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1 | INTRODUCTION

Oxidative stress is an imbalance between the generation of reactive
oxygen species (ROS) and antioxidant defences.! ROS and reactive ni-
trogen species (RNS) are known as highly unstable free radicals that

Abstract

Alzheimer's disease (AD) is a progressive neurodegenerative disorder involving mito-
chondrial dysfunction and consequent production of reactive oxygen species (ROS),
generated after amyloid peptide (Ap42) accumulation. In this study, we isolated a new
antioxidant molecule from the sun coral Tubastraea tagusensis and analysed it in cells
exposed to oligomeric amyloid-beta peptide 1-42 (0AB42). The coral was collected
and immersed in methanol for the release of compounds, which were submitted to an-
tioxidant DPPH and FRAP activity-guided fractionation using solid-phase extraction
and HPLC. An active pure molecule was analysed by mass spectrometry and tested
in SH-SY5Y differentiated neurons previously exposed to 5pM 0Ap42. The isolated
active molecule was identified as tubastrine, which could significantly inhibit the cell
death caused by the amyloid peptide. Moreover, 0AB42 increased the percentage of
ROS in neurons-like from 40% to 65%, and the treatment with tubastrine reduced it to
50%. The antioxidant power of neurons-like after oAB42 decreased significantly, while
the compound reversed it, reaching similar values to the untreated cells. Therefore,
tubastrine can reverse an important pathophysiological mechanism of AD, oxidative
stress, by increasing neuronal antioxidant power and reducing ROS levels, able to pre-

vent neuron-like cell death caused by oAp42.
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consist of an atom with unpaired electrons in its orbit. Examples are
hydroxyl radical (OH®), superoxide anion (O,*"), hydrogen peroxide
(H,0,) and singlet oxygen (102). Their overproduction, predominantly
by mitochondria, results in a deleterious process that cause damage in
lipids, proteins, DNA, and membranes, ultimately inducing cell death.?
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This condition is related to several diseases, including
Alzheimer's disease (AD), which is a progressive neurodegenera-
tive disorder, common aging disease and one of the leading causes
of dementia, responsible for up to 80% of all its diagnoses.3'4 In
2018, the estimated global prevalence of dementia was 50 million
people (Alzheimer's Disease International, 2018), and it progres-
sively increases with age.® As a result, AD is rapidly becoming one
of the most costly, lethal, and burdensome diseases of the 21st
century.5

The main cause of AD is the deposition of oligomeric amyloid-
beta peptide 1-42 (0AB42), generated after enzymatic processing of
the amyloid precursor protein. Ap1-40 is present in its normal solu-
ble isoform, but a change in the cleavage pattern (after a mutation,
for example) can lead to Ap1-42 production, which readily aggre-
gates and forms amyloid plaques,6 potentially toxic to neurons.

Amyloid- beta peptide 1-42 initiate several intracellular mech-
anisms, and one of them is a disorder of autophagy-lysosome sys-
tem. Lysosomes are responsible for the intracellular degradation of
endocytosed components through autophagy, but in the context of
AD, dysfunction of this process can lead to harmful accumulation of
Ap in the brain.” Such accumulation is not solved by the ubiquitin-
proteasome complex, which is inhibited in the disease.®

Moreover, the increased permeability of lysosomes facilitates
the leakage of compounds that bind to iron ions, which are re-
leased from the mitochondria, compromising cellular respiration.
Mitochondria, in turn, release ROS and several factors that ac-
tivate caspase and consequently apoptosis. The oxidative stress
breaks DNA, contributing to the cell death, and the degeneration
process of the brain.’

Nowadays, there is evidence that not only ROS, involved in
oxidative damage, can modulate the production/secretion of A,
but it can also reciprocally promote excessive ROS generation,
leading to a vicious cycle.10 Based on this, compelling evidence of
the oxidative/antioxidant imbalance in AD has led to the formula-
tion of a hypothesis that compounds absorbing free radicals and/
or boosting defence mechanisms against oxidative stress could
provide therapeutic benefits in this disease.!! Thus, various an-
tioxidants, such as curcumin, resveratrol, vitamins E and C, and
alpha-lipoic acid, have been tested for their potential to preserve
or improve cognitive performance in patients with mild cognitive
impairment.}?'® Moreover, the research on biomolecules from
marine organisms have already uncovered the potential of several
of them to be used in a variety of diseases.

Biodiversity offers a wide library of molecules, which can be
used for the obtention of new structures or biological activities.™
Several commercially available drugs have been derived from
compounds found in marine animals, demonstrating the poten-
tial of marine sources for the discovery of novel molecules. One
example is ziconotide (commercially available as Prialt®, TerSera
Therapeutics), a peptide drug used to treat chronic pain, which
was originally isolated from the cone snail Conus magus.15 Another
is Trabectidin (Yondelis®, Janssen-Cilag and PharmaMar) from
the sea squirt Ecteinascidia turbinate and Cytarabine (Ara-C) from

the Caribbean sponge Cryptotheca crypta for the treatment of
advanced soft tissue sarcoma and leukaemia, respectively.¢”
Although potentially holding the secrets for drug discovery, ma-
rine animals, especially those that bear's secretions and venoms,
are still poorly explored.

We studied the Atlantic invasive scleractinian coral Tubastraea
tagusensis, that invaded the Atlantic and, nowadays, are widespread
along the Brazilian coast. From its extract, we used an activity-
guided fractionation to obtain a new antioxidant molecule—tubas-
trine—able to scavenge radicals from biochemical assays, as well as
in SH-SY5Y differentiated cell exposed to 0Ap42, with reduction of
cell death.

2 | MATERIALS AND METHODS

2.1 | Sample acquisition

Tubastraea tagusensis specimens were collected in Sdo Sebastido
(ICMBio licence number 68917-1) and maintained in filtered
seawater. The extraction was conducted as previously reported by
our group and the literature, with slight modifications.’®'? About
two polyps of the colony were placed in methanol for 24 h, and the
content secreted was collected, centrifuged, and the solvent dried

with a rotary evaporator. The extract was then stored at -20°C.

2.2 | Fractionation

The aliquots of the extracts were re-suspended in water containing
0.1% trifluoroacetic acid and subjected to solid-phase extraction
(SPE) using C18 cartridges (3mL, 475 m?/g, 500mg, 20 um porosity,
Supelclean™ LC-18 SPE Tube, Supelco®), with elution by 0, 20, 40,
60, 80,and 100% acetonitrile in water containing 0.1% trifluoroacetic
acid.

The active antioxidant fraction (SPE 20%) was then subjected
to high-performance liquid chromatography (HPLC) (1260 Infinity,
Agilent Technologies, Santa Clara, CA, USA) coupled to a C18 column
(Ascentis 250x4.6mm, 5um, Supelco). The elution was performed
using a 0% to 100% linear gradient of solvent B over A (where B
corresponds to a solution of 90% acetonitrile (ACN) containing 0.1%
trifluoroacetic acid, and A is a solution of 0.1% trifluoroacetic acid),
for 30min, at a constant flow rate of 1 mL/min and monitored by a
UV detector at wavelengths of 1=214 and 254nm. The fractions

were manually collected and tested for antioxidant activity.

2.3 | Molecule identification

The isolated and active molecule was analysed by mass spectrome-
try for identification. The sample was inserted into an ESI-Xevo TQ-S
(Waters Co., USA), without column, with elution with ACN 50% con-
taining 0.1% formic acid, at a constant flow rate of 0.2mL/min. The
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spectrum was acquired under positive ionization mode, with source
temperature at 115°C, desolvation temperature of 500°C, desolva-
tion gas flow of 800L/h, and capillary and cone voltage of 3 and
30KkV, respectively. The ion 194 m/z was selected for fragmentation
with argon gas.

Equipment control and data acquisition were performed using
MassLinx 4 and the fragmentation profile was manually compared

to the literature.

2.4 | Radical scavenging activity

241 | DPPH test

For the evaluation of the antioxidant activity of the extract, SPE, or
HPLC fractions, the DPPH (2,2-Diphenyl-1-picrylhydrazyl) assay was
used. This test was conducted in 96-well microplates, where 10 puL of
sample (1 mg/mL for fractions and 260 uM for the isolated molecule)
was incubated with 10pL of DPPH (0.1mM final concentration,
diluted in methanol, Sigma-Aldrich, St Louis, MO, USA) and added
to 180pL of methanol. The reaction was incubated for 5min at
room temperature. After this period, absorbance was measured
using a spectrophotometer (GloMax® Discover Microplate Reader
spectrophotometer, Promega, WI, USA) at a wavelength of 515nm.
The assays were performed in triplicate, and the mean of the
obtained values was considered for calculation.

As a control, 10pL of methanol was added instead of the sam-
ple, and as the assay control, ascorbic acid (1 mM, Sigma-Aldrich,
St Louis, MO, USA) was used. The absorbance value obtained with
ascorbic acid (assay control) was not used for calculation.

For the calculation of antioxidant activity, as a percentage, the
following formula was used:

100-((A, x 100)/A

sample control)'

24.2 | FRAP test

For the FRAP (ferric reducing antioxidant power) assay, phosphate-
buffered saline (PBS 50mM, pH7.3) was incubated with 1%
potassium ferrocyanide and sample (1mg/mL for fractions and
260uM for theisolated molecule) for 20 min at 50°C. Afterward, 10%
trichloroacetic acid was added, and the solution was centrifuged at
3000rpm for 10min. An aliquot was added to distilled water and
0.1% ferric chloride, and the solution's absorbance was measured
in a GloMax® Discover Microplate Reader spectrophotometer
(Promega, WI, USA) at 1=700nm. The relative percentage of
reducing power was calculated as

(Asample - Acontrol) / (Astandard - Acontrol) x 100

A control (buffer in place of the sample) was added, and ascorbic
acid was used as a reference standard. The samples were analysed in
duplicate, and the results are presented as % antioxidant activity. All
reagents were purchased from Sigma-Aldrich (St Louis, MO, USA).

2.5 | Neuron's model of AD

SH-SY5Y cells (ECACC, Sigma-Aldrich, St Louis, MO, USA) were
grown in DMEM/F12 cell culture media (Gibco Life Technologies,
Grand Island, NY, USA) containing 10% fetal bovine serum (LGC
biotechnology, Cotia, SP, Brazil) and 1% antibiotic (penicillin/
streptomycin, Gibco Life Technologies, Grand Island, NY, USA). After
confluence, trypsin-EDTA 0.25% (Gibco Life Technologies, Grand
Island, NY, USA) was added to remove cells, which were placed in
a 96-well plate (1x 10*/well) and then the cells were differentiated
to neuron-like by changing the culture media to DMEM/F12 media
containing 1% fetal bovine serum (LGC biotechnology, Cotia,
SP, Brazil), 0.1% antibiotic (penicillin/streptomycin, Gibco Life
Technologies, Grand Island, NY, USA), and 10 uM retinoic acid (Sigma
Aldrich, Saint Louis, MO, USA). This media was replaced each 2days,
until 8days. After the completion of differentiation, the cells were
incubated with 5uM oligomeric amyloid- beta peptide 1-42 (0Ap42)
(GenScript, Piscataway, NJ, USA), and after 48h, cells were treated
with 100 uM of tubastrine (diluted in sterile PBS) for 24 h (cells in the
control group were treated only with sterile PBS). After this period,
cells were submitted to antioxidant activity and cell viability analysis,

as described below.

2.6 | Total antioxidant activity in cells

2.6.1 | Antioxidant power by ABTS test

The tubastrine was evaluated in its ability to inhibit the oxidation
of ABTS

metmyoglobin, compared to Trolox, a water-soluble tocopherol

(2,2"-azino-di[3-ethylbenzthiazoline sulphonate]) by
analog.

After treatment with 0AB42 and tubastrine, neurons-like were
detached with trypsin-EDTA 0.25% (Gibco Life Technologies, Grand
Island, NY, USA) and collected by centrifugation (1000xg for 5 min).
After being placed in a PBS buffer, they were disrupted by sonication
at low temperature. The supernatant of centrifugation (10,000xg
for 10min at 4°C) was collected and used for the assay, in triplicate,
performed following the manufacturer's instructions (Antioxidant
Assay Kit, 709,001, Cayman Chemical).

2.6.2 | ROS measurement by DCFH-DA probe

After exposure to 0AB42 (5puM) for 4h and tubastrine (100 uM) for
24 h, each 48 of the wells containing neurons-like was incubated
with 1L of a DCFH-DA solution (10 puM, Sigma-Aldrich, St Louis,
MO, USA). The plates were kept in a humidified incubator at 37°C,
5% CO,, protected from light. After 45min, the supernatant was
removed, and the cells were washed with Hank's buffer (Hanks
balanced salt solution, NaHCO,: 0.35g/L, and glucose: 1.0g/L),
and dissociated from the plate using trypsin-EDTA 0.25% (Gibco
Life Technologies, Grand Island, NY, USA). The cells were then
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resuspended in DMEM/F12 medium and transferred to microtubes,
which were centrifuged at 1500 rpm for 5 min. The supernatant was
discarded, and the precipitated cells were resuspended with Hank's
buffer and transferred to flow cytometry tubes. The fluorescence
emission of the cells was acquired using a Guava® easyCyte 5HT
flow cytometer (Millipore, MA, USA), with a green laser. Population
analysis (5000 events) was performed using the software InCyte
2.2.2,in triplicate.

2.7 | Cell viability

For MTT, which evaluates the mitochondrial activity, the su-
pernatant was removed, and the MTT solution (Sigma-Aldrich,
0.5mg/mL), diluted in DMEM/F12 cell culture media (Gibco Life
Technologies, Grand Island, NY, USA), was added and the plate
incubated in a humidified incubator (37°C, 5% CO,) for 3h. The
MTT solution was later discarded, and 100 pL of dimethyl sulfox-
ide was added to each well to dissolve the formazan crystals. The
absorbance was measured on a spectrophotometer (GloMax®
Discover Microplate Reader, Promega, Madison, WI, USA) at a
wavelength of 540 nm. Cell viability was defined as the percent-
age of absorbance observed in the treatments relative to the
absorbance of the respective cells in the negative control group
(100%), which consisted of incubation with PBS instead of the
samples, in triplicate.

To verify the cell membrane integrity after treatment, SH-SY5Y
were washed three times with sterile PBS and incubated with 0.1 uM
of calcein-AM (Invitrogen/ Thermo Fisher Scientific, Waltham, MA,
USA) for 45min in a humidified incubator at 37°C and 5% CO,. After
incubation with the probe, the supernatant was discarded, and the
cells were washed with sterile PBS. The fluorescence emission of the
cells was acquired using a Guava® easyCyte 5HT flow cytometer
(Millipore, MA, USA), with a green laser. Population analysis (5000
events) was performed using the software InCyte 2.2.2, in triplicate.

2.8 | Statistical analysis

The results were expressed as mean+standard error of the mean.
In the neurons-like experiment, one-way analysis of variance
(ANOVA) statistical analysis with a post hoc Tukey was employed
to compare all groups using GraphPad Prism v 8.3.0. Differences
were considered significant when p <0.05 between the control and
0AB42 groups (shown as *) or to between 0AB42 and oAB42 +tub
groups (shown as #).

2.9 | Molecular docking

Molecular docking experiments were conducted using Swiss
Dock webserver (http://www.swissdock.ch), with AutoDock
Vina docking engines. The ligand was provided as SMILES

(N=C(N)N/C=C/clccc(O)c(O)cl) and the target with Protein
Data Bank (PDB) code, as follows: Superoxide Dismutase (8GSQ-
chain A), Catalase (1DGB-chain A) and Glutathione peroxidase
3 (2R37-chain A). All proteins were obtained by x-ray and from
human. The box center was positioned in the active site of each
protein, and the box size was set in 20x-20y-20z A. The sampling
exhaustivity was set in 4 and considering hydrogen bonds and

ionic interactions.

3 | RESULTS

3.1 | Radical scavenging activity-based
fractionation

The methanolic extract of Tubastraea tagusensis was initially tested
to verify its antioxidant activity by DPPH, which was confirmed
(data not shown). This extract was then submitted to solid-phase
extraction (SPE), in which 6 fractions were generated, according to
their acetonitrile percentage (0, 20, 40, 60, 80, and 100%). These
fractions were tested by DPPH assay, and fraction 20% had the
highest antioxidant activity (Figure 1).

The fraction 20% was then selected for further fractionation by
HPLC, and the chromatographic profile is shown in Figure 2A. Nine
fractions were collected, according to the indications in the figure,
and all fractions were tested in antioxidant assays in both DPPH and
FRAP methods.

From all fractions, Fr9 presented the highest antioxidant activity
in both methods, especially FRAP (Figure 2B,C). This data confirmed
its antioxidant capacity in scavenging radicals.

3.2 | Molecule characterization

The fraction 9, with antioxidant activity, was analysed by mass
spectrometry to initially check its purity. It was observed one main
peak in the mass spectrum (Figure 3A), the ion 194.17 m/z. This ion
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FIGURE 1 Antioxidant activity (%) of Tubastraea tagusensis
fractions (1 mg.mL'l), obtained by solid phase extraction, assessed
by DPPH assay.
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FIGURE 2 (A)Chromatographic profile of fraction 20%, obtained by SPE, from Tubastraea tagusensis methanolic extract. Numbers
indicate the peaks collected. The green line is the chromatogram obtained with A=214nm and the blue line 254 nm. (B) DPPH antioxidant
assay of 9 fractions from Tubastraea tagusensis (1 mg.mL™); (C) FRAP antioxidant assay of 9 fractions from Tubastraea tagusensis (1 mg.mL™).

was selected for fragmentation (MS/MS) and the profile of frag-
ment ions is shown in Figure 3B. After a manual analysis and com-
parison to the fragmentation profile of molecules from T. tagusensis
described in the literature, we saw that its pattern corresponds to
tubastrine, with the loss of groups indicated in the figure, as well
as its structure.

3.3 | Cell viability in AD model

To check if the antioxidant activity of tubastrine was enough to
inhibit the cell death caused by 0Ap42, we performed two assays,
MTT and calcein, to evaluate different mechanisms of cell viabil-
ity. In both assays we could observe that the 0AB42 decreased
the number of viable cells, and tubastrine inhibited this cell death
(Figure 4).

3.4 | Antioxidant activity in neurons-like

Neurons-like SH-SY5Y cells were incubated with tubastrine, after
being exposed to oAp42. It was possible to detect that the amyloid
peptide induced the release of ROS, increasing it to 65% (Figure 5A-C),
and the treatment with tubastrine reduced the release of such spe-
cies to 50% (Figure 5A,D). Similarly, the amyloid peptide reduced the
antioxidant power of cells, in comparison to control, and tubastrine
recovered the antioxidant capacity, in SH-SY5Y, as shown in Figure 6.

3.5 | Molecular docking to evaluate enzymatic
antioxidant activity

Tubastrine was evaluated by its capacity to bind in antioxidant
enzymes. Superoxide dismutase (SOD), catalase and glutathione
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FIGURE 3 Characterization of tubastrine by mass spectrometry: (A) MS profile of the Fr9 obtained by HPLC; (B) Fragmentation of the ion
194 m/z and MS/MS profile, showing loss of groups, corresponding to tubastrine structure, insert in the figure.

peroxidase, the most important ones, were included in such analy-
sis. As shown in Table 1, tubastrine did not bind to SOD and has
low binding energy to glutathione peroxidase, indicating an un-
favourable interaction. Although a high binding energy was ob-
served with catalase (-7.76 kcal/mol), the position of tubastrine
was outside the barrel and far from the loop, including a conserved
histidine, important for the catalytic activity. Therefore, in silico
approaches indicate low potential of tubastrine in modulating an-

tioxidant enzymes.

4 | DISCUSSION

Tubastrine was first isolated by Sakai and Higa (1987)*® from
Tubastraea aurea, extracted with acetone, after being found in the
aqueous layer of liquid-liquid extraction with ethyl acetate and then
soluble in methanol. In our extraction and fractionation-based activ-
ity, we used similar solvents as this previous study, which reinforces
the obtention of tubastrine in our results. Moreover, we isolated a

compound from a coral of the same genus as T. aurea, so it is not
surprising to find tubastrine in both species.

Some Tubastraea ssp. are scleractinian corals that invaded the
Atlantic and, nowadays, are widespread along the Brazilian coast.
Part of its invasiveness success are related to several reproduction
traits, as well as their extensive defensive mechanisms, in which an-
tioxidant molecules may be involved.?°

To confirm the identity of tubastrine, we performed MS and
MS/MS analysis, and we could observe the same fragments as
the literature: 152, 135, 120, 106, and 103 m/z, besides the exact
mass (193.17 Da).'®?! By HPLC, we could see that the peak cor-
respondent to tubastrine has high absorbance in 280 nm, similar
to that observed by Sakai and Higa, with high absorbance in 287
and 304 nm.

Thus, considering the origin of the molecule, solubility, and sol-
vent extraction, its exact molecular mass, and fragmentation profile,
we concluded that our molecule is tubastrine.

Tubastrine (2-[(E)-2-(3,4-dihydroxyphenyl)ethenyllguanidine) is
an alkaloid guanidinostyrene found in marine animals (Pubchem),
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other than corals, but few studies explored it from the biochemical
point-of-view.

Sakai and Higa reported a mild antiviral activity of tubastrine
against herpes simplex virus type 1 and vesicular stomatitis virus.
Patents of molecules derived from guanidine were deposited, claim-
ing antiviral activity (US4772609A and US-4851441-A).

Antibacterial activity against gram-positive and gram-negative
bacteria was also related to tubastrine, isolated from the marine
sponge Spongosorites sp.?? Further activity was detected in a
bioassay-guided fractionation, which indicated EGFR inhibition ac-
tivity from this molecule, isolated from Dendrodoa grossularia, an as-
cidian from the North Sea.?*

Tubastrine from the ascidian Aplidium orthium, as well as some
analogues, inhibited the production of superoxide by human neu-
trophils stimulated with phorbol 12-myristate 13-acetate (PMA),
besides inhibiting the neutrophil infiltration in vivo. However, they
did not cause changes in the xanthine oxidase (XO) enzyme activity,
showing no general antioxidant mechanisms.?®

The enzyme xanthine oxidase catalyses the conversion of hy-
poxanthine to xanthine, generating superoxide ions and hydrogen
peroxide, so considered a source of free radicals.?* By molecular
docking we evaluated the possible interaction between tubastrine
and antioxidant enzymes, and could not see relevant binding, either
for low binding energy or molecule positioning. In human SOD, the
best binding energy obtained, tubastrine interacted with Arg365,
Val74, His75 and Asn148, other than important residues for catalytic
activity: His 119 (copper-binding ligand), His64 (bridging histidine),

His72/Gly73 (zinc-binding ligand), and Argl44 (H,O, liganding
residue).?®

Based on these results, we did not evaluate the tubastrine activ-
ity on enzymatic mechanism of antioxidation, as the mechanism of
its antioxidant activity is radical scavenging.

Antioxidant molecules can act on two pathways: enzymatic and
non-enzymatic. The radical scavenging molecules neutralize free
radicals, and can be obtained in minerals, vitamins, organic acids,
and cofactors.?® They act directly or indirectly after the ROS forma-
tion by scavenging its radicals.

We found a radical scavenging activity of the molecule in both
DPPH and FRAP assays. DPPH assay consists of the monitoring of
a change of the radical reagent to a reduced form in the presence of
a molecule capable of donating hydrogen atoms,?” and FRAP mea-
sures the reduction of ferric ion (Fe®*) to Fe?* complexed by an an-
tioxidant molecule in an acidic medium. Thus, tubastrine can form a
complex with metal atoms, important to maintain electrons in the
mitochondrial electron transport chain.?®

Tubastrine has two hydroxyl groups, which donate these atoms
and consequently scavenge the free radicals (ROS). This capacity
was observed in two approaches (DPPH and FRAP), in which the
reagents were reduced in the presence of tubastrine.

Using the same method, we could identify an antioxidant
activity among 30 glucal-based triazoles analogues.?’ The mol-
ecule with the best activity was a triazole containing three-OH
functional groups, which is known to favour radical scavenging,

similar to tubastrine. Thus, we confirmed that the mechanism
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evaluated by DCFH-DA labeling; (B-D) Flow cytometry histogram of cells analysed and population of cells indicated as R1 or R2 for control,
0AB42 and AB42 +tubastrine, respectively. *p <0.001 between control and 0Ap42 and #p=0.007 between 0AB42 and 0AB42 +tubastrine.
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FIGURE 6 Antioxidant power of neurons-like by Trolox activity.
*p <0.05 between control and 0Ap42 and #p=0.03 between
0AB42 and 0AB42 +tubastrine. #p=0.03 between 0AB42 and
0AB42 +tubastrine.

of antioxidant activity of tubastrine in due to non-enzymatic
pathway.

The incubation of 0AB42 induced the release of H,O, from SH-
SY5Y cell line, in agreement with the literature,®® which shows the
success of our cellular model. SH-SY5Y has been widely used in stud-
ies that focus on neurodegenerative diseases, as its differentiation
with retinoic acid changes the cells' morphology such as increase

of neuritic process, electrical excitability, and synaptophysin-
positive synapses, characteristics of cholinergic and dopaminergic
neurons.1%2

The radical scavenging capacity of tubastrine was sufficient to
decrease ROS release from the cells, induced by the amyloid peptide.
Besides, the molecule increased the total antioxidant capacity of cells,
by measuring its ability to inhibit the oxidation of ABTS. These data
confirm its efficacy of radical scavenging in a cell culture, which shows
a possibility for further studies that focus on its application for AD.

Moreover, such antioxidant activity of tubastrine on neurons-like
was able to reduce the cells's death induced by 0Ap42, considering
that ROS released from the mitochondria contributes to cell apoptosis.
This activity was measured by two assays: calcein and MTT. Calcein
evaluates the cell membrane integrity, and the viable cells based on the
cell disruption. On the other hand, in the MTT assay, the number of via-
ble cells is estimated based on the mitochondrial activity of living cells,
on the cleavage of the tetrazolium ring by dehydrogenases. So, in that
case, besides cell viability, we could also evaluate the mitochondrial ac-
tivity, which was recovered after tubastrine treatment, reinforcing the
importance of the molecule in reducing ROS formation. Nevertheless,
cell death mechanisms should be further explored.

We have seen similar results with a fraction from the Echinometra
lucunter sea urchin. A 50% SPE extract contains antioxidant
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TABLE 1 Protein targets and binding
of tubastrine, evaluated by molecular

Protei
docking. rotein

Superoxide dismutase

Catalase

Glutathione peroxidase

compounds that could scavenge radicals and reduce peroxide for-
mation. This effect, added to other mechanisms, caused the preven-
tion and inhibition of cell death.®?

Thus, these data show that marine animals can provide interest-
ing compounds that interfere with toxic effects caused by 0Ap42,
representing an important source for bioactive molecules that can
be useful for the development of new therapeutical prototypes, aim-
ing the treatment of AD.

In conclusion, in an antioxidant activity-guided fractionation, we
isolated tubastrine from the scleractinian coral T. tagusensis, which
was able to scavenge free radicals and reduce the oxidative stress in
neurons-like, an important pathophysiological mechanism of AD con-

tributing to the reversion of toxic effects caused by the amyloid peptide.
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