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Abstract

Huntington’s Disease (HD) is an autosomal dominant neuropathology associated with severe degeneration in neurons of
the basal ganglia. It is characterized by progressive motors symptoms, cognitive deficits and dementia. The genetic
mutation induces trinucleotide repeat expansion (TNR) of cytosine, adenine and guanine (CAG). The CAG-repeat is
translated into a poly glutamine (polyQ) stretch caused by molding of DNA “loop out” structures and DNA slippage during
the replication. This expanded sequence encodes a mutant huntingtin (mHtt), which is associated to neuronal
dysfunction, cellular death, ubiquitous molecular and cellular anomalies. Furthermore, there are progressive
impairments in motor control, cognitive function and mood. Quinolinic acid (QA) is an excitotoxic compound in humans
and animals that has been linked to HD. N-acetyl-methoxytryptamine (MLT) is a hormone that produce anti-oxidant and
anti-inflammatory effects on cell damage. The principal aim of this study is to know if QA induces damage in striatal
astrocytes and neurons and to evidence how MLT can participate as a neuroprotectant agent against the neurotoxic
injury. We inoculate QA intrastriatal in 8 weeks old wild type (WT) female mice as endogenous neurotoxic model of HD.
Here, we worked with three different groups of mice, and the striatal injection was administrated in all animals. PBS were
inoculated in control mice; the second group was injected only QA; and the last group was pre-treated with MLT 30 min
before the QA injection. Immunoblots, oxidative stress biomarkers, histological assay of astrocytes and neurons were
evaluated as well as rotarod and open field tests. There was a reduction in proteins levels of BDNF and NeuN in QA mice.
Contrary effects in lysates showed NF-kB, IkBa, HTT, GFAP and NRs. The analysis of CAT, SOD, Gpx and GSH showed
decreased activity, while MDA displayed increased activation in QA mice. The animals pre-treated with MLT revers the
tendency of proteins and antioxidant biomarkers; the HTT perinuclear staining in neurons was reduced. NeuN

histochemistry showed a greater number of NeuN + cells; the astrogliosis was attenuated; and locomotor activities
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improved. Analysis of RT-PCR do no show significant diferences between teatments. This study suggests that MLT can

induce a compensatory response to neurotoxic stress againts neuro-glial injury. Thus, increasing MLT levels may be a

promising treatment for HD disorder.
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Introduction

Huntington’s Disease (HD) is an autosomal dominant
neuropathology associated with severe degeneration in
neurons of the basal ganglia. It is characterized by
progressive motors symptoms, cognitive deficits and
dementia. The genetic mutation induces trinucleotide
repeat expansion (TNR) of cytosine, adenine and guanine
(CAG). The CAG-repeat is translated into a poly glutamine
(polyQ) stretch caused by molding of DNA “loop out”
structures and DNA slippage during the replication. This
expanded sequence encodes a mutant huntingtin (mHtt),
which is associated to neuronal dysfunction, cellular
death, ubiquitous molecular and cellular anomalies.
Furthermore, there are progressive impairments in motor
control, cognitive function and mood. Quinolinic acid (QA)
is an excitotoxic compound in humans and animals that
has been linked to HD. N-acetyl-methoxytryptamine
(MLT) is a hormone that produce anti-oxidant and anti-
inflammatory effects on cell damage. The principal aim of
this study is to know if QA induces damage in striatal
astrocytes and neurons and to evidence how MLT can
participate as a neuroprotectant agent against the
neurotoxic injury. We inoculate QA intrastriatal in 8
weeks old wild type (WT) female mice as endogenous
neurotoxic model of HD. Here, we worked with three
different groups of mice, and the striatal injection was
administrated in all animals. PBS were inoculated in
control mice; the second group was injected only QA; and
the last group was pre-treated with MLT 30 min before
the QA injection. Immunoblots, oxidative stress
biomarkers, histological assay of astrocytes and neurons
were evaluated as well as rotarod and open field tests.
There was a reduction in proteins levels of BDNF and
NeuN in QA mice. Contrary effects in lysates showed NF-
kB, IkBa, HTT, GFAP and NRs. The analysis of CAT, SOD,
Gpx and GSH showed decreased activity, while MDA
displayed increased activation in QA mice. The animals
pre-treated with MLT revers the tendency of proteins and
antioxidant biomarkers; the HTT perinuclear staining in
neurons was reduced. NeuN histochemistry showed a
greater number of NeuN + cells; the astrogliosis was
attenuated; and locomotor activities improved. Analysis
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of RT-PCR do no show significant diferences between
teatments. This study suggests that MLT can induce a
compensatory response to neurotoxic stress againts
neuro-glial injury. Thus, increasing MLT levels may be a
promising treatment for HD disorder.

Materials and Methods

Animals

A total of 198 Female C57B1/6 mice (8 weeks) were
used from the animal facility of Pharmaceutic Industries
Laboratory (LIFE). The rodents were housed 5 per cage in
a controlled environment (12/12-h light/dark cycles); the
relative humidity is 45%, and the temperature is
75°F£1°F, free access to standard laboratory mice food
and water ad libitum. The animal care for this
experimental protocol was in accordance with NIH
guidelines for the Care and Use of Laboratory Animals and
principles presented in the Guidelines for the Use of
Animals in Neuroscience Research by the Society for
Neuroscience.

Drugs

Quinolinic acid (QA) was dissolved in phosphate
buffered saline (PBS, pH 7.0). Melatonin was dissolved in
ethylic alcohol (EtOH) then diluted in ultrapure water
(Milli-Q) (0.5% final concentration). Both compounds
were purchased from Sigma Chemical Co, USA. All other
chemical substances were of analytical grade.

Experimental Design

Mice were randomly divided into three groups (n=10)
as follows: 1) isotonic saline solution - 0.9% (control);
200 nmol of QA, (QA group); and 3) 10mg/kg (i.p.) of MLT
30 min before of administration of 200 nmol QA
(QA+MLT group), [1]. Animals were anesthetized with
ketamine/Xylazine (90/10 mg/kg, ip), and then they
were administrated with saline solution or QA unilaterally
in the right striatum area with Hamilton syringe. 15 days
after of drugs administration, the mice were perfused
intracardially. The stereotaxic coordinates to injections
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were anteroposterior +0.6 mm, mediolateral -2.1 mm,
and dorsoventral -2.2 mm from the bregma based in
Paxinos and Watson atlas (2007). Body weight was
evaluated every three days. The numbers of the animals
used in all groups studied in each experiment is the
following: 18 mice were used to histological studies
(n=6/group); 30 mice to protein (n=10/group); 30 mice
to RNA (n=10/group); 30 mice to oxidative stress analysis
(n=10/group) and 90 mice to behavioral test (45 open

field test, n=15/group; and 45 to rotarod test,
n=15/group).

Fixation

Animals  were deeply  anaesthetized  with

ketamine/Xylazine (90/10 mg/kg, i.p) and they were
perfused through left ventricle. Initially with PBS and
subsequently with a fixative solution containing 4% w/v
paraformaldehyde in PBS. Following the brains were
removed and kept in cold fixative solution for 90 min then
they were washed three times in cold solution of
sucrose/PBS (5%) and cryoprotected in 25% of
sucrose/PBS. Then brains were rapidly frozen at-70°C for
3 hours and stored at -20°C. Coronal 10-um-thick brain
sections were cut using a microtome (Leica). Sections
were cryoprotected by immersion in a solution containing
30% (v/v) ethylene glycol and 20% (v/v) glycerol in PBS
at-20°C.

Immunohistochemistry

Brain sections from all groups were simultaneously
processed in free-floating state as previously described
[2]. All antibodies were diluted in a solution with
phosphate-buffered saline (PBS), 1% Triton X-100 and
3% normal goat serum. Development of peroxidase
activity was carried out with 0.035% w/v 3,3’
diaminobenzidine plus 2.5% w/v nickel ammonium
sulfate and 0.1% v/v H202 dissolved in acetate buffer 0.1
M pH 6.0. The appropriate IgG controls were used. For
fluorescence, the sections were blocking with 10% goat
serum, 0.4% Triton X-100, 0.5% BSA in PBS and
incubated with the primary antibody at 4°C ON. The
appropriate Alexa-Fluor secondary antibodies were
diluted in the same solution. Nuclear counterstaining was
done with Hoechst (1 mg/ml). The slides were
coversliped with Dapi-Fluoromount-G™ (SouthernBiotech)
and post-drying were visualized under fluorescent
microscope. The dilutions of the primary antibodies were:
Anti-Huntingtin, HTT, MAB2166 1:1000 (Sigma-Aldrich);
Glial Fibrillary Acidic Protein, GFAP, 1:1000 (Sigma-
Aldrich); Neuronal Marker, NeuN, 1:1000 (Abcam). The
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morphometric analysis was done as previously described

[2].

Protein Extraction

Striatal tissue was thawed, weighed and processed by
sonication in Triton-X-lysis buffer containing 1% Triton
X-100, 50mM Tris-HCI, pH 7.6, 150mM NaCl, 2mM EDTA,
1mM DTT, phosphatase inhibitor cocktail 2, phosphatase
inhibitor cocktail 3 and complete™ EDTA-free protease
inhibitor cocktail tablet from Sigma as the ratio of 1:10
(1mg tissue = 10ul Triton-X-lysis buffer). The resulting
total lysates were assayed for protein concentration by
the Pierce BCA method [3].

Immunoblot

For western blot detection samples from total lysates
were loaded in 10% Tris-glycine SDS PAGE. The resolved
proteins were transferred to Hybond-P membrane
(Amersham) and then the membranes were blocked for 1
h in TBS, 0.1% Tween 20 and 5% non-fat dry milk,
followed by overnight incubation with primary antibody
diluted in the same buffer. For specific proteins,
membranes were blocked in TBS, 0.1% Tween 20 and 5%
Bovine serum albumin (BSA) and overnight incubation in
primary antibody diluted in same buffer. After washing
with 0.1% Tween in Tris-buffered saline, the membrane
was incubated with peroxidase-conjugated secondary
antibody (antibody to Rabbit and Mouse IgG from KPL
and Goat IgG from SeraCare (Life Sciences Inc.) for 1h, and
then washed and developed wusing the ECL
chemiluminescent detection system (Supersignal® west
pico from Thermo Scientific) in Syngene G Box using
ichemiXT GENEsys program. Densitometric analyses were
performed using Adobe Photoshop CC 2018 and
normalized against the signal obtained by reproving the
membranes with beta actin. The dilutions for primary
antibodies: Anti-Huntingtin, HTT, MAB2166 1:1000
(Sigma-Aldrich); NF-kB/p65, 1:1000 (cell signaling);
IkBa, (Cell Signaling); Brain-derived neurotrophic factor,
BDNF, 1:500 (Santa Cruz); Glial Fibrillary Acidic Protein,
GFAP, 1:1000 (Sigma-Aldrich); Neuronal Marker, NeuN,
1:1000 (abcam); Beta actin 1:10.000 (Cell Signaling); Anti
glutamate receptor NMDAR1, NR1, (1:2000, Sigma-
Aldrich); NMDAR-2A, and NMDAR-2B (Millipore), anti-

brain-derived neurotrophic factor (BDNF) 1:1000
(abcam).
Real time PCR

RNA extraction from mouse brain according to
manufacturer's guidelines (Invitrogen Trizol plus
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purification Kkit) was performed. RNA quality was
assessed with NanoDrop 2000/2000c Spectrophotometer
(Thermo Scientific). 2ug RNA was reverse transcribed
using OligoDT primers and Reverse transcription system
kit (Promega) according to the manufacturer's
instructions. Real time PCRs were performed in a 20pl
reaction with 1X LightCycler480 SYBR Green I Master
(Roche) containing 2ul of cDNA and 20pmol of each
specific primer in a LightCycler480 Real-time PCR System
(Roche). Minus reverse transcriptase controls were
included in each assay. The specific primers analyzed
mHdh-Fw:  5'-CAGATGTCAGAATGGTGGCT-3’,
mHdh Rev: 5'-GCCTTGGAAGAT TAGAATCCA-3'; HTT Fw

5'-TCGTACCACCATTTGTTTTTCA-3, HTT Rev  5-
CCTTTGGCCTATGAGATCTGGATGTG-3; NFkB  FwS5'-
GAAATTCCTGATCCAGACAAAAAC-3', NFkB Rev 5'-
ATCACTTCAATGGCCTCTGTGTAG-3'; IxkBa Fw  5'-
GCAATCATCCACGAAGAGAAG CC-3' IkBa Rev 5'-
TTACCCTGTTGACATCAGCCCC -3 BDNF  Fw:5’-
AAGTCTGCATTACA  TTCCTCGA-3’, BDNF  Rev:5’-
GTTTTCTGAAAGAGGGACAGTTTAT -3’; GRIN1 Fw 5'-
CGTTCTTGCCGTTGATGA-3’, GRIN1 Rev 5'-
GTAAGAGCCAGCAACGGAG-3'; GRINZA Fw 5'-
GGTTTTAAGATTTGTGCCAGG-3’, GRIN2A Rev  5'-
CTTAGACCGAGTTGGCAACA-3'; GRIN2ZB Fw 5'-
AGACTATTCGCTTCATGC-3’, GRIN2B Rev 5'-
GTGTGTTGTTCATGGCTG-3'; GRIN2C Fw 5'-
GAAGGAAAGACACAGGATGCT-3', GRIN2C Rev 5'-
CCCAAATGTCTTCCCAGGT-3'; GFAP Fw 5-
AGAAAGGTTGAATCGCTGGA-3’, GFAP Rev 5’-
CGGCGATAGTCGTTAGCTTC-3’; NeuN Fw, 5'-
CCAAGCGGCTACACGTCT-3/, NeuN Rv-5'
GCTCGGTCAGCATCTGAG-3'; B-actin Fw: 5’

CACTTTCTACAATGAGCTGCG
CTGGATGGCTACGTACATGG -3'.

-3, B-actin Rev: 5’

Analysis of Oxidative Stress

Levels of oxidative stress from striatum tissues were
evaluated using commercial assays kits according the
manufacturer’s instructions. The biomarkers used were:
Catalase (CAT), Superoxide dismutase (SOD) Sigma
Aldrich (Saint Louis, MO, USA), Lipid Peroxidation (MDA)
Abcam (Cambridge, MA, USA), glutathione (GSH),
glutathione peroxidase (GS-px) Life Technologies (Grand
Island, NY).

Behavioral Test

Rotarod analysis was performed using rotarod
apparatus at constant speed of 12 rpm over a 120 seconds
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period [4]. The locomotor activity was measured for 10
min using an activity chamber (Coulbourn Instruments,
Allentown, PA, USA) equipped with 16 x 16 horizontal
sensors as described Lee et al., 1992. Latency to falling
was recorded on three trials, for a maximum of 2 min in
each trial. The animals were trained for 2 days before the
age of 8 weeks to allow them to become acquainted with
the rotarod apparatus. Open field test (OFT) was analyzed
one hour after the beginning of the mice dark cycle. One
mouse from each group was tested at the same time in
different open field boxes (50x50 cm). Over a period of 15
minutes. The total distance traveled was measured. After
each trial, the chambers were washed (70% ethanol+12
min to dissipate its smell) to minimize any odors left by
mice on previous trials. The mice were tested three times
per day during the experimental design.

Statistics Analysis

All experiments and measurement were done 3-4
times showing identical results. Data are represented as
mean + SEM was performed using one-way analysis of
variance followed by Bonferroni’'s post host tests
(GraphPad Software Inc., San Diego, CA, USA), p <0.05.

Results

MLT Decrease Protein Levels of HTT in QA Mice

Huntingtin is a protein with approximately 350 kDa of
molecular mass. It contains a polyQ near N-terminus, and
when trinucleotide CAG expansion on chromosome 4 is
more than 37 glutamines, it induces aggregates and
accumulates in neuronal nucleus and cytoplasm, most
notably in the cerebral striatum. MLT is an endogenous
biomolecule with strong broad-spectrum antioxidant
properties, which scavenge free radicals and NO in
physiological conditions. It has low toxicity, amphiphilic
properties and a widespread distribution in the body. The
protective effects of MLT play different roles in several
pathological conditions including HD. To know if MLT
induces a defense mechanism against a neurotoxic model
of HD, we first evaluated the HTT protein. There was a
significant increase in HTT protein levels from QA mice
(Figure 1A). Opposing results show the QA group that was
pre-treated with MLT (Figure 1A). This tendency was
further visualized by HTT immunofluorescence, which
revealed minor perinuclear HTT staining in neurons from
the striatal area. (Figure 1B).
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Figure 1: Upregulation of Huntingtin protein in QA mice. 8-weeks-old female animals were used here and the
subsequent studies. Total lysates were extracted from striatal region and they were resolved in Tris-glycine SDS-PAGE
blotting detection. Quantitative measurement of the optical density by densitometric analysis was performed, (A);
representative bands of HTT from striatal lysates were evaluated (B) from QA; QA-MLT mice and their respective
littermate’s controls. Protein levels are expressed as percentage of control mice. Data on the graphs are the mean of
the parameter in each condition; error bars are represented by + SEM. Significance between treatments was evaluated
by one-way ANOVA and Bonferroni Is post host test, *p < 0.05. Histochemical studies were performed from brains
fixed in 4% of paraformaldehyde. 50um coronal sections were obtained. Immunofluorescence against mab2166
(green) was developed, (C). Arrowhead shows HTT + neuronal cells. Magnification, 40x. Scale bar, 10um.

Moderate Variations in Genes of the MLT Pre- random primers, and the primers specifically detailed in
treated QA Mice the methods section. The housekeeping gene (Actin) was
also amplified in the same reaction as an internal control.
The data analysis indicates mild changes in mRNA relative
gene expression between groups analyzed (Table 1).

After to demonstrated that MLT reduces levels of the
HTT protein in QA mice, we next evaluated if MLT has a
regulatory effect on the expression of several genes
related to HD. RT-PCR was performed using oligo dT,

Control AQ AQ-MLT

HTT ND 0.80+0.3 0.06+0.3
mHtt ND 0.90+0.1 0.05+0.1
NF-kB 1.18+0.1 1.45+0.1 1.27+0.1
1IKKB 1.25+0.2 1.50+0.2 1.38+0.2
BDNF 1.10+0.2 1.25+0.2 1.15+0.2
GRIN1 1.00+0.1 1.09+0.1 1.07+0.1
GRIN2A 1.00+0.1 1.08+0.1 1.06+0.1
GRIN2B 1.00+0.2 1.11+0.2 1.08+0.2
GRIN2C 1.00+0.1 1.07+0.1 1.06+0.1
GFAP 1.00+0.3 1.18+0.3 1.13+0.3
NeuN 0.90+0.4 1.10+0.4 1.00+0.4

Table 1: Modest variation in Huntingtin related genes. Relative expression of mRNA levels in striatum. All data are
represented as mean + SEM. Significance between treatments was evaluated by oneway ANOVA and Bonferroni Is
post host test, *p < 0.05.
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Attenuation of Oxidative Stress is Induced by
MLT in Neurotoxic the Model of HD in Mice

In the inflammatory response, a sustained imbalance
between ROS signaling leads to irreversible cellular
injury, dysfunction and death. It has been demonstrated
that OS is a primary event in HD and that MLT has
antioxidant properties against excitotoxicity [5-7]. Here,
we determine the levels of oxidative stress biomarkers in
striatal homogenates. Our results show increased levels of
SOD and CAT enzymes in QA mice pre-treated with MLT

compared to the QA group (Figures 2A-2B). Likewise, our
results showed a similar tendency, which showed the
quantification of GSH that is the most important
scavenger of ROS in a reaction catalyzed by GSH-Px
(Figures 2C-2D). The MDA biomarker is an oxidized
product to lipid peroxidation in response to oxidative
damage in the membrane lipidic. In our experiments, we
observed reduced levels of MDA in MLT pre-treated QA
mice (Figure 2E).
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Figure 2: MLT induces reduction of oxidative stress in QA mice. Total lysates of striatial tissue were analyzed by
commercial assay to detect activity of Catalase (CAT), (A); Superoxide dismutase (SOD), (B); glutathione (GSH), (C)
glutathione peroxidase (GS-px), (D); and Lipid Peroxidation (MDA), (E); in control, QA and QA-MLT groups.
n=10/group. Data on the graphs are the mean of the parameter in each condition, error bars are represented by *
SEM. Significance between treatments was evaluated by one-way ANOVA and Bonferroni Is post host test, *p < 0.05.

Decline of Astrodegeneration in MLT Pre-
treated QA Mice

Recently, neuroinflammation has been proposed as
the major component of ND. It is well known that
astrocytes are specialized cells that provide essential
physiological support to neural tissue; they respond to
inflammation with molecular, cellular and functional
changes. Several similarities between the reactive gliosis
in patient and the mice in model of HD have been
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evidenced in the striatum and cortex from brain tissue
[8]. In our experiments, a significant decrease of
astrogliosis  from  striatum was observed by
immunostaining of GFAP + cells (Figures 3A). This
observation was corroborated analyzing the number
(Figures 3B) and cellular area reduced from striatal
astrocytes (Figures 3C). Western blot running showed a
significant reduction of GFAP protein levels in MLT pre-
treated QA mice compared to the QA group and the
littermates’ controls (Figures 3D-3E).
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Figure 3: Representative photographs of GFAP immunostaining show astrocytes from striatum area. The QA mice
present increased astroglial cell area; soma size (arrows) and enlarged projections (arrowheads), (A). Quantitative
analysis of GFAP astrocytes/field number immunoreactivity, (B). Analysis of field area covered by astrocytes, (C).
Magnification, 40x. Scale bar, 10um. Homogenates from striatal region were western blotted in Tris-glycine SDS-PAGE
system. Optical density measurement by densitometric analysis was developed, (D); representative bands of GFAP
were evaluated (E) from QA; QA-MLT mice and their respective littermate’s controls. Protein levels are expressed as
percentage of control mice. Data on the graphs are the mean of the parameter in each condition, error bars are
represented by * SEM. Significance between treatments was evaluated by one-way ANOVA and Bonferroni Is post host
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NMDA Receptors are Reduced by Induction of
MLT in QA Mice

The striatal neurons cells are spiny GABAergic
projection neurons and interneurons that have an
essential role in planning, modulating the pathway of
movements, and other cognitive processes. In HD, the
activation of NMDAr mediated by mHtt is a molecular
signaling pathway that causes neuronal death. In this
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study, we report a significant decrease of proteins levels
of NR2A and NR2B (Figures 4A-B) in MLT pre-treated QA
mice compared with QA mice. NR1 no showed changes
(Figure 4C). Then we evaluate the striatal neurons by
NeuN immunostaining to correlate NRs data (Figure 4D).
The NeuN analysis showed the percentage of
neurons/field (Figure 4E), and the western blot finding
increased in MLT pre-treated QA (Figures 4F-G).
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Figure 4: Decrease of NMDA receptors in MLT pre-treated QA mice. Total lysates were obtained from the striatum
brain area; then, they were immunoblotting in Tris-glycine SDS-PAGE detection. Optical density measurement by
densitometric analysis and representative bands of NR2A (A), and NR2B (B), NR1 (C), NeuN (F-G) was evaluated.
Immunohistochemical studies were performed from brains fixed in 4% of paraformaldehyde. 50um coronal sections
were obtained. Neuronal Nuclei staining of striatal 17 neurons were developed, (D). Magnification, 40x. Scale bar,
10pm. Quantification of neurons/field (E). Protein levels and morphologic studies are expressed as percentage of
control mice. Data on the graphs are the mean of the parameter in each condition, error bars are represented by *
SEM. Significance between treatments was evaluated by one-way ANOVA and Bonferroni Is post host test, *p < 0.05.
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Melatonin Upregulate BDNF to Mediate the
Transcriptional Activity of NF-kB in QA Mice

To clarify whether MLT induces changes in the
inflammatory NF-kB pathway from QA mice, we analyzed

BDNF, because it has been proven that BDNF
overexpression plays an important role in HD
Avilés-Reyes RX, et al. Neuroprotective Effects of N-Acetyl-

Methoxytryptamine in a Neurotoxic Mice Model of Huntington’s Disease

Induced by Quinolinic Acid. Neurol Neurother 2019, 4(2): 000138.

pathogenesis. To restore striatal BDNF level may have
beneficial effects to HD. Immunoblots analysis of BDNF
showed reduced proteins levels (Figures 5A-5B), while
p65 (Figures 5C-5D) and IxBa (Figure 5E-5F) presented
increased expression in QA mice. Contrary effect was
shown in the MLT pre-treated QA mice.
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Figure 5: Transcriptional activity of NF-kB is attenuated by BDNF in MLT pre-treated QA mice. Homogenates from
striatum were obtaining to western blot analysis. Measurement of optical intensity by densitometric analysis and the
representative protein bands were performed in BDNF (A, B), p65 (C, D), IkBa (E, F). Protein levels are expressed as
percentage of control mice. Data on the graphs are the mean of the parameter in each condition, error bars are
represented by + SEM. Significance between treatments was evaluated by one-way ANOVA and Bonferroni Is post host
test, *p < 0.05.

L

MLT Improves Locomotor Activity and Weight neurotoxic mice model. The Rotarod tests have been
in QA Mice widely used as an important indicator of motor
coordination. Latency to fall was recorded for five trials

The locomotor tests were performed to evaluate the over two weeks of assessment, and scores were averaged

effects of the neuromuscular impairments induced by QA

(Figure 6A).
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Figure 6: Locomotor function behaviors are improvement in MLT pre-treated QA mice. Rotarod and open field test
were evaluated. Records of latency to fall (A), measurements of travel distance moved (B), rearing frequency (C) and
weight body (D). Data on the graphs represent the mean of the parameter in each condition, error bars are
represented by + SEM. Significance between treatments was evaluated by one-way ANOVA and Bonferroni Is post host
test, *p < 0.05.
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QA mice showed progressive deficits on rotarod with a
significantly reduced latency to fall starting at 3 days after
the treatment. MLT-treated mice remained longer on the
rotarod, which indicates better motor coordination in
MLT pre-treated QA mice. In addition, we assessed open
field to evaluate the motor function, exploration and
general activities. The results showed that QA mice were
significantly hypoactive, as measured by the total distance
moved (Figure 6B) and rearing frequency (Figure 6C).
The MLT pre-treated QA group showed a significant
amelioration in OFT results. The total distance covered
was higher in the MLT pre-treated QA group than in the
only QA mice group (Figure 6C). The QA mice showed a
progressive reduction in body weight (Figure 6D); the
MLT pre-treated QA group presented increased weight.

Discussion

The induction of the neurotoxic model by QA in the
striatum brain is widely used in mice to mimic similar
motor disorder and cellular alterations that present
patients with HD [9,10]. In ND, it has been documented
that MLT has beneficial functions including reducing OS,
accumulating irregular protein and causing cell death
[11,12]. The abnormal expansion of TNR in the HTT gene
is caused by mHtt. This change in the DNA sequencing
produces buildups of cytoplasmic plaque and neuronal
nuclear inclusion in HD [13-15]. To visualize the
endogenous expression of HTT, we used the mAb2166
antibody because it is known to bind strongly to detect
the HTT [16]. The QA mice pretreated with MLT showed
reduced protein levels of HTT compared with QA mice.
Immunofluorescence studies of HTT revealed more
perinuclear staining of the N-terminal fragment in striatal
neurons from QA mice. These inclusions caused injury
and striatal neuronal death. Similar results have been
reported in different mice models and human tissue from
HD patients [14,17-20]. The intranuclear localization of
HTT protein occurs early and affects gene transcription in
HD. Indeed, microarray studies have displayed a
progressive transcriptional change in brain and
peripheral tissues [21,22]. The loss function of
transcriptional activator proteins and transcriptional
dysregulation has been implicated in the etiology of this
neuropathology  [23,24]. The  acetylation and
deacetylation of histones in nucleosomes is an important
process in gene expression. It has been shown in the fruit
fly Drosophila model system of HD that the inhibition of
histone deacetylase can reverse the reduction of
acetylated histones and decrease cellular death [25,26].
Diversities in samples, protocols and gene detection
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methods can explain the differences reported in various
studies on gene expression. In this study, we found no
significant differences in the expression of genes
evaluated by RT-PCR. Redox homeostasis is essential for
cellular survival. The normal balance between oxidants
and antioxidants facilitates ROS and modifies amino acids
(AA) of signaling proteins. When oxidants exceed the
antioxidant capacity, is leads to a harmful condition of OS.
ROS are chemically active in the brain tissue as the
excitatory AA and neurotransmitters that are implicated
in the pathogenesis of ND. In HD, mHtt have a direct role
in mitochondria dysfunction, leading to compromised
energy supply and changes in ROS levels [27]. Brain cells
have a number of antioxidant molecules and enzymes that
restrict the damage and concentrations of ROS, including
SOD, CAT, GPXs, GSH [28,29]. In addition, ROS oxidizes
polyunsaturated fatty acids of phospholipid membranes,
which causes the formation of oxidized products such as
MDA [30]. Studies in serum [31] from HD patients have
shown a substantial increase MDA levels, as well as in
postmortem HD brain tissue [32]. CAT controls the
removal and detoxification of hydrogen peroxide (H203),
thus decreasing levels of hydroxyl radical formation.
Previous reports have demonstrated a very low activity of
CAT in HD transgenic mice [33,34]. SOD activity generates
H20; and protects cells from the presence of superoxide
radical. In Wistars rats, studies have shown that striatal
injection of QA induces the reduction of SOD, and there
have found a link between neuronal death and SOD
activity in the striatum [35,36]. GSH and Gpx are involved
in the oxidative stress response. The function of Gpx is to
reduce hydroperoxides levels and their corresponding
alcohols with the use of GSH. In the brains of HD patients
and R6/1 transgenic mice, the activity of GPx remains
unchanged [34,37]. Our results indicate oxidative striatal
brain damage after QA injection, which is evidenced by
increased levels of MDA and reduced SOD, CAT, GSH and
GPx. This tendency was partially reversed in animals pre-
treated with MLT, as a compensatory mechanism that
suggests, the antioxidant activity is increased and that
MLT induces neuroprotection against enzyme inhibition,
as other studies have reported in different neurotoxic
models of HD [5,38,39]. In the CNS, astrocytes perform
homeostatic and regulatory functions to support neuronal
cells. The disruption of the normal astrocytic function is
the main factor in neurological disorders. In HD brains, a
primary response to cellular damage is a prominent
astrogliosis, and it increases during the pathology
progress [8,40]. Experiments in vitro show the mHtt
expression in astrocytes gets worse as the dysfunction of
striatal neurons increases [41]. In vivo, animals
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expressing mHtt presented similar astrogliosis in the
striatum area compared with the brain of HD patients.
Here, as mentioned earlier, we obtained analogous
astrogliosis findings with increased expressions of GFAP
in lysates and immunostaining [17,42,43]. Morphological
analysis of astrocytes shows the presence of cellular
hypertrophy with soma size and cell processes enlarged
in QA mice. The excitotoxicity induced by QA causes over
activation of NMDAr that increases intracellular Caz* [44];
g-aminobutyric acid (GABA) depletion; and ATP
consumption and oxidative cell injury [45]. This
biochemical alteration in astrocytic cells produces
mitochondrial dysfunction, which makes neurons more
vulnerable to excitotoxicity, cell injury and death [46]. In
our experiments, we found an increased protein
expression of NMDAR and a decreased in the number of
NeuN+ cells from striatum in QA mice. This evidence is
similar in different HD mice models, in concordance with
several studies that have revealed striatal neurons were
the most vulnerable [47-51]. However, the effect of MLT
in QA mice was to reduce the astrodegeneration that
contributes to delaying the neuronal death, as we
observed an increased number of NeuN+ cells. The benefit
of MLT to stressed cells has been attributed to their
ability to scavenge free radicals [52]; moreover, MLT has
the capacity to inhibit calcium-induced cytochrome c
released from purified mitochondria to keep the
necessary energy to maintain physiological functions in
the brain [53]. In the inflammatory process, the
transcription factor NF-xB plays an important role and
BDNF signaling can modulate NF-kB and limit the
inflammatory response [54]. Interestingly, in the context
of Huntington'’s Disease scenery, the mHtt downregulates
cortical BDNF transcription, which leads to insufficient
support for striatal neurons and causes cellular
degeneration [55]. Research has shown decreased BDNF
levels in vivo and in vitro models of HD, as well as in the
striatum brain and serum of HD patients [56,]. Moreover,
a study in astrocytes isolated from R6/2 mice has
demonstrated enhanced NF-kB signaling, and others have
shown that inducible PC12 cells and striatal cells from
R6/2 mice with overexpressed mHtt exon 1 activate NF-
kB pathway interacting with IKK [57,58]. In concordance
with those studies, we evidenced an increased protein
expression of p65 and IkBa with a reduction of BDNF in
QA mice. This tendency was reversed in MLT pre-treated
QA mice. We believe that MLT may interact with BDNF to
contribute to the anti-inflammatory response by
downregulating NF-kB signaling in QA mice. To assess the
motor function, body balance and general locomotor
activity and willingness to explore, we used the rotarod
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and open field tests. The impairments induced by QA
lesions were ameliorated in mice pre-treated with MLT
because they remained on the rotarod longer than QA
mice. The general activity and exploration measured by
the total distance covered was enhanced as was rearing
frequency. These results indicate that MLT improves
motor functions in QA mice. On the other hand, the
neurotoxic effects of QA in vivo produced progressive
alterations in the behavior of QA mice in an exploratory
pattern in a new environment, in deprivation of effects on
locomotor movement and in spatial and novelty
discrimination of the objects. These data are equivalent
with other experimental mice, where QA lesion worsened
over time, thus mirroring the progressive pathological
phenotype presented in HD patients [59-61]. It is known
that weight loss leads to general health weakening in HD
patients as well as in mice experiments using different
excitotoxins such as kainic acid; quinolinic acid, 3NP or
R6/2, and N171-82Q transgenic mice. Here, we
demonstrated similar progressive weight loss than other
labs that inoculated chemicals compounds or that used
transgenics HD mice, as mentioned earlier [62-89].
Interestingly, this weight loss was attenuated in QA mice
pre-treated with MLT.

Conclusion

The present study we have shown that QA induces a
severe injury in the striatum area, which produces an
orchestrated respond of oxidative parameters, variations
in proteins, genes and motor dysfunctions in mice.
Furthermore, we have evidenced the anti-oxidant and
anti-inflammatory effect of MLT on the delay of the
disease’s progress, thus enhancing cellular survival from
oxidative damage. The potential benefits of MLT may be a

possible therapeutic strategy against Huntington’s
Disease.
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