higher cholesterol content in low-density lipoprotein (LDL} and high-density lipoprotein 1 (HDL,) fractions, together
with a marked induction of hepatic hydroxymethyl glutaryl coenzyme A (HMG CoA) reductase activity and to a lesser extent
cholesterol 7a-hydroxylase. There was practically no induction of these enzymes, as compared with levels in rats fed casein
diets, when the soy protein diet was supplemented with methionine. Very-low-density lipoprotein (VLDL) plus LDL
susceptibility to peroxidation was higher in rats fed soy protein than in casein-fed rats, which could reflect in part the lack of
sulfur amino acid availability, since methionine supplementation led to a partial recovery of lipoprotein resistance to
peroxidation. These findings suggest that amino acid imbalance could be atherogenic by increasing circulating cholesterol and

leading to a higher lipoprotein susceptibility to peroxidation.
Copyright © 1995 by W.B. Saunders Company

HE BIOLOGIC VALUE of various dietary protein
sources is to a large extent governed by the availability
of individual indispensable amino acids. Data about amino
acid requirements for maintenance of adequate protein
nutritional status are essentially derived from growth and
nitrogen-balance studies. Whereas casein is considered well
equilibrated (despite a slight deficiency of methionine), the
sulfur amino acid content of soy protein may be insufficient
to meet the nutritional requirements for optimal growth.!
Besides their influence on protein synthesis and growth,
sulfur-containing amino acids are major precursors for the
synthesis of intracellular molecules such as reduced glutathi-
one (GSH) and taurine. GSH is known as the most
prevalent cellular thiol that plays an important role in
cellular metabolism? and in protection of cells against
reactive oxygen species.>* Furthermore, optimum concen-
trations of thiols and disulfides are essential for rapid and
complete folding and secretion of many proteins,® as well as
for maintenance of the redox state of their -SH groups.®
Other sulfur-containing compounds such as cysteamine and
hypotaurine have also been proposed as physiologic antioxi-
dants.” Studies performed on sulfur amino acid supplemen-
tation have reported a hypercholesterolemic effect of me-
thionine® and cyst(e)ine.” It has been reported that
methionine or cysteine excess may induce profound modifi-
cations of lipid and lipoprotein metabolism,'%2 but little
information is available as to the effects of moderate
supplementations with sulfur amino acids. Casein, as com-
pared with soy protein, has been shown to be hypercholes-
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terolemic, particularly in rabbits’* and even in rats.!*
However, this response of cholesterol metabolism to di-
etary protein must be interpreted with caution, since it
could be influenced by a number of factors such as age and
sex of the animals, protein level in the diet (often 20%
casein supplemented with methionine), or presence of
cholesterol in the diet. Furthermore, the metabolic influ-
ence of methionine, when it has a limiting role for growth,
could be of interest.

In this study, we have thus investigated the consequences
of methionine deficiency on lipid metabolism in rats fed a
moderate level (13%) of soy protein or casein. The study
takes into consideration changes in circulating lipids and
liver metabolism and, in parallel, parameters of in vitro
susceptibility of lipoproteins to peroxidation.

MATERIALS AND METHODS
Animals and Diets

Male Wistar rats (IFFA-CREDO, 1’ Arbresle, France) weighing
approximately 150 to 160 g were adapted for 21 days to semipuri-
fied diets containing either casein (Louis Francois, Paris, France)
or soy protein isolate (ICN Biomedicals, Aurora, OH) at a level of
13% of the diets. Amino acid composition of the diets is listed in
Table 1. Dietary carbohydrate was supplied as wheat starch (75%
of the unsupplemented diets). L-Methionine (Sigma Chemicals, St
Louis, MO) was added at the expense of wheat starch at a level of
0.4%. All diets contained 5% peanut oil, 6% salt mixture, and 1%
vitamin mixture (UAR, Villemoisson/Orge, France). Animals
were housed two per cage (wire-bottomed to limit coprophagy)
and maintained in temperature-controlled rooms (22°C) with a
dark period from 8 pM to 8 AM. Animals were maintained and
handled according to recommendations of the Institutional Ethics
Committee.

Sampling Procedures

Rats were sampled at the end of the dark period. They were
anesthetized with sodium pentobarbital 40 mg/kg and maintained
on a hot plate at 37°C. Blood from the abdominal aorta was drawn
into heparinized syringes, and plasma was obtained by centrifuga-
tion at 10,000 x g for 2 minutes. After centrifugation, plasma was
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Table 1. Amino Acid Composition of the Dietary Proteins

Protein Casein Soy Protein
Aspartic acid + asparagine 6.6 11.9
Glutamic acid + glutamine 21.0 18.0
Serine 5.5 5.2
Threonine 4.1 3.7
Glycine 1.7 4.2
Alanine 2.8 a1
Proline 10.1 5.5
Valine 5.9 4.5
Isoleucine 4.7 4.9
Leucine 8.4 8.1
Tyrosine 5.0 4.0
Phenylalanine 6.5 5.4
Tryptophan 1.3 1.5
Histidine 2.6 2.6
Lysine 7.2 6.3
Arginine 35 7.5
Lysine/arginine ratio 2.06 0.84
Cysteine 0.4 1.3
Methionine 2.9 1.3
Methionine/cysteine ratio 7.25 1.0
Total sulfur amino acids 34 2.6

NOTE. Values are given as percentage of total amino acids. Composi-
tion of proteins was determined by a standardized method, based on
hydrolysis by HCI, measurement of amino acid levels on a cation-
exchange resin, and detection by a ninhydrin reaction. Sulfur amino
acids are determined after oxidation, and tryptophan after hydrolysis
by Ba(OH),.®™

removed and kept at +4°C for lipid and lipoprotein analysis. An
aliquot of plasma was removed and kept at —20°C for amino acid
analysis. A portion of the liver was freezed-clamped and stored at
—80°C before GSH and amino acid analysis. In parallel, 2 g liver
was quickly homogenized for microsome purification, as previously
described.’® The microsomal preparation was stored as 300-pL
aliquots at —80°C until measurement of enzyme activities. Protein
content of the preparation was determined using the Pierce BCA
Reagent kit (Interchim, Montlucon, France).

Lipoprotein Separation and Oxidation Experiments

Equal volumes of plasma samples were pooled for lipoprotein
separation. Plasma lipoproteins were separated by ultracentrifuga-
tion on a density gradient, as described by Sérougne et al.® The
gradient was then fractionated (500-pL fractions) and kept at 4°C
for lipid analysis.

The very—low-density lipoprotein (VLDL) plus low-density lipo-
protein (LDL) fraction used for oxidation experiments was ob-
tained by sequential ultracentrifugation, as previously described.!?
The VLDL plus LDL fraction was then washed by a further period
of ultracentrifugation at the same density. Before oxidation experi-
ments, purified lipoprotein fractions were dialyzed against 0.01
mol/L phosphate buffer (pH 7.4) containing 0.15 mol/L NaCl. The
final protein concentration of lipoprotein fractions was adjusted to
40 pg/mL. Oxidation experiments were performed as described by
Esterbauer et al'® and were initiated by addition of freshly
prepared CuSO, (final concentration, 5 pmol/L) at 37°C. The
kinetics of lipoprotein oxidation were determined by continuously
monitoring the change in 234-nm absorbance at 37°C on a Uvikon
930 spectrophotometer (Kontron, St Quentin-Yoelines, France).
The initial absorbance was set to zero, and the increase in
conjugated-diene absorbance was recorded.
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Analytic Procedures

Triglycerides (Biotrol, Paris, France), cholesterol, and phospho-
lipids (Biomérieux, Charbonniéres-les-bains, France) were deter-
mined in plasma and lipoproteins by enzymatic procedures. Pro-
tein concentrations were determined with the Pierce BCA protein
reagent kit (Montlugon, Interchim, France). The frozen liver
samples were crushed in 5 vol 0.6-mol/L perchloric acid and the
supernatant was neutralized with K;CO; for measurement of
amino acid levels. Plasma samples were deproteinized with 5%
sulfosalicylic acid (1:1 vol/vol) immediately before analysis. All
extracts were adjusted to pH 2.2 with lithium citrate buffer 0.2N.
Amino acid analysis were performed on a Chromakon 500 autoana-
lyzer (Kontron, Ziirich, Switzerland) using lithium citrate buffers
(Pharmacia Biochrom, Cambridge, UK) and postcolumn ninhydrin
detection. For GSH measurements, a portion of liver was disrupted
in 20 vol 0.125-mol/L sodium phosphate buffer containing 1
mmol/L EDTA and 5% trichloroacetic acid. GSH concentration
was determined colorimetrically on the 10,000 X g supernatant,
using the method reported by Sedlak and Lindsay."?

Activity of hydroxymethylglutaryl coenzyme A reductase (HMG
CoA reductase, EC 1.1.1.34) was measured on microsomal frac-
tions as described by Wilce and Kroone.? Labeled mevalonolac-
tone was separated from unreacted HMG CoA by column chroma-
tography using AGI1-X8 resin (200-400 mesh, formate form;
Biorad, Paris, France). Specific radioactivity of the enzyme was
expressed in picomoles of [3-“CJHMG CoA transformed in
[*C)mevalonolactone per minute per milligram microsomal pro-
tein, after correcting for recovery of [*H]mevalonolactone from the
column. Cholesterol 7a-hydroxylase (EC 1.14.13.17) activity was
determined as described by Chiang,?! using 20a-hydroxycholesterol
as internal standard; 3-keto derivatives of the sterols were analyzed
by reverse-phase high-performance liquid chromatography on a
25-cm C18 Spherisorb ODS2 column (Interchim) and detected at
240 nm. Microsomal concentration of free cholesterol was deter-
mined by high-performance liquid chromatography using these
conditions (but omitting the first incubation step in the presence of
NADPH) on a shorter column (12.5 cm).

Bile acid analysis was performed after extraction from feces by
10 vol ethanolic KOH, using the reaction catalyzed by 3a-
hydroxysteroid dehydrogenase (EC 1.1.1.50; Sigma).

Statistics

Values are presented as the mean + SEM, and where appropri-
ate, significance of differences between mean values was deter-
mined by ANOVA and multiple-range comparison by Fisher’s
protected least-significant difference procedures (Staview 512+;
Brain Power, Calabasas, CA).

RESULTS
Animal Characteristics

The influence of dietary protein source and methionine
supplementation on animal growth is listed in Table 2. A
marked improvement of animal growth was obtained with
0.4% methionine addition to the soy protein diet, whereas
growth of casein-fed rats was unaltered by methionine
supplementation. Liver weight was significantly less in rats
fed the 13% soy protein diet than in those fed the 13%
casein diet (4.0% and 4.6% of body weight, respectively).
The liver was heavier in rats fed methionine-supplemented
diets, especially when the protein source was soy protein
(+37%, v +14% with casein). This is in keeping with data
indicating that methionine supplementation improves effi-
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Table 2. Effects of Dietary Protein Source and Met Supplementation

on Rat Growth
13% Soy
13% Casein 13% Soy Protein +
Diet 13% Casein  + 0.4% Met Protein 0.4% Met
Food intake
{g/d) 2565+03 2292067 266507 255=05
Daily weight
gain {g/d) 6.49 + 0.41 7.79 = 0.19 4.96 = 0.65% 7.90 + 0.52t
Body weight (g) 307 = 7 322+ 3 258 + b* 319+ 71
Liver weight {(g) 14.2 + 0.5 16.3 + 0.7t 10.3 = 0.4* 14.1 = 0.41

NOTE. Values are the mean + SEM of 8 animals per group.
*P < 05, 13% soy protein v 13% casein.
TP < .05, 0.4% Met v no supplementation.

ciency of diet utilization® and induces a certain degree of
hyperplasia in the liver.?

Changes in Amino Acids

Soy protein feeding was characterized by a marked
decrease of plasma methionine concentration as compared
with levels in rats fed casein, which was completely counter-
acted by supplementation of this diet with 0.4% methionine
(Table 3). Dietary supplementation with methionine pro-
duced a decrease of threonine concentration, which was
particularly marked with the soy protein diet. In this group,
plasma concentration of serine was also significantly de-
creased. Cysteine was present in low concentrations (5 to 7
pmol/L) in plasma of rats adapted to a 13% casein or soy
protein diet. Methionine supplementation elicited a signifi-

Table 3. Effect of Dietary Protein Source on Plasma and
Liver Amino Acid Concentrations

13% Soy
13% Casein 13% Soy Protein +
Diet 13% Casein  + 0.4% Met Protein 0.4% Met
Artery (mmol/L}
Thr 0.63 = 0.03 0.57 = 0.02 0.51 = 0.02* 0.22 + 0.01t
Ser 0.45 = 0.02 0.24 = 0.011T 0.57 = 0.01* 0.29 + 0.011
Glu 0.10 = 0.01 0.12 £ 0.01 0.10 = 0.01 0.12 = 0.01
Gln 0.73 = 0.02 0.67 = 0.02t 0.56 + 0.02* 0.56 + 0.01
Gly 0.32 = 0.01 0.18 £ 0.01t 0.38 = 0.02* 0.36 + 0.02
Ala 0.70 = 0.03 0.65 = 0.03 0.53 = 0.03* 0.70 = 0.03t
Met 0.08 = 0.01 0.10 £ 0.01 0.03 = 0.01* 0.09 + 0.011
Cys 7+2% 15 + 3t 5 x 2% 10 + 3%
Tau 0.02 = 0.01 0.12 = 0,01t 0.02 = 0.01 0.11 £ 0.017F
Liver (pmol/g)
Thr 0.73 = 0.04 0.53 = 0.027 1.24 + 0.12* 0.16 = 0.011
Ser 1.36 = 0.06 0.42 = 0.03t 2.75 + 0.08* 0.85 + 0.011
Glu 2.14 = 0.10 1.78 £ 0.057 1.95 = 0.07 2.56 + 0.10T
Gin 5.38 + 0.43 6.00 = 0.15 3.79 = 0.23* 5.14 + 0.25%
Gly 3.62 + 0.13 2.31 = 0.08T 2.55 + 0.12* 3.21 = 0.12F
Ala 3.70 £ 0.28 3.28 + 0.09 2.65 = 0.21* 3.66 x 0.141
Met 0.05 = 0.01 0.11 = 0.011 < 0.01 0.06 = 0.01
Tau 1.256 + 0.09 7.91 + 0.40T 0.59 + 0.07* 4.30 = 0.361
GSH 2.15 + 0.16 3.64 = 0.27t 1.20 = 0.08* 3.87 = 0.25%1

NOTE. Values are the mean = SEM of 8 animals per group.
*P < .05, 13% soy protein v 13% casein.

TP < .05, 0.4% Met v no supplementation.

+x 1073,
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cant increase in plasma cysteine only in rats adapted to the
casein diet.

Liver concentration of methionine, undetectable in soy
protein—fed rats, was nearly the same as in controls when
this amino acid was added to the diet. Liver concentrations
of threonine were dramatically decreased by methionine
supplementation (78% less than control levels in soy
protein—fed rats), even in rats fed casein (—27%). Liver
concentrations of serine were consistently decreased by
methionine supplementation, in keeping with data showing
an induction of serine/threonine dehydratase activity by
methionine.?224

Methionine deficiency induced by soy protein feeding
was accompanied by a marked decrease of both GSH and
taurine concentrations in the liver, as compared with levels
in casein-fed rats. Supplementation with methionine mark-
edly improved GSH and taurine status, whatever the
dietary protein.

Lipid Metabolism

Soy protein-fed rats exhibited a significant elevation of
plasma cholesterol and a marked decrease of triglycerides
as compared with casein-fed rats (Fig 1). Plasma lipid
concentrations were unchanged by methionine supplemen-
tation with casein, whereas a reduction of cholesterol and
an increase of triglyceride concentrations were observed in
soy protein—fed rats.

Analysis of lipoprotein profiles isolated by gradient
ultracentrifugation (Fig 2) shows that the elevation of
plasma triglycerides induced by methionine supplementa-
tion of soy protein occurred principally in chylomicrons and
VLDL fractions (triglyceride-rich lipoprotein {TGRLP]).
Addition of methionine to the casein diet had little influ-
ence on triglyceride content of these lipoprotein fractions.
Rats fed soy protein exhibited particularly low concentra-
tions of cholesterol, triglycerides, and protein in TGRLP.
In contrast, the hypercholesterolemic effect of soy protein
as compared with casein was characterized by cholesterol
enrichment in LDL and (high-density lipoprotein 1 ((HDL,]

O Cholesterol
Triglycerides

mmol/L

13 % Soy protein
+0.4 % Met

13 % Casein

13 % Casein
+0.4 % Met

13 % Soy protein

Fig 1. Effects of dietary protein source and Met supplementation
on plasma concentration of cholesterol and triglycerides. *P < .05,
13% soy protein v 13% casein; TP < .05, 0.4% Met v no supplementa-
tion.
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2000 7 Triglycerides
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[3 13 % Soy protein 1000 I_,I.
13 % Soy protein + 0.4 % Met X
800 »
1000 - 600 1 * Al
400 Al
O ™ Triglyceride-rich lipoproteins (TGRLP) HDI2
umol/L
800 - Phospholipid 1000 Protein
Fig 2. Effects of dietary pro-
tein source and Met supplemen-
tation on triglycerides, choles- 200
terol, phospholipids, and protein 600
repartition in different plasma li-
poprotein classes. TGRLPs (es- 600
sentially VLDL) corresponded to 400 1
fractions with d < 1.006. LDL,
HDL,, and HDL, corresponded to 400
fractions with a density range
from 1.006 to 1.040, 1.040 to 200 A
1.080, and 1.080 to 1.16, respec- 200
tively. *P < .05, 13% soy protein
v 13% casein; 1P < .05, 0.4% Met 0 0

v no supplementation. TGRLP
apolipoprotein E-rich) fractions. Phospholipid and protein
contents of HDL; were also higher in this group, which
reflects an accumulation of these particles in the plasma
rather than compositional changes. Methionine supplemen-
tation of the soy protein diet caused a marked reduction of
LDL and HDL; cholesterol and phospholipid, whereas no
significant effect on lipoprotein composition was observed

with casein diets supplemented with methionine. Lipid and
protein contents of HDL, were not significantly altered by
any dietary treatment. Elevated cholesterol concentrations
observed in plasma of rats fed soy protein were accompa-
nied by induction of HMG CoA reductase activity; this
activity was not significantly different from the control value
when methionine was added to this diet (Fig 3). Activity of

Fig 3. Effects of dietary pro-
tein source and Met supplemen-
tation on activity of HMG CoA

reductase (a), cholesterol 7a-
hydroxylase (b}, concentration of
unesterified cholesterol in liver
microsomes (¢} and fecal excre-
tion of bile acids {d). *P < .05,
13% soy protein v 13% casein;
1P < .05, 0.4% Met v no supple-
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microsomal cholesterol 7a-hydroxylase was also induced in
rats fed the soy protein diet ( ~ twofold) as compared with
rats fed the casein diet, and methionine supplementation
resulted in activities that were not significantly different
from basal conditions. Microsomal free cholesterol was not
significantly decreased by adaptation to the soy protein
diet, but methionine supplementation of this diet led to a
significant increase of microsomal cholesterol. In parallel
with the higher activity of HMG CoA reductase, soy
protein—fed rats exhibited an enhanced excretion of bile
acids (1.5-fold > controls). Fecal excretion of bile acids
was not significantly modified by methionine supplementa-
tion (Fig 3).

Susceptibility of Lipoproteins to Peroxidation

The results obtained in this study indicate that sulfur
amino acid deficiency or amino acid imbalance may induce
profound changes in lipid metabolism. Thus, the question
arises as to whether concomitant depletion of liver GSH
influences the antioxidative defense of the organism, which
could be reflected by an enhanced susceptibility of LDL to
peroxidation. Since rats have a low level of LDL? and
because both VLDL and LDL can undergo lipid peroxida-
tion,?® we have investigated in vitro oxidation of a lipopro-
tein fraction containing both VLDL. and LDL.

In vitro measurement of lipoprotein copper-induced
oxidation shows that the VL.DL plus LDL fraction isolated
from controls was more resistant to lipid peroxidation than
that of soy protein—fed rats, as reflected by duration of the
lag phase (Fig 4). The maximal rate of diene production,
illustrated by the slope of the absorbance curve during the
propagation phase, was markedly higher in soy protein—fed
rats than in controls. Compared with the unsupplemented
soy protein diet, addition of methionine prolonged the lag
phase (which nevertheless remained shorter than in con-
trols) without a noticeable effect on the propagation rate.

12 4

0 13 % Casein

® 13 % Casein + 0.4 % Met
104 ° 13 % Soy protein

o

13 % Soy protein + 0.4 % Met

Absorbance (234 nm)

300

Time (min)

Fig 4. Rate of formation of conjugated dienes in VLDL + LDL
fractions (estimated using changes in absorbance at 234 nm) from rats
fed casein or soy protein diets, with or without methionine supplemen-
tation.
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The total amount of dienes produced was also responsive to
dietary conditions and was higher with soy protein, with
practically no effect of methionine supplementation on this
parameter. Supplementation of the casein diet with methio-
nine did not noticeably alter the oxidizability of plasma
lipoproteins.

DISCUSSION

A number of studies have raised the hypothesis that plant
proteins, especially soy protein isolate, are hypocholesterol-
emic relative to casein or other animal proteins (for review,
see Forsythe et al?”). This effect, more pronounced with
high-cholesterol diets, has been evidenced in rabbits?® and
rats!4? when the dietary protein level was close to 20%.
However, data from studies involving human subjects are
less conclusive, and plant proteins appeared to be devoid of
effect on plasma cholesterol levels in normocholesterolemic
subjects.33! The mechanisms by which dietary protein
influences plasma cholesterol concentrations are not com-
pletely understood, since a number of parameters could be
affected by the protein source. Casein feeding has often
been shown to decrease fecal excretion of neutral and
acidic steroids,3? which could in turn influence the metabo-
lism of lipoproteins. Furthermore, animal proteins have
high lysine to arginine ratios, which may affect cholesterol
metabolism directly (via nitric oxide, for example3?) or by
altering the hormonal status.3*% Accordingly, soy protein
feeding results in higher plasma thyroxine levels,® which
might explain the higher hepatic HMG CoA reductase
activity,? increase of bile acid excretion, and lower triglycer-
ide content of TGRLP. However, no decrease of plasma
cholesterol has been observed in the present study, and
there was even a slight hypercholesterolemic effect.

In this study, the main effect seems to arise from amino
acid imbalance and its consequence on growth and sulfur
amino acid status. Other studies have also shown that
feeding growing rats low-protein diets may profoundly
affect cholesterol metabolism, and to a larger extent when
the protein quality is inadequate.?3 Protein malnutrition
has various inhibitory effects on protein synthesis, as well as
on other anabolic processes such as lipogenesis. A surpris-
ing result from this study was that a higher plasma choles-
terol level was associated with low concentrations of triglyc-
erides. This study clearly shows that when the dietary
protein level is slightly less than required for optimal
growth (here 13% of the diet), soy protein could be
hypercholesterolemic as compared with casein. When the
soy protein diet was supplemented with methionine, plasma
cholesterol and triglycerides were not significantly different
from control values. The elevated plasma cholesterol ob-
served in rats fed soy protein was concomitant with a high
activity of HMG CoA reductase. However, when this diet
was supplemented with methionine, HMG CoA reductase
activity was markedly decreased, but still higher than with
the control diet. Curiously, no significant effect of methio-
nine supplementation was observed with the casein diet,
despite the slight deficiency of this protein in sulfur amino
acid. Some studies have reported that liver GSH concentra-
tion may stimulate HMG CoA reductase*® or cholesterol



SOY PROTEIN, METHIONINE, AND PLASMA LIPIDS

Ta-hydroxylase.*! However, in the present study, GSH
concentrations appear inversely related to these enzyme
activities. It is noteworthy that there is an induction of
HMG CoA reductase in rats fed soy protein despite
elevated LDL and HDL, cholesterol, which raises the
question as to whether these lipoproteins are effectively
taken up (a process essentially dependent on the activity of
apolipoprotein B/E receptors on plasma membrane).

Methionine supplementation markedly increased he-
patic concentration of taurine, which could influence the
proportion of tauro-conjugated bile acids.*? Furthermore,
these conjugated bile acids are more soluble and possibly
more available for reabsorption than glycine-conjugates.
A preferential conjugation of bile acids with taurine,
resulting in a greater proportion of bile acid returning to
the liver, could downregulate activity of both HMG CoA
reductase and cholesterol 7a-hydroxylase.** However, fecal
loss of bile acids, moderately increased with soy protein
(1.5-fold that of controls), was not modified by methionine
addition, which suggests that the effect of methionine on
plasma cholesterol is not associated with modifications of
the amount of bile acid reabsorbed.

One important feature of this study is that soy protein—
fed rats exhibited an increased in vitro susceptibility of
plasma lipoproteins to peroxidation. It is now well estab-
lished that LDL oxidation is an important event in the
development of atherogenesis,® since oxidized LDL are
efficiently absorbed by macrophages. Increased lipid peroxi-
dation may originate from a decreased availability of
sulfur-containing molecules, which are indispensable for
maintenance of the antioxidative defense of the cells* and
regeneration of antioxidant molecules such as ascorbic
acid* and a-tocopherol. Another study, performed on
growing rats, has shown that protein deficiency affects
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activities of scavenger enzymes and thiobarbituric acid—
reactive substances accumulation.*’” Addition of methio-
nine to the soy protein diet markedly improved resistance
of lipoproteins to peroxidation; however, restoration of the
sulfur amino acid status did not result in complete recovery
of VLDL plus LDL resistance against peroxidation. It is
noteworthy that methionine supplementation was accompa-
nied by a decrease of plasma and liver threonine and serine
concentrations. Thus, the question arises as to whether this
amino acid imbalance could affect the effectiveness of
systems involved in resistance against oxidative damage.

In conclusion, besides dietary fat and cholesterol, protein
malnutrition (which is often associated with impaired
protein synthesis due to amino acid imbalance) may also
result in hypercholesterolemia. Curiously, despite high
plasma cholesterol levels, activity of HMG CoA reductase
was markedly induced; this suggests an impaired uptake of
LDL and HDL, cholesterol, which should repress choles-
terol endogenous synthesis, especially HMG CoA reduc-
tase activity. It is noteworthy that high plasma cholesterol
and an elevated risk of cardiovascular disease have often
been observed in humans exhibiting abnormal behavior
related to weight control, such as prolonged periods of
calorie-restricted dieting®® or anorexia nervosa.* Further-
more, amino acid imbalance (particularly sulfur amino
acids) potentiates the susceptibility of lipoprotein to peroxi-
dation and thus tends to aggravate the consequences of
elevated plasma lipids. However, it must be kept in mind
that plant proteins are most frequently provided by plant
foods generally rich in antioxidant compounds, which
should counteract some untoward effects of unbalanced
plant proteins. The fact that soy protein is particularly rich
in arginine could also be of consequence, because of a
higher availability of the nitrogen oxide precursor.3
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