
used by those groups was not the same as the one used by Williams
et al.5 and Antonio et al.6 Further, the use of untrained subjects5,6

may present an important confounding variable. The training status
(or lack thereof) may have masked any potential gains in lean body
mass or strength. Changes in strength may be due in large part to
neural adaptation rather than to skeletal muscle hypertrophy.7

Another interesting concept in the protein and amino acid
metabolism field is “slow” versus “fast” proteins.8 Beaufrere et al.
found that, in addition to the amount of protein consumed and the
amino acid composition, the speed at which a protein is digested
significantly affects the ensuing net protein balance. That is,
slowly digesting proteins such as casein increase total protein
synthesis more than swiftly digesting proteins such as whey or an
equivalent amount in free-form amino acids.

Future studies should examine how the absorption of different
dietary proteins and single amino acids and amino acid combina-
tions affect total and skeletal muscle protein synthesis. Also, future
studies should examine the effect of exercise training coupled with
exogenous protein and/or amino acid supplementation on the
“real-world” indicators of efficacy (i.e., body composition and
increased lean body mass).

For now, it is apparent that the use of amino acids to improve
body composition via an effect on GH is largely ineffectual.
However, there are other mechanisms in which proteins and/or
amino acids might positively influence body composition.

Jeffrey R. Stout, PhD
Scientific Affairs Department

Nutricia USA
Boca Raton, Florida
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Hypocholesterolemic Effect of Soy
Protein
The importance of dietary protein in the regulation of cholesterol
metabolism has been well established in various species including

humans and rats (reviewed by Huang et al.1). Soybean protein
compared with casein with or without dietary cholesterol lowers
plasma cholesterol and triacylglycerol concentrations in rats.2,3 In
humans the cholesterol-lowering effect of soybean protein is
achieved only when cholesterol is included in the diet.4

In this issue of Nutrition, Kern et al.5 compared two diets
consisting of 20% by weight of protein with soy protein (92%
protein) or casein (95% protein) with 1% cholesterol for 28 d in
Sprague-Dawley rats. L-methionine was adjusted to be equivalent
between the diets. Soy protein isolate versus casein did not sig-
nificantly modify food intake, weight gain, food efficiency ratio,
epididymal fat pad weight, serum triacylglycerol or high-density
lipoprotein (HDL) cholesterol concentrations. However, total cho-
lesterol was lower with the soy protein diet (�25%) than with the
casein diet. Their results indicated that methionine supplementa-
tion may eliminate the decreased fat deposition previously as-
cribed6 to soy protein but that methionine does not abolish the
hypocholesterolemic effect of soy protein.

The hypocholesterolemic effect of soy is largely attributable to
the differences in the amino acid profile of soybean protein and
casein. Indeed, a major difference in the amino acid profile of soy
protein versus that of casein is the methionine content, which
barely represents half the amount in casein; in addition, methionine
has been demonstrated to elevate serum cholesterol concen-
tration.7,8

However, because methionine supplementation in the study by
Kern et al. did not abolish the commonly observed hypocholester-
olemic effects of soy protein relative to casein, some factor other
than methionine must be at least partly responsible for the
cholesterol-lowering effect of soy.

Moreover, differences between casein and soy other than their
methionine content have been reported. Glycine is present at
almost twice the concentration in soy protein isolate. The higher
methionine:glycine ratio in casein may be responsible for elevation
of serum cholesterol.8 Glycine added to a casein diet tested on rats
has been demonstrated to lower serum cholesterol concentration.7
Although the methionine levels were equal in the diets in the study
by Kern et al., the glycine difference between the sources of
protein may have been responsible for the differences in serum
cholesterol concentrations.

Several investigators8,9 have suggested that the lysine:arginine
ratio also may be a candidate for causing greater serum cholesterol
level that occurs with casein feeding, potentially due to increased
insulin sensitivity. This ratio is two-fold higher in casein than in
soy protein. Lavigne et al.10 demonstrated that soy protein as
opposed to casein improves glucose tolerance and insulin sensi-
tivity in rats. In addition, postprandial insulinemia decreased in
humans who consumed soy protein versus casein.11

However, studies in which animals were fed amino acid mix-
tures simulating soybean protein or casein have suggested that
some non-protein components in partly purified soybean protein
may be responsible for the hypocholesterolemic effect.12–14 In-
deed, a mixture of amino acids corresponding to soybean protein
exhibited higher plasma cholesterol concentrations than did the
protein itself.12 In contrast, Morita et al.8 suggested that the pattern
of amino acid composition in soy versus that in casein is respon-
sible for the differences in cholesterol metabolism. Thus, no con-
sensus regarding this issue has been reached.

However, when the patterns were fed as individual amino acids
rather than as whole proteins, the results differed from what occurs
with whole protein feeding, particularly at the digestion and intes-
tinal absorption levels. Indeed, no significant differences in cho-
lesterol absorption and excretion were observed between rats fed
amino acid mixtures equivalent to either protein.13

Several studies have suggested that the hypocholesterolemic
effect of vegetable proteins, in particular soybean protein, is
largely attributable to higher fecal steroid excretion as a conse-
quence of the reduction in intestinal absorption.13,15 Iwami et al.16

reported that soybean isolate is inferior to casein in digestibility
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et Metabolique, Faculté des Science Gabriel 6Bd Gabriel, 21000 DiJon
Cedex, France. E-mail: jbellev@u-bourgogne.fr

684 Editorial Opinion Nutrition Volume 18, Numbers 7/8, 2002



and suggested that the hydrophobic peptides of soybean protein
that remain after digestion may bind well to bile acids and serve as
a cholesterol-lowering factor. Greater fecal steroid excretion may
lead to increased bile acid production from cholesterol, thus re-
ducing serum cholesterol concentration. However, some research
has suggested that increased fecal bile acid secretion does not
necessarily result in decreased serum cholesterol concentration.17

Indeed, in compensation for the fecal loss of steroids, soybean
protein may stimulate hepatic activities of hydroxy methyl glutaryl
coenzyme A reductase, the rate-limiting enzyme in the biosynthe-
sis of cholesterol13 and cholesterol 7�-hydroxylase, the key en-
zyme that converts cholesterol to bile acids.18

The hypocholesterolemic effect of soy also may be due to
non-protein components in soy protein (such as fiber, phytic acid,
minerals, and isoflavones), and the variable purity of vegetable
protein used is questionable.19,20 Soybean proteins are generally
used as protein isolate, which contains non-protein components
associated with soybean protein, and thus may be responsible for
the cholesterol-lowering action.

Madani et al.21 carried out a study with dietary soybean protein
purified to the utmost (98%) to eliminate any additional action of
non-protein components on plasma cholesterol concentrations. The
effects of a 20% soybean protein diet and a 20% casein (95%
protein) diet consumed for 28 d by growing Wistar rats were
compared.21 The soy protein diet involves less weight gain and
final body and liver weights but similar food intake and energy
intake by weight unit. The impaired amino acid contents (espe-
cially lysine and methionine) in soy protein versus those in casein
may be responsible for this slow growth.

The most important result was that plasma total cholesterol con-
centrations are not affected by the origin of protein. These data
indicated that the cholesterol-lowering effect often observed with
soybean protein as opposed to casein is attributable to large amounts
of non-proteinous components in these proteins. These findings are
inconsistent with those of Sjöblom et al.22 who found a cholesterol-
lowering effect with soybean protein (97% crude protein) compared
with casein in male Sprague-Dawley rats. A possible explanation for
this discrepancy is that the diets in the study by Madani et al. were free
of cholesterol, whereas the diets in the study by Sjöblom et al.
contained 1% cholesterol, as did the diets composed by Kern et al.
Despite unchanged total cholesterol concentration in plasma in the
study by Madani et al.,21 a highly purified soybean protein diet as
opposed to a casein diet reduced plasma low-density lipoprotein and
very low-density lipoprotein (VLDL) masses, decreased the number
of VLDL particles, raised the amounts of HDL2-3 and HDL2-3–
cholesterol, and increased the number of HDL2-3 particles. Eklund
and Sjöblom23 also reported a lower amount of VLDL when soybean
protein rather than casein was fed. The lowered plasma VLDL level
after soybean protein consumption might have been the result of
enhanced VLDL and remnant VLDL uptake by the liver. Consump-
tion of soybean protein by rat was associated with an increase in
hepatic apolipoprotein B/E receptor activity,24 and this receptor is
involved in VLDL, intermediate-density lipoprotein, and low-density
lipoprotein uptake.25 These results in part may account for the en-
hanced cholesteryl ester contents in liver from rats fed the highly
purified soybean protein compared with rats fed the casein diet.

In another experiment, Madani et al.26 used the same sources of
protein but the diets were fed for 2 mo with 0.1% or no dietary
cholesterol. However, Eklund and Sjöblom23 found a hypocholes-
terolemic effect of soybean protein compared with that of casein
and the hypercholesterolemic effect of exogenous cholesterol
when rats were fed a higher level (�0.25% cholesterol). But these
amounts are higher than the quantities consumed by humans
(usually �0.05%). In the study by Madani et al., neither dietary
protein nor cholesterol supplementation affected plasma choles-
terol or triacylglycerol concentrations. Fecal neutral and acidic
steroid excretions were higher in the rats fed soybean protein than
in those fed casein and greater in both groups fed the cholesterol-
enriched diets. The increased excretion of fecal steroids was not

associated with a lower plasma cholesterol level. Madani et al.21,26

probably minimized fecal steroid excretion by using highly puri-
fied soybean protein, which might be responsible for the absence
of the cholesterol-lowering effect of soybean protein compared
with casein. Moreover, hydroxy methyl glutaryl coenzyme A
reductase activity was 1.7-fold higher in the soy protein group than
in the casein group, but the difference was not significant due to
large individual variations. This higher hydroxy methyl glutaryl
coenzyme A reductase activity may compensate for the loss of
fecal steroids without modifying plasma cholesterol concentration.
Dietary cholesterol supplementation lowered hydroxy methyl glu-
taryl coenzyme A reductase activity and this decrease was more
marked in rats fed the soybean protein diet. In the absence of
dietary cholesterol, highly purified soybean protein lowered cho-
lesterol 7�-hydroxylase activity. In the presence of 0.1% choles-
terol, this activity was higher in rats fed a highly purified soybean
protein diet than in those fed casein. However, Choi et al.4 found
no dietary protein-dependent difference in cholesterol 7�-
hydroxylase activity among rats fed soy protein or casein supple-
mented or not supplemented with cholesterol.

Isoflavones from soybean have been hypothesized as the cause
of the cholesterol-lowering effect.27 Anthony et al.28 found that the
isoflavone-intact protein, but not the alcohol-extracted soybean
protein, reduces plasma cholesterol in peripubertal rhesus mon-
keys. Madani et al.21,26 did not use aqueous alcohol extraction to
obtain soybean protein, so the highly purified soybean protein used
might have contained isoflavones in small quantities. Nonetheless,
feeding rats these proteins did not produce any hypocholester-
olemic effect in comparison with rats fed casein.

In conclusion, soy protein may trigger various effects on lipid
and cholesterol metabolism according to the species, but the ef-
fects are due mostly to the presence or absence of non-protein
components and, hence, the purity of the selected protein and the
concomitant addition or non-addition of cholesterol. The effects
observed also may depend on whether dietary cholesterol is added
to the diet and on its intake level. These points may account for
some divergent results and explain the hypocholesterolemic effect
or absence of soybean protein.

Jacques Belleville, PhD
Unité de Nutrition Cellulaire et Metabolique

Faculté des Science Gabriel
6 Bd Gabriel

21000 Dijon, France
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Intraportal Nutrition: Are There
Indications for Clinical Relevance?
Bozzetti et al.1 investigated the metabolic effects of intravenous
nutrition in the portal (P) and systemic (S) circulations. They
studied 20 patients undergoing colorectal surgery. The patients
were randomized to receive P or S nutrition (N). They claimed a
positive result. They concluded that short-term PN is safe and has
several metabolic benefits: an accelerated recovery from postop-
erative hypoalbuminemia and hypoprealbuminemia, associated
with a higher level of plasma glutamine, a closer to normal amino

acid (AA) pattern in the PN group, and a blunted catabolic re-
sponse of the muscle in PN patients.

In disease or trauma, amino acids are transported from periph-
eral tissues to the liver to accommodate the synthesis of visceral
and acute-phase proteins.2–8 Therefore, the idea of feeding intra-
portally has its base in the assumption that all nutrients are deliv-
ered directly to the liver. Thus, nitrogen use and hepatic protein
synthesis are optimally supported. This method is in contrast to the
intravenous route, where nutrition solutions pass directly into the
systemic circulation, bypassing the gastrointestinal tract and the
first circulation through the liver.9

Intravenous nutrition was designed specifically to maintain or
improve the nutrition and metabolic status of patients who cannot
be nourished adequately.10,11 The lack of adequate food intake is
associated with a significant deterioration of the protein-energy
status.12 An overall depleted protein-energy status leads to im-
paired function of vital organs and may exacerbate the disease and
delay recovery.13,14 Thus, intravenous nutrition would be expected
to facilitate the stress response during trauma.

Bozzetti et al. assumed metabolic benefits based on their ob-
servations of accelerated recoveries from postoperative hypoalbu-
minemia and hypoprealbuminemia by postoperative day 7. This
assumption was based entirely on the fact that only the SN group
showed a significant difference on day 7 versus basal levels, so this
conclusion is rather dubious. As they mentioned, the difference
between basal and the 7-d levels was merely 0.3 g/dL and the same
difference applied equally between groups. The reason that there
was a significant difference in the SN group and not the PN group
is probably due to the greater standard error in the PN group (0.5
versus 0.2 in the SN group). Hence, its significance can be debated.

Further, overall protein breakdown and skeletal muscle degra-
dation were determined by and related to amino acid profiles.
Although PN was claimed “to blunt the catabolic response of the
muscle,”1 neither the nitrogen balance nor the 3-methyl-histidine
excretions showed a significant difference between groups in the
study. In addition, the flux of 3-methyl-histidine showed no dif-
ferences. Therefore, the only conclusion must be that there was no
difference in protein muscle catabolism between the PN and SN
groups. However, the release of tyrosine from muscle was higher
in the SN group, supposedly indicating enhanced muscle degrada-
tion. Even so, this difference was present only on day 6. Usually,
amino acid profiles are disturbed within 24 h after surgery and
return to normal patterns after a couple of days.15 The fact that the
significant changes were observed on day 6 and not on day 3
suggests, in the perspective of the literature, that the 3-methyl-
histidine and N results were a coincidence.

Nutritional depletion and different types of injury have been
associated with low plasma levels of glutamine14,16,17 and de-
creased muscle free-glutamine levels after surgery.15,16,18 The ef-
flux of amino acids from skeletal muscle increases at a rate
corresponding to the deamination and metabolism of free intracel-
lular amino acids. De novo synthetized alanine and glutamine
constitute the major portion of the amino acid outflow from mus-
cle.19 In the report by Bozzetti et al., the plasma level of glutamine
in the PN group was significantly increased, whereas no such rise
was reported in the SN group. The physiologic importance of a
higher glutamine level was not investigated and its pathophysio-
logic significance is not known. More important is the finding that
neither glutamine efflux nor arginine efflux from peripheral muscle
were decreased in the PN as opposed to the SN group. Therefore,
the aim of PN, to provide sufficient substrate to prevent muscle
catabolism, was not met as would have been demonstrated by a
decreased efflux from the muscle.

Arterial amino acid patterns of the P and S groups were
compared with those of malnourished patients. The investigators
stated that the SN group has a “pattern midway that of malnour-
ished and PN patients” and, hence, concluded that the results of the
PN group were better. However, comparing amino acid patterns
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