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diseases, especially the Alzheimer’s and Parkinson’s diseases.

| Abstract: There is evidence that palmatine (PA), an alkaloid isolated from the Guatteria friesiana plant, has some important biological activities, including anti-
inflammatory and antidepressant effects. In this study, the antioxidant and anti-acetylcholinesterase (AChE) effects of PA were assessed. The antioxidant capacity
was evaluated in vitro and in vivo through 7 distinct assays, and the anti-AChE activity was determined in vitro. The standards, trolox and ascorbic acid were used
for the in vitro antioxidant test, while hydrogen peroxide was selected as a stressor for the Saccharomyces cerevisiae test. Additionally, PA was also combined with
trolox and ascorbic acid to determine the likelihood of synergistic effects occurrence to what concerns to antioxidant potential. PA exhibited a potent and concen-
tration-dependent antioxidant potential, although a stronger antioxidant activity was stated using the PA + trolox combination. PA was also found to inhibit AChE
activity when compared to the negative control. Thus, PA may be viewed as a promissory phytotherapeutic agent to manage oxidative stress-mediated neurological

((ey words: Palmatine; Antioxidant; Acetylcholinesterase; Oxidative stress; Neurodegenerative diseases.
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Introduction

The use of medicinal plants in the treatment of vari-
ous diseases is ancient and, by these days, plant-derived
compounds and their usages have received an increas-
ing attention. Scientific reports suggest that oxidative
stress-mediated diseases are numerous, and among
them, the neurodegenerative disorders (NDs), such as
Alzheimer's (AD) and Parkinson’s (PD) diseases are
well-known (1).

The acetylcholinesterase (AChE) enzyme catalyzes
the hydrolysis of the neurotransmitter acetylcholine to
terminate signals across cholinergic synapses, including
those at neuromuscular junctions. Thus, AChE inhibi-

tion is conceived as a strategy for the treatment of NDs,
especially AD. Being plant-derived molecules widely
recognized for their excellent antioxidant effects, di-
etary supplements-rich in these bioactive substances
have increasingly been viewed as promising tools in the
treatment of NDs (2).

Guatteria genus belongs to the Annonaceae family
and is widely-distributed in the Amazonian region of
Brazil, as well as in Colombia. Costa et al. suggested
that plants from this genus are rich in alkaloids with
promising biological activities (3). Among them a qua-
ternary alkaloid called palmatine (PA) isolated from G.
friesiana leaves is reported to have anti-inflammatory
and anticancer effects (4). In addition, it should be un-
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derlined that, phytochemicals having antioxidant ca-
pacity may impart an anti-inflammatory activity, such
as essential oils (5). Thus, this study aims to assess the
antioxidant and anti-AChE capacities of PA by adopting
a number of pre-clinical (in vitro and in vivo) testing
methods.

Materials and Methods

Source of palmatine

G. friesiana leaves were collected in January (2016)
in Amazon, Brazil. A voucher specimen (#7341) was
also deposited in the Department of Biology, Institute
of Biological Sciences UFAM, Brazil. PA extraction
and isolation processes were carried out as previously
reported by Costa et al. (3).

Antioxidant assays

Sample preparation

For antioxidant assays, PA and the standards, ascor-
bic acid (AA) and trolox (TRO) were diluted with 0.05%
Tween 80 dissolved in 0.9% NaCl (vehicle) solution to
attain a concentration range of 1-50 pg/ml.

In vitro antioxidant tests
1, 1-diphenyl-2-picrylhydrazyl (DPPH*) radical scaven-
ging

DPPH radical scavenging activity was assessed us-
ing the method described by Manzocco et al. (6). Brief-
ly, 0.3 ml of sample (PA/TRO /AA/PA+TRO/PA +
AA) was added to 2.7 ml of ethanolic solution of DPPH
(0.5 mM). After 30 min, the absorbance was measured
by using a spectrophotometer at 517 nm. The co-treat-
ment groups were performed with AA or TRO at 10 pg/
ml. For negative control (NC), 0.3 ml of vehicle (0.05%
Tween 80 dissolved in 0.9% NaCl) was added to the
DPPH solution. The DPPH radical scavenging potential
was calculated using the following equation:

% scavenging of DPPH*® = [(A, — A )/A, ] x 100,
where A, and A are the absorbance of DPPH* before

br .
and after the reaction, respectively.

2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic ~  acid)
(ABTS**) radical scavenging

The ABTS radical scavenging activity was per-
formed using the method described by Seeram et al. (7),
with a slight modification. Briefly, the ABTS*" was pro-
duced by the addition of solid manganese dioxide (80
mg) to an aqueous solution of 5 mM ABTS in buffer
Na*/K* (pH 7.0). Then, 2.8 ml of the sample was added
to 0.2 ml of ABTS solution. After 5 min, the absorbance
was measured at 750 nm. The ABTS** scavenging ca-
pacity was determined using the following equation:

% scavenging of ABTS*" = [(A, — A )/A,] > 100,
where A| and A are the absorbance of ABTS®" before
and after the reaction, respectively.

Hydroxyl (*OH) radical scavenging

The ability of studied samples to scavenge *OH was
determined according to the method described by Ruch
et al. (8). Briefly, a solution of 40 mM H,O, was prepa-
red in phosphate buffer saline (PBS: 50 mM, pH 7.4).
The initial absorbance was read at 230 nm by using a

spectrophotometer, following to the addition of speci-
fic concentrations of samples and co-treatments. The
final absorbance was measured at 230 nm after 10 min
of sample addition. The percentage scavenging of *OH
was calculated by using the following equation:

% scavenging of *OH = [(A  — A)/A ] x 100, where
A, and A are the absorbance of control and test sample,
respectively.

Nitric oxide (NO) radical scavenging

In this assay, 0.375 ml of the test sample was added
to 1.5 ml of sodium nitroprusside (10 mM) and 0.375
ml of PBS (pH 7.4) and the absorbance (A, ) was read
at 546 nm in a spectrophotometer. After incubating the
reaction mixture at 37 °C for 1 h, 1 ml of the aliquot was
mixed with 1 ml of Griess reagent [(1.0 ml sulfanilic
acid reagent (0.33% in 20% glacial acetic acid at room
temperature for 5 min with 2 ml of naphthylethylenedi-
amine dichloride (0.1% w/v)]. The reaction mixture was
then incubated at room temperature for 30 min and the
final absorbance (A ) was measured at the same wave-
length. For NC, 0. 375 ml of the vehicle was treated ac-
cordingly (9). The NO scavenging capacity was calcu-
lated using the following equation:

% scavenging of NO* =[(A, —A_)/A, ] * 100, where
A, and A_ are the absorbance of NO before and after of
the addition of Griess reagent, respectively.

Lipid peroxidation inhibition

The thiobarbituric acid reactive substances (TBARS)
formation assay was performed by using egg lipopro-
tein re-constituted in phosphate buffered saline (PBS;
20 mM, pH 7.4). Briefly, 0.1 ml of sample was added
to 1 ml egg yolk (1% v/v), following to an addition of
0.1 ml of 2,2'-azobis (2-methylpropionamidine) dihy-
drochloride (AAPH; 0.12 M). The reaction mixture was
incubated at 37 °C for 15 min. After cooling, 0.5 ml of
trichloroacetic acid (TCA; 15%) was added to 0.5 ml
of the aliquot of the sample and the mixture was centri-
fuged at 1,200 rpm for 10 min. Then, an aliquot of 0.5
ml of the supernatant was mixed with 0.5 ml of thiobar-
bituric acid (TBA; 0.67%) and heated at 95 °C for 30
min. Finally, the absorbance was measured at 532 nm
by using a spectrophotometer. The lipid peroxides lev-
els were expressed as nmol TBARS/mg of egg yolk us-
ing a coefficient 1.56 x 10° ml/cm, and the results were
expressed as lipid peroxidation inhibition percentage
(10).

Reducing potential (RP)

The RP test was performed according to the meth-
od described by Oyaizu (11), with slight modifica-
tions. Briefly, 0.2 ml of the sample was added to 0.5
ml of phosphate buffer (0.2 M, pH 6.6) and 0.5 ml of
K Fe(CN), (1% w/v) and the reaction mixture was heat-
ed at 50 °C for 20 min. Then, 0.5 ml of TCA (10% w/v)
was added to a constant stirring, following to the addi-
tion of 1.175 ml of distilled water and 0.125 ml of FeCl,
(0.1% w/v). After 5 min, the absorbance was measured
at 700 nm. Blank contained no sample, while 0.2 ml of
the vehicle was added to the NC marked tube. The RP
percentage was calculated as follows:

%RP= [(A — A )/A] * 100, where A _and A, are
the absorbance of test sample and blank, respectlvely
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In vivo oxidant/antioxidant assay
S. cerevisiae strains

The Saccharomyces cerevisiae EG118 strain is defi-
cient in the enzymatic system involving the cytoplasmic
superoxide dismutase (SOD; CuZn-SOD - SODI gene
product), and EG110 for mitochondrial SOD (Mn-SOD
- SOD?2 gene product). EG133 is the double mutant and
deficient on both SODI and SOD2. EG103 corresponds
to the wild type (SOD-WT), while EG to the SODI (cy-
tosolic SOD) and catalase (CAT)-/ (cytosolic CAT) de-
fective strains. The strains used were kindly provided
by Genetic Toxicology research group from the Federal
University of Rio Grande do Sul, Brazil.

Central disk test in S. cerevisiae strains

The test was performed alone-, pre-, co- and in a
post-treatment manner, using hydrogen peroxide (H,0,)
as a stressor (STR) and saline solution as NC group.
Strains sources and identification were as previously
demonstrated (12). Briefly, the strains were maintained
in yeast extract-peptone-dextrose (YEPD) medium, and
PA (10 pl) at each specified dosage (1-50 pg/ml) was
added to the sterile paper disc (13). In the pre-treatment
assay, the PA-treated discs were incubated in bacterio-
logical oven for 3 h at 35 °C. Then, 10 pl of STR was
added in the discs. Co-treatment was compiled with a
subsequent treatment of PA + STR, while post-treatment
with the STR prior to a 3 h of PA treatment. STR was
used at 10 mM. All dishes were then incubated at 35 °C
for 48 h. The inhibition zones (mm) were measured at a
range of 0 mm (full growth) to 40 mm (no growth). All
tests were triplicated.

Test for anti-acetylcholinesterase (AChE) activity

Sample preparation

PA was diluted in the same above referred vehicle
to attain a concentration range from 0.0625 to 1 mg/ml,
while TRO in di-methylsulphoxide (DMSO) to 50 mM.
Ascorbic acid (AA) and caffeine (CAF) were also used
as standards for qualitative anti-AChE assay.

Qualitative anti-AchE assay

Approximately 2.0 pl of sample was applied to a si-
lica gel plate with the aid of a capillary tube and eluted
with chloroform-methanol (9:1) solvent system. Then,
plates were sprayed with DTNB (5,5'-dithiobis [2-nitro-
benzoic acid)/Atci (acetylthiocholine iodide) (1 mM
DTNB, and 1 mM Atci in tris buffer at pH 8) and incu-
bated for 15 min at 37 °C, following to dry for 3-5 min
and re-spraying with 10 U/ml cholinesterase enzyme.
White spots appearance in yellow plates confirmed the
AChE inhibitory capacity (14).

Ellman’s method for anti-AChE activity (quantitative)

Ellman’s method was used and adapted from Po-
hanka et al. (15). Birefly, a disposable cuvette was filled
with 0.4 ml of 0.4 mg/ml DTNB, 0.025 ml of AChE so-
lution (0.5 pkat in 1 mM acetylthiocholine), 0.425 ml of
PBS, and 0.050 ml of sample (PA/TRO/PA+TRO). The
reaction was started by adding 0.1 ml of acetylthiocho-
line chloride at a given concentration for the assessment
of K_and V__ or 1 mM for toxicological and pharma-
cological investigations. Absorbance at 412 nm was

measured immediately and after 1 min. Enzyme activity
was calculated through estimation of the extinction co-
efficient, € = 14,150 M/cm.

Statistical analysis

The results are expressed as mean + standard devia-
tion (SD). The analysis of variance (ANOVA) followed
by Newman-Keul’s post-hoc test t-student test using
GraphPad Prism software (version 6.0, San Diego, Cali-
fornia, U.S.A., Copyright ©), considering p <0.05.

Results and Discussion

Oxidative stress is triggered by an imbalance between
reactive species production [e.g., reactive oxygen/
nitrogen species (ROS/RNS), free radicals, oxidizable
ions and metals] and of antioxidants. Although, reactive
species play a number of important physiological roles,
an augmented production triggers a wide number of oxi-
dative stress-mediated disorders (12). In our study, PA
markedly (p<0.05) scavenged the DPPH*, ABTS*", *OH
and NO radicals in a concentration-dependent manner.
PA also reduced the TBARS formation, attributed to
a strong reducing capacity. In the in vitro antioxidant
tests, the half-maximal effective concentrations (EC, )
of PA were found between 2.17 and 14.4 pg/ml, and a
potent antioxidant capacity was observed combining PA
and TRO.

Among the reactive species, the peroxynitrite radical
(ONOQ?®), formed by the reaction between NO and O,
may oxidize cell macromolecules, including lipids, pro-
teins, carbohydrates and genetic materials (e.g., DNA/
RNA), at same time that increases B-amyloid peptide
(AP) aggregation (1). The AP aggregation is evident
to accumulate in AD patients. In this sense, substances
with NO scavenging capacity may be helpful in AD
treatment (16). In this study, PA alone and/or with TRO/
AA revealed promising NO scavenging abilities.

The simple eukaryotic system, S. cerevisiae strains
are commonly used to determine the oxidant/antioxi-
dant capacities of numerous substances. The membrane
constitution of S. cerevisiae facilitates the up-take of
test substances (12). In our study, in comparison to the
NC group, both STR and PA concentration-dependently
inhibited all S. cerevisiae strains growth. This may be
due to their antioxidant-mediated pro-oxidative effect
on yeast cells; this is because, when PA was co-treated
(pre-, co- and post-treatment) with STR significantly (p
<0.05) increased the survival capacity of the test strains
(Table 2-5). Thus, we suppose that PA-mediated *OH
scavenging capacity may be linked to this effect.

Galanthamine, a potent AChE inhibitor, widely used
in AD treatment has shown significant antioxidant prop-
erties in some in vitro models through reduction of ROS,
especially the NO generation in human neuroblastoma
cells treated with H,O, (17). This drug also has pro-
tective capacity against H,O,-induced oxidative dam-
age in human lymphocytes (18). The oxidative stress,
more specifically, the lipid peroxidation phenomenon
may augment the AP levels. Moreover, the tau protein
hyperphosphorylation is also known as another impor-
tant cause of AD. In a study, TRO has been reported
to prevent tau protein hyperphosphorylation (19). In
this study, PA exhibited AChE inhibitory capacity. The
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Table 1. Antioxidant capacity of palmatine and of positive controls.

EC,, (ng/ml) [CI (ug/ml), R?|

Treatments
DPPH test ABTS test OH test NO test TBARS test RP test

PA 348 +£0.48 10.64 £ 0.74 10.91 £0.70 14.47 +£0.82 3.97+0.30 2.17+0.40
[0.57-24.87, 0.97] [5.72-19.81, 0.94] [5.2222.81, 0.92] [8.11-25.83, 0.95] [2.12-7.43, 0.96] [1.04-4.51, 0.95]

TRO 0.87 +£0.38 2.32+0.56 474+ 0.48 5.02 £0.50 1.02 £ 0.30 0.14+0.22
[0.11-6.66, 0.81] [0.56-9.64, 0.83] [1.08-20.93, 0.79] [2.34-10.76, 0.93] [0.29-3.55, 0.90 [0.02-0.83, 0.93]

AA 1.74 £ 0.40 3.85+0.54 4.56+0.36 6.23 +0.46 3.56 +0.28 1.48 +£0.39
[1.23-7.33, 0.89] [1.76-8.39, 0.94] [2.25-9.23, 0.95] [3.27-11.85, 0.95] [2.01-6.32, 0.97] [0.29-7.55, 0.83]

PA + TRO 3.12+0.54 3.70 +£0.24 6.25+0.44 1.73 £0.36 0.49+0.22 0.44 +0.22
[0.15-64.90, 0.53] [2.38-5.73, 0.98] [2.98-13.11, 0.94] [0.35-5.46, 0.87] [0.15-1.59, 0.94] [0.14-1.35, 0.94]

PA + AA 0.06 +£0.30 3.74 + 0.50 7.13£0.56 3.41 £0.40 0.97+0.24 1.54 +£0.22

[0.002-1.92, 0.85]

[1.71-8.18, 0.94]

[3.45-14.70, 0.93]

[1.15-10.15, 0.89]

[0.25-2.49, 0.93]

[0.96-2.47, 0.98]

PA: palmitine; TRO: trolox; AA: ascorbic acid; EC,: half-maximal effective concentration; CI: confidence interval; R coefficient of determination at 95% confidence level.

Table 2. Antioxidant capacity of palmatine and of controls in S. cerevisiae

. HO PA (ng/ml)

Strains NE (50 mM) 50 pg/ml 25 pg/ml 10 pg/ml 5 ug/ml | ug/ml
SOD-WT  075+047  30.75+5058° 29254298  2825+585  27.50-9.74 17.00 £ 3.55 9.00 = 3.46
Sod1A 1754170 255044200  2025+853  11.50£3.87  14.00 £ 2.44 12,00 £2.30 10.25 +2.06
Sod2A 0504028  2525+6.18 2475+ 1138  1450+2.10  17.50+4.12 15.75 + 4.34 975+ 0.50
SodIASod2A 2754359 27004500  1850+544* 1500155  11.50+2.5 12.00 = 3.36 12.25+0.50
CatlA 050057  2425+403%  1675+236°  11.50£4.04  10.50+ 1.91 11.75£2.06 9.75 % 0.50
SodlIACatlA 125150  2225+457  1625+275  12.00£182  11.25+0.95 1150 £ 1.73 12.25+3.94

CAT, catalase; H O

2

°p <0.0001 compared to the NC.

Table 3. Evaluation of antioxidant capacity of palmatine co-treated to the H,O, controls in S. cerevisiae.

hydrogen peroxide; NC, negative control (vehicle); PA, palmatine; SOD, superoxide dismutase. Values are mean + SD (n = 4); *p <0.05, ®p <0.001 and

. H,O PA +50 mM H,O
Strains NC 272 272
(50 mM) 50 pg/ml 25 pg/ml 10 pg/ml 5 pg/ml 1 pg/ml
SOD-WT 0.75+0.95 38.50 + 1.91* 31.25+£6.13° 29.23 +2.87 30.75 £ 4.64 25.25+2.06 21.25 +2.68¢
Sod1A 1.75+0.85 35.00 £ 4.76° 35.00 £4.24° 32.00£3.65*  30.75+4.78 24.50 £5.26 21.00+5.7
Sod2A 0.50+£0.28 37.25+3.77° 31.75 £2.06° 34.00 £4.69*  28.00+2.44 31.75+£2.06 23.00 +2.44
SodlASod2A  2.75+3.59 30.75 = 1.50* 34.75+£3.73¢ 34.75+£6.80*  34.50+3.69 27.25+6.80 24.00 + 3.55
CatlA 0.50+0.28 36.75 +4.55° 32.00 +4.23¢ 33.00+4.96*  29.75+9.32 27.50+7.18 26.25 £ 6.50
Sod1ACat1A 1.25£1.50 36.10 £4.97° 34.75 £4.99° 33.00£4.96* 35.50+5.196 31.25+6.29 29.75 £ 6.94

CAT, catalase; H O

2

compared to NC; °p <0.05 compared to the H,0,.

hydrogen peroxide; NC, negative control (vehicle); PA, palmatine; SOD, superoxide dismutase. Values are mean + SD (n = 4); p <0.05 and *p <0.001
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Table 4. Evaluation of antioxidant capacity of palmatine pre-treated to the H,O, controls in S. cerevisiae.

Strains NC H,0, PA (ng/ml) + H,0, (50 mM)
(50 mM) 50 pg/ml 25 pg/ml 10 pg/ml 5 pg/ml 1 pg/ml
SOD-WT 0.75 £ 1.75 39.00 + 5.05° 30.75+6.50 27.00 £ 6.05 29.75+4.50 22.75+6.00 23.00 £6.05
SodlA 1.75+1.70 37.00 £ 4.76° 31.50+5.06 30.25+11.32 29.00 + 4.54 27.50+4.04 24.75 £4.57
Sod2A 0.50 +0.57 37.25+3.77° 32.50+3.00 31.25+£10.11 30.75 £ 6.50 27.00 £ 6.05 28.00 £6.075
Sod1ASod2A 2.75+3.59 37.75 £ 3.86° 35.75£5.31 31.25+2.98 33.75 £ 8.008 32.00+9.27 27.00 £8.75
CatlA 0.50+0.28 36.75 £4.50* 30.50 £ 4.00 31.00 £10.52 29.00 + 8.36 28.50 = 8.58 26.75+£9.03
Sod1ACatlA 1.25+1.50 36.00 £ 4.69* 35.25 +£3.20¢ 32.25+6.99 27.75+£2.63 30.75 £ 6.39 26.25+7.13
CAT, catalase; H,0,, hydrogen peroxide; NC, negative control (vehicle); PA, palmatine; SOD, superoxide dismutase. Values are mean + SD (n = 4); *p <0.05 and ®p <0.001
compared to NC.

Table 5. Evaluation of antioxidant capacity of palmatine post-treated to the H,O, controls in S. cerevisiae.

Strains NC H,0, PA (ug/ml) + H,0, (50 mM)
(50 mM) 50 pg/ml 25 pg/ml 10 pg/ml 5 pg/ml 1 pg/ml

SOD-WT 0.75+0.95 39.00 £ 1.41° 30.50 +7.72 28.00 +5.71 32.00 +2.94 30.35+4.64 23.50 +3.10
Sod1A 1.75+1.70 37.00 +4.76° 32.00 £ 6.97* 25.00+2.16 27.75+7.63 22.25+5.60 17.00 + 4.96
Sod2A 0.50+£3.77° 37.25+3.77* 34.50 +4.20 33.50 £ 4.65 28.75 + 3.86 23.50 +5.74 24.75 £ 6.94
Sod1ASod2A 2.75+3.5° 37.75 + 3.86° 34.00 +5.83 30.25+5.9 23.25+2.75 28.50+9.4 22.00 £+ 8.12
CatlA 0.50 £0.57° 36.75 £4.57° 30.00£6.16 27.25+£6.6 24.25 +4.50 22.00 £ 8.08 20.00 +2.16
Sod1ACat1A 1.25+1.50 36.00 + 4.69° 33.00 £ 6.92° 29.25+4.99 24.75 +3.50 23.75+2.87 18.25 £ 9.60

CAT, catalase; H O

(vehicle); *p <0.05, *p <0.001 and °p <0.0001 compared to the NC.

hydrogen peroxide; NC, negative control (vehicle); PA, palmatine; SOD, superoxide dismutase. Values are mean + SD (n = 4); NC: negative control

ID J2 SAARY) SIBIOJA dUIEY dULOS

-ounewed JO SORIATIOR HUDV-IUB PUB JUBPIXONUY



Soane Kaline Morais Chaves et al.

Antioxidant and anti-AChE activities of palmatine.

IC, values of PA and TRO in the anti-AChE assay were
measured at 0.294 and 2.256 pg/ml, respectively. PA
co-treated with TRO/AA showed better (p <0.05) anti-
AChE and antioxidant activity, including TBARS, than
using PA and TRO/AA alone.

In short, PA exhibited potent antioxidant and anti-
AChE abilities. Strong *OH scavenging capacity appears
to be linked to the antioxidative defense in S. cerevisiae
cells. The PA’ anti-AChE effect seems to be attributed
to its *OH and NO scavenging effects, as well as to its
prominent TBARS formation inhibition capacity. Thus,
PA may conceived as a good phytotherapeutic tool to
manage oxidative stress-mediated NDs, especially AD
and PD. Our data also show that the co-administration
of PA with other antioxidants, such as TRO and AA,
seems to be a key strategy and with promising potential.
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