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Abstract Tyrosinemia type II, also known as Richner—
Hanhart syndrome, is an autosomal recessive inborn error
of metabolism caused by a deficiency of hepatic cytosolic
tyrosine aminotransferase, and is associated with neuro-
logic and development difficulties in numerous patients.
Considering that the mechanisms underlying the neuro-
logical dysfunction in hypertyrosinemic patients are poorly
known and that studies demonstrated that high concentra-
tions of tyrosine provoke oxidative stress in vitro and
in vivo in the cerebral cortex of rats, in the present study
we investigate the oxidative stress parameters (enzymatic
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antioxidant defenses, thiobarbituric acid-reactive sub-
stances and protein carbonyl content) in cerebellum, hip-
pocampus and striatum of 30-old-day rats after acute
administration of L-tyrosine. Our results demonstrated that
the acute administration of L-tyrosine increased the thio-
barbituric acid reactive species levels in hippocampus and
the carbonyl levels in cerebellum, hippocampus and stria-
tum. In addition, acute administration of L-tyrosine sig-
nificantly decreased superoxide dismutase activity in
cerebellum, hippocampus and striatum, while catalase was
increased in striatum. In conclusion, the oxidative stress
may contribute, along with other mechanisms, to the neu-
rological dysfunction characteristic of hypertyrosinemia
and the administration of antioxidants may be considered
as a potential adjuvant therapy for tyrosinemia, especially
type II.
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Introduction

Tyrosinemia type II, also known as Richner—Hanhart syn-
drome (RHS), is an autosomal recessive inborn error of
metabolism caused by a deficiency of hepatic cytosolic
tyrosine aminotransferase (TAT; L-tyrosine:2-oxoglutarate
aminotransferase, EC 2.6.1.5) with a world frequency esti-
mated in approximately 1 in 250,000 newborns. This
blockage causes the accumulation of tyrosine, as well as
tyrosine derivatives (4-hydroxyphenylpyruvic acid, 4-hy-
droxyphenyllactic acid and 4-hydroxyphenylacetic acid) in
tissues, cerebrospinal fluid, blood and urine [1]. Interest-
ingly, plasma tyrosine levels in TAT deficient patients range
from 370 to 3,420 uM (normal < 90 puM) in untreated
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patients [1]. Individuals with Tyrosinemia type II usually
present bilateral pseud dendritic keratitis, painful palm
plantar hyperkeratotic lesions, mental retardation, and vari-
able manifestations of central nervous system involvement
[2-4].

In spite neurological sequelae are common in Tyrosinemia
type II patients, but the mechanisms of brain damage are still
poorly understood. However, current data do not eliminate the
possibility that elevated levels of tyrosine and/or its deriva-
tives may have noxious effects on central nervous system
(CNS) development in these patients [S]. In this context, it has
been recently reported that high concentrations of tyrosine
induces oxidative stress by increasing free radical formation
and decreasing brain antioxidant defenses in the cerebral
cortex of rats [6, 7]. In addition, studies have reported that
tyrosine reduces in vitro the activities of cytosolic and mito-
chondrial creatine kinase and pyruvate kinase in the cerebral
cortex of rats and that this inhibition was prevented by reduced
glutathione and creatine, suggesting that the enzymes inhibi-
tion occurred by alteration of sulthydryl groups of the
enzymes [8, 9].

Free radicals and oxidative stress have been associated
with a large number of diseases including various neuro-
degenerative disorders, epileptic seizures, demyelination
and dementia [10-14]. This may occur because the CNS is
highly susceptible to oxidative damage due of its higher
oxygen consumption and unique membrane lipid compo-
sition, and for the immature brain, susceptibility to oxida-
tive stress is augmented by the increased metabolic demand
associated with growth as well as the lower reserves of
protective enzymes and antioxidants. In addition, relative
to the adult brain, the developing nervous system is defi-
cient in glia, which protects neurons by scavenging reactive
oxidative species [15].

Oxidative stress can result from increased production of
reactive oxygen species (ROS), decreased antioxidant
defense, or failure to repair oxidative damage. ROS are free
radicals or reactive anions/molecules containing oxygen
atoms such as hydroxyl radical, superoxide, hydrogen
peroxide, and peroxynitrite and can cause cell damage by
enzyme inactivation, lipid peroxidation, and DNA modifi-
cation [16]. Superoxide dismutase (SOD) and catalase
(CAT) are the most important antioxidant enzymes [17,
18]. SOD is a protective enzyme that can selectively
scavenge the superoxide anion radical (O*) by catalyzing
its dismutation to hydrogen peroxide (H,O,) and CAT
metabolizes the excess of H,O, producing O, + H,O.
Elevated SOD/CAT activities results in an increase of
H,0, concentration, or increased rate of H,O, production
and may lead to lipid and protein oxidation, resulting in
increased neuronal damage [17, 19].

Considering that the mechanisms underlying the neu-
rological dysfunction in hypertyrosinemic patients are
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poorly known and that studies demonstrated that high
concentrations of tyrosine provoke oxidative stress in vitro
and in vivo in the cerebral cortex of rats [6, 7], in the
present study we investigate the oxidative stress parameters
(enzymatic antioxidant defenses, thiobarbituric acid-reac-
tive substances and protein carbonyl content) in cerebel-
lum, hippocampus and striatum of 30-old-day rats after
acute administration of L-tyrosine.

Materials and Methods
Animals

Male Wistar rats with 30-day-old (100-150 g) were obtained
from the Central Animal House of Universidade do Extremo
Sul Catarinense. The rats were caged in groups of five with
free access to food and water. The rats were maintained on a
12-h light—dark cycle (lights on at 7:00 am) at a temperature of
23 £ 1 °C. All of the experimental procedures were carried
out in accordance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals and the Brazilian
Society for Neuroscience and Behavior recomendations for
animal care with the approval of the Ethics Committee from
the Universidade do Extremo Sul Catarinense (protocol
number 42/2010).

Administration of L-Tyrosine

L-Tyrosine was dissolved (25 °C) in saline solution (pH
was adjusted to 7.4) and 500 mg/kg body weight of free L-
tyrosine was administered intraperitoneally, in volumes of
10 pL/g of body weight. Control group received the same
volume of saline solution (0.9 %) [6]. This dose was
chosen in order to obtain tyrosine concentrations about 10
times the normal levels within 1 h after administration [20,
21], which are similar variations of plasma tyrosine levels
observed in patients affected by tyrosinemia type II [1, 22].
For acute administration, L-tyrosine or saline solution given
to rats on postnatal day (PD) PD 30 (n = 6). One hour
after injections, rats were killed by decapitation without
anesthesia. The cerebellum, hippocampus and striatum
were rapidly removed and kept on an ice-plate for the
measurements of the oxidative stress parameters.

Tissue and Homogenate Preparation

Cerebellum, hippocampus and striatum were homogenized
(1:10, w/v) in SETH buffer, pH 7.4 (250-mM sucrose,
2-mM EDTA, 10-mM Trizma base, 50 IU/ml heparin).
The homogenates were centrifuged at 800x g for 10 min at
4 °C, and the supernatants were kept at —70 °C until use as
enzymes activity determination. The maximal period
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between homogenate preparation and enzyme analysis was
always 5 days. Protein content was determined by the
method described by Lowry and colleagues [23] using
bovine serum albumin as a standard.

Thiobarbituric Acid Reactive Species Content in Tissue

To determine oxidative damage in lipid, we measured the
formation of thiobarbituric acid reactive species (TBARS)
during an acid-heating reaction, as previously described by
Draper and Hadley [24]. The samples were mixed with 1 ml of
trichloroacetic acid 10 % and 1 ml of thiobarbituric acid
0.67 %, and then heated in a boiling water bath for 30 min.
Malondialdehyde equivalents were determined in tissue and
in submitochondrial particles of the rat brain spectrophoto-
metrically by the absorbance at 532 nm.

Carbonyls Protein Formation

The oxidative damage to proteins was assessed by the deter-
mination of carbonyl groups content based on the reaction
with dinitrophenylhydrazine (DNPH), as previously descri-
bed by Levine and colleagues [25]. Proteins were precipitated
by the addition of 20 % trichloroacetic acid and were redis-
solved in DNPH. The absorbance was monitored spectro-
photometrically at 370 nm.

Superoxide Dismutase Activity

This method for the assay of SOD activity is based on the
capacity of pyrogallol to autoxidize, a process highly depen-
dent on O2-2; a substrate for SOD [26]. The inhibition of
autoxidation of this compound thus occurs when SOD is
present, and the enzymatic activity can be then indirectly
assayed spectrophotometrically at 420 nm, using a double-
beam spectrophotometer with temperature control. A cali-
bration curve was performed using purified SOD as the stan-
dard, in order to calculate the specific activity of SOD present
in the samples. A 50 % inhibition of pyrogallol autoxidation is
defined as 1 unit of SOD, and the specific activity is repre-
sented as units per mg of protein.

Catalase Activity

The CAT activity was assayed using a double-beam spectro-
photometer with temperature control. This method is based on
the disappearance of H,O, at 240 nm in a reaction medium
containing 20 mM H,0,, 0.1 % Triton X-100, 10 mM
potassium phosphate buffer, pH 7.0, and 0.1-0.3 mg protein/
ml [27]. One CAT unit is defined as 1 mol of hydrogen per-
oxide consumed per minute, and the specific activity is
reported as units per mg protein.

Statistical Analysis

The results are presented as the mean =+ standard deviation.
All of the assays were performed in duplicate, and the mean
was used for the statistical analysis. Student’s ¢ test was used
for the comparison of two means. Differences between the
groups were rated significant at p < 0.05. All of the analyses
were carried out with an IBM-compatible PC computer using
the Statistical Package for the Social Sciences (SPSS)
software.

Results

The present study evaluated oxidative stress parameters by
measuring TBARS and protein carbonyl levels, as well as
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Fig. 1 Effect of acute administration of L-tyrosine on thiobarbituric
acid reactive species levels in the brain of 30-day-old rats. Data were
analyzed by a one-way analysis of variance (ANOVA) followed by
Student’s ¢ test when F was significant. Values are expressed as nmol/
min mg protein, mean = S.D. (n = 7). *Different from control;
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Fig. 2 Effect of acute administration of L-tyrosine on carbonyls
protein formation levels in the brain of 30-day-old rats. Data were
analyzed by a one-way analysis of variance (ANOVA) followed by
Student’s ¢ test when F was significant. Values are expressed as nmol/
min mg protein, mean = S.D. (n = 7). *Different from control;
p <0.05
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Fig. 3 Effect of acute administration of L-tyrosine on superoxide
dismutase activity in the brain of 30-day-old rats. Data were analyzed
by a one-way analysis of variance (ANOVA) followed by Student’s
t test when F was significant. Values are expressed as nmol/min mg
protein, mean + S.D. (n = 7). *Different from control; p < 0.05

0.05

== Control
[ L-Tyrosine

0.04 -

0.03 -

0.02

Catalase Activity
[U/mg of protein]

0.01 4

0.00 -

Cerebellum Striatum Hippocampus

Fig. 4 Effect of acute administration of L-tyrosine on catalase
activity in the brain of 30-day-old rats. Data were analyzed by a
one-way analysis of variance (ANOVA) followed by Student’s 7 test
when F was significant. Values are expressed as nmol/min mg
protein, mean + S.D. (n = 7). *Different from control; p < 0.05

enzymatic activity of SOD and CAT in cerebellum, hip-
pocampus and striatum of 30-day-old rats after acute
administration of L-tyrosine. Our results demonstrated that
TBARS levels were significantly increased only in hippo-
campus after acute administration of L-tyrosine, when
compared to the control group (Fig. 1). However, protein
carbonyl content was significantly increased in cerebellum,
hippocampus and striatum of rats (Fig. 2). SOD activity
was significantly decreased in cerebellum, hippocampus
and striatum; CAT activity was increased in cerebellum
after acute administration of L-tyrosine in rats (Figs. 3 and
4, respectively).

Discussion

Inborn errors of tyrosine catabolism lead to hypertyrosinemia,
especially tyrosinemia type II or TAT deficiency, in which

@ Springer

tyrosine levels are highly elevated in tissues and physiological
fluids of these patients [1]. Although brain tyrosine concen-
tration in type II patients is not known, it has been reported
plasma tyrosine levels exceeding 1,000 uM in untreated type II
patients with results ranging from 370 to 3,420 uM (nor-
mal < 90 uM) along with some tyrosine derivatives accumu-
lation (4-hydroxyphenylpyruvic acid, 4-hydroxyphenyllactic
acid and 4-hydroxyphenylacetic acid) [1]. Though the molec-
ular deficiency and symptoms of TAT deficiency are well
described, the mechanisms responsible for the neuropatho-
physiology of this metabolic disorder are largely unknown, but
it is well established that high concentrations of tyrosine and/or
its derivatives were associated with the appearance of the
neurological symptoms and these compounds seem to be the
main neurotoxic metabolite in the illness [5].

Tissue damage caused by oxidative stress, mediated by
excessive free radicals, is involved in a diversity of bio-
logical phenomena, including damage to proteins, lipids
and DNA [28]. ROS are abundantly produced in the brain
because neurons consume a large amount of oxygen, neu-
ronal mitochondria generate superoxide anion, and the
brain readily retains bio-available irons. Moreover, the
adverse consequences of oxidative stress have been
implicated in a variety of central nervous system diseases,
including inherited metabolic disorders [29-35]. In this
context, the main objective of the present work was to
evaluate the in vivo effects of L-tyrosine on important
parameters of oxidative stress cerebellum, striatum and
hippocampus of young rats, in order to contribute to the
understanding of the pathophysiology of hypertyrosinemia.

In the present study, we demonstrated that the acute
administration of L-tyrosine increased the TBARS levels in
hippocampus and the carbonyl levels in cerebellum, hippo-
campus and striatum. TBARS reflects the content of malondi-
aldehyde, the most abundant individual aldehyde resulting
from lipid breakdown due to lipid peroxidation process. On the
other hand, the level of carbonyl groups in proteins is widely
used as a marker of oxidative protein damage [36]. Therefore,
these results suggest that acute administration of L-tyrosine
induces oxidative damage to lipids in hippocampus, and oxi-
dative damage to proteins in striatum, hippocampus and cere-
bellum. Increased protein carbonylation may facilitate the
formation of protein aggregates, as a result of protein cross-
links, and this is very likely to culminate in widespread cellular
dysfunction. Additionally, increased oxidative damage to pro-
teins might result in increased free iron, due to its release from
damaged ferritin and other iron-containing proteins, favoring
the maintenance of the pro-oxidative state by facilitates the
production OH, the most powerful oxidant molecule, through a
reaction with iron or copper (Fenton chemistry) [15, 36].
Regarding to the antioxidant defense system, L-tyrosine
markedly decreased the SOD activity in cerebellum, hippo-
campus and striatum. In contrast, the activity of CAT, enzyme
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responsible for catalyses the decomposition of hydrogen per-
oxide into water and molecular oxygen was increased in stria-
tum by acute administration of L-tyrosine.

The metabolism of catecholamines, such as dopamine and
norepinephrine is probably associated with free radical for-
mation and conditions associated with increased catechol-
amine metabolism may increase the free radical burden. In this
context, studies have shown that the brain has different
responses to dopamine syntheses in accordance with the
administration of tyrosine since the tyrosine is responsible for
syntheses of catecholamines (epinephrine and dopamine)
[37]. Stoerner et al. [38] have demonstrated that a high level of
tyrosine in serum can affect metabolism of dopamine and
serotonin in the brain. Tyrosine hydroxylase catalyzes the
enzymatic conversion of L-tyrosine to catecholamines and is
present in both noradrenergic and dopaminergic terminals of
the hippocampus and striatum [39], but its sub-regional dis-
tribution is not well characterized. It is known that endoge-
nously available dopamine in nigral neurons can undergo
autoxidation and form reactive quinones that attack and
potentially inhibit the function of intracellular proteins. In
addition to dopamine autoxidation and metabolism of dopa-
mine by monoamine oxidase can increase H,O, production
and iron-dependent ROS production [40]. Considering that
the enhanced generation of reactive species and/or impaired
antioxidant detoxification functions contributes to an imbal-
ance between oxidative and reductive reactions, leading to
oxidative stress [41], we suggest that our results are parameter
indicative of oxidative stress in hippocampus and striatum as a
consequence of increased dopamine synthesis.

In summary, L-tyrosine induces oxidative stress in cere-
bellum, hippocampus and striatum of young rats, suggesting
the oxidative stress may contribute, along with other mecha-
nisms, to the neurological dysfunction observed in hyperty-
rosinemias and the administration of antioxidants may be
considered as a potential adjuvant therapy for tyrosinemias,
especially type II. Unfortunately, it is almost impossible to
indicate which L-tyrosine is the responsible for the observed
effects, given the vast number of tyrosine metabolites (4-hy-
droxyphenylpyruvic acid, 4-hydroxyphenyllatic acid, 4-hy-
droxyphenylacetic acid, N-acetyltyrosine, and 4-tyramine)
observed in hypertyrosinemic patients [1, 21].
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