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ARTICLE INFO ABSTRACT

Handling Editor: Ray Norton Rhinella marina toad is abundant in Brazil. Its poison contains cardiac glycosides called bufadienolides, which are

extensively investigated for their bioactivity. Our aim was to characterize the vasoactivity of Rhinella marina

Keywords: poison (RmP) on the aorta of male Wistar rats. For this, the RmP was first collected and processed to obtain an
Amphibian poisons alcoholic extract. To determine cardiovascular effects of RmP, we performed in vivo tests by administering RmP
Aorta

intravenously in doses of 0.1-0.8 mg/kg. Vascular reactivity was also performed through concentration-response
curves to RmP (10 ng/mL to 200 pg/mL) in aortic segments with and without endothelium. RmP induced a
concentration-dependent contraction in rat aorta which was partly endothelium-mediated. Nitric oxide con-
tributes with this response in view that incubation with L-NAME increased the contractile response. Additionally,
treatment with indomethacin [cyclooxygenase, (COX) inhibitor], nifedipine (L-type voltage-gated calcium
channels blocker), and BQ-123 (ET, receptors antagonist) decreased maximum response, and ketanserin (5-HT,
receptors antagonist) decreased pECsp, suggesting active participation of these pathways in the contractile
response. On the other hand, apocynin (NADPH oxidase inhibitor) did not alter contractility. Incubation with
prazosin (a-adrenergic receptor antagonist) abolished the contractile response, suggesting that the RmP-induced
contraction is dependent on the adrenergic pathway. In the Na®/K" ATPase protocol, a higher Emax was
observed in the RmP experimental group, suggesting that RmP potentiated Na'/K'"ATPase hyperpolarizing
response. When this extract was injected (i.v.) in vivo, increase in blood pressure and decrease in heart rate were
observed. The results were immediate and transitory, and occurred in a dose-dependent manner. Overall, these
data suggest that the poison extract of R. marina toad has an important vasoconstrictor action and subsequent
vasopressor effects, and its use can be investigated to some cardiovascular disorders.

Rhinella marina
Vascular reactivity
blood pressure

1. Introduction

The Bufonidae family, commonly called “true toads”, is composed of
634 species allocated in 52 genera with worldwide distribution
(AmphibiaWeb. Bufonidae family, 2022). In Brazil, the Bufonidae family
is characterized by eight genera with Rhinella being the most represen-
tative one. Popularly known as “sapo-cururu” or “cane toads”, Rhinella
marina is native from the extreme south of Texas in North America to the
center of South America, in the Brazilian Amazon (Segalla et al., 2014).

This species can also be found in Hawaii and Australia where it was
introduced in the early 1930s as an effort to control insect pests on sugar
cane crops. However, its high adaptability and toxicity to predators
enabled R. marina to spread rapidly, affecting the local fauna and ulti-
mately ending up by being considered a pest in these territories (DeVore
et al., 2021; Edwards et al., 2018; Kosmala et al., 2020).

Amphibians’ skin is characterized by the presence of mucous glands,
which prevent skin dryness and maintain its homeostasis, and granular
glands, that release poison as a form of chemical defense against
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predators and pathogens. RmP is produced and stored in parotoid
macroglands, located along the toad’s neck and parascapular region
(Johnnides et al., 2016; Mailho-Fontana et al., 2014). The secretion
provides a passive protection against predators since the intoxication
occurs when predators bite the toad, resulting in oral exposure to the
poison (Sakate and Oliveira, 2000). RmP exposure leads to neurologic
abnormalities, ptyalism, tachypnea and vomiting, and it can be fatal if
not treated quickly (Roberts et al., 2000; Johnnides et al., 2016). Poisons
of amphibians are a rich source of bioactive compounds with promising
medicinal use (Kowalski et al., 2018). This particular poison may
contain alkaloids, proteins, peptides, amines, and bufadienolides (Fer-
reira et al., 2013; Lebedev et al., 2017).

It was demonstrated that bufadienolides are the main active group of
compounds of RmP. Marinobufagenin is the bufadienolide present in
higher concentrations, followed by telocinobufagin, bufalin, and resi-
bufogenin (Schmeda-Hirschmann et al., 2016). In addition, this poison
has some arginyl-diacids (e.g. marinobufotoxin and bufalitoxin); alka-
loids (e.g. bufotenidin and dehydrobufotenin); and biogenic amines (e.g.
serotonin) (Kerkhoff et al., 2016; Pelissari et al., 2021).

Bufadienolides are part of an important group of steroid hormones
that act as cardiotonic glycosides by inhibiting the Na™/K © ATPase
pump. This enzyme blockade causes a sequence of events that leads to
intracellular accumulation of Ca®", resulting in a positive inotropic ac-
tion on cardiac muscle (Morishita et al., 1991). Bufadienolides has also
demonstrated antitumor (Gao et al., 2011), antiparasitic (Banfi et al.,
2016), immunomodulatory (Manika et al., 1998), and antimicrobial
(Cunha Filho et al., 2005) effects.

Vascular tone plays a fundamental role in the regulation of tissue
perfusion, determining the supply of nutrients and oxygen (Oz) to afford
the demand (GOLAN, 2016; Touyz et al., 2018). The dysregulation in the
release of contractile and relaxing factors in the blood vessel is a pre-
requisite for the onset of several vascular diseases, such as hypertension,
atherosclerosis, stroke, and obesity (Touyz et al., 2018). Pharmacolog-
ical intervention strategies in these regulatory pathways have already
resulted in numerous successful treatments. Therefore, the identification
of new compounds that act in order to improve vascular function is
essential.

Although preliminary evidence suggests that RmP has an important
function on the cardiovascular system, these effects and the mechanisms
by which this poison may affect the cardiovascular system have not been
explored in depth. The present study aimed to investigate the vascular
activity of RmP and the possible mechanisms involved in the responses
observed and also examine the hemodynamic and cardiac alterations
caused by RmP in conscious, free-moving rats. We hypothesized that
RmP has a Na'/K" ATPase-mediated vasoconstrictor action.

2. Material and methods
2.1. Poison collection

The toads were captured and identified by the team of biologists
from the Federal University of Mato Grosso, under the coordination of
Dr. Domingos de Jesus Rodrigues (IBAMA, SISBIO: 30,034-1). Subse-
quently, our team extracted the material secreted by the parotoid gland
of the toads by manual compression. Then, the animals were returned to
nature. Eleven animals from the same habitat in the amazon area were
used and the extracts were prepared with the poison pool of all these
toads. The toads poisons were collected in December, January and
February, during the summer season in Brazil. Present work was regis-
tered at the Brazilian National System for the Management of Genetic
Patrimony and Associated Traditional Knowledge (SisGen) under pro-
tocol n° A67857B.

2.2. Extract preparation

After collection, RmP was dried in a vacuum desiccator at room
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temperature for two days. Then, it was ground using a mortar and pistil
and submerged in methanol 100% while submitted to an ultrasonic bath
extraction for 10 min. The samples were filtered using a filter paper, and
the solvent was removed in a vacuum pump, which was coupled to a
rotary evaporator, and subsequently the samples were lyophilized to
obtain the methanolic extract from R. marina poison (MERmP) collected
from the parotoid gland. After total drying, the samples were stored at
4 °C (De Souza et al., 2020; Kerkhoff et al., 2016). For the in vitro ex-
periments we used the dried MERmP dissolved in HO and for the in vivo
experiments it was dissolved in saline solution.

2.3. HPLC analysis

HPLC analysis was performed as described by Kerkhoff et al. (2016).
Briefly, chromatography analysis was executed on a HPLC system LC
Varian Pro Star 325 with ultraviolet detector Pro Star 325 with dual
wavelength system, the equipment was operated by Galaxie Chroma-
togrphy Date System Software, provided by the equipment manufac-
turer. The separation was performed on Phenomenex Luna C18 (250.0
x 4.6 mm, 5 pm). Samples were eluted to mobile phase with water
(eluent A) and acetonitrile (eluent B). Elution took place according to
gradient and mobile phase flow as it follows: 0-45 min with 0-70%
solvent B; flow: 0,80 mL/min. The injection volume was 20 pL and
detection at 296 nm. The identification of the compounds was made by
comparing the retention time (RT) of the peaks with the standards of the
pure compounds (Resinobufagin, Marinobufagin and Bufalin), the
standards were injected separately to obtain the RT of each compound.
The other peaks were not identified by HPLC-UV due to lack of stan-
dards. However, in a previous work, the methanolic extract from RmP
was analyzed by UHPLC-DAD-MicOTOF-MS-MS and twelve compounds
were identified (Pelissari et al., 2021).

2.4. Animal experiments

All animal protocols were approved by the Ethics Committee on the
Use of Animals of the University of Sao Paulo (CEUA, under protocol n°
089/2021) and followed the regulations of the National Council on
Animal Experimental Control (CONCEA, Brazil).

Six to eight weeks old male Wistar rats (200-250 g) were obtained
from the Central Animal Facility of the University of Sao Paulo (Ribeirao
Preto campus). The animals were housed in individually ventilated
cages (5 rats per cage) covered with wood shavings at controlled room
temperature (22° - 24 °C) and humidity (40%-60%), under 12 h light-
dark cycles with free access to standard chow diet (3.77 kcal g’l) -
NUVILAB CR-1 (NuvitalVR, Colombo, Parand, Brazil) and water.

2.5. Vascular reactivity

Rats were anesthetized with isoflurane (4%) and a thoracotomy was
performed. The thoracic aorta artery was isolated, excessive fat and
connective tissue were removed, and the vessels were cut into rings of 3
mm of length. In most cases the endothelium was left intact. However, in
a small set of experiments, the endothelium was removed by gently
rolling the vessel segment on a stainless-steel wire across a cotton soaked
in Krebs-Henseleit solution. The absence of endothelium was confirmed
by the inability of acetylcholine 1 pM to induce relaxation (less than
10%) after a precontraction with phenylephrine 1 pM. Each arterial
segment was mounted in standard organ chambers for the recording of
isometric tension by a PowerLab 8/SP data acquisition system (ADIn-
struments Pty Ltd., Australia). Vascular segments were immersed in
Krebs-Henseleit solution (130 mM NaCl, 14.9 mM NaHCOs, 5.5 mM
glucose, 4.7 mM KCl, 1.56 mM CaCl,.2H50, 1.18 mM KH3POy4, 1.18 mM
MgS04.7H50 and 0.026 mM EDTA) at 37 °C, continuously bubbled with
a mix of 95% O, and 5% CO, under a resting tension of 1.5 g.

After 60 min of stabilization, vessels were stimulated twice with KCI
75 mM, to assess integrity of the muscle tissue and maximal
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contractility. Subsequently, concentration-response curves for RmP (10
ng/mL a 200 pg/mL) were performed, and there was a 4-min interval
between each concentration added. The effects of apocynin (30 pM), BQ-
123 (1 pM), indomethacin (100 pM), ketanserin (30 nM), Nw-Nitro-L-
arginine methyl ester hydrochloride (L-NAME - 100 pM), nifedipine
(100 pM) and prazosin (1 pM) were investigated by their addition 30
min before RmP curves in vessels with intact endothelium. Only one
concentration-response curve was performed in each aorta segment.

2.6. Na'/K' ATPase activity

Functional activity of Na'/K" ATPase was measured using the
method described by Webb and Bohr (1978) and adapted by Rossoni
et al. (2002). After 30 min of stabilization in standard Krebs-Henseleit
solution, the arteries were incubated in a K*-free medium for 30 min.
Then, vessels were contracted with phenylephrine (1 pM) or RmP (2
pg/mL), accordingly with the experimental group. Once a plateau was
reached, KCl was cumulatively added (1-10 mM). Relaxation was
calculated as a percentage, considering the contraction induced by
either phenylephrine or RmP as 100%.

2.7. Hemodynamic measurements

The femoral artery and vein were canulated to perform hemody-
namic measurements and to inject RmP intravascularly. Arterial and
venous catheterization were performed as described by Jespersen et al.
(2012). Briefly, rats were anesthetized with inhalator isoflurane (2%)
and oxygen (10%) in facial mask. A small incision was placed in inguinal
region to expose femoral vein and artery. To perform vascular cathe-
terization, an incision was made on the vessel section and the catheter
was pushed into the vessel. Then, the catheters were externalized on the
animal’s back, channeled through a subcutaneous tract in order to
prevent the animal’s access to the cannulas after anesthetic return.

Twenty-four hours after the cannulation surgery, blood pressure and
heart rate measurements were recorded from the artery catheter by a
pressure transducer coupled to a PowerLab 8/SP data acquisition system
(ADInstruments Pty Ltd., Australia) in conscious rats. The catheter was
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connected to the equipment and the animal was allowed to acclimate for
60 min before the beginning of the experiments. After stabilization,
saline solution or RmP were intravenous administered at the doses: 0.1
mg/kg, 0.2 mg/kg, 0.4 mg/kg and 0.8 mg/kg. The final vehicle or RmP
volume was 0.2 mL in each injection. Each administration was per-
formed in bolus for 30-60 s and each subsequent dose was injected after
30-40 min of the previous dose. During the interval of each dose, the
cannula was washed using 0,2 mL of saline.

2.8. Statistical analysis

Data are presented as mean =+ standard error of mean (SEM) and “n”
represents the number of rats used in the experiments. Concentration-
response curves were fitted with nonlinear regression using an interac-
tive fitting program (GraphPad Prism 8.0; GraphPad Software Inc.), and
two pharmacological parameters were obtained: the maximal effect
generated by the agonist (Emax) and pECs (negative logarithm of the
molar concentration producing 50% of the maximal response).
Normality distribution of data was checked with D’Agostino Pearson
test. Data were analyzed by one-way ANOVA followed by Tukey’s post-
hoc test for multiple comparisons as appropriate. The confidence level
for the tests was 95%.

3. Results
3.1. Chromatography

Chromatogram shows a high concentration of bufadienolides in the
RmP methanolic extract (Fig. 1). Marinobufagenin was the most abun-
dant component (7.9% of total area), followed by bufalin (7.4% of total
area), and resinobufagin (6.6% of total area). In addition to the identi-
fied compounds, two other compounds in the bufadienolides region
were not identified in this work, occupying 5.0% and 22.6% of the total
area. It is noteworthy that there is a considerable amount of peptides on
the chromatogram, which elute between 10 and 15 min, taking up
50.4% of the total area. This definition was based in the analysis done by
Pelissari S. et al., 2021.
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Fig. 1. HPLC-UV chromatogram of the RmP methanolic extract Analysis method: Separation was performed on Phenomenex Luna C18 Column (250.0 x 4.6 mm, 5
pm), samples were eluted using water (solution A) and acetonitrile (solution B) as mobile phase. Elution varied according to gradient and solution flow as follows:
0-45 min with 0-70% solvent B, flow 0.80 mL/min, injection volume was 20 pL and detection at 296 nm.
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3.2. Vascular reactivity

In vascular reactivity experiments, RmP induced a substantial con-
tractile response in intact aorta rings (~129% of 100 pM KCl-induced
contraction) (Fig. 2A). Aortic rings with denuded endothelium (E—)
presented an increase in the RmP-induced contraction evidenced by
PECso when compared to E+ control group. There were no changes in
Emax between these groups. To confirm endothelial contribution by NO
production, we performed experiments with intact endothelium aortic
rings (E+) in the presence of NOS inhibitor, L-NAME (100 pM). NOS
blockade shifted the curve to the left as observed in the E—group
(Fig. 2A; Table 1).

To understand the mechanisms associated with RmP induced-
contraction, different pharmacological inhibitors were used. Accord-
ingly, aortic segments were pre-incubated with apocynin (30 pM), an
antioxidant and unspecific inhibitor of NADPH oxidase, or indometh-
acin (100 pM), a non-selective COX inhibitor. Nifedipine (100 pM) was
also used to evaluate the role of L-type voltage-gated calcium channels
in this response. It was observed that indomethacin and nifedipine
decreased the contractile response, to ~27.7% and ~54.8% Emax,
respectively. On the other hand, apocynin did not change the contractile
response to RmP (Fig. 3; Table 1).

Pre-incubation with ketanserin (30 nM), a selective 5-HT5 serotonin
receptor antagonist, did not change the contractile response to RmP. On
the other hand, pre-incubation with BQ-123 (1 pM), a selective ETp
receptor antagonist attenuated the maximal response (Emax) in
~11.6%. To investigate the contribution of the al-adrenergic receptor
in the contractile response some rings were treated with prazosin (1
pM). Interestingly, pre-incubation of the vessels with prazosin signifi-
cantly decreased the contractile response in ~64.9% of Emax (Fig. 4;
Table 1).
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Table 1
Emax and pECs values from concentration-response curves to RmP in segments
of aorta. Each point represents mean + SEM. *p < 0.05 versus E+.

Emax PECso
E+ (n = 10) 128.91 + 2.30 2.72 £ 0.04
E- (n=6) 128.91 + 2.11 3.33 £+ 0.06*
L-NAME - 100 pM (n = 4) 128.15 + 8.42 3.60 + 0.19*
Apocynin - 30 pM (n = 4) 113.74 £13.5 2.56 £ 0.27
Indomethacin - 100 pM (n = 6) 93.09 + 8.09* 2.71 +£0.18
Nifedipine - 100 pM (n = 6) 58.24 + 4.55* 2.51 + 0.06
BQ-123 -1 pM (n = 6) 113.87 £ 5.61* 2.79 £0.12
Ketanserin - 30 nM (n = 6) 124.51 + 2.48 2.19 + 0.08*
Prazosin - 1 pM (n = 6) 45.13 + 4.47* 0.85 + 0.01%

3.3. Na'/K' ATPase activity

Na'/K" ATPase activity was evaluated through the increase of K*
concentration in intact aortic rings previously contracted by phenyl-
ephrine or RmP. K" -induced relaxation was greater after pre-contraction
with RmP when compared with the control group, which was pre-
contracted with phenylephrine (Emax relaxation values: 78.74 =+
1.04% - control group; 92.94 + 1.16% - RmP group). RmP also induced a
leftward shift of the KCI concentration-response curve with significant
alteration in ECsg values: 1.45 + 0.09 — control group; and 0.38 + 0.16 —
RmP group (Fig. 5).

3.4. In vivo tests

Intravenous administration of RmP increased mean arterial pressure
(MAP) over time (seconds) in a dose dependent manner (Fig. 6A;
Table 2). However, significant differences in blood pressure elevation
with RmP compared with vehicle (Control) were observed with the
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Fig. 2. Effect of RmP on aorta segments with and without endothelium. A: Concentration-response curves to RmP in segments of aorta in the presence and absence of
endothelium. Some rings were incubated with L-NAME (100 pM) prior to concentration-response curves. B: Emax and C: pECs, from concentration-response curves.

Each point represents mean + SEM. *p < 0.05 versus E+.
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Fig. 3. Contribution of COX, L-type calcium channel and ROS in the vasoconstriction effect of RmP on aorta segments. A: Concentration-response curves to RmP in
segments of aorta in the presence and absence of indomethacin (100 pM), nifedipine (100 pM) or apocynin (30 pM). B: Emax and C: pECs, from concentration-
response curves. Each point represents mean + SEM. *p < 0.05 versus E+.
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Fig. 4. Contribution of endothelin, serotonin and a-adrenergic pathway in the effect of RmP on aorta segments. A: Concentration-response curves to RmP in seg-
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point represents mean + SEM. *p < 0.05 versus E+.
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Fig. 5. Indirect effect of RmP on Na+/K + -ATPase pump in aorta segments. A: Concentration-response curves to KCl (1-10 mM) in segments of aorta (n = 8) after
pre-contraction with phenylephrine 1 uM (control) or RmP 2 pg/mL. B: Emax and C: pECs, from concentration-response curves (A). Each point represents mean +

SEM. *p < 0.05 versus control.

higher RmP doses. Interestingly, changes in blood pressure return to
baseline in less than 2 min. These data were confirmed by the area under
the curve (AUC) (Fig. 6B).

Heart rate measurement was also performed, and it was observed
that injection of the RmP at 0.8 mg/kg decreased this parameter.
Interestingly, the lowest dose injected (0.1 mg/kg) produced a signifi-
cant increase on heart rate at 90 s (Fig. 7; Table 3). Of note, there was no
mortality of the animals after 24 h of RmP injection. These data sug-
gested that RmP was not toxic at the tested doses.

4. Discussion

Rhinella marina toad is widely found in Brazilian Amazon. Its poison
has been extensively studied due to its bioactivity, but much remains to
be understood, particularly in the cardiovascular system. Thus, the aim
of this study was to identify the mechanism through which the poison
can cause cardiovascular alterations, using both in vivo and in vitro
methods. The poison showed great contractile activity in vitro in aortic
rings and the dose in vivo elevated the blood pressure.

Using quantitative HPLC-UV analyses, we observed that there was
bufadienolides in the RmP, and that marinobufagenin was the main
compound. Additionally, the chromatogram highlighted an accumula-
tion of peptides and unidentified substances that may present pharma-
cological activity (Kerkhoff et al., 2016). In a previous work done in our
laboratory by Pelissari et al. (2021), the methanolic extract analysis by
liquid chromatography was performed using an ultra-high pressure
liquid chromatography system with diode-array detection (DAD) and
mass spectometry (MS) detection (UHPLC-DAD-microTOF), where 12
compounds present in the methanolic extract of RmP were identified,
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including 5 peptides and 7 bufadienolides.

It is important to mention that changes in location, pressure, and
stress factors may affect various physiological aspects in toads, including
the composition and potency of poisons. Alterations in morphological,
behavioral, and physiological characteristics have been documented
and reflect the toxicity risk of R. marina (Friesen and Shine, 2019;
Gardner et al., 2020; Gardner et al., 2021).

Regarding vascular effects, we found that RmP induces vasocon-
striction in aorta from Wistar rats. Interestingly, we observed that RmP
is a potent vasoconstrictor, since this poison induced vascular contrac-
tion in a higher magnitude than KCl (75 mM). We suggest that the high
contractile response observed in the experiments is due to the mixture of
compounds present in the RmP, considering that concentration-response
curves to 5H-T or marinobufagenin, which can be present in the poison,
have smaller responses in rat aorta than those found with the crude
poison used in this work (Bagrov et al., 1995). Given that al-adrenergic
receptor activation is an important mechanism to induce vasoconstric-
tion in arteries (Pintérova et al., 2011), aortas were pre-incubated with
prazosin (1 pM), an al-adrenergic inhibitor. Blockade with prazosin
significantly decreased contractile response in aorta. The influx of cal-
cium via L-type voltage-gated calcium channels is an important down-
stream mechanism of ol-adrenergic receptor activation. Here, we
observed that nifedipine (100 pM), decreased maximal response in
~54.8% when compared to control group. Overall, these data suggested
that the contractile effect of RmP in aortas is mediated by the
al-adrenergic receptor and is partially calcium dependent. The effect of
RmP on al-adrenergic receptor can be direct or indirect, in view that it
can bind directly and activate this receptor or it can stimulate the
exocytosis of noradrenaline which can bind to the receptor.
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Fig. 6. In vivo effect of RmP injection in blood pressure. (A) Mean arterial
pressure (MAP - mmHg) over time after intravenous injection of RmP (0.1 mg/
kg — 0.8 mg/kg). (B) Area under the curve (AUC) of mean arterial pressure
(MAP) curves after intravenous injection of RmP (0.1 mg/kg — 0.8 mg/kg). Each
point represents mean + SEM. *p < 0.05 versus control.

Table 2

Mean arterial pressure (MAP — mmHg) values over time (s) after intravenous
injection of RmP (0.1 mg/kg — 0.8 mg/kg) (n = 4). Each point represents mean
=+ SEM. *p < 0.05 versus control.

Control 0.1 mg/ 0.2 mg/ 0.4 mg/ 0.8 mg/
kg kg kg kg
Time 0 105.1 + 106.1 + 104.7 + 105.3 &+ 105.9 +
(s) 2.8 4.5 3.6 3.2 2.6
30 103.9 + 127.7 + 122.9 + 125.5 + 147.2 +
6.9 10.6 15.6 8.9*% 8.7*
60 106.4 + 121.8 + 140.9 + 150.0 += 148.7 +
5.7 5.5 9.0* 6.3* 8.7*
90 104.9 + 104.4 + 107.0 = 1159 + 126.5 +
7.3 4.5 3.5 2.4 6.3*
120 104.4 + 104.3 + 104.0 + 109.6 + 111.8 +
6.2 7.8 4.2 4.1 4.1

The endothelium is responsible for synthesizing and releasing several
substances that regulate vascular tone and consequently, blood pressure
(Michelini and Rossoni, 2013). In this study, the removal of the endo-
thelium or pre-treatment with L-NAME potentiated R. marina-induced
contraction, suggesting an endothelial modulation, which is partially
due to nitric oxide release.

In addition to nitric oxide, endothelial cells also synthetize
cyclooxygenase-derived prostanoids and reactive oxygen species. These
factors are important to maintain vascular homeostasis. Vascular
dysfunction is correlated with development of cardiovascular diseases.
In this scenario, low grade chronic inflammation induces the release of
prostanoids, such as prostacyclin (PGI;) and thromboxane (TXAjz)
(Félétou et al., 2011), from endothelial cell through the cleavage of
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Fig. 7. Invivo effect of RmP injection in heart rate. Heart rate (beats per minute
— BPM) over time (s) after intravenous injection of RmP (0.1 mg/kg — 0.8 mg/
kg). Each point represents mean + SEM. *p < 0.05 versus control.

Table 3

Heart rate (beats per minute — BPM) values over time (s) after intravenous in-
jection of RmP (0.1 mg/kg — 0.8 mg/kg) (n = 4). Each point represents mean =+
SEM. *p < 0.05 versus control.

Control 0.1 mg/ 0.2 mg/ 0.4 mg/ 0.8 mg/
kg kg kg kg
Time 0 350.6 + 367.4 + 370.4 + 334.5 + 3414 +
(s) 11.6 21.5 7.2 6.3 6.7
30 368.4 + 376.6 + 368.6 + 356.0 = 277.7 £
16.7 22.8 22.4 8.5 25.0*
60 363.9 + 393.8 + 347.5 + 339.1 = 286.2 +
10.1 35.2 14.0 16.9 20.0*
90 357.9 + 405.6 + 377.1 + 347.5 + 335.4 +
10.4 23.0* 9.6 16.9 9.8
120 3639+ 389.7 + 371.2 + 355.3 = 331.8 +
17.8 25.5 11.4 19.4 12,5

arachidonic acid by COX. An exacerbated ROS production promotes
vasoconstriction mainly via reducing NO bioavailability resulting in
oxidative stress (Mian and Martin, 1995). Previous studies have shown
that RmP treatment produces ROS (Schmeda-Hirschmann et al., 2016),
and induces leukocyte migration triggered by COX activation (De
Medeiros et al., 2019). Based on this prior research, we performed some
concentration-response curves to the RmP in the presence of indo-
methacin (100 pM) or apocynin (30 pM). Here we observed that the
contraction response induced by RmP was partially mediated via acti-
vation of COX, but independent of NADPH oxidase activation.

Additionally, literature demonstrates the presence of serotonin, or 5-
hydroxytryptamine (5-HT) in RmP (Mailho-Fontana, 2012). 5-HT acts as
a hormone and neurotransmitter. Its actions are mainly due to the
activation of 5-HT receptors. 5-HT, receptor subtype is expressed in
smooth muscle cells and its activation induces vasocontraction
(Mohammad-Zadeh et al., 2008). Although our chromatogram did not
identify 5-HT, we used ketanserin (30 nM) to investigate whether 5-HT
indeed plays a role in RmP-induced contraction. Ketanserin caused a
shift to the right in the concentration-response curve to RmP. These data
suggest that RmP may have factors that share similarities with 5-HT.
However, it is important to emphasize that several studies have shown
that ketanserin may act on different receptors, such as a;-adrenergic
receptors, in a concentration-dependent manner (Korstanje et al., 1986;
Yoshio et al., 2001). Therefore, more specific experiments should be
performed to confirm this inference.

RmP is rich in bufadienolides, such as marinobufagenin, which is
described as a cardiac glycoside that acts by inhibiting the Nat/K*
ATPase (Bagrov et al., 1995; Strauss et al., 2019). Therefore, we per-
formed an experiment to test the effects of RmP on the functional ac-
tivity of Na™/K' ATPase, as described by Rossoni et al. (2002). Our
results indicate that the RmP intensified Na*/K" ATPase-induced hy-
perpolarization. Although, this response is opposing contractile
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responses induced by RmP, it may be due to a modulatory mechanism.
Puschett et al. (2012) suggests that resinobufagin, another bufadieno-
lide of RmP, opposes marinobufagenin actions and induces vascular
dilation. In RmP extract used in this work was found both, either res-
inobufagin or the marinobufagenin. And so, it is suggested that
R. marina extract may potentiate the hyperpolarizing effect of Na®/K"
ATPase due to the action of unidentified compounds other than mar-
inobufagenin or by a joint effect of different poison compounds.

RmP toxicosis is well known by veterinarians since young, smaller
dogs are its main victims, and cases of intoxication require a quick
treatment from an emergency care perspective (Roberts et al., 2000).
Within 30-60 min after oral exposure to the poison, dogs present severe
ptyalism, vomiting, and in the most severe cases, the intoxication can
lead to seizures and cardiac dysrhythmias (Johnnides et al., 2016;
Sakate and Oliveira, 2000). Regarding in vivo experiments, we have
observed that R. marina induced an acute elevation of blood pressure. It
is known that acute and transitory response in blood pressure is a typical
response when a vasopressor drug is delivered via intravascular route.
Subcutaneous or intraperitoneal administration provide a longer lasting
effect, which tends to start about 45 min after administration (Dias et al.,
2016; Romero-Imbachi et al., 2021). Since we have observed that
R. marina binds a1-adrenoreceptor and it is a potent vasoconstrictor, it is
possible to suggest that the elevation in the blood pressure was due to an
increase in total peripheral resistance, rather than changes in cardiac
output. It is well known that a-1 or a-2 adrenoceptors activation in-
creases arterial pressure and total peripheral resistance but does not
significantly change heart rate, left ventricular dP/dt, stroke volume, or
cardiac output. Regarding the reduction in the heart rate, it is presum-
able that this change was due to the baroreceptors reflex feedback
mechanism (Michelini and Rossoni, 2013) in response to the elevation in
blood pressure.

5. Conclusion

In conclusion, we show that Rhinela marina poison induces an
important vasoconstrictor effect via al-adrenergic receptor activation
and the release of endothelium-derived factors. In in vivo experiment,
the administration of the poison increased the blood pressure. We pro-
pose that Rhinella marina poison extract could be used to identify new
pharmacological tool for some cardiovascular disorders.
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