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Abstract: The use of pesticides such as rotenone can lead to toxicity, dysfunction and neuronal death in
humans. The Copaifera Reticulata Ducke Oil-Resin (CPOR) is widely used by the natives of the Amazon,
however, studies on its potential neuroprotective effect are lacking. This study investigated the cytoprotective
effect of CPOR on total cell cultures of the ventral midbrain (VMC), hippocampus (HC) and cerebral cortex
(CCC) exposed to rotenone at different concentrations. The total cell cultures of VMC, HC and CCC were
exposed for 72 or 24 hours to rotenone, CPOR and rotenone + CPOR. Cell viability was measured using the
MTT test and compared using one-way ANOVA. Exposure to rotenone reduced the cell viability of CMV, HC
and CCC. Exposure to CPOR reduced the cell viability of CMV. The cell viability of CMV exposed
simultaneously to rotenone and CPOR was higher compared to rotenone alone. The cell viability of HC
exposed simultaneously to rotenone and CPOR was higher than that exposed to rotenone. CMVs are more
vulnerable to rotenone toxicity and more sensitive to CPOR. Considering simultaneous exposure, CPOR
revealed a possible neuroprotective effect against rotenone damage only for VMC and HC.

Keywords: central nervous system injuries; Amazon; Natural extracts; Copaifera reticulata;
neurotoxicity

1. Introduction

In response to environmental and nutritional stimuli, the central nervous system (CNS) can
promote cellular and molecular changes that can affect human health [1]. For instance, excessive use
or prolonged exposure to agricultural pesticides can damage the CNS and result in
neurodegeneration [2,3]. Rotenone is a widely used pesticide that is associated with systemic toxicity
and damage to the CNS [4-6] as it induces harmful changes that can cause neuroinflammation and
culminate in death cells [7,8] however, the use of natural products can be an important way of treating
these damages [9-12]. Copaifera Reticulata Ducke Oil-Resin (CPOR) is obtained from a plant native
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to the Amazon rainforest and widely used by native peoples due to its antimicrobial, antioxidant,
and anti-inflammatory activity. Moreover, CPOR has demonstrated potential anti-inflammatory and
neuroprotective effects [10] throughout the inhibition of mitochondrial dysfunction at several stages
of CNS lesions [9]. However, there is a lack of studies on the evaluation of the effect of CPOR on cells
exposed to rotenone. Therefore, this study aimed to investigate the cytoprotective effect of CPOR on
total cell cultures derived from the ventral midbrain (VMC), hippocampus (HC), and cerebral cortex
(CCC) exposed to rotenone at different concentrations.

2. Materials and Methods

2.1. Chemicals

Rotenone, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), Dulbecco’s
modified Eagle’s medium (DMEM), L-glutamine, penicillin (10.000 U/mL)/streptomycin (10 mg/mL),
poli-I-lysine, dimethylsulfoxide, C2H20S (Sigma Chemicals Co., St. Louis, USA), trypsin (Amresco
Inc., Philadelphia, USA), and fetal bovine serum (FBS) (VitroCell Co., Campinas, Brazil).

2.2. Cell Culture

After approval of the Ethics Committee for Animal Research of the Federal University of Para
(CEPAE-UFPA 216-14), 1- to 3-day-old Wistar rats were decapitated with scissors and placed on 70%
ethanol-containing Petri dishes. Sections from the ventral midbrain (VMC), hippocampus (HC), and
cerebral cortex (CCC) were dissected in Petri dishes containing ice-cold sterile Hanks’s buffer (160
mM NaCl, 5 mM KCl, 3.3 mM Na2HPO4, 4 mM NaHCO3, 4.4 mM KH2PO4, 5.4 mM C6H1206)
under a laminar flow cabin. After 10 minutes in a 0.05% trypsin solution at 37 °C for enzymatic
digestion, the sections were transferred to DMEM culture medium containing 0.2%
penicillin/streptomycin + 10% FBS + 2 mM glutamine, and mechanically dissociated by using a
Pasteur pipette. Neurons and glial cells were counted by using the trypan blue exclusion method and
uniformly seeded at 3x106 cells per well. The cells were cultured in a humidified atmosphere (37 °C,
5% CO2, and 95% O2) until reaching optimal confluence and quantity [13,14].

2.3. Rotenone Exposure

VMC, HC, and CCC were exposed to rotenone by following adapted protocols [15-17].

2.4. CPOR Exposure
The exposure to CPOR followed adapted protocols for VMC, as well as for HC and CCC [10,12].

2.5. Rotenone + CPOR Exposure

The simultaneous exposure to rotenone and CPOR followed adapted protocols for VMC, HC,
and CCC [9,12].

2.6. Cell Viability

The cell cultures were exposed to yellow 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) and incubated at 36.5 °C for 3 hours. Then, the blue formazan product of
cell lysis was measured at 570 nm by using a 96-well plate colorimetric reader [18,19]. The viability
of untreated cells (control) was set as 100%, while the cell viability after exposure to rotenone and/or
CPOR was expressed as percentages of their respective controls.

2.7. Statistical Analysis

Cell viability data were presented as percentage means + standard error of the mean (SEM) and
groups were compared by using one-way ANOVA followed by post hoc Tukey multiple comparisons
at a significance level of 5% (GraphPad Prism version 8.0, San Diego, CA, USA).
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3. Results

3.1. Cell Viability after Rotenone Exposure

In comparison to the control group, exposure to rotenone at concentrations from above 20 M,
30 1M, and 40 nM significantly reduced the cell viability of VMC, HC, and CCC, respectively (Figures
1A-C).
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Figure 1. Cell viability (mean percentage +SEM) of (A) VMC (F=17.680; R square=0.7164), (B) HC
(F=30.47; R square=0.4417), and (C) CCC (F=7.408; R square=0.4585) exposed to different
concentrations of rotenone. Columns linked by horizontal lines with superscripted asterisks are
significantly different at * p<0,05, **p<0,01, and **p<0,001 (one-way ANOVA and Tukey’s test).
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Figure 2. Cell viability (mean percentage +SEM) of (A) VMC (F=3.469 R square=0.5029), (B) HC
(F=0.8949 R square=0.1991), and (C) CCC (F=0.7877 R square=0.1795) exposed to different
concentrations of rotenone. Columns linked by horizontal lines with superscripted asterisks are
significantly different at * p<0,05, **p<0,01, and **p<0,001 (one-way ANOVA and Tukey’s test).

3.3. Cell Viability after Simultaneous Exposure to Rotenone and CPOR

Although significantly lower than the control group, cell viability of VMC simultaneously
exposed to 60 nM rotenone and 1 pg/ml CPOR was significantly higher when compared to VMC
exposed only to 60nM rotenone (Figure 3A). The same neuroprotective effect on cell viability was
observed when HC was simultaneously exposed to 60 nM rotenone and 25 pg/ml CPOR (Figure 3B).
However, there was no significant difference in the cell viability of CCC only exposed to 60 nM
rotenone and those simultaneously exposed to 25 pg/ml CPOR (Figure 3C).
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Figure 3. Cell viability (mean percentage +SEM) of (A) VMC (F=3.469 R square=0.5029), (B) HC
(F=0.8949 R square=0.1991), and (C) CCC (F=0.7877 R square=0.1795) exposed to rotenone, CPOR, or
rotenone + CPOR. Columns linked by horizontal lines with superscripted asterisks are significantly
different at * p<0,05, **p<0,01, and **p<0,001 (one-way ANOVA and Tukey’s test).

4. Discussion

The results of this study indicated that exposure to rotenone pesticides reduces the viability of
the three cell cultures evaluated. While the exposure to at least 10 pg/ml CPOR decreased the VMC
cell viability, the exposure to at least 25 ug/ml CPOR did not change the cell viability of HC and CCC.
The simultaneous exposure of cell cultures to both rotenone and CPOR resulted in a neuroprotective
effect since cell viability was preserved for VMC (exposed to 1 pg/ml CPOR) and HC (exposed to 25
pg/ml CPOR); however, this effect was not observed for CCC since the cell viability was not different
from CCC only exposed to rotenone.

Rotenone is a natural compound found in plants such as timbé and castor beans and is used as
an insecticide/pesticide on crops [20,21]. Rotenone has toxic effects on the CNS due to its interaction
with specific receptors of nerve cells [22-24], such as dopamine D2 and NMDA glutamate
[21,22,25,26]. For instance, rotenone binding to dopamine D2 receptors reduces the dopaminergic
activity, which consequently increases dopamine concentration in the synaptic cleft; thus, dopamine
reuptake by other monoamine receptors is increased, as well as the amount of dopamine inside cells
[22,25,26]. The degradation of dopamine by monoamine oxidase (MAOQ) releases free radicals and the
excess of ROS damages neural cells [21,22,25,26]. Similarly, the interaction of rotenone to NMDA
glutamate receptors increases the excitatory cell activity due to the prolonged opening of NMDA
channels, which increases the amount of free radicals due to excitotoxicity activity [22,25,26].

Furthermore, rotenone inhibits the activity of both mitochondrial complex I (NADH) [27,28] and
III (ubiquinone-cytochrome C oxidoreductase), which consequently compromises energy
production, increases ROS production, and causes oxidative stress. These events may explain the cell
viability reduction observed in this study [8,22-24,26]. Although cell viability was reduced for cell
cultures derived from different brain regions (midbrain, hippocampus, and cerebral cortex), their
responses varied in function of different rotenone concentrations. The fact that VMC was more
affected by rotenone than HC and CCC (Figure 1) may be explained by a higher density of receptors
and mitochondria in VMC [21,23,29], which increases the chance of mitochondrial damage, activates
metabolic pathways that decrease ATP supply, increases ROS production in nervous tissue, and leads
to cell death and neurodegeneration [6,23,27].

It has been reported that CNS lesions can be mitigated by using bioactive compounds or natural
products extracted from plants such as copaiba oil-resin [9,10,30], which is in line with the
neuroprotective effect of CPOR observed in this study. Previous research reported that the effects of
copaiba oil-resin on cell viability of WI-26VA and RAW 264.7 lines [10,31,32] are concentration-
dependent, which is in line with the results of this study since the cell viability of VMC was only
significantly reduced when exposed to above 10 ug/mL CPOR (Figure 2 A). Nevertheless, the cell
viability of both HC and CCC were not changed when exposed to CPOR concentrations ranging from
1 to 25 ug/mL (Figure 2B and 2C). In comparison to HC and CCC, VMC are more responsive to beta-
caryophyllene-containing natural products such as copaiba oil-resin [9,10,33] due to a higher quantity
and density of cannabinoid receptors [34-36] (Figure 3A). Furthermore, the cell viability of VMC
simultaneously exposed to 60 nM rotenone and 1 pg/ml CPOR was higher than VMC only exposed
to 60 NM rotenone. The simultaneous exposure to 60 NM rotenone and 25 pg/ml CPOR resulted in a
neuroprotective effect only for HC, while the cell viability of CCC was not preserved (Figure 3B and
30).

The preservation of cell viability observed in this study suggests that CPOR has a
neuroprotective effect on those neural e cells with a high number of cannabinoid receptors; in
addition, beta-caryophyllene scavenges the free radicals resulting from the metabolic action of
rotenone [9,11,12]. Other studies have demonstrated that the interaction between beta-caryophyllene
and cannabinoid type I receptors modulates ion channels such as calcium channels (Ca++), which
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reduces the activation of cell death pathways and the excessive release of excitatory
neurotransmitters that also could lead to cell death [35,36]. The fact that beta-caryophyllene can
increase the activity of antioxidant enzymes throughout the modulation of cannabinoid type II
receptors and inhibition of Caspase-3 may also be attributed to the neuroprotection effect of CPOR
[34-36]. Furthermore, the neuroprotective effect may result from the activation of the TrkA receptor
through the phosphorylation of one G-protein subunit that is coupled to a cannabinoid receptor; thus,
the inhibition of adenylyl cyclase decreases intracellular Ca++ levels and activates the kinases that
promote cell survival [34-36]. Another explanation for the neuroprotective effect of CPOR against
rotenone toxicity is based on the decreased activation of microglial cells induced by cannabinoid type
II receptors, which inhibits the apoptosis pathways and consequently promotes cell survival [34-38].
In summary, CPOR figures as a promising neuroprotection agent against the toxicity of pesticides
and insecticides, particularly throughout the preservation of VMC and HC cell viability.

5. Conclusions

VMC is more vulnerable to rotenone exposure than HC, which in turn is more vulnerable than
CCC. Furthermore, exposure to at least 10 pg/ml CPOR reduced the cell viability for VMC, while HC
and CCC did not present significant changes. Even when simultaneously exposed to rotenone, the
cell viability of VMC and HC was surprisingly preserved by CPOR; however, this potential
cytoprotective effect was not observed for CCC. This evidence may indicate the therapeutic use of
CPOR to prevent neuronal damage caused by pesticides/insecticides such as rotenone.
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