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Body weight gain, food intake, gastrocnemius muscle and liver weight, protein and RNA
content, as well as the fractional rates of muscle and liver protein synthesis (k„ according to
the method of constant infusion of L-[HC]tyrosine), growth (kB) and degradation (kj), along
with RNA activity (g of protein synthesized per day/g RNA) of both organs, were determined
in growing male rats fed ad libitum over a period of 10 days on 18.7 % protein diets containing
either casein (5 % of methionine added) (control) or the raw legume field bean (Vida faba L.)
as the sole sources of protein. It has been found that as compared to control rats, those fed
the raw legume diet exhibited a significant reduction in the rate of growth, muscle RNA, k„
kg, ka and RNA activity, and a significant increase in liver k„ kd and RNA activity. All dif­
ferences were statistically significant at least at the 5 % level. The possible nature of these
findings is discussed.
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Legumes are widely cultivated in order
to obtain a relatively good and inexpensive
protein supply (9); however, the utiliza­
tion of these plants both in human and an­
imal nutrition is limited by the action of
antinutritive substances contained in the
raw seeds (16, 20), as well as by the low
sulphur amino acid content of the legume
protein (31). Although considerable atten­

* To whom all correspondence should be ad­
dressed.

tion has been paid to the nutritional effects
caused by these substances in farm animals
as well as in humans, there is little avail­
able information on the effects of legumes
on protein metabolism. Previous studies
carried out in our laboratory have shown
that both rats and chickens fed different
raw legume diets exhibited a marked in­
crease in the activity of a number of he­
patic amino-acid-degrading enzymes (8),
as well as increased muscle and liver pro­
teolytic activity (30). We have also found 
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several changes in the composition o£ the
skeletal musculature of growing animals
fed raw legume diets; these changes were
basically reflected by increases in the non­
protein nitrogenous fraction and a less­
ening in the sarcoplasmic nitrogenous
fraction of the skeletal musculature (28,
29).

The objective of this work was to fur­
ther investigate the effects of feeding
growing rats a diet in which the raw leg­
ume field bean (Vicia faba L.) —exten­
sively cultivated in many Mediterranean
areas— was taken as the sole source
of protein on the rate of muscle and
liver protein turnover. The method of
the constant infusion of [14C]tyrosine
was applied. This procedure allows for
the estimation of the fractional rates
of protein synthesis and, subsequently,
protein growth and degradation. Besides,
as an additional index of protein synthesis,
RNA activity was evaluated in muscle and
liver of the experimental animals.

Preliminary accounts of some of these
studies have been presented previously
(13, 14).

It has been found that the growth in­
hibition displayed by the legume-fed an­
imals was accompanied by an outstanding
reduction in the rate of muscle protein
synthesis and a slight increase in tne rate
of liver protein synthesis.

Materials and Methods

Treatment of animals and fAC]tyrosine
infusion procedure. — All measurements
were made on male Wistar albino rats (SO-
85 g initial body weight). Animals were
caged individually in a room maintained at
21 °C with light from 06:00 to 18:00 and
darkness form 18:00 to 06:00 h. Two di­
etary groups of 10 animals each were made
as follows: one was fed a diet in which
casein (Merck) was used as the sole source
of protein; in order to compensate for the
relatively low sulphur amino acid content

Table I. Diet constituents: entries are g %.
Both control and Vicia faba diets were provided ad
libitum. The mineral and vitamin mixtures were pre­
pared after Rogers and Harper (see ref. 21). Vicia
faba composition (%): protein, 23.5; ether extract,
0.9; ash, 2.8; crude fiber, 6.9; wet, 10.8; total car­

bohydrate, 44.9.

Casein Vicia faba

Casein 20.80 —
Methionine 5.00 —
Raw Vicia faba — 76.00
Saccharose 28.75 8.00
Potato starch 28.75 8.00
Olive oil 4.50 4.00
Cellulose 6.00 —
Mineral mixture 4.50 2.50
Vitamin mixture 1.65 1.60

Total protein (N x 6.25) 18.8 18.6

of this protein (4), methionine (5 % of the
total diet) (Sigma) was added; this dietary
group was taken as control. The other
group was fed a diet in which powdered
raw seeds of the legume field bean (Vicia
faba L.) were used as the sole protein sup­
ply. Diets were isocaloric and were pre­
pared according to AOAC (1) recommen­
dations. The total protein content was
about 18.6-18.8 % (N X 6.25). Compo­
sition of the diet, as well as that of the raw
field bean seeds is given in table I. Both
food and water were supplied ad libitum
to the experimental animals over a period
of 10 days. Body weight changes and food
intake were individually recorded every
day for each rat. Rates of protein synthesis
were determined by the constant infusion
method with [14C]-tyrosine described by
Garlick and Marshall (10) and Gar­
lick et al. (11), except that infusions were
into a tail vein. At the end of the feeding
period, animals were immobilized by
wrapping them in a cloth that allowed
normal breathing; an insulin needle
(0.4 X 0.16 mm) connected to a polyeth­
ylene catheter (Silastic Medial-Grade
Tubing, 0.30 and 0.64 mm of in­
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ternal and external diameter respective­
ly) was inserted into a lateral tail vein. L-
[U-14C]tyrosine (Amersham International
Limited, UK) (12.5 Ci/mol) was dissolved
into 0.9 % NaCl at a concentration of 2.5
p.Ci/ml and infused (with the help of
a Harward Syringe Pump, model 2681,
Harward Apparatus Co., Natick, MA,
USA, that ensured a constant infusion
rate ± 1 %) at 1.2 p.Ci/h for 6 h. All
[14C]tyrosine infusions were begun be­
tween 08.00 and 09.00 h. At the end of the
infusion, animals were rapidly killed by
decapitation. Liver and gastrocnemius
muscle from rear limbs were immediately
excised, weighed and frozen in liquid N2.
The gastrocnemius muscle was chosen
since it is reasonably large and easy to dis­
sect quantitatively as well as being reason­
ably representative of the mixture of fibre
types present in rodent muscle (2, 27).

Measurement of the fractional rates of
skeletal muscle and liver protein synthesis,
growth and degradation by [l4CJtyrosine
infusion. — Protein and protein-free su­
pernatant fractions were prepared from
muscle tissue and liver as previously de­
scribed (5, 11). The specific radioactivity
of L-tyrosine in protein hydrolysates (ra­
dioactivity in bound protein Sb), and in
the protein-free supernatant (radioactivity
in the free intracellular pool, Sj) fractions
were measured by the procedure of Gar­
lick et al. (11). Protein content was eval­
uated by the method of Lowry et al. (17).

To calculate the rate of protein degra­
dation, it is necessary to estimate the rate
of protein growth at the time of
[14C]tyrosine infusion; an attempt has
been made to define as accurately as pos­
sible the growth rate of the protein mass
by measuring the changes on the three last
days and on the subsequent day to that
when the perfusion experiments were per­
formed (i.e., measurement of the fraction­
al rate of protein synthesis). To achieve
this objective, two other groups of 12 rats 

each, analogous to those mentioned
above, were used to provide information
about the changes in muscle and liver pro­
tein mass. Caging, dietary treatment and
other experimental details were as already
explained. Since the ratio of protein con­
tent of the gastrocnemius muscle and liver
to body weight (expressed as a percentage)
did not significantly change during those
days, the daily percentage change in body
weight during this interval was used to
estimate the fractional rate of protein
growth at the time of death.

The fractional rate of muscle protein
degradation was calculated by subtracting
the fractional growth rate from the frac­
tional synthesis rate (6). Although the
precision of these estimates is not as great
as the precision of the measurement of
protein synthesis, they do allow for the
estimation of possible changes in the rate
of protein degradation (26).

Muscle and liver RNA content was de­
termined by the orcinol reaction accord­
ing to the method described by Mill-
ward et al. (22). Values of RNA activity
(the rate of protein synthesis per unit of
RNA) were calculated from the RNA/
protein ratios and fractional synthesis
rate, their units being, therefore, g of pro­
tein synthesis/day per g of RNA (27).

Statistical treatment of the data. — Sta­
tistical evaluations were carried out by
conventional Student’s t test. Compari­
sons with the animals fed the casein diet
were made. Statistically significant differ­
ences were calculated both for p < 0.01
and p < 0.05.

Results and Discussion

Table II shows that, as previously pub­
lished (19), feeding growing rats a diet in
which the raw legume field bean is the sole
source of protein brings about a signifi­
cant (p < 0.01) reduction in the rate of
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Table II. Body weight gain, food intake, gastrocnemius single muscle and liver weight, protein content and
total RNA of growing male rats fed ad libitum over a period of 10 days on 18.7 % protein diets containing

either casein or the raw legume field bean (Vicia faba L.) as the sole source of protein.
Entries are mean values (± SEM) from 10 rats in each group.

Body weight gain (g/day)
Food intake (g/100 g body weight)
Gastrocnemius weight (g/100 g body weight)
Liver weight (g/100 g body weight)
Gastrocnemius protein (mg/g of tissue)
Liver protein (mg/g of tissue)
Gastrocnemius RNA (mg/g of tissue)
Liver RNA (mg/g of tissue)

Casein Vicia faba

7.6 ± 0.6
12.0 ± 0.5
0.54 ± 0.05
4.21 ± 0.16

184.4 ± 8.2
160.2 ± 4.1
2.70 ± 0.16
6.71 ± 0.28

4.9 ± 0.7b
12.2 ± 0.1
0.53 ± 0.05
4.59 ± 0.14

166.8 ± 12.0
163.8 ± 5.6

1.85 ± 0.17b
6.51 ± 0.16

b p < 0.01 (Student's t test), as compared to control casein-fed rats.

growth in comparison to control casein-
fed animals. However, no significant dif­
ferences were observed in the amount of
food intake, when expressed per unit
of body mass, between the two experi­
mental groups. This agrees with similar
results found in legume-fed birds (30) and
shows that the growth inhibitory effect, as
well as the metabolic effects discussed lat­
er, cannot be ascribed to differences in the
amount of energy or protein ingested by
the experimental animals; it seems, there­
fore, that the organoleptic properties of
the legume diet did not influence the nu­
tritional and metabolic effects reported in
this study. Expressed per unit of body
weight, no significant differences were
found in the weight or protein content of
either gastrocnemius muscle or liver; this
fact partly agrees with the results of Mar­
tinez and Larralde (21) who found a
slight reduction of gastrocnemius muscle
weight in rats fed a diet similar to the one
used in this experiment; however, they fed
their rats over 45 days, a feeding period
much longer than that used in this study.
In any case, our results indicate that mus­
cle protein content tended to be smaller
than that of casein-fed animals. It is not
completely understood why feeding
growing rats a raw field bean diet brings
about such a marked growth reduction; 

nevertheless, as will be indicated later, the
reduced muscle protein synthesis (proba­
bly due to the deficiency of essential
amino acid of the legume protein and to
the action of the antinutritive factors
contained in the raw legume seeds) under­
gone by V. faba-tcA rats might be a contrib­
uting factor in order to explain such
an effect.

Table III shows that in both gastroc­
nemius muscle and liver, the ratio protein
content to body weight, expressed per 100

Table III. Gastrocnemius muscle and liver protein/
body weight ratio (mg/100 g body weight) of grow­
ing male rats fed ad libitum over periods of 8, 9, 10
and 11 days on 18.7% protein diets containing
either casein or the raw legume field bean (Vicia

faba L.) as the sole source of protein.
Entries are mean values (± SEM) of three rats in

each group.

Days of
feeding Casein Vicia faba

Gastrocnemius 8 92.2 ±2.6 96.5 ±2.4
9 90.5 ±1.9 97.5 ±2.0

10 91.7 ±3.5 96.2 ±2.6
11 92.8 ±2.3 97.4 ±1.8

Liver 8 638 ±21 709±17
9 636 ± 20 713±18

10 637±18 714±18
11 638±16 715±16
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’ p < 0.05;b p < 0.01 (Student's t test), as compared to control casein-fed rats.
' According to GARLICK and MARSHALL (10) and GARLICK et al. (11).

Table IV. Gastrocnemius muscle and liver SB/S, ratio (specific radioactivity of tyrosine bound to protein and
in the free intracellular pool, in dpm/pmol), k^ kg, ka (fractions of protein mass synthesized, grown and
degraded each day, in % per day) and RNA activity (g of protein synthesized each day per g of RNA) of
growing male rats fed ad libitum over a period of 10 days on 18.7 % protein diets containing either casein

or the raw legume field bean (Vicia faba L.) as the sole source of protein.
Entries are mean values (± SEM) from 10 rats in each group.

Casein Vicia faba

Q ZC Zv m30 Gastrocnemius 24.7 ± 2.4 15.6 ± 1.5b
O0/Oj ^X Iv )

Liver 122 ± 11 145 ± 10a

lx Gastrocnemius 14.22 ± 0.75 9.94 ± 0.51b
Ks

Liver 53.46 ± 4.59 64.20 ± 4.56a

lx Gastrocnemius 1.24 ± 0.32 0.25 ± 0.06b
*0

Liver 2.56 ± 0.37 2.04 ± 0.29

lx Gastrocnemius 12.98 ± 0.74 9.69'± 0.51b
Kd Liver 50.90 ± 4.87 64.47 ± 5.93

Gastrocnemius 9.99 ± 1.20 8.80 ± 0.68aniNA aciiviiy Liver 12.30 ± 1.05 16.93 ± 1.19b

g of weight, was maintained relatively
constant during the two days prior to the
infusion day, the day of infusion and the
one after. Since the ratio did not signifi­
cantly change during these days, the daily
percentage change in body weight during
this interval was used to estimate the frac­
tional rate of muscle and liver protein
growth (6, 27).

As judged by the results shown in table
IV, rats fed the raw legume diet, as com­
pared to control casein-fed animals, ex­
hibited a significant reduction (p < 0.01)
in the fractional rate of muscle protein
synthesis (ks), growth (kg) and degrada­
tion (kj) (i.e., percentage of muscle pro­
tein synthesized, grown or degraded per
day). In addition, RNA activity (protein
synthesis referred to RNA mass) was
found to be significantly reduced (p <
0.05) in the legume-fed rats as compared
to control animals. Taking into account
that skeletal muscle represents a sizeable
part of whole body mass, this outstanding
reduction in the rates of ks, kgand kj may
well be an important factor to explain the
growth inhibitory effect caused by this 

legume in the growing rat. It is interesting
to note that the rate of synthesis of muscle
protein almost equalled the rate of deg­
radation; therefore, the rate of muscle
protein growth resulted very small, al­
though it did not reach negative values,
probably due to the shorter term feeding
period of our experimental design. These
findings are quite similar to those obtained
by other investigators when studying the
effect of protein malnutrition on muscle
protein turnover (15, 32). On the other
hand, if it is considered that muscle pro­
tein mass is regulated primarily through
alterations in protein synthesis (23), it
could be assumed that either the low sul­
phur amino acid content of the legume
protein (31) or the action of the antinu­
tritive factors contained in the raw seeds
(16) negatively interacts with the anabolic
process of skeletal muscle protein synthe­
sis. No attempt has been made in order to
differentiate tne effect of the raw legume
on the fractional rates of protein synthe­
sis, growth or degradation of the sarco­
plasmic and myofibrillar fractions, as has
been done by other investigators in ex­
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periments designed to elucidate the effect
of glucocorticoids on muscle protein me­
tabolism (27), but these results might par­
tially explain, the reduced sarcoplasmic
nitrogenous fraction observed in legume-
fed rats and birds (18, 29); this may be so,
specially taking into account that in rat
skeletal muscle the overall rate of synthe­
sis of sarcoplasmic proteins is higher than
that of myofibrillar protein (3), and there­
fore, it could be altered to a greater extent
than that of contractile proteins.

Finally, the same table IV shows that in
comparison to the control animals, a sig­
nificant increase (p < 0.05) in the frac­
tional rate of liver protein synthesis (ks)
—as well as in RNA activity (p < 0.01)—
has been found in the legume-fed rats;
however, in these animals liver fractional
protein growth (kg), although not statis­
tically significant, was found to be smaller
than that of control rats; consequently,
liver protein degradation rate (kj) tended
to be increased in the legume-fed animals;
these data may explain the relative liver
enlargement observed in field bean-fed
rats. It should be noted that the present
measurement of liver protein synthesis in­
cludes both fixed liver proteins and those
exported, and therefore, it is not possible
to differentiate in this study whether there
is a quantitative specific effect on the rate
of protein synthesis in both types of he­
patic proteins. On the other hand, it is
well known that changes in protein syn­
thesis or breakdown in liver are originated
by increased hepatic uptake or output of
amino acids coming from non-hepatic tis­
sues (especially, skeletal musculature)
(32). As in other catabolic conditions
(e.g., glucocorticoid treatment) (27), it
may occur that the reduced muscle protein
synthesis and degradation observed in leg­
ume-fed rats could account for the protein
turnover changes observed in the liver of
the experimental animals.

The intrinsic mechanism by which all
these metabolic effects take place in raw 

field bean-fed rats remains to be com­
pletely understood. As mentioned above,
the insufficient amount of some essential
amino acids in the legume protein and,
specially, the catabolic effects that may be
caused by the toxic substances contained
in these plants possibly account for these
effects. In this sense, it has been reported
that phytohemagglutinins, one of the
most important antinutritive factors
(along with tannins) contained in raw leg­
ume seeds, are able to reduce the rate of
protein synthesis in lymphocytes (7,12);
on the other hand, it is well known that
tannins (24), hemagglutinis (18) and lec­
tins (25) do interact with the brush border
intestinal epithelium cells, partly blocking
the absorption of amino acids and, there­
fore, reducing the body availability of
these and other nutrients. This could force
skeletal muscle to movilize its own pro­
teins in order to supply the organism with
the essential amino acids that are either
lacking in the diet or cannot be absorbed
through the intestinal tract.

In conclusion, the results of this study
showed that in comparison to control cas­
ein-fed rats, those fed a raw field bean diet
exhibited along with a growth reduction,
a marked reduction in the rate of muscle
protein synthesis accompanied by an in­
crease in the rate of liver protein synthesis.
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Resumen

En ratas machos en crecimiento, alimentadas ad
libitum durante 10 dias con dietas que contem'an
como unicas fuentes proteicas (18,7 %) caseina o
harina cruda de la leguminosa Vicia faba L., se de-
terminan las variaciones ponderales, el consumo 
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de alimcnto, peso, contenido proteico y de RNA del
musculo gastrocnemio y del higado, asi como la vc-
locidad de sintesis (k„ segun el metodo de infusion
constante de L-[HC]tirosina), de crecimicnto (kR) y
de degradacion (kj) de las proteinas. Tambien se dc-
termina en ambos tejidos la actividad RNA (g de
proteina sintetizada por dia/g de RNA). Los resul-
tados muestran quo las ratas alimcntadas con la le-
guminosa cruda presentan una reduccion significa-
tiva en la velocidad de crecimicnto asi como cn los pa­
rametros muscularcs RNA, k„ kR, k<j y actividad
RNA. Sin embargo, en higado se encuentran incre-
mentos significativos de los valores de k„ kj y activi­
dad RNA. Todas las modificaciones indicadas son
estadisticamente significativas (p < 0,05). Se co-
menta la posible naturaleza de estos rcsultados.

Palabras clave: Musculo, Higado, Crecimicnto,
Leguminosas, Metabolismo proteico.
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