ACTA
AMAZONICA | hitp//dxdoiorg/10.1590/1809-4392202102342

Copaiba (Copaifera reticulata) oleoresin reduces
voluntary alcohol intake in rats

Rianne Remus PULCINELLI', Clara Lindenmayer Della GIUSTINA', Solange BANDIERA!, Felipe Borges
ALMEIDA?, Lucas dos Reis [ZOLAN?, Mauricio Schuler NIN'?4 Mirna Bainy LEAL'?, Rosane GOMEZ"*'

' Universidade Federal do Rio Grande do Sul (UFRGS), Instituto de Ciéncias Basicas da Satde, Programa de Pos-Graduacdo em Farmacologia e Terapéutica, Porto
Alegre, Brazil

2 Universidade Federal de Ciéncias da Saude de Porto Alegre (UFCSPA), Programa de Pés-Graduacéo em Ciéncias da Saude: Farmacologia e Toxicologia, Porto Alegre,
Brazil

* Universidade Federal do Rio Grande do Sul (UFRGS), Instituto de Ciéncias Basicas da Satde, Programa de Pés-Graduagéo em Neurociéncias, Porto Alegre, Brazil
* Universidade Federal do Rio Grande (FURG), Departamento de Farmacologia, Rio Grande, Brazil
* Corresponding author: rosane.gomez@ufrgs.br; U=/ https://orcid.org/0000-0002-0868-8394

ABSTRACT

Copaiba oleoresin, extracted from the Copaifera reticulata tree, has been used as a remedy in popular medicine in the Brazilian
Amazon for various purposes, including reducing drug abuse. Yet no studies evaluated the effect of repeated administration
of copaiba oil on alcohol consumption in animals. To evaluate this effect, we divided adult male Wistar rats into a) an alcohol
group in which the animals had free access to choose between two bottles: one containing alcohol solution (20%) and another
containing vehicle solution (0.2% saccharin); and b) a control group with access to two bottles containing vehicle solution.
Rats were free to drink 24 h per day, for 35 days. Daily alcohol consumption and weekly body weight gain and food intake
were monitored. From day 22, half of the rats in each group received 600 mg kg copaiba oleoresin and the other received
vehicle, subcutaneously, once a day, for three days. On day 35, rats were evaluated in an open-field test. The results showed
that copaiba oil decreased voluntary alcohol intake and preference between days 2 and 6 after the last administration. Copaiba
treatment also decreased the food intake and body weight gain in both alcohol and control groups without changing behaviors
in the open-field test. Therefore, copaiba oil was able to reduce voluntary alcohol consumption in rats and could be tested in
humans as an adjuvant to treat alcohol use disorder.
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Oleo de copaiba (Copaifera reticulata) reduz consumo voluntario de alcool
em ratos

RESUMO

O 6leo extraido da drvore copaiba, Copaifera reticulata, tem sido usado na medicina popular na Amazonia brasileira para
diversos fins, incluindo abuso de drogas. Contudo, nio hd estudos avaliando o efeito da administracio repetida do éleo de
copaiba sobre o consumo de dlcool em animais. Para avaliar esse efeito, dividimos ratos Wistar machos adultos em dois grupos:
a) um grupo 4lcool, no qual os animais tinham livre acesso a duas garrafas: uma contendo solugio alcodlica (20%) ¢ outra
contendo solugio veiculo (sacarina 0,2%); e b) um grupo controle com acesso a duas garrafas contendo solugio veiculo. Os
ratos podiam beber liviemente, 24 horas por dia, durante 35 dias. O consumo didrio de dlcool, bem como o ganho de peso
corporal semanal e a ingestdo de alimentos foram monitorados. A partir do dia 22, metade dos ratos de cada grupo recebeu
600 mg kg de 6leo de copaiba e a outra metade recebeu veiculo, por via subcutinea, uma vez ao dia, durante trés dias. No
dia 35, os ratos foram testados em teste de campo aberto. Os resultados mostraram que o 6leo de copaiba diminuiu a ingestio
voluntdria e a preferéncia por dlcool entre os dias 2 e 6 apds a tiltima administracio. O tratamento com 6leo de copaiba também
diminuiu a ingestdo alimentar e o ganho de peso corporal em ambos os grupos dlcool e controle, sem alterar o comportamento
no teste de campo aberto. Portanto, o 6leo de copaiba foi capaz de reduzir o consumo voluntdrio de dlcool em ratos e poderia
ser testado em humanos como um adjuvante para tratar transtorno de uso de dlcool.
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INTRODUCTION

Alcohol is the most widely consumed licit psychoactive
substance in the world, and alcohol use disorder represents
the fifth leading cause of premature death and disability, being
responsible for 4% of global mortality (WHO 2018). Alcohol
activates the mesolimbic dopaminergic system, producing
positive reinforcement and consumption motivation
(Gilpin and Koob 2008). Alcohol can directly or indirectly
modulate this reward pathway through y-aminobutyric acid
(GABA), glutamate, opioid, endocannabinoid and other
neurotransmitter systems (Koob and Volkow 2016). Chronic
alcohol use promotes neuroadaptations in these circuits that
blunt the reward response and recruit stress mediators in
several brain areas, enhancing the negative reinforcement
consumption motivation that intensifies compulsive drinking
behavior and addiction (Gilpin and Koob 2008; Roberto
and Varodayan 2017). In this condition, alcohol produces
neuroinflammation and neuronal damage associated with
increased oxidative stress and cytokines such as interleukin 1
(IL-1PB), interleukin 6 (IL-6), and tumor necrosis factor-alpha
(TNFa) in the blood and brain of users (Qin et 2/ 2008;
Crews and Vetreno 2014; Gonzélez-Reimers et al. 2014).

Copaiba oleoresin is extracted from the tree trunk of
several species of the genus Copaifera L. (Leguminosae),
with Copaifera reticulata D. being the mostly used in popular
medicine (da Trindade ez a/. 2018). The chemical composition
of copaiba oleoresin varies according to the species, the season
of collection, and geographical and climatic characteristics
of the region where the trees grow (Herrero-Jduregui ez al.
2011), consisting of a mixture of sesquiterpenes (mainly
B-caryophyllene) and diterpene acids (Veiga Junior ez al. 2007;
da Trindade ez al. 2018). Its acute oral toxicity is low, with
the estimated lethal dose greater than 2,000 mg kg in mice
and rats (Gomes ez al. 2007).

Inhabitants of the Amazon region, particularly in Brazil,
attribute more than 20 different therapeutic properties to
copaiba oil, making it one of the most important remedies of
the popular medicine in that region (da Trindade ez a/. 2018).
Even though most of these therapeutic benefits are speculative,
there is some evidence showing the anti-inflammatory,
antinociceptive, neuroprotective, antimicrobial, and wound-
healing effects of copaiba oil (Gomes ¢z al. 2007; Veiga Junior
et al. 2007; Santos ¢t al. 2008). The active phytochemical
constituents of copaiba oil cross the blood-brain barrier
and reduce neutrophil recruitment and microglia activation
after acute injury and inhibit the production of hydrogen
peroxide, nitric oxide, interferon-gamma (IFN-y), TNF-a,
IL-1B, IL-6, and interleukin 17 (IL-17) in the brain and the
body periphery (Veiga Junior et al. 2007; Guimaraes-Santos
et al. 2012). Specifically, B-caryophyllene acts as a selective
cannabinoid CB, receptor full agonist in the endocannabinoid
system inhibiting proinflammatory pathways, contributing to
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copaiba antinociceptive and neuroprotective effects (Gertsch
et al. 2008; Urasaki e al. 2020). In mice, B-caryophyllene
administration has been shown to decrease voluntary alcohol
consumption and preference (Al Mansouri ez /. 2014), but the
effects of copaiba oleoresin treatment on alcohol consumption
and preference is unknown. Thus, the aim of this study was to
evaluate the effect of copaiba oleoresin treatment on voluntary
alcohol consumption and preference in rats.

MATERIAL AND METHODS

Animals

Forty adult male Wistar rats (Rartus norvegicus) (270 - 280
g) from the Center for Reproduction and Experimentation
on Laboratory Animals (CREAL) of Universidade Federal
do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil,
were kept at 55% air humidity and a temperature of 22 +
2 °C, under a 12-hour light/dark cycle (lights off at 7:00
PM). Animals were pair-housed in cages (40 x 33 x 17.8
cm) with an insurmountable mesh longitudinal division,
allowing individual and free access to standard food (Nuvilab,
Colombo, Brazil) and solutions for both rats (Figure 1)
(Pulcinelli ez al. 2020). All protocols were approved by
UFRGS’ ethics commission on animal use (CEUA-UFRGS
protocol # 30901/2016) and followed the US Guide for the
Care and Use of Laboratory Animals (NRC 2011).

Two-bottle choice model

Home cage
§ (ﬁ; Copalbado il Sunflower oil
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Figure 1. Two-bottle choice model and timeline for the evaluation of the effect
of copaiba oleoresin on alcohol consumption in rats. Rats were left free to choose
between two bottles, one containing alcohol (20%) and another containing
vehicle (saccharin solution 0.2%), 24 h per day, for 35 days. On day 22, rats were
administered 600 mg kg™ copaiba oleoresin (COP) or 1 mL kg™ sunflower oil
(SF), subcutaneously (sc), once a day, for three days. Rats from the control group
followed the same experimental protocol, except that they had access to two
bottles containing only saccharin solution. On day 34 rats were exposed to an
open-field test. This figure is in color in the electronic version.

Reagents and administration regime

For the voluntary intake protocol (Figure 1), saccharin
sodium dehydrate (Sigma-Aldrich; St. Louis, MO, United
States) was dissolved in purified water at a concentration of
0.2% (w v') to produce the vehicle solution. Saccharin was
added to the vehicle solution to improve the consumption, as
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it is a highly palatable non-caloric substance and collaborates
to produce alcohol dependence in rats. Then, 98% ethanol
(Merck; Sao Paulo, Brazil) was diluted to 20% (w v!) in this
vehicle solution. This palatable vehicle was chosen to stimulate
voluntary intake in the rats. Copaiba (Copaifera reticulata)
oleoresin (Argila Ind. e Com. de Cosméticos Ltda.; Juiz
de Fora, Minas Gerais, Brazil - batch # 2336, obtained by
auger extraction from copaiba originating from the Brazilian
Amazon biome) was diluted in sunflower oil at a concentration
of 600 mg mL", and rats were subcutaneously injected with
1 mL kg' of this solution. Chemical composition of the
copaiba oleoresin obtained by gas chromatography was:
B-caryophyllene 50-65%; muurolene 12-18%; cadinene
3-6%; copaene 3-5%; P-bisabolene 2-3%; elemene 1-3%;
oleic acid >1%; linolenic acid >1%. The administration
regime was selected based on previous studies showing anti-
inflammarory effects of copaiba oleoresin (Lopes ¢¢ al. 2015).
The subcutaneous route was chosen to minimize the stress of
injections and to prolong copaiba release from the local depot.

Two-bottle choice protocol

Following acclimatization (7 days), the rats were randomly
assigned to a alcohol and a control group. The alcohol group
had free 24-hour access to two bottles, one containing the
20% alcohol solution and the other containing only the
saccharin solution, for an experiment duration of 35 days
(Figure 1). Rats from the control group had free access to
two bottles containing only saccharin solution for the same
period. Bottle placement was alternated daily to prevent side
preference of consumption. Liquid intake was measured daily
at 5:30 PM. The body weight of the rats was measured once a
week to determine the consumption (in grams) of alcohol per
kg of body weight and to fit the copaiba dosage. The alcohol
preference (in percentage) was assessed by the proportion of
alcohol and total fluid intake [alcohol/(alcohol + saccharin
solution)] x 100. Body weight gain and food consumption
were determined weekly by weight difference.

Copaiba treatment

On day 22, the animals of the alcohol and control groups
were randomly assigned to four groups (n = 10 per group):
two groups (control/SF and alcohol/SF) received 1 mL kg
sunflower (SF) oil via subcutaneous injection, and two groups
(control/COP and alcohol/COP) received 600 mg kg' mL™!
copaiba oleoresin (COP) via subcutaneous injection (Figure
1). All the injections were performed once daily for three
consecutive days, 60 min before the dark phase.

Open-field test

Ten days after the third day of subcutaneous administration,
an open-field test was performed to assess the residual effect
of copaiba on exploratory behavior and anxiety of the rats.
On day 34 of the experiment, rats were accustomed to the
open-field test room during two hours before the test. Rats
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were put individually in the lower left-hand corner (.e., the
first square) of a square arena (80 x 80 x 40 cm) divided into
16 squares and left free to explore their surroundings. The test
was recorded by a video camera for 5 min. The time spent in
the first square before leaving it, the number of central and
peripheral square crossings, the frequency of grooming and
rearing actions, and the latency time for the first grooming
were evaluated on the blinded videos. Anxiety-like behaviors
were assessed by the central crossings, time spent in the first
square, and grooming measure. Exploratory behaviors were
assessed by all other parameters analyzed. At the end of each
individual test, the number of fecal boli were counted and the
arena was wiped with 10% ethanol.

Statistical analyses

All values were expressed as means + standard error of
the mean. The normality and variance homogeneity of data
distribution were assessed with the Shapiro-Wilk normality
test and the equal variance test, respectively. Temporal
differences in alcohol and saccharin solution intake, alcohol
preference, body weight gain, and food intake were assessed
using 2-way repeated measures analysis of variance (2-way
RM-ANOVA). Behavioral parameters were analyzed by a
2-way analysis of variance (2-way ANOVA). Both analyses
considered condition (control or alcohol) and intervention
(sunflower oil or copaiba) as factors and were followed by a
Bonferroni post hoc test when required. P-values lower than
0.05 were considered statistically significant. The analyses were
carried out using the Sigma Plot® 12.0 software.

RESULTS

Total fluid and alcohol intake and preference

The rats in the control group drank an average of 22 mL
of fluids per day, while those in the alcohol group consumed

almost the double of this volume (F(42,581) =621; P,
o < 0001 B, =20.87; P_ < 0.001; Figure 2a).

Saccharin solution intake in the alcohol group was similar to
the control group, and copaiba treatment did not affect this
consumption in both groups throughout the experiment
(Figure 2b), evidencing that animals in the alcohol group were
not dehydrated and the stimulus to increase fluid intake in
this group seemed to be related to the alcohol reward effect.

Average alcohol consumption by the alcohol group before
copaiba administration was 12 g kg™ day” and did not change
significantly relative to the baseline in the alcohol/SF group.
However, the alcohol/COP group showed a 20% reduction
in overall voluntary alcohol consumption (F 13262 = 1.85;

e x weaamene = 0-0375 B, = 4.60; P = 0.046; Figure
3a). The copaiba treatment significantly decreased the alcohol
intake between two and six days after the last subcutaneous

administration (t=2.47; P, _=0.016;t=2.14; P, _=0.035;

day 5 day 6
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Figure 2. Effect of copaiba oleoresin (600 mg kg, COP) or sunflower oil (SF),
administered subcutaneously during three days on total volume of fluids (alcohol
and/or saccharin solution) intake (A) or saccharin solution intake (B) of rats exposed
to a two-bottle choice model. Zero point indicates the average daily volume of
fluid consumption in the 21 days before the intervention. Saccharin solution
intake in alcohol groups was similar to the control groups. Copaiba treatment did
not affect the total volume of fluid intake nor saccharin solution intake in both
groups. *indicates significant difference between the alcohol and control group
at P < 0.001 according to a two-way RM-ANOVA + Bonferroni test (n = 10 rats per
group). This figure is in color in the electronic version.
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Figure 3. Effect of copaiba oleoresin (600 mg kg™, administered subcutaneously
during three days) or sunflower oil (SF) on alcohol consumption (A) and alcohol
preference (B) in rats exposed to a two-bottle choice model. Zero point indicates
the average daily alcohol consumption and preference in the 21 days before
the intervention. *indicates significant difference between the alcohol/COP and
alcohol/SF group at P < 0.05 according to a two-way RM-ANOVA + Bonferroni test
(n=10rats per group). This figure is in color in the electronic version.
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£=222% P, =0.029t=281; P,
6= 0.011; Figure 3a).

Before copaiba treatment, the average alcohol drinking
preference was 56%. This value remained unchanged in
alcohol/SF animals, but decreased by 30% in the alcohol/
COP group two days after the last copaiba administration
(t =2.29; Pdays = 0.025; Figure 3b). Alcohol preference also
decreased in this group on day 8 and day 9 (¢ = 2.03; P,
= 0.047; t = 2.32; Pday() = 0.023; Figure 3b). The two-way
RM-ANOVA showed a significant interaction between group
and days (F(14,289) =191; P = 0.026; Figure 3b), but
there was no overall reduction of alcohol preference in the

alcohol/COP group.

= 0.00G; t=2.59% P,

8

time X treatment

Open-field test

We observed a significant main effect of condition as rats
of both the alcohol/SF and alcohol/COP groups showed
significantly more central crossings (F w37 = 6.53 P .. =
0.015; Figure 4b) and less time spent in the first square (F , ;=
8.25; P _ .. =0.007; Figure 4d) compared to control groups.
However, no significant difference was observed between the
copaiba and sunflower groups. No difference was observed in

other behavioral parameters in the open-field test (Figure 4).

Food consumption and body weight gain

Although it was not our main goal, we found that copaiba
oleoresin reduced food consumption and body weight gain in
both the control/COP (t=3.44; P, , = 0.007;and t=7.12;
P, ., < 0.001, respectively), and alcohol/COP group (t =
9.27; P, <0.001; andt=8.31; P, ., <0.001, respectively)
compared to their SF counterparts (Table 1). Total body
weight gain was 26% and 37% lower in the control/COP
and alcohol/COP group, respectively (Table 1). We did not
observe changes in the health of rats, nor recorded any deaths

due to treatment throughout the experiment.

DISCUSSION

Our results showed that copaiba oleoresin decreased
voluntary alcohol consumption and preference in rats.
Before copaiba treatment, alcohol groups showed saccharin
solution intake similar to control groups, but exhibited 56%
preference for alcohol drinking. Copaiba administration did
not affect the consumption of the saccharin solution in both
groups, but decreased the daily alcohol intake by 20% and the
alcohol preference by 30% in the alcohol/COP group. These
data provide evidence that decreased alcohol consumption
and preference of copaiba-treated animals was not due to an
overall fluid intake reduction.

B-caryophyllene, found in the copaiba oleoresin, is a
selective cannabinoid CB, receptor full agonist (Gertsch ez
al. 2008; Machado er al. 2018). Because B-caryophyllene
composed 52% (- 310 mg kg™ day™) of our copaiba oleoresin,
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Figure 4. Behavioral responses of rats in an open-field test 10 days after the last
of three days of subcutaneous injections of copaiba (600 mg kg™') or sunflower oil
and exposition to a two-bottle choice model of alcohol voluntary intake. A —total
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H —number of fecal boli. Significant differences according to a two-way ANOVA (n
= 10 rats per group). This figure is in color in the electronic version.

Table 1. Effect of the subcutaneous administration during three days of 600 mg
kg copaiba (COP) or 1 mL kg™ sunflower (SF) oil on daily food intake and weekly
body weight gain in rats exposed to a two-bottle choice model of voluntary
alcohol intake. Two-way RM-ANOVA + Bonferroni's test; n = 10/group; *indicates
asignificant difference between of the COP and respective SF groups at P < 0.05.

Food intake (g day™)

Control/SF Control/COP  Alcohol/SF  Alcohol/COP
Baseline 286%20 286+20 272+15 272+15
Week 1 272+20 241 +£09% 284+29 20.1+£20*
Week 2 256+26 286+ 14 268+18 242£16

Body weight gain (g week™)

Control/SF Control/COP  Alcohol/SF - Alcohol/COP
Baseline 264£30 264£30 227£50 227£50
Week 1 128 +3.7 -6.5+74* 154+52 -6.5+ 11.0%
Week 2 176+ 6.6 20.7 £49 200+53 202+6.8
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it may have contributed to decreasing alcohol intake and
preference in our rats after subcutaneous administration. This
dosage is three times the highest dosage of B-caryophyllene that
was shown to decrease alcohol drinking in mice (Al Mansouri
et al. 2014). Moreover, robust results show that copaiba oil
inhibits inflammatory response decreasing dose-dependently
NF-kB, IL-1B, IL-6, IL-17, TNF-q, and IFN-y levels in the
CNS of rats (Veiga Junior et al. 2007; Guimaries-Santos et
al. 2012; Gelmini et al. 2013). Specifically, f-caryophyllene
inhibits proinflammatory pathways, including the toll-like
receptor complex CD14/TLR4/MD2, which suppresses
cytokine expression (Gertsch ez /. 2008). Because alcohol-
induced neuroinflammation has been related to increased
voluntary alcohol consumption and worsening of withdrawal
symptoms and relapse in rodents and humans (Kelley and
Dantzer 2011; Robinson e# al. 2014; Schneider et al. 2017),
we cannot ignore that this mechanism would also contribute
to antiaddictive properties of copaiba oleoresin.

In the present study, rats showed a significant reduction
in alcohol intake and preference between two and six days
after the last copaiba oleoresin administration. This long-
lasting effect may be related to the subcutaneous route
of administration, that produces extended release and
absorption, in addition to slower elimination, since its main
active molecules are lipophilic (Herrero-Jduregui e al. 2011).
Indeed, evidence shows that the residual therapeutic effect of
copaiba subcutaneous administration persisted for up to five
days after the last dose in mice (Lopes ez al. 2015). Here, this
extended-release effect from the subcutaneous tissue lasted for
six days, since animals in the alcohol/COP group returned
to their basal daily alcohol consumption on day 7 of the last
copaiba administration. Nevertheless, the general analysis of
consumption in all days after the intervention showed a 20%
reduction of overall daily alcohol consumption in copaiba-
treated animals, evidencing the magnitude of effect on alcohol
consumption.

Regarding behavioral tests, no residual effect of copaiba
was observed in the open-field test 10 days after the last
subcutaneous administration. On this day, we observed only
the alcohol effect on the rats’ behavior. Both alcohol groups
increased central crossings and reduced the time spent in the
first square, which are indicative of an anxiolytic-like effect
(Prut and Belzung 2003). An anxiolytic phenotype for alcohol-
treated animals was expected since it is a central nervous
system depressant drug exerting a positive modulatory effect
on GABA, receptors (Gilpin and Koob 2008).

Additionally, the copaiba treatment reduced food intake
and body weight gain during the week of intervention in both
the control/COP and alcohol/COP groups, with the decreased
feeding lasting longer to the next week in alcohol/COP
animals. It is possible that the decreased food consumption
in our treated rats is related to B-caryophyllene or other



ACTA
AMAZONICA

compounds in the copaiba oleoresin that acts as a cannabinoid
CB2 receptor agonist. The anti-obesity effect of the CB2
receptor agonist was demonstrated in diet-induced obese mice
(Youssef ez al. 2019). Also, we cannot discard the possibility
that the lower alcohol consumption in the alcohol/COP group
may reflect a generalized effect of copaiba on caloric intake,
rather than its selective effect as an antiaddictive substance.

Finally, we need to consider that our study presents some
limitations. We do not have results from female rats and
cannot translate them to this gender. Moreover, we do not
have a water control group to compare with the saccharin
vehicle group. These groups (water-SF and water-COP) would
reveal the effect of saccharin in our results, deviating our focus
and breaking the replacement, reduction, and refinement
principles (3R’s) for the use of animals in research.

CONCLUSIONS

Our study showed that subcutaneously administered
copaiba oleoresin reduces voluntary alcohol intake and
preference in rats. We suggest that this effect is due to the
synergistic interaction among different phytochemical
compounds in the copaiba oleoresin with the endocannabinoid
system, attenuating dopamine release in the nucleus accumbens
and decreasing the positive reinforcement from alcohol intake.
Additionally, since alcohol use disorder presents significant
inflammatory hallmarks, we do not discard that copaiba
reduces alcohol consumption related to its neuroprotective
and anti-inflammatory effects. Further studies will elucidate
the pharmacological mechanisms involved in the copaiba
oleoresin reducing effect on alcohol consumption. Finally,
because alcohol use disorder is related to premature death
and disability, and copaiba is used in folk medicine, with a
safe profile, we suggest translating our results from bench to
bedside and investigate the potentially beneficial effect of
copaiba oleoresin in alcohol-dependent individuals.
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