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Spinal cord injury is a source of significant
disabilities that needs the combination of
different strategies to obtain functional
recovery results. In this regard some medicinal plants also have activities in the
central nervous system and their essential
oils, product of the secondary metabolism,
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are effective in different disorders
of this system. Hyptis suaveolens (L.) Poit (HS) is a plant that
produces essential oil with anti-inflammatory, antioxidant and
neuroprotective activity. Thus,
this study analyzed the cellular
plasticity of spinal cord cells in
the presence of sciatic nerve-conditioned medium (SNCM) and the
addition of HS essential oil. Cell
morphology was assessed over 96
hours, and immunocytochemistry
analyses were conducted for Glial
fibrillary acidic protein (GFAP)
and Neuronal Nuclear antigen
(NeuN). Photomicrographs were
made by scanning electron microscopy (SEM). Morphological
analysis showed evident trophic
development in the groups that received HS essential oil (p<0,05),
particularly glial cells, immunoreactivity for GFAP, and NeuN and
the plasticity of these cells were
confirmed by SEM. This study
about the plasticity of spinal cord
cells contributes with new possibilities and techniques with essential oils for cell therapy in the presence of SNCM, which promoted
neuroprotective action.
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INTRODUCTION
Spinal cord injury (SCI) is a
damage to the spinal cord and its
nerve roots, caused by traumatic
and non-traumatic origin (Weidner 2017), affecting the conduction of motor and sensory signals
at the injury local (Kirshblum et
al. 2011). Many injuries are produced by trauma, followed by a
non-traumatic injury caused by
degenerative diseases such as tumors and infections (Thietje and
Hirschfeld 2017).
Two events occur in the spinal cord after trauma. The first is
the mechanical damage that causes spinal cord compression and
develops the second, which is inflammation and free radical production in the locality initiating
oxidative stress (Bagley 2000).
The free radical formation is related as the cause of central nervous system (CNS) degeneration
in traumatized patients. Thus, the
promptitude in the diagnosis of
spinal cord injuries through clinical evaluation and complementary
exams are important supports for
precise localization of spinal cord
trauma, minimizing the limita-
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tions caused by spinal cord compressions (Dewey 2013). Therefore, the identification of potentially
important targets for therapeutic
intervention is crucial. In this context, several lines of research have
explored a variety of experimental
therapeutic strategies, including
pharmacological agents, remyelination promoting substances and
stem cell transplants (Mothe and
Tator 2012; Ren and Young 2013;
Varma et al. 2013).
Some medicinal plants are
also known to influence CNS activity and are used for chronic
conditions such as anxiety, depression and epilepsy, which do
not respond well to conventional
treatments (Carlini 2003). There
are also plants reported as neuroprotective in traditional medicine
(Elufioye et al. 2017) and tested
for the processes of regeneration
and synaptic plasticity, preventing
neuronal death after nervous system injury (Perez 2013).
Essential oils are part of the
secondary metabolism and contain hundreds of organic compounds, including monoterpenes and
sesquiterpenes (Bizzo et al. 2009;
Souza et al. 2010), which are ef-
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fective in different CNS disorders
(Lee et al. 2011). The Lamiaceae
family has different species that
may have neuroprotective properties (Eidi et al. 2006). Hyptis suaveolens (L.) Poit. (HS) produces
essential oil with anti-inflammatory, anti-cancer and insecticidal
activity (Martins et al. 2006). The
antioxidant and neuroprotective
activity of the species was confirmed by (Ghaffari et al. 2014) in
mouse neuroblastoma cells.
Thus, considering the necessity for new therapeutic strategies
that enable central axonal regeneration and considering the neuroprotective and antioxidant effect
of HS essential oil, this study aims
to evaluate the effects of its addition on CNS cellular plasticity.
MATERIAL AND METHODS
Plant material and extraction
Air‐dried plants of cultivated HS were obtained from Universidade do Estado do Rio Grande do Norte (UERN). Essential oil
was obtained by hydrodestilation
with clevenger apparatus. Then,
750 ml of distilled water (1:10,
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w/v) was added. Extraction was
performed for three hours. Next,
the essential oil was collected
and placed into a vial with anhydrous sodium sulfate to remove
any water. Then, the vials were
stored at 4°C for later analysis.
The characterization of a sample
of HS essential oil using gas chromatography–mass spectrometry
revealed a high concentration of
Eucalyptol, α-Copaene, spathulenol and byciclogermacrene.
For the purpose of study, 0.1 µL
of the essential oil was diluted in
100 µL of phosphate buffered saline (PBS) 0,2 M. This solution
has the concentration 0.01 µL HS
essential oil.
Animals
Male Wistar rats of an
approximate age of 45 days and
neonates aged 2 days were used
under the approval of the Ethics
Committee on Animal Experimentation from UERN, Protocol
number 006/17, in accordance
with the ethical principles adopted by the Brazilian Society of
Laboratory Animal Science and
according to law number 11,794,
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the Arouca law, of the Ministry of
Science, Technology and Innovation. After the breast-feeding period, rats were kept in a UERN’s
vivarium in separate cages with
adequate housing conditions with
free access to food and water.
DMEM Conditioning for Sciatic
Nerve Explants
Under laminar flow cabinet,
60-mm (P60) culture plates with
lids were prepared with 5 mL of
Leibovitz-15 medium (L-15: Gibco, USA). Animals were anesthetized (Ketamine and Xylazine of
Agener Union 10%) and subjected
to extraction of the sciatic nerve
after the dorsal region was shaved
and for local asepsis was used 2%
chlorhexidine. Surgical incisions
were made in the posterior region,
and the sciatic nerve was removed
and placed in P60 with L-15 medium under aseptic surgical conditions with the aid of micro devices
(scissors, forceps and retractors).
All the excess tissues (muscle, fat,
and blood vessels) attached to the
nerves were removed under magnification by a SZ61 stereomicroscope (Olympus, Japan). Next,
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ne®) (Cristália, Brasil), and then
dissected under aseptic conditions for the SC removal. After
the removal, the explants were
held in a conical tube with L-15.
Under laminar flow cabinet, 60mm culture plates were prepared
with D-10 cell culture medium.
Unattached cells and residual non adherent red blood cells
were removed after 24 hours by
PBS wash. After 1 week in treatment the cells were resuspended
from the plates with trypsin-EDTA and subjected to the 3 cycles
of centrifugation with washes.
Then, the SC cells were plated
in 24-well plates (1×106 cells/
well) and were observed over
96 hours. With this procedure, it
was possible to assess the adhesion and proliferation of SC cells
in the following groups:
Group 1: SC cells + D-10
medium; group 2: SC cells +
SNCM; group 3: SC cells +
SNCM + HS essential oil (0,01
μL) and group 4: SC cells + HS.
Isolation and SC Cell Culture
The cell count was done using
phase microscopy in 9 non overThe animals were killed lapping fields at 10x magnificawith an anaesthetic overdose of tion with a CKX41 microscope
isoflurane inhalation (Isofori- (Olympus, Japan). The 4 groups
the epineurium of the nerves was
removed under magnification via
microsurgical techniques. The dissected nerves were segmented into
2 mm length explants. Under laminar flow cabinet, the nerve fragments were placed in 60-mm plates with 1.5 mL of low Knockout
Dulbecco’s modified Eagle’s medium (DMEM) (Gibco, USA)
plus 10% fetal bovine serum and
0.1% gentamicin, with a medium
called D-10. Excess medium was
removed from the explants so they
would not float or submerge. The
D-10 medium from these cultures
was changed twice per week, and
the explants were transferred to a
new plate with fresh medium once
per week. The medium was changed once and then disposed. This
procedure allowed an adequate
nutrient supply to the explants and
an analysis of their reactivity (Figure 1). At this stage, SNCM (100
µl/plate) was collected for inoculation into the SC cell culture.
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photomicrographs were performed after 96 hours.
The cell morphology was
observed using phase contrast
microscopy at 10x magnification. After cell observation at 96
hours of cultivation, immunocytochemistry for neuronal definition was performed with cellular
morphometric analysis (area and
perimeter).
Immunofluorescence Staining
By day three (96 hours), the
cells had adhered to the plates,
the medium was removed, and
they were washed in two steps of
five minutes each in PBS 0.1 M,
pH 7.4; the cells were then fixed
in paraformaldehyde (PFA) 4%
for thirty minutes and washed
again in three baths of PBS (five
minutes each).Then, the cells
were treated with 0.5% Triton
X-100 (Sigma) for 10 minutes
and washed in PBS again. Subsequently, blocking of nonspecific sites was performed for 30
minutes in a PBS 0.1 M solution
containing 0.2% Triton and 1%
cattle serum albumin (CSA).
Plates were incubated for 2
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hours at room temperature with
anti-mouse Glial fibrillary acidic
protein (GFAP) (Sigma, 1:400),
and Neuronal Nuclear antigen
(NeuN) (Millipore, 1:500). Upon
completion of this step, cells
were washed in PBS (0.1 M, pH
7.4) for five minutes and incubated for 1 hour with an anti-rabbit
or anti-mouse secondary antibody produced in donkey (Jackson,
USA) conjugated with AlexaFluor 594 or FITC fluorophore
and kept under refrigeration with
absence of light. After secondary
incubation, cells were washed
with PBS for five minutes and
immediately examined with a
fluorescence microscope (Eclipse E200, Nikon) and then with
a second fluorescence microscope (Eclipse Ni, Nikon). Photomicrographs were taken with
Moticam 3.0 and 5.0 (Motic)
digital cameras at 40x, 100x and
200x magnification in 9 fields
in a predetermined sequence on
each plate. The presence of fluorescent staining was recorded in
SC cells, taking care to examine
the subcellular, cytoplasmic, and
nuclear compartments.
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Electronic Scanning Microscopy Statistical Analyses
After a period of 96 hours,
the samples were fixed to stabilize
the form, which consists in the process of preserving the original state
of such samples in culture, avoiding
to the maximum the artefacts introduction.
The SC cells from each group
were fixed in a 2.5% glutaraldehyde solution buffered with 0.1 M
sodium phosphate (pH 7.4) and
washed in 0.1 M sodium phosphate
buffer (pH 7,4). Post-fixation was
then performed on 1% osmium tetroxide solution buffered with 0.1 M
sodium phosphate (pH 7.4) for two
hours. After post-fixation, the samples underwent three washes in the
buffer solution and two washes with
only distilled water. Subsequently,
the samples were dehydrated in
ethanol at different concentrations
(50%, 70%, 90%, and 100%). The
material was mounted on a Stub
sample holder and sputtered gold on
the plate for observation in a TESCAN® Vega 3 LMU scanning electron microscope. The best representative images were processed.

177

Two independent calibrated investigators (kappa=0.94)
counted the cells per field in absolute numbers, using cell cultures of at least 3 different experiments with 10x magnification.
The Motic Images Plus 2.0 (Motic) software was used for morphological observation (area in
µm2 and perimeter in µm), Image J software was used for cell
counting, and Adobe Photoshop
CS6.0 (Adobe) software was
used to fix the minimum brightness and contrast of the photomicrographs. The database structure as built on the SPSS platform
software (Statistical Package for
Social Sciences) version 22.0,
with a subsequent typing consistency check. After the final database structure was completed,
a descriptive analysis of all data
was initially performed. The
data were statistically compared
by analysis of variance (ANOVA) with Tukey and Bonferroni
post-hoc tests and considered
significant when P < 0.05.
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RESULTS
Cellular morphometry
When comparing the mean
areas of neuronal cells observed at 96
hours, there was no statistical difference between the groups evaluated.
For glial cells, group 4 was superior to
group 2 (p <0,05), group 3 (p < 0,01)
and group 1 (p<0,001) (Figure 2A)
When comparing the mean
perimeter of neuronal observed at 96
hours, group 4 was superior to group
1 (p <0,01) (Figure 1A ). For glial
cells, group 4 was superior to group
2 (p<0,05), group 1 and group 3
(p<0,001) (Figure 2B).
For the mean axonal length of
neuronal cells observed at 96 hours,
groups 2, 3 (p<0,01) and 4 (p<0,001)
were superior to group 1 (Figure 1B).
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Figure 1 (A) Average perimeter of neuronal cells in the groups SNCM, HS essential oil and SNCM plus HS essential
oil. Morphological analysis showing evident trophic development in the group
that received HS essential oil, when
compared to the control group (D10).
Means ± S.E.M. p<0.01 (a) according
to ANOVA and pos-test Tukey and Bonferroni. (B) Average axonal lenght of
neuronal cells in the groups SNCM and
SNCM plus HS essential oil. Morphological analysis showing evident trophic
development in the group that received
HS essential oil, when compared to the
control group (D10) and in the group
that received SNCM in the presence of
HS essential oil, when compared to the
group with SNCM (D10 + MC). Means
± S.E.M. p<0.01 (a) (b) and p<0.001 (c)
according to ANOVA and pos-test Tukey
and Bonferroni.
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cells in the groups SNCM and SNCM
plus HS essential oil. Morphological
analysis showing evident trophic development in the group that received
SNCM in the presence of CB essential
oil, when compared to the group control (D10), group that received SNCM
and group that received only HS essential oil. Means ± S.E.M. p<0.001
(a) p<0,05 (b) and p<0,01 (c) according to ANOVA and pos-test Tukey
and Bonferroni.

Immunofluorescence Staining
The groups treated with
SNCM in the presence of HS essential oil showed more evident
immunoreactivity for GFAP (Fig.
3A, 3B, 3C and 3D), and NeuN
(Fig 3E, 3F, 3G and 3H) compared
to the other groups.

Figure 2. (A) Average area of glial
cells in the groups SNCM and SNCM
plus HS essential oil. Morphological
analysis showing evident trophic development in the group that received
SNCM in the presence of HS essential
oil, when compared to the group control (D10), group that received SNCM
and group that received only HS essential oil. Means ± S.E.M. p<0.001 (a)
p<0,05 (b) and p<0,01 (c) according to
ANOVA and pos-test Tukey and Bonferroni. (B) Average perimeter of glial
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Figure 3. Immunofluorescence staining
photomicrographs for treated cells at 96 h.
GFAP marking in cells treated with D10
medium (A), D10+SNCM (B), D10+HS
essential oil (C) and cells treated with
D10+SNCM+HS essential oil (D) show
more responsive astrocytes in groups
treated with SNCM and HS essential oil.
Immunofluorescence staining for NeuN
in the D10 medium (E), D10+SNCM (F),
D10+HS essential oil (G) and cells treated with D10+SNCM+HS essential oil
(H) demonstrate a higher trophic effect in
groups treated with SNCM and SNCM +
HS essential oil.

Electronic Scan Microscopy
The plastic and trophic effect
on cultured cells was verified in the
presence of HS essential oil. Over
96 hours, glial and neuronal cells
developed more plasticity when
compared to the D10 medium.
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Figure 4. Electronic scan microscopy photomicrographs show phenotypic
aspect of spinal cord neurons and glial
cells. (A) cells treated with D10 medium.
(B) cells treated with D10 medium with
SNCM. (C) cells treated with D10 medium with HS esential oil. (D) cells treated with D10 medium with SNCM and
HS essential oil. Photomicrographs by
Scanning Electron Microscopic demonstrate the plasticity of spinal cord cells,
especially cells treated with HS essential
oil.

DISCUSSION
This study investigated the
neuroplasticity of spinal cord glial
and neuronal cells after a 96 hours treatment with HS essential oil,
and the addition of conditioned
medium with sciatic nerve fragments (SNCM).
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The groups treated with
SNCM in the presence of HS essential oil showed good results
for glial area and perimeter. The
results demonstrate that the good
growth was due to the SNMC, a
nutritive medium that created a
cell environment favorable to cell
regulation and promoted growth
allowing the support of neurites
survival for nervous system regeneration (hall, 2001). In addition,
Schwann cells maintain their biochemical properties during regeneration in the CNS environment
(Schwab 2002; Chen et al. 2005;
Guzen et al. 2009, 2012).
Therefore, probably the HS
essential oil acted as neuroprotective and neurotrophic agent, modulating the plastic effect in spinal
cord cells. The literature reports
that some plant species have active compounds capable of modulating neural plasticity, such as
Bacopa monnieri (L.) Camellia
sinensis (L.) Ginkgo biloba L.,
Hypericum perforatum L., Olea
europaea L. (olive oil) and Panax
ginseng (Sangiovanni et al. 2017).
Axonal length results indicate that the groups with HS essential
oil, with or without SNCM, were
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superior to the others. Similarly,
some studies involving sesquiterpenes from essential oils also presented satisfactory results for axonal lenght. Parthenolide (PTL),
a sesquiterpene lactone found in
Tanacetum parthenium, doubled axonal growth in the studied
culture (Gobrecht et al. 2016). A
study by (Santos et al. 2017) with
the sesquiterpene beta-caryophyllene concluded that this metabolite induced neuritogenesis and
synaptogenesis in PC12 cells by a
mechanism that involves the regulation of some proteins related to
axonal plasticity. The immunocytochemical staining also showed
GFAP and NeuN markings. GFAP
is an importante astrocytic marker
(Schwindt et al. 2009). In that
way, after CNS injury, astrocytes
become more reactive and respond with rapid increase in GFAP
synthesis, a process called astrogliosis, as observed in dementia
animal models (Costa et al. 2012).
For the immunocytochemical staining with NeuN, control
cultures showed a dense neuron
distribution demonstrated by the
considerable amount of NeuN positive cells. Moreover SNCM-tre-
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ated cultures and the essential HS
oil listed have shown a similar aspect to control cultures. Accordingly, the essential oil probably promoted the maintenance of neuron
survival at levels resembling the
control. NeuN is a protein specific
to most neurons and widely used
as a neuronal marker. It is also
present in the nucleus, cell body
and dendrites, being expressed in
neurons from the initial phase of
cellular and molecular differentiation (Xu et al. 2002; Lavezzi et al.
2013).
CONCLUSION
This work investigated the
HS essential oil effects as a stimulant of the nervous cellular environment and its interaction with a
nutritive medium within this environment, allowing spinal cord
cells neuroplasticity. It is a pioneering study that opens the door
to use natural herbal products on
studies of trauma in the nervous
system.
The research opened up the
possibility for future study aiming
at application in the transdermal
route in patients with spinal trau-
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ma, thus being able at the trauma
site to allow the release of active
principles in the injured area.
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