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Naringin is a flavonoid glycoside found in citrus fruits and grapes with a wide range of therapeutic actions. 

We aimed to study the inotropic effect of naringin on rat-isolated atria, dissecting intracellular mechanisms 

involved in this response. Concentration-response curves of naringin (0.003-6 mM) were obtained before 

and after pre-incubation with selective antagonists. Our results showed that naringin presented a biphasic 

inotropic response, with a positive inotropic effect at low and middle concentrations (0.003-2.0 mM), and 

a negative inotropic effect at high concentrations (above 3 mM). Pre-incubation with propranolol or 

atenolol (β-adrenergic receptors antagonists, β-AR), H89 (protein kinase-A inhibitor, PKA), nifedipine     

(L-type Ca2+ channel blocker), or ryanodine (ryanodine receptor inhibitor) fully abolished the positive 

inotropic effect induced by naringin. Pre-treatment of animals with reserpine, catecholamine-depleting 

drug, also prevented the increase of atrial contractility evoked by naringin. Altogether, we show that 

naringin causes a positive inotropic effect in isolated atria through β-AR/PKA-dependent pathway. 

Keywords: flavonoids, atrium, β-adrenergic receptor. 

 

A naringina é um glicosídeo flavonóide encontrado em frutas cítricas e uvas com uma ampla gama de ações 

terapêuticas. Nosso objetivo foi estudar o efeito inotrópico da naringina em átrios isolados de ratos, 

dissecando os mecanismos intracelulares envolvidos nessa resposta. As curvas de concentração-resposta de 

naringina (0,003-6 mM) foram obtidas antes e após a pré-incubação com antagonistas seletivos. Nossos 

resultados mostraram que a naringina apresentou uma resposta inotrópica bifásica, com efeito inotrópico 

positivo em baixas e médias concentrações (0,003-2,0 mM), e efeito inotrópico negativo em altas 

concentrações (acima de 3 mM). A pré-incubação com propranolol ou atenolol (antagonistas dos receptores 

β-adrenérgicos, β-AR), H89 (inibidor da proteína quinase-A, PKA), nifedipina (bloqueador do canal de 

Ca2+ tipo L) ou rianodina (inibidor do receptor de rianodina) aboliu totalmente o efeito inotrópico positivo 

induzido pela naringina. O pré-tratamento dos animais com reserpina, droga depletora de catecolaminas, 

também preveniu o aumento da contratilidade atrial evocada pela naringina. Ao todo, mostramos que a 

naringina causa um efeito inotrópico positivo em átrios isolados através da via β-AR/PKA-dependente 

Palavras-chave: flavonóide, átrio, receptor β-adrenérgico. 

1. INTRODUCTION  

Flavonoids are a group of natural compounds with diverse biological and therapeutic activities 

attributed to their anti-oxidative, anti-inflammatory, anti-mutagenic, and anti-carcinogenic 

properties [1]. In the vascular system, this group can improve the function of failing 

cardiomyocytes and cardiac contractility through a positive inotropic action [2]. Positive 

inotropes are β1– and β2-adrenergic receptor agonists, restoring Ca2+ homeostasis by activation 

of L-type Ca2+ channels and Ca2+ release from the sarcoplasmic reticulum (SR) [3]. In this context, 

naringin, a flavonoid glycoside commonly found in grapes and citrus fruits, has been 

demonstrated to be efficacious for the treatment of metabolic and cardiac disorders [4, 5]. 

Accordingly, naringin has provided remarkable cardioprotection in isoproterenol-induced 

myocardial infarction [6], against cardiovascular dysfunction in high carbohydrate/fat-fed rats 

[7], hepatoprotective action [8], prevention of stroke-prone spontaneously hypertensive rats [9], 
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cardioprotective against from aging-dependent dysfunction [10], antioxidant, anti-inflammatory 

and antiapoptotic effects on cardiac damage induced by cisplatin [11], protective effect against 

diabetic cardiomyopathy [12] and protects H9C2 cardiomyocytes from chemical hypoxia‑induced 

injury [13]. Furthermore, has been demonstrated that naringin can be used as an anti-inflammatory 

nutritional in many different diseases, such as SARS-CoV-1 [14]. 

Although the protective actions of naringin have been reported, the mechanism by which 

promotes its effects remains elusive. Moreover, all previous cardiac studies evaluated the actions 

of naringin in ventricular tissue or cells [5-7, 15, 16], while its effects in atrial tissue remained 

largely unexplored until now. Therefore, the present study aimed to study the inotropic effect of 

naringin on rat-isolated atria, dissecting intracellular mechanisms involved in this response. 

2. MATERIALS AND METHODS  

2.1 Animals 

All experimental procedures were approved by the Ethical Committee for Animal Research of 

the Federal University of Sergipe (#19/15) and carried out in accordance with the Institutional 

Animal Care and Use. Male Wistar rats (250-300 g) were obtained from the Animal Care Facility 

of Federal University of Sergipe and housed under standard conditions. 

2.2 Evaluation of the inotropic effect of naringin 

The inotropic effect was evaluated in rat left atrium mounted in an organ chamber containing 

Krebs-Henseleit solution (in mM: NaCl 120, KCl 5.4, MgCl2 1.2, NaHCO3 27, CaCl2 1.25, 

Glucose 11, NaH2PO4 2.0) constantly oxygenated by carbogen mixture (95% O2 and 5% CO2) 

and maintained at 29° ± 0.1°C. The left atrium was stretched to 0.5 N and submitted to a field 

stimulation (1 Hz, 100 V, 0.5 ms) (STIMULATOR SD9 GRASS). Atrial force was recorded using 

an isometric force transducer (GRASS FT03). Concentration-response curves of naringin (0.003 

to 6.0 mM) and 0.5% DMSO (used as diluent) were obtained to determine the contractile atrial 

response.  

2.3 Effects of naringin on the β-adrenergic receptor (β-AR) and downstream targets of           
β-AR signaling pathway 

To evaluate the involvement of β-AR on the inotropic response of naringin, concentration-

response curves for naringin were obtained after pre-incubating the atria with propranolol (1 µM, 

non-selective β-AR antagonist) or atenolol (1 µM, selective β1-AR antagonist) during 20 min. To 

assess whether naringin affects atrial contractility via downstream targets of β-AR pathway, the 

involvement of protein kinase A (PKA), L-type calcium channel (LTCC), and ryanodine receptor 

(RyR) were evaluated pre-incubating atrial tissue, during 20 min, with H89 (PKA inhibitor, 

1 μM), nifedipine (LTCC blocker, 1 μM), and ryanodine (RyR blocker, 1 μM), respectively. Then, 

concentration-response curves for naringin were obtained in the presence of these antagonists. 

2.4 Reserpine treatment of animals 

The effect of catecholamine-depleting pretreatments (reserpine 5 mg/kg, i.p, 24 h before the 

experiment) on the inotropic response to naringin was evaluated in the isolated atrium. Rats were 

divided into two groups: non-reserpinised and reserpinised. Each atrium was allowed to stabilize 

for 20 min. After the stabilization period, a cumulative concentration-response curve to naringin 

(0.003 to 6.0 mM) was obtained. 

2.5 Data Analysis  

All results are shown as means ± standard error of the mean (S.E.M). GraphPad Prism v.6.0 

(GraphPad Software, CA, USA) was used for statistical analysis. Groups were compared using 
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the one-way or two-way analysis of variance (ANOVA) followed by Tukey’s test. P < 0.05 was 

used as a significance level. 

3. RESULTS 

The inotropic effect of naringin (Figure 1A) was evaluated in left atrium submitted to electrical 

stimulation. Figure 1B shows representative traces of the concentration-response curve of 

naringin, in which it can be observed that this flavonoid presented a biphasic contractile effect. 

At concentrations ranging from 0.003 to 2.0 mM, naringin increased atrial contractility in a 

concentration-dependent manner, exhibiting a maximal effect at 2 mM (150%). At concentrations 

above 3 mM, a negative inotropic response was observed. From the concentration-response curve 

of naringin, it was possible to obtain the EC50 value of 0.32 ± 0.01 mM (Figure 1C). In addition, 

naringin also induced a decrease in the diastolic tension reaching its maximum effect at the highest 

concentration tested (6 mM), which as partially restored after washout (Figure 1D). As shown in 

the Figures 1E and 1F, the maximum and minimum dT/dt, which represent an index of contraction 

(+dT/dt) and relaxation (-dT/dt) velocities, were slowed down in the presence of naringin, 115% 

and 118%, respectively. However, after the washout, these effects were restored to control levels 

(Figures 1E-F). 

 
Figure 1. Effect of naringin on the contractility of rat left atria. A, Chemical structure of naringin. 

B, Representative trace of contractile force in response to naringin. C, Concentration-response curve to 

naringin. Effects of naringin at the highest concentration tested (6 mM) on the diastolic relaxation (D), 

+dT/dt (E), and -dT/dt (F). Data are represented as means ± SEM (n = 6). One-way ANOVA followed by 

Tukey post-test. **p < 0.01 and ***p < 0.01 vs. control. #p < 0.05 vs. naringin. 
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Taking into account that the increase of atrial contractility induced by naringin could be related 

to activation of β-ARs, concentration-response curves of naringin were performed in the presence 

of propranolol or atenolol. Figure 2 shows representative traces of atrial force in all experimental 

conditions (A) showing that pre-incubation with both β-ARs antagonists was able to abolish the 

positive inotropic response evoked by naringin (B). Therefore, as our results strongly indicate that 

naringin activates β-AR, we further investigated the involvement of PKA, a key effector of the    

β-AR signaling pathway. As shown in Figure 3, pre-incubation with H89 (PKA inhibitor) fully 

abolished the positive inotropic effect of naringin. 

 
Figure 2. Positive inotropic effect of naringin was abolished in the presence of β-AR antagonists. 

A, Representative traces of inotropic effect of naringin (NARG) in the absence and presence of 

propranolol (PROP, non-selective β-AR antagonist) or atenolol (ATEN, a selective β1-AR antagonist). 

B, Concentration-response curve to naringin in the absence and presence of presence β-AR antagonists. 

Data are represented as means ± SEM (n = 4). Two-way ANOVA followed by Tukey post-test.            

***p < 0.01 vs. control. 

Once active, PKA phosphorylates a wide range of critical proteins related to the excitation-

contraction (EC) coupling, which include LTCC and RyR. Therefore, to assess whether the 

inotropic effect of naringin involves the modulation of these downstream targets, we evaluated 

the response of naringin in the presence of nifedipine (LTCC blocker) and ryanodine (RyR 
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inhibitor). Accordingly, we demonstrated that nifedipine and ryanodine also prevented the 

positive inotropic effect evoked by naringin (Fig. 3). 

 
Figure 3. Positive inotropic effect of naringin was abolished in the presence of inhibitors of downstream 

effectors and targets of β-AR signaling pathway. A, Representative traces of inotropic effect of naringin in 

the absence and presence of H89 (PKA inhibitor), nifedipine (LTCC blocker), or ryanodine (ryanodine 

receptor inhibitor). B, Concentration-response curve to naringin in the absence and presence of drugs 

mentioned above. Data are represented as means ± SEM (n = 3). Two-way ANOVA followed by Tukey 

post-test. ***p < 0.01 vs. control. 

To evaluate whether naringin induces the release of pre-synaptic catecholamines and, 

therefore, increases the contractile force, we carried out experiments in animals pretreated with 

reserpine, an alkaloid that depletes catecholamines at the sympathetic nerve terminal. As shown 

in Figure 4, a typical recording demonstrates the positive inotropic effects produced by naringin 

in control animals (A), while the increase of contractile force was not observed in the atria of 

animals previously treated with reserpine (B). 
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Figure 4. Positive inotropic effect of naringin was abolished in reserpine-treated rats. A, Representative 

traces of inotropic effect of naringin in atrial tissue of non-reserpinised (control) and reserpinised rats. 

B, Concentration-response curves to naringin in atrial tissue of non-reserpinised and reserpinised rats. 

Data are represented as means ± SEM (n = 4). Two-way ANOVA followed by Tukey post-test. 

***p < 0.01 vs. control. 

4. DISCUSSION 

Naringin presents some biological properties such as antioxidant and anti-inflammatory 

activities [6]. However, many studies have shown that the biological actions of this flavonoid 

mainly depend on the modulation of ion channels and G-coupled protein receptors [17, 18]. From 

this point of view, the literature is very scarce regarding the effects of naringin on the 

cardiovascular system. Our results showed that naringin exerted a two-phase contractile effect, 

increasing the atrial force at low concentrations (0.003 to 2 mM) and reducing the contractile 

force at concentrations above 3 mM. The calculated EC50 of naringin was 0.32 ± 0.01 mM, which 

is 10-fold less potent compared to quercetin (0.032 mM), another flavonoid with similar 

properties, as we recently reported [18]. Moreover, our results demonstrated that the increased 

atrial force induced by naringin involves, at least in part, by a significant improvement of diastolic 

relaxation, possibly mediated by enhanced Ca2+ reuptake to the sarcoplasmic reticulum (SR). 

In contrast to our results, López-Medina et al. (2014) [19] have shown that naringin induced, 

in isolated rat heart, negative inotropism in the concentration range of 1 to 100 μM. Moreover, 
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the same group of researchers demonstrated a similar effect in isolated mouse hearts, justifying 

this effect due to the reduction of sodium and LTCC currents [16]. A reasonable explanation for 

this discrepancy is the difference in tissues studied, since our results were obtained in atrial tissue, 

while previous studies were carried out using ventricular tissue or cells. Therefore, albeit these 

cells comprise cardiomyocytes, they differ from each other in terms of morphology, EC coupling, 

and gene expression [20]. 

Although several mechanisms have been described to enhance cardiac contractility, activation 

of β-AR remains the main signaling pathway in the heart [21]. Indeed, 3 types of β-ARs (β1-,      

β2-, and β3-) have been identified in human atrial and ventricular tissue at mRNA and protein level 

[22, 23]. However, the positive inotropic effect in the human heart is generally attributed to β1- 

and β2-AR stimulation, while activation of β3-ARs has provided inconsistent data in atrial tissue 

leading to positive [24] and negative [25] inotropic effects. Accordingly, the inhibition of the 

concentration-effect curve to naringin in the presence of propranolol (a non-specific antagonist of 

β-receptors) or atenolol (a specific β1-receptor antagonist) support that its positive inotropic effect 

occurs through a β-AR-dependent mechanism. 

Downstream, activation of β-AR signaling pathway results in immediate PKA-dependent 

phosphorylation of effectors, such as RyR and LTCC, increasing cardiac contractile function [26]. 

In atrial myocytes, which transverse tubules are not present or poorly developed compared to 

ventricular myocytes [27], the EC coupling is initiated through Ca2+ release units (CRUs) at the 

surface sarcolemma, each including approximately 6 LTCCs opposite a cluster of approximately 

50 RyRs Ca2+ release channels [28]. Therefore, Ca2+ transients and contractions are initiated 

through subsarcolemmal CRUs, leading initially to a peripheral elevation of Ca2+ via LTCCs, 

which travels toward the myocyte center through propagated Ca2+-induced Ca2+ release via RyRs 

[28, 29]. On the other hand, phospholamban, which is an endogenous SERCA inhibitor, once 

phosphorylated, increases Ca+2 reuptake to SR increasing the contraction force, and improving 

diastolic relaxation [30]. In line with our results, inhibition of PKA, as well as its downstream 

targets, RyR and LTCC, entirely abolished the positive inotropism evoked by naringin. Therefore, 

our results validate that naringin enhances contractile function through a β-AR-dependent 

mechanism, which stimulates a PKA-mediated activation of proteins involved in the control of 

Ca2+ handling and EC coupling of atrial tissue. 

Thereafter, experiments were performed to evaluate the influence of reserpine pre-treatment 

naringin inotropic effect. It is well known that reserpine inhibits the vesicular monoamine 

transporter, preventing norepinephrine and dopamine uptake into storage vesicles and, 

consequently, enhancing catecholamines degradation by monoamine oxidase [31]. Using this 

approach, our data clearly showed that naringin was unable to increase atrial contractility. Thus, 

this result suggests that this flavonoid is able to release catecholamines present in the isolated 

atrium, which in turn, bind to β-AR promoting the increase of cardiac contractility. Interestingly, 

catecholamine release-dependent activity has also been observed in other natural compounds. For 

instance, silymarin, a flavonolignan extracted from the seeds of Silybum marianum, exerted 

positive inotropic response in isolated rat heart through endogenous catecholamines release [32]. 

Although it is well known that endogenous catecholamines release increases both heart muscle 

contraction and heart rate, positive inotropic agents may be beneficial for patients that need 

adrenergic stimulation to improve cardiac function, such as acute heart failure, especially with 

severe hypoperfusion and cardiogenic shock [33]. 

5. CONCLUSION 

In summary, our data show that naringin exerts positive inotropism in atrial tissue by 

stimulation of adrenergic pathway through β-AR/PKA-dependent mechanism. However, it seems 

that part of this effect occurs by endogenous catecholamines release from sympathetic nerve 

terminals. 
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