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ABSTRACT

Background: Quercetin is a flavonoid widely found in plant kingdom and target of studies
in pharmacological area due to its potent antinociceptive effect compared to analgesics
used in conventional therapies. The aim was to evaluate its antinociceptive activity and
antinociception mechanism. Methods: For this, 40 Norvegicus Wistar rats were used,
divided into 4 groups: Q50 (treated with quercetin 50 mg/Kg), Q100 (treated with
quercetin 100 mg/Kg), Q500 (treated with quercetin 500 mg/Kg) and Positive control
(PC) without quercetin treatment), who were submitted through the pain induction
methods by tail immersion and formalin in the first step to assess antinociceptive action
and in the second step, tail immersion method receiving antagonists from opioid,
cholinergic and nitric oxide - L-arginine to evaluate the action mechanism. Results:
Quercetin antinociceptive activity was verified at the dose of 50 mg/kg and 100 mg/kg in
tail immersion test after formalin injection, with better performance at the dose of 50
mg/kg. There were no statistically significant results in paw opening and capsaicin tests.
Quercetin demonstrated a possible influence on opioid and cholinergic pathway, which
was not observed on the nitric acid - L-arginine pathway in view of parameters tested.
Conclusion: Quercetin performed the best antinociceptive activity at a dose 50 mg/kg and
there was a possible influence on opioid and cholinergic pathways.

Keywords: quercetin, antinociception, flavonoid, pain.

RESUMO

Antecedentes: A quercetina é um flavondide amplamente encontrado no reino vegetal e
alvo de estudos na area farmacoldgica devido a seu potente efeito antinociceptivo em
comparacdo com os analgésicos utilizados em terapias convencionais. O objetivo era
avaliar sua atividade antinociceptiva e seu mecanismo antinociceptivo. Métodos: Para
isto, foram utilizados 40 ratos Norvegicus Wistar, divididos em 4 grupos: Q50 (tratados
com quercetina 50 mg/Kg), Q100 (tratados com quercetina 100 mg/Kg), Q500 (tratados
com quercetina 500 mg/Kg) e Controle Positivo (PC) sem tratamento com quercetina),
que foram submetidos através dos métodos de inducdo de dor por imersdo caudal e
formalina na primeira etapa para avaliar a acdo antinociceptiva e na segunda etapa, 0
método de imersdo caudal recebendo antagonistas de opioide, colinérgico e 6xido nitrico
- L-arginina para avaliar o mecanismo de acdo. Resultados: A atividade antinociceptiva
da quercetina foi verificada na dose de 50 mg/kg e 100 mg/kg no teste de imersdo da
cauda apds a injecdo de formalina, com melhor desempenho na dose de 50 mg/kg. N&o
houve resultados estatisticamente significativos nos testes de abertura da pata e
capsaicina. A quercetina demonstrou uma possivel influéncia na via opidide e colinérgica,
que ndo foi observada na via acido nitrico - L-arginina, tendo em vista 0os parametros
testados. Conclusdo: A quercetina realizou a melhor atividade antinociceptiva na dose de
50 mg/kg e houve uma possivel influéncia nas vias opidides e colinérgicas.

Palavras-chave: quercetina, antinocicepcéo, flavonoide, dor.
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1 INTRODUCTION

Quercetin is a flavonoid found in red onion (Allium ceppa L.) that has antioxidant,
anti-inflammatory and anticancer functions. It is also possible to find such a compound
in foods such as capers, yellow peppers, lemon, peeled apples, red grapes, broccoli,
canned beers, among others foods, presenting a variable amount in each food®.

Flavonoids are secondary and non-essential metabolites, widely distributed
throughout the plant kingdom, which have fundamental functions in plant physiology,
such as: protection against damage caused by ultraviolet radiation due to their
spectroscopic properties in the ultraviolet region, visual signaling of flowers and fruits
for pollination by insects?, they can also act as catalysts in the light phase of
photosynthesis and as regulators of iron presence involved in phosphorylation®.

As the quercetin is a flavonoid and, also widely found in the nature, it is the target
of studies in pharmacological area due to its potent antinociceptive effect compared to
analgesics used in conventional therapies, where it is thought about the elucidation of its
pain neuromodulation mechanism?®.

Pain perception is caused by a harmful stimulus, injury or even by diseases®. Pain
is defined by the International Association for the Study of Pain (IASP) as an unpleasant
multidimensional phenomenon, involving not only a sensory component, but also an
emotional component, and which is associated with a concrete or potential tissue injury,
or is described according to this injury®.

Pain involves emotions and other elements and it is an individual phenomenon, in
which each person feels pain in their own way, there is no direct relationship between
pain and its cause; the same injury can cause different pain in different individuals or in
the same individual at different times; there is also pain without being able to find physical
injury that gives rise to it’.

When tissue is damaged, several inflammatory mediators are released, which
directly activate nociceptors causing pain, or leading to sensitization of somatosensory
nervous system. This process is characteristic of inflammatory pain, facilitating activation
of the pain path until the healing process ends®.

Medicinal plants use as an ally or substitute for conventional pharmacological
therapies has become common over time. Medicines based on plants and derivatives of
plant extracts are increasingly used due to the possibility of treating a wide variety of
pathologies and disorders. However, the knowledge about its properties, effective doses

and action mechanisms is still small, and this implies its therapeutic use °1°.
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In this context, the aim of this research was to evaluate through pharmacological
tests the antinociceptive effect of quercetin, as well as the pain neuromodulation

mechanisms.

2 METHODS
Samples

Wistar Norvegicus rats, 40 males, weighing between 180g and 200g, obtained
from the State University of Maringa Central Bioterium, were acclimatized to 22 + 2°C,
in a cycle of 12 hours clear/dark and treated with feed and water ad libitum. Animals were
kept in the laboratory 1 hour before the experiments for acclimatization, and tests were
conducted according to the Normative Resolution Animal Use Ethics Committee
(CONCEA) n° 38, April 17, 2019.

Research steps
Animals were used for two moments of the study, to evaluate the antinociceptive
effect and to analyze what is the possible mechanism of action involved, and there was a

rest period of 10 days between one model and another.

Experimental groups

Animals were divided into 4 groups with the following subdivisions:

Positive control group (PC): Consisting of 10 animals in which nociception was induced

by Formalin and Capsaicin test without receiving treatment.

Treat Group with 50 mg/kg of quercetin (Q50): Consisting of 10 animals in which
nociception induction was performed by Formalin and Capsaicin test, treated with

quercetin 50 mg/kg.

Treated Group with 100 mg/kg of quercetin (Q100): Consisting of 10 animals in which
nociception was induced by Formalin and Capsaicin test, treated with quercetin 100

mg/kg.

Treat Group with 500 mg/kg of quercetin (Q500): Consisting of 10 animals in which
nociception was induced by Formalin and Capsaicin test, treated with quercetin 500

mg/kg.
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Treatment
Quercetin

The used dose for screening was 50 mg/kg, 100 mg/kg and 500 mg/kg and the
administration route chosen for the study was oral.

Extracts Preparation

Preparation was carried out using quercetin powder diluted in water. For this, an
average weight of 200 g per animal was considered, so for the Q50 group the dose of 50
mg/kg, 300 mg of quercetin were diluted in 15 ml of water. For the Q100 group, 100
mg/kg dose, 600 mg of the quercetin powder was diluted in 15 ml of water and for the
Q500 group, 500 mg/kg dose, 3 g of the powder was diluted in 15 ml of water. Each
animal received 0.5 mL of extract orally (administered by gavage).

Animal baseline
All animals underwent the tail immersion test 5 days before nociception induction
procedures, thus constituting a baseline that demonstrated the natural pain threshold to

these animals.

Tail immersion test
The test consisted of exposing the animal's tail in hot water with a temperature of
approximately 51-55 °C, the tail removal time (indicative of pain) was recorded and the

cut-off time to avoid injuries was about 180 seconds.

Pharmacological tests
Formalin-induced pain model

To confirm the possible quercetin antinociceptive effect, the procedure used was
adapted to described by Hunskaar and Hole!!. Animals received 50 pL of 2.5% formalin
in sub plantar region of the right posterior paw. After formalin injection, animals passed
the paw opening test and then the tail immersion test was performed. Animals received

quercetin 30 minutes before the 2.5% formalin test.

Paw opening test
After formalin injection, footprints of the hind legs were obtained using a 5
megapixel digital camera, according to the method proposed by DeMedinaceli et al.*?,

and modified by Lowdon et al.3.
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Animals were placed on a glass walkway 1 meter long by 10 cm wide and 70 cm
high, where they walked to the stop point. The photos containing the footprints were filed
in separate folders, stored and analyzed on computer, using the ImageJ program
https://imagej.nih.gov/ij/index.html.

Data for each animal were identified individually, to allow follow-up over time.
Measured parameters of the paws impressions of both animals, without pain induction by
formalin and those who received formalin to induced pain were the length of the second
finger to the fourth finger, and smaller openings were considered indicative of pain.

Capsaicin-induced pain model
Each animal received 20 pL of capsaicin solution (1.6 pg/paw), injected in tail
region. After 30 minutes of treatment with the extracts, the test was performed by tail

immersion method. Animals received quercetin 30 minutes before the capsaicin test.

Antinociceptive action mechanism analysis

Once the compound/dose that obtained the greatest effectiveness was chosen,
possible action mechanism of antinociceptive property was studied. Neuromodulation
pathways studied in the present study were opioid, cholinergic and nitric oxide (NO).
Pharmacological model chosen to study the pathways and their possible influences on the
quercetin antinociceptive effect was the model that have had the best performance
between the doses tested. The adopted protocol was represented below, through the

flowchart (figure 1).

Figure 1: Protocol flowchart used in study to determine the quercetin action mechanism.

Pre-treatment with antagonists and / or controls (i.p.) ‘

Wait for 15 min

Wait for 30 min

Test model (20 min)
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A) Opioid system influence

Animals were pretreated with the p-type opioid receptor antagonist, naloxone (1
ma/kg, i.p.), 15 minutes before quercetin administration. Positive control group received
only naloxone.

After 30 minutes of animal’s treatment with quercetin, the possible effect reversal

was analyzed. Pain induction model used for this test was tail immersion.

B) Nitric oxide-L-arginine system influence
Animals were pretreated with L-arginine (NO precursor, 600 mg/kg, i.p.), 15
minutes before quercetin administration. Positive control group received only L-arginine.
After 30 minutes of animal’s treatment with quercetin, the possible effect reversal

was analyzed. Pain induction model used for this test was tail immersion.

C) Cholinergic system influence

Animals were pretreated with non-selective cholinergic antagonist atropine (1
mg/kg, i.p.), 15 minutes before quercetin administration. Positive control group received
only atropine.

After 30 minutes of animal’s treatment with quercetin, the possible effect reversal

was analyzed. Pain induction model used for this test was tail immersion.

Euthanasia

Animals were anesthetized intra-abdominal with a solution in the proportion of 80
mg/kg of Ketamine Hydrochloride (Ketamine, 10 mL bottle) to 15 mg/kg of Xilasine
Hydrochloride (Dopaser, 10 mL bottle) via intraperitoneal.

Animals were anesthetized with 80 mg/kg of Ketamine and 20 mg/kg of Xylazine,
after checking the anesthetic status, they received 175 mg/kg of Pentobarbital (50 ml and

100 mg/ml per ampoule) intraperitoneally for lethal dose®*,

Statistical analysis
Results were presented as mean + standard deviation for each experimental group
of their respective level of the confidence limits to 95%. In cases of non-normal Gaussian

distribution, analyzes were performed using Kruskal-Wallis test with Dunn's post-test.
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3 RESULTS
Animal baseline

For the animals that belonging to quercetin group in baseline tests performed to
detect the animals' natural pain threshold, as shown in figure 2, an average of 2.53+ 0.94
seconds was observed at Q50 group. To Q100 group had an average of 3.18+1.22
seconds. In the Q500 group, a mean of 2.36+0.79 seconds was presented. For the PC
group, the result was an average of 2.96 + 1.09 seconds. In this test, results were not
statistically significant.

Figure 2: Natural pain threshold Representation of the PC groups (untreated), Q50 (quercetin treated with
50 mg/kg), Q100 (quercetin treated with 100 mg/kg) and Q500 (quercetin treated with 500 mg/kg) by the
tail immersion method for the animals' baseline.

Quercetin baseline

5 IR T

seconds

0- T T
PC Q50 Q100 Q500

Tail immersion method test

To the formalin test, as shown in figure 3, the Q50 group have presented an
average of 3.50+1.45 seconds, compared to the PC group which presented an average of
1.89+0.39 seconds, showing statistical significance (p<0,001). Also, it was confirmed to
antinociceptive activity of quercetin that have obtained the best performance between the
tested doses. To the Q100 group, an average of 2.57+£0.25 seconds was obtained, also
obtaining statistical significance (p 0.039) against PC group. For the Q500 group, the

mean was 2.31 £ 0.32 seconds, with no statistical significance.
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Figure 3: Pain threshold representation of the PC groups (untreated), Q50 (quercetin treated with 50
mg/kg), Q100 (quercetin treated with 100 mg/kg) and Q500 (quercetin treated with 500 mg/kg) by tail
immersion method after formalin injection.
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For animal quercetin treated, to the capsaicin test, as shown in figure 4, the Q50
group was detected an average of 2.69+0.95 seconds. In the Q100 group, an average of
2.40 + 0.36 seconds was obtained. For the Q500 group quercetin treated, an average of
2.71%1.37 seconds was found. The PC group had an average of 2.57+0.25 seconds. In

this test, results were not statistically significant.

Figure 4: Pain threshold representation of the PC group (untreated), Q50 (quercetin treated with 50 mg/kg),
Q100 (quercetin treated with 100 mg/kg) and Q500 (quercetin treated with 500 mg/kg), by the tail
immersion method after capsaicin injection.

Quercetin test capsaicin

doT1 ]

seconds

PC Q50 Q100 Q500

Paw opening test
For the animals the paw opening test, after applying of quercetin extract and
performing the formalin test, as shown in figure 5, with respect to the rats right paw

treated with quercetin, an average of 60.15+ 4.42 mm was obtained for the Q50 group. In

Brazilian Journal of Development, Curitiba, v.7, n.4, p 43616-43634 apr 2021



Brazilian Journal of Development | 43626
ISSN: 2525-8761

the Q100 group, the average found was 58.29+8.50 mm of opening. For the Q500 group,
the average was 60.32+18.84 mm. The animals in the control group, which were not
treated, had an average of 64.48+13.44 mm of paw opening. However, the values found
were not statistically significant.

Figure 5: Measure of the opening of the right (upper) and left (lower) hind paw after formalin injection in
the right hind paw in groups Q50 (quercetin treated with 50 mg/kg), Q100 (quercetin treated with 100
mg/kg), Q500 (quercetin treated with 500 mg/kg) and CP (untreated).

Paw opening Paw opening

100- 100-
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Regarding the animals left paw, in the Q50 group where quercetin was
administered at a dose of 50 mg/kg, an average of 57.75£25.85 mm of opening in paw
was observed. In the Q100 group treated at a dose of 100 mg/kg of the extract, the average
was 49.63£1.95 mm. The value found for the 500 mg/kg dose to the Q500 group treated
was an average of 60.38+13.99 mm of paw opening. For the control group, that is, who
did not receive treatment, result obtained was an average of 59.99+8.63 mm. However,

these paw opening values also did not demonstrate statistical relevance.

Antinociceptive action mechanism analysis
Possible influence on the nitric oxide-L-arginine system

In the study of the influence possibility the of system via L-arginine-nitric oxide,
as shown in figure 6, the average for Q50 group, which obtained the best performance,
was 1.75+0.52 seconds and the average to PC group was 1.23% 0.41 seconds, without
statistically significant difference. As the values between the groups were close, it can be
said that quercetin did not influence the nitric oxide production from L-arginine,

indicating that it does not influence the path in question.
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Figure 6: Pain threshold representation Q50 groups (pretreated with quercetin and then treated with L-
arginine) and PC (treated only with L-arginine) by the tail immersion method.

L-Arginine Quercetin
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Q50 PC

Groups

Possible Cholinergic system influence

The test that aimed to verify the influence on the cholinergic system, specifically
on muscarinic receptors, as shown in figure 7, the average for Q50 group was 1.34+0.45
seconds and for the PC group 1.23 + 0.41 seconds. Considering that the value of both did
not show a statistically significant difference, it is possible that quercetin also influences

the system in question due to reversion the effect presented.

Figure 7: Pain threshold representation of the Q50 group (pretreated with quercetin and then treated with
atropine) and PC (treated with atropine only) by the tail immersion method.
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Possible opioid system influence
To verify the influence on opioid system, as shown in figure 8, the mean for Q50

group, pretreated with naloxone, was 3.22+1.21 seconds and to the PC group was
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2.15+0,66 seconds, with no statistical significance, indicating a possible influence of
quercetin on the opioid system.

Figure 8: Pain threshold representation of the Q50 group (pretreated with quercetin and then treated with
naloxone) and PC (treated with naloxone only) = 2.15 + 0.66 s by the method tail immersion.

Naloxone Quercetin

seconds

Q50 PC

Groups

4 DISCUSSION

Studies have reported that quercetin demonstrates antinociceptive activity in
animals studied in some test systems®®,

Martinez, et al.’6, have worked on antinociceptive activity of the plant Tilia
americana var. Mexican and quercetin (active compound alone) and carried out
experiments using organic and aqueous extracts of the vegetable, as well as quercetin
doses of 30-100 mg/kg i.p. To evaluate antinociception, the functional pain-induced
impairment model in rats (PIFIR) was used, with the use of uric acid and the formalin-
induced pain model.

Authors have found that both plant aqueous extract and quercetin produced
significant dose-dependent antinociceptive activities for equally models of pain induction
used, with quercetin being the dose of 100 mg/kg i.p. was the one that showed the most
significant results.

In the investigate by Toker, et al.’, in order to consider the antinociceptive and
anti-inflammatory activity of main flavonoids compounds presented in Tilia argentea
plant isolated: kaempferol and quercetin, authors orally administered isolated compounds
at a dose of 50 mg/kg to animals, using the antinociception evaluation as contortion test

induced by p-benzoquinone.
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Both compounds have been shown to have potent antinociceptive and anti-
inflammatory activity at the used dose. In this work, despite to use of different pain
induction models and different tests, result have found to corroborate the findings of
Toker, et al.l”, demonstrating that the quercetin orally administration at a dose of 50
mg/kg have presented antinociceptive effects.

Anjaneyulu and Chopra®®, aiming to explore quercetin antinociceptive effect in
control animals and animals with streptozotocin-induced diabetes (STZ), administered in
diabetic animals oral quercetin at doses of 50 and 100 mg/kg, and submitted all mice
(control and diabetics) to thermal hyperalgesia test by tail immersion test (warm water).
Authors observed that quercetin at a dose of 100 mg/kg produced a marked increase in
latencies of tail movements in diabetic and non-diabetic mice, indicating the
antinociceptive activity of this flavonoid.

Like the authors mentioned above, in the present study, the route of
administration, doses and test used coincide. However, the results obtained in the present
study showed that the dose of 50 mg/kg was one that produced significant antinociceptive
activity, differently from that found by Anjaneyulu and Chopra*°.

In studies on antinociceptive properties of quercetin, Willain Filho, et al.*®, found
that this compound at a dose of 60 mg/kg i.p. have had antinociceptive activity in acetic
acid-induced pain test, and it also inhibited nociception induced by formalin, glutamate
and capsaicin (10-60 mg/kg i.p).

Result found by Willain Filho and collaborators'®, corroborates the quercetin
effect in inhibiting nociception in formalin-induced pain model found at the present study.
As for the capsaicin pain model, results found were not statistically relevant. A possibility
to the absence of results for this model may be the differences in methodology used, while
the authors above performed capsaicin application on animal's paw, in this work
application was performed on tail, in addition the quercetin administration was performed
orally and not intraperitoneally.

The paw opening test performed immediately after the formalin injection into the
animal's paw, presents results linked to formalin nociception model. Sousa, et al.*°, and
Silva, et al.?%, report that formalin test is widely used to evaluate the analgesic drugs
action, being considered a reliable model of tonic pain to the inflammatory type.

In addition, they clarify that the nociceptive response to formalin occurs in a
biphasic manner: there is a short initial period, called phase I lasting 5 to 10 minutes

(neurogenic or acute pain) attributed to direct nociceptors activation. Phase Il, in other
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hand, consists of a period between 20 to 40 minutes to sustained activity associated with
release of local endogenous mediators, which generate local inflammatory response,
responsible for sensitizing primary afferents and medullary neurons and subsequent
nociceptors activation, resulting from a inhibition of nociceptive transmission through
supraspinal and spinal circuits.

Thus, the absence of results with statistical significance in this work about the paw
opening test, could be attributed to a quercetin antinociceptive action in phase Il to the
formalin test, a phase which was not observed to verify the opening values of paws.

Regarding the action mechanisms involved regarding antinociception, a possible
influence on nitric oxide system - L-arginine, which, according reported by Riedel and
Neeck?!, is involved in nociception processes, was analyzed. However, there are
controversies regarding the nitric oxide (NO) role in painful processes, some studies
report that NO influences the nociception development, and may have a nociceptive or
antinociceptive effect, depending on its concentration, action location and sensitivity
model to pain?.

In this study, due to the fact that the groups threshold (figure 6) was lower when
compared to the same groups when they passed the baseline test (figure 2), the possibility
of NO production from L-arginine, consequently causing a painful condition and as the
group results Q50 and PC in figure 5 were similar, it is believed that quercetin does not
act in this way.

It was verified also the possible influence on cholinergic system, specifically in
muscarinic receptors, due to studies showing high density of this receptor type in dorsal
spine surface areas, having an antinociceptive effect triggered by direct agonists
responsible for cholinesterase inhibition?,

Starting from the context in which animal has mechanism where acetylcholine
performs analgesic activity?, when there is a harmful stimulus, neurotransmitter can be
prevented from occupying its receptors if there is the atropine presence, a muscarinic
antagonist, resulting in blocking antinociceptive action?.

At the present study, comparing pain detection threshold for the groups according
figure 6, with the groups threshold in figure 2, it can be noted that groups that were treated
with atropine had lower threshold and when comparing to Q50 and CP groups from figure
7, it is observed that values are close and with no statistically significant difference,
indicating that atropine may have blocked the quercetin action and, therefore, there is the

possibility of flavonoids acting through this route.
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Finally, a possible influence on opioid system was evaluated. It is known that
endogenous opioids can modulate pain under stress conditions, known as endorphins, are
divided into three classes: encephalins that interact with & receptors, dynorphins with «
and p-endorphins interacting with p receptors?®. i receptors have direct relationship with
nociception functions, with morphine as the first identified agonist and naloxone as the

antagonist?’.

5 CONCLUSION

Assuming that naloxone can block antinociceptive response generated by an
endogenous opioid resulting from harmful stimulus, as seen in figure 8, and that the group
treated with quercetin showed a similar result, it can be said that naloxone reversed the
effect antinociceptive caused by quercetin, therefore, there is the possibility that quercetin
acts via opioid route.

The results of this research suggest that quercetin has antinociceptive activity at a
dose of 50 mg/kg and from pharmacological tests it was observed that it can exert this
effect through the opioid and cholinergic pathway.

Conflicts of interest
We wish to confirm that there are no known conflicts of interest associated with
this publication and there has been no significant financial support for this work that could

have influenced its outcome.

Brazilian Journal of Development, Curitiba, v.7, n.4, p 43616-43634 apr 2021



Brazilian Journal of Development
ISSN: 2525-8761

43632

REFERENCES

1. Resende GM, Costa ND. Produtividade e armazenamento de cebola (Allium cepa
L.) submetida a doses de nitrogénio e potassio via fertirrigacdo em cultivo de verao.
Ciénc. e Agrotec. (UFLA). 2009; 33(5), 153-163.https://doi.org/10.1590/S1413-
70542009000500017.

2. Wu Q, Li PC, Zhang HJ, Feng CY, Li SS, Yin DD, Tian J, Xu WZ. Modelos
experimentais para avaliacdo da atividade antinociceptiva de produtos naturais: uma
revisdo. Braz. J. Pharm. Sci. 2018; 94, 18-23.

3. Winkel-Shirley B. Flavonoid Biosynthesis: A colorful model for genetics,
biochemistry, cell biology, and biotechnology. Plant Physiol. 2001; 126, 485-
493.https://doi.org/10.1104/pp.126.2.485.

4. Willain Filho A. Potencial analgésico de flavonoides: estudo do mecanismo de
acdo da quercetina. Unpublished thesis, University of Vale do Itajai. 2005.

5. International Association for the Study of Pain (IASP). Guia para o Tratamento
da Dor em Contextos de Poucos Recursos. 2010.

6. Dellaroza MSG, Furuya RK, Cabrera, MAS, Matsuo T, Trelha C, Yamada KN,
Pacola L. Caracterizacdo da dor cronica e metodos analgésicos utilizados por idosos da
comunidade. Rev. Ass. Med. Bras. 2008; 54(1), 36-41.

7. Sousa FF, Silva JA. A métrica da dor (dormetria): problemas teoricos e
metodoldgicos. Rev. Dor. 2005; 6(1), 469-513.

8. Sallum, AMC, Garcia DM, Sanches M. Dor aguda e cronica: revisao narrativa da
literatura. Acta Paul. de Enferm. 2012; 25(1), 150-154.https://doi.org/10.1590/S0103-
21002012000800023.

9. Forouhar K, Pakraven DA, Khan R. Phytochemistry and pharmacological
characteristics of Ruta graveolens L. 2015.

10.  Kerppers I, Kerppers, FK, Santos KMMG, Cordeiro MER, Pereira MCS. Efeito
do extrato aquoso de Cordyline Dracaendides Kunth na cicatrizacdo de lesbes cutaneas.
Medicina (Ribeirdo Preto). 2019; 52(4), 267-275.https://doi.org/10.11606/issn.2176-
7262.v52i4.p267-275.

11. Hunskaar S, Hole K. The formalin test in mice: dissociation between
inflammatory ~ and  non-inflammatory  pain.  Pain.  1987; 30(1), 103-
114.https://doi.org/10.1016/0304-3959(87)90088-1.

12. DeMedinaceli L, DeRenzo E, Wyatt RJ. Rat sciatic functional index data
management system with digitized input. Comput Biomed Res. 1984; 17(2),185-
192.https://doi.org/10.1016/0010-4809(84)90031-4.

13. Lowdon IMR, Seaber AV, Urbanlak JR. An improved method of recording rat

Brazilian Journal of Development, Curitiba, v.7, n.4, p 43616-43634 apr 2021



Brazilian Journal of Development
ISSN: 2525-8761

43633

tracks for measurement ofthe sciatic functional index of de Medinaceli. J. Neurosci.
Methods. 1988; 24, 279-281. https://doi.org/10.1016/0165-0270(88)90173-2.

14.  Kerppers Il, Lima CJ, Fernandes AB, Villaverde AB. Effect of light-emitting
diode (£ 627 nm and 945 nm £) treatment on first intention healing: Immunohistochemical
analysis. Lasers in Med. Sci. 2015; 30, 397—401. https://doi.org/10.1007/s10103-014-
1668-3.

15.  Anjaneyulu M, Chopra K. Quercetin, a bioflavonoid, attenuates thermal
hyperalgesia in a mouse model of diabetic neuropathic pain. Prog Neuropsychopharmacol
Biol Psychiatry. 2003; 27, 1001-1005.https://doi.org/10.1016/S0278-5846(03)00160-X.

16.  Martinez AL, Gonzélez-Trujano ME, Aguirre-Hernandez E, Moreno J, Soto-
Hernandez M, Loépez-Mufioz FJ. Antinociceptive activity of Tilia americana var.
mexicana inflorescences and quercetin in the formalin test and in an arthritic pain model
in rats. Neuropharmacology. 2009; 56, 564-571.

17.  Toker G, Kiipeli E, Memisoglu M, Yesilada E. Flavonoids with antinociceptive
and anti-inflammatory activities from the leaves of Tilia argentea (silver linden). J.
Ethnopharmacol. 2004; 95, 393-397. https://doi.org/10.1016/j.jep.2004.08.008.

18.  Willain Filho A, Cechinel Filho V, Olinger L, Souza MM. Quercetin: Further
Investigation of its Antinociceptive Properties and Mechanisms of Action. Arch Pharm
Res. 2008; 31(6), 713-721.

19.  Sousa, AM, Franco PAB, Ashmawi HA, Posso IP. Efeito analgésico local do
tramadol em modelo de dor provocada por formalina em ratos. Rev. Bras. Anestesiol.
2008; 58(4), 371-379. https://doi.org/10.1590/S0034-70942008000400006.

20.  Silva JC, Lima-Saraiva SRG, Oliveira-Junior RG, Almeida JRGS. Modelos
experimentais para avaliacdo da atividade antinociceptiva de produtos naturais: uma
revisdo. Braz. J. Pharm. Sci. 2013; 94, 18-23.

21.  Riedel W, Neeck G. Nociception, pain, and antinociception: current concepts. Z.
Rheumatol. 2001; 60, 404-415.https://doi.org/10.1007/s003930170003.

22.  Chacur M. Efeito nociceptivo induzido por fosfolipases A2 (FLAZ2 variantes
Lys49 e Asp49) isoladas do veneno de serpentes Bothrops asper: caracterizacdo dos
mecanismos centrais e determinantes moleculares. Unpublished thesis, University of Sdo
Paulo. 2004.

23.  Rocha APC, Lemonica L, Barros GAM. Uso de medicacdes por via subaracndidea
no tratamento da dor crbnica. Rev. Bras. Anestesiol. 2002; 52(5), 628-
643.https://doi.org/10.1590/S0034-70942002000500014.

24.  Golan DE, Tashjian AH, Armstrong EJ. Principios de Farmacologia - a Base
Fisiopatologica da Farmacoterapia. 2009. 2nd ed. Guanabara Koogan.

25.  Bassanezi BSB, Oliveira Filho AG de. Analgesia pds-operatoria. Rev Col Bras
Cir. 2006; 33(2), 116-122. http://dx.doi.org/10.1590/S0100-69912006000200012.

Brazilian Journal of Development, Curitiba, v.7, n.4, p 43616-43634 apr 2021



Brazilian Journal of Development
ISSN: 2525-8761

43634

26.  Ribeiro PG. Avaliacdo do efeito antinociceptivo em diferentes vias de
administracdo e da interacdo farmacoldgica com receptores opioides e canabinoides da
protonectina-F. Unpublished thesis, University of Brasilia. 2019.

27. Martins RT, Almeida DB, Monteiro FMR, Kowacs PA, Ramina R. Receptores
opioides at¢é o contexto atual. Rev. Dor. 2012; 13(1), 75-79.
http://dx.doi.org/10.1590/S1806-00132012000100014.

Brazilian Journal of Development, Curitiba, v.7, n.4, p 43616-43634 apr 2021



