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Abstract This study was undertaken to examine whether
cadmium oral exposure modifies biogenic amine concen-
tration at hypothalamic level in adult male rats, and to
investigate the possible modulatory effects of melatonin
against cadmium-induced changes on these neurotrans-
mitters. For this purpose, rats were exposed to cadmium
(25 mg/l of CdCl, in the drinking water) with or without
melatonin (30 pg/rat/day intraperitoneally) for 30 days.
Norepinephrine (NE), dopamine (DA), serotonin (5-HT),
3,4-dihydroxyphenyl acetic acid (DOPAC), and 5-hy-
droxyindoleacetic acid (5-HIAA) were quantified by high
performance liquid chromatography (HPLC). Oral cad-
mium administration led to decrease of NE, DA, and 5-HT
content and DA turnover within the three hypothalamic
regions examined, and therefore an inhibition of 5-HT
turnover at posterior hypothalamus. Sensitivity to melato-
nin was specific to the hypothalamic region evaluated.
Thus, the anterior hypothalamus was not nearly sensitive to
exogenously administered melatonin, whereas the neuro-
hormone decreased the content of these amines in the
mediobasal hypothalamus, and melatonin increased it in
the posterior hypothalamic region. Melatonin effectively
prevented some cadmium-induced alterations on hypotha-
lamic amine concentration. This is the case of DA in the
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anterior and posterior hypothalamus, and 5-HT metabolism
in the posterior hypothalamic region. In conclusion, the
obtained results indicate that melatonin treatment may be
effective modulating some neurotoxic effects induced by
cadmium exposure, and, more to the point, a possible role
of this indolamine as a preventive agent for environmental
or occupational cadmium contamination.

Keywords Melatonin - Cadmium - Biogenic amines -
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Introduction

Cadmium is one of the most important toxic chemicals due
to its accumulation in the environment as a result of
industrial and agricultural practices (Acuna-Castroviejo
et al. 1995; Goering et al. 1995; Satarug et al. 2003).
Cadmium in soil and water is taken up by plants and it is
concentrated and transferred to upper links of the food
chain, including humans (World Health Organization 1995;
Satarug et al. 2003). Due to its long biological half-life
(10-30 years), cadmium accumulation in the organism can
increase the risk of toxicity (Sugita and Tsuchiya 1995).
The hypothalamus seems to be a target brain region for
this heavy metal (Lafuente et al. 2001), it can penetrate
blood-brain barrier accumulating at this level (Pillai et al.
2003), inducing alterations on aminoacidergic (Esquifino
et al. 2001; Minami et al. 2001; Lafuente et al. 2005a, b;
Caride et al. 2010), and aminergic (Pillai et al. 2003;
Lafuente et al. 2005a) transmitter systems. Modifications
of hypothalamic neurotransmitter concentration could have
adverse consequences; the hypothalamus is involved in the
control and regulation of body temperature, hunger and
satiety, thirst, sexual activity, the affective conduct, the
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activity of the autonomic nervous system (Swaab 2003), as
well as on endocrine regulation (Ugriumov 2009).

Among the mechanisms of cadmium-induced neuro-
toxicity is included oxidative stress, reported by diverse
authors in different tissues, such as the kidney (Bagchi
et al. 1997), liver (Liu et al. 2002), and brain (Kumar et al.
1996). Cadmium is not a redox-active metal; it does not
produce free radicals directly by Fenton-like reactions, but
it may increase reactive oxygen species levels through
indirect ways, as depleting glutathione or affecting mito-
chondrial electron transfer chain (Poliandri et al. 2006a).
Indeed, DNA repair mechanisms inhibition and antioxi-
dant defenses have been reported (Kasprzak et al. 2001;
Waalkes 2003). Cadmium has also been observed to induce
lipid peroxidation at brain level (Mendez-Armenta et al.
2003), which depends on oxygen free radicals (Kumar
et al. 1996).

Consequently, we have paid attention to antioxidant
compounds, which should have protective effects against
cadmium-induced toxic effects (Casalino et al. 2002; Eybl
et al. 2006). Melatonin (N-acetyl-5-methoxytryptamine),
the pineal gland’s main secretory product has been shown
to have remarkable antioxidant properties (Reiter et al.
2000), acting as scavenger for direct free radical and
indirect antioxidant. In terms of its scavenging activity,
melatonin has been shown to quench the hydroxyl radical,
superoxide anion radical, singlet oxygen, peroxyl radical,
and the peroxynitrite anion. Additionally, melatonin’s
antioxidant actions probably derive from its stimulatory
effect on superoxide dismutase (SOD), glutathione perox-
idase, glutathione reductase, and glucose-6-phosphate
dehydrogenase and its inhibitory action on nitric oxide
synthase (NOS). Finally, melatonin acts stabilizing cell
membranes, thereby making them more resistant to oxi-
dative attack, and it is able to form stable complexes with
heavy metals (Reiter et al. 2000). Melatonin protective
effects against metal-induced oxidative damage is well
established and it was evidenced in different tissues
(Ortega-Gutierrez et al. 2002; Parmar et al. 2002; Eybl
et al. 2006), including brain (Millan-Plano et al. 2003). It
is important to point out that melatonin has been show
to protect against ROS-mediated neuronal degeneration,
evidenced on serotoninergic and dopaminergic neurons
(Hirata et al. 1998; Antolin et al. 2002; Lin et al. 2008). At
hypothalamic level, melatonin effect on redox pathway is
mainly exerted via down-regulation of gene expression of
the pro-oxidant enzymes nitric oxide synthase 1 and 2
(NOS-1 and NOS-2), and heme-oxygenase 1 and 2 (HO-1
and HO-2) (Jimenez-Ortega et al. 2009).

This study’s scope was to investigate the possible
modulatory role of melatonin against cadmium-induced
neurotoxic effects on biogenic amines concentration and
metabolism in different hypothalamic areas.

Materials and Methods
Animals

Adult male Sprague-Dawley rats (Animal Production of
Santiago University, Spain), weighing 300-320 g, were
used at the beginning of the experiment. They were
maintained under a controlled photo-period (14:10LD;
light between 07:00 and 21:00 h daily) and temperature
(22 £ 2°C), and they were fed with rat’s chow (Panlab,
Barcelona, Spain) and water ad libitum.

The studies have been conducted according to the
effective European and Spanish legislation (Council
Directive of the European Communities 1986; Real Ordi-
nance 2005).

Experimental Procedure

Animals were treated during 30 days with cadmium and/or
melatonin. The metal was added to tap water from the
public supply at a dose of 25 mg/l of cadmium chloride
(CdCl,), which is equivalent to 1.5 mg CdCl,/kg(bw)/day,
and 0.77 mg Cd**/kg(bw)/day, recording that rat water
consumption is 20 ml/day. This dose of the metal is
approximately 835 times higher than provisional tolerable
weekly intake (PTWI) for this metal (World Health
Organization 2000), it was employed in previous works of
our investigation group (Lafuente et al. 2003, 2004,
2005a), and it is similar to the doses employed by other
authors (Cory-Slechta and Weiss 1981; Sugawara et al.
1981). Melatonin was dissolved in a small volume of
vehicle solution (10% absolute ethanol and diluted in 0.9%
NaCl to a dose of 150 mg per 100 g body weight). Mela-
tonin injections were administered intraperitoneally (i.p.) at
a dose of 30 pg/rat/day at 19:00 h (after 12 h light on). The
administered melatonin dose was within the pharmaco-
logical range, and it was administered at this time to mimic
the peak occurring at endogenous level in the first phase of
the photoperiod’s darkness. This type of administration
was previously used by other authors (Esquifino et al.
1989; Villanua et al. 1989).

This study is a 2 x 2 design, in which the following
groups of 10 animals each were used: control group (0 mg
cadmium plus 0 pg melatonin); cadmium group (25 mg/l
of CdCl,); melatonin group (30 png melatonin/day); and
melatonin plus cadmium group (25 mg/l of CdCl, plus
30 pg melatonin/day).

At the end of the experimental period, the animals were
killed by decapitation. Care was taken to avoid any major
stress to the animals before killing them, and the decapi-
tation procedure was completed within 57 s. Brains were
immediately removed and the hypothalamus was quickly
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dissected out, and sectioned in the frontal plain, the anterior,
mediobasal, and posterior regions comprising one-third of
the each block. Tissues were homogenized in cold (0-1°C)
2 M acetic acid. After centrifugation (at 15,000xg
for 30 min, at 4°C), the supernatants were kept frozen at
—80°C until biogenic amines measurement.

Amine Measurement

The hypothalamus from 10 animals of each group were
used to measure norepinephrine (NE), dopamine (DA),
serotonin  (5-HT),  3,4-dihydroxyphenylacetic ~ acid
(DOPAC), and 5-hidroxyindol acetic acid (5-HIAA) con-
tents. Intraneural dopaminergic metabolism, expressed as
the ratio DOPAC/DA, as well as 5-HT metabolism, mea-
sured as the quotient between 5-HIAA and 5-HT concen-
tration, were studied at the anterior, mediobasal, and
posterior hypothalamus. NE, DA, 5-HT, DOPAC, and
5-HIAA were determined by HPLC, using electrochemical
detection (Coulochem, II, ESA; USA). A C-18 reverse
phase column, eluted with a mobile phase (pH 4; 0.1 M
sodium acetate, 0.1 M citric acid, 0.7 mM sodium octyl-
sulphate, and 0.57 mM EDTA containing 10% methanol
v/v) was employed. Flow rate was 1 ml/min, at a pressure
of 2200 psi. Fixed potentials against H,/H' reference
electrode were: conditioning electrode —0.4 V; preoxida-
tion electrode +0.10 V; working electrode +0.35 V.
Amine concentrations were calculated from the chro-
matographic peak areas by using external standards. The
linearity of the detector response for NE, DA, 5-HT,
DOPAC, and 5-HIAA was tested within the concentration
ranges found in supernatants of mediobasal hypothalamus
(Lafuente et al. 2003). Results were expressed as pg/pg
protein. DA and 5-HT turnover, evaluated from DOPAC to

DA and 5-HIAA to 5-HT ratios were studied at the ante-
rior, mediobasal, and posterior hypothalamus.

Protein Determination

The protein concentration in homogenates of the three
hypothalamic region was measured by using Bio-Rad
protein assay kit (Bio-Rad laboratories Inc., Hercules, CA,
USA), according to Bradford method (Bradford 1976).

Statistical Analysis

The results of the parameters measured in this study were
tested for variance homogeneity through the Snedecor test.
When the results did not have a homogeneous variance,
they were compared through a Mann—Whitney test. If the
variance was homogeneous, an analysis of variance
(ANOVA) and post-hoc Tukey—Kramer’s multiple com-
parisons test was applied. To study if there is an interaction
between cadmium and melatonin, two-way ANOVA was
applied. Statistical analysis of results was performed by
SPSS software, version 15.0 for windows (SPSS Inc.,
Chicago, IL). The results were considered significant at
P < 0.05. All values represent the mean = S.E.M.

Results

Globally, oral cadmium administration decreased biogenic
amine concentration and both DA and 5-HT turnover in
each analyzed hypothalamic area (anterior, mediobasal,
and posterior hypothalamus), while melatonin effects are
different depending on the amine and the studied hypo-
thalamic region, and these changes are modified by cad-
mium treatment (Table 1; Figs. 1, 2, 3).

Table 1 Overview of the effects of melatonin and/or cadmium on the three studied hypothalamic regions

Hypothalamic Treatment Norepinephrine Dopamine Dopamine Serotonin Serotonin
region concentration concentration metabolism concentration metabolism
Anterior Cadmium l l l l -
Melatonin - l - - -
Cadmium + melatonin 1 - ! 1 !
Mediobasal Cadmium ! ! ! ! -
Melatonin ! ! 1 ! -
Cadmium + melatonin l l i l l
Posterior Cadmium l l l l l
Melatonin 1 1 l T -
Cadmium + melatonin 1 - l T -

The global results obtained in this study: biogenic amine concentration or metabolism increased (1), decreased (]) or not modified (-) in the each

hypothalamic region analyzed
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Fig. 1 Effects of cadmium and/or melatonin on NE, DA, and 5-HT
concentration, as well as on DOPAC/DA and 5-HIAA/5-HT ratios in
the anterior hypothalamus. Groups of 10 rats received CdCl, (25 mg/l
in drinking water) and/or melatonin (30 pg/rat/day i.p.); controls were

given vehicle solution. Results are expressed as pg/ug protein. The
values are expressed as mean = S.E.M. (n = 10 animals per group).
*P < 0.05, **P <0.01, and ***P < 0.001 vs. control group;
#p < 0.05, P < 0.01, and #*P < 0.001 vs. cadmium-treated rats
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Fig. 2 Effects of cadmium and/or melatonin on NE, DA, and 5-HT
concentration, as well as on DOPAC/DA and 5-HIAA/5-HT ratios in
the mediobasal hypothalamus. Groups of 10 rats received CdCl,
(25 mg/l in drinking water) and/or melatonin (30 pg/rat/day i.p.);

controls were given vehicle solution. Results are expressed as pg/pg
protein. The values are expressed as mean + S.E.M. (n = 10 animals
per group). *P < 0.05, **P < 0.01, and ***P < 0.001 vs. control
group; #P < 0.001 vs. cadmium-treated rats
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Fig. 3 Effects of cadmium and/or melatonin on NE, DA, and 5-HT
concentration, as well as on DOPAC/DA and 5-HIAA/5-HT ratios in
the posterior hypothalamus. Groups of 10 rats received CdCl, (25 mg/
1 in drinking water) and/or melatonin (30 pg/rat/day i.p.); controls

Effects of Melatonin on Cadmium-Induced Changes
in Biogenic Amines Concentration in Anterior
Hypothalamus

The concentration of NE was decreased by cadmium
exposure in the anterior hypothalamus (Fig. 1la; P < 0.05
vs. control group), whereas melatonin administration had
no effect on the concentration of this neurotransmitter. A
significant interaction between cadmium and melatonin
occurred (F = 10.75; P < 0.01), i.e., treatment with cad-
mium plus melatonin increased NE concentration in ante-
rior hypothalamus with respect to the values observed in
the control group (P < 0.01), as well as in cadmium-trea-
ted rats (P < 0.001).

The effects of cadmium and/or melatonin on DA content
within the anterior hypothalamus are shown in Fig. 1b.
Animals exposed to the metal or melatonin showed a sig-
nificant decrease of DA content with respect to the values
found in the control group (P < 0.05 and P < 0.01,
respectively). On the other hand, a factorial ANOVA
indicated an interaction between cadmium and melatonin
(F = 5.22, P < 0.05). As is shown in Fig. 1b, DA content
in animals treated with melatonin and cadmium together
was not modified with respect to control group, but was
increased with respect to the values observed in cadmium-
exposed animals (P < 0.05).
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were given vehicle solution. Results are expressed as pg/jig protein.
The values are expressed as mean + S.E.M. (n = 10 animals per
group).*P < 0.05, **P < 0.01, and ***P < 0.001 vs. control group;
*p < 0.05, #p < 0.01, and #Hp < 0.001 vs. cadmium-treated rats

Figure 1c shows the effect of cadmium and/or melatonin
on 5-HT content. Cadmium treatment decreased the con-
centration of this indolamine (Fig. 1c; P < 0.001 vs. con-
trol group), whereas melatonin administration had no effect
on the content of 5-HT. A significant interaction between
cadmium and melatonin occurred in anterior hypothalamus
(F = 39.41, P < 0.001). In this sense, we have observed
that animals treated with the heavy metal and melatonin
showed an increase of 5-HT content as compared to the
values found in rats just exposed to cadmium (P < 0.001)
and in control rats (P < 0.01).

The effects of cadmium and/or melatonin on DA turn-
over are summarized in Fig. 1d. Exposure to cadmium-
induced a decrease of intraneural DA metabolism
(P < 0.01 vs. control group), and melatonin administration
had no effect on this parameter. In addition, administration
of both substances also decreased DA metabolism with
respect to control animals (P < 0.001) and cadmium-
exposed rats (P < 0.01).

The effects of cadmium and/or melatonin on 5-HT
turnover were presented in Fig. le. Treatment with the
metal or melatonin alone did not modified the indolamine
metabolism, while exposure to cadmium and melatonin
together decreased 5-HT metabolism as compared to the
values found in control group (P < 0.01) and in cadmium-
treated animals (P < 0.01).
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Effects of Melatonin on Cadmium-Induced Changes
in Biogenic Amines Concentration in Mediobasal
Hypothalamus

Figure 2a depicts cadmium and/or melatonin effects on NE
content in mediobasal hypothalamus. The concentration of
this biogenic amine was decreased by cadmium exposure
(P < 0.001), as well as by melatonin treatment (P < 0.05).
A significant interaction between cadmium and melatonin
occurred (F = 6.14, P < 0.05), as animals treated with
cadmium and melatonin together showed lower NE con-
centration than control rats (P < 0.01).

The effects of cadmium and/or melatonin on DA content
within the mediobasal hypothalamic region were shown in
Fig. 2b. Animals exposed to the metal alone and melatonin
alone showed lower DA content in comparison to the
values found in the control group (P < 0.001 for both
cases). An interaction between cadmium and melatonin
occurred (F = 11.01, P < 0.01), as administration of the
metal and the neurohomone induced a decrease of DA
concentration (P < 0.001).

In Fig. 2c we showed the effect of cadmium and/or
melatonin on 5-HT content in the mediobasal hypothala-
mus. Administration of cadmium or melatonin alone
decreased the concentration of this indolamine (P < 0.001
vs. control group for both cases). A significant interaction
between cadmium and melatonin has been observed
(F = 13.40, P < 0.01). In this sense, we have found that
animals treated with the heavy metal and melatonin toge-
ther showed lower 5-HT content in this hypothalamic
region as compared to the values found in control rats
(P < 0.01).

The effects of cadmium and/or melatonin on DA turn-
over in mediobasal hypothalamus were summarized in
Fig. 2e. The metabolism of this biogenic amine was
inhibited by cadmium exposure (P < 0.05 vs. control rats),
but stimulated by melatonin treatment (P < 0.05 vs. con-
trol rats). An interaction between cadmium and melatonin
treatment appeared for DA turnover (F = 4.68, P < 0.05).
When these two substances were administered together,
DA turnover was increased with respect to control and
cadmium-treated rats (P < 0.001 for both cases).

Figure 2e shows the effects of cadmium and/or mela-
tonin in 5-HT turnover in mediobasal hypothalamus. When
the animals were treated with cadmium or melatonin alone,
the 5-HT turnover remained unaltered. However, a signif-
icant interaction between cadmium and melatonin occurred
in mediobasal hypothalamus (F = 7.09, P < 0.01). In this
sense, animals treated with the metal and melatonin
showed a decrease of 5-HT metabolism compared to the
values found in cadmium-treated animals (P < 0.001) and
in control group (P < 0.01).

Effects of Melatonin on Cadmium-Induced Changes
in Biogenic Amines Concentration in Posterior
Hypothalamus

Figure 3a illustrates cadmium and/or melatonin effects on
NE content in posterior hypothalamus. The concentration
of this biogenic amine was decreased by cadmium expo-
sure (P < 0.001 vs. control group) but increased by mel-
atonin treatment (P < 0.001 vs. control group). “Cadmium
plus melatonin” administration induced increased the
neurotransmitter concentration in comparison with the
values found in the control group (P < 0.001), and in
cadmium-exposed rats (P < 0.001).

The effects of cadmium and/or melatonin on DA content
in posterior hypothalamus were analyzed are shown in
Fig. 3b. Animals exposed to the metal showed a significant
decrease of DA content (P < 0.01 vs. control group).
However, melatonin increased this biogenic amine con-
centration (P < 0.001 vs. control group). A factorial
ANOVA indicated an interaction between cadmium and
melatonin (F = 4.20, P < 0.05) as the inhibitory effect of
cadmium on DA content observed in posterior hypothala-
mus was counteracted by the neurohormone. The concen-
tration of this catecholamine was increased in animals
treated with cadmium and melatonin as compared to the
values found in animals just exposed to the metal
(P < 0.01).

The concentration of 5-HT was decreased by cadmium
exposure (Fig. 3c; P < 0.001 vs. control group), but
increased by melatonin administration (P < 0.001 vs.
control group). A significant interaction between cadmium
and melatonin has been observed (F = 0.33, P < 0.05). In
this sense, we have found that animals treated with the
heavy metal and melatonin showed an increase of 5-HT
content in comparison to the values found in animals just
exposed to cadmium (P < 0.001), and in control rats
(P < 0.05).

DA turnover was inhibited by cadmium or melatonin
administered alone (Fig. 3d; P < 0.05 and P < 0.001 vs.
control group, respectively). An interaction between cad-
mium and melatonin treatment appeared for DA turnover
(F =19.95, P <0.01). Treatment with cadmium and
melatonin decreased the biogenic amine metabolism
(P < 0.001 vs. control and cadmium-exposed animals).

Figure 3e shows the effects of cadmium and/or mela-
tonin in 5-HT turnover. The metabolism of this indolamine
is inhibited in posterior hypothalamus by cadmium expo-
sure (P < 0.01 vs. control group). We found a significant
interaction between cadmium and melatonin (F = 6.52,
P < 0.05), as cadmium effects on 5-HT turnover were
prevented by melatonin within posterior hypothalamus. In
addition, the metal and melatonin administered together
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increased 5-HT turnover with respect to cadmium-exposed
animals (P < 0.05).

Table 1 summarizes the effects of cadmium and mela-
tonin in the whole hypothalamus. Globally, in anterior,
mediobasal, and posterior hypothalamus cadmium inhibits
dopamine and serotonin release, whereas melatonin
inhibits both neurotransmitter systems in anterior and
mediobasal hypothalamus and stimulated them in the
posterior hypothalamic region. In addition, melatonin may
abolish the cadmium-induced neurotoxic injury on dopa-
minergic neurons in the anterior and posterior hypothalamus
and serotoninergic system in the posterior hypothalamus.

Discussion

The obtained results, showed in Table 1 and Figs. 1, 2, 3,
suggest that some of cadmium effects on biogenic amine
concentration and metabolism observed in different hypo-
thalamic areas, might be reverted by melatonin adminis-
tration in rats.

A cadmium inhibitory effect on the studied biogenic
amines was observed in anterior, mediobasal, and posterior
hypothalamus; the same effect was previously described by
our laboratory in adult rats exposed to the same dose of the
metal (Lafuente et al. 2003, 2004, 2005a; Gonzalez-
Carracedo 2005), and by other authors (Das et al. 1993;
Pillai et al. 2003). Decreased DA concentration could be
explained, at least partially, by an inhibition of the biogenic
amine synthesis, or may be due to the metal-stimulated
catecholamine oxidation, that results in quinone formation,
closely linked to mitochondrial dysfunction, inflammation,
and oxidative stress (Dawson et al. 2000). The observed
DA depletion could be related to the inhibitory cadmium
effect on NE, as DA is a metabolic precursor of NE (Von
Bohlen und Halbach and Dermietzel 2002). Regarding to
5-HT, the metal seems to inhibit its synthesis in all the
hypothalamic regions studied, and also its metabolism in
the posterior hypothalamus, as is reflected by the reduction
of the ratio 5-HIAA/5-HT.

According to the data obtained, the sensitivity to mela-
tonin is specific to the analyzed hypothalamic region, it
was pointed out by Miguez et al. (1996). In this sense,
melatonin binding has been shown to be maximal in the
mediobasal hypothalamus (Cardinali et al. 1979); at ante-
rior hypothalamic level the neurohormone affects 5-HT
concentration through specific receptors, while in extra-
suprachiasmatic areas a non-receptor mediated action was
suggested (Miguez et al. 1996). In general terms, we have
found an inhibitory effect of melatonin on the biogenic
amines synthesis and/or secretion within mediobasal
hypothalamus, and a stimulatory activity in the posterior
hypothalamus, while the anterior hypothalamus is not
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nearly sensitive to exogenously administered neurohor-
mone. The inhibitory effect of melatonin could be
explained by the reduction of calcium entry into the pre-
synaptic nerve endings induced by the neurohormone
(Zisapel and Laudon 1983). Other authors found that
melatonin had no effect on NE or 5-HT concentration in
the whole hypothalamus (Yoshioka et al. 2000; Yu et al.
2001), but it inhibited the electrically stimulated DA
release from this brain region (Zisapel et al. 1982).

One of the mechanisms involved in cadmium-induced
neurotoxicity is oxidative stress (Kumar et al. 1996), and
the brain is highly sensitive to reactive oxygen species
(ROS)-induced damage because of its high rate of oxygen
utilization and deficient antioxidant defense mechanisms
(Calabrese et al. 2000). Numerous studies showed that
cadmium inhibits the activity of antioxidant defense sys-
tems (Gupta and Shukla 1995; El-Missiry and Shalaby
2000); it might be due to binding of the metal to sulphydryl
groups of enzymes and oxidative modifications of amino
acid chains (Pari and Murugavel 2007). Also, a disruption
of the 24-h rhythmicity and overall expression of redox
enzyme at mediobasal hypothalamus level was evidenced
by Jimenez-Ortega et al. (2010). In addition, cadmium
produces a breakdown of the mitochondrial membrane
potential, which could mediate the induction of ROS
(Lopez et al. 2006). In this sense, it is important to note that
treatment with melatonin has been shown to reduce the
brain mitochondrial impairment (Carretero et al. 2009).

A melatonin slight modulatory activity against cadmium
neurotoxicity is evidenced in the present study, thus in the
melatonin treated animals cadmium was not able to modify
DA concentration in both anterior and posterior hypothal-
amus, neither 5-HT metabolism in the posterior hypotha-
lamic region, alterations observed in rats not treated with
the neurohormone. In addition, melatonin treatment par-
tially reversed cadmium-induced alterations on NE con-
centration in mediobasal hypothalamus, as well as on 5-HT
content in mediobasal and posterior hypothalamus. The
mechanism by which melatonin prevent cadmium toxicity
at hypothalamic level remain to be defined. On one hand,
this metal forms metal complexes with melatonin, thus
decreasing the fraction of free cadmium and contributing to
metal detoxification (Limson et al. 1998). In fact, Chwe-
latiuk et al. (2006) evidenced that co-treatment of mela-
tonin with cadmium decreases renal, hepatic, and intestinal
cadmium concentrations. On the other hand, cadmium is
able to activate responses mediated by estrogenic receptors
(ER) alpha (Johnson et al. 2003), and melatonin presents
antiestrogenic properties (Sanchez-Barcelo et al. 2005),
thus the hormone could compensate the effects of the
metalloestrogen at hypothalamic level, where estrogenic
receptors are present (Micevych et al. 2010). In addition, it
is well established that melatonin provides protection
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against cadmium-mediated free radical damage due to its
antioxidant properties (Eybl et al. 2006). In fact, in rat
hypothalamic—pituitary axis, melatonin down-regulated the
pro-oxidant NOS1, NOS2, HO-1, and HO-2 (Jimenez-
Ortega et al. 2009). At hypothalamic level, the hormone
prevented the metal-induced lipid peroxidation and the
increased expression of HO-1, and NOS1 and 2 (Poliandri
et al. 2006a), as well as reverted its effects on expression of
Per 1 and Per 2 clock genes (Cano et al. 2007). In other
tissues, melatonin also was evidenced to be effective in
combating cadmium-induced oxidative stress. This fact
was observed in rat liver (Eybl et al. 2006; El-Sokkary
et al. 2010), testes (Kara et al. 2007), heart and lung
(Karbownik et al. 2001). However, according to the results
obtained in this study, melatonin does not seem to prevent
in a great extent the cadmium-induced neurotoxic effects.
This fact could be due to the too high metal dose. Mela-
tonin protective effects against cadmium toxicity is evi-
denced by other authors, they were used doses lower than
administered in this study, i.e., most authors used 5 mg
CdCl,/1 (Poliandri et al. 2006b; Cano et al. 2007), and other
doses, such as 6.5 mg CdCl,/l were used (Kara et al. 2007).
On the other hand, some of the melatonin and cadmium-
induced changes on biogenic amine concentration may be
due to the pharmacological properties of the neurohor-
mone, instead of its protective effect against cadmium-
induced toxicity. In addition, physiological interaction
between the metal and melatonin is very complex, because
the toxic effects of cadmium are still debated and little is
known about the modulatory role of melatonin in terms of
variations of specific neurotransmitters or the interactions
between neurotransmitters in specific hypothalamic areas.
It could be possible that the neurohormone and the metal
change some of the effects induced by each other on
neurotransmitter systems through changes at nervous,
endocrine, and/or immune level, as well as on other neu-
rotransmitters concentration, as the nervous, endocrine, and
immune systems are connected by shared neurotransmit-
ters, hormones, and cytokines (Mazzoccoli et al. 2010).

As was mentioned above, cadmium-induced oxidative
stress may not be prevented completely by melatonin that
could be related to other toxic action mechanisms of the
metal at hypothalamic level different to the oxidative
stress, so hypothalamus, compared with other brain
regions, is poor in nonheme iron, which is catalytically
involved in the production of free radicals (Hill and
Switzer 1984).

Serotonin is thought to play a primary role in the
suprachiasmatic nuclei function (Tominaga et al. 1992),
that is a major component of the mammalian biological
clock, and cadmium effects on serotoninergic concentra-
tion in anterior hypothalamus may be implicated on its
chronotoxicity, previously reported by our group (Lafuente

et al. 2005a). In fact, circadian rhythms are regulated by
melatonin (Reiter 1991), so the neurohormone may be
effective on preventing the metal chronotoxicity although it
was not able to absolutely prevent cadmium alterations on
the concentration of the biogenic amine at hypothalamic
level. In this line, the neurohormone treatment is effec-
tively on revert cadmium effects on expression of Per 1 and
Per 2 clock genes as it was evidenced by Cano et al. (2007).
In summary, the findings of this study illustrate that
the endogenous mechanisms defenses of the body are
insufficient to counteract the toxic effects metal-induced
hypothalamic damage, and hence exogenous antioxidant
supplementation can afford therapeutic benefit against
cadmium-induced hypothalamus neurotoxicity.

Acknowledgment This work was supported by grants from the
Xunta de Galicia (PGIDT99PX138301B).

Conflict of interest None.

References

Acuna-Castroviejo D, Escames G, Macias M, Munoz Hoyos A,
Molina Carballo A, Arauzo M, Montes R (1995) Cell protective
role of melatonin in the brain. J Pineal Res 19:57-63

Antolin I, Mayo JC, Sainz RM, del Brio Mde L, Herrera F, Martin V,
Rodriguez C (2002) Protective effect of melatonin in a chronic
experimental model of Parkinson’s disease. Brain Res 943:
163-173

Bagchi D, Vuchetich PJ, Bagchi M, Hassoun EA, Tran MX, Tang L,
Stohs SJ (1997) Induction of oxidative stress by chronic admin-
istration of sodium dichromate [chromium VI] and cadmium
chloride [cadmium II] to rats. Free Radic Biol Med 22:471-478

Bradford MM (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein—dye binding. Anal Biochem 72:248-254

Calabrese V, Bates TE, Stella AM (2000) NO synthase and
NO-dependent signal pathways in brain aging and neurodegen-
erative disorders: the role of oxidant/antioxidant balance.
Neurochem Res 25:1315-1341

Cano P, Poliandri AH, Jimenez V, Cardinali DP, Esquifino Al (2007)
Cadmium-induced changes in Per 1 and Per 2 gene expression in
rat hypothalamus and anterior pituitary: effect of melatonin.
Toxicol Lett 172:131-136

Cardinali DP, Vacas MI, Boyer EE (1979) Specific binding of
melatonin in bovine brain. Endocrinology 105:437-441

Caride A, Fernandez-Perez B, Cabaleiro T, Bernardez G, Lafuente A
(2010) Cadmium chloride exposure modifies amino acid daily
pattern in the mediobasal hypothalamus in adult male rat. J Appl
Toxicol 30:84-90

Carretero M, Escames G, Lopez LC, Venegas C, Dayoub JC, Garcia
L, Acuna-Castroviejo D (2009) Long-term melatonin adminis-
tration protects brain mitochondria from aging. J Pineal Res
47:192-200

Casalino E, Calzaretti G, Sblano C, Landriscina C (2002) Molecular
inhibitory mechanisms of antioxidant enzymes in rat liver and
kidney by cadmium. Toxicology 179:37-50

Chwelatiuk E, Wlostowski T, Krasowska A, Bonda E (2006) The
effect of orally administered melatonin on tissue accumulation

@ Springer



248

Neurotox Res (2011) 20:240-249

and toxicity of cadmium in mice. J Trace Elem Med Biol
19:259-265

Cory-Slechta DA, Weiss B (1981) Aversiveness of cadmium in
solution. Neurotoxicology 2:711-724

Council Directive (1986/609/EC) of November 24, 1986 on the
approximation of laws, regulation and administrative provisions
of the Member States regarding the protection of animals used
for experimental and other scientific purposes. The Commission
of the European Communities. DOCE L 358, 18 December
1986, pp 1-28

Das KP, Das PC, Dasgupta S, Dey CD (1993) Serotonergic—
cholinergic neurotransmitters’ function in brain during cadmium
exposure in protein restricted rat. Biol Trace Elem Res
36:119-127

Dawson R Jr, Baker D, Eppler B, Tang E, Shih D, Hern H, Hu M
(2000) Taurine inhibition of metal-stimulated catecholamine
oxidation. Neurotox Res 2:1-15

El-Missiry MA, Shalaby F (2000) Role of beta-carotene in amelio-
rating the cadmium-induced oxidative stress in rat brain and
testis. J Biochem Mol Toxicol 14:238-243

El-Sokkary GH, Nafady AA, Shabash EH (2010) Melatonin admin-
istration ameliorates cadmium-induced oxidative stress and
morphological changes in the liver of rat. Ecotoxicol Environ
Saf 73:456-463

Esquifino Al, Villanua MA, Agrasal C, Tresguerres JA (1989)
Possible prolactin-mediated effects of melatonin on gonado-
tropin secretion in the rat. Pharmacol Biochem Behav 32:
157-162

Esquifino Al, Seara R, Fernandez-Rey E, Lafuente A (2001) Alternate
cadmium exposure differentially affects the content of gamma-
aminobutyric acid (GABA) and taurine within the hypothalamus,
median eminence, striatum and prefrontal cortex of male rats.
Arch Toxicol 75:127-133

Eybl V, Kotyzova D, Koutensky J (2006) Comparative study of natural
antioxidants—curcumin, resveratrol and melatonin—in cad-
mium-induced oxidative damage in mice. Toxicology 225:
150-156

Goering PL, Waalkes MP, Klaassen CD (1995) Toxicology of
cadmium. In: Goyer RA, Cherian MG (eds) Toxicology of
metals: biochemical aspects, vol 115. Springer, New York

Gonzalez-Carracedo A (2005) Envejecimiento y cronotoxicidad
neuroendocrina inducida por la exposicion al cadmio. Doctoral
thesis, University of Vigo

Gupta A, Shukla GS (1995) Development of brain free radical
scavenging system and lipid peroxidation under the influence of
gestational and lactational cadmium exposure. Hum Exp Toxicol
14:428-433

Hill JM, Switzer RC III (1984) The regional distribution and cellular
localization of iron in the rat brain. Neuroscience 11:595-603

Hirata H, Asanuma M, Cadet JL (1998) Melatonin attenuates
methamphetamine-induced toxic effects on dopamine and sero-
tonin terminals in mouse brain. Synapse 30:150-155

Jimenez-Ortega V, Cano P, Cardinali DP, Esquifino Al (2009)
24-Hour variation in gene expression of redox pathway enzymes
in rat hypothalamus: effect of melatonin treatment. Redox Rep
14:132-138

Jimenez-Ortega V, Cardinali DP, Fernandez-Mateos MP, Rios-Lugo
MJ, Scacchi PA, Esquifino Al (2010) Effect of cadmium on
24-hour pattern in expression of redox enzyme and clock genes
in rat medial basal hypothalamus. Biometals 23:327-337

Johnson MD, Kenney N, Stoica A, Hilakivi-Clarke L, Singh B,
Chepko G, Clarke R, Sholler PF, Lirio AA, Foss C, Reiter R,
Trock B, Paik S, Martin MB (2003) Cadmium mimics the in
vivo effects of estrogen in the uterus and mammary gland. Nat
Med 9:1081-1084

@ Springer

Kara H, Cevik A, Konar V, Dayangac A, Yilmaz M (2007) Protective
effects of antioxidants against cadmium-induced oxidative
damage in rat testes. Biol Trace Elem Res 120:205-211

Karbownik M, Gitto E, Lewinski A, Reiter RJ (2001) Induction of
lipid peroxidation in hamster organs by the carcinogen cadmium:
melioration by melatonin. Cell Biol Toxicol 17:33—40

Kasprzak KS, Nakabeppu Y, Kakuma T, Sakai Y, Tsuruya K,
Sekiguchi M, Ward JM, Diwan BA, Nagashima K, Kasprzak BH
(2001) Intracellular distribution of the antimutagenic enzyme
MTHI in the liver, kidney and testis of F344 rats and its
modulation by cadmium. Exp Toxicol Pathol 53:325-335

Kumar R, Agarwal AK, Seth PK (1996) Oxidative stress-mediated
neurotoxicity of cadmium. Toxicol Lett 89:65-69

Lafuente A, Marquez N, Pazo D, Esquifino Al (2001) Cadmium
effects on dopamine turnover and plasma levels of prolactin, GH
and ACTH. J Physiol Biochem 57:231-236

Lafuente A, Gonzalez-Carracedo A, Romero A, Esquifino Al (2003)
Effect of cadmium on 24-h variations in hypothalamic dopamine
and serotonin metabolism in adult male rats. Exp Brain Res
149:200-206

Lafuente A, Gonzalez-Carracedo A, Romero A, Cano P, Esquifino Al
(2004) Cadmium exposure differentially modifies the circadian
patterns of norepinephrine at the median eminence and plasma
LH, FSH and testosterone levels. Toxicol Lett 146:175-182

Lafuente A, Gonzalez-Carracedo A, Romero A, Cabaleiro T,
Esquifino AI (2005a) Toxic effects of cadmium on the regulatory
mechanism of dopamine and serotonin on prolactin secretion in
adult male rats. Toxicol Lett 155:87-96

Lafuente A, Gonzalez-Carracedo A, Cabaleiro T, Romero A,
Esquifino AI (2005b) Toxic effects of cadmium on GABA and
taurine content in different brain areas of adult male rats.
J Physiol Biochem 61:439-446

Limson J, Nyokong T, Daya S (1998) The interaction of melatonin and
its precursors with aluminium, cadmium, copper, iron, lead, and
zinc: an adsorptive voltammetric study. J Pineal Res 24:15-21

Lin CH, Huang JY, Ching CH, Chuang JI (2008) Melatonin reduces
the neuronal loss, downregulation of dopamine transporter, and
upregulation of D2 receptor in rotenone-induced parkinsonian
rats. J Pineal Res 44:205-213

Liu J, Kadiiska MB, Corton JC, Qu W, Waalkes MP, Mason RP, Liu
Y, Klaassen CD (2002) Acute cadmium exposure induces stress-
related gene expression in wild-type and metallothionein-1/II-
null mice. Free Radic Biol Med 32:525-535

Lopez E, Arce C, Oset-Gasque MJ, Canadas S, Gonzalez MP (2006)
Cadmium induces reactive oxygen species generation and lipid
peroxidation in cortical neurons in culture. Free Radic Biol Med
40:940-951

Mazzoccoli G, De Cata A, Carughi S, Greco A, Inglese M, Perfetto F,
Tarquini R (2010) A possible mechanism for altered immune
response in the elderly. In Vivo 24:471-487

Mendez-Armenta M, Villeda-Hernandez J, Barroso-Moguel R,
Nava-Ruiz C, Jimenez-Capdeville ME, Rios C (2003) Brain
regional lipid peroxidation and metallothionein levels of devel-
oping rats exposed to cadmium and dexamethasone. Toxicol Lett
144:151-157

Micevych P, Bondar G, Kuo J (2010) Estrogen actions on neuroen-
docrine glia. Neuroendocrinology 91:211-222

Miguez JM, Martin FJ, Lema M, Aldegunde M (1996) Changes in
serotonin level and turnover in discrete hypothalamic nuclei after
pinealectomy and melatonin administration to rats. Neurochem
Int 29:651-658

Millan-Plano S, Garcia JJ, Martinez-Ballarin E, Reiter RJ, Ortega-
Gutierrez S, Lazaro RM, Escanero JF (2003) Melatonin and
pinoline prevent aluminium-induced lipid peroxidation in rat
synaptosomes. J Trace Elem Med Biol 17:39-44



Neurotox Res (2011) 20:240-249

249

Minami A, Takeda A, Nishibaba D, Takefuta S, Oku N (2001)
Cadmium toxicity in synaptic neurotransmission in the brain.
Brain Res 894:336-339

Ortega-Gutierrez S, Garcia JJ, Martinez-Ballarin E, Reiter RJ,
Millan-Plano S, Robinson M, Acuna-Castroviejo D (2002)
Melatonin improves deferoxamine antioxidant activity in pro-
tecting against lipid peroxidation caused by hydrogen peroxide
in rat brain homogenates. Neurosci Lett 323:55-59

Pari L, Murugavel P (2007) Diallyl tetrasulfide improves cadmium
induced alterations of acetylcholinesterase, ATPases and oxida-
tive stress in brain of rats. Toxicology 234:44-50

Parmar P, Limson J, Nyokong T, Daya S (2002) Melatonin protects
against copper-mediated free radical damage. J Pineal Res
32:237-242

Pillai A, Priya L, Gupta S (2003) Effects of combined exposure to
lead and cadmium on the hypothalamic—pituitary axis function in
proestrous rats. Food Chem Toxicol 41:379-384

Poliandri AH, Machiavelli LI, Quinteros AF, Cabilla JP, Duvilanski
BH (2006a) Nitric oxide protects the mitochondria of anterior
pituitary cells and prevents cadmium-induced cell death by
reducing oxidative stress. Free Radic Biol Med 40:679-688

Poliandri AH, Esquifino AI, Cano P, Jimenez V, Lafuente A,
Cardinali DP, Duvilanski BH (2006b) In vivo protective effect of
melatonin on cadmium-induced changes in redox balance and
gene expression in rat hypothalamus and anterior pituitary.
J Pineal Res 41:238-246

Real Ordinance 1201/2005 of October 10, 2005 sobre proteccion de
los animales utilizados para experimentacion y otros fines
cientificos. BOE 252, 21 October 2005, pp 34367-34391

Reiter RJ (1991) Pineal melatonin: cell biology of its synthesis and of
its physiological interactions. Endocr Rev 12:151-180

Reiter RJ, Tan DX, Osuna C, Gitto E (2000) Actions of melatonin in
the reduction of oxidative stress. A review. J Biomed Sci
7:444-458

Sanchez-Barcelo EJ, Cos S, Mediavilla D, Martinez-Campa C,
Gonzalez A, Alonso-Gonzalez C (2005) Melatonin—estrogen
interactions in breast cancer. J Pineal Res 38:217-222

Satarug S, Baker JR, Urbenjapol S, Haswell-Elkins M, Reilly PE,
Williams DJ, Moore MR (2003) A global perspective on
cadmium pollution and toxicity in non-occupationally exposed
population. Toxicol Lett 137:65-83

Sugawara C, Sugawara N, Miyake H (1981) Decrease of plasma
vitamin A, albumin and zinc in cadmium-treated rats. Toxicol
Lett 8:323-329

Sugita M, Tsuchiya K (1995) Estimation of variation among
individuals of biological half-time of cadmium calculated from
accumulation data. Environ Res 68:31-37

Swaab DF (2003) The Human Hypothalamus: Basic and clinical
aspects, Part 1. In: Aminoff MF, Boller F, Swaab DF (eds)
Handbook of clinical neurology 79 (3rd Series), vol. 1. Elsevier,
Amsterdam

Tominaga K, Shibata S, Ueki S, Watanabe S (1992) Effects of
inhibitory and excitatory drugs on the metabolic rhythm of the
hamster suprachiasmatic nucleus in vitro. Eur J Pharmacol
217:79-84

Ugriumov MV (2009) Endocrine functions of the brain in adult and
developing mammals. Ontogenez 40:19-29

Villanua MA, Agrasal C, Tresguerres JA, Vaughan MK, Esquifino Al
(1989) Melatonin effects on prolactin secretion in pituitary-
grafted male rats. J Pineal Res 6:33—41

Von Bohlen und Halbach O, Dermietzel R (2002) Neurotransmitters
and neuromodulators. Handbook of receptors and biological
effects. Wiley-VCH, Weinheim

Waalkes MP (2003) Cadmium carcinogenesis. Mutat Res 533:
107-120

World Health Organization (1995) Inorganic constituents and phys-
ical parameters. In: Guidelines for drinking water quality: health
criteria and other supporting information. World Health Orga-
nization, Geneva

World Health Organization (2000) Evaluation of certain food
additives and contaminants. In: 55th Report of the joint FAO/
WHO expert committee on food additives, Geneva, Switzerland

Yoshioka K, Xie F, Gitzen JF, Kissinger CB, Kissinger PT (2000)
Preliminary study of the effect of melatonin administration on
the release of endogenous 5-HT and its metabolite in rat SCN.
Curr Sepn 18:117-122

Yu CX, Wu GC, Xu SF, Chen CH (2001) Effect of melatonin on
release of beta-endorphin, norepinephrine and 5-hydroxytrypta-
mine in rat brain. Yao Xue Xue Bao 36:5-9

Zisapel N, Laudon M (1983) Inhibition by melatonin of dopamine
release from rat hypothalamus: regulation of calcium entry.
Brain Res 272:378-381

Zisapel N, Egozi Y, Laudon M (1982) Inhibition of dopamine release
by melatonin: regional distribution in the rat brain. Brain Res
246:161-163

@ Springer



	Modulatory Effects of Melatonin on Cadmium-Induced Changes in Biogenic Amines in Rat Hypothalamus
	Abstract
	Introduction
	Materials and Methods
	Animals
	Experimental Procedure
	Amine Measurement
	Protein Determination
	Statistical Analysis

	Results
	Effects of Melatonin on Cadmium-Induced Changes in Biogenic Amines Concentration in Anterior Hypothalamus
	Effects of Melatonin on Cadmium-Induced Changes in Biogenic Amines Concentration in Mediobasal Hypothalamus
	Effects of Melatonin on Cadmium-Induced Changes in Biogenic Amines Concentration in Posterior Hypothalamus

	Discussion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


