
Essential oil of Sicilian Prangos ferulacea (L.) Lindl. and 

its major component, β−ocimen, affect contractility in rat 

small and large intestine

Short title: Prangoil effects on contractility of rat small and large intestine

Abstract

Ethnopharmacological relevance : Prangos ferulacea (L.) Lindl is an Apiaceae plant, widely used in 

traditional medicine. Recently, chemical composition and biological activities of its essential oil (Prangroil) 

have been reported, but there are no studies on possible effects on intestinal contractility.

Aims of the study : We investigated the effects of essential oil Sicilian Prangoil on the contractility of rat 

small (duodenum) and large (colon) intestine and the related action mechanism.

Materials and methods : Responses to Prangoil and to its major component β−ocimen in intestinal 

segments were assessed in vitro as changes in isometric tension.

Results : Prangoil, induced in duodenum, depending upon doses, contraction and/or muscular relaxation. 

Instead, in colon Prangoil only reduced the phasic contractions and induced muscular relaxation. β−ocimen, 

in both segments, produced only reduction of the spontaneous contractions without affecting basal tone. 

Prangoil contractile effects were abolished by ω-conotoxin, neural N-type Ca
2+

 channels blocker, atropine, 

muscarinic receptor antagonist, neostigmine, acetylcholinesterase (AChE) inhibitor, suggesting that 

Prangoil-induced contraction would be the result of an increase in neuronal cholinergic activity. Prangoil 

and β−ocimen inhibitory effects were unaffected by ω−conotoxin, L-NAME, blocker of the NO synthase, 

ODQ, soluble guanylate cyclase inhibitor, excluding involvement of neurotransmitter release or NO 

synthesis in the inhibitory effects. Potassium channel blocker did not affect Prangoil or β−οcimen inhibitory 

responses. Prangoil or β−οcimen inhibited the Ca
2+

 and high-KCl solution -induced contractions and the 

Carbachol-induced contractions in calcium free solution.

Conclusion : Prangoil affects the contractility of small and large intestine in rat, with regional differences, 

via potentiation of neural cholinergic activity, blockade of L-type voltage-gated calcium channel and 

reduction of Ca
2+

 release from the intracellular store. The Prangroil main components, β−ocimen, 

contributes to the inhibitory effects.
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Abbreviations

AChE Acetylcholinesterase

CCh Carbamylcholine chloride

DMSO dimethysulphoxide;

EGTA Ethylene glycol-bis (β-aminoethyl ether)-N,N,N′,N'-tetraacetic acid tetrasodium salt

EMAX Maximal effect

GC-MS Gas chromatography–mass spectrometry

L-NAME Nω-nitro-l-arginine methyl ester

ODQ 1H-[1,2,4] oxadiazolo [4,3-a]quinoxalin-1-one

Prangoil Prangos ferulacea (L.) Lindl essential oil

TEA tetraethylammonium

1 Introduction

Visceral pain is a common symptom in gastrointestinal disorders, caused by smooth muscles spasms. So far, actual drug 

therapies present high incidence of systemic side effects (Chiou and Nurko, 2011; Grundy et al., 2019,(Kim et al., 

2020)). As a result, there has been an increased interest towards the use of alternative therapeutic options for 

symptomatic treatment of functional dyspepsia, intestinal and colonic cramps, as botanic remedies, which are important 

source of antispasmodic compounds and perceived as “safe and natural” (Gwee et al., 2021; Pike et al., 2013).

Medicinal plants rich in essential oils are considered valuable and easily accessible natural resources for the 

development of new molecules, capable of becoming drug candidates. Essential oils are complex mixtures of volatile 

aromatic compounds; their composition varies among the plants by numerous factors including the seasonal variations, 

genetic, plant organ geographical origins or degree of maturity of the plant (Anwar et al., 2009; Fokou et al., 2020; 

Marotti et al., 2011).

Essential oils showed biological effects since they easily cross cellular membranes, influencing several molecular 

targets as ion channels or intracellular enzymes (Bakkali et al., 2008; Elshafie and Camele, 2017). Both in vitro and in 

vivo studies report anti-oxidant, antimicrobial, antifungal, antiparasitary, anti-inflammatory, antinociceptive or 

antitumoral effects of essential oils (Spisni et al., 2020). Despite being extensively used in traditional medicine, 

antispasmodic effects of essential oils have been poor investigated. The major components of essential oils are aromatic 

terpenes, classified in monoterpenes and sesquiterpenes, which seem to be responsible for the pharmacological profiles 

of various medicinal plants (Bakkali et al., 2008; de Sousa Lima et al., 2018; Guimarães et al., 2013). Although some 

monoterpenes have direct effects upon smooth muscle contractility in different preparations (Boskabady and Jandaghi, 

2003; Cardoso-Teixeira et al., 2018; Nascimento et al., 2009; Vasconcelos et al., 2016), for several of them there are no 

pharmacological studies yet and their possible effects should be investigated.

Apiaceae is one of the largest plant family (Burtt et al., 1993), characterized by pungent smell, rich in essential oils and 

popular for gastrointestinal disorders treatment, especially in the Middle East. It has been reported that several 
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constituents of oils extracted from the Apiaceae family plants can exert beneficial effects on gut morphology, nutrient 

absorption, microbiota and oxidative status (Ali et al., 2022). Among Apiacae, different Prangos species are part of the 

traditional medicine. Prangos ferulacea (L.) Lindl, consisting of perennial herbaceous plants of eastern Mediterranean 

and western Asia, is one of the most commonly used species of this genus. Its leaves are traditionally recommended as 

antihypertensive and laxative agents, and widely used as carminative, emollient tonic for gastrointestinal and liver 

disorders, and as anti-flatulent, sedative, anti-inflammatory, anti-viral, anti-helminthic, antifungal and anti-bacterial 

agents (Badalamenti et al., 2022; Bruno et al., 2021; Ulubelen et al., 2018 ; Bagherifar et al., 2019; Bazdar et al., 2018; 

Çoruh et al., 2007; Mottaghipisheh et al., 2020). The antispasmotic effects of its extract have been already 

demonstrated in different smooth muscle preparations and could be related to the content of secondary metabolites like 

osthole (Sadraei et al., 2012, 2013). Recently chemical composition and biological activities of the essential oil from an 

unexplored accession of aerial parts of Prangos ferulacea (L.) Lindl (syn. Cachrys ferulacea (L.). Calest), an 

orophilous species growing wild in Sicily, have been reported, highlighting biological potential, in terms of radical 

scavenging activities (Badalamenti et al., 2022; Bruno et al., 2021). Studies showed also marked differences in the 

composition of Prangos ferulacea essential oil (Prangoil) compared to the extract. In detail, Prangoil lacks osthole and 

contains mainly aromatic monoterpenes, as β−ocimen (Badalamenti et al., 2022). In consideration of the absence of 

notion of possible effects on intestinal contractility, in this study we aimed to investigated, in vitro, whether Prangoil 

and its main component β−ocimen may affect the mechanical activity of rat small and large intestine and the related 

mechanisms of action.

2 Materials and Methods

2.1 Plant materials

Areal parts consisting in flowers (467g) and leaves (246 g) from twenty-five individuals of Prangos ferulacea (L.) 

Lindl., covering about 200 m2
, were collected at Piano Zucchi, Palermo, Sicily, Italy. The samples were stored in the 

Herbarium of the University of Palermo (Voucher No. PAL 109762). The essential oil was extracted by 

hydrodistillation (Department STEBICEF, University of Palermo, Italy), analyzed by GC\MS analysis, as reported by (

Badalamenti et al., 2022). The major volatile constituents were identified as being β−ocimen (59%), α− pinene (5.6%), 

carvacrol (3,6%), sabinene (2,8%) and p-cymene (2.0%).The plant name has been verified by “The Plant List” (http://w

ww.theplantlist.org).

2.2 Animals

The study was performed in accordance with national and European Community guidelines (EEC Directive of 1986; 

86/609/EEC) for the handling and use of experimental animals and all efforts were made to minimize animal suffering 

and the number of animals used. Since the studies have been realized on tissues after animal sacrifice, there was no 

need for ethic committee approval.

Male albino Wistar rats (200–250 g, Envigo, S Pietro al Natisone-Italy) were euthanized using 2% isoflurane anesthesia 

followed by cervical dislocation. After laparotomy, intestine was removed and placed into a Petri dish containing 

physiological Krebs solution to dissect segment of duodenum and distal colon (20 mm length). Segments were then 

suspended in 10 mL four-channel organ bath filled with oxygenated (95% O
2
 and 5% CO

2
) and warmed (37  °C) 

Krebs solution. Mechanical activity of intestinal musculature was measured in vitro as previously described (Zizzo et 

al., 2011, 2016, 2017). Shortl y, the distal end of the intestinal segments was tied up to an organ holder and the 

proximal end connected to a force transducer (FORT 10, Ugo Basile, Biological Research Apparatus, Comerio VA, 

Italy) with a silk thread and isometric muscular activity was recorded (PowerLab/400 system, Ugo Basile, Italy). 

Segments were allowed to equilibrate at 1 g tension for at least 40 min before starting experiments. Spontaneous 

mechanical activity developed in all segments.

2.3 Experimental protocol

At the end of the equilibration period, preparations were challenged with high-potassium chloride (KCl) solution 

(60 mM) and Carbachol (CCh) (1 μM) until stable responses were obtained. Preparations not responding to KCl or 

CCh were discarded.

http://www.theplantlist.org/


Concentration-response curves for Prangoil 12.5–200  μg/mL were constructed; o. Oil doses were applied for 

approximately 10 min. Since in duodenum Prangoil induced a dual response effect, contractile at lower doses and 

inhibitory at higher doses respectively, different protocols were performed to study these effects. Excitatory responses 

were tested in the presence of neostigmine (10 μM, Jarvie et al., 2008), acetylcholinesterase inhibitor (AChE), or 

atropine (1 μM, Zizzo et al., 2022), muscarinic receptor antagonist, or ω−conotoxin (100 nM, Zizzo et al., 2022), 

neural N-type Ca
2+

 channel inhibitor. Inhibitory responses to Prangoil, in both duodenum and colon were evaluated in 

the presence of ω−conotoxin (100 nM) or L-NAME (100 μM, Auteri et al., 2016), blocker of the NO synthase, or 

ODQ (10  μM, Pouokam et al., 2021), soluble guanylyl cyclase inhibitor, or TEA (20 mM, Zizzo et al., 2022b)

[Instruction: This reference needs an update

izzo MG, Cicio A, Serio R. Inhibition of uterine contractility by guanine-based purines in non-pregnant rats. Naunyn 

Schmiedebergs Arch Pharmacol. 2023 May;396(5):963-972. doi: 10.1007/s00210-022-02366-5. ], aspecific potassium 

channel blocker. Drugs were left in contact with the tissue for 30 min, before adding Prangoil.

In subsequent experiments, dose response curve for β−ocimen at the doses of 7–120 μg/mL, corresponding to the 

content of the monoterpene in the oil (59%), was constructed to evaluate its contribution in the Prangroil-induced 

effects.

To investigate whether the inhibitory responses of Prangoil or β−ocimen could be due to modulation of extracellular 

calcium influx, the effects of Prangoil or β−ocimen on the contraction evoked by high K
+
 solution (60 mM) were 

evaluated. Segments of both duodenum and colon were pre-treated with the inhibitory doses of Prangoil or β−ocimen 

for 10 min and then KCl. In addition, the effects of increasing concentrations of Prangoil or β−ocimen on the 

contractile responses induced by extracellular calcium were investigated. After the equilibrium, the preparations were 

washed with calcium-free solution containing 0.1 mM EGTA until complete abolition of the spontaneous activity and 

cumulative concentration-response curve to CaCl
2
 (0.1–10 mM) was performed. Then, Prangoil or β−ocimen were 

added to the organ bath 10 min before performing a second cumulative concentration-response curve to CaCl
2
.

To evaluate the eventual contribution of intracellular calcium stores the effects of Prangoil or β−ocimen on the response 

to CCh (1 μM) in calcium free solution were analyzed.

2.4 Chemicals and reagents

The composition of Krebs solution was (mM): NaCl 119; KCl 4.5; MgSO
4
 2.5; NaHCO

3
 25; KH

2
PO

4
 1.2, CaCl

2
 2.5, 

glucose 11.1 (Andrew BL, 1972). The following drugs were used: aAtropine sulphate, β−ocimen, Carbamoylcholine 

chloride (CCh), CaCl
2
, Ethylene glycol-bis(β-aminoethyl ether)-N,N,N′,N'-tetraacetic acid tetrasodium salt (EGTA); 

nNeostigmine, Nω-nitro-l-arginine methyl ester (L-NAME), 1H-[1,2,4] oOxadiazolo [4,3-a]quinoxalin-1-one (ODQ), 

Prangoil, tTetraethylammonium (TEA), ω−conotoxin (Sigma- Aldrich, Inc., St. Louis, USA). ODQ, β-ocimen and 

Prangoil were dissolved in dimethysulphoxide (DMSO) and further diluted in Krebs. The maximal final concentration 

of DMSO in the organ bath was 0.5%, which did not affect the contractility of the rat small or large intestine.

All the other drugs were dissolved in distilled water. The working solutions were prepared fresh on the day of the 

experiment by diluting the stock solutions in Krebs and were added to the organ bath.

2.5 Statistical analysis

Data are given as means ± SEM; n in the result section refers to the number of animals on which observations were 

made. The excitatory responses induced by Prangoil were measured 3 min after the application of the drugs, estimated 

as increase in tension above the basal tone set as baseline and expressed in absolute value (mg). The inhibitory effects 

induced by Prangoil and β−ocimen on the spontaneous contraction and basal tone were measured 10 min after the 

application of the drugs and expressed in absolute value (mg).

The amplitude of the contraction induced by high KCl solution or by CCh or CaCl
2
 (both in Calcium free) was taken 

as 100% contraction to determine the effects of Prangoil and β−ocimen. Statistically significant differences were 

calculated by Student's t-test or by means of analysis of variance, followed by Dunnett's test, when appropriate. A 

probability value (P) less than 0.05 was regarded as significant.

3 Results



3.1 Prangoil and β−ocimen effects on rat small intestine contractility

Segments of rat duodenum, once mounted in the organ bath, developed a spontaneous mechanical activity 

characterized by rhythmic contractions with amplitude of 0.97 ± 0.28 g and frequency of 28.35 ± 6.11 contractions per 

minute (n = 11).

Prangoil (12.5–200 μg/mL) produced a dual response (Fig.1A and B). At the lower doses (12.5–50 μg/mL) Prangoil 

significantly increased the basal tone followed by a reduction of the spontaneous mechanical activity. At the higher 

doses (100–200 μg/mL), the initial contractile response was replaced by an increasing in amplitude muscular relaxation 

(Fig.1 A,C). Prangoil effects were fully reversible after washout. Maximal contractile response was observed in 

response to 50 μg/mL Prangoil, consisting in an increase in muscle tone of about 1.7 g, peaked on average after 3 min. 

Maximal inhibitory response was observed in response to 200  μg/mL Prangoil, consisting in the abolition of the 

spontaneous contractions and in a decrease in muscle tone of about 1.2 g, peaked on average after 10 min.

alt-text: Fig. 1

Fig. 1

A) Original tracings showing the effects induced by increasing concentrations of Prangoil on the spontaneous contractions of isolated 

rat duodenum. B) Histograms showing the increase in the basal tone induced by Prangoil (12.5–200 μg/mL) in isolated rat duodenum. 

C) Histograms showing the reduction in the amplitude of the spontaneous contraction and of the basal tone induced by Prangoil 

i Images are optimised for fast web viewing. Click on the image to view the original version.



Parallel experiments using vehicle alone showed that it did not affect the mechanical activity and/or basal tone of 

duodenal segments.

The excitatory effects induced by Prangoil were abolished in the presence of ω-conotoxin (100 nΜ), neural N-type 

Ca
2+

 channels blocker, or atropine (1 μΜ), muscarinic receptor antagonist. Atropine per se reduced the amplitude of 

the spontaneous mechanical activity. Neostigmine (10 μΜ), AChE inhibitor, per se induced an increase in the 

amplitude of the spontaneous mechanical activity and a transitory increase of the basal tone of about 1.5 g. In the 

presence of neostigmine, Prangroil failed to induce any excitatory effect, suggesting that the excitatory effects of 

Prangoil would be likely the results of the potentiation of the effects of neural released ACh via inhibition of AChE 

activity (Fig. 2 A).

Instead, Prangoil inhibitory effects were not affected by ω−conotoxin (100 nM), L-NAME (100 μΜ), a blocker of the 

NO synthase, or ODQ (10 μΜ), soluble guanylate cyclase inhibitor, excluding an involvement of neurotransmitter 

release or nitrergic pathway in the inhibitory effects (Fig. 2B).

As above reported (Badalamenti et al., 2022), since the monoterpene β−ocimen is the main component of Prangoil we 

studied its own effects on duodenal contractility. β−ocimen (7–120 μg/mL) did not induce any contractile response, but 

produced only a concentration-dependent reduction of the spontaneous contractions. Maximal inhibitory response was 

observed in response to 120  μg/mL and consisted in the abolition of the spontaneous contractions without any 

reduction of basal tone (Fig. 3A and B). Neither ω−conotoxin (100 nM), L-NAME (100 μΜ) nor ODQ (10 μΜ) 

(12.5–200 μg/mL) in isolated rat duodenum. All data are means ± SEM (n = 11 each) and expressed in absolute value (mg). *P < 0.05 

compared to the control condition.

alt-text: Fig. 2

Fig. 2

A) Histograms showing the excitatory effects induced by Prangoil (12.5–50 μg/mL) before and after: ω−conotoxin (100 nM), blocker 

of the N-type Ca
2+

 channel, atropine (1 μM), muscarinic receptor antagonist, and neostigmine (10 μM), AChE inhibitor, on the basal 

tone in isolated rat duodenum. B) Histograms showing the amplitude of the spontaneous contraction and the reduction in the basal 

tone induced by Prangoil (50–200 μg/mL) before and after: ω−conotoxin (100 nM), blocker of the N-type Ca
2+

 channel) , L-NAME 

(100  μM), a blocker of the NO synthase or ODQ (10  μM), soluble guanylyl cyclase in isolated rat duodenum. All data are 

means ± SEM (n = 5 each) and expressed in absolute value (mg). *P < 0.05 compared to the control condition.

i Images are optimised for fast web viewing. Click on the image to view the original version.



affected the inhibitory responses to β−ocimen, indicating that, as for Prangoil, neurotransmitter release or NO synthesis 

are not involved in the inhibitory effects (Fig. 3C).

3.2 Prangoil and β−ocimen effects on rat large intestine contractility

Segments of rat colon, once mounted in the organ bath, developed a spontaneous mechanical activity characterized by 

rhythmic contractions with amplitude of 1.31 ± 0.62 g and frequency of 4.5 ± 1.2 contractions per minute (n = 11).

Prangoil (12.5–200 μg/mL) induced a reproducible muscle inhibitory effect (Fig. 4A and B), consisting in a slowly 

developing reduction in the amplitude and frequency of phasic contractions and at the higher doses (50–200 μg/mL) in 

the abolition of the spontaneous contractions and in a decrease in basal muscle tone. The inhibitory effect was 

reversible, being the spontaneous contractions and the basal tone restored after washout. Parallel experiments using 

vehicle alone showed no effect on the mechanical activity and/or basal tone. Maximal response was observed in 

response to 200 μg/mL Prangoil and consisted in the abolition of the spontaneous contractions and in a maximal 

decline in muscle tone of about 1.5 g that, peaked on average after 10 min (n = 14) (Fig. 4A and B).

alt-text: Fig. 3

Fig. 3

A) Original tracing showing the maximal inhibitory effect of β−ocimen (120 μg/mL) on the spontaneous contractions of isolated rat 

duodenum. B) Histograms showing the amplitude of the spontaneous contraction in absence or in presence of β−ocimen (7–

120 μg/mL) in isolated rat duodenum (n = 10). C) Histograms showing the effects on the amplitude of the spontaneous contraction 

induced by β−ocimen (29–120 μg/mL) alone and after: ω−conotoxin (100 nM), blocker of the N-type Ca
2+

 channel; L-NAME 

(100 μM), a blocker of the NO synthase or ODQ (10 μM), soluble guanylyl cyclase inhibitor, in isolated rat duodenum (n = 5 each). 

Data are means ± SEM and expressed in absolute value (mg). *P < 0.05 compared to the control condition.

i Images are optimised for fast web viewing. Click on the image to view the original version.

alt-text: Fig. 4

Fig. 4
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β−οcimen (7–120 μg/mL) induced inhibitory effects consisting in a concentration-dependent reduction of spontaneous 

mechanical activity, without any change in the basal tone (Fig. 5A and B). As in duodenal segments, neither ω-

conotoxin (100 nM) neural N-type Ca
2+

 channels blocker nor L-NAME (100 μΜ), a NO synthase blocker, nor ODQ 

(10 μΜ),inhibitor of soluble guanylate cyclase, affected inhibitory effects induced by Prangoil or by β−οcimen, 

implying that also in large intestine, neurotransmitter release or synthesis of nitric oxide are not responsible of the 

inhibitory effects (Fig. 4C; 5 C).

A) Original tracings showing the effects induced by increasing concentrations of Prangoil on the spontaneous contractile activity of 

isolated rat colon. B) Histograms showing the reduction of the amplitude of the spontaneous contraction and of the basal tone 

induced by Prangoil (12.5–200 μg/mL) in isolated rat colon. C) Histograms showing the inhibitory effects induced by Prangoil (25–

200 μg/mL) on the amplitude of the spontaneous contractions or on the muscular tone before and after: ω−conotoxin (100 nM), 

blocker of the N-type Ca
2+

 channel, L-NAME (100 μM) a blocker of the NO synthase or ODQ (10 μM), soluble guanylyl cyclase 

inhibitor, in isolated rat colon. Data are means ± SEM (n = 5 each) and expressed in absolute value (mg). *P < 0.05 compared to the 

control condition.

alt-text: Fig. 5

Fig. 5
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3.3 Prangoil and β− ocimen inhibitory effects: action mechanism

3.3.1 K+
 channels

In small and large intestinal preparations Prangoil or β− ocimen were tested in the presence of TEA (20 mM), non-

selective K
+
 channel inhibitor. As showed in Fig. 6 A,B the inhibitory effects induced by Prangoil (50–200 μg/mL) or 

β− ocimen (14–120 μg/mL) were not affected by TEA, which per se, induced an increase of about 40% of the 

amplitude of mechanical activity.

Original tracing showing the maximal inhibitory effect of β−ocimen (120 μg/mL) on the spontaneous contractions of isolated rat 

colon. B) Histograms showing the amplitude of the spontaneous contraction in absence or in presence of β−ocimen (7–120 μg/mL) in 

isolated rat colon (n = 8). C) Histograms showing the effects on the amplitude of the spontaneous contraction induced by β−ocimen 

(14–120 μg/mL) alone and after: ω−conotoxin (100 nM), blocker of the N-type Ca
2+

 channel; L-NAME (100 μM), a blocker of the 

NO synthase or ODQ (10 μM), soluble guanylyl cyclase inhibitor, in isolated rat colon (n = 5 each). Data are means ± SEM and 

expressed in absolute value (mg). *P < 0.05 compared to the control condition.

alt-text: Fig. 6

Fig. 6
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3.3.2 Calcium modulation

In both small and large intestine, application of high-KCl solution (60 mM) caused a contraction consisting in an initial 

increase in tone followed by a decline and plateau phase, maintained throughout the application time. Prangoil, at the 

concentrations able to induce inhibitory effects, caused a significant concentration-dependent reduction of the amplitude 

of high potassium-induced contraction. Also β−ocimen induced similar inhibitory effects on KCl (60 mM) -induced 

contraction. (Fig. 7A and B).

Histograms showing the inhibitory effects induced by Prangoil or by β−ocimen on the amplitude of the spontaneous contractions or 

on the muscular tone before and after tetraethylammonium (TEA, 20 mM), non-selective K
+

 channel blocker, in rat duodenum (A) or 

in rat colon (B). Data are means ± SEM and expressed in absolute value (mg). *P < 0.05 compared to the control condition.

alt-text: Fig. 7

Fig. 7
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In both duodenum or colon segments, incubated in a Ca
2+

-free solution containing 1 mM EDTA, CaCl
2
 (0.1–10 mM) 

achieved a concentration-dependent contractile response, which was reduced by Prangoil or β− ocimen (14–120 

μg/mL) (Fig. 7C and D).

Application of 1  μM CCh produced a contractile response, characterized by an increase in force followed by an 

oscillating force production, which is reduced in calcium free solution to 49% in duodenum and 47% in colon 

respectively. This residual response due to intracellular calcium mobilization was tested in the presence of Prangoil or 

its main component. Pretreatment with 50–200 μg/mL Prangoil or 14–120 μg/mL β−ocimen induced a significant 

concentration dependent reduction of the amplitude of CCh-induced contraction (Fig. 8).

A) Histograms showing the effects of pretreatment with Prangoil (50–200 μg/mL) or β−ocimen (29–120  μg/mL) on contraction 

induced by high-KCl solution (60 mM) in rat duodenum. Data are means ± SEM (n = 5) and expressed as the percentage of the 

excitatory effects (EMAX) induced by 60 mM KCl, set as 100%. *P < 0.05 compared to the control condition. B) Concentration-

response curves of Calcium chloride (0.1–10 mM)-induced contraction in Ca
2+

 free solution before and after Prangoil (50–

200 μg/mL) or β−ocimen (29–120 μg/mL) in rat duodenum. Data are means ± SEM (n = 5) and expressed as the percentage of the 

maximal excitatory effects (EMAX) induced by 10 mM CaCl2, set as 100%. *P <  0.05 compared to the control condition. C) 

Histograms showing the effects of pretreatment with Prangoil (25–200 μg/mL) or β−ocimen (14–120 μg/mL) on contraction induced 

by high-KCl solution (60 mM) in rat colon. Data are means ± SEM (n = 5) and expressed as the percentage of the excitatory effects 

(EMAX) induced by 60 mM KCl, set as 100%.*P < 0.05 compared to the control condition. D) Concentration-response curves of 

Calcium chloride (0.1–10 mM)-induced contraction in Ca
2+

 free solution before and after Prangoil (50–200 μg/mL) or β−ocimen 

(29–120 μg/mL) in rat colon. Data are means ± SEM (n = 5) and expressed as the percentage of the maximal excitatory effects 

(EMAX) induced by 10 mM CaCl2, set as 100%. *P < 0.05 compared to the control condition.

alt-text: Fig. 8

Fig. 8
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4 Discussion

Apiaceae family, including the genus Prangos Ferulacea, is a rich source of essential oils, which make them valuable 

for a variety of purposes, as medicinal or industrial applications. In our study, Prangoil was tested on intestinal 

contractility and data indicate that the oil is active affecting the spontaneous intestinal activity in rat gut, with regional 

differences between small and large intestinal preparations.

In rat duodenal smooth muscle, Prangoil has been found to induce biphasic responses consisting in an initial 

concentration-dependent contraction, progressively followed by a reduction of the amplitude of the spontaneous 

contractions and, at the higher range of concentrations tested, by a significant muscular relaxation.

A) Histograms showing the effects of pretreatment with Prangoil (50–200 μg/mL) or β−ocimen (29–120  μg/mL) on contraction 

induced by 1 μM CCh in Ca
2+-

 free solution in rat duodenum. B) Histograms showing the effects of pretreatment with Prangoil (25–

200 μg/mL) or β−ocimen (14–120 μg/mL) on contraction induced by 1 μM CCh in Ca
2+-

 free solution in rat colon. Data are 

means ±  SEM (n  =  5 each) and expressed as the percentage of the excitatory effects (EMAX) induced by 1  μM CCh, set as 

100%.*P < 0.05 compared to the control condition.



The observation that low doses of Prangoil were not able to induce excitatory effects after inhibition of neurotransmitter 

release or after muscarinic receptor block could suggest that in rat small intestine Prangoil would act likely modulating 

neurally released ACh effects. Indeed, as already demonstrated, rodent small intestine musculature is under a tonic 

control by ACh released from enteric nerves (Takeuchi et al., 2007; Tanahashi et al., 2013; Unno et al., 2006). 

Accordingly, in our preparations blockade of muscarinic receptor reduced spontaneous mechanical activity. Moreover, 

neostigmine, inhibitor of AChE, increased the amplitude of the spontaneous contractions. Interestingly, the contractile 

response induced by Prangoil was not observed when the AChE activity was inhibited by high dose of neostigmine, 

that in rat intestine has been demonstrated to induce the maximal increase of Ach released effect (Jarvie et al., 2008) 

Therefore, we can speculate that the mechanism underlying the Prangoil excitatory effect could be ascribable to the 

inhibition of ACh esterase activity. Indeed increasing evidence indicate that several plant essential oils are sources of 

potential AChE inhibitors (Dohi et al., 2009; Ulubelen et al., 2018) and in a recent study the ability of Prangoil to 

inhibit in vitro AChE was demonstrated (Bruno et al., 2021). However, future studies in vitro, in silico or in vivo, are 

needed to confirm such as hypothesis.

In rat colonic smooth muscle, Prangoil, in a dose dependent manner, inhibited the amplitude of the spontaneous 

contraction and at the higher doses decreased the basal tone. No excitatory effects have been observed. This is not 

surprising since colonic mechanical activity is not under a tonic control by cholinergic neurons(Gonzalez and Sarna, 

2001), as duodenal mechanical activity. These differences are related to the different motor pattern of intestine regions, 

being mainly mixing movements in the small intestine, and prevalent propulsive activity in the large intestine.

In both intestinal preparations, the inhibitory effects resulted to be independent by neurotransmitter release since they 

remained unaltered in the presence of the neural N-type Ca
2+

 channel inhibitor. Moreover, since NO, the main 

inhibitory enteric mediator, can be synthesized not only by neural plexus, but also by intrinsic intestinal tissue as mast 

cells, epithelium, smooth muscle (Gantner et al., 2020; Salzman, 1995; Savidge, 2014), we tested if non neural NO 

may be involved in the inhibitory effects. However, we can exclude such a possibility since in our intestinal 

preparations, the response to Prangoil were unaffected by inhibition of NO synthesis, as well as by the block of soluble 

guanylate cyclase inhibitor.

The observation that in small and large intestinal preparations the inhibitory effects were fully reversible after washout 

indicate that these responses do not appear to be the result of non-specific properties of oils as the ability to modify the 

lipid bilayers of the cell membrane.

Prangos ferulacea (L.) Lindl extract has been reported to relax some smooth muscle preparations and the main role 

played by the prenylated coumarin, osthole has been suggested (Sadraei et al., 2012, 2013).

Prangoil composition analysis highlighted a high content of monoterpens (Badalamenti et al., 2022; Martínez-Pérez et 

al., 2018), which extensively reviewed natural antispasmodics, reported monoterpenoids as the chemical groups with 

the highest number of antispasmodic compounds, followed by flavonoids, triterpenes and alkaloids. Therefore, since 

the monoterpene β−ocimen is the main component of Prangoil, we evaluated its effects on our intestinal preparations.

Our results showed a marked reduction of spontaneous contractions in both small and large intestinal preparations in 

response to β− ocimen, suggesting its possible contribution in the inhibitory response to Prangoil. Oil resulted to be 

more potent compared to the monoterpene, inducing not only the reduction of the amplitude of spontaneous activity, 

but also muscular relaxation. Therefore, it is possible to suggest that other components in the oil may act in synergy 

with β−ocimen in inducing the inhibitory effects observed in rat intestine. Among these, we can speculate a role for 

other monoterpenes present in the oil as p-cymene and carvacrol, that have been demonstrated to relax other smooth 

muscle preparations as guinea pig trachea or rat aorta (Cardoso-Teixeira et al., 2018; Peixoto-Neves et al., 2010; Silva 

et al., 2015). Moreover, components other than β-ocimen should be responsible for excitatory effects in small intestine, 

since β-ocimen did not induced contractile responses at any concentration tested. However, further studies are needed 

to solve these issues.

It is well known that potassium channels are key player in the intestinal mechanical activity and different evidence 

indicate that natural compounds can interact with potassium channels (Rajabian et al., 2022). However, we can exclude 

that Prangoil and β-ocimen may act as potassium channel openers since the aspecific potassium channel blocker, TEA, 

did not modify the induced inhibitory effects.



Increase in intracellular calcium is necessary for triggering muscular contraction. Calcium entry by voltage-dependent 

channels and calcium mobilization from sarcoplasmic reticulum are the main events responsible for the increase in 

calcium concentration. Thereby, interfering with one or both of these mechanisms have the potential to relax intestinal 

muscle. In this context, inhibition of voltage-dependent calcium channels has been reported to be the mechanism of 

action for many essential oils to induce antispasmodic effects (Heghes et al., 2019).

In our preparations, Prangoil and its main component reduced the contractions induced high K
+
 solution and the 

calcium contractions induced by CaCl
2
 in calcium free solution. In gut smooth muscle high K

+
 induces membrane 

depolarization, opening of L-type voltage-gated Ca
2+

 channels, and thereby causes sustained contraction. Therefore, 

the inhibitory effects of Prangoil and its component are targeted at membrane Ca
2+

 channels, indeed we can suppose a 

modulation of interfering with Ca
2+

 influx interactingdue to their interaction with L-type voltage-gated calcium 

channel.

CCh-induced contraction via muscarinic cholinergic receptors consists in a component due to extracellular Ca
2+

 influx 

through voltage-dependent L-type Ca
2+

 channels and a second component due to intracellular Ca
2+

 release following 

the activation of phospholipase-C/inositol triphosphate (IP
3
) pathway (Tanahashi et al., 2021). Therefore, we tested the 

sensitivity of CCh-induced contractions ,in calcium- free solution , to Prangoil and β−ocimen in order to examine 

indirectly any effect on intracellular Ca
2+

 release from IP
3
-sensitive stores. oOur results indicate that both Prangoil and 

β-ocimen inhibited CCh-induced contraction in calcium- free solution, suggesting  the ability of both compounds to 

interfere with the mobilization of Ca
2+

 from intracellular stores.

In conclusion, the net effect of Prangroil in the rat small intestine might be the sum of excitatory and inhibitory effects. 

At low concentration the excitatory effects, likely due to inhibition of ACh esterase activity dominate. Increasing the 

concentration, the ability to block Ca
2+

 influx through sarcolemma via, at least, L-type voltage-dependent Ca
2+

 

channels and to reduce Ca
2+

 release from the intracellular store, would make inhibition the dominating response. In the 

rat large intestine, Prangoil leads only to the inhibition of the contractility via the same mechanisms observed in the 

small intestine. β−ocimen, its major component, seems to contribute to the inhibitory effects in both intestinal 

preparations.

Calcium handling plays crucial role in the normal functions of gastrointestinal smooth muscle cells. A calcium influx 

increase is related to disease conditions as diarrhea and intestinal spasms in gastrointestinal tract (De Ponti et al., 1993). 

Therefore, Prangoil showing calcium channel blocker activity could be used as antidiarrheal and antispasmodic agent, 

although it has to be taken into account the ability of essential oil of Prangos ferulacea (L.) Lindl to increase neuronal 

cholinergic activity in rat duodenum.

Uncited references

Kim et al., 2020; Ulubelen et al., 1995.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have 

appeared to influence the work reported in this paper.

Acknowledgments

This work was supported by a grant from Ministero dell’Università e della Ricerca Scientifica (MIUR),(FFR).

Q8

CRediT authorship contribution statement

Maria Grazia Zizzo : Conceptualization, Investigation, Formal analysis, Writing – original draft, Writing – review 

& editing. Adele Cicio : Investigation, Formal analysis, Writing – review & editing. Maurizio Bruno : Writing – 

review & editing. Rosa Serio : Supervision, Conceptualization, Writing – review & editing. 

Q5

References



i The corrections made in this section will be reviewed and approved by a journal production editor. The newly 

added/removed references and its citations will be reordered and rearranged by the production team.

Ali, U., Naveed, S., Qaisrani, S.N., Mahmud, A., Hayat, Z., Abdullah, M., Kikusato, M., Toyomizu, M., 

2022. Characteristics of essential oils of Apiaceae family: their chemical compositions, in vitro properties and 

effects on broiler production. J. Poultry Sci. 59, 16. doi:10.2141/JPSA.0210042.

Andrew, B.L., 1972. Introduction to apparatus and instruments. In: Experimental Physiology, ninth ed.

Churchill Livingstone, pp. 16–17 (Chapter 1).

Anwar, F., Hussain, A.I., Sherazi, S.T.H., Bhanger, M.I., 2009. Changes in Composition and Antioxidant 

and Antimicrobial Activities of Essential Oil of Fennel (Foeniculum Vulgare Mill.) Fruit at Different Stages of 

Maturity. pp. 187–202. doi:10.1080/10496470903139488.

Auteri, M., Zizzo, M.G., Amato, A., Serio, R., 2016. Dopamine induces inhibitory effects on the circular 

muscle contractility of mouse distal colon via D1- and D2-like receptors. J. Physiol. Biochem. 73, 395–404. 

doi:10.1007/S13105-017-0566-0.

Badalamenti, N., Maresca, V., Di Napoli, M., Bruno, M., Basile, A., Zanfardino, A., 2022. Chemical 

composition and biological activities of Prangos ferulacea essential oils. Molecules 27, 7430. 

doi:10.3390/MOLECULES27217430/S1.

Bagherifar, S., Sourestani, M.M., Zolfaghari, M., Mottaghipisheh, J., Zomborszki, Z.P., Csupor, D., 2019. 

Chemodiversity of volatile oil contents of various parts of 10 iranian Prangos ferulacea accessions, with 

analysis of antiradical potential. Nat. Prod. Commun. 14. doi:10.1177/1934578x19851985.

Bakkali, F., Averbeck, S., Averbeck, D., Idaomar, M., 2008. Biological effects of essential oils - a review. 

Food Chem. Toxicol. 46, 446–475. doi:10.1016/j.fct.2007.09.106.

Bazdar, M., Sadeghi, H., Hosseini, S., 2018. Evaluation of oil profiles, total phenols and phenolic compounds 

in Prangos ferulacea leaves and flowers and their effects on antioxidant activities. Biocatal. Agric. Biotechnol.

14, 418–423. doi:10.1016/j.bcab.2018.04.009.

Boskabady, M.H., Jandaghi, P., 2003. Relaxant effects of carvacrol on Guinea pig tracheal chains and its 

possible mechanisms. Pharmazie 58, 661–663.

Bruno, M., Ilardi, V., Lupidi, G., Quassinti, L., Bramucci, M., Fiorini, D., Venditti, A., Maggi, F., 2021. 

Composition and biological activities of the essential oil from a Sicilian accession of Prangos ferulacea (L.) 

Lindl. Nat. Prod. Res. 35, 733–743. doi:10.1080/14786419.2019.1598996.

Burtt, B.L., Pimenov, M.G., Leonov, M.V., 1993. The genera of the umbelliferae : a nomenclator. Kew Bull.

49, 592. doi:10.2307/4114493.

Cardoso-Teixeira, A.C., Ferreira-Da-Silva, F.W., Peixoto-Neves, D., Oliveira-Abreu, K., Pereira-Gonçalves, 

Á., Coelho-De-Souza, A.N., Leal-Cardoso, J.H., 2018. Hydroxyl group and vasorelaxant effects of perillyl 

alcohol, carveol, limonene on aorta smooth muscle of rats. Molecules 23. 

doi:10.3390/MOLECULES23061430.

Chiou, E., Nurko, S., 2011. Functional abdominal pain and irritable bowel syndrome in children and 

adolescents. Therapy 8, 315–331. doi:10.2217/THY.11.7.

Çoruh, N., CelepSag ˇdıçog ˇ lu Celep, A.G.S. diçogluA.G., Özgökçe, F., 2007. Antioxidant properties of 

Prangos ferulacea (L.) Lindl., Chaerophyllum macropodum Boiss. and Heracleum persicum Desf. from 

Q6



Apiaceae family used as food in Eastern Anatolia and their inhibitory effects on glutathione-S-transferase. 

Food Chem. 100, 1237–1242. doi:10.1016/j.foodchem.2005.12.006.

De Ponti, F., Giaroni, C., Cosentino, M., Lecchini, S., Frigo, G., 1993. Calcium-channel blockers and 

gastrointestinal motility: basic and clinical aspects. Pharmacol. Ther. 60, 121–148. doi:10.1016/0163-

7258(93)90024-8.

de Sousa Lima, E.B., de Oliveira, L.C.S., da Silva Cardoso, G., Telles, P.V.N., da Costa Lima, L., Reis e 

Sousa, J.F., Araújo, R.P.N., de Oliveira, A.P., dos Santos, R.F., dos Santos, A.A., da Silva, M.T.B., 2018. 

Moderate-intensity exercise and renin angiotensin system blockade improve the renovascular hypertension 

(2K1C)-induced gastric dysmotility in rats. Life Sci. 210, 55–64. doi:10.1016/J.LFS.2018.08.053.

Dohi, S., Terasaki, M., Makino, M., 2009. Acetylcholinesterase inhibitory activity and chemical composition 

of commercial essential oils. J. Agric. Food Chem. 57, 4313–4318. doi:10.1021/JF804013J.

Elshafie, H.S., Camele, I., 2017. An overview of the biological effects of some mediterranean essential oils 

on human health. BioMed Res. Int. 2017. doi:10.1155/2017/9268468.

Fokou, J.B.H., Dongmo, P.M.J., Boyom, F.F., Fokou, J.B.H., Dongmo, P.M.J., Boyom, F.F., 2020. Essential 

Oil’s Chemical Composition and Pharmacological Properties. Essential Oils - Oils of Nature. 

doi:10.5772/INTECHOPEN.86573.

Gantner, B.N., LaFond, K.M., Bonini, M.G., 2020. Nitric oxide in cellular adaptation and disease. Redox 

Biol. 34, 101550. doi:10.1016/J.REDOX.2020.101550.

Gonzalez, A., Sarna, S.K., 2001. Different types of contractions in rat colon and their modulation by 

oxidative stress. Am. J. Physiol. Gastrointest. Liver Physiol. 280. doi:10.1152/AJPGI.2001.280.4.G546.

Grundy, L., Erickson, A., Brierley, S.M., 2019. Visceral Pain 81, 261–284. doi:10.1146/annurev-physiol-

020518-114525.

Guimarães, A.G., Quintans, J.S.S., Quintans-Júnior, L.J., 2013. Monoterpenes with analgesic activity - a 

systematic review. Phytother Res. 27, 1–15. doi:10.1002/PTR.4686.

Gwee, K.A., Holtmann, G., Tack, J., Suzuki, H., Liu, J., Xiao, Y., Chen, M.H., Hou, X., Wu, D.C., Toh, C., 

Lu, F., Tang, X.D., 2021. Herbal medicines in functional dyspepsia—untapped opportunities not without 

risks. Neuro Gastroenterol. Motil. 33. doi:10.1111/NMO.14044.

Heghes, S.C., Vostinaru, O., Rus, L.M., Mogosan, C., Iuga, C.A., Filip, L., 2019. Antispasmodic effect of 

essential oils and their constituents: a review. Molecules 24. doi:10.3390/MOLECULES24091675.

Jarvie, E.M., Cellek, S., Sanger, G.J., 2008. Potentiation by cholinesterase inhibitors of cholinergic activity in 

rat isolated stomach and colon. Pharmacol. Res. 58, 297–301. doi:10.1016/j.phrs.2008.09.001.

Kim, Y.S., Kim, J.W., Ha, N.Y., Kim, J., Ryu, H.S., 2020. Herbal therapies in functional gastrointestinal 

disorders: a narrative review and clinical implication. Front. Psychiatr. 11, 601. 

doi:10.3389/FPSYT.2020.00601/BIBTEX.

M. Marotti , R. Piccaglia , E. Giovanelli , S.G. Deans , E. Eaglesham . Effects of Variety and Ontogenic 

Stage on the Essential Oil Composition and Biological Activity of Fennel (Foeniculum vulgare Mill.) . 6, 57–

62 https://doi.org/10.1080/10412905.1994.9698325 , 2011 https://doi.org/10.1080/10412905.1994.9698325 . 

https://doi.org/10.1080/10412905.1994.9698325
https://doi.org/10.1080/10412905.1994.9698325


Martínez-Pérez, E.F., Juárez, Z.N., Hernández, L.R., Bach, H., 2018. Natural antispasmodics: source, 

stereochemical configuration, and biological activity. BioMed Res. Int. 2018. doi:10.1155/2018/3819714.

Mottaghipisheh, J., Kiss, T., Tóth, B., Csupor, D., 2020. The Prangos genus: a comprehensive review on 

traditional use, phytochemistry, and pharmacological activities. Phytochem. Rev. 2020 19 (6 19), 1449–1470. 

doi:10.1007/S11101-020-09688-3.

Nascimento, N.R.F., De Carvalho Refosco, R.M., Vasconcelos, E.C.F., Kerntopf, M.R., Santos, C.F., 

Batista, F.J.A., De Sousa, C.M., Fonteles, M.C., 2009. 1,8-Cineole induces relaxation in rat and Guinea-pig 

airway smooth muscle. J. Pharm. Pharmacol. 61, 361–366. doi:10.1211/JPP/61.03.0011.

Peixoto-Neves, D., Silva-Alves, K.S., Gomes, M.D.M., Lima, F.C., Lahlou, S., Magalhães, P.J.C., Ceccatto, 

V.M., Coelho-De-Souza, A.N., Leal-Cardoso, J.H., 2010. Vasorelaxant effects of the monoterpenic phenol 

isomers, carvacrol and thymol, on rat isolated aorta. Fundam. Clin. Pharmacol. 24, 341–350. 

doi:10.1111/J.1472-8206.2009.00768.X.

Pike, A., Etchegary, H., Godwin, M., McCrate, F., Crellin, J., Mathews, M., Law, R., Newhook, L.A., 

Kinden, J., 2013. Use of natural health products in children: qualitative analysis of parents’ experiences. Can. 

Fam. Physician 59, e372.

Pouokam, E., Vallejo, A., Martínez, E., Traserra, S., Jimenez, M., 2021. Complementary mechanisms of 

modulation of spontaneous phasic contractions by the gaseous signalling molecules NO, H2S, HNO and the 

polysulfide Na2S3 in the rat colon. J. Basic Clin. Physiol. Pharmacol.. doi:10.1515/JBCPP-2021-0181.

Rajabian, A., Rajabian, F., Babaei, F., Mirzababaei, M., Nassiri-Asl, M., Hosseinzadeh, H., 2022. Interaction 

of medicinal plants and their active constituents with potassium ion channels: a systematic review. Front. 

Pharmacol. 13, 437. doi:10.3389/FPHAR.2022.831963/BIBTEX.

Sadraei, H., Shokoohinia, Y., Sajjadi, S.E., Ghadirian, B., 2012. Antispasmodic effect of osthole and Prangos 

ferulacea extract on rat uterus smooth muscle motility. Res Pharm Sci 7, 141–149.

Sadraei, H., Shokoohinia, Y., Sajjadi, S.E., Mozafari, M., 2013. Antispasmodic effects of Prangos ferulacea 

acetone extract and its main component osthole on ileum contraction. Res Pharm Sci 8, 137–144.

Salzman, A.L., 1995. Nitric oxide in the gut. New Horiz 3, 352–364.

Savidge, T.C., 2014. Importance of NO and its related compounds in enteric nervous system regulation of gut 

homeostasis and disease susceptibility. Curr. Opin. Pharmacol. 0, 54. doi:10.1016/J.COPH.2014.07.009.

Silva, D.F., De Almeida, M.M., Chaves, C.G., Braz, A.L., Gomes, M.A., Pinho-Da-Silva, L., Pesquero, J.L., 

Andrade, V.A., De Fátima Leite, M., De Albuquerque, J.G.F., Araujo, I.G.A., Nunes, X.P., Barbosa-Filho, 

J.M., Dos Santos Cruz, J., De Azevedo Correia, N., De Medeiros, I.A., 2015. TRPM8 channel activation 

induced by monoterpenoid rotundifolone underlies mesenteric artery relaxation. PLoS One 10, e0143171. 

doi:10.1371/JOURNAL.PONE.0143171.

Spisni, E., Petrocelli, G., Imbesi, V., Spigarelli, R., Azzinnari, D., Sarti, M.D., Campieri, M., Valerii, M.C., 

2020. Antioxidant, anti-inflammatory, and microbial-modulating activities of essential oils: implications in 

colonic pathophysiology 2020 Int. J. Mol. Sci. 21, 4152 Page 4152 21 doi:10.3390/IJMS21114152.

Takeuchi, T., Tanaka, K., Nakajima, H., Matsui, M., Azuma, Y.T., 2007. M2 and M3 muscarinic receptors 

are involved in enteric nerve-mediated contraction of the mouse ileum: findings obtained with muscarinic-

receptor knockout mouse. Am. J. Physiol. Gastrointest. Liver Physiol. 292. doi:10.1152/ajpgi.00173.2006.



Tanahashi, Y., Komori, S., Matsuyama, H., Kitazawa, T., Unno, T., 2021. Functions of muscarinic receptor 

subtypes in gastrointestinal smooth muscle: a review of studies with receptor-knockout mice. Int. J. Mol. Sci.

22, 1–24. doi:10.3390/IJMS22020926.

Tanahashi, Y., Waki, N., Unno, T., Matsuyama, H., Iino, S., Kitazawa, T., Yamada, M., Komori, S., 2013. 

Roles of M2 and M3 muscarinic receptors in the generation of rhythmic motor activity in mouse small 

intestine. Neuro Gastroenterol. Motil. 25. doi:10.1111/NMO.12194.

Ulubelen, A., Topcu, G., Tan, N., Ölçal, S., Johansson, C., Üçer, M., Birman, H., Tamer, Ş., 1995. 

Biological activities of a Turkish medicinal plant, Prangos platychlaena. J. Ethnopharmacol. 45, 193–197. 

doi:10.1016/0378-8741(94)01215-L.

Ulubelen, A., Topcu, G., Tan, N., Ölçal, S., Johansson, C., Üçer, M., Birman, H., Tamer, Ş., Abbas-

Mohammadi, M., Moridi Farimani, M., Salehi, P., Nejad Ebrahimi, S., Sonboli, A., Kelso, C., Skropeta, D., 

2018. Acetylcholinesterase-inhibitory activity of Iranian plants: combined HPLC/bioassay-guided 

fractionation, molecular networking and docking strategies for the dereplication of active compounds. J. 

Pharm. Biomed. Anal. 158, 471–479. doi:10.1016/J.JPBA.2018.06.026.

Unno, T., Matsuyama, H., Izumi, Y., Yamada, M., Wess, J., Komori, S., 2006. Roles of M2 and M3 

muscarinic receptors in cholinergic nerve-induced contractions in mouse ileum studied with receptor knockout 

mice. Br. J. Pharmacol. 149, 1022–1030. doi:10.1038/SJ.BJP.0706955.

Vasconcelos, T.B., Ribeiro-Filho, H.V., Lucetti, L.T., Magalhães, P.J.C., 2016. β-Citronellol, an alcoholic 

monoterpene with inhibitory properties on the contractility of rat trachea. Braz. J. Med. Biol. Res. 49. 

doi:10.1590/1414-431X20154800.

Zizzo, M.G., Auteri, M., Amato, A., Caldara, G., Nuzzo, D., Di Carlo, M., Serio, R., 2017. Angiotensin II 

type II receptors and colonic dysmotility in 2,4-dinitrofluorobenzenesulfonic acid-induced colitis in rats. 

Neuro Gastroenterol. Motil. 29. doi:10.1111/nmo.13019.

Zizzo, M.G., Cavallaro, G., Auteri, M., Caldara, G., Amodeo, I., Mastropaolo, M., Nuzzo, D., Di Carlo, M., 

Fumagalli, M., Mosca, F., Mule, F., Serio, R., 2016. Postnatal development of the dopaminergic signaling 

involved in the modulation of intestinal motility in mice. Pediatr. Res. 80, 440–447. doi:10.1038/pr.2016.91.

Zizzo, M.G., Cicio, A., Corrao, F., Lentini, L., Serio, R., 2022. Aging modifies receptor expression but not 

muscular contractile response to angiotensin II in rat jejunum. J. Physiol. Biochem. 78, 753–762. 

doi:10.1007/S13105-022-00892-7/FIGURES/5.

Zizzo, M.G., Mastropaolo, M., Lentini, L., Mulè, F., Serio, R., 2011. Adenosine negatively regulates 

duodenal motility in mice: role of A 1 and A 2A receptors. Br. J. Pharmacol. 164, 1580–1589. 

doi:10.1111/j.1476-5381.2011.01498.

Zizzo, M.G., Cicio, A., Serio, R., 2022b. Inhibition of uterine contractility by guanine-based purines in non-

pregnant rats. Naunyn-Schmiedeberg’s Arch. Pharmacol.. doi:10.1007/s00210-022-02366-5[Instruction: 

update

Zizzo MG, Cicio A, Serio R. Inhibition of uterine contractility by guanine-based purines in non-pregnant rats. 

Naunyn Schmiedebergs Arch Pharmacol. 2023 May;396(5):963-972. doi: 10.1007/s00210-022-02366-5.].

Graphical abstract



Highlights

• Essential oil Sicilian Prangos ferulacea (L.)  Lindl (Prangoil) affects mechanical activity of rat small and large intestine in 

rat.

• Prangroil in duodenum producesd a dual response consisting in contraction and/or muscular relaxation depending upon doses.

• Prangoil induces in colon, inhibitory effects consisting in an inhibition of spuntaneous activity and in  muscular relaxation

 Prangoil exerted only inhibitory effects in colonic segments, consisting in a reduction in the amplitude and frequency of 

phasic contractions and in a muscular relaxation. 

• β[Instruction: β-ocimen]−ocimen  its major component is responsible in both segments for the inhibitory effects.

• Prangoil effects are mediated by inhibition of acetylcholinesterase (AChE) activity, blockade of L-type voltage-gated Ca
2+

 

channel and reduction of Ca
2+

 release from the intracellular store.Prangoil acts via AChE inhibition, L-type voltage-gated 

Ca
2+

 channel blockade and intracellular Ca
2+

release reduction.
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long; please edit them to meet the requirement.

Answer: Done

Q8

Query: The Uncited References section comprises references that occur in the reference list but are not available in the body of

the article text. Please cite each reference in the text or, alternatively, delete it. Any reference not dealt with will be retained in

this section.

Answer: Done

Q9

Query: Please confirm that given names and surnames have been identified correctly and are presented in the desired order

and please carefully verify the spelling of all authors' names.

Answer: Reviewed


