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Abstract:  
Inflammatory pain is a symptom associated with different human diseases, and 
they are treated with drugs that have several serious side effects. The triterpene 
mixture of α, β-amyrin (ABAM) has already been reported with antinociceptive and 
anti-inflammatory effects in mice. The antinociceptive potential of ABAM possibly 
involves the mechanisms of opioid and vanilloid receptors. This study aimed to 
determine the antinociceptive and anti-inflammatory potential of ABAM in adult 
zebrafish by modulating TRPA1. Thus, ABAM had its antinociceptive effect 
investigated by the nociception model in adult zebrafish induced by formalin. 
Furthermore, the possible neuromodulation by the TRPA1 channel was evaluated 
by pre-treatment with camphor. ABAM exhibited significant antinociceptive and 
anti-inflammatory effects in adult zebrafish at all tested doses. These effects, 
potentially mediated through TRPA1 modulation, were observed without signs of 
toxicity over a 96-hour period.” 
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1. INTRODUCTION 

Inflammatory pain is a common and debilitating 
condition associated with functional and morphological 
changes in the spinal cord, whose underlying 
neurobiological mechanisms remain incompletely 
understood despite advances in recent decades [1]. 
Among the molecular components involved in 
nociceptive signaling, the transient receptor potential 
ankyrin 1 (TRPA1) stands out as a non-selective cation 
channel that helps define the nociceptive threshold. It is 
expressed in C-fiber nociceptors and various non-
neuronal cells, contributing to the release and 
modulation of pro-inflammatory mediators [2]. TRPA1 
is also known as a polymodal sensor, activated by 
thermal and chemical stimuli, and structurally 
distinguished from other TRP channels by its ankyrin 
repeats and specific glycosylation sites [3]. 

Chronic pain (also known as inflammatory pain) is 
characterized as unrelieved and persistent, lasting 
more than 3 months, and usually treated with non-
steroidal anti-inflammatory drugs (NSAIDs), 
anticonvulsants, tricyclic antidepressants and opioids 
[3,4]. However, even having all these treatment 
alternatives, many patients still complain that their pain 
cannot be controlled sufficiently [5], and many of these 
drugs for the treatment of inflammatory pain cause 
serious side effects such as dependence, which makes 
it necessary to the search for new targets to develop 
analgesics with greater power of action in inflammatory 
pain and less adverse effects. 

The triterpene mixture of α, β-amyrin derived from 
Protium heptaphyllum Aubl. has already been reported 
with several pronounceable pharmacological effects, 
from actions on the central and peripheral nervous 
system to the gastrointestinal tract and immune system 
[6]. ABAM also has reported analgesic and anti-
inflammatory effects. ABAM caused peripheral and 
central analgesic effects without the involvement of 
opioid channels and anti-inflammatory activity. This 
activity was potentiated by both indomethacin and 
thalidomide, indicating the potential involvement of 
prostaglandins and inhibitions of tumor necrosis factor-
alpha (TNF-α) [7]. The antinociceptive effect of ABAM 
was also investigated in the orofacial pain model 
induced by formalin or capsaicin, demonstrating a 
potential effect on inflammatory pain [8].  

Zebrafish is frequently used as a model vertebrate 
organism for pre-clinical trials to evaluate the 
pharmacodynamics (absorption, distribution, 

metabolism and excretion) and pharmacokinetics of 
new bioactive compounds [9]. The genome encodes 
two TRPA1 genes in zebrafish: trpa1a and trpa1b [10]. 
Increased locomotor activity in zebrafish was 
previously observed by thermal and chemical activation 
of TRPA1 channels [11]. Harmful agents such as 
formalin and cinnamaldehyde have already been 
reported in the literature as responsible for causing 
motor impairment through neuromodulation of TRPA1 
channels [12, 13].  

In this context, the present study is the first to evaluate 
the antinociceptive and anti-inflammatory effects of 
ABAM in adult zebrafish through the modulation of 
TRPA1 channels. By using a formalin-induced 
nociception model combined with TRPA1 
pharmacological manipulation, we aimed to clarify the 
mechanism of action of ABAM and highlight its 
biotechnological potential as a natural analgesic agent 
for inflammatory pain with fewer adverse effects. 

2. MATERIALS AND METHODS 

2.1. Drugs and Reagents 

In this study, the following substances were used: 
Formaldehyde (Neo Química®), camphor (Can; Sigma-
Aldrich) and carrageenan (Sigma-Aldrich). 

2.2. Obtaining a Mixture of α- and β-Amyrin 

To obtain the ABAM (Figure 1), the P. heptaphyllum 
was isolated. Fractionation of the resin (20  g) was 
performed by column chromatography on silica gel with 
hexane, chloroform, ethyl acetate and methanol. 
Fractions extracted with chloroform (5.2  g) were 
repeatedly chromatographed on silica gel and eluted 
with increasing amounts of hexane-ethyl acetate. 
Fractions obtained from hexane: acetate (1:1) were 
analyzed by TLC and contained 450  mg of alpha and 
beta-amyrin [14]. 

2.3. Zebrafish 

Adult wild zebrafish (Danio rerio) of both sexes (age 90 
to 120 days; 0.4 ± 0.1 g, 3.5 ± 0.5 cm) was purchased 
at a local store (Fortaleza, CE). The fish were kept in a 
glass aquarium (30 × 15 × 20 cm) of 10 L (n  = 3 / L), at 
a temperature of 25 ± 2 ° C, in light-dark cycles of 24 h 
with chlorinated water (ProtecPlus®) and air pump with 
submerged filters, under a temperature of 25 ° C and 
pH 7.0, Circadian cycle of 10 - 14 h (light/dark). The 
fish received food twice daily (Alcon BASIC™, Alcon, 
Brazil) up to 12 h before the experiments [15]. Before 
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drug applications, the animals were anesthetized in ice 
water After the experiments, the animals were 
euthanized by immersion in ice water (2 and 4 °C) until 
loss of opercular movements [16]. The work was 
approved by the Ethics Committee for the Use of 
Animals of the State University of Ceará), following the 
Ethical Principles of Animal Experimentation (CEUA-
UECE; nº 04983945/2021). 

2.4. General Protocol 

Adult fish of both sexes were chosen randomly in the 
experiments, transferred to a damp sponge, and 
treated with the test sample or controls orally (p.o.) or 
intramuscularly (i.m.), based on the methodologies 
proposed by Bezerra et al. [12]. Then, the animals 
were conditioned individually in a container (500 ml) 
containing 350 ml of aquarium water and kept at rest. 
For intraperitoneal (i.p.) and intramuscular (i.m.) 
treatments, insulin syringes (0.5 mL; UltraFine® BD) 
with a 30G needle were used. Next, groups of animals 
were treated with ABAM and submitted to toxicity, 
nociceptive and inflammation tests. In nociception 
tests, animal behavior was recorded by blind analyzers. 
After the treatments and application of the noxious 
agent, the animals were individually placed in a glass 
Petri dish containing four quadrants (10 × 15 cm). The 
nociceptive behavior response was quantified through 
the number of times crossed in the lines of the noxious 
agent’s quadrants by fish for the formalin-induced 
nociception model described below. 

2.5. Treatments 

To perform the nociception tests, the animals (n = 
6/group) were orally treated (20 µL) with ABAM (4; 20 
and 40 mg/kg), morphine (8 mg/kg - positive control) or 
vehicle (3% DMSO solution - negative control). In the 
inflammation test, the animals (n = 6/group) were 

treated orally (20 µl) with ABAM (4; 20 and 40 mg/kg, 
p.o.); ibuprofen (100 mg/kg, p.o. – Positive control); 
and group treated with 3% DMSO (negative control) 
was included. For oral treatments, an automatic 20 µl 
pipette was used. 

2.6. Formalin-Induced Nociceptive Behavior 

Groups of adult fish (n = 6/group) were pretreated (20 
µl; p.o.) with ABAM (4 or 20 or 40 mg/kg) or morphine 
(8 mg/kg; positive control) or vehicle (DMSO solution to 
3%; negative control), 30 min before i.m. of formalin 
(0.1%; TRPA1 agonist) applied to the tail of the 
animals. Analgesia was evaluated through locomotor 
activity by the number of crossings performed in the 
open field test in a petri dish analyzed over 30 minutes, 
calculated both in the neurogenic phase (0–5 min) and 
the inflammatory phase (15–30 min) [12]. 

To evaluate the neuromodulation of the antinociceptive 
effect of ABAM on nociception induced by formalin 
through TRPA1 channels, the mechanism of action 
with camphor (TRPA1 antagonist) was performed. A 
new group of adult animals (n = 6/group) was pre-
treated (20 µL i.p.) with camphor (30.4 mg/kg), and 
after 30 min, they received the lowest effective dose 
(which induced antinociceptive behavior) of ABAM (4 
mg/kg; p.o.). A vehicle group (3% DMSO solution; 
negative control) and a camphor-treated group (30.4 
mg/kg; i.p.) were included. After 30 min, the groups 
received the i.m. of formalin (0.1%; TRPA1 agonist) 
applied to the animals' tails and then taken to the open 
field. The type of analgesia was evaluated as 
previously described [3]. 

2.7. Induction of Abdominal Edema by Carrageenan 

The animals were initially identified and weighed, and 
then 3 groups (n=6, each) were treated with ABAM (4; 

 
Figure 1: Structural formula of α, β-amyrin compounds: (A) α-amyrin (3α-hydroxyurs-12-ene) and (B) β-amyrin (3β-
hydroxyolean-12-ene). 
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20 and 40 mg/kg, p.o.), another group with ibuprofen 
(100 mg/kg, p.o. – Positive control) and a group treated 
with 3% DMSO was included (negative control). After 1 
hour at rest, 1.5% carrageenan was applied 
intraperitoneally in all groups. After this period, the fish 
were weighed every hour for 4 consecutive hours. 
These data were plotted, and the difference between 
the initial weight of the fish (without treatment) and the 
final weight after each hour was calculated to assess 
the growth of abdominal edema until the final time of 4h 
[17]. 

2.8. Assessment of Locomotor Activity (Open Field 
Test - OFT) 

The open field test was performed to assess the 
presence or absence of changes in animal motor 
coordination [18], whether due to sedation and/or 
muscle relaxation. Initially, fish (n = 6/group) were 
treated orally (p.o.) with ABAM (4, 20 and 40 mg/kg) or 
vehicle (Negative control; 3% DMSO). After 30 min of 
treatments, the animals were added to glass Petri 
dishes (10 x 15 cm) containing the same aquarium 
water, marked with four quadrants, and analyzed for 
locomotor activity by counting the number of crossed 
lines (CL) by the animals during five minutes of 
analysis [12]. 

2.9. Acute Toxicity 96 Hours 

After the open field test, the fish were left to rest for 
analysis of the mortality rate for a period of 96 h, 
recording every 24 h the number of dead fish in each 
group [19], the lethal dose being capable of killing 50% 
of the animals (DL50) determined by the mathematical 
probit method with a 95% confidence interval. During 

this period, the fish were fed twice daily with 
commercial flakes (Alcon). 

2.10. Statistical Analysis 

Results were expressed as mean values ± standard 
error of the mean for each group of 6 animals. After 
confirming the normal distribution and homogeneity of 
the data, the differences between the groups were 
submitted to analysis of variance one-way 
unidirectional ANOVA and two-way ANOVA for the 
mechanisms of action and inflammation test, followed 
by the Tukey test. All analyzes were performed using 
GraphPad Prism v. 8.0. The level of statistical 
significance was set at 5% (p<0.05). 

3. RESULTS AND DISCUSSION 

3.1. Formalin-Induced Nociceptive Behavior 

The effect of ABAM on formalin-induced nociception 
was investigated. Doses of 20 (109.9%) and 40 
(140.1%) mg/kg; 20µL; p.o.) * p < 0.05; ** p < 0.01 vs. 
control] significantly inhibited neurogenic nociception. 
In the inflammatory phase, all doses inhibited 
nociception [(4 (85.54%); 20 (127.33%) and 40 
(168.11%) mg/kg; 20 µL; p.o.) * p < 0.05; ** p < 0.01 
vs. control], restoring locomotion of animals in the open 
field test compared to control. Morphine also 
significantly inhibited formalin neurogenic and 
inflammatory nociception (* p < 0.05 vs. control) 
(Figure 2). 

To investigate the mechanism of action of ABAM via 
the TRPA1 receptor, the acute nociception test with 
camphor (TRPA1 antagonist) was performed. As a 

 
Figure 2: Effect of ABAM on nociception induced by formalin (0.1%) in adult zebrafish in the neurogenic (0-5 min) – (A) and 
inflammatory (15-30 min) – (B) phase. Each column represents the mean ± standard error of the mean (n = 6/group). Control: 
vehicle (3% DMSO; 20 µl; i.p.), ABAM - triterpene mixture of α, β-amyrin (4, 20 or 40 mg/kg; 20 µl; p.o.). One-way ANOVA 
followed by Tukey's test. (*p<0.05; **p<0.01 vs. control). 
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result, the antinociceptive effect of ABAM (4 mg/kg) 
was completely prevented (# # # p <0.001, # # # # p 
<0.0001 vs. ABAM) by camphor in the neurogenic and 
inflammatory phase of formalin-induced nociception, 
indicating that the antinociceptive effect of the ABAM 
triterpene mixture may occur through TRPA1 receptor 
neuromodulation (Figure 3). 

Recent studies show that noxious stimuli (such as 
exposure to chemicals) activate nociceptive channels 
and elicit a behavioral response in zebrafish 
characterized by reduced locomotor activity [12, 20, 
21]. Evidence indicates that TRPA1-mediated 
hyperlocomotion in Zebrafish larvae and adults has the 
potential to be used as a screening tool for 
antinociceptive drugs [4, 12, 22], as noxious agents 
such as formalin and glutamate were able to cause 
nociceptive behavior effect by compromising Zebrafish 
locomotion [12, 17]. Nociception through the activation 
of the TRPA1 receptor by formalin action has already 
been investigated in adult zebrafish by applying this 
noxious agent in the tail (intramuscular) [12, 17, 21]. 
This same method was used to evaluate the 
antinociceptive effect of ABAM in which all doses 
prevented the animals from neurogenic and 
inflammatory nociception caused by formalin.  

After identifying TRPA1 as a cation channel expressed 
in nociceptive neurons, it was proposed as a relevant 
target for treating pain and inflammation [23]. An 
intriguing feature of this receptor is that several 
modulators exert a bimodal effect, acting as agonists at 
low (micromolar) concentrations and as antagonists at 

higher concentrations [23]. Camphor has been reported 
as an inhibitor of TRPA1 basal currents in HEK-293 
cells from transfected mice, with an IC50 of 0,66 mM 
[24]. The study of the bimodal effect of cinnamaldehyde 
and camphor on nociception in mice confirmed that the 
extracellular application of 1 mM camphor induced a 
significant inhibition of basal TRPA1 currents at 
negative potentials [23]. ABAM analgesia was 
demonstrated in the model of orofacial pain induced by 
formalin or capsaicin. 

The animals were treated with ABAM (10, 30 and 100 
mg/kg, i.p.), which caused significant inhibition of 
nociception in both models. However, in the formalin 
model, there was inhibition of nociception only in the 
second phase, that is, significant action only in 
inflammatory pain with a dose of 30 mg/kg [8]. In that 
study, pretreatment with a dose of 30.4 mg/kg of 
camphor abolished the antinociceptive effect of ABAM 
on neuropathic and inflammatory algesia induced by 
formalin in adult zebrafish, indicating an effect on both 
nociceptive phases. In another study, Silva et al. (2011) 
[22] reported the effect of α,β-amyrin with long-lasting 
antinociceptive and anti-inflammatory properties in 2 
models of persistent nociception via activation of 
cannabinoid receptors and inhibition of cytokine 
production and NF-κB expression. Finally, another 
study indicated that the antinociceptive potential of 
ABAM possibly involves the mechanisms of opioid and 
vanilloid receptors (TRPV1). Here, the findings indicate 
the antinociceptive effect of ABAM through modulation 
of the TRPA1 receptor, confirming the antinociceptive 
potential of ABAM through several neurotransmission 

 
Figure 3: Effect of camphor on the antinociceptive activity of ABAM (4 mg/kg) in adult zebrafish in the neurogenic (0-5 min) - A 
and inflammatory (15-30 min) - B phase. Each column represents the mean ± standard error of the mean (n = 6/group). Control: 
vehicle (3% DMSO; 20 µl; p.o.), Can: camphor (30.4 mg/kg). Two-way ANOVA followed by Tukey's test. (*p<0.05; ***p<0.001 
vs. control; # #p <0.01; # # # #p <0.0001 vs. ABAM). 
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pathways. 

3.2. Induction of Abdominal Edema by Carrageenan 

The highest doses of ABAM [(20 and 40 mg/kg; 20 µl; 
p.o.) * p < 0.05, **** p < 0.0001 vs. control] and 
ibuprofen [(100 mg/kg; 20 µl; p.o.) * p < 0.05 vs. 
control] significantly reduced carrageenan-induced 
abdominal edema after 4 h of analysis, indicating the 
anti-inflammatory effect of ABAM and ibuprofen in adult 
Zebrafish (Figure 4). 

The use of carrageenan to induce edema is a classic 
model used to screen drugs to treat and control 
inflammatory pain [2]. An inflammatory model based on 
carrageenan-induced paw edema in rats was 
developed in 1962 to study inflammatory mechanisms 
[25]. The evaluation of the action of carrageenan via 
TRPA1 in rats indicated the pharmacological blockade 
of this receptor through its selective antagonist (HC 
030031), preventing and reversing hyperalgesia 
induced by carrageenan, detected by mechanical or 
chemical stimulus (low dose of capsaicin), but not 
affected the expression of carrageenan-induced 
cytokines or the migration of neutrophils [2]. Thus, it 
was concluded that TRPA1 plays an important role in 
developing and maintaining carrageenan-induced 
inflammatory hyperalgesia, directly contributing to 
nociceptor excitability.  

The proliferation of pro-inflammatory cytokines and 
iNOS, as an inflammatory mediator, has been reported 
in carrageenan-induced abdominal edema in adult 
Zebrafish [26]. Therefore, the effect of ABAM on 
carrageenan-induced abdominal edema was 
investigated, and a significant reduction in edema was 
observed, an effect superior to that of the ibuprofen 

control group. Furthermore, the effect of ABAM on 
acute cerulein pancreatitis in mice was investigated 
[27]. As a result, α,β-amyrin greatly suppressed 
pancreatic edema, inflammatory cell infiltration, acinar 
cell necrosis, and TNFα and inducible nitric oxide 
synthase expressions. However, ABAM, in addition to 
attenuating inflammatory pain via TRPA1, supposedly 
reduced abdominal edema by reducing pro-
inflammatory cytokines and iNOS. 

3.3. Assessment of Locomotor Activity (Open Field 
Test) and 96h Acute Toxicity 

The ABAM triterpene mixture did not alter the 
locomotion of the adult Zebrafish in the open field test 
(p > 0.05), as the treated animals did not show 
locomotor activity different from the control group 
(Figure 5A). Furthermore, there were no animal deaths 
during the 96 h of analysis and no apparent anatomical 
changes (Figure 5B), confirming the preclinical safety 
of ABAM for use in experiments with adult Zebrafish. 

In addition, ABAM showed no motor impairment or 
toxicity, confirming its safety in zebrafish over 96 hours, 
as there was no change or evidence of toxicity caused 
by ABAM in adult Zebrafish, ensuring its preclinical 
safety for studies in animal models corroborating with 
several studies carried out [6]. 

This study has some limitations that should be 
considered. First, although behavioral tests indicate an 
antinociceptive effect of ABAM, the underlying 
molecular mechanisms were not investigated. 
Furthermore, the assays were performed in an acute 
animal model, which may not fully reflect clinical 
situations of chronic pain. Future investigations 
involving biochemical analysis, specific signaling 

 
Figure 4: Effect of ABAM on carrageenan-induced abdominal edema in adult zebrafish, analyzed after 4 h. Each column 
represents a mean ± standard error of the mean (n=6/fish). One- way ANOVA followed by Tukey's test (*p < 0.05; ****p < 
0.0001 vs. control). 
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pathways, and other pain models are necessary to 
deepen the understanding of the observed effect. 
Nevertheless, the results obtained provide promising 
initial evidence regarding the analgesic potential of the 
compound. 

4. CONCLUSION 

This study confirms the antinociceptive and anti-
inflammatory potential of ABAM via TRPA1 
neuromodulation in adult zebrafish, highlighting its 
promise as a biotechnological candidate for novel 
analgesic formulations. 
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