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Abstract. We studied the levels of twenty two free amino acids in the
striatum and olfactory bulb of mice treated during nine weeks with daily
intrapentoneal injections of manganese chloride at a concentration of 5.0
mg Mn* /’kg body weight. In the olfactory bulb the contents of alanine,
o-amino-n-butyrate, arginine, asparagine, aspartate, citrulline, GABA, glu-
tamate, glycine, isoleucine, leucine, methionine, phenylalanine, seri-
ne,threonine, tyrosine, and valine were diminished. No alterations were
observed in the concentrations of free amino acids in the striatum of
Mn-treated mice. The changes detected in the olfactory bulb merit a
thorough evaluation in order to determine its importance on the pathophy-
siology of manganese poisoning.
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INTRODUCTION amino acids tyrosine, tryptophan
and glutamic acid, respectively. But
several other amines and amino ac-

Chronic administration of man- ids have also been proposed as

ganese elicits significant changes in
the endogenous levels of some bio-
genic amines and their metabolites
in several brain regions
(1,2,6,11,12}. The precursors of the
neurotransmitters dopamine, sero-
tonin and GABA are the dietary

neurotransmitters: histidine, gly-
cine, taurine, aspartic acid and glu-
tamic acid. Some of the psychiatric
and neurological symptoms of
chronic manganese poisoning could
be the result of complex interactions
and changes in the metabolism of
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several of these amino acids neuro-
transmitters.

We have studied the levels of free
amino acids in blood plasma,
striatum and frontal cortex of adult
rats treated during eight months
with manganese chloride added to
the drinking water. No significant
differences were demonstrated in
any of the amino acids analyzed (7).
We now report that intraperitonéal
injections of manganese chloride
cause significant changes in the lev-
els of several free amino acids in
olfactory bulb of mice,

MATERIALS AND METHODS

Experiments were carried out on
male albino mice (NMRI-IVIC strain
from the Venezuelan Institute for
Scientific Research) weighing 20-
25 g and fed ad libitum with rat
laboratory chow (Protinal-Mara-
caibo) containing 70 pg Mn/g dry
weight. A group of mice was in-
jected intraperitoneally with man-
ganese chloride (5 mg Mn/kg b.w.)
in 0.9% NacCl solution. Control mice
were injected with 0.1 ml saline.
Both control and Mn-treated mice
received one daily injection five days
per week. They had unrestrained
water access and the quantity of
water ingested by each mouse was
measured daily. After nine weeks
11 animals of each group were sa-
crificed by decapitation. The brains
were extracted immediately, placed
on a Petri dish over ice and the
striatum and olfactory bulb dis-

sected. These samples were stored
at -80°C until analyzed.

Spectrophotometric assays:
Brain manganese was determined
by flameless atomic absorption
spectrophotometry (4).

Chromatographic procedure:
Amino acids were analized by the
procedure of Jones et al. (9} with
minor modifications, as previously
described (7). A Dupont model 8800
isocratic pump and column com-
partment was used in conjunction
with a Schoeffel FS970 fluorometer,
with excitation monochromator set
at 330 nm and emission measured
with a 418-nm cut-off filter. Buffers
were isocratically switched by the
use of a Mer Chromatographic 6
position all-Teflon motorized valve.
injections were made with a
Rheodyne 7120 valve and a 20yl
sample loop. Rainin Instrument
Company Microsorb ODS-C18 col-
umn (4.6 x 250 mm; 5 pm particle
size) fitted with an Upchurch guard
column packed with Vydac ODS
packing was used. A Perkin-Elmer
model 3600 Data Station was used
for data acquisition and quantita-
tion by peak heights; 0.05 M sodium
acetate buffer, pH 6.05, was used
mixed with various quantities of
methanol and tetrahydrofuran and
used in a five-step isocratic buffer
systern,

High-purity amino acids, mer-
captoethanol, and orthophtaldial-
dehyde {OPA} were obtained from
Sigma Chemical Company, St
Louis, Missouri. A standard mixture
of amino acids excluding asparagine
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and glutamine was made in O0.1N
HCI such that each amino acid was
2.0 mM. Ornithine and lysine were,
however, 5.0 mM in concentration.
A separate 2.0 mM solution in water
of a mixture of asparagine and glu-
tamine was prepared. The two stock
solutions were frozen at -20 °C and
a working standard was prepared by
diluting together 500 ul of each so-
lution to 25 ml with 0.1N HCI.

Brain samples were homoge-
nized in 100 volumens of O0.1N
HClO4/g wet weight by ultrasonic
degradation and centrifuged at
25000 g during 10 min in a Sorvall
RC 5-B centrifuge. The OPA deriva-
tizing reagent was prepared as de-
scribed elsewhere (9), and after ex-
actly 90 sec., 1.6 ml 0.05 M acetate
buffer, pH 4.8, were added and 20 pl
of the resulting solution were imme-
diately injected.

Statistical analysis: Statistical
analysis of data was done by a two-
way Analysis of Variance (15). After
significant effects due to treatment
were determined by ANOVA, the
Student’s t-test was used to deter-
mine the means that were signifi-
cantly different from each other. P
values lower than 0.05 were consi-
dered significant.

RESULTS

The growth rate of manganese
intoxicated mice was normal (5).
The mean + S.E. daily water intake
during the nine weeks for each
mouse was: 7.99 + 1.32 ml for con-

trols, and 7.35 + 1.68 for the Mn-
treated. The difference was not sta-
tistically significant (p > 0.05).
Manganese concentrations in-
creased significantly in the two
brain regions studied. The mean *
S.E. of the Mn content (ug/g dry
weight) at the ninth week were: a)
striatum: 2.65+ 0.71 in controls and
8.33 + 1.09 in Mn-treated mice; b)
olfactory bulb: 2.50 + 0.56 and
9.38 + 1.45, respectively.

As shown in Table I no altera-
tions were observed in the levels of
free amino acids in the striatum of
Mn-treated mice. However, in the
olfactory bulb the contents of alani-
ne, o-amino-n-butyrate, arginine,
asparagine, aspartate, citrulline,
GABA,  glutamine, glutamate, gly-
cine, isoleucine, leucine, methioni-
ne, phenylalanine, serine, threoni-
ne, tyrosine, and valine were signifi-
cantly diminished.

Although the range varied from
31.0% (GABA) to 68.9% (o-amino-n-
butyric) the largest decrease in con-
centrations was observed in five
neutral («c-amino-n-butyric, glycine,
serine, threonine, and valine) and
two basic amino acids (arginine and
citrulline). However, no difference
was detected between these two
groups. In general, essential and
nonessential amino acids dimini-
shed to the same degree.

DISCUSSION

The rate-limiting step in the
movement of amino acids from
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plasma to brain intracellular fluid is
the transport across the blood-brain
barrier (13,14). The amino acids
tryptophan, tyrosine, threonine,
leucine, isoleucine, valine, pheny-
lalanine, and methionine freely
cross the capillary endothelia that
comprise the blood-brain barrier.
Small neutral amino acids, such as
alanine, glycine, and GABA are re-
stricted in their entry into the brain
(14).

Alterations in the rate of move-
ment of the amino acids into the
brain of manganese treated mice is
an unlikely event since similar
changes should have been observed
in both brain regions. The decrease
of amino acid levels in the olfactory
bulb could be due to histopathologi-
cal changes or to a non-specific in-
sult such as edema produced by the
manganese administration in this
region.

The present results contrast
with the increase in GABA content
we have previously reported in rat
caudate nucleus after 2 months of
manganese intake (10 mg
MnClz/ml water} {3}. In that pre-
vious work we could not demon-
strate any alteration in the enzymes
responsible for the synthesis and
degradation of GABA. That finding
was considered to be due to a de-
crease in GABA release from
GABAergic neurons. In the present
study, the absence of changes on
the GABA content in the striatum of
mice could be due to a lack of effect
of the high manganese tissue levels
{314% of control values) on striatal
GABAergic neurons. It is possible

that the latter neurons are as resis-
tant to the toxic effects of manga-
nese as the cholinergic neurons
(10). The 31% decrease of GABA
levels in the olfactory bulb could be
due to an augmented sensitivity to
manganese of a different subpopu-
lation of GABAergic neurons. On
the other hand, alterations pro-
duced in other neuronal types could
indirectly alter the activity of the
GABAergic neurons located in the
olfactory bulb.

The highly significant changes
observed in the levels of several free
amino acids in olfactory bulb is a
finding that merits a thorough
evaluation in order to determine its
importance on the pathophysiology
of manganese poisoning. In miners
the first clinical manifestations of
manganese intoxication appear as
psychiatric symptoms (‘manganese
madness") characterized by aggres-
sive behavior, irritability, speech
disturbance, compulsive actions,
and hallucinations.

The human olfactory bulb lies
on the cribriform plates. The olfac-
tory primary axons, coming from the
olfactory receptor cells in the nasal
fossae, form the external layer of the
bulb. They synapse with dendrites
of mitral cells and tufted cells in the
subjacent glomerular layer. The
secondary axons originate from
mitral and tufted cells and pass pos-
teriorly as the olfactory stalk, enter
the base¢ of the hemisphere, and di-
vide into a medial, intermedial, and
lateral olfactory stria. The latter in-
terconnects with the corticomedial
neuronal group of the amygdala (8).
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The projections of the lateral olfac-
tory stria to the amygdala make eas-
ily available to the limbic structures
of the emotional brain any informa-
tion coming from the olfactory bulb.
Therefore, if the latier represents a
primary target for manganese dur-
ing the early stages of intoxication
its dysfunction could be responsible
for some of the initial psychiatric

symptoms.
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RESUMEN

Toxicidad por manganeso:
Aminoécidos libres en el estriado
y bulbo olfatorio del ratdn.

Bonilla, E. (Instituto de Investi-
gaciones Clinicas, Facultad de
Medicina, Universidad del Zulia,
Apartado 1151, Maracaibo, Vene-
zuela), Arrieta, A.; Castro, F.; Davila,
J.Q.; Quiroz, . nvestClin 35(4): 175-
181, 1994,

Palabras claves: intoxicacion por
manganeso, aminoacidos, bulbo ol-
fatorio, GABA, estriado.

Determinamos las concentra-
ciones de veintidés aminoacidos li-
bres en el estriado y bulbo olfatorio
de ratones tratados durante nueve
semanas con inyecciones intraperi-
toneales diarias de cloruro de man-
ganeso (5.0 mg Mn 2*/kg de peso
corporal]. En el bulbo olfatorio se

observé una disminucién significa-
tiva del contenido de alanina, o -
amino-n-butirato, arginina,
asparagina, aspartato, citrulina,
GABA, glutamato, glicina,
isoleucina, leucina, metionina,
fenilalanina, serina, treonina, tiros-
ina y valina. Eu el estriado no se
produjeron alteraciones en las con-
centraciones de los aminoacidos -
bres en los ratones tratados con
manganeso. Los cambios obser-
vados en el bulbo olfatorio deben ser
evaluados para determinar su im-
portancia en la fisiopatologia de la
intoxicacion con manganeso.
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