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Abstract Quinolinic acid (QUIN) striatal injection in rat re-
produces the main neurochemical features of Huntington’s
disease (HD), including oxidative damage. In this study, we
evaluated the effect of a copper (Cu) supplement in drinking
water (90 ppm Cu, 28 days) on the QUIN-induced HD model
in the rat. Copper exposure caused no signs of liver toxicity;
however, it produced significant Cu accumulation in striatum.
It is noteworthy that QUIN also caused increased striatal Cu
content; when the supplement was administered to animals
with QUIN-injury, an even higher metal striatal accumulation
was observed. Cu pre-treatment preserved striatal gamma-
aminobutyric acid (GABA) content, which was reduced
by QUIN intrastriatal injection. Similarly, apomorphine-
induced circling behavior was reduced in Cu-pretreated
QUIN-damaged rats. Metal supplement in drinking water
prevented both lipid peroxidation and reactive oxygen species

(ROS) formation caused by QUIN in striatum. In Cu-treated
groups, superoxide dismutase-1 (SOD1) activity showed a
significant increase, while SOD2 activity was slightly en-
hanced. Although the pathophysiological role for higher Cu
levels in patients with HD and in experimental models of the
disease is not fully understood, results in the present study
suggest that Cu oral intake stimulates anti-oxidant defenses,
an effect that may be a potential factor for reducing the
progression of HD.
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Introduction

Huntington’s disease (HD) is a neurodegenerative disorder
caused by a mutation in the gene that encodes the huntingtin
protein (350 kDa) [1–3]. Small huntingtin N-terminal frag-
ments have been implicated as the main mediators of disease
progression [4]. These fragments possess aberrant interactions
among themselves as well as with other biomolecules, which
possibly result in the HD mechanism of damage, including
protein aggregation [5], transcriptional repression [6], altered
tryptophan metabolism [7], oxidative injury [8, 9], and mito-
chondrial dysfunction [10]. Notably, increased content of
copper (Cu) and iron (Fe) in the caudate–putamen from post-
mortem HD brain has been observed [11]; however, the spe-
cific role of Cu in HD set up or progression remains unknown.

Physiologically, Cu plays an important role in endogenous
antioxidant proteins and in neurotransmitter synthesis [12]. In
the central nervous system (CNS), Cu levels are related to Fe
concentration by specific metal transporters such as Cu trans-
porter-1, divalent metal transporter-1, antioxidant protein-1,
and ATP7A [13]. A significant increase in striatal Cu has been
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reported after the administration of a single unilateral,
intrastriatal injection of quinolinic acid (QUIN) to rats, a
model of HD [14]. QUIN causes neuronal death by oxidative
stress (OS), which is accompanied by gamma aminobutyric
acid (GABA) depletion [15–18]. Both in vivo and in vitro
studies have shown that Cu negatively modulates N-methyl-
D-aspartate (NMDA) receptors [19–21]. Following this evi-
dence, Santamaría et al. demonstrated the neuroprotective
effect of systemic Cu administration in rats subjected to a
single unilateral, intrastriatal QUIN injection [22]. However,
other studies suggest that increased amounts of Cu, bound to
low-affinity sites, may contribute to pro-oxidant activities and
even neurodegeneration [23]; therefore, the Cu neuroprotec-
tive effect may continue to be debated.

The role of Cu in the set up and/or development of HD
remain uncertain; thus, in this work, we supplemented rats
with Cu to observe whether this metal exerts neuroprotection
by modulating OS.

Materials and Methods

Biological Material

Male Wistar rats weighing 200–250 g at the beginning of the
experiments were used throughout the study. All animal proce-
dures were approved by the Institutional ReviewCommittee and
were in accordance with the currentMexican Legislation NOM-
062-ZOO-1999 norm and in agreement with National Institutes
of Health (NIH, Bethesda, MD, USA) guide criteria for the care
and use of laboratory animals. The animal housing room was
maintained under constant temperature (25±3 °C), humidity
(50±10 %), and lighting (12-h:12-h light to dark cycles).

Experimental Design

Animals were randomly assigned to one of two protocols
(Fig. 1). Protocol I: 72 rats were divided into 2 groups, one
group received regular drinking water, and the second received
90 parts per million (ppm) of Cu solution (Copper sulfate
[CuSO4]•5H2O, 350 mg/L) for 28 days. This concentration of
Cu has been utilized in nutritional studies as Cu supplement for
rodents [24, 25]. Both drinking water and Cu solution were
replaced on a daily basis, and the volume of liquid ingested was
recorded and used to estimate individual intake. Animal body
weight (BW) was also recorded. After 28 days of exposure to
the metal, each group was further divided into two subgroups:
one subgroup of each treatment received a QUIN (240 nmol/
μL) intrastriatal injection of 1 μL, and the remaining subgroup
received an equivalent volume of saline solution (SS). The
intrastriatal injection was performed under deep anesthesia with
sodium pentobarbital [40 mg/kg, intraperitoneal (i.p.)] and the
stereotaxic coordinates were as follows: 0.5 mm anterior, 2.7

lateral to bregma, and 4.5 ventral to dura [26]. Two hours later,
blood samples were collected, and immediately after, rats were
sacrificed. Striata were dissected and stored at −85 °C for lipid
peroxidation (LP), reactive oxygen species (ROS) measure-
ment, superoxide dismutase (SOD) activities, and Cu determi-
nation. For this late assay, samples were collected into sterile
polypropylene Cu-free tubes. Protocol II: Twenty-four rats were
used in this study. They were treated similar to Protocol I but,
once the right striatal lesion has occurred, they were allowed
6 days to develop the neurochemical characteristics of HD. On
day 6th, circling behavior was evaluated and 1 day later rats
were sacrificed to obtain striata. Samples were stored at −85 °C
and GABA content was determined [17].

Determination of Striatal Cu

Striatal Cu content was determined by atomic absorption
spectrophotometry (Perkin-Elmer 3110 Atomic Absorption
Spectrophotometer equipped with an HGA-600 graphite fur-
nace and an AS-60 autosampler). Tissue samples were
digested using 1 mL concentrated metal-free nitric acid
(Suprapur, Merck, Mexico) in a water bath at 60 °C for
30 min. After digestion, aliquots of the solution were then
injected into the graphite furnace for Cu analysis. Calibration
curves were constructed by using commercial standard Cu
(Titrisol Merck, Mexico). An external biological standard
from National Institute of Standards and Techniques (NIST;
bovine liver cat. no. 1577b) was analyzed in every session and
was considered valid only if the results from this analysis were
between 95% and 105% of those in the certificate of analysis.
Results are expressed as μg Cu/g wet tissue [27].

Assessment of Liver Toxicity

The plasma activities of Gamma-glutamyl transpeptidase
(GGT) and Alanine transaminase (ALT) were measured as
markers of liver toxicity. After 28 days of Cu treatment, rats
were anesthetized with sodium pentobarbital (45 mg/kg) and
blood samples were obtained by cardiac puncture; plasma was
obtained by centrifugation and employed to determine enzy-
matic activities [28, 29].

Circling Behavior Evaluation

Circling behavior was performed 6 days after QUIN injury, this
period is necessary in order to assess the imbalance in dopa-
mine receptors caused by the unilateral injection of QUIN; the
number of turns is proportional to the extent of damage caused
[17, 22]. Animals were dosed with apomorphine [1 mg/kg,
subcutaneous (s.c.)] and 5 min later, each rat was placed in an
individual acrylic cage and the number of ipsilateral turns was
recorded during 60 min. Circling behavior evaluation was
carried out by a researcher blinded to the treatments.
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Determination of Striatal GABA

The striatal GABA content was assayed by high-performance
liquid chromatography (HPLC) coupled with a fluorescence
detector, as previously described [30]. On day 7 after QUIN
injection (the day following that of the circling behavior evalu-
ation), rats were injected in the caudal vein (i.v.) with 3-
mercaptopropionic acid (1.2 mmol/kg), a glutamate decarbox-
ylase (GAD) inhibitor, to prevent post mortem changes in
GABA levels, and 1 min later, the animals were sacrificed and
the striatum was obtained. Samples were stored at −85 °C until
analysis. The striatum tissue was homogenized in 1 mL of 85%
HPLC-grade methanol by using an ultrasonic processor (130W,
40 % amplitude, 10–15 s); samples were then centrifuged at
18,500 rpm, 15 min, 4 °C, and supernatants were pre-column-
derivatized with ortho-phthalaldehyde reagent prior to analysis.

Determination of Striatal Oxidative Damage

Lipid Peroxidation

The formation of lipid-soluble fluorescent compounds in striatum
was measured according to Martínez-Lazcano et al. [31]. The
lesioned striatum was homogenized in 3 mL of saline solution
(SS); 1 mL of this homogenate was added to 4 mL of a
chloroform-methanol (2:1 v/v) mixture. Samples were then
vortex-mixed and placed on ice for 30 min in the dark; after this
time, the upper phase was removed and the fluorescence in the
organic layer was determined in a spectrofluorometer at 350-nm
excitation and 430-nm emission wavelengths. Results of fluores-
cence were normalized by protein content. Results are expressed
as relative fluorescence units permg of protein (RFU/mg protein).

Reactive Oxygen Species

ROS were evaluated in 5 μL of striatal homogenate according
to a previously reported methodmodified for brain tissue [31].
A fluorometric assay based on the oxidation of 2′7′-
dichlorodihydrofluorescein diacetate (DCFH-DA) (Molecular
Probes, USA) into dichlorofluorescein (DCF), was employed.
Results are expressed as nmol DCF/mg prot/min.

Determination of Cu–Zn SOD and Mn SOD Activities

The lesioned striatum was homogenized in phosphate buffer
(50mM, pH 7.4), and 20μL of the homogenate were incubated
with 2.9 mL of a solution containing 10 μM NaN3, 10 μM
reduced cytochrome c, 10 mM disodium ethylenediaminetetra-
acetic acid (EDTA), 100 μM xanthine, 20 mM sodium bicar-
bonate, and 0.02 % Triton X-100, pH 10.2. The reaction was
started by the addition of 50 μL of xanthine oxidase (3.4 mg/
mL in 0.1 mM EDTA). Change in absorbance was monitored
every 30 s at 550 nm. The participation of Cu–Zn SOD
was calculated as total activity minus activity measured in the
presence of potassium cyanide (KCN; 1 mM). One unit of
SOD activity was defined as the amount of enzyme that
decreased the reduction rate of cytochrome c by 50 % [32].

Statistical Analysis

Data are expressed as mean±standard error of the mean
(SEM). Mean differences between control and Cu-exposed
animals in water intake, BW, and liver toxicity were analyzed
by Student t test. For comparison of circling behavior, the
Kruskal–Wallis test followed by the Mann–Whitney U was

Fig. 1 Experimental design. The
figure shows a schematic
representation of experimental
protocol I and II followed in this
study, experimental groups, the
time frame, and analytical
determinations. Number of
animals used is indicated per
group. Quinolinic acid (QUIN)
(240 nmol/μL), Saline solution
(SS) solution, Blood sample (BS),
Sacrifice (Sac), Circling behavior
(CB), Gamma aminobutyric acid
(GABA)
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used. Differences in Cu content, oxidative parameters, and
enzymatic activities were analyzed by one-way analysis of
variance (ANOVA) followed by Tukey test. In all the cases,
significance was considered when p<0.05. The R ver. 2.11.1
software package was employed.

Results

Cu Supplement in Drinking Water

Cu supplement for 28 days, at the concentration assayed,
caused no effect on the animals’ food intake, BW, or drinking
water intake as compared with controls (data not shown). The
supplement of Cu in drinking water increased striatal metal
levels (4.35±0.1193 μg/g tissue) when compared to controls
(2.45±0.317 μg/g tissue). It is noteworthy that QUIN-induced
injury by itself also caused a statistical increase in striatal Cu
(5.13±0.09 μg/g tissue). We also observed that Cu pretreat-
ment in QUIN-injured animals further increased striatal Cu
(7.54±0.76 μg/g tissue) compared with animals with QUIN
intrastriatal injection alone or with those with metal supple-
ment without injury (F3,20=27.95; p <0.0001; Fig. 2).

Effect of Sub-Chronic Cu Supplement on Liver Function

The activity of the enzymes ALT (marker of hepatocyte
necrosis) and GGT (associated with hepatocyte mem-
brane damage) in control animals or in those supplemented
with 90 ppm Cu in drinking water for 28 days are depicted in

Table 1. No statistical difference between groups was ob-
served (t2.447,2,6=1.886, p=0.1082 for ALT and t2.447,2,6=
1.718; p=0.1609 for GGT).

Effect of Cu Treatment and QUIN-Induced Injury on Circling
Behavior and Striatal GABA Levels

Six days after striatal SS infusion, the animals showed no signs
of brain damage, evidenced as a lack of turning in response to
apomorphine challenge. As expected, rats with QUIN-induced
striatal lesion exhibited turning behavior presenting about 300
turns, ipsilateral to the lesioned side, after a dose of the dopa-
minergic agonist, as a consequence of the imbalance in dopa-
mine receptors between hemispheres caused by the injury.
Interestingly, QUIN-lesioned rats previously supplemented
with Cu showed a significant reduction (KW2=13.14; p=
0.001) in the number of turns (79±20) compared with rats with
QUIN-induced striatal lesion without Cu supplement (Fig. 3a).

Regarding striatal GABA, control rats showed 2.74±
0.06 nmol/mg of tissue. QUIN intrastriatal injection statisti-
cally reduced GABA content (0.89±0.17 nmol/mg tissue;
p<0.001). Interestingly, Cu supplement in drinking water
prevented QUIN-induced GABA decrease (2.01±0.36 nmol/mg
tissue; F3,20=25.51; p=0.0002; Fig. 3b).

Cu Prevents QUIN-Induced Striatal Oxidative Damage

The OS status was evaluated as the formation of ROS and LP
in the injured striatum. Results showed that QUIN induced
significant ROS formation (9.34±0.24 nmol DCF/mg
prot/min) as compared with the control group (5.61±
0.44 nmol DCF/mg prot/min). Cu supplementation partially
prevented the ROS formation (7.22±0.55 nmol DCF/mg
prot/min) caused by QUIN (F3,20=9.254; p=0.001; Fig. 4a).
Results in LP exhibited consistence with those of the ROS
assay. QUIN-induced striatal injury produced a significant
increase of fluorescent lipids derived from oxidative damage
(5.38±0.48 RFU/mg prot) as compared with the control group
(1.85±0.15 RFU/mg prot). Cu supplement enabled partial
protection against the oxidative damage induced by QUIN
(3.10±0.31 RFU/mg prot; F3,20=25.39; p<0.0001; Fig. 4b).

Fig. 2 Striatal Cu content. Rats were supplemented with 90 parts per
million (ppm) Cu in drinking water for 28 days (controls received regular
tap water). Then, the animals were infused with either 240 nmol/μL of
quinolinic acid (QUIN) or saline solution (SS). Two hours later, animals
were sacrificed and striatum obtained to determine Cu by atomic absorp-
tion spectrophotometry. *p<0.05; **p<0.01; *p<0.001, differences from
control tap water/SS; +p<0.01, different from Cu sulfate (CuSO4)/SS;
#p<0.01 different from tap water/QUIN. Analysis of variance (ANOVA)
followed by Tukey test (n=6 for each group)

Table 1 Gamma-glutamyl transpeptidase (GGT) and alanine transami-
nase (ALT) as indicators of liver damage were determined in control rats
(with regular tap water) or supplemented with 90 parts per million (ppm)
copper (Cu) in drinking water (as copper sulfate, CuSO4). Enzyme
activities were determined after 28 days of exposure to metal. No differences
were observed (Student t test)

H2O CuSO4

GGT (μmol/L/min) 8.17±1.36 5.743±0.39

ALT (μmol/L/min) 32.11±1.42 41.50±3.64
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Effect of Cu Pretreatment on Cu–Zn SOD and Mn SOD
Activities

Cu–Zn SOD and Mn SOD activities in striata were evaluated
2 h after QUIN lesion (Fig. 5). Infusion of QUIN produced a
27% reduction in Cu–Zn SOD activity (0.185±0.008 enzyme
units/mg prot) as compared with the control group (0.2570±
0.006 enzyme units/mg prot), while pretreatment with the Cu
supplement not only reverted this effect, but increased enzyme
activity twofold compared with controls (0.4997+0.0525 en-
zyme units/mg prot). Enhanced Cu–Zn SOD activity was only
observed in tissue from animals with Cu supplement and
injured with the toxin; whereas in animals with Cu supple-
ment without the lesion, no statistical increase in enzyme
activity was observed (F3,20=25.32; p=0.0002; Fig. 5a).

Regarding the Mn SOD isoform, we observed that the activity
of this enzyme was increased by QUIN-induced injury
(0.3080 enzyme units±0.0032) as compared with the control
group (0.1293±0.008 enzyme units/mg prot). In this context,
Cu supplement further increased Mn SOD activity in rats with
injury (0.2402±0.02 enzyme units/mg prot) without reaching
statistical significance (F3,20=8.223; p=0.0025; Fig. 5b).

Discussion

Copper is found in mammals as a trace element and is essen-
tial for the structure and function of several enzymes [12]. In
the CNS, Cu participates as co-factor of antioxidant enzymes

Fig. 4 Effect of Cu supplement on quinolinic acid (QUIN)-induced. a)
Reactive oxygen species (ROS) formation, and b) Lipid peroxidation in
rats. Cu supplement was given in the drinking water for 28 days; then, the
animals were infused with QUIN in the striatum and 2 h later, rats were
sacrificed and the striatal tissue was obtained to assess ROS generation
and the content of the fluorescent lipid derived from oxidative stress.
*p<0.05, **p<0.01, and ***p<0.001 different from control tap water/
saline solution (SS); +p<0.01 differences from Cu sulfate (CuSO4)/SS;
#p<0.01 differences from CuSO4/QUIN (n=6 for each group). Analysis
of variance (ANOVA) followed by Tukey test

Fig. 3 Effect of Cu supplement and quinolinic acid (QUIN) in a)
apomorphine-induced circling behavior and b) gamma-aminobutyric acid
(GABA) level determination. Rats were supplemented with 90 parts per
million (ppm) Cu in drinking water for 28 days (controls received regular
tap water). Then, animals were infused with either 240 nmol/μLQUIN or
saline solution (SS). Animals were evaluated for circling behavior 6 days
after QUIN injury, and GABA was determined 7 days after QUIN
infusion. ***p<0.001 differences from control tap water/SS; +p<0.01
differences from CuSO4/SS;

#p<0.01 differences from Cu sulfate
(CuSO4)/QUIN (n=6 for each group). Kruskal–Wallis followed by
Mann–Whitney U test for circling behavior, and analysis of variance
(ANOVA) followed by Tukey test for GABA levels was tested
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such as ceruloplasmin and Cu–Zn SOD. However, some
reports associate Cu with free radical-mediated toxic process-
es such as the Fenton reaction [9]. The apparent duality of Cu
has prompted research groups to study its participation in
neurodegenerative processes. Likewise, Dexter et al. studied
postmortem brain tissue from patients with HD and found Cu
at higher concentrations than in controls [11]. The same
finding has been observed in HD experimental models involv-
ing excitotoxicity [14, 23], suggesting that Cu could play a
role at the onset of neuronal damage in HD. In contrast,
other research groups have demonstrated that Cu exerts
a neuroprotective effect in HD, Parkinson’s disease (PD), and
Alzheimer’s disease (AD) experimental models regarding
excitotoxicity and cell death [17, 24, 33, 34]. In a previous
work, our group showed that Cu administered i.p. showed
protection against QUIN striatal injection; however, the

administration pathway used in that study is not relevant for
an essential trace metal [17].

To determine whether Cu in drinking water at 90 ppm for
28 days promoted liver toxicity, we evaluated serum ALT and
GGT activities. We observed only a slight, non-significant
increase in serum ALT, and no effect on GGT; therefore, we
suggest that Cu supplement at the concentration and time of
exposure used in the present study was safe for rats. However,
the Cu concentration in drinking water favored the entry of
this metal into the brain, because supplemented rats doubled
the brain Cu content of that of controls. We believe that the
oral sub-toxic Cu concentration employed in the present study
was subjected to physiological regulation of intestinal absorp-
tion and to hepatic homeostasis [35–37]. Therefore, at the
scheme utilized here, the Cu supplement was adequate for
favoring the entry of the metal into the brain without causing
significant liver damage.

It is noteworthy that, in the present study, animals subjected
to striatal QUIN-induced injury without metal supplement
showed increased Cu content in comparison with controls
(Fig. 2), a finding that can be related with the fact that post
mortem brains from patients with HD at the initial disease
stage exhibited increased Cu levels in putamen and substantia
nigra pars compacta, compared with controls [9]. The same
effect was observed in QUIN-induced HD experimental rats,
in which a higher striatal Cu content was demonstrated [14,
22]. The effect observed herein may be due to the fact that Cu
transport is linked with glutamate neurotransmission; in some
brain regions, it has been observed that Cu is released after
activation of NMDA-type glutamate receptors. Furthermore,
stimulation of those receptors results in the trafficking of
ATP7A, a Cu-specific transporter, out of the late Golgi into
dendrites [38–40], a phenomenon leading to Cu accumulation
in the stimulated area. This could be the case for QUIN-
mediated overstimulation of striatal NMDA-type glutamate
receptors. This possibility is consistent with the fact that a
previous load of Cu in the rat, by Cu supplementation, in-
creased the availability of the metal that, after the noxious
stimulus resulted in a much higher accumulation of Cu than in
either Cu-exposed animals but not in QUIN-damaged, or in
QUIN-damaged but not in Cu-supplemented. Other authors
have related increased Cu levels with mechanisms of cell
damage in HD [11, 23]; however, it is also possible that the
increased content of this transition metal in the basal ganglia
could be part of a defense mechanism [20, 21]. Marchetti et al,
showed that in vitro exposure to Cu (≤30 mM) can facilitate
the NMDA receptor current, but higher concentration of Cu
can inhibit the activity of the receptor. Therefore, the concen-
tration of Cu in the brain is highly relevant to determinate its
activity at synaptic sites and the fate of the cell [41]. The
results from the present study are in agreement with the latter
possibility, because we observed a preservation of GABA in
Cu-supplemented animals, along with a decreased number of

Fig. 5 Effect of Cu supplement 90 parts per million (ppm) in drinking
water for 28 days and quinolinic acid (QUIN) striatal infusion on super-
oxide dismutase (SOD) activity in rats. a) Cu–Zinc-dependent SOD
isoform (Cu–Zn SOD), and b) manganese-dependent SOD isoform
(Mn SOD). *p<0.05; **p<0.01 different from control tap water/saline
solution (SS); +p<0.01 differences from Cu sulfate (CuSO4)/QUIN;
#p<0.01 differences from tap water/QUIN (n=6 for each group). Analy-
sis of variance (ANOVA) followed by Tukey test
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apomorphine-elicited turns than in the QUIN-injured group;
both findings suggest that the Cu load in these animals pro-
vided partial protection to GABA-producing neurons against
damage caused by QUIN.

We consider that the protection conferred by Cu could be
related with its ability to induce a higher participation of
antioxidant proteins. In this regard, SODs comprise a group
of key enzymes involved in antioxidant defense. The Cu–Zn-
dependent isoform, SOD1, participates detoxifying intracellu-
lar free radicals and protecting cells by the conversion of
superoxide anion into hydrogen peroxide [42]. The deficiency
of SOD activity or expression had been related with several
pathologies [27, 43, 44]. Boll et al. in 2008 reported that in
patients with HD, SOD1 activity is lower as compared with
that of controls, as well as Cu-dependent ferroxidase cerulo-
plasmin activity [27]. In our study, Cu–Zn SOD activity was
increased in striata from Cu-pretreated QUIN-injured rats. A
possible explanation for this is an increase in Cu–Zn SOD
protein content. Previous reports show that rats acutely ex-
posed to Cu exhibited higher striatal Cu–Zn SOD content
[17]. Therefore, it is reasonable to speculate that longer (sub-
chronic) exposure to Cu may also increase this protein con-
tent. Additionally, the role of free Cu as anion superoxide
scavenger cannot be underestimated [45]. Our data also sup-
port those of Barik [45] and could explain Cu-enabled protec-
tion. Another possibility for the neuroprotective effect of Cu
involves its ability to inhibit NMDA receptor activity.
Electrophysiological studies showed that Cu ions are able to
inhibit NMDA receptors in hippocampus and cortex cultures,
and Cu was further described as high-affinity antagonist for
NMDA, independently from receptor activation [20, 21].
Furthermore, Cu at the micromolar range is able to antagonize
NMDA and GABA receptors in isolated cells and olfactory
bulb interneurons [19]. Another important issue to consider
regarding Cu is its ability to inhibit the effects of nitric oxide
(NO) [46]. This is relevant because it was demonstrated that in
HD transgenic mice, the activity of neuronal nitric oxide
synthase (nNOS) is increased [47], which positively correlates
with an increase in NO production and the consequent
oxidative-nitrosative damage.

The World Health Organization in the Guidelines for
Drinking-water Quality established a provisional guideline
value of 2 mg/L to be protective against the adverse effects
of copper and to provide an adequate margin of safety in
populations with normal copper homeostasis [48]. However,
differences in human Cu ingestion allowances exist. In this
regard, Pal et al. have recently reviewed the range of safety for
human Cu ingestion and it fluctuates from few μg/L to
10 mg/L [49]. Although the plain numbers comparisons
(2 mg/L, for humans vs. 90 mg/L, for rats) seems quite
different, there are considerations to be made. A mean drink-
ing water volume for a 250-g rat is 30 mL, while human
average consumption is 2.5 L. Given this, the daily safe

amount of Cu ingestion for humans would be 5 mg, while
the amount of Cu administered daily to the rats was 2.7 mg. It
is relevant to mention that substantial differences in terms of
absorption, distribution, and metabolism, among others, exist
between the two species. Therefore, a suggestion of lineal
extrapolation of Cu dose from rats to humans would require
several clinical considerations as well as the evaluation of
biochemical markers as suggested by Pal et al. [50].

Our results suggest that Cu supplement in drinking water
conferred protection, assessed as GABA preservation and
decreased turning behavior, against the effects caused by the
NMDA-receptors agonist QUIN. Copper treatment favored
SOD activity and limited LP; therefore, induction of the
endogenous antioxidant system may be involved. The in-
creased Cu content found in basal ganglia of HD patients
and in experimental models of the disease could be a com-
pensatory mechanism to diminish free radicals; undoubtedly,
more studies are necessary to fully elucidate the role of copper
in HD.
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