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Complete atrioventricular block on isolated guinea pig heart
induced by an aqueous fraction obtained from
Psidium guajava L. leaf
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RESUMO: “Bloqueio atrioventricular completo em coracio isolado de cobaia produzido por
uma fracio aquosa obtida das folhas de Psidium guajava L.”. O presente trabalho visou estudar
o efeito eletrocardiografico produzido pela fracdo aquosa (AqF) obtida do extrato acético das
folhas de Psidium guajava L. em coragao isolado de cobaia. Os tragados eletrocardiograficos foram
obtidos em coragdes batendo espontaneamente ou entdo sob estimulagio elétrica. Os coragdes foram
montados em uma sistema de perfusdo do tipo Langendoff de fluxo constante. A AqF, usada em
concentragdes menores que 20 pg/mL, ndo alterou a freqiiéncia espontanea do coragio (controle:
180 £ 9 bpm, teste: 182 + 10 bpm; N = 3; p > 0,05). Todavia, concentragdes iguais ou maiores que
20 pg/mL produziram bloqueio atrioventricular completo (BAV). Este efeito, contudo, desapareceu
prontamente quando se removeu a AqF do fluido de perfusao coronariana (N = 3 coragdes). O BAV
promovido pela AqF se faz mediado pelos receptores muscarinicos porque o sulfato de atropina
(1,5 uM) impediu o aparecimento deste efeito.

Unitermos: Psidium guajava, coragdo isolado, electrocardiograma, bloqueio atrioventricular.

ABSTRACT: This paper aimed to study the electrocardiographic effect produced by the aqueous
fraction (AqF) obtained from the acetic extract of Psidium guajava L. leaf on the isolated guinea pig
heart. Electrocardiographic records (ECG) were obtained on isolated hearts beating spontaneously
or under regular electrical stimulation. The hearts were mounted in a constant flow Langendorff
perfusion system. Until 20 pg/mL, AqF did not change the spontaneous cardiac rate (control: 180
+ 9 bpm, test: 182 + 10 bpm; N = 3; p > 0.05). Concentrations equal or greater then 20 pg/mL
induced complete atrioventricular block (AVB). However, this effect promptly disappeared when
AgF was removed from the perfusion fluid (N = 3 hearts). The AVB induced by AqF involves
heart muscarinic receptors because atropine sulfate (1.5 uM) could prevent the appearance of such
disturbance.

Keywords: Psidium guajava, isolated heart, electrocardiogram, atrioventricular block.

INTRODUCTION them it could be mentioned: depressor of motion activity

(Luterodt; Maleque, 1988), depressor of central nervous

Psidium guajava L. is a plant commonly used by
folk medicine. Despite that its effect on the mammalian
heart remained unknown. Conde-Garcia et al. (2003)
reported that some extracts obtained from P. guajava leaf
depress the myocardial contractility. To test if the extract
are also able to interfere with the electrophysiological
properties of the myocardium this work was designed.
P guajava (“goiabeira” in Brazil) is originated from
tropical America and its teas and infusions, prepared
from leaves, have been used for treating intestinal
colics, diarhea, cough, gingivitis, arterial hypertension
and some intestinal parasites (Coee; Anderson, 1996;
Ramirez et al., 1988; Pereira et al., 2004; Vendruscolo et
al., 2005; Térres et al., 2005). Several biological effects
have been reported to be associated to that plant. Among
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system (Olajide; Awe; Makinde, 1999), inhibitor of
retrovirus reversal transcriptase (Suthienkui et al., 1993),
antimutagenic (Grover; Bala, 2000; Matsuo et al., 1994),
antimalaric (Gessler et al., 1994), citotoxic (Arisawa,
1994), hypoglycemic (Cheng; Yang, 1983; Hsu; Cheng,
1992; Roman-Ramos; Flores-Saenz; Alarcon-Aguilar,
1995), antipyretic (Hussan; Nasralla; Chaudhuri, 1995),
anti-inflammatory (Hussan; Nasralla; Chaudhuri, 1995;
Tona et al., 1999), antibacterial and antifungal (Cuellar-
Cuellar; Arteaga Lara; Perez Zayas, 1984; Le Grand,
1989; Pessini et al., 2003; Alves et al., 2006), amebicide
(Tona et al., 1999), giardicide (Ponce-Macotela et al.,
1994), antialergic (Kossuge et al., 2000), myocardial
protector (Yamashiro et al., 2003), anti-oxidant (Qian;
Nihorimbere, 2004), and inhibitor of the enzyme
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acetylcholinesterase (Barbosa-Filho et al., 2006).

In spite of its biological activities, the scientific
literature is scarce concerned to its effect on the
mammalian myocardium. Conde-Garcia et al. (2003)
showed that the leaf acetic extract is able to reduce the
atrial contractile force in a concentration-dependent
fashion. To better understand the properties of P. guajava
extracts on mammalian heart, the present work aimed to
study the electrocardiographic effects produced on the
guinea pig heart by the aqueous fraction of the acetic
extract.

MATERIAL AND METHODS
Botanical material

P guajava leaves were collected in Aracaju
(Sergipe, Brazil) during January 2004 (summer time).
A plant voucher was identified by Myrna Landim and
deposited (Deposit number 008076) in the Herbarium
(ASE 03304) of the Federal University of Sergipe
(Aracaju, Sergipe, Brazil).
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Aqueous fraction preparation

After being collected from healthy and agrotoxic-
free plants, P. guajava leaves were carefully washed and
dried (50 = 2 °C, 10 days). 100 g of dry leaves were
submitted to extraction in a Soxhlet apparatus by using the
following solvents: hexane, chloroform, acetone, ethanol,
and acetic acid. The acetic acid extract was evaporated
(Rotary evaporator, TE-210, TECNAL, Brazil) and
concentrated. After that it was stored at —20 °C (Freezer
FRICON — VCV -1C PVR, Brazil). AgF stands for the
water-soluble fraction of the acetic extract.

Animals

Experiments were carried out on male adult
(300-500 g) guinea pig (Cavia porcellus) heart. Animal
handling followed recommendations of the Brazilian
College for Animal Experimentation (COBEA).

Substances

Hexane (SYNTH, Sao Paulo, Brazil), chloroform

control

AgF
20 pg/ml

L washout

T T

T T

atropine
1.5 1M

20 ng/mi

Figure 1. AqF effect on the ECG obtained from isolated guinea pig heart beating
spontaneously. A: Control (Tyrode perfusion); B: 3rd degree atrioventricular block
and atrial bigeminism produced by 20 pg/mL AqF added to the perfusion solution; C:
AqF washout showing the disappearance of previous effects; D: ECG record obtained
after adding atropine sulfate (1.5 uM) to the perfusion fluid; E: ECG record obtained
after the heart atropinization showing that atropine is able to prevent atrioventricular
blockade. Arrowheads mark P wave occurrence (34 £+ 0.1 °C).
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(Grupo Quimica, Sao Paulo, Brazil), potassium chloride,
glucose, and sodium bicarbonate were purchased from
MERCK (MERCK SA Industrias Quimicas, Sao Paulo,
Brazil); acetone P.A., ethanol P.A., methanol P.A., glacial
acetic acid, magnesium chloride, and monobase sodium
phosphate were purchased from VETEC (VETEC
Quimica Fina, Sdo Paulo, Brazil). Sodium chloride was
acquired from QUIMIS (S2o Paulo, Brazil), heparine
(LIQUEMINE, ROCHE, Rio de Janeiro/Brazil), and
atropine sulfate from SIGMA-ALDRICH (St.Louis, Mi,
USA).

Experimental setup for ECG recording

Animals previously heparinized (7,7 pg/g of
body weight) were sacrificed by a blow applied to the skull
base. Their hearts were rapidly removed, mounted in a
constant flow Langendorff system (5 mL/min, peristaltic
pump MILAN, Equipamentos Cientificos LTDA, Brazil),
and perused by a modified Tyrode solution (Dorigo,
1990), which was oxigenated with carbogen mixture (5%
CO, +95% 0O,), and maintained at 34 £ 0.1 °C (HAAKE
F1, Germany). To avoid coronary microembolism, the
perfusion fluid was carefully filtered in cellulose triacetate
membranes (mesh 0.45 um, SCHLEICHER & SCHULL,
Germany). The heart was electrically stimulated
(DIGITIMER DS2, England) through a pair of stainless
steel electrodes placed at the right atrial appendage.
Stimulation rate (ANAPULSE STIMULATOR 302-T,
USA and DIGITIMER DS2, England) was adjusted to be
20 % higher then the spontaneous pacemaker rate. Heart
electrical signals were captured by three electrodes (Ag/
AgCl/NaCl 1 M) placed inside the Tyrode in which the
heart was maintained immersed. The ECG signals were
monitored on a cardioscope screen (EMAI RX10, Brazil)
and, after being amplified (HP ECG AMPLIFIER 8811B,
HP7754A, USA), they were digitized at 512 Hz/channel
(DI-205, DATAQ INSTRUMENTS, USA) and recorded
in a computer.

Electrocardiographic parameters

To evaluate the AqF effect on the ECG,
electrocardiographic records were obtained on control
solution and after adding 20 pg/mL AgF to that fluid.
The chronotropic effect was evaluated in spontaneously
beating hearts, whereas the effect of AqF onthe conduction
through the atrioventricular node was analyzed on both
preparations hearts spontaneously and hearts electrically
stimulated with ground-isolated rectangular pulses of
current applied to the right appendage.

Statistical analysis
To decide about differences between means,

the t-Student test for independent data was used. The
significance level was p < 0.05. In this paper the data are

referred as mean =+ standard deviation.
RESULTS

20 pg/mL of AqF induced a complete
atrioventricular block in all of the hearts assayed. In
spite of the strong effect, the cardiac rate did not changed
(control: 180 + 9 bpm; test: 182 + 10 bpm; N = 3; p >
0.05). Figure 1 shows five ECG records obtained from
isolated guinea pig hearts. During control (panel A)
the spontaneous heart rate was 197 bpm but when
AgF (20 pg/mL) was added to the perfusion solution
an atrioventricular dissociation occurred (panel B).
Furthermore, AqF induced atrial bigeminism, which is
characterized by coupled extrasystoles. In the present
example the interval of extrasystolic coupling was equal
to 84 ms. The electrocardiographic parameters recovers its
control value after removing the AqF from the perfusion
solution (panel C). To test if the atrioventricular blockade
was dependent on the cholinergic receptors, atropine
sulfate (1.5 uM) was added to the perfusion solution. After
five minutes from atropine perfusion, AqF was added to
the perfusion fluid. This promoted a small increase of
the spontaneous heart rate from 180 bpm (panel D) to
189 bpm (panel E). Nevertheless, neither atrioventricular
block nor extrasystoles could be recorded. Such behavior
was seen in other two hearts.

DISCUSSION

After Conde-Garcia et al. (2003) reported that
the crude extract from P. guajava leaf reduced the atrial
contraction force, we decided to investigate if AqF also
could act on the electrophysiological mechanisms of the
mammalian heart. In underdeveloped countries, teas and
infusions, prepared from P. guajava leaves, are used to
control intestinal colics. This supported the present effort
to better understand the electrophysiological depressant
effects promoted by P. guajava extracts on the cardiac
functioning. We found that the AqF could even block the
electrical conduction through the AV node in isolated and
perfused guinea pig hearts. The experiments were carried
out in isolated guinea pig heart beating spontaneously or
under electrical stimulation. AqF promoted a complete
atrioventricular block leading to an atrioventricular
dissociation rhythm. This effect involves the membrane
muscarinic receptors because atropine sulfate, a non-
selective muscarinic antagonist, was able to abolish it.
The atrioventricular node is the most critical structure for
the electrical impulse propagation from the atria to the
ventricles. Through it the electrical wave spreads with a
very slow speed, that is about 10 times lower then the
atrial or ventricular one (Hoffman; Cranefield, 1960;
Paes de Carvalho; Almeida, 1960). Such low speed is in
part due to the small amplitude of its action potentials
generated by the nodal cells, which are essentially
composed by the slow component. This component is
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produced by slow calcium and sodium inward currents,
as well as by the reduction of membrane conductance
to the potassium ions. Therefore, drugs that lead to the
inward calcium current reduction (e.g. verapamil) and/
or to the increase of membrane potassium conductance
(e.g. acethylcholine) could promote impairment to the
electrical propagation through the atrioventricular node.
Activation of muscarinic receptors type M, opens the
inward potassium rectifier channels (acetylcholine-
sensitive potassium channels). Thus, when atrial, nodal,
or Purkinje cells are exposed to muscarinic agonists,
the cellular membrane resting potential increases
(hyperpolarization) and the cellular action potential
shortens (Krapvinsky et al., 1995). Another event that
is associated to the muscarinic receptors activation on
the myocardium concerns to the reduction of the L-type
inward calcium current (Dhein; Van Koppen; Brodde,
2001). As AgF seems to act by activating cardiac
muscarinic receptors then these electrophysiological
events work to make the nodal action potential smaller in
amplitude and, for that reason, they can explain both the
atrioventricular block and the atrioventricular dissociation
that could be found in the guinea pig heart perfused by
AgF. The contribution of nodal muscarinic receptors to
the AqF-induced atrioventricular block seems to be of
paramount importance.
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