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CHOLINERGIC BLOCKING EFFECT OF QUERCETIN 

Nuchanart Chaichana and Amphawan Apisariyakul 

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

Chiang Mai 50002, Thailand 

Quercetin extmcted from 1/atuml 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 prepamtion; in in vitro system. From this study it was found that quercetin 

caused a decrease in 11eurnlly-evoked twitch. Quercetin in high dose produced a complete 

neuromuscular blockade. lt was therefore suggested that querceti11 produced a synergistic effect 

0 11 succinyl cholinergic neuromuscular blocking action. However, tetraethy lmnmonium (TEA), 

'• 11eostig111i11e and c a· could 1101 antagonize the 11e11ro11111sc11lar blocking effect of quercetin. 

Further investigation dealing with the post-tetanic potentiation (PTP) was not abolished by 

quercetin . Ill addition. quercetin does 1101 have a synergistic effect with he111icl10li11i11111 (HC ). 

Q11erceti11 in high dose could suppress the twitch amplitude of ACh contracture in rat 

de11ervated gastrocnemius preparation. Therefore, the results suggested that querceti11 exerts its 

e.ffect 011 the neuromuscular junction due to depolarized blocking action at the postsynaptic site 

and/or a decrease sensitivity of 1110/or endplate to AC/i. Tlierefore, the results suggested that 

quercetin exerts its cholinergic properties at nicotinic site of 11euro111uscularju11ctio11. 

KEY WORDS : Quercetin, Cholincrgic blocking effect, nicotinic site. 
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INTRODUCTION 

Compou nds affect cholincrgic 

transmission may be classified into several 

groups. Chemical constituents extracted 

from plants have been clai med to exert 

biological activity on cholincrgic synapse. 

The group of flavonoids is one of the 

chemical cons tituents whi ch produces 

pharmacological activity on cholinergic 

synapse. One such flavonoid is quercetin, a 

chemical compound which can be extracted 

from a natural sources. Lutterodt and 

Malequc ( 1988) reported that qucrcctin was 

found in the methanol extract of the dried 

I fp 'd' . ( I ) eaves o s1 111111 guryava. 

Quercetin is a phenolic constituent 

of plants; it has a bright yellow colour on 

paper in UV light and it is clearly separated 

from other constituents and other fl avo-

noids by Foresta I chromatograms (Rr=4 l ).<2
> 

Idcnfication can be confirmed by UV 

spectroscopy and microdegradation with 

alkali. The melting point of quercetin 1s 

rather high (between 280 and 357°C). 

Qucrcetin used in this investigation 

THAJ J. Plwm1acol. Vol. 18, 1996 

is a yellow powder and insoluble in water. 

The strncturc of quercetin is 3,3,4,5,7-

pentahydroxy- flavonc, and the general 

molecular weight of qucrcctin is 338.3. 

Bhatt (199 I) reported that a piscicidal 

fl avonoid, quercetin glycosidc, obtained 

from Engelhardtia colebrookiana (Lindie) 

affected neuro-a rchitecture in medulla 

oblongata of freshwater fi sh, Barilius 

bendelisis (Ham.), after 32 days exposure 

by the neurolysis in hind brain of fish.Cl> 

The phamiacologica l action of quercetin on 

the neuromuscu lar system has not yet been 

reported. The pu1vosc of th is study is to 

investigate the pharmacological effect of 

quercetin on neuromuscular j unct ion of 

cholincrgic system in in vitro and in vivo 

preparations. 

MATERIALS 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 of rat phrenic nerve-hemidia-

phragm for recording neurally-evoked 

twitch . 

The method was based on the 

modificat ion of the techniques described by 

Bulbring ( I 946) and C hanta ra th am 

( 1974).<
45

> A d b d . rat was put own y ecap1ta-

tion. The triangular-shape sections of left 

and right hemidiaphragm were dissected 

and excised with their accompanying 

phrenic nerves. The preparation was then 

mounted in a tissue bath containing 50 ml 

of Krebs' solution aerated with oxygen and 

the temperatmc 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 tissue 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 

connected to a Grass stimulator. The 

skeletal muscle contractile responses were 

recorded by a polygraph. The neurally-

evoked twitch was recorded by stimulation 

3 

of electrical pulses of supramaximal voltage 

at a frequency of 0.4 Hz and duration of 0.6 

msec throughout all experiments. 

Isolation of the r at hemidiaphragm for 

recording d irectly-evoked twitch. 

The preparation was set up as 

previously mentioned as for that of isolation 

of hemidiaphragm. One end of a stainless 

steel bipolar stimulat ing electrode was 

attached to the base of the hemid iaphragm, 

and another stainless stee l needle was 

inserted into the muscle below the roots of 

the phrenic nerve. The preparation was 

transferred into the glass tissue bath con-

taining 50 ml of Krebs' solution, aerated 

wi th oxygen while the temperature was 

maintai ned at 30°C th roughout each 

experiment by a thermoregulator. The 

directly-evoked twitch was recorded by 

electrical stimulation of supramax imal 

voltage at a frequency of 0.4 Hz and for a 

duration of 0.6 msec. The preparation was 

completely blocked by adding 0.005 mM of 

pancuronium in order to have a complete 

block neuromuscular transmission. 
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Preparation of rat sciatic ner ve-gastroc­

nemius muscle for recording neurally­

cvokecl twitch, in situ. 

T he pre paration of rat sciatic 

nerve-gastrocnemius muscle for recording 

contractile response was based on Mc. Load 

et al (1970).<
6

' The le ft sciatic nerve was 

exposed by making a skin incis ion at a mid 

portion of the thigh. A pair of tlu·eads were 

tied tightly to the main sciatic nerve, about 

2 nun apaii, the nerve was cut between the 

threads in order to avoid any centra l 

cormection. A pair of stainless steel bipolar 

stimulat ing e lectrodes were placed to 

contact with the sciatic nerve. The electrode 

was then connected to stimulator . The left 

achillis tendon was dissected and tied with 

a strong tlu·ead, attached to a force displace­

ment transducer then it was connected to 

polygraph. T he neura lly-evoked twitch was 

obtained by stimulation of supramaximal 

voltage at a frequency of 0.3 Hz and 

duration of0.5 msec. 

P rep a ration of dc ne rv a ted gastroc­

nemius muscle for recording acetyl-

THAI J. Pharmacol. Vol. 18, 1996 

choline-con tracturc. 

This preparation was perfonned to 

investigate the effect of quercetin on 

postsynaptic site of myoneural junction.<
1
> 

The denervation was done for 14-2 1 days in 

order to induce supersensitivi ty at motor 

endplate.<
8
' The right femoral artery was 

cannul a ted fo r c losed int ra-a rt e ria l 

injection. The left achillis tendon was 

d issected and tied to a strong thread 

attached to a force d isplacement transducer. 

The preparation was performed in the 

similar way to that for recording the 

neurally-evoked contractile response, in 

situ , but no electrical stimulation was 

applied. A Ch ( l 00 pg/mg body weight) 

was injected intra-arterially to produce ACh 

contracturc. 

STATISTICAL ANALYSIS 

The twitch response amplitude was 

expressed as a percent change from control. 

Average data were expressed as mean ± 

standard error of mean (mean ± S. E.), n=8. 

The significan t di ffe rence of means were 

determined by student's paired "t" test. 



RESULTS 

Part 1 Effect of quercetin on the 

nemally-evoked twitch. 

I. Study of the effect of quercetin m the 

isolated rat phrenic nerve-hemi-

diaplu·agm preparation. 

Quercetin in doses of 3.0 x 10-
4

, 

-4 -J -J 
6.0 x 10 , 1.2 x 10 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 eve1y dose 

tested 20 minutes after adding quercetin 

into the tissu~ bath produced a decrease in 

the muscle twitch amplitude of 11.2 ± 3.1, 

18.8 ± 3.0, 28.3 ± 3.3 and 81.3 ± 8.0 

percent respectively, and these effects were 

dose-dependent. The relationship between 

various doses of quercetin and the percent 

decrease of neurally-evoked twitch 20 

minutes after adding the drug into the tissue 

bath, in vitro, was expressed as a regression 

line, the conelation coefficient (r) was 

5 

0.9808, n=8 (Fig. l ). 

2. Study of the effect of quercetin 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 decrease in muscle twitch 

amplitude. These effects were dose-

dependent and time-related. Quercetin in 

the dose of 16 mg/kg produced a complete 

neuromuscular blockade within 30 minutes. 

But the respiratory rate was not reduced. 

The relationship between various doses of 

quercetin and the percent decreases of 

neurally-evoked twitch 30 minutes after 

intra-aterial injection, in vivo, was 

expressed as a regression line, the 

con-elation coefficient (r) was 0.9655, n=6 

(Fig. 2). 
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Fig. I The dose-response regression line of quercetin in producing the decrease of neurally-evoked twitch in 

the isolated rat phrcnic nerve-hemid iaphragm preparation. 

% dec r ease in musc l e twi tc h at 30 mi n . 
120 

100 -
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0 5 10 I ~l 20 
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Fig. 2 The dose-response regression line or qucrcctin in producing the decrease of neura lly-evoked twitch in 

the rat sciatic ncrvc-gastrocncmius preparation. 
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Part 2 Interaction of quercctin and 

standard drugs. 

The effect of guercetin on neuromuscular 

In isolated ra t phrenic nerve-hemi -

diaphragm preparation, the neuromuscular 

blocking action of quercctin in the presence 

or neuromuscular blocking drugs, pan-

curonium, succ in ylcho line (SCh) and 

hemicholinium (HC3) was compared to that 

of quercetin on its own. It was fou nd that 

the percent decrease in muscle twi tch 

amplitude produced by quercetin (3 .0 x 10-~ 

iv!) in the presence pancuronium (4 .3 x 10·
1 

A 

SCh 

B 

a 

c 
SCh Q 

7 

·S 
M) and HC3 (7.0 x 10 M) produced a 

slight decrease in muscle twitch amplitude, 

no different from that of quercctin alone but 

qucrcetin produced a decrease in muscle 

twitch ampli tude when present in SCh more 

than that of qucrcetin alone (Fig. 3 ). 

The effect of an anticholinesterase 

agent, neostigminc on neuromuscular 

blockade produced by quercetin was also 

studied. Quercetin in the dose of 2.4 x I 0.
3 

M produced a neuromuscular blockade, 

but th is e ffect was not reversed by 

neost igmi ne (f-'ig. 4 ). 

l'ig. :l The effect o r Q (qucrcetin) in presence or SCh (succinylcholinc) in the isolated rat phrcnic ncrvc­

hcmidiaphragm prepara tion. A : The effect or SCh 4.4 x I a·" 1-vl. B : A slight decrease in the muscle 

twitch ampli tude produced by Q 3.0 x I 0-~ M. C : Q 3.0 x 10·1 M produced a synergistic effect on the 

SCh blocking action. 
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A 
'Nrost~nire 6.5 x 63 

M 

8 

phrenic nerve-hemidiaphragm preparation. A : The effect of neostigmine (6.5 x 10·
3 

M). Il : The 

effect of neostigmine (6.5 x I 0·3 M) on the pancuronium (3.0 x Io·~ M)-induced neuromuscular 

blockade. C : The effect of neostigmine (6.5 x 10·3 M) on the quercetin (2.4 x 10·3 M)-induccd 

neuromuscular blockade. 

t<JL 
I rnin 

A - 60min - • /\Ch 

13 
• 
/\Ch 

-Jamn--__._,t;-4 ~ - 30ni""I ...... -------. . . 
/\Ch 

Fig. S Interaction of Q (quercctin 16 mg/kg body weight) on Ach (acetylcholine I 00 ~tg/kg body weight) 

contracture in rat denervated gastrocnemius muscle preparation. A : Contro l, Ach-contracture. B : 

Quercetin completely inhibited Ach contracture. 
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A Ch in the dose of l 00 ~1g/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 
2

' 

on the neuromuscular blockade produced 

by qucrcetin in the isolated rat phrenic 

nerve-hemidiaphragm preparation. It is 

known that Ca
21 

plays an important role in 

ACh release from the motor nerve terminal. 
,, 

It was found that Ca- (CaCl2) could anta-

gonize neuromuscular blockade induced by 

Ca
2

' deficiency (Krebs' solution without 

calcium chloride). 

The neuromuscular blockade pro­

duced by quercetin in the dose of 2.4 x l o·J 
2• 

M could not be antagonized by Ca . 

Tetraethylammonium (TEA) is a drng 

. I . bl . <9.10.11> actmg on severa excrta e llssues. 

The twitch potentiating effect of TEA is 

due to an enhancement of ACh liberation at 

t I . . (S.12) ti1e neuro-muscu ar JUnctton. 

The isolated rat phrenic nerve-

hemidiaphragm preparation experiment 

was performed in order to study the 

9 

antagonistic effect of TEA on neuro-

muscular blockade produced by quercct in 

-J 
(2.4 x 10 M). For a 50 percent twitch 

depression produced by quercetin, TEA 

could increase the twitch amplitude but it 

was not significantly greater than TEA 

alone (p > 0.05). 

The interaction of quercetin on post-tetanic 

potentiation: 

Post-tetanic potentiation (PTP) is a 

synaptic phenomenon produced by 

repetitive electrical stimulation. The 

mechanism of PTP in cat muscle has been 

postulated to be due to hyperpolalization of 

the motor nerve terminals by repetitive 

. (IJ) 
nerve nnpulses. In the present study, the 

PTP produced by motor nerve stimulation 

at the frequency of 20 Hz and a duration of 

l 0 seconds in the rat sciat ic nerve-

gastrocnemius preparation is primarily 

• ( 14) 
neuroge111c nature and the PTP is 

proposed to be due to ACh release at the 

presynaptic site of neurcmuscular junction. 

In this investigation, the percent peak of 

PTP in the presence of quercetin (16 mg/kg 

body weight) was determined rn 



10 

comparison to that of control PTP and the 

standard drugs such as succinylcholine 

(300 ~1 g/kg body we ig ht) a nd d­

tubocurarine (50 ~tglkg body weight). It 

was found that the percent peak of PTP in 

the presence of quc rcctin was not 

significantly different from control PTP 

and SCh but significantly different from d­

tubocurarine (p < 0.05). 

The direct effect of Quercetin on skeletal 

muscle: 

In this part of the study, It was 

found that quercelin produced a decrease in 

musc le twitch amplitude. However, 

qucrcetin in every dose produced a 

decrease in muscle twitch in the ncurally­

evoked twitch more than in the dircctly­

evokcd twitch. 

DISCUSSION 

The results obtained from this 

study showed that qucrcctin exerted the 

act ion on the cholinergic system. For the 

rat phrenic ne rve-he midiap hra g m 

preparation (in vitro) and the rat sciatic 

THAI J. Pliarmaco/. Vol. 18, 1996 

nerve-gastrocncmius preparation (in vivo) 

the results indica ted that quercet in 

produced a dose-dependent decrease in the 

muscle twitch ampli tude on the neurally­

evokcd twitch in both systems. In vivo 

preparation , a high dose of quercet in 

produced a complete neuromuscul ar 

blockade and this effect was irreversible. 

The physiology of neuromuscular 

transmission shows that acctylcholine 

(ACh) is released from the nerve terminals 

by nerve impulses, and it acts on the post 

junctional membrane of the motor endplate 

to set in action the chai n of events that 

leads to muscle contraction.
05

' From the 

results of both in vitro and in vivo 

preparations, it was shown that quercetin 

may have an effect on the neuromuscular 

junction. The mechanism of action of 

quercetin was also postulated by studying 

the interaction of quercelin on some 

neuromuscular agents: pancuronium, a 

nondepolarized neuromuscular blocking 

drug, and succ iny lcho line (SCh) , a 

depolarized ncuronrnscular blocking drng. 

It was found that quercelin in the dose of 

3.0 x 10·~ M produced a synergistic effect 



on the SCh blocking action at the ncuro-

muscular junction but not pancuronium. 

SCh is the depolarizing neuro-

muscul ar blocking drug used as an 

anesthetic adjuvant. It reacts with the 

nicot inic cholincrgic receptor to open the 

channel and cause depolarization or the 

endplate.r
16

J From this result , the effect of 

quercetin may similar wi th depolarizing 

neuromuscular blocki ng drug. 

Neostigminc , an anticholinesterase 

agent, exe11ed its action by inhibition of 

enzymes accty lcholinesterase a l the 

cho linergic synapse , lead ing to an 

accumulation of ACh there by producing 

the twitch potentiation, fascicu lation due to 

. . I 1. . t 16.111 Tl its antic 10 mesterase properties. tc 

antagonistic e ffect of neostigminc on the 

neuromuscul a r blocking effect of 

. u6
> I b I . 1 . pancuromum was a so o servec 111 l us 

study. The result shows that ncostigmine 

cannot antagonize the neuromuscular 

blockade produced by quercctin. Thus the 

blockade of que rce tin may not be 

nondepolarized type. 

1 n 1959, Axelsson and Thcslcff 

reported that the sensi ti vity or the motor 

11 

endplate of the denervated muscle was 

increased to ACh in chronically denervated 

muscle in cats.l
7

> In this study the rat 

dencrvatcd gastrocnemius preparation was 

performed to investigate the effect of 

quercctin on postsynaptic site of the 

neuromuscular junction. The result shows 

that qucrcctin could suppress the muscle 

twitch amplitude of ACh contracture in 

chronically denervated muscle in ra ts. This 

finding suggests that the neuromuscular 

blockade produced by quercetin is probably 

due to the postsynaptic s ite of the 

neuromuscular junction. 

Acetylcholine, the neuromuscular 

transmitter which acts on the muscarinic 

and nicotinic cholinergic receptors, is 

known to decrease of releasing in the 

condition of Ca
2
• deficiency, following by 

the result of neuromuscular blocking 

( 18) 
effect. The evidence of the present 

study indicated Ca 2+ could not antagonize 

the neuromuscular blocking e ffect of 

quercetin. Therefore, it mi ght be indicated 

that neuromuscular blocking effect of 

quercetin is probably not due to a decrease 

of ACh release from the nerve terminal. 
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Tetraethylanunonium (TEA) is a 

ganglionic blocking drug, and competes 

with ACh at the cholinergic receptor in 

. 1· 06' B "d I . . autonomic gang ion. es1 es t us aclton, 

it also ac ts on severa l exc itable 

. <9. 10.1 1> Tl . I . . ft-. tissues. le tw1tc l potent1atmg e iect 

of T EA is due to enhancement of ACh 

liberation at the neuromuscular junc­

tion.<5.12> Kensler ( 1950) and Apisariyakul 

(1975) reported that TEA could antagonize 

d-tubocurarine and pancuronium-induced 

bl k. ft'. ( 19,20) 
oc mg e iect. It is suggested that 

TEA may increase ACh release from the 

nerve terminal causing an increase in 

muscle twitch amplitude in the presence of 

nondepolarized neuromuscular blocking 

d 
(1 2.20) 

rngs. Thus, TEA is an anticurare 

<s.10. 12.20.21.22> l I . d TEA d agent. n t 11s stu y, oes 

not pl'oduce an antagonistic effect on the 

neuromuscula r blockade caused by 

quercetin. Thus the neuromuscular e ffect 

of quercetin is probably not due to 

prcsynaptic action . 

The effect of quercetin and some 

standard drugs on post-tetanic potentiation 

(PTP) which is a synaptic phenomenon 

p rod u ced by repe titi ve electrical 

THAI J. Plwrmacol. Vol. 18, 1996 

stimulation was also studied in order to 

postulate the mechanism o f action of 

• ( 14) 
quercetm. The PTP was proposed to be 

due to ACh release at presynaptic s ite of 

the neuromuscular junction. In this 

investigation, it was found that the percent 

peak of PTP in the presence of quercetin 

was not significantly different from that of 

PTP in the presence of SCh. But the peak 

of PTP in the presence of quercetin is 

significantly different from that of d-

tubocurarine (p<0.05). Some non-

depolarized neuromuscular blocking drugs 

in the dose which produced neuromuscular 

blockade could decrease ACh release from 

I . I m.24
' 0 I I h d t 1e nerve tenrnna . n t le ot 1er an , 

SCh clearly acts at the motor endplate but 

only slightly affects ACh re lease from the 

• (16) 
nerve tenmnal. Thus, The action of 

quercetin on the neuromuscular blockade 

was different from that of nondepolarized 

neuromuscular blocking drngs. It's action 

is probably not similar to that of non-

depolarized neuromuscular blocking dmgs, 

but probably is s imi lar to that of 

depolarized neuromuscular blocking drugs, 

such as SCh which was used in this study. 



11nrmnif'1f1nv1ifrf 18 1996 

In the study of the direct effect of 

quercetin on skeletal muscle, quercetin was 

investigated to observe the contractile 

response m 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 neurally-evoked twitch 

which was more than that for the directly­

evoked muscle twitch. Thus quercetin may 

has a direct effect on skeletal muscle. 

T he result in this study, showed 

that quercetin has no synergistic effect on 

HCy So it is suggested that quercetin has 

no prejunctional e ffect in blocking 

neurotransmitter release. 

It could be concluded that quer­

cetin exerts its e ffect on the neuromuscular 

junction. The neuromuscular depress ion of 

quercetin may be due to its effect at the 

postjunctional membrane and/or produce a 

decrease sensitivi ty of motor endplate to 

ACh and probably have the direct e ffect on 

skeletal muscle but it has not effect at the 

presynaptic site. However, the neuro-

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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Following immersion of subjects 'index fingers in ice, systolic and diastolic blood 

pressure were elevated in all nom1ote11sive subjects between 21.5 and 39.2 year of age 

(p<0.05). After thirty-minute 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 be.fore and after 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 subjects 

under study (p<O. 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. 

KEY WORDS : blood pressure, ice, T hai volunteers 

INTRODUCTION 

Blood pressure is the force that 

moves the blood tlu-ough the circulato1y 

system to nourish the body tissues. The 

sudden increase in the force which led to 

rupture of the blood vessels has been well 

documented. Massive bra in hemonhages 

have been a common cause of death in 

hypertens ive patients with indequately 
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treated or uncontrolled hypertension.Cl' 

Cerebrovascular accident is the major cause 

of all deaths in the elderly with abnormal 

consistent high blood pressure in affluent 

socielies of the world.l2l In the American 

population, 40% of white and 50% of 

blacks over 65 years old are hyperlensive.
0

' 

Cold, by ice, as it cools the skin causes 

cutaneous vasoconstriction, significantly, 

reducing the amount of blood circulating in 

lhc cxtrcmities.<
4

> Increased peripheral 

resistance is the major factors that attributes 

10 an increase in ai1erial blood pressure. 

Moreover, in most patients with hyper­

tension, the peripheral vascular resistance 

increases.<
5
> Therefore, the effect of ice on 

lhe blood pressure change was investigated 

in nonnotcnsive volunteers. 

MATEIUALS AND METHODS 

Su hjccts 

Twenty eight dental students (2 1.5 

± 0.15 years) and eleven staff members of 

the Departmenl of Phannacology (39.2 ± 

3. 1 years) of both sexes look par1 in the 

THAI J. Pliarmacol. 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 prcccdure was 

designed as a single-blind randomized 

study. Subjects were grouped according lo 

age : group I subjects (21 .5 ± 0. 15 years) 

group II subjects (39.2 ± 3. 1 years). All 

subjects were fasted 18 hours before the 

commencement of experiment and were 

sh1died at rest in a sitting position whi le the 

blood pressure was taken through the arm 

cuff and was recorded by an E&M 

Projector physiograph0 recorder (a Narco 

Company, Houston, Texas). The ambient 

temperah1rc was in between 26-27 °C. The 

recorder, having a plug-in cuff pump 

connected to th e preamplifi er , was 

calibrated to the fi fty mill imeters of 

mercury per two centimeters of writing pen 

dencction. The Korotkov sound was the 

recorded ; the first and lhe second sound 

were then calculated to be a systolic and a 

diastolic blood pressure respectively. All 
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groups of the subjects were then tested with 

ice by immers ion of the index finger (2/3 

pat1 of finger tip) into the crnshed ice in a 

small pyrex glass beaker (I 00 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 drng A 

and drng B respectively. Thirty minutes 

after the drugs, the blood pressures of the 

subjects were measured using the same 

equipmen t and method as previously 

mentioned. 

Statistical analysis 

Comparisons between data within 

a group were made us ing analys is of 

variance and S tudent's paired I-tes t 

whereas the data between the groups were 

also us ing ana lys is of variance and 

Drng A was paracetamol (500 mg) and dinzcpam 

(2 mg) 

Drng B was paracetamol (500 mg) and diazcpam 

(4 mg) 

19 

Student's unpaired t-test. The level of 

significance was choosen as p<0.05. 

RESULTS 

The sitting arterial blood pressure 

obtained from other publication(
6
> showed 

that systolic and diastolic of the caucasians 

(24.1 years old) were 109.40 (S.D. I 0.20), 

and 70.30 (S.D. 9.50) (n=24) respectively 

(table 1) ; the present s tudy was shown to 

be 106.6 (S.D. 9 .7) and 73.6 (S.D. 7.1) 

(age 2 1.5, n=27) (table 2 ). The ice caused 

the elevation of systolic blood pressure 

from 106.6 (S.E.M. 1.9) to l 15.8 (S.E.M. 

1.9) and diastolic from 73.6 (S.E.M. 1.4) to 

78.5 (S.E.M. 2.9) (n=27) in the age 21.5 

group (table 2 ) whereas the age 39.2 

group, were elevated from 11 2.5 (S.E.M. 

3.5) to 126.7 (S.E.M. 2.4) (n= l l) (table 2). 

After pretreatment of the younger group 

with paracetamol and diazepam (2 mg) and 

the older group with the same drug as the 

younger did except cliazepam (4 mg) was 

used instead, the systolic and diastolic 

blood pressure s till e levated by ice 

(p<0.05). The drugs pretreatment did not 
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affect the systolic and diastolic blood 

pressure of both groups of subjects. 

However, the ice did elevated the blood 

pressure of the younger and older 

pretreated groups, the systolic from 104.8 

(S.E.M. 3.9) to 11 5.3 (S.E.M. 2.1) and 

diastolic from 70.6 (S.E.M. 1.8) to 79.5 

THAI J. Pharmacol. Vol. 18, 1996 

(S.E.M. 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.E.M. 4.9) and diastolic from 

60.3 (S.E.M. 3.8) to 74.0 (S.E.M. 3.6) 

(n= l l) (table 3). 

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

electronic sphygmomanorneter in a sitting position (a mean age was 24.1 years)6 in the U.S. 

Arterial blood pressure (mm Hg) N 

(mean ± standard deviation) 

Systolic I 09.40 ± I 0.20 24 

Diastolic 70.30 ± 9.50 24 

N = number of subjects 

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

(age 21 .5 ± 0.15 years) and group II (age 39.2 ± 3.1 years). 

Blood pressure (mm Hg) 

(Mean ± Standard Error of the mean) 

Systolic Diastolic Mean Blood Pressure N 

Before Group I 106.6 ± 1.9(9.7) 73.6 ± 1.4 (7.1) 84.6 ± 1.3 (6.6) 27 

Group II 112.5 ± 3.5 61.8 ± 3.0 78.7 ± 2.9 11 

After ice Group I 115.8 ± 1.9 (9.7) 78.5 ± 2.9 ( 14.8) 92.5 ± 1.4 (7. I) 27 

Group II 126.7 ± 2.4 (7.9) 73.1 ± 2.5 (8.3) 90.9 ± 2.1 (6.9) 11 



The typical physiographic records were showed in Fig. l and Fig. 2. 

(N.B. The units of systolic and diastolic blood pressure are nunHg) 

Blood pressure 

(mmHg) 

100 
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-4111~..,..._- BEFORE ICE---•~ ......... ......-- AFI'ER IC~ -----•~ 

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

experimentation with ice. 

Blood pressure 

(mmHg) 

100 

50 

0 
AFI'ER 

PARACETAMOL (500 mg) 

+ _ .... ..,~ ....... 1---- AFfER ICE _ _...,~ 

DIAZEPAM (4 mg) 

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

diazepam (4 mg) before and after experimentation with ice. 



22 THAI J. Phar111acol. Vol. 18, 1996 

Table 3 The effects of pr1racc1amol I 000 mg plus 2 mg of diazcpam (Drug A) and paracetamol 500 mg plus 

4 mg of diazcpam (Drug 8) on the systolic, diastolic and mean arterial blood pressure. 

Arterial blood pressure (mm Hg) 

(i\lcan ±Standard erro1· of the mean) 

Systolic Diastolic i\lcan Blood Pressure N 

Group 1 Drug A alone I 04.8 ± 3.9 ( 19.9) 70.6 ± 1.8 (9.2) 83.2 ± 1.8 (9.2) 27 

Drug A+ lee 115.3 ± 2.1 ( 10.7) 79.5 ± 1.3 (6.6) 91.3 ± 1.3 (6.6) 

Group II Drug 13 alone 107.3± 4.1 ( 11 .5) 60.3 ± 3.8 ( I 0.6) 75.9 ± 3.6 ( 10. 1) 8 

Dru g ll +Ice 126.0 ± 4.9 ( 12. 1) 74 .0 ± 3.6 ( IO. I) 91.3 ± 3.9 ( 10.9) 

Note : The standard deviations arc in the brackets. 

DISCUSSION 

Reaching adult life, the factor of 

age may make a remarkable difference of 

arteria l blood pressure. Subsequent 

changes with age vary in di fferent com-

munities and from subject to subject. Jn 

some community, pressure does not rise 

with age,rn which is in accord with the 

present finding in the two-age group. 

Between group I subjects (age 2 1.5 ± 0. 15 

years) and group II (age 39.2 ± 3. 1 years), 

the pre-drug arterial systolic blood pressure 

are not statistically di fferent (p>0.05). This 

may be due to a decrease in the volume 

distensibility of the increased age group 

(group II). Nearly the last two decades, 

both the systolic and di astolic blood 

pressure of the caucacian resided in the 

United States (age average 24. 1 years), 

were about the same fi gures as the present 

study (table I ). The mechanisms by which 

ice induced hypertension have not yet been 

elucidated; a renex prcssor response of the 

cutaneous blood vessels might play a major 

role. Interestingly, the mean arterial blood 

pressme could be increased by severe 

ischcm ia of the brain lo as high as 260 

H !S! Tl I . . b .. I . mm g. HIS, I le extslmg ram ISC iemtc 

hypertension could be worsened and brain 



hemonhage will be a consequent especially 

in the elderly. The subjects pretreated with 

paracetamol together with diazepmn with a 

view to help prevent the subject from pain 

and anxiety that might more or less an 

increase in arterial blood 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 

elevation of blood pressure may aggravate 

the hypertensive stale of an elderly. 
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THE PHARMACOLOGIC EFFECT OF ORAL 

a-TOCOPHEROL SUPPLEMENTATION ON 

OXIDATIVE STRESS IN CHRONIC RENAL FAILURE 
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Kan la ya Tiensong', Chaweewan Prucksunand', Leena Ong-ajyooth ", Som pong 

Ong-ajyooth"', Panya Khunawat', and Suwat Wimolwatanapan' 

Department of Pharmacology; " Divis ion of Nephrology, Department of Medicine; 

'"Department of Biochemistry, Faculty of Medicine Siriraj Hospital. Mahidol University. 

The pharmacological effect of a-tocopherol 011 plasma and e1y throcyte lipid 

peroxidatio11 were investigated in chronic renal failure (CRF) patients. The indices of oxidative 

stress were measured in 4 CRF patients of before and after oral supplementation of a­

tocopherol 100 mg daily f or 30 days and in 7 unsupplemented CRF patients using as control. ln 

supplemented group. the results showed a sign(ficant increases in plasma and e1y throcyte 

vitamin E levels. while the levels were unchanged in unsupplemented patients. 111 patients 

receiving a-tocopherol. both plasma and RBC lipid peroxidatio11 values were sig11ifica11tly 

decreased 111 addition, the osmotic fragility of red blood cells represented by median glycerol 

lysis time was significantly increased (p<0.01). 111 conclusio11, oral supplementation of a­

tocopherol may _be of protective value 011 oxidative stress in chronic renal f ailure patients and 

may have clinical benefit in alleviating the associated by reducing the frag ility of red blood 

cells. 

KEY WORDS : o:-Tocopherol , oxidative stress, chrnnic renal failure 
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INTRODUCTION 

Cluonic renal fai lure rcmams a 

major medical problem in Thailand. The 

progression of cluonic renal disease occurs 

with the ongoing process of the loss of a 

. . 1 b f 1 I . o> cnt1ca num er o nep iron popu at10n. 

Evidences showed that oxidative stress 

played an important role in pathogenesis of 

renal disease and the progress of the disease 

(2) 
to end stage. 

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 clu·onic deficiency 

of these two antioxidants are associated 

with strnctural and functional injuries in 

intact ra t's kidney.
01 

Another well known 

mcdcl is the chronic puromycin amino­

nuclcoside nephropathy (PAN).
141 

Progres-

sivc renal damage in these two models is 

partly mediated by excessive production of 

reactive oxygen species. Dietaiy supple-

mentation with vitamin E, an endogenous 

THAI J. Pliarmacol. Vol. 18, 1996 

lipophi lic antioxidant, ameliorates the 

. f 1 . 1 d OA> seventy o t ie progressive rena amagc. 

It is obvious that development of 

progressive renal damage in animal model 

should be reduced by the beneficial effects 

f I . f . . E oA> P . o supp emcntat1on o v1ta m111 . nor 

study showed that Thai chronic renal fa ilure 

patients suffered serious decrease in 

. . E 1 1 . 1 I 151 
v11am1n eve 111 tic eryt irocyte. 

Increased levels of plasma thiobarbituric 

acid reacti ve substances, a marker of lipid 

perox idation, have also been reported in 

patients with chronic renal failure<5
.
6

'
71 and 

the beneficial effect of vitam in E should 

also be essential for chronic renal failure 

. (8.9) 
patients. 

In the present work, we have 

investigated the pharmacologic effect of 

vitamin E supplementation agai nst plasma 

and erythrocyte lipid peroxidation in Thai 

clu·onic renal failure patients. 

MATERIALS AND METHODS 

Fresh and hepari nized blood 

samples were obtained before and after 

vitam in E treatment. The e1y throcyte, 
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plasma lipid perox ide were determined by 

mal ond ia ldehydc (MDA) formal ion 
110

· 1
1
> 

The erythrocyte and plasma ant ioxidant 

vitamins were pe r fo rmed by hi gh-

" 1· 'd I I <12.1 JJ per1ormacc 1qu1 c ll'omatograp 1y. 

The osmotic fragility test of red blood ce ll 

was ca1Tied out with a s light modification 

( M ) 
by the method of Eugene et al. and 

(15) 

Zanella et al. All results arc expressed as 

the mean ± SD. Statistical analysis were 

analyzed using paired two-tailed student 's 

I-test. S tat istical significance level was 

de fined as p<0.05. 

RESULTS 

The experiment was performed in 

11 patients wi th mild degree renal fa ilure 

(6 males and 5 females), aged from 27.0 to 

69.0 years (average 48.91 ± 14.87) with 

in formed consents. All patients were of 

chronic g lomeruloncphritis and were free 

from diabetes mclli tus, chronic respiratory 

insufficiency, intcrcurrent infection, hepatic 

disorder, alcoholic ingestion and c igarette 

smoking. None had received ei ther blood 

or plasma durin g the las t 4 months 

27 

preceding the sh1dy. Iron, vi tamins 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 ora l 

supplementation of I 00 mg vitamin E dai ly 

with routine medication for 30 days. Seven 

patients, group II , 4 males and 3 fema les 

received only routine medication but not 

vitamin E, aged from 27.0 to 69.0 years 

(average 47. 14 ± 17.43), were served as 

controls. 

Table I shows the effect of vitamin 

E therapy on vitamin E and MDA level in 

supp l cmc nt~ d and no n-s uppl e me nted 

groups of chronic renal fai lure patients. 

Vitamin E therapy resulted in a s ignificant 

increase in plasma and ery throcyte vitamin 

E levels in treated group compared with 

untreated group. Levels o f vi tamin E in 

plasma and red blood cell in non-

supplemented patients remained low. After 

vi tam in E therapy, both plasma and RSC 

lipid peroxidation levels in vitamin E 

treated group was significantly decrease. 
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TalJle I The effect of vitamin E therapy on vitamin E and MDA levels in control and vitamin E treated group 

of chronic renal failure patients. Va lues represent mean ± SD. 

Control group Vitamin E treated group 

Data Before therapy After therapy Before therapy Arter therapy 

Plasma vitamin E 1.422 ± 0.8 1.498 ± 0.15 1.547 ± 0.44 4.35 1 ± 2. 14 • 

(mg/di) 

RI3C vitamin E 2.587 ± 0.42 2.483 ± 0.39 2.668 ± 0.34 4.909 ± 2.09 • 

(mg/ml pre.) 

Plasma MDA 129.37 ± 16.95 135.00 ± 23.92 142.50 ± 29.01 94.50 ± 10.54 •.• 

(~11110111) 

RBC MDA 298.80 ± 32.99 31 4.81±32.81 318.038 ± I 06.32 158.965 ± 23.72 ... . 

(1111101/Ccr) 

Comparison IJased on values at one month atler therapy versus before therapy: 

· p<0.05 versus before therapy; • p:::::O.O I versus contro l; • • p<0.0001 versus contro l. 

CONCLUSION AND DISCUSSION 

Free radical-mediated oxidative 

damage has been implicated in patho-

genes is and progression of clu·onic renal 

failure.
12

> Since the observation by several 

b 1 . . d . . d' (16.1 7) reports ot l 111 vitro an 111 vivo stu 1es 

revealed that there was increased oxygen 

consumption per neplu-on as a consistent 

tubule adaptation which occurs with 

nephron loss. Increased oxygen utili zation 

induced high level of generation of reactive 

. ( 17) 
oxygen species. Superoxide anion 

radical and other reactive oxygen species 

(ROS) product ion is a direct consequence 

of increased oxygen consumption. The 

hyperactivity of these oxygen radicals is 

directed against lipids and proteins as well 

as nucleic acid. There are resulting in 

strnctural modification and fragmentation 

(2) 
cause renal cell damage. The degree of 

lipid peroxidation caused by these ROS 

depends large ly on the act iv it y of 

• ( 17) 
endogenous oxygen radical scavengers. 
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a-Tocophcrol is an e ffective antioxidant therapy. These beneficial effects on 

prevent ing peroxidation of lipid membranes cll!'onic renal failure and related signs are 

and has a s imilar protecting action in the associated with significant reduction of 

b. 1 . 1 . Th . d cs> 10 og1ca tissues. c previous stu y oxidative stress, represented by decrease in 

indicated that Thai clu·onic renal failure malondialdehyde content and increase in 

patients were subjected to oxidative stress anti oxidative capacity. The refore, a-

as indicated by deficiency in a-tocopherol tocopherol therapy may be a promising 

in red blood cell and increasing of lipid approach to prevent peroxid ation of 

peroxidation. Suffering from a-tocopherol membrane lipids in cll!'onic renal failure. 

deficiency or under peroxidant stress has Our sh1dy may also suggested that oral 

been claimed to biochemical and sub- supplementation of a-tocopherol in chronic 

cellular damage by lipid peroxidation.<
18

> renal failure could be importance by slow 

Oxidative damage to polyunsaturated lipids down the progression of renal disease and 

in ti ssue membranes (lipid peroxidation) a the e fficacy of long-tenn a-tocopherol 

free radical process, is a widely accepted administration in such patients should be 

mechanism for cellular injury. Malondi- further studies. 

aldehyde is one of the products of lipid 

peroxidation which appears to be produced 

in relatively constant proportion to lipid 

peroxidation. It is therefore a good 

indicator of the rate of lipid pcroxidation. 

In conclusion, the results obtained 

in this s tudy have clearly demonstrated that 

MDA levels in both plasma and red blood 

cell with susceptibility to lipid peroxidation 

were significantly decreased in clll'onic 

renal fa ilure patients after a-tocopherol 
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LICHENOID ERUPTION OF ORAL MUCOSA AND SKIN 

FROM METHYLDOPA AND CHLORPROPAMIDE 

A CASE REPORT 

. .. 
Kobkan Thongprasom , Wanee Thaweesap , and Surasak Checrat 

0

Department of Oral Medicine, 
00

Depaiiment of Plrnnnacology, 

"'oepartment of Oral Pathology, Faculty ofDentislly, Chulalongkom University, 

Bangkok 10330, Thailand. 

A 46-year-old Indian woman had been treated with methyldopa for three months, had 

the erosive lesions on the buccal mucosa. This patient was then treated with amoxycilli11 in 

concomitant with the mi ti hypertensive drug, methyldopa. However, the erosive lesions 111ere still 

there. She 111as referred to the Oral Medicine Department, Faculty of De11tist1y, Chulalongkom 

University by her physician. The lesions 111ere diagnosed to be erosive lichen planus and 111ere 

treated with 0.1 percent solution of jl11ocino/011e acetonide. It has been documented that 

111ethyldopa could induce intmoml membmne reactions; therefore the recommendation to 

change the antihypertensive drug from methyldopa to be a beta adrenergic blocking drug, 

atenolol, was given to her physisian. After this treatment regime, the erosive lichen plan us was 

gmdually disappeared within a period of 2 months. Later, the same patient underwent medical 

treatment with the om/ hypoglycemic drug, ch/01propa111ide. Following 3 months after 

treatment. the marked intmoml lesions with genemlized skin lesions of lichen planus were 

aggressively flared up. Together with a dermatologist of C/111/alongkorn 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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111ethyldopa and ch/01prop amide. ({ it is possible, the cha11g i11g of these drugs to the others is 

recommended whenever the oral lesions occur from their side effects. Moreover, liche11oid 

erup tion of oral mucosa due to 111ethy ldopa and ch/01propa111ide has never been reported i11 Thai 

patients. 

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

INTRODUCTION 

Although the exact etiology of oral 

lichen planus (OLP) is still unknown, 

va rio us dru gs may induce li chenoid 

reactions that arc clinically and histopatho-

logicall y ident ica l to the oral lichen 

( 1.2) 
planus. Diverse exogencous drugs such 

I Id <JA) I I ·c1 <
5
' cl as met iy opa, c 1 orpropam1 e an 

nonstero ida l anti-infl ammatory drugs 

(NSA IDS)<61 I b d iave ccn reporte to 

precipitate and exacerbate this condition. 

Recent studies have confinned that the T-

lymphocytes play the role of ccll-midiated 

immunological disease mechanisms and are 

involved in the pathogenesis of OLP.m So 

these drngs may implicate the initial onset 

and exacerbations of lichenoid emption. 

The purpose of this case report was 

to demonstrate both lichenoid emption of 

oral and skin lesions after the adminis-

!ration of antihypertensive and oral hypo-

glycemic drugs. This report may be useful 

for the physic ian to consider before 

treatment the patients with hypertension 

and diabetes melli tus. Treatment and 

management of patients with oral lichenoid 

lesions were discussed. 

CASE REPORT 

A 46-year-old Indian woman with 

a history of hypertensive ( 18011 10 nun Hg) 

and fasting blood sugar 11 9 mg% had been 

trea ted wi th me th y ld opa 25 0 mg 

(Aldomet ®) by her physician since January 

1993. Three months after an initiation of 

treatment , she complained about severe 

painfu l ulceration on the le ft buccal 



mucosa. An exfoliat ive cytology exami-

nation from the ora l lesion showed no 

abnormality of the cells . This patient had 

still been treated with methyldopa and 

amoxycillin (lbiamox ®) 500 mg four times 

a day but there was no improvement. In 

June 1993, she was refened to the Oral 

Medicine Department , Faculty of Dentislly, 

Chulalongkom University. 

By clinical examinat ion, no skin 

lesion was found. Oral lesions were erosive 

on both right and left buecal mucosa with 

whi te striae size- 5x3 cm (fig. I). She 

complained o f severe pain, difficulty in 

chewing and bleeding when brushing. 

Biopsy specimen was taken from the left 

buccal mucosa a nd hi s top a thol og ic 

examination confirmed the diagnosis of 

erosive lichen planus. Then the other 

antihypertensive drng was recommended to 

her physician instead of methyldopa. After 

that, atenolol (Tenonnin®) 50 mg daily had 

been used to treat this patient and at the 

same time topical s teroid-nuoeinolone 
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acetonide O. l % solution was used for 

treatment of oral lesions . .. Jn August 1993, 

the right and left buecal mucosa were 

improved and healing was almost complete 

(Fig. 2). Unfortunately, her blood sugar 

elevated and chlo rpropamide (Diabenese ®) 

was administered 250 mg da ily by her 

phisician. In July 1993, skin lesions were 

first recognized as dusky pink ichy papules 

with white scale at the wrist of hands and 

the soles. In December 1993 , the oral 

lesions were severely Oared up with ex-

tensive erosive area, white striae and some 

pseudomembrane covered on the surface of 

the lesion (Fig. 3 ). Skin lesions aggres-

sive ly developed on both arms, legs, 

buttocks and back (Fig. 4,5). The patient 

was referred to the dermatologist at 

Chulalongkorn Hospital for skin biopsy and 

treatment. Sk in lesions were diagnosed as 

lichen planus. One year after treatment both 

skin and oral lesions had improved and the 

patient dropped out from the clinic. 



' 
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A .. 

I 

B. 

Fig. I Erosive area surrounded with keratotic white lesion on the right (A) and lefi buccal mucosa (B). 
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A. 

B. 

Fig. 2 Right (A) and left (B) buccal mucosa showed improvement of the lesion after treatment with 

nuocinolone acetonide 0.1 % in solution. 
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Fig. 3 Severe llarecl up lesion on the lefi buccal mucosa aficr administration of chlorpropamide. 

Fig. 4 Skin lesions on the bullocks with white scale on lop of the lesions. 



Fig. S Generalized dusky pink papulcs on the 

back. 

DISCUSSION 

Various drugs have been found to 

be able to induce lichen planus or lichcnoid 

reactions. They may act as exogeneous 

agents 111 uprcgulatcd expression of heat 

shock protein (HSP) by stressed oral 

keratinocytcs followed by tissue damage 

I 
. (8) 

and then induce OLP es1ons. So 

39 

mcthyldopa and chlorpropamide play a 

potential role of the ini tial onset and 

exacerbations of this case. Drug such as 

methyldopa which is conunonly used in the 

treatment of hypertension has been reported 

to have relationships with lichcnoid 

reaction.19
•

12
> This drug, therefore , shou ld be 

considered its side effect of lichcnoid 

eruption before use . Medico-denta l 

relationship is found to be very imp011ant 

for the best result of treatment. The 

physician reported a clear medical history 

of this patient and changed mcthyldopa to 

atenolol. Topical steroid-nuocinolone 

acetonide 0.1 % solution was found to yield 

a good result for the treatment of oral 

lichenoid lesions at the period of with-

drawal methyldopa. Chlorpropamidc was 

also a medication related to lichenoid 

<5 13
> I d k. I . lesions. · So both ora an s 111 cs1ons 

were severely nared up possibly as a result 

of the induction of chlorpropamide. 

Although the nature of lichen planus or 

lichenoid lesion was found difficult to be 

(14-18) . 
treated successfu lly, vanous forms of 

steroids have been widely used to reduce 
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TOWARDS UNDERSTANDING CYTOCHROMES P450 

\Vichittra Tassaneeyakul' and \Vongwiwat Tassanceyakui" 

'oepartment of Pharmacology, Faculty of Medicine, Khon Kacn Univers ity 

Department o f Tox icology. Faculty of Pharmaceutical Science, 

Khon Kaen Univers ity, Khan Kaen 

INTRODUCTION 

for more than four decades cyto­

chrome P450 (CYP) has been the subject of 

intense investigation. largely as a result o r 

its cataly tic diversity. Not only is CYP 

responsible for the metabolism of tens of 

thousands of xe nobio tics (e.g. drugs, 

industrial chemicals, environmenta l po llu­

tants. plant products and tox ins), but the 

enzyme is essential also for the biosynthesis 

and catabo lism of a broad range of endo­

genous compounds, including bile acids, 

biogen ie amines, eicosanoids, fa tty acids 

and steroid hormones. 

Of greatest re levance to this reveiw 

a11iclc. however, is the role of CYP in 

xenobiot ic metabolism. Humans arc ex­

posed to an array of xenobioties capable of 

exerting a broad range of phannaeological 

and toxicological effects. In most instances 

CYP-mediatecl biotransformation serves as 

a de toxifica tion mechanism s ince the 

metabolites formed generally possess less 

bi o log ical acti v ity th an th e parent 

compound. CYP-mcdiated biotransforma­

tion add it ionally fac ili tates the elim inat ion 

of typically lipophilic xenobiotics and the 

newly introduced functional group may 

serve as an acceptor for conjugating en­

zymes (e.g. UDP-glucuronosyltransferase, 

sulphotransfcrase, g lutathione transferase), 

enhancing renal clearance further. 
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Although metabolism of xenobio­

tics by CYP is nonnally associated with 

inactivation of the parent compound, it is 

now recognised that certain compounds 

may be converted to highly reactive 

intermediates which are capable of 

interacting with cellular macromolecules. 

Indeed, considerable research over the last 

two decades has demonstrated that CYP­

ca ta I yscd metabolic activation is a 

prerequisite for the toxicity, mutagenicity 

and carcinogenic ity of many fore ign 

compounds. T hus, int e rindividual 

variability in C YP activity assumes 

importance as both a determinant of phar­

macokinetics and response to clinically­

used drngs and in the development of 

carcinogenesis or other toxicities fo llowing 

exposure lo enviromnental chemicals. 

Genernl aspects of ~ytochrome P450 

CYP has been shown to be ubi­

quitous, being found in all living organisms 

and in almost all tissues. Mammalian CYP 
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can be classified s imply into two classes 

based on intracellular location; microsomal 

CYP, which is bound to the membrane of 

the endop lasmic reticulum , and mito­

chondria l CYP, which is located on the 

inner mitochondri a l membrane. 

Mitochondrial CYP is quite distinct from its 

microsomal counterpart in that it utilises an 

iron sulphur protein (adrenodoxin) and a 

flavoprotein, N AD PH-ad r e nodoxi n 

reductase, as the electron donor enzymes. 

Unlike microsomal CYP, the mito­

chondrial enzyme is fai rly selective in the 

choice of substrates, being involved 

primarily in steroid synthesis. Although 

CYP biotransfonnation results from the 

insertion of a single atom of atmospheric 

oxygen , different reactions may ansc 

depending on the nature of the substrates 

and the intenncdiates formed. These 

reactions include hydroxylation, cpo­

xidation, deamination, dealkylation, sulph­

oxidation, dehalogenation, and occasiona lly 

reduction . 



It is now well established that CYP 

is not a single enzyme, but in fact ex ists as 

a gene superfam ily where each gene 

encodes a separate isofonn. The multi-

plicity of CYP was first postulated on the 

basis o f species differences in metabolism 

and the se lective induc tion of drug 

b I. b f b" . (I. 2> meta o ism y a range o xeno 1ollcs. 

Subsequent evidence, including selective 

inhibition of drug metabolism by certain 

chemicals, differing patterns of perinatal 

development in drug metabolism, and 

genetically detennined deficiencies in the 

metabolism of some substrates, all sup-

po11ed the existence of multiple fonns of 

CYP.rn Advances in chromatographic 

techniques greatly facilitated the isolation 

and purification of individual CYP isofonns 

from animal and human tissues providing 

d. "d f I . <4> Jrect ev1 ence o enzyme leterogene1ty. 

However, knowledge of CYP multiplicity, 

function and regulation has expanded 

45 

cnonnously over the last decade or so with 

the application of recombinant DNA 

techniques. Since the first complementa1y 

deoxyribonucleic acid (cDNA) for a 

phenobarbitone-inducible rat CYP was 

isolated by Fujii-Kuriyama in 1982,<s> more 

than 480 CYP genes have been described.<
6
> 

Of 74 gene families so far described, 14 

families exis t in all mammals. The 

mammalian enzymes within the CYPJ, 

CYP2 a nd C YP 3 gene fa mili es are 

responsible primarily for the metabolism of 

xenobiotics. Members of the CYP4 family 

are responsible mainly for the metabolism 

of fatty acids while other manunalian CYP 

gene fam ilies encode enzymes which arc 

involved in steroid biosynthesis. Human 

CYP isofom1s in families one to four are 

shown in Table l. It is this multiplicity 

which is responsible for the extremely 

broad substrate specificity characteristic of 

CYP. 
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Table I.I Human xenobiotic metabolising cytochromes P450 

Gene Tissue Chromosomal Selected model 

Symbol location substrate 

CY PIAI mainly 15q22-qter bcnzo[a]pyrene and other polycyclic aromatic 

cxtrahepatic tissues hydrocarbons 

CYPIA2 liver 15q22-qter caffeine, heterocyclic arylamines 

phenacetin, thcophylline, acetanilidc 

CY P2A6 liver 19qlJ. l- IJ .2 coumarin, diethylnitrosamine 

CY P2A7 liver 19qlJ. J- IJ .2 

CYP2B6 liver I 9q 12-q 13.2 cyclophosphamide 

CY P2C8 liver 10q24. l-24.3 tolbutamide, phenytoi n 

intestine 

CYP2C9/IO liver 10q24. l-24.3 to lbutamide, phenytoin, naproxen, ibuprofen, 

intestine diclofcnac, ticnelic acid, 

S-wnrfarin (7-hydroxylntion), 

CY P2C l7 liver 

CY P2C l8 liver I Oq24. l-24.J 

CY P2C l9 liver 10q24. l -24.3 S-mcphcnytoin , hexobnrbitone, 

omcprazole 

CYP2D6 liver 22q l3. I bu litralol , dcbrisoquine, sparteine, perhcxilinc, 

in testine dcxt romcthorphan 

kidney 

CYP2E I liver 10 chlor1.0xazone, dimethylnitrosamine, 

intestine ethanol, 4-nitrophcnol, halotlrnnc 

leukocyte enOurane 
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Table I. I (cont). 

Gene T issue 

Symbol 

CYP2FI lung 

CYPJAJ liver 

and gastrointesti na l 

C>'PJA4 tract 

CYPJA5 liver 

placenta 

CYPJA7 li ver 

(fetal) 

C>'P4A9 

CYP4A 11 kidney 

CYP4BI lung 

Structure and mcmb n m c topology 

Individual eukaryot ic CYP iso­

forms are integral to the endoplasmic 

reticulum or the mitochondrial membrane. 

The integral membrane nature of CYP 

isoforms is important for both effective 

electron transfer irom t he elRtTim donor 

Chromosomal Selec ted model 

location substrate 

19 3-methylindole 

7q22. I anatoxin BI, alfentanil, androsteine-

dionc, benzo[a]pyrene, cyclosporine, 

crythromycin, cstrnd iol, nifedipinc, 

quinidine, testosterone, triazolam, 

terfenadi nc 

7q22. I cyclosporine, nifcdipine, testosterone 

7q22. I anatoxin BI, testosterone, progesterone 

3-sulphate 

fally acids 

Ip I 2-p34 

e nzy me sys te m a nd me ta bol ism o f 

lipophil ic substrates. Microsomal CY P 

isoforms arc synthesised primari ly on 

membrane-bound polyribosomes before 

insertion in to the lipid bilayer of the 

endoplasmic reticulum. T he insertion of 

CYP and otlier intt~insic membrane proteins 



48 

requ1res highly specific cellular 

mechanisms. Although more than 220 

primary structures have been reported, there 

is strnctural homology of ce11ain segments 

of all members of the CYP gene super-

family. Such homologous segments 

include the heme-binding cystcinc residue 

near the carboxy-tenninal and, in the case 

of the microsomal enzymes, a highly 

hydrophobic segment at the amino-tenninal 

. 
11

·
8
> Tl 1 d 1 b. . . 1 region. 1e iy rop io 1c ammo-tennma 

region of CYP isoforms is generally 

accepted as a signal recognition site that not 

only directs insertion of these proteins into 

the membrane but also functions as a "halt-

A 
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transfer signal" which anchors the enzyme 

to the membrane. The remainder of the 

enzyme resides on the cytoplasmic side of 

I b (9·11J I . . I t 1e mem rane. t remams controversia 

whether the amino-tenninal segment exists 

in a hair-pin loop configuration (model A, 

Fig. I) or as a single membrane-spam1ing 

reg10n (model B, Fig. I). 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 electron donor enzyme 

bind, residing in the cytosol. 

8 

Figure 1 Proposed mcmlJrnnc topologies for microsomal cytochromcs P450. 

l"ig. I Proposed membrane topologies for microsomal cylochromes P450. 



49 

A maJor goal of CYP structure bound. The crystal stmcture of bacterial 

determination is to elucidate the substrate CYP l 0 2 has also been de termined 

binding domain(s) which in tum should I oi> d 1 . h"b· recent y an t lts enzyme ex 1 its greater 

allow direct prediction of substrate sequence homology to matrunalian CYP 

specificity. Several approaches have been than does CYP l 01. It is possible that the 

applied to CYP structure detennination, three-dimensional strncture of CYP l 02 may 

including chemical modification with provide a better model for the mammalian 

substrate analogues or mechanism based enzymes. 

inhibitors, s ite-directed mutagenesis , 

molec ular mode lling and sequence Approaches used for assessment of 

alignment with the crystal stmcture of cytochrome P450 function and activity 

CYP I 0 I. However, a consensus view for It is now well established that 

the substrate binding sites of mammalian vanous CYP isofonns differ in terms of 

CYP isofonns has not yet been established. substrate specificity and regulation. 

A major impediment to CYP structure Differences in the activities and the relative 

elucidation is the lack of a crystal structure proportion of individual isofonns therefore 

for any eukaryotic CYP isofonns. Most of become important de te rminants of 

th e three-dimensional models for interindividual differences in phannaco-

mammalian CYP rely on the strncture of logical effects of drugs, susceptibility to 

bacterial CYP l 0 I, the only tertiary CYP adverse drug react ions and probably 

structure available, despite the fact that chemical carcinogenesis. Identification and 

there is only minimal sequence identity characterisation of the substrate specificity 

between CYP l 01 and manunalian CYP and and regulation of individual CYP isofonns 

this bacterial enzyme is not membrane is essential for the elucidation of the 
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biological processes underlying such 

relationships. In the case of new drngs, 

drug interactions and other factors 

influencing drug plasma concentrations can 

be predicted readily if the major isoforms 

responsible for the metabolism of those 

drugs have been identified. Several 

approaches have been employed to 

determine the contribution of individual 

isofonns in the metabolism of drugs, 

toxicants and carcinogens. These 

approaches range from biochemical , 

immunological, chemical and heterologous 

cDNA expression techniques. Given that 

each technique has advantages and dis­

advantages, the most reliable conclusions 

should be derived on the bas is of data 

obtained from a battery of approaches, not a 

single one. 

(a) Reco11stit11tio11 of purified 

cytoclirome P450 isoforms 

The purification of CYP isoforms 

from animals and human tissues and 

THAI J. Phannacol. Vol. 18, 1996 

reconstitution of activity of these purified 

proteins has provided valuable information 

concerning the catalytic specificity of some 

isoforms. This approach has been used 

successfully to characterise the substrate 

specificities of human CYP1A2, CYP2El, 

CYP2A6, CYP3A3/4, and CYP2D6_<
13

·
17

> 

However, the use of purified proteins for 

studying CYP has a number of limitations. 

Purification of CYP isofonns is difficult as 

they are membrane bound proteins; 

isolation of these proteins requires the use 

of detergent. Removal of excess detergent 

from the purified protein prior to analysis of 

the catalytic activity is critical since 

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 isofonns 

of CYP often display marked similarity on 

SDS-polyacrylamide gel electrophoresis. 

Indeed, many CYP isofonns differ 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 immunological techniques including 

noteworthy that a number of CYP isoforms inununoblot analysis (Western blotting), 

do not appear to re tain ful 1 act ivity immuno-d iffusion assays, enzyme-linked 

" II . 'fi . 04
• 

18
> Tl I ·1 f io owmg pun 1catton. rns, w 11 e o immunosorbent assays (ELISA) and 

use in de fining subs trate specifici ty, immunohistochemistry perm it dete r-

problems are association with the use of mination of expression, distribution and 

puri lied enzymes. content of a specific isofonn or subfam ily 

fcyp . . (19) s ' fi . o Ill a tissue or organ. pec1 1c1ty 

(b) !11111111110/ogical approaches appears to be a major problem confronting 

An tibodi es dire c ted aga inst the use of antibodies. Given the high 

purified CYP isoforms have provided s imilarity of primmy structure within some 

invaluable information concerning CYP. C YP subfamilies, an ant ibody raised against 

The immunore la te dn ess of CY P 1s one isoform is likely to cross-react with 

suggestive of s tructural s imilarities of other isofonns regard less of the purity of 

e nzymes. Immuno inhibiti o n s tudies the enzyme used for inununisation. Cross-

provide informat ion on the functional role reactivity may also occur between different 

of CYP isoforms s ince the extent to which a CYP subfamilies. For example, a mono-

specific CYP isofonn contributes to the clonal antibody raised against fish CYP I A 1 

tota l reaction in microsomes can be has been demonstrated recently to cross-

predicted from the degree o f inhibition 
• (20) 

react wi th human CY P2E 1. Generation 

observed with a particu lar antibody. of anti-peptide antibod ies directed to 

Antibodies can also be used in isolating the specific regions of CYP isofonns is one of 

cDNAs encoding specific CYP isofonns by the approaches used to circumvent the 

recombinant DNA techniques. A variety of 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 

. fCYP cm regions o . 

(c) Chemical approaches 

The use of chemicals as selective 

substrates or selective inhibitors of CYP 

offers an advantage over other approaches 

given potential applications both in vitro 

and in vivo. Regulation of C YP activity in 

humans by environmental and genetic 

factors can be investigated by adminis-

!ration of a substrate selective for a 

particular CYP isofonn. Inhibitor probes 

are particularly useful for determining the 

contribution of a particular CYP isofonn to 

a reaction under consideration. Clearly, 

xcnobiotic inhibitors have advantages over 

antibodies in tenns of availability. Selective 

substrates may also serve as competitive 

inhibitors of the metabolism of another 

compound by the same isofonn. Competi-

tivc inhibition of xenobiotic metabolism by 

THAI J. Pharmacol. Vol. 18, 1996 

a selective substrate frequently provides 

information about isofonn(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 isofonn which responsible for the 

metabolism of that xcnobiotic. For 

example, quinidine is a potent inhibitor of 

CYP2D6 although it is, in fact, metabolised 

by isofonns of CYP3A subfamily.<
22

> Once 

an isoform-specific substrate has been 

identified correlation studies between the 

activity under consideration with the 

activities of selective substrates across a 

bank of human liver microsomal samples 

can additionally be used to indicate the 

isoform(s) potentially involved in that 

reaction. 

A number of compounds have been 

proposed as selective substrates or selective 

inhibitors of CYP isofonns (or subfamilies) 

(Table 2) and many of these compounds 

may be used as substrates to study the 
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Table 2 Proposed model substrates and inhibitors of human cytochrome P450 isoforms 

CYP isoform Substrate Inhibitor 

---

IA2 caffeine (3-demethylation) a-naphthotlavon~ 

phenacetin fura fylline 

2A6 coumarin 

2C9/IO phcnytoin sulphaphenazolc 

tolbutamide 

warfarin 

2Cl9 S-mephenytoin 

omeprazole 

proguanil 

206 bufuralol quinidine 

debrisoquinc 

dextromcthorphan 

metoprolol 

sparteinc 

2EI ch lorzoxazone diethyldithiocarbamate 

ethanol 

4-nitrophcnol 

3A3/4 and 3A5 erythromycin troleandomycin 

dapsone gestodenc 

lignocainc naringcnin 

nifedipine 

midazolam 
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m vivo activity of human CYP. However, 

some (e.g. amino-pyrine , antipyrine, 

metronidazole etc.) are not isofonn (or 

subfamily) speci fie and therefore the 

predictive value of these probes for the 

metabolism of other drngs is limited. When 

xenobiotics arc used in vivo it is essential 

that administration (usually oral) should be 

s imple and the compounds and their 

metabolites are free of serious adverse 

effects. Ideally sampling techniques should 

be s imple (e.g. urine or blood collection). 

Intrins ic metabolic c learance of the 

substrate probe should be used as the irL 

vivo measure of enzyme activity, although 

other measures (e.g. urinary metabolic ratio, 

co2 breath test) may be used if they 

co rr e lat e with intrins ic c lea rance. 

Obviously, the interpretation of data 

obtained from substrate and inhibitor 

studies is dependent upon the specificity of 

the chemical probes. Tlrns, it is essential 

that the selectivity of chemical probes need 

to be established unambiguously. 

(d) Het e rologous cDNA-

expression 

THAJ J. Pharmaco/. 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. Hetcrologous DNA 

expression systems have proved to be 

useful tools for both the characterisation of 

substrate specifici ty of individual CYP 

is oforms and for st ructure-function 

relationship analysis based on chimeric 

prote ins. 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 

assure purity of the proteins, particularly 

members of closely related genes which arc 

difficult to isolate by class ical protein 

purification procedures. 1-Ieterologous 

expression systems also provide a source of 

constituti ve CY P isoforms of low 

abundance. T he express ion systems 

developed so far include bacteria, yeast, 

insect and mammalian cells. Each system 

has advantages and disadvantages. Choice 
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of an expression system depends on the mammalian cell systems are difficult to 

purposes of the research, amount of the scale-up and pe1mit only low or moderate 

expressed protein required and personal production of CY P . Mammalian 

experience. Although high levels of CYP promutagen testing systems containing 

can be obtained from bacterial and yeast s tably expressed CYP isofonns have been 

expression systems with relatively low cost, 
(25) 

developed recently. Integration of a 

the catalytic activity of expressed proteins gene or a cDNA of CYP into the cellular 

may be limited by insufficient levels of DNA of the target cell allows the desired 

endogenous NADPH-cytochrome P450 genotoxic end-points to be measured 

. (23) 
ox1doreductase or cytochrome b

5
• For directly. These systems provide advantages 

example, CYP can be obtained at high over the use of exogenous CYP since a 

leve ls from insec t cells us ing the longer exposure time and a lower dose of 

baculovirus expression . system but the the test chemical generally s imulates 

efficiency of this system is limited by an normal environmental human exposure 

insufficiency of de novo synthesis of heme levels. 

in the insect cells. This problem may, 

however, be circumvented by using fresh Role of cytochromes P450 in drug 

cells and growing cells in a hemin response, drug toxicity, chemical 

. (24) 
supplemented culture medmm. Stable or carcinogenesis and cancer. 

transient expression of CYP in mammalian It is now clear that interindividual 

cells offers the advantage of expression in a variation in CYP activities, particularly 

higher eukaryotic cell which allows more those subject to genetic polymorphism, will 

me a nin g ful inves ti ga tion of post - lead to variation in drng response and 

transcriptiona l regulation. However, toxicity in humans. Individuals who 
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metabolise drugs at a slower rate than macromolecules. However, in contrast to 

nonnal may suffer from adverse effects due experimental animals, an association of 

to accumulation of the parent drug and/or cancer risk with changes in CYP 

production of toxic metabolites by composition has been established less 

alternative pathways. For example, it was rigorously in humans. Initial evidence for 

found that of twenty patients who such an association in humans emerged 

developed irreversible peripheral 
(28) 

from the work of Kellermarm et al. In 

ncuropathy while being treated with these studies, individuals were classified 

perhexiline, ten were poor metabolisers of into a trimodal distribution based on their 

d b . . (26l L I d r . e nsoqume. ess conunon y, e1ects 111 CYP I A I inducibiJity in mitogen-activated 

drug metabolising enzymes could also be lymphocyte cultures. Smokers of the high 

responsible for poor drug response if a CYPIAI inducibility phenotype were more 

pharmacologically active metabolite cannot prone to develop lung cancer than low 

be fonned . This seems to be the case with inducibility individuals. Although these 

codeine where the 0-demethylated 
. ( 2 9· J I) 

results were controversial, the 

metabolite, mo1vhine, has a much more association between CYP I A I inducibility 

pronounced analgesic effect than does and human lung cancer was subsequently 

codeine itself. <
27

> confinned.<m The induction of CYPIAI 

A role of CYP in the develop- mRNA in lung by cigarette smoke and the 

ment of human cancer is intuitively obvious mcrease in formation of benzo[a]pyrene 

given almost all carcinogens are not toxic DNA adducts within pulmonary tissues 

per se but elicit their effect after 
(33) 

from cigarette smokers all support the 

bioactivation by CYP to electrophilic view that the level of CYP I A I expression 

intermediates which can modify cellular in human lung is important in the etiology 
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of lung cancer. Hence, interindividual 

differences in the regulation and expression 

of the CYPJAJ gene may result in 

differences in cancer susceptibility. 

Several CYP I A I RFLPs have been 

reported. Of these RFLPs, Msp I RFLP, 

a polymorphism in the 3'-flanking region of 

the C YP I A I gene, has generated 

considerable interested. Genotyping of 

CYP I A I alleles assoc iated with the 

presence or absence of the Msp I s ite in the 

3'-region is carried out by PCR followed by 

digestion with Msp I. Genotype A is a 

predominant homozygote where the Msp I 

site is absent, genotype C is a homozygous 

rare allele having a Msp I s ite derived from 

one base substitution of thymidine with 

cytosine and genotype B is the heterozygote 

with both alleles. K .. . I 04> awaJm et a. 

demonstrated an apparent association 

between genotype C and an increased 

incidence of lung cancer in a Japanese 

popula tion . Cons is tent with these 

observations, a recent tlu-ee generation 
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family sh1dy of Eastern Mediterraneans 

revealed that the high CYPlAl inducibility 

phenotype cosegregated with the Msp I 

polymorphism in the CYPJAJ gene.05
> In 

contrast, studies carried out in Norwegians, 

Caucasian Americans and Black Americans 

showed no coll"elation between the Msp I 

polymorphism in the CYP I A I gene and 

(36) 
lung cancer. Ethnic differences in allelic 

frequency of the Msp I polymorphism were 

observed. The susceptible genotype (i.e. 

genotype C) was about 10 times less 

~ . c . h . J (36, 1requent Ill aucas1ans t an m apanese. 

37
' R d' . d . J ecent stu 1es came out 111 a apanese 

population also demonstrated that the Msp I 

polymorphism is strongly associated with a 

nucleotide mutation which gives rise to an 

amino acid substitution (viz. replacement of 

isoleucine by valine) adjacent to the heme-

binding site of CYP l Al and this mutant 

allele has also been shown to have a link to 

1 ·b·i· <1s. 39l ung cancer suscepll 1 1ty. Further 

cDNA-expression studies revealed that the 

valine-substituted CYP l A 1 variant 
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exhibited about two-fold higher activity and 

mtitagenicity towards benzo[a]pyrene 

compared to that of the isoleucine-

• (3 7) 
substituted CYPlAl. However, 

additional studies involving larger and 

additional ethnic populations will be 

required before any firm conclusions 

regarding the association of lung cancer and 

the Msp I polymorphism can be drawn. 

Furthennore, expression of the CYPlAl 

gene is regulated by interactions between 

the cis-acting elements in the 5'-flanking 

region and several trans-acting factors, 

including the ligand binding subunit of the 

Ah receptor and Arnt protein. Induction of 

CYPlAl therefore involves the products of 

a number of different genes and 

characterisation of all of these genes is 

necessary for understanding the relationship 

between CYPlAl inducibility and human 

cancer. 

There have been several studies in 

which attempts were made to demonstrate 

associations between CYP2D6 phenotype 

THAI J. Phannacol. Vol. 18, 1996 

and human cancers. 
(40) 

Ayesh et al. 

demonstrated 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 debrisoquine metaboliser 

phenotype has been demonstrated in a 

recent case-control study canied out in 

Blacks and Caucasians.<
41

> However, 

conflicting results have been reported 

where only slightly or non-statistically 

significant increased risks in extensive 

metaboliser phenotype subjects were 

(42 · 44) 
observed. The development of 

CYP2D6 genotyping assays allows more 

precise classification of individuals 

compared to phenotyping, which cannot 

distinguish precisely the heterozygotes from 

homozygotes amongst the extensive 

metaboliser group. No difference in 

genotype frequencies between lung cancer 

patients and a control group was reported 
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<
45

> but in this study only one mutant allele 
(48) 

phenotype has also been proposed, but 

was screened and matched controls were coroborative evidence is again lacking. 

not included. Recent studies which 

screened all known CYP2D6 inactivating REFERENCES 
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c 
CIFLOXIN 

p R 0 F L 0 x A c 
FLUOROQUINOWNE 

Microorganism Ciprofloxacin Norfloxacin Ofloxacin Pefloxacin 
Escherichia coli ++++ +++ 
Citrobacter spp. ++++ + + + 0 + 
Enterobacter spp. + + + + + + + +++ ++ 
Klmsiella spp. +++ +++ -I+ + 
Serratia spp. ++ + +++ ++ ++ 
Proteus mirabilis ++++ +++ +++ +++ 
Proteus vulgaris ++++ ++-I +++ +++ 
Morganella morganii ++++ +++ + + + +++ 
Providencia rettgeri +++ () + () 

Acinetobacter spp. +++ () ++ () 

Pseudomonas aeruginosa ++ + () + 
Staphylococcus aureus +++ + +1+ +++ 
Streptococcus faecalis + 0 () 0 
Haemophilus influenzae + ++ + ++++ + ++++ 
Neisseria gonorrhoeae ++++ +++ ++++ ++++ 

0 

+ 

minimum inhibitory concPntration fl\11Cl 1nnn-h 2 .1" [wmiu/ii;lii fiVl"i 

MIC 1.1-Z.O 1].Jrfl'rnf].J/ iii1fifi'11 

++ MIC O.fi - t.O 1"1fi :mf " /iit1fifi,,1 

+++ MIC O 1-0.5 ]].JfR:mf"/iJa fifi'1 1 

++++ ,\llC uatmii o. 1 1].J Ttt:m f ].J/iiafifi,, 1 

COMPOSITION 
TABLET: CIPROFLOXACIN HCI H20 EQ. TO CIPROFLOXACIN 250 MG. 

IV INFUSION: CIPROFLOXACIN LACTATE EQ. TO CIPROFLOXACIN 200 MG/100 ML 

100 MG/50 ML 

USES AND ADMINISTRATION 

Ni 

CIFLOXINR HAS BEEN SUGGESTED FOR USE IN THE TREATMENT OF A WIDE RANGE OF INFECTIONS 

CAUSED BY SUSCEPTIBLE ORGANISMS INCLUDING PSEUDOMONAS AERUGINOSA AND INFECTION OF THE 

URINARY, RESPIRATORY AND GASTROINTESTINAL TRACTS, GONORRHOEA AND SEPTICAEMIA. CIFLOXINR 

MAY ALSO BE ADMlNISTERED BY INTRAVENOUS INFUSION FOR THE TREATMENT OF SEVERE INFECTIONS 

ORAL DOSE 250 - 750 MG. BID 

IV INFUSION 100 - 200 MG BID 

FOR THE TREATMENT OF GONORRHEA A SINGLE ORAL DOSE 250 MG. 

OR 100 MG IV INFUSION 

• ... w 1~· .. .J ., .: 
fl1LflD'U 1. '1111.1 tf I ll'j'nU l'l!l1U 

2. mifilHli11 ti1iit10Ufl11Vfiilfi'U, 1t1 1fl 
~lol ftfl u1tin illJ111UlifTI iin11 TEL. Z761020, 2761540-2. 

~unufonhu uWn n0111'111i1111JMDft <im11 TEL 2761020, 2761540-2 

REFERENCE 1. DRUGS VOL 35 ; 1988 D. 375-379 

2. MARTINDALE THE EXTRAPHARMACOPOEIA Z9TH ED, 1989, 196 

3 . FLUOROQUINQLONE, m11111'lu1h:m11lnouh1 3 llw:uul111ni111i 11m'inu1i1'011i111ft 55-68 

' 



c 
CIFLOXIN 

P R 0 F L 0 X A C 

HIGH POTENCY FLUOROQUINOLONE 
ANTIBACTERIAL 

~ INHIBIT BACTERIAL DNA GYRASE 
~ BROAD SPECTRUM AGAINST ALL BACTERIAL PATHOGENS 

N 

~ WIDE SPREAD DISTRIBUTION TO MOST TISSUES AND BODY ·FLUID 
~ EFFECTIVE AFfER ORAL OR INTRA VENOUS ADMINISTRATION 
~ USE IN WIDE RANGE OF CLINICAL INFECTIONS 
~ NO CROSS RESISTANCE TO OTHER ANTIBIOTICS. 



a v ~ ~ ~ 

!'HJ U i;J IWl f11:i1 l'Hll 'HfHY'lf1l1 Ul 

d ' 

ftB~-------------------------------

UU1J 

ff-:i~l{J rn u .rn. Ul11J 1 'U 11~B _ ___ _____________ ____ _ _ 

~1 ° "' ~1' 0 V" lulHllU1'Ul'l'U 1Jll1 lJllu 'Ufll'Ul '.i 'IV11LJU"1 - --- . 

um1r111JBni'1J "11rnu 1nff''lfivrn1" 

1. ffm<lfnffmfl 1Jrnff''lfivw1•1 

2. ff1J191f111 '.i ffl:ilflff'lfi 'l'Wl 

~ ~ ~ d 

3. 'Uff91/Uf)fl'fflfl 

4. v11.:iu '.i~mf1 (:i 1lJr11ri.:i) 

\l I 1/ o I 

lJVl tl'l'lfl '.i ~fl111'.i'ffl '.i 

um11Jani''Uuu~ Go rnl1 

um1mmf 'Uuu~ 30 rnl1 

um1mmi'1Juu~ us s 20.00 

ll~B us $ 35.00 I 2 TI 
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(Drugs use in menopause) 

' II 
<JJ "'"' "" .I "" _,. . I ~ ., 

lJ fl vmrn 1 f11 'j r·l\lllJ mm 'j fllJ 'j ~ ftU1Jl1JlHYl.., 

" 1 11 ' l'lH'tl'Ufil'\'llla~mrnm \llCJ\lll!lfl'1 lJ'\'l'jlU 

"' ll • l1 <J) ., <J)ll "' 0 - f-'1 mm 1'111 rn 'JJ m 'Ufn rn n '\JH 'j flfll lJ 'j nm . 
' II 

fhmn~ft'JJ mm'j N'1l'lln~ihnmnnnw1~1 

... 11 1.J ll ' "' 1 .:i11J'llfl'1'j'1 'IJ Ctl'1lflCJ9lf1 'lll\llfltJa~ 1 um 

mrn\ll uc11rlflm~'tl'.l ~mm 42-45 tJ 'il ~ l~lJ 
0 <J) ... 11 1 .k.c1 <J)d <J) 

'\'I H11HJ flCJa.:i 'j.., 'lJ en 'llJ itu 1'\'l ft'j H 

trn fl mm·m11 ~ .:i 2 'lfU '1lfl fl rn ft 1 m rn u 

" trn~ 1 vii ii 'tl ~ mm'llfl'1~rn{1mm·m1iJ 

C!il d I ~ 

li 'j rn'lfl\ll rn.:i mi m v l 'JJ 'il~'lf1Vl m 'JJ 

n11~f11'j 'IJ HHHJ { 1'JJurnft1cn n1u 'lJ fl'! 

fl 1Hu .., 1 '1l v n n tl 1 trn { 1 'JJlH '\HY 'lf 1 v "' ., 
I .J ... 1 I 

(androstcncdione) UHft1lJCJ$'1N'1\ll \llCJVlfl'JJ 

H'JJ1n 
1lmrn'tl~mJ1~1J ~rnfl1mmff11~..,1 u 

II II 

i'u 
1
l'lJiJ1J 11'1'N 111u .:i ~ .:iuu 1uftvi~ u1.:iriu 

1'1lvnm1~mJ~ ii 1l 'll1jumnml tJm1ii'tl'.l ~ ~1 

1~mJ'il~11v\ll 1l'tl1rn1vtlu~1 uc1nir'1m1m'IU • 
11ii frnfl111J mfl'Hru.:iml1u'j~~u~1rlvnrn 

u "' 
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ti 
o <'! .c< cl\l ""' <'! 

':i::~ll~ffiJ 'CYVl':i'l.Jl\lffiJf) m1l'CYl':i~lf1Wll' 

"" .J ~I l':iCJf) phytoestrogcn ttf\lllJlJ'CYl':i flavone, 

., .. "" 
isoflavone uci::tn~l'llJli'\JeN coumestan lJ 

t]'Yl i m iJ ellJ n rnrn{1m.Jl el 'CY 1 Yl':i l ~ 'iJ '\J el \I 

°" Q.I ~I ,,, d 

'\'11f)lltJlJ '\11f)ClelCJ lJlJl'Ylff llJlJVllJ 'CYVl':i'l.Jl\I 

V olV V ., 
'\Jl\ll.Jlf) 'Yl1 HtJlfll'j'jellJ~1J111JVlllJVl1~1f1 

"'l ll " ,, fll ':i 'U 1 ~ B eJ':i 1 lJ lJ WU fl lJeJ CJ 

' SI ' 

tllfll':i ~ 1\1'1 l lJ ':i:; CJ::l~ llll':i nu 'CYVI~ fi elcil lJ 

ttl~ mrntlci.:i i lJ ':i ::CJ::tf ·:hrl'.J lJ 1 CJ "l~ el~~:: 
\ltl .J I I J' 

mrn::m" ttf'l'HlJ1CJf1111n1t11mrnrn1lJ 

~I ,,j "' v d 'l " 
LlJ'iJ'\Jel\11i':irn~1 l1Jellfl~mnn~::H1CJrn.:i ~ 

1~CJ
1

hJ~el.:ii' mn mnh.:i1lJHi! n h/l-iiJ1 

rnwu 11' ~ti~ iJC11i ':i rn1m::9f 1Y1~ 1hl Lfl~ CJfrl 

"' O 'l V I lltl 11 " '\" ,, Q 11 I 
lJn~::m 'Htnf11Hl1'1.J ~ 1~m;imy.:i lJ 

11""' <'! 11 t V~ <'! ,, t q 
~'CY\llfiVl'H':ieJ lJ':irlf)l~fl~'jeJlJlClCJ llYl'CYl'l':i 

" 
"111CJ'l11 tJ ~.:iii m':i n ~f 1J N~'Uu1Jm n f1111J 

d d qddq 

tm CJ~~ 1nm'lf l'l YI" elfrl ~in Cl 'If 1 m11l1J 

'!l'111iJ el'I m1CJ'l11tlm ~~::ii r-icivi u mm ':i vi H'l 

d' ~ ,J'," 
'\JU'lf11':i'\Jl~Bel':i LlJ'W1"lff'HUJ\ltnm'W l~mn 

u 

SI 

~ 1f11':i'\J1 ~Bel {1 lJ lJ iJ' lJ fl U tJl i'.J 'l.J fl el CJ 

lltl I d ti., ., 11 v 0 'l ,, ti"' ':i1.:imCJm1:: ':i1JYl1 ~ 'Yl1 '11f11':il ClCJlJ 
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V~ I V d' i i 'CY f) l lJ 'IJ1 \I fl lJ u VI (11 fll 'j '\J WHJ eJ'j L 1J'l.J lJ 'iJ 

~I 11 ti t "' "' 'l V "' ,d .c< llJ lJ UCJ Hm::'Yl lJ'\1 'l.J lJ~ 'H~ \l'Yl lJ ell~ 

1! elCJ tilJ 'l iJ'j w~ ii fl11lJ~ 111'.I mi' v.:ir·hl'i~ 
SI ' 

f .:i 1l~uun'HlJ~l1.:i-cYu.:i<U'1.:i1iJelelltJOeJ'l.J 40 tJ . 

11 v ' v QI 

~Uf) eJlfll'j'j ellJJ1l111JYl1lJYl1 

mi u u u nm mm 'iJ nm .:i ~ lJ 'l.J mJ 1hhni' u 

L'iCJlJffHJ:: 'l~JlJ mdelCJ~ltJ '\1\1~11~~ • 
u1m':i1tl~ CJ'l.Jutlet.:i1~ 1 Lfl~ CJ~ 1Jm::~u 

' SI 

'lll~fl11m1 'W hi iJmirn.:i tl1~ na 1mu fl 

tl1~<U'fltl1~m::~n r11Mi1.:iu1".:i N1m!.:irn.:i 
~ . 

SI • 

fl1 CJtt '1\Iti':i:;~11$i UlJfl f \I iy~,;'1 miJ fl 

ti 
-:;' I V ~ .d ., 

m~ ':i::mru so lJUet1 lJ~'Hl'YllJn~::mlJm 
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n·miYJJvT'Wn m~ '\l 1vi1~H1' 1m 1\l'\.J \l::vh 1 tt'igv 

\l m ::n·n::lJ irm1:: l¥1t.11m'l1::~ffllHl1gtJJJ 
di I I Ii '1 

C)f \IV~ ~::'111 1\1 1, 11J~'llV.:Jmrnvi l91'Yl\lffV\l'\11\I 

1rn::'lln.:imrnvi1Jmn1:: (Trigone) 'Ul'lft'I 

1mdinnflfl1ff'U
1

l~4w vv1n1Jffm1::1fov 

m ::m1::1J ffff11::'1::ihnTJ.JffllJ1rn 1"Wm~ 

0 ll "ll '"' "' '1"'1 ~ 'Yl1 ~ lJVI 110llJfl111J1,ffflVtJ1fluffff11::\l:: 

" " j)dfj}'j) 0 q Q.I ~ 

mN~'U!'\1111 v.:ii.n JJ'll::'\.J'W\l:: ·uffff11::~ 1¥1 

ll" 11 ... "' d vvmn vi nm V\lllJUH 'l lViVl111~1::n 
"'21 Q ;, '1 I di 1 

Vl\llJutHn1::m¥1VVfllJ111JV'\.JN1'\.P C)f.:J '\.J 

nlHY ln\ltHl~ ~ \l'Ufll~~ flfll~ ::vr 'U 

1Jl111'YltJ1cltJV1~ 45-60 lJ ~1'\.J1'\.J 500 fl'\.J 

1fl'E1 11rn~ .:inm1m1um 1:Uv.:itmJ1rn:: 

'llV'Wunu l'l'U-:i1iiu~::mrurvv"1:: 11 ~ii 

mm~ V11.:i1J ffff11::~ .:imi 11vci 1.:i 1¥1vv N 

di <!j I'} .,,d ,1 ""' 
l1 '\.J \ll1 ~ mrnltJVC.11.:1 l 'W ~::WU'Yl fl v '11 !fl VI 

0 I 

m1m1mtyvvi.:imfl 

1u~llJiV.:iflftVVI 1gm.JiV.:JflaVVI 

i .1 I OJ - I"' 1 1 
'\.J'\.J'\l'\.JV~fl'UlJ~lJlm'llV\11Vff l'l'.i1\ll.J '\.J 

i Nfllmil 'Wff Vlri 11.J lVltJ\ilH iV.:JflftV~~ 
- I "' "' OJ I .?1 ... 1 .:, ll- I di 
unvt\l:: llN'W.:JtJ'WLu'W'\1a'U VltJln u C!f.:J 

" ' ~ ~ e:I ' 

ff11J1HltJ VIVVflUft::'lltJ ltJl'l l.J'YI '\IV.:l'lf fl.:! 

m'IV¥11ttfl~1.:lflflfl 1liJ 1l~ ~.:Jl1rifl~'W h.1'lfv.:i 

" fl ftVVIUl.JVl\l 1l~lJ1\llflMlJ.:iiu.:iflftf)~ div fl 
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di ~ 1 QOJ 

lllfl CJf\111JV\)flUafl \il'Ul'lfft'CY (lactobacilli) 

" 
fl l.lti! u1'1f v~ i1irn~61ui u.:iflavviufl~ 
• 1.d .?1 Q Q 0 1 ,, 1 I 

tuatJ'WLu'Wmviuan9lfl 'Yll 1rnm1:: 'W'lffl'I 

fl a vviii fl 11lJ ! 1:1 l! m ¥iil v \In l! fl1 ~fl fl1 ff'U ~ ~ 

ll" ll""' "'1 Cill .d a.:i vimn ~mw.:i11.Jm'lfl'nmffm 'YltJ'YI 

ttlJvi~::~ hm~ .:im1·nm1um~1u1u 1, 192 

iJ1~11rlvnm~ i 1:J.Jn·m 

1J tytt 11! v.:im :: m 1::1J ffm1::1m:: 

I dOJ .1 ~ .1 
'l1 v.:iria v~ \l ::'lJ v m lff .:J'll 'W1'lJ vv1tJ mn'll lJ ., . 
ir rn 1:11J 1J rutt 11~ tJ'U~ tl 'W 'YI vu ri mm1·1:U 1 \ii 

u • 
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,, 
1 ,, q " .rtl. q 

ff tru tt u '.i '111Hnn1mrn u '.i n rn rn u ci 

1Hrn~1J ffffn:::um~'li fl.:!flrlfll'l~:::'li 1uril'l 

~ ll" , "". I ,. ,. ., 
1Jtyl11M ~flU1.:!lJlJ'.i :::ff'Yl1i.f11i'l f11'.i'.ifflfl 

i11.:!ff r1Uf1'.i '.i lJlj f1
1l:iJ 11~ Nrl l '\.J f1'.i ll ~ 1J ty'\11 

,, 
tl'mn¥i ~lnm'.i 'llll>l ut:1{1"tJ 

I ~'I 
fl lf1 l':i ':i::: l'J ::: l'J l'J 'll fl '1fl1':i l'l ':i M ~H) ':i & iJl! 

m'.i'IJ1\>l ut:11llJ'Urnff 1mrn'\.J~:::n~rn 
' ... 1 ,, <!I 

'.i :::u:::v11vi t:J'.i :::uutt 1 ~ur1:::1mJrn vvurn::: 

~fl 1m.:im:::¥in¢11u 
<J 

l'\.J'llm:::Vi ff .:iiJ 1h :::~ 11$i t:1WJ1un~ 

fl' m 1'\J fl.:! f11'.i11'.l 1J 1'.ifli111 ~ '11 ~ flfflJfl.:i~ . ,, 
,. " a "' • 1 ,. ll· I "' ., l lf1~~1f11ff'\.J1"'flvt'Yl'\.J1 rlltl'l lJ1"'U.:!H1 ~ 

,, 
nj t:1mrn.:i~ u\iY m! mn m _rn ::: 

1
bhrnrnu1tJ 

. ,, 
,, <!I ""'ltl"" "' 1"" "' 1,. 1mJrnfll'li1 rnu.:1111 ~mmu uttui.:iu-ei::: 

v 

'lf ltJ~ ::: n fl m11vi 1n11 1rn:::11J1h:::mff'Yl1.:) 

vi :::1'1rnmnJ-J 1m'.i 11f uv{hrn'Yll'IU'Yl'\.Jl'U 

m-111mrnvi1h ::: ~11$1 t:11Jflu1.:ionl'i't:1 .:rn ::: 'lhu .. 

<9 U '!' I 1 11" ' fllV~'\.Jo.:i '.i :::mrn 70 ·u viur1.:i mnnm1 • 

fl~ .:irt~.:i ihnin~1'\.J-J1rnff 1mrn1J'li1uri¥J 

H~tl'lfrlfl fll'.ilfll'l hfl Alzheimer disease 

THAI J P/i{{rlll{{COI. Vol. 18, 1996 

1 0 1 ,,.. <!I ' ll ' d ... 
\>IUVIH'Yll l11Jfl11lJU\>l'l1U'U lHL'IJ'IVl111'l::: • 

ii r·rn~ 11 irl 'll,j 1J l 1J1~ Dvii1 fJ m mJ'!J'~ ~ hJ 

<!I ... d 

LClfl\>l~l'lVllJ (ll high density lipoprotein \!'I) 

11rl:::tflff1vi '.i -1 ~'\.J ff .:iii qi1i rl 11J fl1~ lJ "'fl ff'.i::: 
~ Q,1qq dqq~ 

(antiox idant) 11'TlJfl1Jf1'U1VlllJWlf, 1mlJ1Jfl 

~.:i11'.Ju antioxidant vitami ns ~1tJ 1Hlf1~1f1 
,, . . 

tl'iJv.:iiiiJ~~miYu.:ivtJ ci umrn1uDri1.:i~m" 

Nff11JDff11Ji 11Jl'\.Jf11'.i'l'l 1 l ttlfl\>lf11'.i~'Uli1'U 

mn vt:1nn1cr.:immfou hfl1rn1n1'\.J hri 

m11J~'\.J 1m1viff .:i hri 
1
l'IJ1ju 1u1~vviff .:i .. .. 

d I i d 0 ~ 
m :::~ nu'IJ .:ium .:iu u~ ::: 11f11'.i1J11'\J 11rn::: ,, 
VflnDdmrnvinm uflr11~mJ'\'1.:i 1 u11ru.:i1m::: 

.. v 

ci .<i ll" 
'lf1tJ~ ::: rn1 :::m :::vi nmnn ?< VIUJ fltlltJ ¥i .. ., . ,, 
tl '.i:::mrn 35 -40 tJ m1'.:i~1ntl'1Jum1'\Jt:J'lm'.i 

d • 0 " 1 (lfllJ flfl f1~:::ll1Jlf1f111f11'.i1-111'\J1 \>IU1'1i'l1::: 

1u~m~.:im'.i'll11'1Ut:1fl1J1Jrnff 1m 1~u 1u1a 

iim :::~n 1ui.:irn.:i (osteoporosis) m1:::i~11tt 

el'm 1'\Jfl'lf11'.itt f1'\Jfl'1m ::: l'l n 11J ffvt~ "1' .:in11 .. .. 
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'YlVlll'Yl'U l 'Uit'.J111JVl'lh ~~11~ffl.J llCl~fll',j'tt~fl 

1~a-:i'Li'il~m~a-:ic11-:i '1 ~m'iltl1 1hJ~m'.i1n~ 
m ~~fl hJi 'l'Ul'l 'il~ 'lf 1ucivifl'vi-s 1m~vifli1 fl 

<J " 

rlt'.JH1Jlfl 

"' ~I "' u fl"1'11a11'il1flri1111'.i11J 'U umuqr mJ 

'illfl'li 'S'S1J'lf1~ ~ i 1'lfl1U'ff11Jl'Hli11
1hJ1 'lf'l~ 

ml 1-:ili 'll-s~ih1i nn1 v1111-s~ ii 'll~ mm 

Q \l 'J) I I 

umH'11!'.J'.IHY'l flUfl iwiY~ 'U1J1~HM1tW 'U1J 
"' v • 

1'1.l~ U1 Lmnfl r-1ilvifimlli''illfltl11Hfttl'l lctl'W 
• v 

<v ~ o 3J'J) 'J) 'J/ cvd .ea 
u1Jm1mrn-:i mw1111 1vi111 Mfl1'\Jt'.J1'Ylfl'lf'WVI 

... <J • 

' v 
'l.lmc)1-:i '1 '1'1.li -:i i''U'l.l'.i ~ 'Yll'W-n'.:im ~~fl 

1

1~ 

I Q Q 

r-1 l'W fl ',j ~'IJ1iJ fll',j 111'l'l111fl1J'ttCl11'.Jfl'.i ~ 'IJ 1iJ 

I .d 'J) 'l· I '1 '1 'J) I 
fll'.ifltl'W'Yl'il~l'\Jl 1J'ft~'Cl'lJ i'Ufl'.i ~ Vlfl ~ 1'1114 .. 

& 0 \l 'J) 'J) I ~ 'J) 

fllrn VlttflJ'illflci 1 il'l'U 1um~umci flVl(lHJ'l ... ... 
Q.I .ea .ea d .d Q.J d''l " d Q Q.I 

fllfft'.J1V111J'UVI ('11.:Jff 'lli'l'.i 1~ '11 fl'Yl r-11'11'\.J .:J 

1vi t'.Jfllff uuu -:iuvi~) uflci~ 1 '1'111 'U 'illflc1 mJ 

QI 4' ' Q.I 

1i t'.J ',j flt'.J~ llflfl'illfl'il ~ 'lf 11'.J'.i fl'lflfflJ~ Cl'\Jfl'l 

Uftell~ (J}J 1 u f)',j ~ llfflft fl VI LVll'.Jfl1'.ifl1'Ufl lJ • 
& O \l 'J) "' I 

m'.ivi ~ttfll'illflm mrn~ m'.i 'U'Umatitifl'Yll'l ... 
v 11 'J) QJ I Q.J CJ 

VI (calcium homeostasis) UCl11'.J'l'lf11'.Jt'.J'Ut'.J'l 

"' 'J) 
fl 1'.iffCl11'.Jfl fl fl'\J fl -111 fi ell G1f t'.JlJ 'il 1flf)',j ~~flVI1 t'.J 

1flu1m1 'il irn ci~ m rntifln 1cl' -:i mau 'U'Uii 
v 

tl 1m!nmrn-:i1mm~~ fl (weight -bearing 
' 

I "" "" 1 ~ exercise l'lflJ fll'.il~'U 1-1 m~ Vl~l'lHJfl fll '.i 
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'Li'il~m~a-:ic)1-:i '1 ~fl1'ill111i1'1n~ 

fllHl"CI 1uvi1'\Jfl.:JU fl Cit~ UlJ 'illflfl'.i ~ ~fl l lJ 
" 

d 'J) '1 ''1 'J) 0 .., 
fl1llJU'\J'lUH'\Jfl'lfl'.i~~fl 01 1J VlflflflfllCl'l ., 

v 
~ " Q.I ~ 

fllt'.J'H'.itl~ flllVl~'Ul'l '.i 11J'Yl.:Jfl1 '.i ClVIUCl~!Clfl 

'Li'il~ac)1-:i '1 ~ttl'Utl'il~m~u.:ic1flm'.i1n~ii 

m~~fl 1'1.li.:im-:i 

rlmi''Utl'il~m~a.:ic)H '1 ~mm11 

'l'll~m'.iin~m~~n hJi -:irn-:i 'l~un i'.:i 'l~l11 

.:i1m!mm-:i 1i1'~rn{hiun·mnru.:iriviM 1'!11J 
u 

im·rn~'ll'.i~~11~mJ m11~civi i'-:i 1l~flflmrnvi 

rlfl'Wimrnvi'll-s~ ~ 11~vu fllHl'.i~ih m~1J 
.J Q.I o' d. d " ..C::.ddci. t .dt mmr11n lJUflCllttft'.JlnJfl t'.J 1\l'l11Vll'l1lJ vi11 

"l'.il mmfo1n \1'U'l..J'tt~ fl fl fln1cl'.:imm!fla 

'UlflUff'!UflVI hrt'U1.:J'lfl1~ t'lflJ 1'1Jl'\11llJ 

f QI rl!11 c:. I GI r/ .£:\ 
Vlfl1J1it'.J'.iflt'.JVl11JlJ1'l'hl VlfllH'll'.i 11iU'.i flt'.JVI r-IMI 

~rn { hrn m fl 11~tifll'.i1 'lf l'.Jl'IJ H 'll '.i ~ tfl'Yl 

'WlW] t'lf'Wt'.JlClVlfl'.iVI llJfl'S~ ll'll ~ fllHl'.i~lJ 
£':\ d. Q.I I Q.I r/ OJ 

fl~!Jll!Ut'.JlJ t'.Jl'.ifl1111'1fllJ1iU'.iflt'.J~ t'.Jl'.ifl111 

hmJ~1~-:i mriviri111ltfl~t'.J~ 1~u~u 
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' 
ff9'1~ 1 £Jttl1"11h:::~11~mrvhh:::ff1J 

~ 'J} ~ ~ 
lJ w mm ..:i "11 trn'll m-.m wm1::: m rn ru nm ..:i 

u • 

ll 'J} <V I 

'Yl'.i11J "1'il1flfl1'.iff..:J!f19'l'il1fltnfl1'.i9'11..:J ci 'UtN 

fl1'.i'U1"1 IHJ{1mJ fll'il()l'.i 1'il 'illflNlJ ..:i'lf tM 

1um:::uff h1i1()l 01-.·11J11iim'.i'll1mrnflllu 

rnff1ml'il1J fl1'.i1tt ~u{ 1llU'YlVIU'YlU 

(honnonal replacement therapy = HRT) 'lu 

d d I 

'UU1Wl'l lttlJl!:fflJfl 'il!:'lf1f.l1J'.i'.il'Yl1U1fl1'.i 

I • I 

11Cl!:'lf1£J'lf!:Cl Ufl11lJm'UlJ'UU..:J'.i!:1J1J9'1 N ci 

'llu..:ii Nfl1£J 
111'1 mrnu:::il1fl1'.i1Jnfm~un 

"' 
'J) 0 ., 

YI U..:J UCl!:fll'.i UUflfl 1Cl ..:Jfl1£J\71CIUVl'iltifl1'.i 

_tJf1Jia;1\71 (lifestyle) aiuciviu\l~m*u..:i 

" ctv ct 
(HRT) l.JYl..:J'l-t 

I. rnff1mt'ilti (oestrogens) 

rnff1m1\lu~11lu..:iiimJ..:i11Ju 2 mi:JJ • 
SI 

1m)] ci v1..:ii1 

l . I ltiff1m1\lU\llfl'li'.i'.ilJ'lfle1 

(Nah1ral estrogens) t'liu 
I 

l .1.1 estrone l'lflJ conju-

gated equine estrogens (CEE) irn~ 
1
ll'i''11n 
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'UU..:J estrogenie substance 1u fonn 'UU..:J 

estrone sulfate lfl~fl1'.i1tJ~£JUUtJci..:i1u\1llJ 

l. l .2 estradiol 1'1iu estradiol 

~ ., _, ll'J) 
valerate m U'.i 1JlJ'.i!:'Yl1U'il::: VI active 

di Cl'J} 1"'1 metabolite 91..:J~VICJDJl'Ulfl'.i:::Uff Cli1\l"l "1f.l 

I 

1.1. 3 estrio l l'lf ti estriol 
.. ' . ci C. I j} O I 

sueemate lJt)'Yl'liflUti'Ul ..:Jmn11 estrone 1rn::: 

I 

'lfrMflCIU~ 

l.2 ltiiY1ml'ilUff..:Jlfl'.i1!:lf 

• ll 'J} I 

(synthetic estrogens) Y!Ufl 

ethinylestradiol (EE) ihumn 

1 '* ilJ uu11~ "1fl llfl 11111r1i 1:JJn 1J 1 tJ'.i rnire1 u • 

u 'il~ 1! 1J 
1hJ 11 mJ'l'*11Ju~u1lmrnviu'Ylu'lu 

a .. I o .t:S Ji ~ v a 
ft'\71 '.i ttlJ~lJ'.i !: '111Yl UUlU U..:J'illfllJMCl'Ul..:Jlfl £1..:J 

tell mn "1fl111Jl'1ti1 Cltt Vlft' ..:i uci::: 1 rn11mrn 
"' . ., 

lCIUVl~~WllJ (thrombosis) 
SI " 

rlmf rnuir 1mrntJt!u 'lln1::: i1 

" 1 'JJ 9J ciQ./ Q d 0 CV 

1H1 ~M\71 CllfflJ llJ!'.i llJ 'Yl ..:J'lfU ~llJ "1"1' 1l1'.i 1J 

f11tJ'.i ::: 'Yl1tJ 'lf11"1fl~l.J (gel) 'ltm~hm!..:i 

" ' 
f'.1111t!..:i

1
ll'i'flf..:ici::: 3-4 1u rnir1m1mJ'lf11~Vi 

" 
1 tt'Yll..:JNTtttJ..:J (transdennal) ii ft'llJl'.ii:lMl 
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1m1VI 
11~ (avoid first-pass hepatic effect) 

,, 
lHln\llf)UtJiJ .:iii 'lfU YIU'U'Ufl~ lJ'YllLtJifH 

mHJYI lu~ 1nb:::1'Ylfl'ii t uu'll'l.lt11rl .:i 

(implants) U'U'lli11.:J1.:JU'l11h! (silastic ring) 

l'*hi'lf~NflcHl~ tl!U'jVLmllJf1 (estradiol 
,,~ d 

spray) UCl:::fllJLl'ICltJ (estradiol tablets) lVtJ 

2. 1urnrff1Vlfl hu (progesterone) 

11-U.:i11lu 2 n~tJlmy '1 

2.1 1urnnnm:i hmnn1i'jrn'lf1~ 

'l,, ' (natural progesterone) ~llf1 micronized 

I \l Id 

progesterone 'illmltl.:Jlhll'l'U11 lJlJMCl'Yll.:J 

11 1.c:1 1 a 
androgenic effects uci::: lJlJNCl\rlflllJl'll'UflCl-

'fflJ '\)fl .:J 'l 'll "'U 
2 . 2 1u'jnHYLvifl1·rn-ff.:i1m1:::i1 

<!I d ' 'l,, (progestogens inv progestin) 9MU'll.:J ~ 

LlltJ 2 U'j:::tfl'Yl 

2.2.1 progesteron e 

derivatives (C-21 steroids) 

11 ,, ' 
~ un med ro x y-

progesterone acetate (MPA), dydroges-

teronc, medrogeston t1t111l'*mn LtJf11'j~J'.lJ 

ti'U rn tr 1 (il'H m~ ill wrn 11 in.J 'YI~ mrn (HR T) 

1utl\1~tltJ 1·m11iir·H'l'Yll.:J androgenic uci::: 

anabolic Ufltl 
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2. 2. 2 norte stos tcrone 

derivatives (C-19 steroids) 

'l " I ~lllf1 lcvonor-gestrel, 

I J'e::l ~ 
norgestrel , norethindrone t.11mpHJlJ(]'Y11i 

' ,, • 'l ""' ,, 'Yll.:J androgenic flflh!'\Jl.:J~.:J 'Yll l'ttlJNCl'\Jl.:J 

1~t1.:i~1.:i"] mn 1m:::ii~m~fl LlJVll'llfl iltrll 

'llfl.:J 'l'llD'umnn11n~ll C-21 steroids u~ 
,, 

'j:::t1:::1ni.:ill1·m111urniir~uiulmi '1 liJ 
,, 

' d ' f1'Jll C-19 steroids 1.Jl'lnJ desogestrcl uci::: 
dqv• q •!1i d 

gestodenc 91.:J L'1fff11J L11t1JlulW11lJ~~lJ 

n 11-U~ 11~ ii 1m l '*lunnrllwrn1llltJ'l'l~ 

u'YltJ'j"JlJn rnflir1m1'ilultJirvi~ 1 v1111~ 

u'j:::~11~fltJ 1 um.:iu'j:::t'Ylfl'11'1'1 
,, 

ri1tJ lmy'llrn:::ll1 urn:iir~u lu 

~ltJt'jl "1uiuu'll'll1'llu'j:::'YlltJ iYrn1'll1u 

~ 1.:iu'j :::1'Ylf!'ii u'l.l'llm1uuu::: (mlj t:itJur~u 

nmt'v:::) 1~lll'*u'1'1 u~-ffrn1'l.l1uiuuH1tJ 
,, v 

1.:Jf)CllJ (vaginal ring) i!tJ 'llll! :::uiJ.:iv~ltJ 

f11'jf1nm1~vv~ 

3. mm 1mt\11J (Androgen) 

1llwrn{hitJn'lfl''1f1t1 ii'j1t1.:J1tJm'j 

1,, d ~ ~1 
'lf ester 'lltM testosterone 9f.:Jluh!~Jfl'j lJtJ 
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,!j 1 1 j} I "' flfl methyltestosterone ~HJ '1Vi 1lJfl U 

lOfflffH\"l'W 

4.1 Tarnoxifen 

~I ,d ll '1 ' d' I 11JlJftl'j'YJ lJ 'l5"1'!9lflrnV91 1Wl 

Q e:t i d 1 
lH]'Ylli 'Yl ·Htl lJlflff \ll'jl\"l'W (estrogen ic 

effects) m1:::q'Ylf 9i'1lJWfflml'1lJ (anti-

estrogenic effects) 

1 uu~ ~ij q'Ylf1u urn ff 1m L'1'W 

"' ... _1 0 ,!j '1 
m:::VJfl'l.lfl.:iffm1vm.J~u'j:::\111mrn 111'1 lJ 

; j} j} .. 

ql11i \ll l'Ul ti ff 1ml'1'W1 'lf ,J'j::: lV'lf'W l 'W flU 

... d j} 

'j fl1fll.J ::: l H'lJtJ.:jl\llllJ l.J 

4.2 Tibolone 

~I "'1 ., .. I 
lulH:Jfl'j l.JlJff~1m1 ::: 1,rnq1.J 

_J I ,J'd <LI~ 'j} 

C-19 steroid CJf.:jHU11Vl'WlJfltllff1.J1J9lfl'11V • 
ltJ Cl' l \llH \1'U11Cl ::: 11J 'jl \1 ff h1H \1 iJ 11 Cl ::: 

~rnflmJll'lfl''lf1v 'j 1 1.Jn'W 1 ~hrnc1~ ~1h::: ~1 
~ 'j} ~ ~ (LI Q 

191 -e:mmrn1rn1'1 ::: '1"1u qp111'j fl~fln fl Cl rn.J 

1J'j ::: ~11~ti i-Ja fl l'W'l.lm::: 1<Mv1 

4.3 Calcitonin 

~I ci 'l v lulJftl'j'YJ 91l.Jl\1lfl calcitonin 

_1 .J 1v ' <!I "' 
'l.lti~umCJflnl.Jm~ CJf.:i 'lfl'llJ'Yll~til,Jmnmrn 

v v 
'j} 'j} ~ d 1 d 

1'l.I lfln lllllJ ti ftl'j'U \J:::'lf1Vn9ifll'j ~ty1ff v 
v d 

'l.lti ~1utim ::: 91 fl '191m11.Jrnu1J 1Yi'l.1 fl ~m :::Yi fl 
~ ~ 
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ll 'j}.d I 'J) 1 j}.:::::i. I Q.I I 'jJ ~ 

91fl 11mrn.:i 'lfvlfl\lltifli-Jtim.:ii-Jtiv 3 1~ti'W 

~lJ'l,J 'jlfllVl~~l.Jlfl 

I Q.I ..:\ d 'j} QI o' ~ 

m .:i fl 'U 1rn w 1 li ~ 1 u flu m1 vw rn ~flu 'W v l.J 

1irrnff1mrni-Jtid1~1~u1 1~mmn::: 1'Wmrn 

"' "' j} 1j} 1 'YlM11.Jfl~fltitifl11ci1 rn~fl'W 11rnff m1ti'W 

1 ll I 0 1 j}d 
f!V l.JH~flrnv rn.:ifl'Wt1 :::11u:::u1 11m:::v::: 

' ' CV ~ QI ~ d.::$ d 

l'lfl!Yiti'Un::: 5-1 o 1'W nrnciflmt11'Ylmtill 

rntr 1mrn'Wff::: fflJ 1i-J~1.:imv m·n16rn.:ifli-J 

1ltl~ tiv 1 irhh rntr9l imm1::: 1,J'j rntr~'W'l5Ufl 
... .. .J "' 1 ' 1l ... 
ff~1m1:::11 CJf.:imtimm 'W'Yll.:inul'lti 'llll'W 

1 u1~ tifl1rn :::v1m~'Wl~flfl1~vm ~ fllti~ ti~ 

'j :::l1m ::: 1~1u~~m11.J~1J 1cii1vi~~ 

1 j.11 j} "' 'l ''l j} OJ 'WM 'lftll'Yl l.J "1\ll"11.Jf!Clfl 
~ ~ 

1 j} "'1 1 ll 1 o ~I fll'j 'lf ff fl'j lJ'U'llti.:imrn ::: lJ flfln l.J \J 11u 'W 

j} ,!j "' .J 1 1 j} 
\ll ti .:i 1'11 l.J fl irn 'W 'Yl m 1 v fl u .:i u fl n 11 • 

v • y 

frnflmJ tl' i-JlU'Wfll'j 'lf:::citim1mii'til.l1vi1i!i-J 

'ltl1'l1m'j~11 ir1uum1'1'ti.:il1i-JtleJd1.:i~rn.:i 

fl'U1.U11 \) 
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" f Col .:::i.c:S QJ d 

m.:i mrmrnrrn ¥1'1'\.J 

qv ~ ' a ..::::. , Q.I 

1. 1mrn1' 1mrnirnt1H1~t111•w1~rnffu 

hw lhJnQ~mw mtil1rl~l~t1i.Jm:i~nt1lu 
d.d<V ,, 

ff~'J'Y!Yl~ll~~mrnnmn 

2. li1'rnffl~'jrn'\.J1~r:i'Wll :: 21-25 i'W 

m1 :: lh::t1::i1nm'J nut11i.J'J::mrn 5-1 o 1u 

' 
hm~ci::i~m.J n1flli1'~1

1

l~~w uu::tl1l1r 

4:f!l QJ .d ~ ,, ..::::. 

Cl'ldlJYl 21-25 'Uf>'ll~Hl'\.J U"t'l111Q~ fi lJtll 

clf'Jfl'j 11 5- 10 ll! 

3. lttrnfflmrnm~fllJ"t'l :: 21 -25 l'\.J 

uci:: 12- 14 i'W irni~1t1'Ufl'I fll'JO'Wrnff Lvt'J -• 

rnu l1rn1.J 1i.JrnJ'ff~'\.Jm1/li.J~1t1 

4. lttrnfflmrnm2n1'i.J l~whJ11Q~ 

mt1 1m::li1'1i.J'Jrnff~1.J 12-14 1u i2n 3-6 

5. lttrnfflm1ti1.Jfl 1 '1Jn'Uhh1\lff­

~lrnn1u~fl9ifln'W 1~t1
1

hJ11 t1¥1mt1 • • 
?1 ... '1 ''1 91., 

6 . Tibolone lu'\.W1Vl1111lJ 1'lf'J'IJ-

QI ~Q.l ,, . J' 
'J :: t1:: n Cll'Ufl .:i m'J 'J m:11'U1.J nll 'U fl'IJ.:i'lf 

'Ufl'lnl'J 1 ~~rn{hJl!Yl~U'Yn.J li'W 

91 ,,j 
l. mm'J'Jfl1.J'J'IJ11rn1Hr:imrn 111.J:: 

" 
0 ' '1 91 <;;11 '1 ... ..; ll " m11f11'J'1:: t'lft11inu 1-2 u timrn1Y1fl1.J 'U 
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91 9ll1•l19I"' ... ... rnt1"t'l:: 82 m lJ mllm'JrnEJ1ti::1Jmm'J 

?1 I .J "-'1 °"' 91 ..; "' 
1uumum1nu.:iu flnrnt1"t'l:: 26 'Ylllmm'J 

mnni1 51J 

2. fllnl'JYll'l~l'\.J~Vlh (Psycho-

t olQio ~ I 

logical symptoms) l'lf1.J '\'T~~'lHfl 1'11'\.Jfltl'lltl 

1'1fiu 1.JtJ'W 1hJ11~'1J lfl~tlfl uu::tllfl1'J'1::1~ 
. I .,_. .J .J "' 

tllu'J::mrn 3 1~fl1.J '11'1'U1.Jf1'1Jfllfl1'J 'Ufl'I 

" ... ... 91 
M l'JlJ'\.J '1 Vl'Jtl 

3 . fl 1 f11 'j Yl H l ~ 'U'U ff tr 1 J :: ll"t'l :: 

Q.I ~ Q.I " 

tJ1t11:: ·'1rnnn~ 

fllfll'JYll'l'lffl'lfl"t'lfl~Utt'I m'J 1 '* 
Q.I I 'j} ~ )J 191 ... 

t11rn'l:lwt11.:i'\.Jflt1 3 lflfl1.J m'1:: ·nr·mfltt'\.J:: 

0 1 91 1911 .1 0 ... 191 'W 1 '11 'lf '\.J'J :: t1 :: t111'U 1.J ffll1'j 'IJf)l'j 'lf 

ti tJ.:inu i1 i.:im'J fl'mffll'Ur>.:im.:i1~uilffm1:: 

Q.I I I jl .ct 1 91 
CJ1'Jm:11'lf1.:iu'Jnflt1Hl.JflCJ 3 mm.J ti :: mm 

fll'j fo11 1~~111.J :: ii 11 i1'1 ~l '\.J 'J:: t1:: t111 

5. ilfl.:intJm ::~n 1i.J~.:irn.:i 

m 'J ti :: 1-M u fl 111rn YI fl mm ni r:i ~ 

ti :: "t'lfltJ'Li~m'J'Ufl'lfll'Hn~m ::~mfo i ·1'1Ji1 
• <J 

9i1fl.:i1-Mflci1.:itl'flt1 5 1J ~.:i~m'Ji~~fl 1li.Jh1 
91 

'J :: v::v11~1v 

6. llfl.:int.J hfli111 '1 'U1 ~1~t:i~ 
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d I .dq 'j) t 

"l'llflll'IVlf111 11'1~\'llJ'Yl !'l1':i~tl~tl11 '1 l'l'LI11 

I 

f111 

if qim m n fll '.i 1 'li eJ ti {hm 

hm1':i 1 '*~rnflmJniu~u'11iJ1t1'H11vi 
. I o "' i "'~ v ,% 
1J ':i ~\I l!~ mm irn1\ll.J1J ty'Hlll 'Yl ':i f191 tilJ 'IJ lJ 

d v 
2. rnrnmm.J 

' v 

3. iim~eJfl\lllJ~Hmt1 V11111'"LI1J.Jii1 'H~tiu 

v v 

eJlf11':i U'Yl'.i f1~eJ'Wl1 \l"ffll.Jt1':i~f1WU 

m':itJf'LI'IJ'WlVI 1~1'* ll'1~'l1UVl'IJU\ltrnfll.J'W 
Vil~ llV 

\)~fflJ.Jl ':i\lllf1 'IJ1Jt1)11l ~ 

4. ll~!~ \ltJ1nl.J~'1f1 (Endometrial cancer) ., 

\llnff(i 9111J ffl'l°1~r-i11J!.U iri 1 vfl ff \I 
<J "., 

1 11 I 9 3J "1 I "' mq \>ltl l.J!fltl !'113tl':i l.JlJ!l'm'!M 'l'l'LI1ll.J 

tJ':i~JJlrn 2 fl'W llJ 1,000 rrn ~1n~1.J~!~ \I 

... .flt d """' l.Jf1!1J'UlJ~!'.i \l'Yll.Jfl1llJ':i'WU'.i \ltffl.JU • 

L lJ ff ¥11~1 '* ~rn {1 mrn ~ mrn l'l'LI 11 

G' i 1'*rnff ll'l':i 1\l1mci 1\11~ v1 5 C'l':il'\JeJ\lm'.i 

tlJ'WlJ~!~ \l'IJU\lvl1lm'1f1\ldjtJ':i~l.Jlill 5-6 ~el ., 

1,000 l'l'W u~11rncil.J~1'*3eJ{1mJrn'cYil'l • 
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' v 
d Q <l j/ "1 ... I "' 

1J\>l~f1'Yl!f1Vl\llf1f11'.i A'lffH)'.i l.J'W'W'Ul'l'LI1ll.J 

"' 1i':i '.ilJ'l1Wl 

d v 
5. l.J~ !':i\11\!llWJ (Breast cancer) 

dV zfl d.,.,.,,j 
l.J~!':i \11\!l llJl.Jl1JlHJ ~!'.i \ltllJVl'LI'Yl 2 

11JffV1°11h1t1rn\l\llf1l.J~!~ .:itJ1mrn'1 n ii ., 
'j} .dJ'1 I Q 'j) Q 

'IJ UJJ '111 '11 'LI .:J1 ll.J ~!'.i \l!l'l llJl.JeJl\l!f1 ~\llfl 

nnm~wf (oncogene) \llfleJl'Hl'.i~iJ 1l'UiJlJ 
' 

' "' "' 'ff \I \llf1tll~J1UlJ'1.:J'Ul.:J'l1lJ~ U'1~f11':i ff'LI'U11':i " ., . 
9).dd O ~ i d I Q 

r-nrntJ':i ~\! lt~mJm .:iu ':i om1'.i1m1tJnrnrn~ ., 
' v V"'lt •\1 'j)~ ,, ' CV Q Q..f 

M'Yl l.J ~!'1tl.:J'1f1~1tl'Wl.JUlJ l.Jfll.Jflmlf11':i ., " 
zil d I 3.1,,\ "' ~ ">., 

!1J 'Wl.J ~ !'.i .:Jff .:in11n fl 'W lJ mm mn1 \Iv ., ., 

q 1 Q.I QI ,/ I 'l 'J) 

l.Jlfl ! 'Wll\l 'Ufl.:J\'1111.J'ffl.Jl'l 'W 1i ':i ~1111\lf11'.i ! "]j' 

<I 'l ... ' 9 v 
3 U '.i ! l.JlH l'lfl'! ':il 1'11 ':itl fl l.J '.i 'LI 1 1f1 1 '.i ! '11 

v ' ' 
rn'cY 1mrnm!'U \l~11';j1m11mirt1\I 

qv di"''ld.% v 
!'Hl.J~!H'W'W!l'l'LI !l'll'.i1'1J'U f11':i vl':i1\!Wll'Wl.J 

'} "' I 'J 3) "'l ~ .?1 ,!. 0 

!rltl'1~rn tl~f1 UlJ !H 3fl'.i 1l.J'\.J \H!1J lJ'cY .:J\l 1 

1lluud1.:i~.:i 



" ., ., ' 'l " .. 1 \;HJ 'I ti fl lJ 'HHHJ11 fll '.i L 'lHJfl '.i lJ'U 

I ~ d'~ d 
VI 1l Cl fl tll'I ft'lJ 11 fflJ fl \l lfH !Vi 'Yl tl'l1 '.i fl1'1tlltl1'1 'Yl 
" 
I~ u1.u' fl'llli fliJ fl'ltl 'W 1\J '1Q UUCl::f n'U 1 ll~ 

I~ l'WlJl'Wl'l'.ifltJfl f 1 G 1~ 111'.J 'W~ fl'll~ 

~rn1l1J'W fl1rnu'1'.i::"m::1'-:i ll1'~11'.J'W,111n1 ., 
' .. " fll'.i (l 1tlfl1"1lflfl'lfl'.i Ull'll'U1J (manunogram) 

" ei1\l \l::'lf 1ull~ mn t'Wfl1HlV1nn:1-:i 1mil1 'W 

d QI d .d 'J) cad ,a \1 Oil SI 
'Utu::'Yl U'llJ'U'W1~'Yll'l'.i1\l'l1Wl1U11ifl'W 1J ~ 

6. '.ilfllUYM 

3ei{1ll'W '~~U'Yl'W~ 1 ~ ~ fllfl'CY ll'l'.i-

1\l'WUCl:: h.hrnft'~'W ~i1'Uwtin1fl-:ivimVI '2fl 

" ' QI dQ.ld ' ,, .iet d QJ' 

1'W'W U 'Ill '.i lfllfl fl'W 'U 1'111"MlJlfHlJfl1'YlUtJfltJ 

I d 1 .;, ll· I 11 di d 
mflrn'l 'ln'I ~U'Yl1 u'Ufl'lfl'W 'YlU 'lf'l'Cl'm 

1l 'Yluri1'W 111 aj flQ L 'W'l$1J tJ'Yli1tff'.i'U~ 1u:: u1n 
<ii d~ .. 

'1'W \l -:i 1Ju ~ 111 'Yll 'I lfl"rn ~ ft'l 'Nm m 1i 1 '.i flHl'U 

d q,., " ~ 0 Q.I .c1 Q.I 

'Yl \l:: L'l$ 3fl'.i ll.J'W'Yl~U'Yl'W'W "1'1'11'.i tl'CYl'l'.i 1U 

'.ilfl1Qfl 1111l~~1 1ltl m1~hJ~my-:i1mimJ 

'11l.J~tl '.i:: ~ 11$1 ~mm1::11 ~ '1'11l.JV1tl :;::~ 11$le:i'W 

77 

" " 1'u11lJ~1.h::~11~fl'WU'W nm~'-:ii1mnht11 
"' .... ""dia diet 
ll~fJllflll'WVl'll'W~'l1'W'l1Vlfl'W (cyclofem) 'lf'll.J 

" 
'.i lfll(l mnffflm1~t11 'Wft'l'lj flrlllil L 'W~l'W " . 

.U 0 ~ 'U 0 -:i fll '.i 1.U ~ 0 41 ·mrn ~um u 

~m,iflnillfJtuflm~11'11~u mtJ 

6'11 ""' .x ., 11 ""' .x fllJfll'.il.J\U ~Vl'U'U 'Ufl'W'l1CltJ Vl~'U'W fl11l.J • 
0 d~ QI " Q.I 

\lWl'UtJ :;mnmm:; mu ~tJ11tJmlJV111rn:: 
.,{ "" Siil ~ 111'1 flflflfllJlfl fl Cl l 'lfl 'W !!fl 'Uu ~Hl'Yll'I 

" ' 
1"lfM 'W flfl\l lflila-:i'll:: ml fl 11l.Jl ffe:Jl.J'U fl'!~ 1-3 

mt1~11ltl~tl:;1fl{)'Yl1-:i H111i!-:i 1~11Jl.J na1ll 

" 1u ti'l1 '.i ~ mrnVlil iYm1::1rn::'li fl'lflCl fl~ ., " 

1. 1 I a .x 
uHtll'I 1rn::mut1ut111 'UiJ • 

iYl'l~ 1t1mJmh::~11$1 fl'Wii fl11l.J 

1~ tl-3 ti 'Ulfl VI '11flfll'.i'lJ1~ 8tl {ll.J'W '11 mui tJ 

1l tJ tJ l ti '11 l.J VI tJ '.i :: ~ 11 ~lfl 'Wl tJ~ ti tJl '11 i'j fl wfo 

' " ""1"" d' """ 

0 1" fl11lJ1'U1L\l 'Wl'.ifl'l'Wfltll'IU'Yl\lH 'Yll '11 

" ~ rnnm~11'1~ -:i t'W'Yll'I~ 1.:immrn::i1n 1 \lQ fl 



78 TH1U J. Phannacol. Vol. 18, 1996 

5. Murkies AL, Lombard C, Strauss BJ, 

Wilcox G, Burger HG, Morton MS. 

Dietary fl o ur s upplemen tation 

decreases post-menopausal hot flu shes 

: effect of soy and wheat. Maturi/as 

I . Dusitsin N and Snidwongs W. The 1995 ; 2 1(3) : 189-95. 

Thai Experience. In : Bug G and 6. Baird DD, Umbach DM, Lansdell L, 

Hanunar M eds. The Proceedings of Hughes CL, Setchell KD, Weinberg 

the VII !11tematio11al Congress 011 the CR, Haney AF, Wilcox AJ, Mclachlan 

Menopause. Stockholm, Sweden 1993. JA. Dietary intervention study to 

New York a nd Lo nd on : T he assess estro-genicity of dietary soy 

Parthenon Publishing Group, 1993. among postmenopausal women : J 

2. Chompootaweep S, Tankeyoon M, Cli11 E11docri110/ Metab 1995 ; 80(5) : 

Yamarat K, Pooms uwan P and 1685-90. 

Dusitsin N. The Menopausal Age and 7. Shargil AV. Hormonal replacement 

C limac te ri c Co npl a ints in Thai therapy in perimenopausal women 

'Nomen in Bangkok. Maturi/as 1993 ; with a triphasic contraceptive com-

17:63-71. pound : a three-year prospective study. 

3. Samsioe G. The climacteric period and Int J Fertility 1985 ; 30 : 15-28 . 

the pos t menopause : therapeutic 8. Gambacciani M, Spinctte A, Cappagli 

manual. Novo Nordisk Medical and B, Taponeco F , Maffei S , P iaggesi L, 

Marketing Phannaceuticals Division, F ruzzetti F , F ioretti P. Hormone 

1989. replacement therapy 111 perimeno-

4. Kenemans P, Barentsen R and Weijer pausal women with a low dose oral 

P. Practical HRT : Medicom. contraceptive preparation : effects on 

MEDICOM EU ROPE B.V. The bone mineral density and metabolism. 

Netherlands, 1995. Maturi/as 1994 ; 19 : 125-13 1. 



:r1nn'I1n-rlw:Snm1l'ii 18 1996 

9. Taechakraichana N, Limpaphayom K, 

et al. Use of oral contraceptive for 

hormonal replacement therapy m 

menopausal women : Ongoing project. 

l 0. Coutinho EM, Mascurenhas I, de 

Acost OM, Flores J, et al. Comparative 

study on the efficacy, acceptability, 

and side effects of a contraceptive pill 

administered by the oral and the 

vaginal route : an international multi­

center clinical trial. C/i11 Pharmacol 

Ther 1993 ; 54(5) : 540-545. 

l l. Chompootaweep S, Nunthapisud P, 

Trivijitsilp P, Sentrakul P, Dusitsin N. 

Comparative study of intra-vaginal 

oestrogen (creams vs oral combined) 

contraceptive in Thai postmenopausal 

women with urogenital symptoms. 

submitting for publication in 1996. 

12. Dusitsin N , et al. The use of cyclofem 

in the management of menopausal 

symptoms. Ongoing project. 

79 



c 
CIFLOXIN 

p R 0 F L 0 x A c 
FLUOROQUINOWNE 

Microorganism Ciprofloxacin Norfloxacin Ofloxacin Pefloxacin 
Escherichia coli ++++ +++ 
Citrobacter spp. ++++ + + + 0 + 
Enterobacter spp. + + + + + + + +++ ++ 
Klmsiella spp. +++ +++ -I+ + 
Serratia spp. ++ + +++ ++ ++ 
Proteus mirabilis ++++ +++ +++ +++ 
Proteus vulgaris ++++ ++-I +++ +++ 
Morganella morganii ++++ +++ + + + +++ 
Providencia rettgeri +++ () + () 

Acinetobacter spp. +++ () ++ () 

Pseudomonas aeruginosa ++ + () + 
Staphylococcus aureus +++ + +1+ +++ 
Streptococcus faecalis + 0 () 0 
Haemophilus influenzae + ++ + ++++ + ++++ 
Neisseria gonorrhoeae ++++ +++ ++++ ++++ 

0 

+ 

minimum inhibitory concPntration fl\11Cl 1nnn-h 2 .1" [wmiu/ii;lii fiVl"i 

MIC 1.1-Z.O 1].Jrfl'rnf].J/ iii1fifi'11 

++ MIC O.fi - t.O 1"1fi :mf " /iit1fifi,,1 

+++ MIC O 1-0.5 ]].JfR:mf"/iJa fifi'1 1 

++++ ,\llC uatmii o. 1 1].J Ttt:m f ].J/iiafifi,, 1 

COMPOSITION 
TABLET: CIPROFLOXACIN HCI H20 EQ. TO CIPROFLOXACIN 250 MG. 

IV INFUSION: CIPROFLOXACIN LACTATE EQ. TO CIPROFLOXACIN 200 MG/100 ML 

100 MG/50 ML 

USES AND ADMINISTRATION 

Ni 

CIFLOXINR HAS BEEN SUGGESTED FOR USE IN THE TREATMENT OF A WIDE RANGE OF INFECTIONS 

CAUSED BY SUSCEPTIBLE ORGANISMS INCLUDING PSEUDOMONAS AERUGINOSA AND INFECTION OF THE 

URINARY, RESPIRATORY AND GASTROINTESTINAL TRACTS, GONORRHOEA AND SEPTICAEMIA. CIFLOXINR 

MAY ALSO BE ADMlNISTERED BY INTRAVENOUS INFUSION FOR THE TREATMENT OF SEVERE INFECTIONS 

ORAL DOSE 250 - 750 MG. BID 

IV INFUSION 100 - 200 MG BID 

FOR THE TREATMENT OF GONORRHEA A SINGLE ORAL DOSE 250 MG. 

OR 100 MG IV INFUSION 

• ... w 1~· .. .J ., .: 
fl1LflD'U 1. '1111.1 tf I ll'j'nU l'l!l1U 

2. mifilHli11 ti1iit10Ufl11Vfiilfi'U, 1t1 1fl 
~lol ftfl u1tin illJ111UlifTI iin11 TEL. Z761020, 2761540-2. 

~unufonhu uWn n0111'111i1111JMDft <im11 TEL 2761020, 2761540-2 

REFERENCE 1. DRUGS VOL 35 ; 1988 D. 375-379 

2. MARTINDALE THE EXTRAPHARMACOPOEIA Z9TH ED, 1989, 196 

3 . FLUOROQUINQLONE, m11111'lu1h:m11lnouh1 3 llw:uul111ni111i 11m'inu1i1'011i111ft 55-68 
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CIFLOXIN 

P R 0 F L 0 X A C 

HIGH POTENCY FLUOROQUINOLONE 
ANTIBACTERIAL 

~ INHIBIT BACTERIAL DNA GYRASE 
~ BROAD SPECTRUM AGAINST ALL BACTERIAL PATHOGENS 

N 

~ WIDE SPREAD DISTRIBUTION TO MOST TISSUES AND BODY ·FLUID 
~ EFFECTIVE AFfER ORAL OR INTRA VENOUS ADMINISTRATION 
~ USE IN WIDE RANGE OF CLINICAL INFECTIONS 
~ NO CROSS RESISTANCE TO OTHER ANTIBIOTICS. 
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