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CHOLINERGIC BLOCKING EFFECT OF QUERCETIN

Nuchanart Chaichana and Amphawan Apisariyakul

Department of Pharmacology, Faculty of Medicine, Chiang Mai University,

Chiang Mai 50002, Thailand

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.

KEY OI '8 : Quercetin, Cholinergic blockir  effeet, nicotinic site.



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

THAL J. Pharmacol. Vel 18, 1996

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-

THAIJ Pharmnacol Vol 18, 1996

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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i decrease ‘in muscle twitch at 20 min.

100

B0

¥

60 -

0 . 1 1 ! 1
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exin! f.2xi0 1.0xf0 3 2.4x107 2.0x10

Quercetin (M)

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.

% decrease in muscle twitch at 30 min.

120

100 |-

8n

60

40

20

0 . 1 i 1 ]
G 5 {o ib 20

Quercetin (mg/ky)

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

frrin

e 0min__,

= v Dmin .__,.m

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.



8 THALJ Pharmacol. Vol 18, 1996

A
N e i S g
"“fr"a“

B

Q2L M Neostigmine 6.5 % 00 M
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,

o

I min

—— 60min -~ ___
&

ACh nCh

) _ --30mh‘-_"‘.'g\—a~ <=M = T —
ACh A

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

THAIJ. Pharmacol. Vol. 18, 1996

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

11

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

13

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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BLOOD PRESSURE ELEVATION BY ICE IN

THIRTY-EIGHT THAI VOLUNTEERS

Prasert Songkittiguna

Department of Pharmacology, Faculty of Dentistry, Chulalongkorn University

Bangkok, Thailand 10330

Following immersion of subjects ‘index fingers in ice, systolic and diastolic blood
pressure were elevated in all normotensive subjects between 21.5 and 39.2 year of age
(p<0.05). After thivty-minuwte pretreatment of the 21.5 year group and 39.2 year group of
subjects with oral paracetamol (500 mg) with diazepam (2 mg) or paracetamol with diazepam
(4 mg) respectively, blood pressure measurements was made before and afler ice immersion of
the index fingers. During the ice immersion, the systolic and diastolic blood pressure, after the
drugs pretreatment, were significantly increased from the premeasurement levels in all subjecis
under study (p<0.05). The results suggest that ice induces increase in blood pressure of
normotensives, which is unaffected by pretreatment of the subjects with paracetamol with

diazepam.
I Y 'ORDS:blood pressure, ice, ai volunt s

INTRODUCTION sudden increase in the force which led to

rupture of the ble Is 5 been well

Blood pressure is the force that documented. Massive brain hemorrhages

moves the blood through the circulatory have becn a common cause of death in

system to nowrish the body tissues. The hypertensive patients with indequately
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.
treated or uncontrolled hypertension.
Cerebrovascular accident is the major cause
of all deaths in the elderly with abnormal
consistent high blood pressure in affluent
.. 2) .
societies of the world.” In the American
population, 40% of whitc and 50% of
L
blacks over 65 years old are hypertensive,
Cold, by ice, as it cools the skin causes
cutaneous wvasoconstriction, significantly,
reducing the amount of blood circulating in
.- h
the extremities. Increased | eral
resistance is the major factors that atiributes
to an increase in arterial blood pressure.
Morcover, in most patients with hyper-
tension, the periphcral vascular resistance
. (5) .
increases.  Thercfore, the effect of ice on
the blood pr su ¢l 1ge was investigated

inne  otensive volunteers.

MATERIALS AND METHODS

Subjeets
Twenty cight dental students (21.5
0.15 years) and eleven staff members of
the Department of Pharmacology (39.2 +

3.1 years) of both scxes took part in the

THAI J. Pharmacol. Vol 18, 1996

study. None of the subjects took any other
drugs during investigation.  Informed

consent was obtained from all subjects.

Study design

The experimental precedure was
designed as a single-blind randomized
study. Subjects were grouped according to
age : group I subjeets (21.5 £ 0.15 years)
group II subjects (39.2 + 3.1 years). All
subjects were fasted 18 hours before the
commencement of cxperiment and were
studied at rest in a sitting position while the
blood pressure was taken through the arm
cuff and was rccorded by an E&M
Projector physiograph® recorder (a Narco
Com; 1y, Houston, Texas). The ambicnt
temperaturc was in between 26-27 °C. . .e
recorder, having a plug-in cuff punmp
conneceted to the preamplifier, was
calibrated to the fifty millimeters of
mercury per two centimeters of writing pen
deflection.  The Korotkov sound was the
recorded ;1 . i sccond sound
were then caleulated to be a systolic and a

diastolic blood pressure respectively.  All
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groups of the subjects were then tested with
icc by immersion of the index finger (2/3
part of finger tip) into the crushed ice in a
small pyrex glass beaker (100 ml) until
unbearable pain was experience. The blood
pressure was measured in the same way as
before.

After the blood pressure measure-
ment, the group I subjects and the group II
subjects were taken an unknown drug A
and diug B respeetively.  Thirty minutes
atter the diugs, the blood pressures of the
subjects were measured using the same
equipment and method as previously

mentioned.

Statistical analysis

- : . Cy e
a group were made using analysis of
variance and Student’s paired t-test

whereas the data between the groups were

also using analysis of variance and

' Drug A was paracedamol (500 mg) and dinzepam
(2 mg)
" Drug B was paracetamol (S00 mg) and diazepam

ng)
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Student’s unpaired t-test. The level of

signifieance was choosen as p<0.05,

RESULTS

The sitting artcrial blood pressure
obtained from other pub!ication(ﬁ) showed
that systolic and diastolic of the caucasians
(24.1 years old) were 109.40 (S.D. 10.20),
and 70.30 (S.D. 9.50) (n=24) respeetively
(table 1) ; the present study was shown to
be 106.6 (S.D. 9.7) and 73.6 (S.D. 7.1)
(age 21.5, n=27) (tablc 2). The ice caused
the clevation of systolic blood pressure
from 106.6 (SEM. 1.9) to 115.8 (S.EM.
1.9} and diastolic from 73.6 (S.E.M.'l.4) to
78.5 (S.EM. 2.9) (n=27) in the age 21.5

e ~N

w t age 39.2
group, were clevated from 112.5 (S EM.
3.5)to 126.7 (S.C.M. 2.4) (n=11) (table 2),
Afier pretreatment of the younger group
with paracetamol and diazepam (2 mg) and
the older group with the same dn as

younger did except diazepam (4 my) was
used instead, the systolic and diastolic
blood pressure still clevated by ice

(p< 7). T 15 p it did not
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affecet the systolic and diastolic blood
pressure of both groups of subjects.
However, the ice did clevated the blood
pressure of the younger and older
pretreated groups, the systolic from 104.8
(S.EM. 3.9) to 1153 (S.EM. 2.1) and
diastolic from 70.6 (S.E.M. 1.8) to 79.5

THAI J, Pharmacol. Vol, 18, 1996

(S.EM. 1.3) (n=27) were belonged to the
younger age group, while the older age
group, the systolic from 107.3 (S.E.M. 4.1)
to 126.0 (S.EM. 4.9) and diastolic from
60.3 (SEM. 3.8) to 740 (S.EM. 3.6)
(n=11) (table 3).

Table 1 The data of the systolic arterial blood pressure (systolic, diastolic) of the caucasians, measured by an

electronic sphygmomanometer in a sitting position (a mean age was 24.1 years)' in the U.S.

Acrterinl blood pressure (mm Hg) N

{mean + standard deviation)

Systolic 109.40 + 10.20 24

Diastolic 70.30+5.50 24

N = number of subjects

Table 2 The effects of ice on the systolic, diastolic and mean arterial blood pressure of  oup [ volunteers

(age 21.5 £ 0.15 years) and group 11 (age 39.2 + 3.1 years).

Blood pressure (mm Hg}
P oare N
Before Group 1 066+190.7) | 73.621.4(7.1) 84.6 £ 1.3 (6.6) 27
Group I 112,535 61.8£3.0 787429 11
Afterice  Group | 1158+ |;(9.7) 78.5+29(14.3) 92.5 7.0 !
Group Il | 126.7+£24(7.9) | 73.1£2.5(8.3) 90.9 +2.1(6.9) 11
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The typical physiographic records were showed in Fig. | and Fig. 2.

(N.B. The units of systolic and diastolic blood pressure are mmHg)
Blood pressure
(mmHg)
100~

50—

-«—— BEFORE ICE—» ~4—— AFTERICE—

Fig. 1 A typical physiographic tracing of one subject showing Korotkov’s sound recorded before and after

expertmentalion with ice.

Blood pressure

(mmHg)
100 ~

A AFTER

. L__\C.TAM__ (500 mg)
‘;_‘ + — - Al A LeEn AWAY —

Fig. 2 A typing physiographic tracing showing a pretreatment ol a subject with paracetamol (500 mg) plus

diazepam {4 mg) before and ___r experimentation with ice.



Table 3 The eftects of paracetamol 1000 my plus 2 mg of diazepam (Drug A) and paracctamol 500 mg plus

THAIJ. Pharmacol. Vol 18, 1996

4 mg of dinzepam {Drug B) on the systolic, diastolic and mean arterial blood pressure.

Arterial blood pressure (mm Hg)

(Bean + Standard ervor of the mean)

Systolic Diastolie Mean Blood Pressure N

Group [ Drug A alone 104.8 £ 3.9¢19.9) 70.6x1.8(9.2) 832+ 1.8(9.2) 27
Drug A + lce 1153 +2.1{10.7) 795+ 1.3 (6.6) 9131 1.3(6.6)

Group II | Drug B alone 1073 +4.1{(11.5) | 60.2+3.8(10.6) 3892360100 8
Drug B + Ice 126.0+4.9 (12.1) | 74.0+3.6(10.1} 91.3+3.9(109)

Note : The standard deviations arc in the brackets,

DISCUSSION

Reaching adult life, the factor of
age may make a remarkable difference of
arterial  blood

pressure.  Subsequent

changes wilh age vary in different com-
tr T bject. Tn
some conmunity, pressure does not rise
with age‘m which 15 1n accord with the
present finding i the two-age group.
Between group [ subjects {age 21.5 + 0.15
years) and group 11 (-=2 39.2 + 3.1 -2ars),
the  :-drug arterial systolic blood pressure
are not statistically different (p>0.05). This

may be due to a decrease in the volume

distensibility of the increased age group
{group T1). Nearly the last two decades,
both the systohe and diastolic blood
pressure of the caucacian resided in the
United States (age average 24.1 years),
were about the same I wes as the present
study (table ). The mechanisms by which
1ice induced hypertension have not yet been
chucidated: a reflex pressor response ol the
cutaneous blood vessets might play a major
role. Intercstingly, the mean arterial blood
pressure could be increased by severe
ischemia of the brain to as high as 260
mmHg.m Thus, the existing brain ischemic

hypertension could be worsened and brain
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hemorrhage will be a consequent especially
in the elderly. The su.bjccts pretreated with
paracetamol together with diazepam with a
view to help prevent the subject from pain
and anxiety that iight more or less an
increase in arterial Dblood pressure.
However, the results of the given amount of
both analgesic and a tranquillizer, had no
effect on both the initial blood pressure and
the ice-induced increase in blood pressure.
Therefore, the ice-induced elevation of
blood pressure should not go through the
pain and anxiety pathway. The implication
of the whole findings is that ice-induced
clevation of blood pressure may aggravate

the hypericnsive state of an clderly.
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THE PHARMACOLOGIC EFFECT OF ORAL
O-TOCOPHEROL SUPPLEMENTATION ON

OXIDATIVE STRESS IN CHRONIC RENAL FAILURE

Kanlaya Tiensong*, Chaweewan Prucksunand’, Leena Ong-ajyooth“, Sompong

Ong-ajyoothm, Panya Khunawatt, and Suwat Wimolwatanapmf

'Dcpartmem of Pharmacology; “Division of Nephrology, Department of Medicine;

rre

“p mentof Tochd istry, Faculty of Med' "ne Siriraj Hospital, Mahidol University.

The pharmacological cffect of a-tocopheral on plasma and erythrocyte lipid
peroxidation were investigated in clivonic renal failure (CRF) patiemts. The indices of oxidaiive
stress were measwred in 4 CRF patients of before and after oral supplementation of a-
tocopherol 100 mg daily for 30 days and in 7 uusupplemented CRF patients using as control. In
supplemented group, the results showed a significant increases in plasma and erythrocyte
vitamin L _evels, while the levels were unchanged in unsupplemented patients. In puatients
receiving a-tocopherol, both plasma and RBC lipid peroxidation values were significantly
decreased. In addition, the osmotic fragility of red blood cells represented by median glycerol
lysis tin was s . mtly i (p=<0.0"" In conclusion, oral supplementation of a-
tocopherol nmy_bé of prot  ive value on oxidative str - in clhronic renal foi” e patients  d
may have clinical benefit in alleviating the associated by reducing the fragility of red blood

cells.

KEY WORDS : o-Tocopherol, oxidative stress, chronic renal failure



26

INTRODUCTION

Chronic renal failure remains a
major medical problem in Thailand. The
progression of chronic renal disease oceurs
with the ongoing process of the loss of a

. o
critical number of ncphron population.
Evidences showed that oxidative stress
played an important role in pathogenesis of
renal disease and the progress of the discasc

(2)
to end slage.

The chronic effects of reactive
oxygen species (ROS) on kidney have been
demonstrated by animal models.  An
experimental model of chronic deficiency
of selenium and vitamin E has also been
well documented, The chronic deficiency
of these two antioxidants are associated
with structural and functional njuries
. L &)
intact rat's kidney.~ Another well known
mede] s the chronie puremycin amino-

. ey
nucleoside nephropathy (PAN). Progres-
sive renal damage n these two models is
pairtly mediated by excessive productic  of
reactive oxygen species. Dietary supple-

mentation with vitamin E, an cndogenous

THAT J. Pharmacol. Voi. 18, 1996

lipophilic antioxidant, ameliorates the
. . (34
severity of the progressive renal damage.,

It s obvious that development of
progressive renal damage in animal model
should be reduced by the beneficial effects

. DT £ ) B
of supplementation of vitamin L, Prior
study showed that Thai chronic renal failure
patients suffered scrious decrease in

N ) (5
vitamin E level in the erythrocyte.
Increased levels of plasma thiobarbituric
acid reactive substances, a marker of lipid
peroxidation, have also been reported in
. . . (56D
patients with chronic renal failure and
the beneficial effect of vitamin E should
also be essential for chronic renal failure
. (59
patients.

In the present work, we have
investigated the pharmacologie eftect of
vitamin E supplementation against plasma
and erythrocyte lipid peroxidation in Thai

chronic renal failure patients,

MATERIALS AND METHODS
Fresh and heparinized blood
samples were obtained before and after

vitamin E treatment. The erythrocyte,
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plasma lipid peroxide were determined by
malondialdehyde (MDA) formation' "
The erythrocyle and plasma antioxidant
vitamins were performed by high-
performace  liquid v.:h1'0matograplly.(IZ'”j
The osinotic fragility test of red blood cell
was carried out with a slight modification
by the method of Eugene et at™ and
Zanellw et al'” Al vesults are expressed as
the mean £ SD. Slatistical analysis werc
analyzed using paived {wo-tailed student’s

t-test.  Statistical significance level was

defined as p<0.05.
RESULTS

The experiment was performed in
1T with mild ree renal failure
(6 males and 5 females), aged from 27.0 to
69.0 years (average 4891 + 14.87) with
mformed consents.  All patients were of
chronic glomerlonephritis and were free
from diabetes mellitus, chronic respira -
insufficiency, inlercurrent infection, hepatic
disorder, alcoholic ingestion and cigarette

smoking. None had received either blood

or plasmua durin 7 4 months
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preceding the study. Iron, vitamins or
aluminium hydroxide were stopped for one
month before blood and urine deter-
minations. The patients were divided into
two groups. Four patients, group I, 2 males
and 2 females, aged from 42.0 to 62.0 years
(average 52.0 + 10.46) received oral
supplementation of 100 mg vitamin E daily
with routine medication for 30 days. Seven
paticnts, group I, 4 males and 3 females
reccived only routine medication but not
vitamin E, aged from 27.0 to 69.0 yecars
(average 47.14 + 17.43), were served as
controls.

Table 1 shows the effect of vitamin
E therapy on vitamin E and MDA leve} in
su ' - non-supplemented
groups of chronic renal failure patients.
Vitamin E therapy resulted in a significant
increase in plasima and erythrocyte vilamin
I levels in treated group compared with
unireated group. Levels of vitamin E in
pl ) " bl 1 in non-
supplemented patients remained low. After
vifamin E therapy, both plasma and RBC
lipid peroxidation levels in vitamin E

t Tgroupy & onifi  atly decrease.



28

THAL J. Pharmacol, Vol. 18, 1996

Table | The effect of vitamin E therapy on vitamin E and MDA levels in centrol and vitamin E treated group

of chronic renal failure patients. Values represent mean + SD,

Control group

Vitamin E treated group

(mg/ml pre.)

Data Before therapy | After therapy Before therapy After therapy
Plasma vitamin E 1.422 +0.8 1.498 +0.15 1.547 £ 0.44 4.351+2.14*
(mg/d1}

RBC vitamin E 25871042 2.483 £ 0.39 2.668+0.34 4.909£209*

Plasma MDA

{(pmol/i}

129.37 £ 16.95 135.00£2392

142.50 2 29.01 94.50 £ 10.54 **

RBC MDA

(nmol/Cer)

298.80 3299 | 314.81+32.8]

J18.038+106.32 | 158965+23.72"**

Comparison bascd on values at one month after therapy versus before therapy -

* p<0.05 versus before therapy; * pSO.Ol versus control; ** p<0.0001 versus control.

CONCLUSION AND DISCUSSION

Free radical-mediated oxidative
damage has been implicated in patho-
genesis and progression of chronic renal

N .
faifure. nce the observati sey |

. L L1617
reports both in vit  and in vivo studies

revealed that there was incrcased oxygen
con  nption - nephron as a consistent
tubule ¢ ptation which occurs with

nephron loss. Increased oxygen utilization

induced high level of generation of reactive

oxXygen species.(m Superoxide anion
radical and other reactive oxygen species
(ROS) production is a direct consequence
of increased oxygen consumption. The
hyperactivity of these oxygen radicals is
directed against  ds well
as nucle d. The arc resultir- in
structural modification and ftragmentation
ci ¢ renal cell damage.m The degree of
lipid peroxidation caused by these ROS

depends largely on the activity of

. {17
endogenous oxygen radical scavengers.
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o-Tocopherol 15 an cffective antioxidant
preventing peroxidation of lipid membranes
and has a similar protceting action in the
biological tissues. The previous sludym
indicated that Thai chronic renal failure
patients were subjected to oxidative stress
as indicated by deficiency in o-tocopherol
in red blood cell and increasing of lipid
peroxidation. Suifering trom w-tocopherol
deficiency or under peroxidant stress has
been claimed to biochemical and sub-
ccllular damage by lipid peroxidation.(m
Oxidative damage to polyunsaturated lipids
in tissue membranes (lipid peroxidation) a
free radical process, is a widely accepted
mechanism for cellular injury. Malondi-
aldehyde is onc of the products of lipid
peroxidation which appears to be produccd
in relatively constant propertion to lipid
peroxidation. It is therefore a good
indicator of the rate of lipid peroxidation.

In conclusion, the resulls obtained
in this study have cleatly demonstrated that
MDA levels in both plasma and red blood
cell with susceptibility to lipid peroxidation
were  significantly  deereased in chronic

renal failure patients after o-tocopherol

29

therapy.  These bencficial effects on
chronie renal failure and related signs are
associated with significant reduction of
oxidative stress, representcd by decrease in
malondialdchyde content and increasc in
antioxidative capacity.  Therefore, o-
tocopherol therapy may be a promising
approach to prevent peroxidation of
membrane lipids in clronic renal failure.
Our study may also suggested that oral
supplementation of ¢-tocopherol in chronic
renal failure could be importance by slow
down the progression of renal discase and
the efficacy of long-term o-tocopherol
administration in such paticnts should be

funther studies.
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LICHENOID ERUPTION OF ORAL MUCOSA AND SKIN
FROM METHYLDOPA AND CHLORPROPAMIDE :

A CASE REPORT

* & L E X
Kobkan Thongprasom , Wanee Thaweesap , and Surasak Cheerat

‘Depal‘tmem of Oral Medicine , "Depamnent of Pharmacology ,
mDepartment of Oral Pathology, Faculty of Dentistry, Chulalongkorn University,

Bangkok 10330, Thailand.

A 46-year-old Indian woman had been treated with methyidopa for three months, had
the erasive lesions on the buccal mucosa. This patient was then freated with cmoxycillin in
concomitant with the antihypertensive drug, methyldopa. However, the erosive lesions were still
there. She was referved to the Oral Medicine Department, Faculty of Dentisiry, Chulalongkorn
University by her physician. The lesions were diagnosed o be erosive lichen planus and were
treqted with 0.1 percent solution of fluocinolone acetonide. It has been documented that
methyldopa could induce intraoral membrane reactions; therefore the recommen...tion o
change the antiltypertensive drug from methyldopa to be a beta adrenergic blocking drug,
atenolof, was given to her physisian. After this treatment regime, the erosive lichen planus was
gradually disappeared within a period of 2 months. Later, the same patient underwent medical
ireatment with the oral hypoglycemic drug, chlorpropamide.  Following 3 months after
treatment, the marked intraoral lesic  with gen d sk lesi Mus were
aggressively flared up. Together with a dermatologist of Chulalongkorn hospital, both skin and
oral lesions were treated and improved within one year. It is suggested, therefore, that the

precaution should be taken on the treatment of hypertensive and diabetic patient with
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methyldopa and chlorpropamide. If it is possible, the changing of these drugs to the others is

reconnmended whenever the oral lesions oceur from their side effects.  Moreover, lichenoid

eruption of oval mucosa due ta methyldopa and chiorpropamide has never been reported in That

patients.

KEY WORDS : oral lichenoid, methyldopa, chlorpropamide, fluocinolone acetonide

INTRODUCTION

Although the exact eti.ology of oral
lichen planus (OLP) is still unknown,
various drugs may inducce lichenoid
reactions that are clinically and histopatho-
logically identical to the oral lichen
planus.“'” Diverse exogencous drugs such
as mclhyldopa.“'q) chlomropmnidem and
nonsteroidal anti-inflammatory drugs
(NSA[DS)lG} have been reported to
precipitate and exacerbate this condition,
Recent studics have confinmed that the T-
lymphocytes play the role of «+ -midiated
immunological discase mechanisms and are
involved in the pathogenesis of oLr.” So
these drugs may implicate the initial onset
and exaccrbations of lichenoid eruption.

The purpose of this case report was

to dcmonstrate both lichenoid erption of

oral and skin lesions after the adminis-
tration of antihypertensive and oral hypo-
glycemic drugs. This report may be useful
for the physician to consider before
treatment the patients with hypertension
and diabetes mellitus.  Treatment and

management of patients with oral lichenoid

lesions were discussed.
CASE REPORT

A 4d6-year-old Indian woman with
a history of hypertensive (180/110 nun Hg)
and fasting blood sugar 119 mg% had been
treated with methyldopa 250 mg
(Aldomct®) by her physician since Janua—
1993, Threc months after an initiation of
treatment, she complained aboul severe

pat ceralion on the left buccal
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mucosa. An exfoliative cytology exami-
pation from the oral lesion showed no
abnormality of the cells. This patient had
still been freated with methyldopa and
amoxycillin (Ibiamox®) 500 mg four times
a day but there was no improvement. In
June 1993, she was referred to the Oral
Medicine Department, Facully of Dentistry,
Chulalongkorn University.

By clinical examination, no skin
lesion was found. Oral lesions were erosive
on both right and left buccal mucosa with
white striae size~5x3 em (Fig. 1), She
complained of severe pam, difficulty in
chewing and bleeding when brushing,
Biopsy specimen was taken from the left
buccal mucosa and histopathologic
examination confirmed the diagnosis of
erosive lichen planus.  Then the other
antihypertensive drug was recommended to
lter physician instead of methyldopa. After
that, atenolol (Tenomlin®) 50 mg daily had
been used (o treat this patient and at the

same time fopical steroid-fluocinolone
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acetonide 0.1% scolution was used for
treatment of oral lesions. In August 1993,
the right and left buccal mucosa were
improved and healing was ahmost complete
(Fig. 2). Unfortunately, her blood sugar

®
elevated and chlorpropamide (Diabenesc )

~was administered 250 mg daily by her

phisician. In July [993, skin lesions were
first recognized as dusky pink ichy papules
with whitc scale at the wrist of hands and
the soles. In December 1993, the oral
lesions were severely flared up with ex-
tensive crosive area, white striae and some
pscudomemmbrane covered on the surface of
the lesion (Fig. 3). Skin lesions aggres-
sively developed on both arms, I |
buttocks and back (Fig. 4,5). The patient
was referred to the dermatologist at
Chulalongkorm Hospital for skin biopsy and
treatment. Skin lesions were diagnosed as
lichen planus. One year after treatiment both
skin and oral lesions had improved and the

patient dropped out from the elinic.
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pain and inflammation.””” Moreover, it is
important and reasonable to advise the
physician that there may be some clinical
benefit in changing medication from
methyldopa and chlorprolamide to the
others if possible. Patients with skin lesions
eruption should consult the dermatologist
and should be advised to retumn to clinic for
periodic reevaluation. In our knowledge,
there are no previous reports about
lichenoid eruption on the oral  icosa due

to methyldopa and chlorpropamide in Thai

patients.
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TOWARDS UNDERSTANDING CYTOCHROMES P450
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INTRODUCTION

IFor mote than four decades cyto-
chrome P450 (CYP) has been the subject of
intense investigation, largely as a resull of
its catalytic diversity. Not only 1s CYP
responsible for the metabolism of tens of
thousands of xenobiotics (e.g. drugs,
industrial chemicals, environmental pollu-
tants, plant products and toxins), but the
enzyme 1s essential also for the biosynthesis
and catabolism of a broad range of endo-
genous compounds, including bile acids,
biogenic amines, eicosanoids, falty acids
and steroid v 1ones.

Of greatest relevance to this reveiw

article. however, is the rele of CYP in

xenobiolic metabolism.  Humans are ex-
posed to an array of xenobiotics capable of
exerting a broad range of pharmacological
and toxicological cffects. In most instances
CYP-mediated biotransforimation serves as
a detoxification mechanism since the
metabolites formed generally possess less
biological activity than the parent
compound, CYP-mediated biotranstorma-
tion additionally facilitates the elimination
of typically lipophilic xenobiotics and the
newly introduced (unctional group may
serve as an acceplor for conjugating en-
zymes (e.g. UDP-glucuronosyltransferase,
sulphotranslerase, glutathione transferasc),

enhancing renal clearance further.
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Although metabolism of xenobio-
tics by CYP is normally associated with
mactivation of the parent compound, it is
now recognised that certain compounds
may be converted to highly recactive
intermediates which are capable of
interacting with cellular macromolecules.
Indeed, considerable research over the last
two decades has demonstrated that CYD-
catalysed met: »lie actlivation is a
prerequisite for the toxicity, mutagenicity
and carcinogenicity of many forcign
compounds.  Thus, interindividual
variability in CYP activity assumes
importance as both a determinant of phar-
n  okinetics al 1 clinically-
used drugs and in the development of

carcinogenesis or other toxicities following

exposure fo environmental chemicals.

C al aspects of cytochrome P450
CYP has been shown to be ubi-
quitous, being found in all living organisms

and a | tissues, Mammalian CYP

THAIJ. Pharmacol. Vol. 18, 1996

can be classified simply into two classcs
based on intracellular location: microsomal
CYP, which is bound to the mecmbrane of
the cndoplasmic reticulum, and mito-
chondrial CYP, which is located on the
inner mitochondrial membranc.
Mitochondrial CYP is quite distinct from its
microsomal counterpart in that it utilises an
iron sulphur protein (adrenodexin) and a
flavoprotein, NADPH-adrenodoxin
reductase, as the clectron donor enzymes.
Unlike microsontal CYP, the mito-
chondrial enzyme is fanly selective in the
choice of substrates, bcing involved
primarily in steroid synthesis. Although
CYP biotransformation results from the
insertion of a single atom of atmospheric
oxygen, different reactions may arisc
depe 7 on the nature of the substrates
and the intermediates ft 1ed.  These
reactions include hydroxylation, epo-
xidation, demmination, dealkylation, sulph-
oxidation, dehalogenation, and occasionally

reduction .
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[t is now well established that CYp
is not a single cnzyme, but in fact exists as
a gene superfamily where each gene
encodes a scparate isoform. The multi-
plicity of CYP was first postulated on the
basis of species differences in metabolism
and the seleetive induction of drug
metabolism by a range of xenobiotics." >
Subscquent evidence, including selective
inhibition of drug mectabolism by certain
chemieals, differing patterns of perinatal
development in drug metabolism, and
genetically detenmined deficiencies in the
metabolism of some substrates, all sup-
ported the existence of multiple fonmns of

(3}

CYP. Advances in chromatographic
techniques greatly facilitated the isolation
and purification of individual CYP isoforms
from animal and hur tissues providing
direct evidence of enzyme heterogeneity.m

r, 1w .edge of C multiplicity,

function and regulation h  expanded
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enormously over the last decade or so with
the application of recombinant DNA
techniques. Since the first complementary
dcoxyribonucleic acid (cDNA) for a
phenobarbitone-inducible rat CYP was
isolated by Fujii-Kuriyama in 1982,” more
than 480 CYP gencs have been described.
Of 74 gene families so far described, 14
families exist in all mammals, The
mammalian enzymes within the CYP{,
CYP2 and CYP3 gene familics are
responsible primarily for the metabolism of
xenobiotics. Members of the CYP4 family
are responsible mainly for the metabolism
of fatty + Is while other many  ian CYP
gene lamilies cncode enzymes which are
involved in steroid biosynthesis. Human
CYP isoforms in families one to four are
shown in Table 1. Tt is this multiplicity
which is responsible for the extremely

d : _ characteristic of

CYP.






NIMNFY TN 18 1996

Table 1.1 (cont).
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Gene Tissue Chromosomal Selected model
Symbot location substrate
CYP2FI luny 19 3-methylindole
CYP3A3 liver 7q22.1 aflatexin B1, alfentanil, androsteine-
and gastrointestinal dione, benzo[a]pyrene, cyclosporine,
CYP3A4 tract erythromycin, estradiol, nifedipine,
quinidine, (estosterone, triazolam,
terfenadine
CYP3AS liver Tq22.1 cyclosporine, nifedipine, testosterone
placenta
CYP347 liver 7q22.1 aflatoxin B1, testosterone, progesterone
{fetal) 3-sulphate
CYP4AD 1 fatty acids
CYPAATT kidney 1
cYpP4Bi lung ipi2-p34
Structure and membrane topology enzyme system and metabolism of

Individual eukaryo P iso-
forms are Integral to the endoplasmic
reticulum or the mitochondrial membrane.
The mtegral men iture CYPpP
isoforms is important for both effective

cleetron traisfer mom thie elecuon donor

lipophilic subslirates.  Microsomal CYP

isoforms are synthesised pr arily

membrane-bound polyribosomes before

insertion into the lipid Dbilayer of the

endoplasmic reticulum.  The insertion of

“YPa "olher " rinsic membrane proteins
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requires highly specific cellular
mechanisms.  Although nore than 220
pritnary structures have been reported, there
is structural homology of certain segments
of all members of the CYP gene super-
family.  Such homologous segments
include the heme-binding cysteine residue
near the carboxy-tenminal and, in the case
of the microsomal enzymes, a highly
hydrophobic segment at the amino-terminal
region.”'s) The hydrophobic amino-terminal
region of CYP isoforms is generally
accepted as a signal recognition site that not
only direets insertion of these proteins into

the membrane | also 7 ictions "halt-

THAI J. Pharmacol. Vol 18, 1996

transfer signal" which anchors the enzyme
to the membrane. The remainder of the
enzyme resides on the cytoplasmic side of
the membrane.”"" 1t remains controversial
whether the amino-terminal segiment exists
in a hair-pin loop configuration {model A,
Fig.1) or as a single membrane-spanning
region (model B, Fig.1). However, the
available data tends to support model B in
which CYP is anchored to the membrane by
a single amino-terminal transmembrane
helix of 20-30 amino acids with the
globular part of the protein, where the

substrate and the clectron donor enzyme

bit 1 dit intl cytosol,

Figure 1 Proposcd mcmbrane lopologics for microsomal cytechromes P450.

~ Fig. 1 Proposed membrane topologics for microsomal cytochromes P450,
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A major goal of CYP structure
determination is to elucidate thc substrate
binding domain(s) which in twn should
allow direct prediction of substrate
specificity. Several approaches have been
applied to CYP sfructure determination,
including chemical modification with
substrate analogues or mechamism based
inhibitors, site-directed mutagenesis,
molecular modelling and sequence
alignment with the crystal structure of
CYP10I. However, a consensus view for
the substrate binding sites of mammalian
CYP isoforms has not yet been established.
A major impediment to CYP structure
elucidation is the lack of a crystal structure
for any eukaryotic CYP isoforis. Most of
the three-dimensional models for
mammalian CYP rcly the structure of
bacterial CYP101, the only tertiary CYP

ructure  ai 1t fact that
therc is only 1 imal sequence identity

between CYP101 and mammalian CYP and

this  bacterial enzyme is not membrane
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bound. The crystal structure of bacterial
CYP102 has also Dbeen determined
1'ecemly“2) and this enzyme cxhibits greater
sequence homology to mamunalian CYP
than does CYP101. 1t is possible that the
three-dimensional structure of CYP102 may
provide a better model for the mammalian

enzyimes.

Approaches used for assessment of
cytochrome P450 function and activity

It is now well established that
various CYP isoforins differ in terms of
substrate specificity and regulation.
Differenc  in the ivities and  : relative
proportion of individual isoforms therefore
become important determinants of
interindividual differences in  pharmaco-
logical cffects of drugs, susceptibility to
adverse drug reactions and probably
ch cal Tcation and
characterisation of the substrate specificity

and regulation of individual CYP isoforins

is essential for the clucidaiion of the
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biological processes underlying such
relationships.  In the case of new drgs,
drug intcractions and other factors
influencing drug plasma concentrations can
be predicted readily if the major isoforms
responsible for the metabolism of thosc
drugs have been identified.  Several
approaches have been employed to
determine the contribution of individual
isoforms in the metabelism of drugs,
toxicants and carcinogens.  These
approaches range from biochemical,
immmumological, chemical and heterologous
eDNA cxpression techniques. Given that
each technique has advantages and dis-
advantages, the most reliable conclusions
should be derived on the basis of data
obtamed from a battery of approaches, not a

single one.

l ‘ ‘nfi f f
eviochrome P450 isoforms
The purification of CYP isoforms

from amimals and human tissues and

THAI J. Pharmacol. Vol. 18, 1996

reconstitution of activity of these purificd
proteins has provided valuable information
concerning the catalytic specificity of some
isoforms.  This approach has been used
successfully to characterise the substrate
speeificities of human CYP1A2, CYP2E],
CYP2A6, CYP3A3/4, and CYP2D6. """
However, the use of purified proteins for
studying CYP has a number of limitations.
Purification of CYP isoforms is difficult as
they are membrane bound protcins;
isolation of these proteins requires the usc
of detergent. Removal of excess detergent
from the purified protein prior to analysis of
the catalytic activity is  itical sin
coupling of the electron donor enzyme with
CYP is markedly inhibited by the presence
of detergent. Purity of protein is sometimes
difficult to demonstrate as distinct 1sofc s
of CYP often display marked similarity on
olyacrylamide ¢ ctrophoresis.
Indeed, many CYP isoforms ditler by only
a few amino acids but, as indicated earlier,

those differences can have a profound
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effect on catalytic activities. It is also
noteworthy that a nwnber of CYP isoforms
do nol appear to retain full activity

. . . (4. 18) .
following purification. Thus, while of
use in defining substrate specificity,

problems are association with the use of

purified enzymes.

(b) Immunological approaches

Antibodies dirccted against
purificd CYP isoforms have provided
invaluable information concerning CYPD.
The immunorelatedness of CYP is
suggestive of structural similaritics of
cnzymes,  lmmuncinhibition studies
provide information on the functional role
of CYP 1soforms since the extent to which a
specific CYP isoform contributes to (he
tolal rcaction in microsomes can be
predicted from the degree of inhibition
observed with a particular antibody.
Antibodies can also be used in isolating the

cDNAs encoding specific CYP isoforims by

recombinant DNA techniques. A varicty of
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immunological tcchniques including
immunoblot analysis {(Wesicrn  bloetting),
immuno-diffusion assays, enzyme-linked
immunosorbent assays (ELISA)} and
immunohistochemistry permit deter-
mination of ecxpression, distribution and
content of a specific isoform or subfamily
of CYP in a tissue or organ.(m Specificity
appears to be a major problem confronting
the use of antibedies. Given the high
similarity of primary structure within some
CYP subfamilies, an antibody raised against
one 1soform is likely to cross-react with
other isoforms regardless of the purity of
the ¥y :used for immunisation. Cross-
reactivity may also occur between different
CYP subfamilies. For example, a mono-
clonal antibody raised against fish CYP1AI
has been demonstrated recently to cross-

react with human CYPZEI,{ZD)

Generation
of anti-peptide  antibod’ te  to
specific regions of CYP isoforms is one .

the approaches used to circumvent the

problem of cross-reactivity,  Anti-peptide
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antibodies which cause inhibition of the
enzyme activity are also of value for the
identification of functionally important

regions of CYP. ey

(c) Chemical approaciies

The use of chemicals as selective
substrates or selcctive inhibitors of CYP
offers an advantage over other approaches
given potential applications both in_vitro

and In vivo. Regulation of CYP activity n

humans by environmental and genetic
factors can be investigated by adminis-
ration of a substrate selective for a
particular CYP isofonn. Inhibitor | bes
are particutarly useful for determining the
contribution of a particular CYP isoform to
a reaction under consideration. Clearly,
xenobiotic inhibitors have advantages over
antibodies in terms of availability. Selective
s.._slrates ni- D serve as competitive
inhihito  of the metabolism of another

compound by the same isoform. Competi-

tive inhibition of xenobiotic metabolism by

THAI J. Pharmacol. Vol 18, 1996

a seleclive substrate frequently provides
information about isoform(s) potentially
involved in that reaction. However, the
competitive inhibition of a reaction by
another xenobiotic does not necessarily
indicate that the reaction is catalysed by the
same isoforin which responsible for the
metabolism of that xenobiotic.  For
example, quinidine is a potent inhibitor of
CYP2D6 although it is, in fact, metabotised
by isoforms of CYP3A subfamily.(m Once
an isoform-specific substrate has been
identificd comrelation studies between the
activity under consideration with the

tivities of selective substrates across a
bank of hwman liver microsomal samples
can additionally be used to indicate the
isoform(s) potentially invoived in fhat
reaction.

A number of compounds have been
proposed as sclective substrates or selective
inhibitors of CYP isoforms (or subfamilies)
{Table 2) and many of these compounds

may be used as substrales to study the
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in vivo activity of human CYP. However,
some {c.g. amino-pyrine, antipyrine,
metronidazole etc.) are not isoform (or
subfamily) specific and therefore the
predictive value of these probes for the
metabolism of other drugs is limited. When
xenobiotics arc uscd in vivo it is essential
that administration (usually oral) should be
simple and the compounds and their
metabolites are free of serious adverse
effects. Ideally sampling techniques should
be simple {e.g. urine or blood collection).
Intrinsic metabolic clecarance of the
substrate probe should be used as the in
vivo measure of enzyme aclivity, although
other measures (e.g. urinary metabolie ratio,
CO, breath test) may be used if they
corrclate with intrinsic clearance.
Obviously, the interpretation of data
obtained from substrate and inhibitor
studies is dependent upon the specificity of
the chemical probes. Thus, it i1s essential
that the selectivity of chemical probes need

to be established unambiguously,
(d) Heterologous c¢DNA-

expression

THAL J. Pharmacol. Vol. 18, 1996

Recent advances in recombinant

DNA techniques have enabled the isolation
of genes or cDNAs encoding particular
CYP isoforms and their expression in
heterologous host cells. Heterologous DNA
cxpression systems have proved to be
useful tools for both the characterisation of
substrate  specificity of individual CYP
isoforms and for structure-function
relationship analysis based on chimeric
proteins,  These systems eliminate the
necessity for the laborious purification of
CYP from animal and human tissues and
have the obvious advantage of being able to
1 pwity of 11 proteins, particularly
members of closely related genes which are
difficult to isolate by classical protein
purification procedures.  IHeterologous
expression systems also provide a sourcc of
conslitutive CYP isoforms of low
wession  systems

dev “sped so far include bacteria, yeast,

inscel and mammalian cells. Each system

has advantages and disadvantages. Choice
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of an expression system depends on the
purposes of the research, amount of the
expressed protein reguired and personal
experience. Although high levels of CYP
can be obtained from bacterial and yeast
expression systems with relatively low cost,
the catalytic activity of expressed proteins
may be limited by insufficient levels of
endogenous NADPH-cytochrome P450
oxidoreductase or cytochrome bj.(m For
example, CYP can be obtained at high
levels from insect cells using the
baculovirus expression system but the
efficiency of this system is limited by an
insutficiency of de nove syntbesis of heme
in the insect cells, This problem may,
however, be eircumvented by using fresh
cells and growing cells in a hemin
supplemented culture medium.”” Stable or
transient expression of CYP in mammalian

s¢ s c:adva ge of expression in a
higher eukaryotic cell which aliows more
meaningful investigation of post-

transcriptional regulation.  However,
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marumalian cell systems are difficult to
scale-up and permit only low or moderate
production of CYP. Mammalian
promutagen testing systems containing
stably expressed CYP isoforms have been
developed recently. @ Integration of a
gene or a cDNA of CYP into the cellular
DNA of the target cell allows the desired
genotoxic end-points to be measured
directly. Thesc systeins provide advantages
over the use of exogenous CYP since a
longer exposure titne and a lower dose of
thc test chemical penerally simulates

normal environmental human exposure

levels.

Role of cytochromes P450 in drug
response, drug toxicity, chemical
carcinogenesis and cancer.

It is now clear that interindividual
variation in activitics, partieularty
those subject to genetic polyme s, will

lead to variation in dmg response and

toxicity in humans. Individuals who
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metabolise drugs at a slower rate than
normal may suffer from adverse effecis due
to accumulation of the parent drug and/or
production of toxic metabolites by
alternative pathways. For cxample, it was
found that of twenty patients who
developed irreversible peripheral
ncuropathy while being treated with
perhexiline, ten were poor metabolisers of
debrisoquine.(w Less commonly, defects in
drug metabolising enzymes could also be
responsible for poor drug response if a
pharmacologicatly active metabolite cannot
be formed. This seems to be the case with
codeine where the O-d " ylat
metabolite, morphine, has a much more
pronounced analgesic cffecct than does
codeine itself. ©"

A role of CYP + develop-
ment of human cancer is intuitively obvious
given wostall i  1w0g s w ot
per se  but elicit their effect after
bicactivation by CYP to electrophilie

intermedtates which can modify cellular

THAL J. Pharmacol. Vol. 18, 1996

macromolecules. However, in conirast to
experimental animals, an association of
cancer risk with changes in CYP
composition has been established less
rigorously in humans. Initial evidence for
such an association in humans emerged
from the work of Kellermann ef al. ™ 1In
these studies, individuals were classified
into a trimodal distribution based on their
CYP1A1 inducibility in mitogen-activated
lymphocyte cultures. Smokers of the high
CYPIAL inducibility phenotype were more
prone to develop lung cancer than low
inducibility individuals,  Although these

.o £29-31)
results were controversial,

the
assoctation between CYPIA1 inducibility
and human lung cancer was subsequently
confirmed.”™ The induction of CYPIAIL
mRNA in lm by cigarette smoke and the
increz;se in formation of benzo[a]pyrene
DNA a K

from ¢ rette smokers all support the

view that the level of CYPIAI expression

in human lung is important in the etiology



NSTHUNTVINGLA 18 1996

of  iung cancer. Hence, interindividual
differences in the regulation and expression
of the CYPIA/  gene may result in
differences in cancer susceptibility,

Several CYPIAI RFLPs have becn
reported. Of these RFLPs, Msp T RFLP,
a polymorphism in the 3'-flanking region of
the CYPIAIl gene, has generated
considerable interested.  Genotyping of
CYPIA! alleles associated with the
presence or absence of the Msp I site in the
3-region is carried out by PCR followed by
digestion with Msp 1. Genotype A is a
predominant homozygote where the Adsp [
site is absent, genotype C is a homozygous
rare allele having a Msp 1 site derived from
one base substitution of thymidine with
cytbsine and genotype B is the heterozygote
with both alleles. Kawajiri et al.®?
demonstrated an apparent association
between genotype . at  an increascd
incidence of lung cancer in a Japanese
Consistent with these

population.

observalions, a recent three gencration
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family study of Eastern Mediterraneans
revealed that the high CYPIA1 inducibility
phenotype cosegregated with the Msp 1
polymorphism in the CYPI4] gene.u” In
contrast, studies carried out in Norwegians,
Caucasian Americans and Black Americans
showed no correlation between the Msp |
polymorphism in the CYPIA] gene and
lung cancer.” Ethnic differences in allelic
frequency of the Msp [ polymorphism were
observed. The susceptible genotype (i.e.
genotype ) was about 10 times less
frequent in Caucasians than in Japanese.m'
) Recent studies carried out in a Japanese
population also demonstrated that the Msp 1
polymorphism is strongly associated with a
nucleotide mutation which gives rise to an
amino acid substitution (viz. replacement of
isoleucine by valine) _acent to the heme-
binding site of CYP1Al and this mutant
allele bas also been shown to to
lung cancer susceptibility.m' ' Further
cDNA-expression studies revealed that the

valine-substituted CYP1AI1 wvariant
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exhibited about two-fold higher activity and
mutagenicity towards benzo[alpyrene
compared to that of the isoleucine-

substituted CYP1A1.°"

However,
additional studies involving larger and
additional ethnic populations will be
required before any firm conclusions
regarding the assoctation of lung cancer and
the Msp 1 polymorphism can be drawn.
Furthermore, expression of the CYPIAl
gene is regulated by interactions between
the cis-acting elements in the 5'-flanking
region and scveral trans-acting factors,
including the ligand binding subunit of the
Ah receptor and Amt protein. Induction of
CVY~P1A1 therefore involves the products of
a number of different genes and
characterisation of all of these genes is
neccssary for understanding the relationship
between CYPLA! inducibility and hwuinan
canccr.

There have been several studies in

which attempts were made to demonstrate

associations between CYP2D6 phenotype

THAI J. Pharmacol. Vol. 18, 1996
and human cancers. Ayesh et al "
demonstratcd that the extensive
debrisoquine metaboliser phenotype could
be associated with an increased incidence of
bronchiogenic lung carcinomas in smokers.
In agreement with this finding, a 6- to 11-
fold increased risk of lung cancer in the
extensive debrisogquine metaboliser
phenotype has been demonstrated in a
recent case-control study carricd out in
Blacks and Caucasians.”" However,
conflicting results have been rcported
where only slightly or non-statistically
significant increascd risks in extensive
metaboliser phenotype subjects  zre

(42-44)
observed.

The development of
CYP2D6 pgenotyping assays allows more
precise classification of individuals
compared to phenotyping, which cannot
distinguish precisely the heterozygotes from
omozygotes amongst the extensive
metaboliser group. No difference in

genotype frequencies between lung cancer

patients and a control group was reported
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“ but in this study only one mutant allele
was screened and matched controls were
not included. Recent studies which
screened all known CYP2D6 inactivating
mutations demonstrated that the frequency
of the poor metaboliser genotype is
decreased among lung cancer palienls.m}
Although there is some evidence for an
association of the debrisoquine
polymorphism with lung cancer, the
experimental cvidence to establish
biological plausibility for such an
association is limited. A recent 1'<:port(‘m
which demonstrated that ¢DNA-expressed
CYP2D6 is capable of activating a
procarcinogen found in tobacco smoke, 4-
(methylnitrosoamino)-1-(3-pyridyl)-1-
butanone (NNK), has provided some new
suppart. It is unlikely, however, that
CYP2D6 is the major enzyme involved in
the metabolism of this compound. An
association between  adder cancer and the

debrisoquine extensive metaboliser
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phenotype has also been proposed,{"SJ but

coroborative evidence is again lacking.
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