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The effect of methionine dietary deficiency on food intake, weight gain, liver and kidney
weight, feed conversion rate, protein efficiency ratio, maltase and leucineaminopeptidase (LA-
Pase) activities of the intestinal mucosa as well as renal LAPase activity was studied. Three
groups of female Wistar rats, weighing between 40-60 g, were fed for 25 days on either Diet
A (casein supplemented with 0.6 % DL-methionine), Diet B (amino acid mixture simulating
casein also supplemented with 0.6 % methionine) or Diet C (amino acid mixture with 0.67 %
methionine deficiency with respect to Diet A). The results show no significant differences in
either growth or enzymatic activity between the rats fed on Diet A and those on Diet B. The
animals fed on Diet C show an increase in intestinal (P<0.01, vs Diet B) and renal (P<0.005,
vs Diet A) LAPase activity, although intestinal maltase activity remained unchanged. Food
intake, weight gain, organ weight and nutritional parameters obtained in rats fed on Diet C
showed no statistically significant changes, with the exception of kidney weight which de
creased (P<0.005) when compared to those fed on Diet B.
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In previous studies (14) it has been re
ported that the intestinal maltase and leu
cineaminopeptidase (LAPase) as well as
renal LAPase activities of rats fed with a
fish meal diet derived from Coryphae-
noides rupestris, decrease with respect to
those fed on casein. The fish meal diet has
a lower content of methionine (0.67 %
less) than casein diet.

Since some authors observed changes 

* To whom correspondence should be ad
dressed

produced in the activity of enzymes from
animal tissues and organs as the result of
deficiency or excess of essential amino
acids in the diet (3,19), the aim of this
work is to determine the effects of a me
thionine deficient diet (0.67 % less than
the control diet) on maltase and LAPase
activities of the intestinal mucosa, renal
LAPase activity as well as on food intake,
weight gain, liver and kidney weight, feed
conversion rate (F.C.R. = food intake/
weight gain) and protein efficiency ratio
(P.E.R. = weight gain/protein intake).
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Furthermore, the effects produced by
an artificially elaborated diet of amino acid
simulating casein on the enzymatic activ
ity, the weight organs and the above men
tioned nutritional parameters, have been
studied.

Materials and Methods

Recently weaned female Wistar rats,
weighing between 40-60 g, were housed in
individual cages at a room temperature of
22 ± 2°C, with a daily light period from
06.00 h to 20.00 h. The rats were divided
into three groups and each group fed ad
libitum for 25 days on either Diet A, Diet
B or Diet C. The composition in per
centage of dry matter of experimental
diets was: protein, 12; fat, 4; raw fibre, 8;
salt mixture and vitamin mixture (15), 5
each and vitamin A + D 30 and 10 IU/
rat/day. The remainder was made up to
100 of equal parts of starch and sacchar
ose. Microcrystaline cellulose was used as
fibre and olive oil as fat.

The protein source of Diet A (control)
was casein supplemented with 0.6 % DL-
methionine (Merck); for the Diet B the
protein source was an amino acid mixture
simulating casein (15), also supplemented
with 0.6 % of methionine, and for the
Diet C the protein source was an amino
acid mixture deficient in methionine
(0.67 % less than the control diet), the de
ficiency being made up with non-essential
amino acids. The composition of the ami
no acids used in Diets B and C is given in
table I.

After the feeding period the rats were
killed and the small intestine mucosa and
kidney were removed, homogenized and
centrifuged (15). Maltase and LAPase ac
tivities were determined using the method
of Dahlqvist (2) and Goldbarg and
Rutenberg (5), respectively. Protein
content was measured according to the
technique of Lowry et al. (10) using bo
vine serum albumin (Sigma) as a standard.

Table I. Composition of amino acid mixture in diets
B and C

Amino acid Diet B
%

Diet C
%

L-Aspartic acid 0.71 0.79
L-Threonine 0.46 0.46
L-Serine 0.66 0.73
L-Glutamic acid 2.12 2.36
L-Proline 1.04 1.16
Glycine 0.22 0.24
L-Alanine 0.41 0.45
L-Valine 0.65 0.65
L-Cystine 0.08 0.09
L-Methionine 0.33 0.26
L-lsoleucine 0.55 0.55
L-Leucine 1.02 1.02
L-Tyrosine 0.52 0.58
L-Phenylalanine 0.48 0.48
L-Lysine HCI 1.10 1.10
L-Histidine HCI.H2O 0.38 0.38
L-Arginine HCI 0.47 0.52
L-Tryptophan 0.20 0.20
DL-Methionine 0.60 —

12.00 12.02

Statistical analysis was carried out by
paired Student’s t-test.

Results

The results show no significant differ
ences for food intake, liver and kidney
weight, F.C.R. and P.E.R. of the rats fed
on the experimental diets, except for kid
ney weight of animals fed on Diet C,
which show a lower increase, with respect
to those on Diet B (table II).

Table III shows the results obtained on
maltase and LAPase activities of the in
testinal mucosa as well as renal LAPase in
creases in the animals fed on methionine
deficient diet (C) compared to the other
diets. This increase is significant (P<
0.005) in renal LAPase of rats fed on Diet
C with respect to those fed on Diet A and
in intestinal LAPase of rats fed on Diet C
compared to those fed on Diet B. No sig-
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• • P<0.005 (vs Diet B).

Table II. Food intake, weight gain, liver weight, kidney weight, feed conversion rate (F.C.R. = food intake/
weight gain), protein efficiency ratio (P.E.R. = weight gain/protein intake) in rats fed with casein (Diet A),

amino acid mixture simulating casein (Diet B) and amino acid mixture deficient in methionine (Diet C).
Values are means ± SEM (n = 10).

Diet A Diet B Diet C

Food intake (g/25 days) 261 ± 13 267 ± 9 262 ± 11
Weight gain (g/25 days) 60.24 ± 4 58.46 ± 3 50.73 ± 5
Liver weight (g) 4.51 ± 0.18 4.37 ± 0.15 4.08 ± 0.24
Kidney weight (g) 0.53 ± 0.04 0.52 ± 0.02 0.45 ± 0.03**
F.C.R. 4.64 ± 0.55 4.63 ± 0.23 5.70 ± 0.63
P.E.R. 1.98 ± 0.19 1.83 ± 0.09 1.58 ± 0.12

nificant difference in LAPase activity was
found between animals fed on casein and
those receiving amino acid mixture simu
lating casein.

The intestinal maltase activity was not
affected.

Discussion

Animal experiments showed that the
amino acid mixture simulating casein was
utilized as efficiently as intact casein by
weanling rats (17), adult rats (11) as well
as by litter-mate female rats (13).

In the present work, the food intake,
weight gain, liver and kidney weight,
F.C.R. and P.E.R. show no significant
difference in animals fed on casein with
respect to those fed on amino acid mixture
simulating casein. Similar results were re
ported by Itoh et al. (7) at 0.8 and 1.6 %
dietary nitrogen levels.

However, Forsum and Hambraeus (4)
using a diet with protein level of 10 % re
ported an increase in food intake and
weight gain in rats fed on amino acid mix
ture simulating casein compared to those
fed on protein. This discrepancy between
results may be attributed to the absence of
asparagine and glutamine in the amino
acid mixture simulating casein in the pres
ent work; but although the addition of as
paragine and glutamine in the diet led to
a slight improvement in growth with an
increase of food intake, tne difference is
not significant (7). On the other hand, the
differences in dietary energy levels may be
another explanation of the disagreement in
the results.

Rose et al. (16) reported similar results
in humans fed diets containing 45 Kcal/Kg
of body weight/day between casein and its
corresponding amino acid mixture. Later,
Ahrens et al. (1) obtained the same effect
in rats for an energy level of 3.4 Kcal/g.

• P<0.01 (vs Diet B); **P<0.005 (vs Diet A)

Table III. Intestinal mucosa and kidney leucineaminopeptidase (LAPase) activity and intestinal maltase ac
tivity (U/rng protein) in rats fed with casein (Diet A), amino acid mixture simulating casein (Diet B) and amino

acid mixture deficient in methionine (Diet C).
Values are means ± SEM. U = gmoles of substrate split/min. n = number of determinations.

n Diet A Diet B DietC

Intestinal LAPase 8 0.28 ± 0.02 0.24 ± 0.02 0.33 ± 0.03*
Kidney-LAPase 8 0.19 ± 0.01 ‘ 0.22 ± 0.03 0.26 ± 0.03**
Intestinal maltase 9 0.94 ± 0.12 0.95 ± 0.13 0.94 ± 0.11
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The energy level of the diets reported in
this paper is 3.5 Kcal/g, while that of
Forsum and Hambraeus (4) was 3.8
Kcal/g.

Some authors (6) reported that intesti
nal enzymatic activities may serve as an in
dex to evaluate the nutritive value of diet
ary protein. In this work, no significant
difference in intestinal maltase and LA-
Pase activities was found between animals
fed on casein (Diet A) and those receiving
amino acid mixture simulating casein
(Diet B); this suggests that casein is nu
tritionally similar to its corresponding
amino acid mixture, so that the results ob
tained in rats fed on Diet C (methionine
deficient diet) could be compared with
those obtained in animals fed on Diet A
or Diet B.

The food intake, weight gain, organ
weight and nutritional parameters mea
sured in rats fed on Diet C showed no sig
nificant variation in comparison with the
control group (casein), although the
weight gain and kidney weight is 15 %
less. Similar results were obtained in rats
fed on the methionine deficient diet as
compared to those fed on amino acid mix
ture simulating casein; however, in this
case, the lower increase of kidney weight
is significant (P<0.005). These facts may
be due to the difference in methionine
content (0.67 % greater in Diets A and B
than in Diet C), because addition of me
thionine at low levels improves weight
gain, increases the weight of internal or
gans and does not alter food intake (9, 12,
20).

On the other hand, intestinal and renal
LAPase activity increase in animals fed on
Diet C compared to the other diets. The
addition of methionine 0.2 % to a 10 %
protein diet produces an increase in intes
tinal LAPase activity (8), but, the results
of the present work indicate the opposite.
This may be explained by the higher
amount of methionine used, which pro
duces an inhibition of LAPase activity in
small intestinal mucosa and kidney by 

competition for the substrate of the en
zyme (18).

As the results show, the intestinal mal
tase activity was not affected by a dietary
deficiency of 0.67 % of methionine.

These results seem to confirm, that the
low content of methionine in the fish meal
diet, derived from Coryphaenoid.es rupes-
tris, is not responsible for the inhibitions
produced by these diets on intestinal mal
tase and LAPase activities as well as renal
LAPase activity (14).

Resumen

Se estudia el efccto de una dieta deficiente en me
tionina sobre el alimento ingerido, ganancia de peso,
peso de higado y de rinon, conversion del alimento,
coeficiente de eficacia en crecimiento, actividad de la
leucinaminopeptidasa intestinal y renal, y sobre la
maltasa intestinal. Se utilizaron tres grupos de ratas
hembras Wistar (40-60 g), alimentadas durante 25
dias con una Dieta A (caseina suplementada con
0,6 % de DL-metionina), Dieta B (mezcla de ami-
noacidos simulando caseina, suplementada con
0,6 % de metionina) o Dieta C (mezcla de aminoac-
idos simulando caseina, con un 0,67 % menos en
metionina que la Dieta A). No se observan difer-
encias significativas en el crecimiento, ni en la activ
idad enzimatica, entre los animales alimentados con
la Dieta A y Dieta B. Los de la Dieta C, muestran
aumento en la actividad de la leucinaminopeptidasa
intestinal (P<0.01, vs Dieta B) y renal (P<0.005, vs
Dieta A), aunque la actividad de la maltasa intestinal
no se ve afectada. El alimento ingerido, ganancia de
peso, peso de los organos y parametros nutricionales
obtenidos en las ratas alimentadas con la Dieta C no
varian significativamente, con excepcion del peso del
rinon el cual disminuye (P<0,005) con respecto a las
de la Dieta B.

Palabras clave: Metionina, Maltasa, Leucin-ami-
nopeptidasa.

References

1. Ahrens, R.A., Wilson, J.E. and Womack, M.:
J. Niar., 88, 219-224, 1966.

Rev. esp. Fisiol., 44 (4), 1988

Coryphaenoid.es


ENZYMATIC ACTIVITY AND METHIONINE DEFICIENT DIET 399

2. Dahlqvist, A.: Anal. Biochem., 22, 99-107,
1968.

3. Fau, D., Bois-Yoyeux, B., Delhomme, B.,
Chanel, M. and Peret, J.:Nutr. Rep. Int., 21,
577, 1980.

4. Forsum, E. and Hambraeus, L.: J. Nutr., 108,
1.518-1.526, 1978.

5. Goldbarg, J.A. and Rutenburg, A.M.: Cancer,
11, 283-291, 1958.

6. Gorinstcin, S.: Nutr. Rep. Int., 34, 529-540,
1986.

7. Itoh, H., Kishi, T. and Chibata, I.: J. Nutr.,
103, 1.709-1.715, 1973.

8. Kimura, T., Kato, T., Tsukazaki, K. and Yos
hida, A.: J. Nutr. Sci. Vitaminol., 25, 195-204,
1979.

9. Latta, D. and Donaldson, W.E.: J. Nutr., 116,
1.561-1.568, 1986.

10. Lowry, O.H., Rosenbrough, N.R., Farr, A.L.
and Randall, R.J.: J. Biol. Chem., 193, 265-
275, 1951.

11. Metta, V.C., Firth, J. A. and Johnson, B.C.:/.
Nutr., 71, 332-336, 1960.

12. Muramatsu, T.M., Kato, L, Tasaki, I. and
Okumura, J.: Br. J. Nutr., 55, 635-642, 1986.

13. Nakagawa, I. and Masana, Y.: J. Nutr., 101,
613-620, 1971.

14. Rebolledo, E., Andres, M.D., Gonzalez,
M.A., Taboada, M.C., Lamas, M.A. and Fer
nandez-Otero, M.P.: Ann. Nutr. Metab., 30,
365-368, 1986.

15. Rebolledo, E. and Fernandez-Otero, M.P.:
Rev. esp. Fisiol., 38, 321-326, 1982.

16. Rose, W.C., Coon, M.J. and Lambert, G.F.:
J. Biol. Chem., 210, 331-342, 1954.

17. Sauberlich, H.E.: J. Nutr., 74, 298-306, 1961.
18. Smith, E. and Rutenburg, A.: Science, 15,

1.256-1.257, 1966.
19. Temler, R.S., Dormond, Ch. A. and Simon,

E.: Nutr. Rep. Int., 28, 253-265, 1983.
20. Ueda, H., Yokota, H., Osima, M. and Tasaki,

L: J. Nutr. Reports Int., 24, 85-94, 1981.

Rev. esp. Fisiol., 44 (4), 1988




