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CHOLINERGIC BLOCKING EFFECT OF QUERCETIN
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Quercetin extracted from natwral sources such as the leaves of Psidium guajava
(Myrtaceae), possessed the cholinergic blocking effect. A pharmacological study of quercetin

was made in both rat sciatic nerve-gastrocnemius in in vivo preparation and rat phrenic nerve-

hemidiaphragm preparation; in in_ vitro sysiem. From this study it was found that quercetin
caused a decrease in neurally-evoked twitch. Quercetin in high dose produced a complete
newromuscular blockade. 1t was therefore suggested that quercetin produced a synergistic effect
on succinyl cholinergic newromuscular blocking action. However, tetraethylammoniym (TEA),
neostigmine and Ca’ could not anfagonize the newromuscular blocking effect of quercetin.
Further investigation dealing with the post-tetanic potent” ion (PTP) was not abo. Ted by
quercetin. In addition, quercetin does not have a synergistic effect with hemicholinium (HC,).
Quercetin in high dose could suppress the twitch amplitude of ACh contracture in rat
denervated gastrocnemius preparation. Therefore, the resulls suggested that quercetin exeris its
effect on the newromuscular junction due to depolarized blockit  wction « | maptic site
and/or a decrease sensitivity of motor endplate to ACh. The ore, the results sug, = that

quercelin exerts its cholinergic properties at nicotinic site of neuromuscular junction.
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INTRODUCTION

Compounds affect cholinergic
transmission may be classified into several
groups.  Chemical constituents exiracted
from plants have been claimed to exert
biological activity on cholincrgic synapse.
The group of tlavonoids is onc of the
chemical constituents which produces
pharmacological activity on cholinergic
synapse. One such flavonoid is quercelin, a
chemical compound which can be extracted
from a nalural sources. Lutterodt and
Maleque (1988) reported that quercelin was
found in the methanol extract of the dricd
leaves of Psidium gu({icwa.m

Quercetin is a phenolic conslituent
of plants; it has a b*~*{ ~llow colour on
paper in UV light and it is clearly separated
from other constituents and other flavo-
notds by Forestal chromatograms (Rl.:4l).m
Idenfication can be confirmed by UV
speciroscopy  and  microdegradation  with
alkali. The melting point of quercetin is
rather high (between 280 and 357°C).

Quercetin used in this investigation
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is a yellow powder and insoluble in water.
The structwre of quercetin is 3,3,4,5,7-
pentahydroxy-flavone, and the general
formula is CH,0,2H,0. The formula
molecular weight of quercetin is 338.3,
Bhatt {1991) reported that a piscicidal
flavonoid, quercetin glycoside, obtained
from Engelhardtia colebrookiana (Lindle)
affected neurc-architecture in medulla
oblongata of freshwater fish,  Barifius
bendelisis (Ham.), after 32 days exposure
by the newolysis in hind brain of fish."”
The pharmacological action of quercetin on
the neuromuscular system has not yet been
reported.  The purpose of this study is to
invesligate the phannacological effect of
quercetin on neuromuscular junction of

cholinergic system in in vitro and in vivo

preparations.

MA™ " UALS AND METHODS

Both sexes of adult albino rats; the
Sprauge Dawley strain, weighing 200-300

grams were used in this investigation.
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Isolation ol rat phrenic nerve-hemidia-
phragm for recording neurally-evoked
twitch.

The method was based on the
modification of the techniques described by
Bulbring (1946) and Chantaratham

45)

{1974). A rat was put down by decapita-
tion. The triangular-shape scctions of left
and right hemidiaphragm were dissected
and excised with their accompanying
phrenic nerves. The preparation was then
mounled in a tissue bath containing 50 ml
of Krebs' solution aerated with oxygen and
the temperature was maintained at 30°C
throughout each experiment by a thermo-
regulator.  The thread loop at the base of
the preparation was attached to a glass rod
in the glass tissuc bath while the thread at
the apex was connected to a force-
displacement transducer. The phrenic nerve
was drawn through the loop of a stainless
bipolar stimulating electrode which was
comnected 1o a Grass stimulator.  The
skeletal muscle contractile responses were
recorded by a polygraph.  The ncurally-

evoked twitch was recorded by stimulation

of electrical pulses of supramaximal voltage
at a frequency of 0.4 Hz and duration ol 0.6

msec throughout all experiments,

Isolation of the rat hemidiaphragm [or
recording directly-evoked twitch,

The preparation was set up as
previously mentioned as for that of 1solation
of hemidiaphragm. Onc end of a stainless
sicel bipolar stimulating electrode was
attached to the base ol the hemidiaplragm,
and another stainless steel needle was
inserted into the muscle below the roots of
the phrenic nerve.  The preparation was
transferred into the glass tissue batlh con-
taining 50 ml of Kichs' solution, aerated
with oxygen while the was
n ained at 30°C throughout each
experiment by a thermoregulator.  The
directly-cvoked twitch was recorded by
electrical stimulation of supramaximal
voltage at a frequency of 0.4 Hz and for a
duration of 0.6 msec. The o
completely blocked by adding 0.005 mM of
pancuronium i order to have a complete

blo neurcomuscular transmission.



Preparation of rat sciatic nerve-gastroc-
nemius muscle for recording neurally-
cvoked twitel, in situ,

The preparation of rat sciatic
nerve-gastrocnemius muscle for recording
contractile response was based on Mc. Load

(©) .
The left sciatic nerve was

et al (1970),
exposed by making a skin incision at a mid
portion of the thigh. A pair of threads were
tied tightly to the main sciatic nerve, about
2 mim apart, the nerve was cut between the
threads in order to avoid any central
conneclion. A pair of stainless steel bipolar
stimulating clcetrodes were placed to
contact with the sciatic nerve. The electrode
was then connected to stimulator.  he left
achiltlis tendon was dissceted and tied with
a strong thread, attached to a forec displace-
ment transducer then it was comnected (0
polygraph. The neurally-evoked twitch was
obtaint = by stimulation of supramaximal

volltage at a frequency of 0.3 Hz and

duration of 0.5 msec.

Preparation of denervated gastroc-

nemius mnscle for recordii  acetyl-
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chioline-contracture,

This preparation was performed to
investigate the effect of quercctin on
postsynaptic site of myoneural junction.m
The denervation was done for 14-21 days in
order to induce superscnsitivity at motor
endplate.(m The right femoral artery was
cannulated for closed intra-arterial
injection. The left achillis fendon was
dissected and tied to a strong thread
attached to a force displacement transducer,
The preparation was performed in the
similar way to that for recording the
neuratly-cvoked contractile response, in
situ, but no electrical stimulation was
applied. ACh (100 pg/r- body we'~"it)
was injected intra-arterially to produce ACh

contracture,

STATISTICAL ANALYSIS

The twitch response amplitude was
expressed as a percent change from control,
Average data were expressed as mean +
standard error of mean (i oo
The significant difference of mcans were

determined by student's paired "t" test.
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RESULTS

Part 1 Effect of quercefin on the
neurally-evoked twitch.

1. Study of the effect of quercetin in the

isolated rat phrenic nerve-hemni-

diaphragm preparation.

Quercetin  in doses of 3.0 x 10'4,
6.0 x 10", 1.2 x 107 and 2.4 x 10” M were
added into the tissue bath in order to
observe the drug effect on the contractile
response. It was found that every dose
tcsted 20 minutes after adding quercetin
into the tissue bath produced a decrease in
the muscle twitch amplitude of 11.2 + 3.1,
18.8 = 3.0, 283 + 3.3 and 81.3 + 8.0
percent re~zctive ' | and these cffects were
dose-dependent. The relations’ ™ *
various doses of quercctin and the percent
decrease of newrally-evoked twitch 20

minutes after adding the drug into the tissue

bath, in vitro, was expressed as a regression

line, the corelation coefficient (r) was

0.9808, n=8 (Fig. 1).

2. Study of the effect of guercetin in rat

sciatic nerve-gastrocnemius muscle

preparation.

Quercetin in the dose range of 2, 4,
8 and 16 mg/kg body weight was injected
into the anesthetized rat in order to study
the effect on contractile response. It was
found that the various doses of quercetin
produced a decrcase in muscle twitch
amplitude.  These effects were dose-
dependent and time-related. Quercetin in
the dose of 16 ing/kg produced a complete
neuromuscular blockade within 30 minutes.
But the respiratory rate was not reduced.
The relationst*~ between various doses of
quercetin and the percent dec;'e -
neurally-evoked twitch 30 minutes after
intra-aterial injection, in vivo, was
expressed as a regression line, the

comrelation coefficient (r} was 0.9655, n=6

(Fig. 2).
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Fig, 1 The dose-respensc regression line of quercetin in producing the decrease of ncurally-evoked twitch in

the isolated rat phrenic nerve-hemidiaphragm preparation.
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IFig. 2 The dese-respense regression line ol quercetin in producing the deerease of neurally-evoked twitch in

the rat sciatic  ve-gastroc  ius preparation.
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Part 2 Interaction of quercetin and
standard drugs.

The effect of quercetin on neuwromuscular

drugs:

In isolated rat phrenic nerve-hemi-
diaphragm preparation, the neuromuscular
blocking aclion of quercetin in the presence
ol newromuscular blocking diugs, pan-
curonium, succinylcholine (SCh) and
hemicholimum (HC,) was compared to that
of quercetin on its own. It was found that
the percent decrease in muscle fwitch
amplitude produced by quercetin (3.0 x 10"

B . -7
M) in the presence pancuronium (4.3 x 10

M} and HC, (7.0 x 10° M) produced a
slight decrease in muscle twitch amplitude,
no different from that of quercetin alone but
quercetin produced a decrease in muscle
twiteh amplitude when present in SCh more
than that of quercetin alone (Fig. 3).

The etfect of an anticholinesterase
agent, neostigmine on neuromuscular
blockade produced by quercetin was also
studied. Quercetin in the dose of 2.4 x 10’
M produced a newomuscular blockade,
but this cffect was not reversed by
neostigmine (Fig. 4).

9 L
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Fig. 3 The effect of Q (quercetin in presenve of SCh (succinyleholine) in the isalated rat phrenic nerve-

hemidiaphragm preparation. A : The effect of SChd.d x 10" M. B : A slight decreise in the muscle

twitch amplitude preduced by Q 3.0 x 10" M. C- Q30x 10'Mm produced it synergistic cffect on the

SCh blocking action.
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Fig. 4 The effect of neostigmine on the quercetin {Q)-induced neuromuscular blockade in the isolated rat
enic n :-hemidiaphrag  prepara . A : The elfeet of neostigmine (6.5 x 10° M). B : The
effect of neostigmine (6.5 x ]0'3 M) on the pancuronium (3.0 x 107 M)-induced ncuromuscular

blockade. C : The effect of neostigmine (6.5 x 10" M) on the qucrcetin {2.4 x 107 M)-induced

neuromuscular blockade,
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Fig. 5 Interaction of Q (quercctin 16 mgfkg body weight) on Ach (acetylcholine 100 pgikg body weight)
contracture in rat denervated gastrochemius muscle preparation. A : Control, Ach-contraciure. B :

Quercetin completely inhibited Ach contracture,
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ACh in the dose of 100 ug/kg body
weight could produce muscle contraction in
denervated muscle. Quercetin in the dose
of 16 mg/kg body weight could suppress
the muscle twitch amplitude of ACh
contracture (Fig. 5). Quercetin was inves-
tigated in order to observe the effect of Ca”
on the neuromuscular blockade produced
by quercetin in the isclated rat phrenic
nerve-hemidiaphragm preparation, It is
known that Ca’ plays an important role in
ACh releasc from the motor nerve terminal.
It was found that Cay(CaCIZ) could anta-
gonize neuwromuscular blockade induced by
Ca” deficiency (Krebs' solution without
calcium chloride).

The ncuromuscular blockade pro-
duced by quercetin in the dose of 2.4 x 10°
M could not be antagonized by ca’'.
Tetraethylammonium (TEA) is a dmug
acting on several excitablc tisst G010
The twitch potentiating effeet of TEA is
due to an enhancement of ACh liberation at
the neuro-muscular jnnction.(s'm

The isolated rat phrenic nerve-
hemidiaphragm preparation cxperiment

was performed in order to study the

antagonistic effect of TEA on mneuro-
muscular blockade produced by quercctin
(2.4 x 10°M). For a 50 percent twitch
depression preduced by quercetin, TEA
could increase the twitch amplitude but it
was not significantly greater than TEA

alone (p > 0.05).

The interaction of gucrcetin on post-tetanic

potentiation:

Post-tetanic potcntiation (PTP) is a
synaptic phcnomenon produced by
repetitive clectrical stimulation.  The
mechanism of PTP in cat muscle has been
postulated to be due to hyperpolalization of
the mofor nerve terminals by repetitive
nerve impulses.(m In the present study, the
PTP o T stimulation
at the frequency of 20 Hz and a duration of
10 seconds in the rat sciatic nerve-
gastrocnemius preparation is primarity
neurogenic nature’'” and the PTP is
proposed lo be due to ACh rele.  at ~
i _ic sife of neurcmuscutar junction.
In this investigation, the percent peak of

PTPintl pre u« of quercctin (16 mg/kg

ot row TN 15 ° :mined
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comparison to that of control PTP and the
standard drugs such as succinylcholine
(300 pg/kg body weight) and d-
tuboeurarine (50 pg/kg body weight). It
was found that the percent peak of PTP in
the presence of quercetin was not
significantly different from control PTP
and SCh but significantly different from d-

tubocurarine (p < 0.05),

The dircet effect of quercetin on skeletal

muscle:

In this part of the study, It was
found that quercetin produced a decrease in
muscle twitch amplitude.  However,
quercetin  in every dosc produced a
decrcase in muscle twitch in the ncurally-

evoked twitch more than in the directly-

evoked twitch.

DISCUSSION

The results obtained from  this
study showed that qucrcetin exerted the
action on the cholinergic system. For the
tal phrenic nerve-hemidiaphragm

preparation (in vitro) and the rat sciatic
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nerve-gastrocnemius preparation {in_vivo)
the results indicated that quercctin
produced a dose-dependent decreasc in the
muscle twitch amplitude on the neurally-
evoked twitch in both systems. In vivo
preparation, a high dose of quercetin
produced a complete ncuromuscular
blockade and this effect was itreversible.
The physiology of ncuromuscular
transmission shows that acctylcholine
(ACh) is released from the nerve terminals
by nerve impulscs, and it acts on the post
junctional membrane of the motor endplate
to set in action the chain of cvents that
leads to muscle contraction. From the
results  of bolth in_wvitro and in vivo
preparations, it was shown that quercetin
may have an effect on the neuromuscular
jqunction.  The mechanism of action of
quercctin was also postulated by studyig
the interaction of quercelin on some
ncuromuscular agents: pancuronium, a
nondepolarized neuromuscular blocking
drug, and succinylcholine (SCh), a
depolarized neuromuscular blocking drug.
It was tound that quercetin in the dose of

3.0 x 10" M produced a synergistic effect
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on the SCh blocking action at the ncuro-
muscular jungtion but not pancuroniunm.

SCh is the depolarizing neuro-
muscular blocking drug used as an
ancsthetic adjuvant. It reacts with the
nicotinic cholinergic receptor to open the
channel and cause depolarization of the
endpiule.“m From this result, the effect of
quercetin may similar with depolarizing
neuromuscular blocking drug.

Neostigimine, an anticholinesterase
agent, exerted its action by inhibition of
enzymes acclylcholinesterase at the
cholinergic synapse, lcading to an
accurnulation of ACh there by producing
the twitch potentiation, fasciculation due lo

. . . AL
its anticholinesterase propenties.

The
ant~~nistic effect of neostigmine on the
neuromuscular blocking effect of
pz-mcuronium('6J was also observed in this
study. The resull shows thal neostigmine
cannot antagonize the neuromuscular
blockade produced by quercetin, Thus the
blockade of quercetin may not be
nondepol.  red type.

In 1959, Axelsson and Thesleff

reported that the sensitivity of the motor
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endplate of the denervated muscle was
increased to ACh in chronically denervated
musele in cats.” In this study the rat
dencrvated gastrocnemius preparation was
performed fo investigate the effect of
quercelin an  postsynaptic sitec of the
neuromuscular junction. The result shows
that quercetin could suppress the muscle
twitch amplitude of ACh contracture in
chronically denervated muscle in rats. This
finding suggests that the ncuromuscular
blockade produced by quercetin is probably
due to the postsynaptic site of the
neuromuscular junetion.

Acetylcholine, the neuromuscular
transinitter which acts on the muscarinie
and nicotinic choline~-‘c rec ors, is
known to decrease of releasing in ihe
condition of Ca™" deficiency, following by
the result of neuromuscular blocking
effect.””’  The evidence of the present
study indicated Ca” could not anfagonize
the neuromuscular blockir— effect of
quercetin, Therefore, it might be indicated
that neuromuscular blocking effect of
quercetin is probably not due (o a decrease

of ACh release from the nerve terminal.
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Tetraethylammonium (TEA) is a
ganglionic blocking drug, and competes
with ACh at the cholinergic receptor in
autonomic ganglion.(m Besides this action,
it also acts on several excitable

#10 The twitch potentiating effect

tissues.
of TEA is due to enhancement of ACh
liberation at the neuromuscular junc-
tion.”"” Kensler ( 1950} and Apisariyakul
(1975) reported that TEA could antagonize
d-tubocurarine and pancuronium-induced
blocking effect. " 1t is suggested that
TEA may increase ACh release from the
nerve terminal causing an increasc in
muscle twitch amplitude in the presence of
nondepolarized neuromuscular blocking

(12.20)

drugs Thus, 1_A is an anticurare

R A T study, TEA does

agent
not produce an antagonistic effect on the
neuromuscular blockade caused by
quercetin.  Thus the neuromuscular cffcet
of quercetin is probably not due to
presynaplic action.

The effect of quercetin and some
standard drugs on post-tetanic potentiation

(PTP) which is a synaptic phenomenon

produced by repetitive electrical

THAL J. Pharmacol. Vol. 18, 1996

stimulation was also studied in order to
postulate the mechanisin of action of
quercetin.(m The PTP was proposed to be
due to ACh release at presynaptic sitc of
thc neuromuscular junction. In this
investigation, it was found that the percent
peak of PTP in the prescnce of quercetin
was not significantly different from that of
PTP in the prescnce of SCh. But the peak
of PTP in the presence of quercetin is
significantly different from that of d-
tubocurarine (p<0.05).  Sowme non-
depolarized neuromuscular blocking drigs
in the dose which produced newromuscular
blockade could decrease ACh release from
the nerve terminal.”**” On the other hand,
SCh clearly acts at the motor endplate but
only slightly affects ACh rclease from the
nerve termial.’® Thus, The action of
quercetin on the neuromuscular blockade
was different from that of nondepolarized
neuromuscular blocking drugs. It's aetion
is probably not similar to that of non-
depolarized newromuscular blocking drugs,
but probably is similar to that of
depola™ "ne v bl it drugs,

such as SCh which was used in this stur-
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In the study of the direct effect of
guercctin on skeletal muscle, quercetin was
investigated to observe the contractile
response in isolated rat hemidiaphragm
curarized preparation. The results showed
that quercetin caused a decrease in muscle
twitch amplitude on the directly-evoked
twitch and a relatively high dose of
quercetin produced a decrease in the
amplitude of the ncurally-evoked twitch
which was more than that for the directly-
evoked musele twitch, Thus quercetin may
has a direct effect on skeletal muscle.

The result in this study, showed
that quercetin has no synergistic effect on
HC,. So it is suggested that quercetin has
no pr- mctional effeect in blocking
neurotransmitter release.

It could be concluded that quer-
cetin exerts its effect on the neuromuseular
junction. The neuromuscular depression of
quercetin may be due to its effect at the
por*-mcetional membrane and/or produce a
decrease sensitivity of motor cnd_ e to
ACh and probably have the direct effeet on
skeletal muscle but it has not effect at the

presynaptic site.  [Howe
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muscular blocking effect of quercetin was
similar to that of SCh but this effect is
irreversible which different from SCh
which the neuromuscular blocking effect is

reversible.
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