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Abstract
Previous studies performed in marine fish (I. conceptionis and G. laevifrons) showed that indomethacin blocked arterial 
contraction mediated by acetylcholine (ACh). The objective of this study was to determine if contraction induced by 
acetylcholine is mediated by the cyclooxygenase pathway in several arterial vessels in the Chilean frog Calyptocephalella 
gayi. Arteries from the pulmonary (PA), dorsal (DA), mesenteric (MA) and iliac (IA) regions were dissected from 6 adult 
specimens, and isometric tension studies were done using dose response curves (DRC) for ACh (10-13 to 10-3 M) in presence 
of a muscarinic antagonist (Atropine 10-5 M) and an unspecific inhibitor of cyclooxygenases (Indomethacin, 10-5M). 
All the studied arteries exhibited vasoconstriction mediated by ACh. This vasoconstriction was abolished in the presence 
of atropine in DA, MA and IA and attenuated in PA. Indomethacin abolished the vasoconstriction in MA and attenuated 
the response in PA, DA and IA. Similar to marine fish, C. gayi have an ACh-mediated vasoconstrictor pattern regulated 
by muscarinic receptors that activate a cyclooxygenase contraction pathway. These results suggest that the maintenance 
in vasoconstrictor mechanisms mediated by ACh→COX →vasoconstriction is conserved from fish to frogs.

Keywords: frog, vascular reactivity, acetylcholine, atropine, indomethacin, cyclooxygenase.

Acetilcolina produz contrações mediadas pela via da ciclooxigenase em vasos 
arteriais da rã chileno (Calyptocephalella gayi)

Resumo
Estudos feitos em peixes marinhos (I. conceptionis e G. laevifrons) têm demostrado que a indometacina bloqueia a 
contração arterial mediada por acetilcolina (ACh). O objetivo do presente estudo foi avaliar o efeito da via da ciclooxigenase 
na contração induzida por ACh em vasos arteriais da rã chilena Calyptocephalella gayi. Foram dissecadas regiões das 
artérias pulmonares (PA), dorsal (DA), mesentérica (MA) e ilíaca (IA) de seis espécimes adultos e realizados estudos 
de tensão isométrica utilizando curvas dose-resposta (CDR) de ACh (10-13 a 10-3 M) na presença de um antagonista 
muscarínico (atropina, 10-5 M) e um inibidor das ciclooxigenases (indometacina, 10-5 M). Todas as artérias evidenciaram 
uma resposta vasoconstritora mediada por ACh. Esta resposta vasoconstrictora foi suprimida na presença de atropina 
nas artérias DA, MA, IA e atenuada na PA. A indometacina suprimiu a vasoconstrição na artéria MA e atenuou a 
resposta nas artérias PA, DA e IA. Tal como os peixes marinhos, a C. gayi tem um padrão de vasoconstrição mediado 
por Ach que é regulado pelos receptores muscarínicos e pela ciclooxigenase. Estes resultados sugerem a conservação 
dos mecanismos vasoconstrictores mediados por ACh→COX em peixes e rãs.

Palavras-chave: rã, reatividade vascular, acetilcolina, atropina, indometacina, ciclooxigenase.

1. Introduction

Unlike mammalian arteries, acetylcholine does not cause 
endothelium-dependent relaxations in fish, our laboratory 
(Furchgott and Zawadzki, 1980; Miller and Vanhoutte, 
1986; Olson and Villa, 1991) and corroborated in several 
vessels such as the dorsal, mesenteric, afferent and efferent 
branchial arteries in G. laevifrons and I. conceptionis 
indicated the presence of two muscarinic receptors of 
high and low sensitivity to acetylcholine supporting a 

contraction mechanism related to muscarinic receptors 
(Moraga and Urriola-Urriola, 2014, 2015). In addition, our 
studies showed that ACh-mediated vasoconstriction was 
coupled to the ACh-COX contraction pathway previously 
described in fish (Moraga and Urriola-Urriola, 2014, 
2015). This was similar to that reported in human and rat 
hypertension models (Vanhoutte et al., 2005; Shi et al., 
2008) where there was an endothelium dysfunction because 
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of a lower bioavailability of NO due to the increase in 
oxidative stress that stimulates COX and production of 
prostaglandin vasoconstrictors (Vanhoutte, 2011). Therefore, 
we propose that ectotherm animals such as amphibians 
could have a similar pattern of vascular response as that 
described in fish.

Amphibians and others derived from ancient tetrapods 
(who estimate that appear 385-365 million years ago (Clack, 
2007). In general, amphibians have simple skeletons with 
significantly less bone than other modern vertebrates 
and their fishlike ancestors (Roček, 2003). Paleontology 
evidence suggest that Calyptocephalellidae present lineages 
of neobatrachians in being a species-poor lineage with a 
relictual distribution, they might be remnants of an ancient 
neobatrachian radiation that predated the breakup of 
Gondwana such as been proposed by Gomez et al. (2011), 
supporting idea an ancient species. In Chile, it is possible to 
find a very large species of frog named Calyptocephalella 
gayi [Anura, Calyptocephalellidae, helmeted water frog], 
that was originally known as Caudiverbera caudiverbera 
(Myers & Stothers, 2006) until Vidal and Labra (2008) 
renamed it Calyptocephalella gayi. By other way, this 
species belongs to the endemic Calyptocephalellidae family 
represented by two genders: C. gayi and Telmatobufo 
C. gayi is a large sized amphibian with males reaching 
120 mm and females 320 mm (snout - anus). This frog 
has a robust body, a large head with a short, round snout, 
small eyes in relation to the head, and irregularly stained 
smooth greenish skin with a white or yellowish belly. Their 
normal weight is about 0.5 kg but specimens weighing 
3 Kg have been found (Duellman, 2003). Currently, this 
species is only distributed in the central valley in Chile 
from Coquimbo (29°54’28”S and 71°15’15”W) to Puerto 
Montt (41°28’00”S and 72°56’00”W) at altitudes from sea 
level to 1200 meters above sea level. They normally inhabit 
lakes, streams, and ponds that have soft shores with small 
slopes and abundant aquatic vegetation. These frogs feed 
on crustaceans, fish, little rodents and other amphibians 
(Cei, 1962) and are also considered delicacies themselves 
being cultivated on certified farms and sold as food.

With all, our objective was to evaluate the role of the 
acetylcholine-COX pathway by blockade with muscarinic 
antagonist (Atropine) and blockade with an unspecific 
inhibitor of cyclooxygenases (Indomethacin) in the 
arterial vessel of dorsal, mesenteric, pulmonary and iliac 
arteries in C. gayi.

2. Material and Methods

2.1. Animals
Six adult Calyptocephalella gayi were purchased from 

a farmer in Doñihue (34°14’00”S and 70°58’00”W), VI 
Region, Chile. All specimens were carried to the laboratory 
at the Universidad Católica del Norte and maintained for 
5-7 days in filtered recirculation containers with fresh 
water at 15ºC. Afterward, corporal mass (550 ± 25 g) and 
longitude snout-anus (20 ± 2 cm) were measured for each 
specimen. Prior to experimentation, each specimen was 

anaesthetized in the transport container by the addition of 
benzocaine (1:1000) and subsequently killed by decapitation.

2.2. Bath organ physiology
Arterial vessels were carefully dissected from the 

following areas (Figure 1): Pulmonary (PA), dorsal (DA), 
mesenteric (MA) and iliac (IA) and were placed in cold 
(4°C) physiological saline solution (PSS). The PSS contained 
(in g/L): balanced salt solution [6.4 NaCl, 0.03KCl, 
0.035 NaHCO3, 1 glucose, and 0.02 CaCl2 · 2 H2O, 
pH 7.2]. Individual arterial ring segments of 2 mm length 
were mounted in a four channel small vessel wire myograph 
(model 610M Danish Myotech, Denmark). The vessels 
were threaded onto two tungsten wires of 40 μm in diameter 
and attached to a force transducer and a micrometer 
for isometric measurements. All signals were acquired 
by a system acquisition (Powerlab 8sp, ADInstrument, 
Australia) and the data collected on a personal computer 
for further analysis. After mounting the rings, the arterial 
segments were incubated in PSS at 25°C and gassed with 
air for 30 min. Each vessel segment was stretched to its 
optimal diameter, i.e. the diameter at which it developed 
a contraction response to PSS-K+, (PSS-K+ solution, NaCl 
was replaced by an equimolar amount of KCl) using a 
diameter–tension protocol as previously described for 
mammalian small arteries (Stassen et al., 1997). In this 
way, the myograph permitted direct measurement of vessel 
wall tension while the internal diameter was controlled.

Figure 1. Schematic representation of circulation territories 
in Calyptocephalella.gayi isolated for the vascular studies. 
Where, PA (Pulmonary artery), DA (Dorsal artery); 
MA (Mesenteric artery) and IA (Iliac artery).
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Following an equilibration period of at least 30 min, 
doses response curves (DRC) were performed for KCl 
(5.6-125 mM) and the cholinergic agonist acetylcholine (ACh) 
at concentrations ranging from 10-13 at 10-3 mol/L. Afterward, 
DRC for ACh were performed in vessels pre-incubated for 
30 min with Atropine (At, 10-5M), an muscarinic receptor 
antagonist, and indomethacin (IND, 10-5 M), an unspecific 
inhibitor of cyclooxygenases. Between experiments, the 
arterial preparations were allowed to recover for at least 
30-60 min to return to resting basal tension.

All chemicals were reagent grade and purchased from 
Sigma Chemical (St Louis, MO, USA). The following drugs 
used in the study: ACh, at and IND were also purchased 
from Sigma Chemical (St Louis, MO, USA).

2.3. Data analysis and statistics
DRC were analyzed in terms of maximal response 

(Rmax), and sensitivity (EC50 or pEC50) to different 
contractile agents by fitting the individual data with a 
nonlinear sigmoid regression curve (Prism 4.0, Graphpad, 
San Diego, CA, USA). Rmax was expressed as (N/m). 
Sensitivity was expressed as EC50 (the concentration of 
agonist at which 50% of Rmax was obtained) or as pEC50 
(-logEC50).

All results were expressed as mean ± SEM. A two 
way ANOVA for repeated measurements was used for 
statistical analysis of physiological variables. Differences 
were considered significant when p<0.05 (Primer of 
Biostatistical v 3.0, Mc Graw Hill).

4. Results

The calculated internal diameter for all arteries is 
shown in Table 1. The optimal diameter determined for 
each arterial segment from the vascular territories revealed 
that DA was larger than PA, MA and IA, and MA and IA 
were larger than PA.

Responses to potassium chloride (KCl). Table 2 
summarizes the EC50 and Rmax parameters obtained from 
the analysis of the arterial response curves. No differences 
were observed in the EC50 response in any of the arteries 
evaluated. In contrast, Rmax increased significantly in 
the PA and MA when compared to those obtained from 
DA and IA.

Responses to acetylcholine. pEC50 and Rmax parameters 
obtained from the analysis of the arterial response curves 
in presence of ACh revealed that the sensitivity (EC50) and 
Rmax were greater in PA as compared to DA, MA and 
IA (p<0.05). Furthermore, no differences in sensitivity 
were observed between the DA, MA and IA. Also, a 
lower Rmax was observed in MA compared to DA and 
IA (p<0.05) (Table 2).

Response blockade with Atropine. In order to evaluate 
if the arterial contraction observed in the presence of 
ACh was blocked with At (10-5 M), DRC for ACh were 
performed in all arterial vessels. Furthermore, contractions 
induced by ACh were abolished in the presence of At in 
DA, MA and IA, and attenuated in PA (Figure 2, Table 2).

Response blockade with IND. In order to evaluate the 
mechanism of contraction induced by ACh, we blocked 
with IND (10-5 M) and DRC for ACh were performed 

Table 1. Optimal diameter (µm) in arterial vessels of Calyptocephalella gayi.
PA DA MA IA

345±51*
(6)

833±71†

(6)
608±67

(6)
657±45

(6)
Values represent an optimal diameter (μm) and were expressed as mean ± S.E.M. (n). *PA vs DA, MA, IA; †DA vs MA and IA. 
(P<0.05). Abbreviations: Pulmonary artery (PA); Dorsal artery (DA); Mesenteric artery (MA) and Iliac artery (IA).

Table 2. Summary of the parameter obtained of dose response curve of several treatments in four different vascular beds of 
Calyptocephalella gayi.

PA DA MA IA
CCR-K+

EC50 (mM) 12.8±2.3 14.9±2.3 16,4±2,6 18,2±1,8
Rmax (N/m) 2.14±0.09 1.47±0.03** 2.18±0.04 1.56±0.04**
CCR-ACh
pEC50 (mM) -9.314±0.160* -6.585±0.120† -7.424±0.350 -6.971±0.113
Rmax (N/m) 4.645±0.09* 1.462±0.084 0.897±0.09†† 1.864±0.229
CCR-Atrop
pEC50 (mM) -5.885±0.085* 0±0 0±0 0±0
Rmax (N/m) 0.677±0.049* 0±0 0±0 0±0
CCR-INDO
pEC50 (mM) -6.990±0.035* -5.800±0.125 0±0 -6.536±0.07
Rmax (N/m) 1.329±0.014* 0.300±0.015 0±0 0.372±0.016
Abbreviations: Pulmonary artery (PA); Dorsal artery (DA); Mesenteric artery (MA) and Iliac artery (IA). Mean ± S.E.M. *PA vs 
DA, MA and IA; **DA and IA vs PA and MA; †DA vs PA, MA and IA; ††MA vs DA and IA (P<0.05).
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in all arterial vessels. Contraction induced by ACh was 
abolished only in MA in the presence of IND. In contrast, 
attenuated response was observed in PA, DA and IA 
(Figure 2, Table 2).

5. Discussion

Our study demonstrates that C. gayi possesses 
a vasoconstrictor mechanism mediated by ACh → 
muscarinic receptor → cyclooxygenase pathway, similar 
to that previously described in marine fish (Moraga and 
Urriola-Urriola 2014, 2015).

5.1. Vascular response to acetylcholine
Our results show that all vessels studied (PA, DA, 

MA and IA) exhibited vasoconstriction mediated by 
ACh. The vasoconstriction observed in C. gayi suggests 
the presence of one muscarinic receptors present in PA, 
in contrast with described in marine fish. Briefly, the 
response described in marine fish was characterized by a 
high sensitivity to a range of 10-10 to 10-8 M of ACh. A high 
sensitivity response to ACh was previously described in 
arterial rings from dorsal, afferent and efferent branchial, and 
mesenteric in isometric studies that was partially blocked 

by atropine (10-5 M). In this sense the effect could suggest 
the presence of two muscarinic receptors with different 
sensitivities and functions. In addition, DA, MA and IA 
preparations, we only observed a response equivalent to 
low ACh sensitivity (10-6 to 10-3 M). All responses were 
abolished by the blocker Atropine (10-5 M) suggesting the 
presence of one type of muscarinic receptor that is sensitive 
to Atropine (Broughton and Donald, 2005; Jennings and 
Donald, 2010; Moraga and Urriola-Urriola 2014, 2015).

Muscarinic receptors have been identified in vascular 
smooth muscle in fish, and Ach- induced contraction has 
been observed in all the species studied so far (Small et al., 
1990; Olson and Villa, 1991; Evans and Gunderson, 
1998). This contractile response was found in presence 
or absence of endothelium (Olson and Villa, 1991; Evans 
and Gunderson, 1998; Miller and Vanhoutte, 2000; 
Moraga and Urriola-Urriola 2014, 2015). In mammals, 
on the other hand, ACh induces vascular smooth muscle 
relaxation by activation of muscarinic receptors expressed 
in endothelial cells (Furchgott and Zawadzki, 1980). 
However, ACh-mediated vasoconstriction suggests that a 
coupled ACh-COX contraction described in our study in 
fish is similar to that reported in human hypertension and 
hypertension rat models (Vanhoutte et al., 2005; Shi et al., 

Figure 2. Acetylcholine dose-response curves of isolated rings from: Pulmonary artery (PA), Dorsal artery (DA); Mesenteric 
artery (MA) and Iliac artery (IA). Open circle (control), closed circle (Atropine, 10-5M), open triangle (Indomethacin, 10-5 M). 
Each point represents the mean±S.E.M. Control vs Atropine and Indomethacin (*p<0.05) and Atropine vs Indomethacin 
(†p<0.05).
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2008) where there was an endothelium dysfunction because 
of a lower bioavailability of NO due to the increase in 
oxidative stress that stimulates COX and production of 
prostaglandin vasoconstrictors (Vanhoutte, 2011).

5.2. Acetylcholine-cyclooxygenase vasoconstriction 
pathway

Our results demonstrate that the ACh-mediated 
vasoconstriction in all the vessels studied (PA, DA, MA 
and IA) was blocked with At (10-5 M), indicating the 
presence of muscarinic receptors that promote vascular 
vasoconstriction in C. gayi. However, when vessels were 
blocked by IND (10-5 M), the high sensitivity ACh-mediated 
vasoconstriction that was previously described, was practically 
abolished in all the vessels studied, suggesting a coupling 
mechanism between activation of muscarinic receptors with 
the production of vasoconstrictor prostanoids mediated by 
COX fish to turtle (Miller and Vanhoutte 1986, 2000) and in 
C. gayi, an effect similar to that previously reported in the 
marine fish G. laevifrons and I. conceptionis (Moraga and 
Urriola-Urriola 2014, 2015). This effect did not modify the 
low sensitivity ACh-mediated vasoconstriction suggesting 
that this mechanism is mediated by muscarinic receptors 
in the vascular smooth muscle present in all the vessels 
studied. In contrast, the low sensitivity ACh-mediated 
vasoconstriction was abolished in MA and IA. A strategy 
to corroborate the participation of endothelium in the 
response described in our study is to perform analyses 
without endothelium in the presence or absence of ACh 
plus COX inhibitors. Unfortunately, we did not do this 
design in our study.

In conclusion, our results show that C.gayi exhibit 
a similar vasoconstrictor pattern as that observed in 
marine fish by an ACh-mediated mechanism regulated 
by muscarinic receptors that activate a cyclooxygenase 
contraction pathway, and ACh is not related with relaxing 
mechanisms. These results suggest that maintenance in 
the vasoconstrictor mechanism mediated by ACh→COX 
→vasoconstriction is conserved from fish to frogs.
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