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Abstract Tryptophan (TRY) is the precursor for seroto-
nin (5-HT) synthesis. Common maize has low protein
content with low concentration of TRY and lysine. A diet
based on two strains of corn differing in their TRY content
were given to adult female rats, prior mating, during
pregnancy and lactation. Same diets were offered to their
male offspring after weaning until reaching 60-days old.
The pattern and severity of the convulsive phenomenon
induced by monosodium glutamate (MSG) in a well
established model of Status epilepticus were evaluated in
comparison with data from animals of two control groups:
(a) rats fed a hypoproteic (8% protein) diet, and (b) rats fed
a normal Purina chow diet (23% protein). Significant
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increased susceptibility to convulsions was observed in
both groups of rats fed the corn-based diets. However, the
animals fed the common corn-based diet (8-9% protein;
0.058% TRY) showed a higher susceptibility to convul-
sions than what was registered in animals fed a Quality
Protein Maize (QPM)-based diet (8-9% protein; 0.1%
TRY). It is concluded that low TRY concentration in the
diet during development, produces lower rate of brain
5-HT synthesis, affecting development and maturation of
GABAergic inhibitory cortical interneurons, with alteration
of cortical excitability, contributing in part, to the increased
susceptibility to convulsions, as shown in the experiments
here reported.
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Introduction

Nutritional insults early in life have a profound and often
permanent effect on the development of the central nervous
system (CNS), resulting in various anatomical, biochemi-
cal and physiological disturbances [1-4]. Employing an
animal model for malnutrition characterized by substantial
reduction in the brain levels of tryptophan (TRY), seroto-
nin (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA)
[5-8], we have reported a reduction in the number of
GABAergic [9] and serotonergic [10] nerve cells in cere-
bral cortex and raphe nuclei, respectively. Corn protein is
among the most deficient in TRY and lysine of all proteins
normally ingested by humans. Administering this diet to
rats determines low brain concentration of 5-HT and
5-HIAA levels, which might at least partially reflect a
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decrease in 5-HT formation as result of its substrate defi-
ciency [5, 7, 8], probably altering the postnatal
development of brain microneurons. In these conditions,
the circuit formation and function which are essential to
establish the delicate balance between inhibitory and
excitatory activities in critical brain structures, such as
dentate gyrus of the hippocampal formation, cerebellar and
cerebral cortices are thus altered.

A direct relationship between malnutrition and epilepsy
has not been well established; however, numerous animal
studies suggest that malnutrition may have detrimental
effects on the brain predisposing the animals to develop
seizures [11].

Monosodium L-glutamate (MSG) a common food
additive produces motor disorders manifested as epilepti-
form seizures when parenterally administered to rats
[12-16]. Such effects are similar to those produced by
intracisternal injection of L-glutamate [17] and the various
episodes of the convulsive phenomenon can be easily
monitored. The glutamate carrier at the blood-brain barrier
(BBB) is virtually saturated under physiological condi-
tions, and the glutamate passage from blood to brain is
much lower than its efflux from the brain [18]. However,
when administered in a hyperosmolar solution its massive
entry through opening of the BBB may produce signs of
hyperexcitability affecting the physiology of various brain
systems [15-19].

The aim of the present study was to investigate whether
the neurochemical changes induced by TRY and protein
restriction in rats fed with a diet based on two strains of
corn differing in their TRY content determines more sus-
ceptibility to seizures induced by monosodium glutamate
(MSG) in a well established model of experimental Status
epilepticus.

Experimental Procedures
Malnutrition Induction Paradigm

Twenty eight 60-day-old female Wistar rats were divided
into four groups of 7 rats each and fed with the various
diets: (a) corn group (CORN) fed a common corn-based
diet, (b) a group fed a quality protein maize-based diet
(QPM), (c) a group fed a hypoproteic diet (HYP) con-
taining 8% protein on a chow-Purina base, and (d) a control
group (CTRL) fed Purina chow diet, containing 23% pro-
tein (Table 1). The rats were given free access to their
respective diets and to water, during 6 weeks; after this
time the animals were caged with healthy males overnight,
and pregnancy was determined by identifying sperm cells
in the vaginal smears. Pregnant rats were kept in individual
cages, at 23 £+ 1°C and 45-55% relative environmental
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Table 1 Composition of diets (g/100 g diet)
Components Groups

CTRL HYP CORN QPM
Chow Purina 98.00 34.04 - -
Corn mixture - - 86.00 86.00
Dextrose - 19.00 - -
Sucrose - 20.10 - -
Dextrin - 12.67 - -
Vegetal oil 2.00 3.13 4.00 4.00
Mineral mixture® - 1.00 4.00 4.00
Vitamins mixture® - 1.00 1.00 1.00
Cellulose fiber - 9.06 6.90 6.90
Total protein 23.00 8.00 8.00 9.00
Kilocalories per 100 g 350.00 350.46 348.50 350.00
Tryptophan (g/100 g of diet) 0.30 0.15 0.058 0.10

% Obtained from ICN Biochemicals, Inc.

® Obtained from Instituto de Madera, Celulosa y Papel, University of
Guadalajara

CTRL = control group; HYP = group fed a hypoproteic diet;
CORN = group fed a corn meal diet; QPM = group fed a quality
protein maize

humidity, under controlled light-darkness cycles (12 h
light; 12 h darkness). The food intake was similar during
gestation in CTRL, QPM and HYP groups of rats, whereas
it was non significantly lower in the CORN group, as seen
in previous works [6, 20]. At birth, all litters in all groups
were adjusted to 8 male pups per group. The pups were fed
with mothers with each diet during lactation. Animals in
each litter were fed the same diet at weaning until reaching
60-days old. Postnatal body weight was registered in ani-
mals from all groups.

Procedure for Seizures

MSG was intraperitoneally (i.p) administered to male rats
from the 4 groups according the diets received (see Tables 1
and 2) at doses varying from 4.5 to 5.2 mg/g (26.10 to
30.16 mmol/kg) from a 50% aqueous solution of the com-
pound. Total volume injected ranged between 0.1 and
1.0 ml. Control rats of ages similar to those of the experi-
mental groups for each diet group, were injected with either a
sodium chloride solution (NaCl) equimolar to that of MSG
(eqNaCl), or physiological saline solution (PSS) in propor-
tional volumes to those employed for the MSG-injected
animals. No rat was used more than once in any experiment,
and the housing, feeding, cleanliness, ventilation, care and
treatment of laboratory animals were carefully observed
according the Mexican Federal law for protection of animals
[21], which is in accordance with the National Institutes of
Health Guide for Care and Use of Laboratory Animals [22].
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Table 2 Effect of diets deficient in tryptophan and protein on the
postnatal body weight of rats from all groups studied

Postnatal age CTRL HYP CORN QPM
(days)

1 120+ 0.8 114 +09 11.0+6.1 11.8+£09
10 481 +£19 371 +£245 179 £ 1.1 253 £3.6
20 613 £34 412+£38 24309 325=+46
30 86.0 £ 54 562 +45 253+ 1.1 40.8 +5.8°
40 1154 £ 6.1 7503 £ 6.1 28.0+ 1.8 52.7 £ 54°
50 1621 £73 921 +£7.6 374+29 762 + 6.0°
60 2103 £5.2 100.7 £ 10.1 42.0 +£3.8 83.3 £+ 6.2°

Values are expressed in grams and represent the mean from 8 male
rats per each postnatal age in the four groups of animals + SEM

 Significantly different from data obtained from the CORN group at
P <0.01

CTRL = control group; HYP = group fed a hypoproteic diet;
CORN = group fed a corn meal diet; QPM = group fed a quality
protein maize

In all animals, the incidence of convulsive episodes and
deaths, as well as the duration and characteristics of motor
disorders were visually recorded during a period of 8 h on
blind bases.

Intensity of Seizures

Severity of the seizure period was graded according the
following criteria [13]:

Grade 1. Animals presented clonic seizures of forelimbs
and some tonic jerks of hindlimbs.

Grade 2. Animals showed tonic-clonic seizures with
clearly defined interictal episodes.

Grade 3. Animals showed tonic-clonic seizures reaching
Status epilepticus, characterized by long lasting episode
of convulsive activity, usually ending in a tonic hyper-
extension of all limbs with further recovery.

Grade 4. Animals reached Status epilepticus with very
short or absent interictal periods and death.

Statistical Analysis

The non parametric Chi-square test was used to evaluate
the significance of differences in incidence of seizures
induced by MSG at the various doses, whereas the New-
man—Keuls test was employed to compare the mean values
of the parameters recorded in all groups at the various
MSG doses administered.

Results

Rats with chronic malnutrition induced by feeding a corn-
based diet and a QPM-based diet showed a significant
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Table 3 Effect of diets deficient in tryptophan and protein on the
latency to stereotyped movements in the model of experimental Status
epilepticus induced by i.p. injection of various doses of monosodium
L-glutamate to adult rats

Doses of MSG CTRL HYP CORN QPM
(mg/g)

4.5 - - 287 £ 2.6 -

4.8 273+ 47 267 £35 205+40 242431
5.0 253 +26 261 £22 18.0+25 20.0+2.6
52 21.1 + 196 £ 19 167+£25 17.5+£2.0

Values are expressed in minutes and represent the mean from 7
animals per MSG dose in each group & SEM

* Significantly different from data of CTRL, HYP and QPM groups at
P <0.01

CTRL = control group; HYP = group fed a hypoproteic diet;
CORN = group fed a corn meal diet; QPM = group fed a quality
protein maize

diminution in the weight gain curve compared to what was
seen in animals fed a hypoproteic (8% protein diet) and a
normal Chow Purina diet (23% protein). However, signif-
icant difference was found when both corn-based diets
were offered to the animals, with higher body weight gain
in the QPM group than in the common corn-based group
(Table 2).

Most animals injected with MSG, especially at high
doses corresponding to the 4 types of diet showed con-
vulsive activity. On the other hand, all animals from the 4
groups injected with the corresponding doses of eqNaCl
solution or with PSS did not show convulsions or signs of
hyperexcitability.

Five parameters were evaluated as the effects of MSG
injection in all groups studied: (a) latency period for ste-
reotyped movements, (b) latency period for convulsions,
(c) duration of the convulsive period, (d) frequency of
convulsions, and (e) severity of the convulsive episodes.
Neither convulsions nor stereotyped movements were
registered in the animals from CTRL, HYP and QPM
groups when MSG was i.p. injected at a dose of 4.5 mg/g,
whereas both, stereotyped movements and convulsions
induced with MSG i.p. injection at that dose were seen in
animals from the CORN group (Tables 3 and 4).

Latency Period for Stereotyped Movements

The latency period was defined as the time elapsed from
MSG injection to the appearance of non-directed automatic
motor manifestations typical of the species, such as biting
and cleaning face movements. During this period, the
animals appeared quiet, sleepy and slow responsive to
environmental acoustic stimuli.
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Table 4 Effect of diets deficient in tryptophan and protein on the
latency to convulsions in the model of experimental Status epilepticus
induced by i.p. injection of various doses of monosodium L-glutamate
to adult rats

Doses of MSG CTRL HYP CORN QPM
(mg/g)

4.5 - - 50.1 + 4.6 -

4.8 541+ 4.1 483 +£6.1 58.6+38 512446
5.0 583+ 60 476 +48 48.1 =52 485448
52 502 +56 469 £6.2 41.6 57 451 +5.1

Values are expressed in minutes and represent the mean from 7
animals per MSG dose in each group & SEM

* Significantly different from data of CTRL, HYP and QPM groups at
P <0.01

CTRL = control group; HYP = group fed a hypoproteic diet;
CORN = group fed a corn meal diet; QPM = group fed a quality
protein maize

Latency period for stereotyped movements progres-
sively decreased at MSG doses of 4.8 to 5.2 mg/g in
animals of the CTRL group. No significant differences
were seen in this parameter, between data registered in the
HYP group compared to those seen in the CTRL group at
all MSG doses administered. However, in the CORN group
that reduction of this latency period was more evident
when MSG was i.p. injected at doses of 4.8 to 5.2 mg/g
when compared to data from the other three groups
(Table 3).

Latency Period for Convulsions

This period was considered from the time of MSG injection
to the occurrence of the first convulsive episode, varying in
each group at the various doses employed. Thus, statisti-
cally significant differences were seen when values from
the HYP, CORN and QPM groups were compared to those
obtained in animals from the CTRL group at MSG doses of
4.5 to 5.2 mg/g (Table 4). Motor hyperactivity and some
flexo-extension and lateral movements of the head were
occasionally seen a few seconds before the first convulsive
episode in animals from all groups.

Duration of Convulsive Period

The convulsive period was considered as the time elapsed
from the first to the last convulsive episodes. The average
time in CTRL, HYP and QPM groups at MSG dose of
4.8 mg/g was 60 min increasing when 5.0 and 5.2 mg/g
were injected , shortening at the highest dose employed in
the CORN group due to severity of convulsions and death
of some animals (Table 5). Animals from the CORN

group showed convulsions with MSG dose as low as
4.5 mg/g the duration of this period varied between 70
and 85 min drastically decreasing at the highest MSG
dose due to severity of convulsions and death of animals
(Tables 5 and 6).

Frequency of Seizures

Convulsive activity in all groups was characterized by
tonic-clonic seizures for 2 to 4 min with interictal periods
of 2 to 5 min when stereotyped movements and vegetative
responses were seen (sialorrhea, urination, piloerection).

Seven convulsive episodes per hour in average were
observed in animals from the CORN group at the MSG
dose of 4.5 mg/g, whereas 14 to 17 convulsive episodes per
hour were registered in animals from the CORN and QPM
groups at MSG doses between 4.8 and 5.2 mg/g, being
these data significantly different from those from CTRL
and HYP groups (Tables 5 and 6).

Severity of the Convulsive Period

Table 6 shows the data distribution per group according the
severity of convulsive period at the various MSG doses
used for animals from the 4 groups of diet employed.
Grouping grades 1 and 2 as mild, and 3 and 4 as severe
permitted us to clearly see the response differences among
the groups studied at the various MSG doses used. Animals
from all groups reaching Grade 4 of severity of the con-
vulsive period died in Status epilepticus; it was in a tonic
convulsion with hyperextension of head, limbs and tail
with a cyanotic aspect.

Table 5 Effect of diets deficient in tryptophan and protein on the
duration of the convulsive period in the model of experimental Status
epilepticus induced by i.p. injection of various doses of monosodium
L-glutamate to adult rats

Doses of MSG CTRL HYP CORN QPM
(mg/g)

4.5 - - 733 £5.6% -

4.8 604 +48 64.1£58 68261 62337
5.0 709 £ 6.1 802+41 79452 77453
52 759 £ 69 859 +43 503 +9.6" 805 +25

Values are expressed in minutes and represent the mean from 7
animals per MSG dose in each group + SEM

 Significantly different from data of CTRL, HYP and QPM groups at
P <0.01

CTRL = control group; HYP = group fed a hypoproteic diet;
CORN = group fed a corn meal diet; QPM = group fed a quality
protein maize

@ Springer
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Table 6 Effect of diets deficient in tryptophan and protein on the
frequency of the convulsions in the model of experimental Status
epilepticus induced by i.p. injection of various doses of monosodium
L-glutamate to adult rats

Doses of MSG CTRL HYP CORN QPM
(mg/g)

4.5 - - 73+26 -

4.8 78+26 734+20 151422 143 +19*
5.0 103 £ 3.1 157 +48 16020 167+ 32
52 137 £ 40 148 +32 13.6£26 165+4.1

Values are expressed in number of convulsive episodes per hour and
represent the mean from 7 animals per MSG dose in each
group += SEM

4 Significantly different from data of CTRL and HYP groups at
P < 0.01

CTRL = control group; HYP = group fed a hypoproteic diet;
CORN = group fed a corn meal diet; QPM = group fed a quality
protein maize

Five out of 7 animals showed severe convulsive period
with the MSG dose of 4.5 mg/g injected to rats from the
CORN group, whereas none from the other groups mani-
fested severe convulsive episodes at this MSG dose.
Correspondingly, 6 out of 7 (86%) rats from the CORN
group injected with MSG at a dose of 4.8 mg/g showed
severe convulsive episodes, whereas 14%, 28% and 28% of
the animals from CTRL, HYP and QPM groups, respec-
tively, showed severe convulsive episodes. The highest
severity degree of the convulsive period was registered in
animals from the CORN group when data obtained with
MSG dose of 5.0 and 5.2 mg/g were compared to corre-
sponding values obtained from CTRL HYP and QPM
groups (Table 7 and Fig. 1).

Discussion

The present work evaluated the effects of two corn-based
diets over the pattern and severity of the convulsive phe-
nomenon induced by various MSG doses in a well
established experimental model of Status epilepticus in
adult rats [12-16]. The basic difference between the
composition of both corn-based diets was their proportion
of TRY, as the total amount of protein was similar in both
diets. Previous communications from our laboratory have
shown that the low concentration of TRY in the diet
offered to adult female rats determines a reduction of brain
5-HT synthesis in their progeny when healthy rats are fed
this diet since pre-mating, during pregnancy and nursing
periods, and from weaning till progeny reaches 60 post-
natal days [6, 20]. Although various parameters related to
central nervous system structure and function have been
communicated in these works and by other authors [7-9],
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no studies have been designed to explore seizure
susceptibility.

The differences in the curves of postnatal body weight
gain can be explained in part, in terms of the differences in
protein content among all diets, and particularly the TRY
proportion, being evident when the gain curve of QPM group
was compared to that of the CORN group. In addition to
acting as a precursor in 5S-HT synthesis, TRY stimulates liver
protein synthesis [23] and pituitary secretion of growth
hormone (GH) [24]. Also, the regulatory role of 5-HT in the
release of GH is well documented [25, 26].

The trophic role of 5-HT during CNS development on
the prenatal and immediate postnatal stages, contributing to
the integration and differentiation of various neurotrans-
mitter systems, especially on those events related to
proliferation of different neuronal populations, and syna-
ptogenesis is well known [27-29]. The aforementioned has
an effect on the maturation of the neurotransmission sys-
tems, basically the inhibitory ones, so that when there is an
interference on 5-HT metabolism, an unbalance between
excitatory and inhibitory systems occur, affecting cerebral
excitability. When cerebral excitability increases, an
increment on the epileptogenic agents sensitivity with an
increment of susceptibility to convulsions shall be attained
[30]. It is in keeping with what Datiche et al. have com-
municated in relation to the association between a
diminution of 5-HT during development, and a reduction of
GABAergic neurons in cerebral cortex [31]. All this cor-
relates with data obtained in our laboratory with the
chronic malnutrition model feeding the animals with a
common corn-based diet showing a significant decrease on
the pups cerebral cortical GABAergic neurons, employing
immunohistochemical techniques [9], possibly leading
towards an unbalance of those mechanisms regulating
cerebral excitability. This became evident in the present
work by noticing that those animals fed a corn-based diet
clearly showed a greater susceptibility to convulsions than
those fed a normal Purina Chow diet. Furthermore, when
the animals were fed a diet based on a quality protein
maize (QPM) containing double the amount of TRY than
that of the common corn, a significant reduction in the
susceptibility to convulsions employing a well established
model of experimental Status epilepticus in rats was seen.

Inasmuch as the corn-based diet employed for this work
is an isocaloric diet containing a low proportion of protein
(8%) [6, 7], a group of animals fed a hypoproteic diet was
included as a matched group to the proportion of protein in
the corn-based diets. This, as well as the difference on the
TRY content in this HYP group (one third of the TRY
content in the Purina Chow diet) explain the outcome
differences since this group of animals showed a greater
susceptibility to convulsions than the one disclosed by the
animals in the CTRL group. Nevertheless, those
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Table 7 Effect of diets deficient in tryptophan and protein on the severity of the convulsive episodes in the model of experimental Status
epilepticus induced by i.p. injection of various doses of monosodium L-glutamate to adult rats

Groups MSG dose (mg/g) GRADE 1 GRADE 2 GRADE 3 GRADE 4 Mild (Grades 1 + 2) Severe (Grades 3 + 4)
CTRL 4.5 (7) 1 - - - 1 (14%) -
4.8 (7) - 3 1 - 3 (42% 1(14)
5.0 (7) - 2 1 1 2 (28%) 2 (28)
52 (7) - 1 2 4 1 (14%) 6 (86%)
HYP 4.5 (7) - 1 - - 1 (14%) -
4.8 (7) - 2 2 - 2 (28%) 2 (28%)
5.0 (7) - 2 2 3 2 (28%) 5 (72%)
52 (7) - - 2 5 - 7 (100%)
CORN 4.5 (7) - 2 5 - 2 (28%) 5 (72%)
4.8 (7) - 1 5 1 1 (14%) 6 (86%)
5.0 (7) - - 1 6 - 7 (100%)
52 (7) - - - 7 - 7 (100%)
QPM 4.5 (7) - 1 - - 1 (14%) -
4.8 (7) - 3 2 - 3 (42%) 2 (28%)
5.0 (7) - 1 3 3 1 (14%) 6 (86%)
5.2 (7) - - 2 5 - 7 (100%)

Data represent the number of animals grouped in grades of the convulsive period and its severity (mild = 1 + 2 grades; severe = 3 + 4 grades)

Numbers in parentheses at the doses column represent the number of animals per group at the various MSG doses employed

Proportion of animals corresponding to moderate and severe convulsive period induced by the various MSG doses in each group appear in

parentheses

CTRL = control group; HYP = group fed a hypoproteic diet; CORN = group fed a corn meal diet; QPM = group fed a quality protein maize

120
80 A

- il

40

. P

Severe convulsive episodes (%)

4.5 4.8 5 5.2
MSG doses (mg/g)
CTRL CORN QPM

Py CORN

Fig. 1 Graphic representation of the proportion of severe convulsive
episodes (grades 3 + 4) in the 4 groups studied (CTRL = control;
HYP = hypoproteic; CORN = common corn; QPM = quality pro-
tein maize). Increased susceptibility to convulsions induced
experimentally by injecting various doses of monosodium L-gluta-
mate (MSG) to animals from the CORN, HYP and QPM groups is
observed in comparison with data from the CTRL group. Significant
reduction of this susceptibility is depicted at MSG doses of 4.5, 4.8
and 5.0 mg/g i.p. injected to animals from QPM group compared to
corresponding data obtained from the CORN group

differences observed in terms of susceptibility to convul-
sions among animals from CORN and HYP groups, seem
to be directly related to the differences on TRY content in

both diets (HYP group diet contains twice as much quantity
of TRY in relation to the common corn-based diet). This is
further supported by the data obtained for all parameters
evaluated in the QPM group of animals. This is an improved
variety of Zea maize L which contains protein of higher
quality than that of common corn, and the hybrids have been
selected by conventional methods and characterized with the
use of molecular markers [32]. QPM-based diet contains
similar TRY and protein proportion to that of the diet
offered to animals of the HYP group (see Table 1) [33, 34].

Animals from CORN, QPM and HYP groups showed a
greater susceptibility to convulsions than those from the
CTRL group which were fed a Purina Chow diet containing
23% of protein and nearly five times the TRY quantity than
that of the common corn-based diet. However, such effect
was much greater in rats from the CORN group, which was
evidenced by a lesser latency for stereotyped movements and
convulsions and by the severity of the convulsive period as
well. Duration of the convulsive period and convulsive
episodes frequency progressively decreased in animals from
all groups. The greatest susceptibility to convulsions
reflecting an increased cerebral excitability determines a
reduction of the convulsive period because animals die in a
shorter period of time than less susceptible animals. Simi-
larly, convulsive episodes frequency is reduced (Table 3),
because when the events are more severe, each convulsive
episode is longer.
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Both, MSG and egMSG solutions are hyperosmotic;
however, only signs of hyperexcitability and convulsions
were observed after MSG administration, suggesting —as it
has been discussed in previous works [12, 13, 35-37] that
because of the solution hyperosmolarity, the BBB is
opened and the glutamate ions massively penetrate into the
brain parenchyma, exerting their excitatory effect [15, 19].

Cerebral alterations experimentally produced by mal-
nutrition conditions are related to the duration of
malnutrition, diet characteristics, and the brain develop-
mental stage when malnutrition is established [2—4]. In the
present work, the animals were exposed to chronic mal-
nutrition conditions with protein and TRY restriction
during prenatal and immediate postnatal stages, which are
critical for the CNS development [6, 20, 29]. It is con-
cluded that low TRY concentration in the diet during
development, produces lower rate of brain 5-HT synthesis,
affecting development and maturation of GABAergic
inhibitory cortical interneurons, with alteration of cortical
excitability, contributing in part, to the increased suscep-
tibility to convulsions, as shown in the experiments here
reported. It is possible that other experiments designed with
TRY supplementation to the corn-based diets employing a
similar experimental paradigm as the one used for the
present work, would show some improvement of the sei-
zure susceptibility here reported. Also, other studies using
ketogenic or other nutritional schemes in malnourished
animals to test seizure susceptibility are needed.

Present results support the theory that humans with
chronic malnutrition may have some brain damage, par-
ticularly related to systems regulating brain excitability,
making the subjects more susceptible to some forms of
convulsive or non-convulsive epilepsy [9, 38, 39].

The malnutrition model used for the present work might
represent, to a certain point, the feeding conditions of a
large human population in the rural areas of countries in the
process of development, where corn is the basic food and in
some cases, the only nutrient source. Even though, there
are reports about the frequency and prevalence of the
various types of epilepsy within low socio-economic level
rural zones, further research with systematic studies trying
to correlate these data with the nutrition conditions in those
areas and with their diet nutrient characteristics is needed.

Acknowledgements The authors express their gratitude to Eng.
Javier Vazquez-Navarro for his valuable help in the statistics; and to
CONACYT for partially supporting the project (Grant No. SEP-2004-
CO1-48002).

References

1. Datta S, Patterson EH, Vincitore M, Tonkiss J, Morgane PJ,
Galler JR (2000) Prenatal protein malnourished rats show chan-
ges in sleep/wake behavior as adult. J Sleep Res 9:71-79

@ Springer

11.

12.

13.

15.

16.

18.

19.

20.

. Morgane PJ, Austin-La France R, Bronzino J, Tonkiss J, Diaz-

Cintra S, Cintra L, Kemper T, Galler JR (1993) Prenatal mal-
nutrition and development of the brain. Neurosci Biobehav Rev
17:91-128

. Morgane PJ, Mokler DJ, Galler JR (2002) Effects of prenatal

protein malnutrition on the hippocampal formation. Neurosci
Biobehav Rev 26:471-483

. Zamenhof S (1985) Malnutrition and brain development. In:

Lajtha A (ed) Handbook of Neurochemistry, vol 9. Plenum Press,
New York, pp 151-172

. Beas-Zarate C, Del Angel-Meza AR, Morales-Villagran A, Feria-

Velasco A (1988) Serotonin uptake in the central nervous system
of rats fed corn-diet. Comp Biochem Physiol 89:173-177

. Del Angel AR, Beas-Zarate C, Morales-Villagran A (1989)

Effects of corn fed and protein restriction on rat cerebellum and
brain stem maturation. Nutr Rep Int 40:1192-1206

. Fernstrom JD (1981) Effect of the diet and other metabolic

phenomena on brain tryptophan uptake and serotonin synthesis.
Ann Rev Med 23:413-425

. Fernstrom JD, Hirsch MJ (1977) Brain serotonin synthesis:

reduction in corn-malnourished rats. J Neurochem 28:877-879

. Orozco-Suarez S (1997) Efecto de la restriccion de triptofano en

la dieta sobre el desarrollo de la inervacion GABAérgica de la
corteza somatosensorial de la rata. Estudio inmunocitoquimico.
Ms. Sci. Thesis, Universidad Nacional Auténoma de México,
Meéxico, DF

. Orozco-Suarez S, Del Angel AR, Beas-Zarate C, Manjares G,

Feria-Velasco A (2003) Corn feeding during development indu-
ces changes in the number of serotonergic neurons in the raphe
nuclei. Int J Dev Neurosci 21:13-22

Nunes ML, Liptdkova S, Veliskova J, Sperber EF, Moshé SL
(2000) Malnutrition increases dentate granule cell proliferation in
immature rats after Status epilepticus. Epilepsia 41(Suppl.
6):S48-S52

Arauz-Contreras J, Feria-Velasco A (1984) Monosodium-L-glu-
tamate-induced convulsions-I. Differences in seizure pattern and
duration of effects as a function of age in rats. Gen Pharmacol
15:391-395

Feria-Velasco A, Feria-Cuevas Y, Gutiérrez-Padilla R (1995)
Chronobiological variations in the convulsive effect of monoso-
dium L-glutamate when administered to adult rats. Arch Med Res
26:suppl S127-S132

. Johnston GAR (1973) Convulsions induced in 10-day old rats by

intraperitoneal injection of monosodium glutamate and related
excitant aminoacids. Biochem Pharmacol 22:137-140

Nemeroff ChB, Crisley FD (1975) Monosodium L-glutamate
induced convulsions: temporary alterations on blood-brain barrier
permeability to plasma proteins. Environ Physiol Biochem
5:389-395

Stewart C, Coursin DB, Bhagavan HN (1972) Electroencepha-
lografic study of L-glutamate induced seizures in rats. Toxicol
Appl Pharmacol 23:635-639

. Wiechert P, Gollnitz G (1970) Stoffwechseluntersuchungen des

cerebralen Anfallsgeschehens. Untersuchungen des Glutamatst-
offwechsels in verschiedenen Hirnarealen des Hundes im
prakonvulsiven Zustand. J Neurochem 17:137-147

Fonnum F (1984) Glutamate: a neurotransmitter in mammalian
brain. J Neurochem 42:1-11

Torii K, Takasaki Y, Iwata S, Wurtman RJ (1981) Changes in
blood osmolarity electrolytes, and metabolites among adult rats
treated with a neurotoxic dose of MSG. Life Sci 28:2855-2864
Del Angel-Meza AR, Ramirez-Cortés L, Adame-Gonzalez IG,
Gonzalez-Burgos I, Beas-Zarate C (2002) Cerebral GABA
release and GAD activity in protein- and tryptophan-restricted
rats during development. Int J Dev Neurosci 20:47-54



Neurochem Res (2008) 33:1484-1491

1491

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ley General de Salud de la Republica Mexicana (1995) Titulo
Séptimo: De la investigacion que incluya la utilizacién de ani-
males de experimentacion. México DF, Editorial Porrua, México,
ed 6, pp 430-431

Guidelines for the Care and Use of Laboratory Animals (1996)
NIH Publication No 85.23, revised

Peters JC (1991) Tryptophan nutrition and metabolism: an
overview. In: Schwarcz R (ed) Kinurenine and Serotonin Path-
ways. Plenum Press, New York, pp 345-358

Rivest RW (1991) Sexual maturation in female rats. Experientia
47:1027-1038

Anderson I, Cowen P (1991) Neuroendocrine responses to
L-tryptophan as an index of brain serotonin function: effect of
weight loss. Adv Exp Med Biol 294:245-254

Delgado PL, Charney DS, Price LH, Landis H, Heninger GR
(1989) Neuroendocrine and behavioral effects of dietary trypto-
phan restriction in healthy subjects. Life Sci 45:2323-2332
Buznikov GA, Lambert HW, Lauder JM (2001) Serotonin and
serotonin-like substances as regulators of early embryogenesis
and morphogenesis. Cell Tis Res 305:177-186

Lauder JM (1988) Neurotransmitters as morphogenes. Progr
Brain Res 73:365-387

Lauder JM (1993) Neurotransmitters as growth regulatory sig-
nals: role of receptors and second messengers. Trends Neurosci
16:233-240

Avanzini G, Giulio S, Canafoglia L, Franceschetti S (1999)
Maturation of cortical physiological properties relevant to epi-
leptogenesis. In: Spreafico R, Avanzini G, Andermann F (eds)
Abnormal cortical development and epilepsy. From basic and
clinic science, vol 7. Miami Foundation Paediatric Neurology
Series. John Libbey, London, pp 63-75

Datiche F, Luppi P-H, Cattarelli M (1995) Serotonergic and non-
serotonergic projections from the raphe nuclei to the piriform

32.

33.

34.

35.

36.

37.

38.

39.

cortex of the rat: a cholera toxin B subunit (Ctb) and 5-HT
immunohistochemical study. Brain Res 671:27-37

Recéndiz F (2005) Aptitud combinatorial y comportamiento de
hibridos de las lineas de maiz tropicales “QPM” seleccionados
por métodos convencionales y marcadores moleculares. PhD
Thesis, Universidad de Guadalajara, México

Ortega CA (2003) Hibrido simple de maiz con calidad proteinica
mejorada, para el noroeste y subtropico de México. Desplegable
No 13, Instituto de Investigaciones Forestales Agricolas y Pec-
uarias (INIFAP), México

Sierra MM (2004) Hibrido de maiz de calidad proteinica para el
tropico humedo de México. Rev Fitotecnia Mex 27:117-119
Alfaro F, Blas O, Gutiérrez-Padilla R, Feria-Velasco A (1990)
Characterization of an experimental model of monosodium glu-
tamate-induced convulsions in the amphibian Bufo spp. Arch
Invest Med (Méx) 21:405-411

Beas-Zarate C, Arauz-Contreras J, Velazquez A, Feria-Velasco
A (1985) Monosodium r-glutamate-induced convulsions.
IL.- Changes in catecholamine concentrations in various brain
areas of adult rats. Gen Pharmacol 16:489—493

Beas-Zarate C, Schliebs R, Ortuiio D, Feria-Velasco A (1994)
Effect of systemic monosodium L-glutamate on muscarinic cho-
linergic receptors in selected rat brain regions during
development. Arch Med Res 25:341-346

Palencia G, Calvillo M, Sotelo J (1996) Chronic malnutrition
caused by a corn-based diet lowers the threshold for pentylene-
tetrazol-induced seizures in rats. Epilepsia 37:583-586

Sanchez M, Jensen F (2001) Maturational aspects of epilepsy
mechanisms and consequences for the immature brain. Epilepsia
42:577-585

@ Springer



	Low Tryptophan and Protein in the Diet During Development Increase the Susceptibility to Convulsions in Adult Rats
	Abstract
	Introduction
	Experimental Procedures
	Malnutrition Induction Paradigm
	Procedure for Seizures
	Intensity of Seizures
	Statistical Analysis

	Results
	Latency Period for Stereotyped Movements
	Latency Period for Convulsions
	Duration of Convulsive Period
	Frequency of Seizures
	Severity of the Convulsive Period

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


