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ARTICLE INFO ABSTRACT

Keywords: Background: This study aimed to chemically characterize a polysaccharide-rich extract (PRE) obtained from
Plant polysaccharide Genipa americana leaves and evaluate its neuroprotective effect in the brain morphology and oxidative markers
“Jenipapo” using mice behavioral models.

Seizures

Methods: Dry powder (5g) of G. americana leaves were submitted to depigmentation in methanol. PRE was
obtained by extraction in NaOH and precipitation with absolute ethanol and characterized by infrared spec-
troscopy (FTIR) and nuclear magnetic resonance (*H and '3C NMR). Swiss mice (25-35 g) received saline (0.9%
NaCl) or PRE (1-27 mg/kg) by intraperitoneal (i.p.) route, 30 min before evaluation in behavioral models (open
field, elevated plus maze, sleeping time, tail suspension, forced swimming, seizures induced by pentylenete-
trazole-PTZ). Animal’s brain were dissected and analyzed for histological alterations and oxidative stress.
Results: FTIR spectrum showed bands around 3417 cm ™! and 2928 cm ™ *, relative to the vibrational stretching
of O—H and C—H, respectively. "H NMR spectrum revealed signals at § 3.85 (methoxyl groups) and § 2.4 (acetyl)
ppm. *C NMR spectrum revealed signals at § 108.0 and & 61.5 ppm, corresponding to C1 and C5 of a-L-ara-
binofuranosyl residues. PRE presented central inhibitory effect, increasing the latency for PTZ-induced seizures
by 63% (9 mg/kg) and 55% (27 mg/kg), and the latency to death by 73% (9 mg/kg) and 72% (27 mg/kg). Both
effects were reversed by the association with flumazenil.

Conclusions: PRE, containing a heteropolysaccharide, presents antioxidant and anticonvulsant effect in the
model of PTZ-induced seizures via gamma-aminobutyric acid (GABA), decreasing the number of hippocampal
black neurons.

Black neurons
Brain oxidative stress

1. Introduction

Epilepsy is the second most common neurological disorder after
stroke, affecting from 0.5% to 1% individuals at all ages of the world
population [1]. The progression of epilepsy underlies a sequential
cascade of events that includes cognitive impairment, accompanied by
abnormal behavior and generation of reactive oxygen species in the

brain, considered one of the leading causes of generalized epilepsy as-
sociated with recurrent seizures [2]. Furthermore, formation of dark
neurons and morphological changes may occur depending on duration
and intensity of seizures [3].

Pentylenetetrazole (PTZ) is widely accepted as an experimental
animal model for the investigation of epileptogenesis and also to test
the effectiveness of antiepileptic drugs [4]. Administration of PTZ by

Abbreviations: NaOH, sodium hydroxide; PTZ, pentylenetetrazole; PRE, polysaccharide-rich extract; NMR, nuclear magnetic resonance; GABA, gamma-aminobutyric acid; H, hydrogen;

C, carbon; FTIR, infrared spectroscopy
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intravenous or intraperitoneal routes enhances excitatory neuronal re-
sponses in the central nervous system via blockade of the inhibitory
responses of gamma amino butyric acid (GABA) [5].

The current pharmacological treatment of epilepsy often fails, being
in most cases palliative, achieving the effective symptoms relief in
about two-third of patients. Additionaly, numerous adverse effects are
manifested, such as drowsiness, amnesia, tolerance and physical de-
pendence [6]. In this context, biomolecules of plant origin could be
considered as an alternative therapy.

The literature has been reported neuroprotective effects of plant
polysaccharide extracts, such as antidepressant [7], antioxidant [8],
anticonvulsant [9], also in cognitive impairment [10] and cerebral is-
chemic injury [11].

Genipa americana L. (Rubiaceae), “jenipapo” or “jenipapeiro”, is
widely distributed in Brazil, being its macerated leaves traditionally
used by some native tribes to treat fever [12]. Phytochemical analysis
of the extract from G. america leaves revealed the presence of flavo-
noids, among others [13], compounds recognized for their antioxidant
effects [14,15].

The objective of this study was to chemically characterize the
polysaccharide-rich extract obtained from G. americana leaves and
evaluate its neuroprotective effects in the brain morphology and oxi-
dative markers using mice behavioral models.

2. Materials and methods
2.1. Collection of G. americana leaves and polysaccharide extraction

Leaves were collected at Custodio-Quixada, Ceara (Brazil) and a
voucher specimen (n° 46794) was deposited in the Herbarium Prisco
Bezerra of Federal University of Ceard, Brazil. For polysaccharide ex-
traction, leaves were dried at 40 °C and grounded into powder (5g),
which was suspended in absolute methanol (1:50, w/v), homogenized
(2h, 70 °C) and filtered (procedure repeated 2 X ) for partial remotion of
methanol-soluble material. Residue was suspended at 0.1 M NaOH
(1:50 w/v), homogenized (2h, 97°C) and centrifuged (5421 X g,
30 min, 25 °C) (procedure repeated 3 x). Supernatant S1 (highly pig-
mented) was discarded and supernatants S2 and S3 were pooled, neu-
tralized with 1 M HCI, precipitated with four volumes of 96% ethanol
(24 h, 4°C) and centrifuged (5241 x g, 30 min, 25 °C). The pellet was
dialyzed against distilled water for 48h, re-centrifuged and the lyo-
philized supernatant, containing 54.6% total carbohydrates (including
21.1% uronic acid) and 12% protein [16] was named PRE (poly-
saccharide-rich extract; 6.5% yield).

2.2. Polysaccharide chemical characterization

Infrared spectra (FTIR) was carried out on IR Prestige-21- Shimadzu
spectrophotometer in the wave region of 4000-400 cm ™!, being the
polysaccharide sample mixed and grounded with KBr (1:80). The
spectrum was obtained from 120 scans at 4cm~'. The Nuclear
Magnetic Resonance (NMR) spectra was obtained in a Brucker Avance-
DRX 500 spectrometer equipped with an inverse detection probe and z-
gradient accessory working at 499.9 (*H) and 125 MHz (*3Q), respec-
tively. Approximately 30 mg of PRE were dissolved in 800 ul D,O and
sonicated for 20 min. For dimensional 'H data, 120 transients were
collected at 70 °C (2 s acquisition time, 20 ppm spectral window, 32k
data points). 1H chemical shifts were referenced to residual D,O at §
4.78 ppm. For the one-dimensional '3C spectrum, 20 k transients were
collected at 70 °C (1 s acquisition time, 130 ppm spectral window, 32k
data points).

2.3. Drugs

Thiopental, diazepam (DZP), flumazenil (FLU), imipramine (IMP)
and pentylenetetrazole (PTZ) were obtained from Sigma-Aldrich (St.
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Louis, MO, USA) and solubilized in sterile saline (0.9% NaCl).
2.4. Animals

Male Swiss mice (25-30g) were provided by the Central Animal
House from the Federal University of Ceard -Brazil, maintained with
free access to food and water, at 22 = 2°C and 12h light-dark cycle
and allowed to adapt to the laboratory for at least 1 h before experi-
ments. The experimental protocols were performed during the light
phase of the cycle, following the ethical standards in Directive 86/609/
EEC, “European Convention for the Protection of Vertebrate Animals
Used for Experimental and other Scientific Purposes”, 1986, in ac-
cordance with the Brazilian College of Animal Experimentation
(COBEA) and the Ethics Committee for Animal Use (CEUA/UECE N°.
2451142/2014).

2.5. Experimental design

Animals (8-10) received saline (0.9% NaCl) or PRE (1-27 mg/kg)
by intraperitoneal (i.p.) route, 30 min before evaluation in behavioral
models (open field, elevated plus maze, sleeping time, tail suspension,
forced swimming). After euthanasia, the entire brain was removed for
histological analysis and dissected (prefrontal cortex -PFC, hippo-
campus — HC, striatum -ST) for oxidative stress evaluation.

2.6. Open field

Mice were individually placed in the open-field apparatus consisting
of an acrylic box (30 X 30 X 15cm) with the floor divided into 9
squares. The number of rectangles crossed with all paws (crossing) was
counted during 6 min [17]. Animals received saline, PRE or the sedative
drug diazepam (2 mg/kg; i.p.) 30 min before evaluation.

2.7. Elevated plus maze

Mice were placed in the center of the high-labyrinth test consisting
of two opposing open arms (30 X 5 X 25cm) and two closed arms
(30 X 5 x 25 cm). The number of entries and the time spent on the
open and closed arms were registered during 5 min. The increase in the
parameters observed in the open arms reveals anxiolytic effect [18].
Animals received saline, PRE or the anxyolitic drug diazepam (1 mg/kg;
i.p.) 30 min before evaluation.

2.8. Tail suspension

Mice were suspended 50 cm from the ground by a tape fixed at 1 cm
from the tail tip and the immobility time was recorded during 5min
[19]. The decrease in immobility time reveals antidepressant activity.
Animals received saline, PRE or the antidepressant drug imipramine
(10 mg/kg; i.p.) 30 min before evaluation.

2.9. Forced swimming

Mice were placed individually in acrylic cylinders (35 cm X 24 cm)
containing 13.5 cm of water for observation of immobility time during
5min. Immobility is considered when the animals perform minimal
movements necessary to keep his head out of the water [20]. The de-
crease in the immobility time reveals antidepressant effect. Animals
received saline, PRE or the antidepressant drug imipramine (10 mg/kg;
i.p.) 30 min before evaluation.

2.10. Sleep time
Mice received thiopental sodium (40 mg/kg; i.p.) and were left to

sleep for observation of the sleep time (the corresponding time between
righting reflex loss and recovery) and latency time [21]. The loss of
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