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Abstract

Many pharmacological effects have been ascribed to extracts of
Psidium guajava L. (guava) leaves. However, in spite of its wide-
spread use in Brazilian folk medicine and a reasonable number of
scientific reports about it, we could not find any study dealing with its
action on the mammalian myocardium. In the present study, by
measuring isometric force, we observed that the crude extract of P.
guajava (water-alcohol extract obtained by macerating dry leaves)
depresses the guinea pig atrial contractility in a concentration-depend-
ent fashion (N = 8 hearts, 15 trials). The compound with cardiac
activity was concentrated by extraction in a Soxhlet apparatus using 17
M glacial acetic acid after removing the less polar fractions (hexane,
chloroform, acetone, ethanol and methanol), suggesting that this
compound is a highly polar substance. In the isolated guinea pig left
atrium the acetic acid fraction (10-800 mg/l) of P. guajava 1) revers-
ibly decreased myocardial force in a concentration-dependent fashion
(EC50=0.07g/l, N = 5 hearts, 9 trials, P<0.05), 2) increased the atrial
relaxation time measured at 20% of the force amplitude up to 35% (91
+ 15 to 123 = 30 ms, N = 3 hearts, 6 trials, P<0.05), 3) abolished the
positive staircase effect (Bowditch phenomenon) in a concentration-
dependent fashion suggesting a decrease of the cellular inward cal-
cium current (N = 4 hearts, 8 trials, P<0.05), and 4) its inotropic effect
was abolished by cholinergic receptor blockade with 1.5 mM atropine
sulfate, indicating a cholinergic involvement in the mechanism of
action of the extract (N = 7 hearts, 15 trials, P<0.05). The acetic acid
extract was 20 times more potent than crude extract (ECso = 1.4 g/1).
The results showed that extracts from P. guajava leaves depress
myocardial inotropism.
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Introduction

Guava (Psidium guajava L.), a plant of
the Myrtaceae family, is native to Tropical
America. It is found widely in hot climate
countries and grows up to 7 m high. Its fruits,
which are rich in vitamin C, are consumed

fresh or industrialized as jam, juice, etc. South
American folk medicine uses tea from its
leaves, leaf buds, and flowers to treat intesti-
nal colic and diarrhea (1-3). In guinea pig
ileum the hexane, methanol, and aqueous
extracts of leaves decrease the peristaltic
waves, probably due to quercetin, a glyco-
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side (flavonoid) found in the leaves (1). Quer-
cetin antagonizes the inward calcium mem-
brane current leading to a decrease of smooth
muscle contractile force (2,3). It also re-
duces acetylcholine release in neuromuscu-
lar junctions due to its interaction with cal-
cium channels of presynaptic membranes (4).

Many other effects of extracts of Psidium
leaves have been reported, such as antinoci-
ceptive (5,6), CNS depressor (7), antimu-
tagenic (8,9), antihyperglycemic (10) - but
such effect was controversial (11) -, anti-
diarrheic (12), antibiotic (12,13), antiamebic
and antispasmodic (14) effects, anticough
(15), and narcotic-like activity (16).

Phytochemical analysis of Psidium leaves
has revealed the presence of tannins, phenols,
triterpenes, essential oils, saponins (17), lec-
tins (18), carotenoids (19), ascorbic acid
(20), and fatty acids (21). Its essential oil
contains cineol, D-limonene, caryophyllene,
eugenol, alpha pinene, and myrcene, but no
alkaloids oranthocyanides. The volatile acids
(E)-cinnamic acid and (Z)-3-hexenoic acid
are the major constituents of the volatile
principles of P. guajava (22).

During the screening of several plants we
observed that a crude extract of P. guajava
depressed myocardial contractility. The ob-
jective of the present study was to character-
ize its inotropic effects on the guinea pig
atrial myocardium.

Material and Methods

Extract preparation

Leaves were collected on the campus of
the Federal University of Sergipe (Aracaju,
SE, Brazil), from agrotoxic-free trees during
the winter season (June-July, 2000). A
voucher specimen of P. guajava was com-
pared with that deposited in the Herbarium
of the Federal University of Sergipe (code
ASE 03304; collectors’ number: 4122;
voucher No. 04531). A crude water-alcohol
extract was obtained by macerating dry leaves
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in 6:4 ethanol:water (v/v) at 27°C for 10 days
and by concentrating the extract in a rotary
evaporator (BUCHII RE 111, Buchi Labora-
toriums-Technik AG, Flawil, Switzerland).
The hexane, chloroform, acetone, ethanol,
methanol, and acetic acid extracts were pre-
pared with a Soxhlet extractor using analytical
PA grade solvents. The extracts were then
stored at27 + 2°C in a dry atmosphere without
protection from light for 1 to 6 months until
use. The Na* and K" contents of each extract
were analyzed by flame photometry using an
ENGRO 456/E analyzer (Analyser Comércio
e Industria Ltda., Sdo Paulo, SP, Brazil).

Experimental procedure

The experiments were carried out on guin-
ea pig left atria isolated from animals of both
sexes (300-500 g) killed by a blow to the
head. The heart was promptly excised and
the left atrium was transferred to an organ
bath where it was mounted and immersed in
modified Tyrode solution (137.0 mM NaCl,
5.0 mM KCI, 0.5 mM MgCl,, 12.0 mM
NaHCO;, 1.8 mM CaCl,, 6.0 mM glucose,
and 1.8 mM NaH,PO,). All salts were of
analytical grade, manufactured by Merck
S.A. Industrias Quimicas, Rio de Janeiro,
RJ, Brazil. The bath was oxygenated and
buffered with a carbogen mixture (95% O, +
5% CO,, purchased from Aga S.A., Sdo
Paulo, SP, Brazil or White Martins Gases
Industriais S.A., Sdo Paulo, SP, Brazil). The
bath temperature was maintained at 27 +
0.1°C by means of a thermostatically con-
trolled water jacket. The atria were stretched
to 10 mN as a control diastolic tension.
Suprathreshold current pulses of 2 Hz, 100
V, and 0.5 ms provided by a Digitimer 4030
and a Digitimer 3072 apparatus (Digitimer
Limited, Welwyn Garden City, Hertfordshire,
England) were delivered by a pair of Ag/
AgClelectrodes placed inside the organ bath
to pace the preparations. The electrodes were
arranged along the atrium in order to provide
simultaneous stimulation of the whole prepa-
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ration. The isometric force (HP FTA10-1
Sunborn, HP 8805B, Chicago, IL, USA) was
recorded with a thermal paper polygraph
(HP8805B, HP7754A, HP7754B) and stored
in a computer (A/D converter DI-400,
WINDAQ Pro Acquisition, DATAQ Instru-
ments, Akron, OH, USA; 512 sample/s) for
off-line processing. The preparations were
allowed to stabilize for 1-2 h before meas-
urements were made. They were considered
well adapted when the force amplitude and
the resting tension were stabilized.

Data processing

Stored data were processed automatically
with Force2000 (a software developed in
our laboratory) to determine the values for
the following variables: a) force amplitude,
b) contraction time, ¢) relaxation time (both
times were measured at 20, 50, and 80% of
force amplitude), and d) force first deriva-
tives related to the contraction and relax-
ation phases. These results were obtained by
processing 50 successive contractions from
each experimental procedure. The Student -
test for independent samples was used to
determine differences between means at the
5% level of significance (Statistic for Win-
dows). Data are reported as means + SD. To
determine the extract concentration required
to produce 50% of the maximum extract
effect (ECso) the experimental data were
fitted by the Hill-Langmuir curve (23-25) by
adjusting the ECs, and the Hill constant for
the best fitting to the experimental data.

Drugs and membrane receptors

To study the involvement of membrane
receptors in the mechanism of action of ex-
tracts of P. guajava on the guinea pig myo-
cardium, the following drugs were used: 1.5
mM atropine sulfate, 0.7 mM propranolol,
0.3 uM acetylcholine chloride, 0.1 pM epi-
nephrine bitartrate, and 120 mM naloxone
(Narcan). Drugs were purchased from Sigma-
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Aldrich (St. Louis, MO, USA) and naloxone
from Rhodia Farma (S&o Paulo, SP, Brazil).

Inward calcium current

The experimental protocol proposed by
Nayler and Merrillees (26) was employed to
study the effect of extracts of P. guajava on
the inward calcium current. The experiments
were carried out on animals injected ip with
5 mg/kg reserpine (Gross Laboratory, Rio de
Janeiro, RJ, Brazil) 24 h before the experi-
ment. The protocol consisted of measuring
atrial force at different stimulation rates: 1)
low frequency (12 bpm, control rate), 2)
high frequency (60 bpm, 40 s, test rate), 3)
no stimulation (silent period: 30 s), and 4)
low frequency (12 bpm). This was done
using normal Tyrode (control solution) or
extract of P. guajava in the bath (test solu-
tion).

Results

Figure 1 shows the negative inotropic
effect of the crude extract of Psidium. The
reduction of atrial force was concentration-
dependent and at 3 g/I the extract abolished
contractions. In spite of its magnitude, this
effect promptly disappeared when the ex-
tract was removed from the bath (washout).
Similar results were obtained in 15 trials
carried out on 8 atria. The Na* and K* con-
tents in the crude extract (1 g/l), determined
by flame photometry, were 0 and 0.3 mM,
respectively. These results indicate that the
effect of P. guajava could not be ascribed to

10 mN

150 400 600 1800 2400 3000 10 min

Psidium guajava extract (mg/l)

Figure 1. Negative inotropic effect promoted by a crude extract of Psidium guajava L. on an
artificially paced guinea pig left atrium. The pace conditions were 2 Hz, 100 V, 0.5 ms, 27 +
0.1°C. Similar results were observed in 10 other hearts. Forces were statistically different
from that measured for the control before addition of the extract (P<0.05, Student t-test).
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Figure 2. Hill-Langmuir plots con-
structed to estimate the potency
of acetic acid (squares, ECgg =
0.07 g/, Hill constant = 1.2),
crude (diamonds, ECsg = 1.4 g/l,
Hill constant = 2), and ethanol
extracts (triangles, EC5o = 4.5 g/,
Hill constant = 3) of Psidium
guajava L. The experiments were

these ions.

The experiments with the ethanol and
acetic acid extracts showed that these prepa-
rations can depress the atrial inotropic mech-
anism. Figure 2 shows the Hill-Langmuir
curves used to determine the ECs, of these
extracts. The ECs for the crude extract was
1.4 g/l (Hill constant = 2), and the ECs, for
the ethanol and acetic acid fractions was 4.5
(Hill constant=3) and 0.07 g/l (Hill constant
=1.2), respectively.

The acetic acid fraction of P. guajava
(the most potent extract), used at 0.3 g/l,
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Figure 3. Effect of acetic acid extract of Psidium guajava on the guinea pig atrial contraction
(tc80, tcb0, tc20) and relaxation (tr80, tr50, tr20) times. Times were measured at different
levels of the force amplitude (80, 50, and 20%). The extract did not significantly change the
contraction times, but increased the relaxation times when used at 0.3 g/I. This effect was
more evident at the lowest force level (20%, open circles). The effect of P. guajava on the
force amplitude (diamonds) is illustrated as reference (N = 3, 6 trials, 27 + 0.1°C, 2 Hz).
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increased the relaxation time by 35% (Figure
3) when measured at 20% of the force ampli-
tude (91 + 15 to 123 + 30 ms, N = 4). The
maximum force derivatives for the contrac-
tion and relaxation phases decreased in a
concentration-dependent fashion, following
the same pattern as observed for the force
amplitude.

The involvement of the B-adrenergic,
cholinergic, or opioid membrane receptors
in the mechanism of action of the acetic acid
fraction of P. guajava was also studied. The
results showed that neither the opioid nor the
B-adrenergic receptors participate in such
mechanism because neither naloxone (120
uM) nor propranolol (0.7 uM) impaired the
effect of the acetic acid fraction (0.3 g/l) on
the reduction of atrial force. On the other
hand, 1.5 mM atropine sulfate was able to
block the effect of P. guajava (Figure 4).
This result was observed in three different
preparations.

The cholinergic receptor block prevented
the acetic acid fraction of P. guajava from
reducing the atrial force (Figure 5). Concen-
tration-effect tests were performed by cumu-
latively increasing the acetic acid fraction
in the organ bath (10, 20, 35, 50, 100, 150,
200, 300, 500, and 800 mg/l) before and
after adding 1.5 mM atropine sulfate to the
bath. Before the cholinergic blockade, both
the extract (800 mg/1) and acetylcholine (0.3
uM) reduced the atrial force by 90 and 50%,
respectively. These effects, however, disap-
peared when the cholinergic receptor was
blocked by atropine sulfate (N =7, 15 trials).

Calcium inward current was studied by
the Nayler and Merrillees (26) protocol,
which is based on the Bowditch phenome-
non. The results showed that, in the control
solution, the force overshoot at the end of the
positive staircase that was induced by in-
creasing the stimulation rate disappeared
when the acetic acid fraction of P. guajava
(0.25 g/l) was added to the organ bath (Fig-
ure 6). Similar results were observed in 4
hearts (8 trials).
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Figure 4. Neither opioid (upper panel) nor adre-
nergic (lower panel) receptor blockers inhibited
the effect of the acetic acid extract of Psidium
guajava on guinea pig atrium myocardial contrac-
tility. AF, acetic acid fraction; Nx, naloxone; Adr,
adrenaline; Prop, propranolol (N = 3, 6 trials, 27 +
0.1°C, 2 Hz).

300 mg/l AF
120 uM Nx
120 uM Nx

300 mg/l AF

0.1 uM Adr
0.7 uM Prop
0.1 uM Adr

300 mg/l AF
300 mg/l AF

I Figure 5. Cholinergic receptor involvement in
the atrial effect of Psidium guajava extracts.
The acetic acid fraction (AF, 10, 20, 35, 50,
100, 150, 200, 300, 500, and 800 mg/l) of P.
guajava was tested before and after cholin-
ergic blockade with atropine sulfate (Atrop,
1.5 mM, 20 min). The efficacy of the cholin-
ergic blockade was confirmed by adding ace-
tylcholine (ACh, 0.3 uM) to the organ bath
before and after atropine sulfate. In the pres-
ence of cholinergic receptor block, the acetic
acid fraction of P. guajava (same concentra-

i L L < o c W w w tions as used previously) did not reduce the
£ < < O o o < < < o . S
= = = < = I = = = atrial inotropism. Similar results were ob-
> o > < > > > !
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o = S ™ IS mn ° S = 27 + 0.1°C; horizontal bars: 10 min; vertical
= ® ° 0 = = ® bar: 5 mN).
Figure 6. Nayler and Merrillees (26) protocol
used to study the cellular inward calcium cur-
Control rent in the guinea pig atrium. Control solution

(left panel): the positive staircase (Bowditch
phenomenon is seen at 60 bpm) increased
the atrial force over its initial value, but in the
presence of the acetic acid extract of Psidium

guajava (0.25 g/l), in spite of the small posi-

l 0.25 g/l tive staircase (60 bpm), the force overshoot

10 mN - did not occur and the final force only reached

the initial control level. Similar results were

" obtained with 4 other preparations (8 trials,
s
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Discussion

The present study is the first report of the
effects of extracts of P. guajava on the mam-
malian myocardium.

In the guinea pig atria, the crude extract
from P. guajava leaves interfered with the
contraction mechanism by depressing the
myocardial force in a concentration-depend-
ent manner (ECsy = 1.4 g/l). Concentrations
higher than 2.5 g/l could even abolish the
myocardial contractility. Furthermore, its
acetic fraction 1) increased the relaxation
time measured at 20 and 50% of the force
curve by 30 and 15%, respectively, but 2)
did not change the contraction time.

In the effort to isolate the active com-
pound of the crude extract, the following
water-soluble leaf extracts were obtained:
ethanol, methanol, and acetic acid. Among
them, the acetic acid extract was the most
potent (ECs, = 0.07 g/l), suggesting that the
active principle must be a highly polar com-
pound. Unfortunately, there is no evidence
so far for the chemical composition of such a
substance. Our results showed that the acetic
acid, crude and ethanol extracts exert their
myocardial effect with a positive coopera-
tion (Hill constant equal to 1.2, 2 and 3,
respectively). According to Hill’s theoreti-
cal formulation, the Hill constant represents
the number of active molecules that are
needed to interact with each binding site to
promote the effect (24,27).

The negative inotropic effect of the ex-
tract of P. guajava was abolished by atro-
pine sulfate. This result, which was also
observed onisolated rat tracheal muscle (13),
suggests either that the active substance acts
as a cholinergic agonist or that it could re-
lease acetylcholine from parasympathetic
myocardial endings.

Neither the opioid nor the B-adrenergic
membrane receptors seem to be involved in
the mechanism of action of the acetic acid
extract of P. guajava because neither nalox-
one nor propranolol blocked its effects. On
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the other hand, the disappearance of the
Bowditch-positive staircase promoted by ex-
tracts of P. guajava indicates inhibition of
the calcium inward current. Quercetin, which
so far is the most important bioactive sub-
stance present in P. guajava leaves, does not
seem to be directly involved in depression of
myocardial contractility because it increased
the contraction force in rat isolated atria and
also prevented the myocardium from reduc-
ing its force due to the acetylcholine effect
(28). On the other hand, quercetin antago-
nized the rate of spontaneous cytoplasmic
calcium oscillation (29), a phenomenon re-
lated to the calcium-induced calcium release
mechanism. In guinea pig ileum, quercetin
showed a morphine-like inhibition of acetyl-
choline release (12).

In our experiments the acetic acid extract
of P. guajava abolished the force overshoot
(force increase over the force control value)
that could be recorded in Tyrode solution
when the stimulus rate was increased
(Bowditch phenomenon). Such effect points
to the inhibition by extracts of P. guajava of
the calcium inward current perhaps by block-
ing the L-type calcium membrane channels.
This hypothesis is similar to that proposed
for other excitable tissues (2-4). Further-
more, the increased myocardial lusitropy
observed in some atria when the extract of P.
guajava was added (results not shown) sug-
gests that the intracellular calcium level could
be reduced either by a decrease in the cal-
cium inward current and/or by an activation
of the calcium pumping system. This effect
could be due to the tannins present in the
extract (30,31). However, this mechanism
does not seem to be operating because the
extract promoted only an increase in the
relaxation time, indicating that the calcium-
pumping mechanism was, in fact, slowed
down by the Psidium extract. On the other
hand, since atropine blocks the effect of P.
guajava on myocardium, more experiments
are needed to determine if the calcium in-
ward current is being reduced indirectly as a
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consequence of action potential shortening
due to activation of cholinergic receptors by
the extract of P. guajava.

Itis clear that myocardial depressant sub-
stances are potentially useful clinically be-
cause they can be used as heart antiarrhyth-
mic agents. Additional studies are needed on
the chemical characterization of the active
principle present in the acetic fraction of P.

guajava, which depresses the inotropism of
the mammalian heart muscle.
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