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The effect of high-protein content fish meal on (Na+ + K+)-ATPase and Ca3+-ATPase
activity in rat small intestine was studied. 5 groups of Wistar rats, weighing between
40-60 g, were fed diets with 12 % protein content of dry matter for 10 days. The protein
source was casein for the control group and fish meal derived from Coryphaenoides
rupestris, Chimaera monstruosa and Merlticcius merlucciiis for the test group. The
results show a decrease in (Na+ + K+)-ATPase and a rise in Ca’+-ATPase activity in
animals fed with fish meal protein compared to those fed on casein. No significant
variations were observed between the groups fed on fish meal derived from C. rupestris
and Ch. monstruosa.

The calcium ion, which is abundant in fish, may be a factor responsible for these
variations which produce inhibition of the (Na+ + K+)-ATPase and stimulation of
the Ca2+-ATPase.

Intestinal enzymes play an important
part in the digestion and absorption of
dietary nutrient and the role of (Na+ +
K+)-ATPase, discovered by Skou (18), is
fundamental to the active transport ab
sorption process. Apart from being re
sponsible for the elimination of Na+ and
the accumulation of K+ within animal
cells (19), it is also involved in the trans
port of amino acids and sugars (17).

Intestinal cells also contain a Ca2+-
ATPase responsible for the transport of
Ca2+ through these cells (3).

Both (Na+4-K+)-ATPase and Ca2+-

ATPase need the presence of Mg2+ and
ATP ions for their activity to develop.

Several authors have reported that
mucosal enzymes (maltase, sucrase, leu
cineaminopeptidase) modify their activity
in response to dietary change (7-9, 16).
Heitanen (5) showed that the slightest
change in the dietary content is of great
importance in the regulation of intestinal
ATPase activity and that, furthermore,
such dietary changes can be detected sta
tistically after 4 weeks of feeding.

Following this line of work and owing
to the scant amount of research carried 
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out on changes in intestinal ATPase ac
tivity produced by dietary variations, this
present paper studies the effect of cer
tain fish meals Coryphaenoides rupestris.
Chimaera monstruosa and Merluccius
merluccius on the (Na+ + K+)-ATPase
and Ca2+-ATPase activity in the small
intestine of the rat and compares the re
sults with a casein fed control group.

Materials and Methods

Animals and diets. 5 groups of fe
male Wistar rats weighing from 40-60 g
were used. They were fed for 10 days
on a diet whose composition in percent
age of dry matter was: protein 12; fats
4; raw fibre 8; salt mixture 5 (14); vita
min mixture 5 (14) and vitamin A 4- D
30 and 10 Ul/rat/day. The remainder was
made up to 100 of equal parts of starch
and saccharose. Microcrystaline cellulose
was used as fibre and olive oil as fat. The
protein source was fish meal from C. ru
pestris, Ch. monstruosa and M> merluc
cius for the treated animals and a casein
supplement with 0.6 % DL-methionine
for the controls. The fish meal was pre
pared by decapitating and gutting the fish,
boiling them for three minutes and then
drying them in an oven at 80 ± 2° C.
When dried they were ground in an elec
tric grinder and the resulting meal was
homogenised and then analysed.

Tissue preparation. After the feeding
period the animals were sacrificed and the
mucosa of the thin intestine was removed
according to the technique of Miller and
Crane (13) and the procedure described
by Berg and Chapman (2). 0.5 grams of
the mucosa was homogenized in 4.5 ml
of 20 mM Tris-HCl buffer (pH = 7.5),
containing 250 mM of saccharose and
1 mM of EDTA. Homogenization was
carried out using a Potter-EIvehjem (200-
300 r.p.m., 17 strokes) with the teflon
point at 4° C.
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The intestinal homogenate was then
centrifuged at 432.6 gav for 10 min in a
table model centrifuge (Selecta-P). The
following supernatants (fractions I, II, HI)
were obtained by successive periods of
centrifuging in a Sorval OTD-2 centri
fuge at 2° C for 10 min at 8.428 gav, 10
min at 27.052 gav and 60 min at 107.640
gar respectively. The final supernatant cor
responded to fraction IV.

The different fractions obtained were
suspended in 5 ml of 20 mM Tris-HCl
buffer (pH = 7.5) containing 250 mM of
saccharose. The enzymatic activity of each
fraction was determined and their values
added to obtain the total.

Enzyme assays. (Na+ + K+)-ATPase
activity was defined as the difference be
tween the inorganic phosphate liberated
in the presence and absence of sodium
and potassium. Total ATPase was deter
mined in a 2.8 ml reaction mixture con
taining NaCl 90 mM, KC1 10 mM, Tris-
HCl buffer (pH = 7.8) 50 mM, MgCl,
3 mM and ATP disodium salt (Sigma)
3 mM, and enough enzyme suspension
to bring the final protein concentration
to 30-60 pg/GA ml. The reaction was
started by the addition of ATP and
MgCl2 shaken in a water bath at 37° C
for 20 minutes and stopped by the addi
tion of 0.5 ml of 10 % (wt/vol.) trichloro
acetic acid. After centrifugation the in
organic phosphate liberated was measured
by the method of Le Bel et al. (11).

Ca2+-ATPase activity was defined as
the difference between the inorganic phos
phate liberated in the presence and ab
sence of calcium. (Ca2+ + Mg2+)-ATPase
was determined in a 2.8 ml reaction con
taining CaCl2 1 mM, Tris-HCl buffer
(pH = 7.6) 50 mM, MgCl2 3 mM and
ATP disodium salt 3 mM. Mg2+-ATPase
was determined in 2.8 ml reaction mix
ture containing EGTA 1 mM, Tris-HCl
buffer (pH = 7.8) 50 mM, MgCl2 3 mM
and ATP 3 mM. The same procedure 
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used for (Na+ + K+)-ATPase was then
followed.

The enzymatic activity was expressed
as micromoles of inorganic phosphate
liberated per milligram of protein per
minute.

Protein assay. Protein estimation was
performed according to the method of
Lowry et al. (12) using bovine serum
albumin (Sigma) as standard.

Statistical methods. The differences
between groups were analysed statistically
with Student’s t-test.

Results

The (Na+ + K+)-ATPase and Ca2+-
ATPase activity in the small intestine of
rats fed on fish meal derived from C. ru-
pestris and Ch. monstruosa is shown in

Table I. Composition (%) of casein and fish
meals derived from Coryphaenoides rupes-
trls„ Chimaera monstruosa and Merluccius

merluccius.

Casein

Fish meals from

■C. ru
pestris*

•Ch.
mons

truosa*
•M. mer
luccius*

Water 10.50 11.25 13.53 19.62
Protein 82.27 75.00 76.12 66.25
Fats 1.67 2.22 3.78 4.80
Ash 1.55 10.46 5.73 7.03
Nitrogen free

material 4.01 1.07 0.84 2.30
Ca24- in ash 0.32 2.84 2.65 2.70

Table III. (Na*+K+)-ATPase and Ca2+-ATPase
activity of the small Intestine of rats fed on
casein and fish meal derived from Merluccius

merluccius.
Values are means ± SE (n = 8). Units are ^mo

les Pi/mg protein/min.

Fish meal from
_________________________ Casein «M.merluccius*

(Na+ + K+)-ATPase 0.68±0.01 0.61+0.02 “
Ca’+-ATPase 0.1610.008 0.18 + 0.007“

•• P< 0.005.

table II, and for those rats fed on fish
meal derived from M. merluccius in ta
ble III.

(Na+ + K+)-ATPase activity varied
with the type of fish meal, there being a
fall of 9.2 %, 6.1 % and 10.3 % in ani
mals fed with fish meal derived from
C. rupestris, Ch. monstruosa and M. mer
luccius respectively, against the casein fed
controls. This fall is statistically signifi
cant for the probabilities studied.

Ca2+-ATPase activity also underwent
modification according to the diet which
in this case produced an increase in activ
ity of 20 %, 13.3 p/o and 12.5 % in ani
mals fed on fish meal from C. rupestris,
Ch. monstruosa and M. merluccius re
spectively, against the control group. The
statistical significance is only P < 0.005
for animals fed on fish meal from C. ru
pestris and M. merluccius.

No statistical variations were observed
between groups fed on fish meal from
C. rupestris and Ch. monstruosa.

Table II. (Na+ + K+)-ATPase and Ca2+-ATPase activity of the small intestine of rats fed on
casein and fish meals derived from Coryphaenoides rupestris and Chimaera monstruosa.

Values are means ± SE (n — 8). Units are /uncles Pi/mg protein/min.

Casein

Fish meals from

• C. rupestris* «Ch. monstruosa*

(Na+ + K+)-ATPase 0.65 ± 0.03 0.59 ± 0.01 “ 0.61 ± 0.03 *
Ca2+-ATPase 0.15 ± 0.01 0.18 ± 0.01 “ 0.17 ± 0.007

• P < o.oi; •• P< 0.005.



200 E. REBOLLEDO, M.“ C. TABOADA, M.* A. LAMAS AND M." P. FERNANDEZ

Discussion

It has been shown that variations in
animal diets produced by amino acids
(10), carbohydrates (1), fat and vitamins
(5) modify the activity of intestinal disac-
charidases, ATPases and leucineamino
peptidase.

On the other hand, Hietanen (5) re
ports that changes in dependent (Na+ +
K+)-ATPase is statistically demonstrated
after four weeks of feeding.

In this paper, the results obtained show
marked changes in the ATPases in ani
mals fed on fish meal compared to those
fed on casein. These variations are sig
nificant for (Na+ + K+)-ATPase in gene
ral and for Ca2+-ATPase in the case of
those animals fed on fish meal from
C. rupestris and M. merluccius (tables II
and III) after 10 days of feeding.

A comparison of the different protein
sources (table I) show that the ash con
tent of the fish meal is greater than that
of casein, from which it follows that the
calcium content is also greater.

From experiments carried out in vitro
and in vivo, it has been demonstrated
that (Na+ + K+)-ATPase, which is inhib
ited by ouabain (4, 6), is also inhibited
by Ca2+ ions, and that this inhibition is
due to competition between the Mg2+ and
Ca2+ for the ATP, which strongly binds
both ions (15).

The Ca2+ ion, which abounds in fish,
might be one of the factors responsible
for these differences by stimulating the
Ca2+-ATPase and inhibiting the (Na+ 4-
K+)-ATPase.

For this reason, in the present paper,
the statistical variations appear earlier
thant that reported by Hietanen (5).

These findings suggest that only by also
changing the ash content of these diets
can changes in intestinal ATPases be pro
duced, for the dietary composition is
similar for both the test and control ani
mals in terms of protein content, fat, fibre,
minerals and vitamins. The only variant 

was the protein source which also con
tributed the calcium ion.

From this one may conclude that fish
meal derived from C. rupestris. Ch. mons-
truosa and M. merluccius modify the
(Na+ + K+)-ATPase and Ca2+-ATPase of
the thin intestine of the rat.

Resumen

Se estudia el efecto de algunas harinas de
pescado, con alto contenido en proteina, so-
bre la (Na+ + K+)-ATPasa y Ca3+-ATPasa del
intestino delgado de rata. Se utilizan 5 grupos
de ratas, raza Wistar, con un peso compren-
dido entre 40-60 g alimentadas, durante 10 dlas,
con dietas cuyo contenido proteico es del 12%
y el cual procede de caseina para los grupos
controles y de las harinas de Coryphaenoides
rupestris. Chimaera monstruosa y Merluccius
merluccius para los tratados.

Los resultados muestran un descenso y un
aumento en las actividades de la (Na+ + K+)-
ATPasa y Ca3+-ATPasa, respectivamente, en
los animales alimentados con dietas proceden-
tes de harinas de pescado con respecto a los
que ingieren caseina, mientras que no se ob-
servan variaciones significativas entre los gru
pos alimentados con harinas de C. rupestris y
Ch. monstruosa. Quiz& sea el ion calcio, abun-
dante en los pescados, uno de los factores res-
ponsables de estas variaciones, produciendo
inhibici6n de la (Na+ + K+)-ATPasa y estimu-
laci6n de la Ca3+-ATPasa.
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