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EDITORIAL 

Dear members and our readers, 

One more time, the Thai Journal of Pharmacology could not be published in time. Our editorial staffs 

have been very busy, especially the editor in chief, so that we can not work as fast as usual. All of us 

have to spend our precious time in our responsibility in pharmacological classes and researches. It's all 

my fault. However, we have tried to push our effort as you can see right now. It's very appreciated that 

more research articles and reviews were sent to us by our members. As the process of review could not 

be so fast and I forgot to tell you officially how long it should be. I'm very sorry about that and try to 

improve these boring processes. I'm very pleased to tell you that Associated Professor Supeecha 

Wittayalertpanya will help me to do this part of management. Until recently, we have a lot of problems 

in management according to our limited time. Only 24 hours per day that we have and it runs 

amazingly so fast that I never catch it up. It may be tme that what we all equally get is our time. We all 

ha"."e 24 hours per day. No more, no less. Nobody can buy more time per day. Time is very precious. 

The best way to manage your time is spending your time for good things, not only for you but also to 

your society. The next step that we plan to do as communication media for our members is providing 

you more detail of graduate programs of pharmacology in Thailand. It's my great honor to serve as an 

information source of your graduate program. We start in this issue with the graduate courses of the 

Interdepartment of Pharmacology, the Graduated School, Chulalongkorn University as I'm in part of. 

Moreover, you can fmd out the matter from the society website. According to the intoxicated 

economic crises in our country, all of us should take part of some responsibility to save our money. Not 

spend so much in foreign countries. We should support the graduate programs in our own country. 

Many of us had opportunities in graduating from aboard and knew quite well that we spent a lot of 

money for one Ph.D. No more export of money and brain. The budget for studying aboard for one 

person per year is enough to produce many pharmacologists in our country. Moreover, their 

dissertations can be some parts of dmg development in our country. Come and join working together. 

We will build up an academic alliance. 

Supatra Srichairat 

Editor 
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LETTER TO EDITORS 
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m'lw Oll\Jl ~ruJ11VN1'lJi"5'u1 i n"11ri'l~~u 

• v 
• ., "' ., .J .,.J .J 

GCP LLa~ GLP ma'3LL'Yl'lfl'lf)JL'iJ1'1c-JYlLOU1 
vv 

" q A.Cl.I ti Cl.IA, " 

'iJil-3 'l1i.JtM'31'\J1'1U'Yl1'3~1'\JLJ1Cf'li1YlU1~1U 

ti Q.I A .., 

W10L 'l1~'3Gl il'3WOll'\J1~(UJ11YN1'\J1'1U'IJil'3 • 
L 'll L 'YIL~'l~~ui.i1vi'l~1umnaL'lim~u1nu 

'31'\Ji"5'un1'3 Lm1''liinmri1u L 'Ylqju-3~ e>-3 L~f.11 
., ..,.., .. "':::: ...... 
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" 
Good Laboratory Practice (GLP) 

1um'l1'lfavn1 tJtl'l::L'YIAl'Ylv "::Ln~~u 1~ 
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.J. J't ""'"' 
"'l'l£11\J'l'j(U'YJn1Vl'U~'ll'U ~£1'31'U1"£1 '31'U 
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Supeecha Wittaya/ertpanya 
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n'l::'Yl'l1'31'Ylv1A1a011 L'Yl~lula~ua::ri-3 

a011tillu01011 "" 'l'ltJ1\J 'l'l ru n1'l1 'li' a011 
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'3 oY-3 
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tJ'l'lwn1'ltiaG11" ari1'3L~i'3fl~~ 
. Q tlt:S 0. 

2. ~ 1 L 'U'U n1'l01'l1" ff fltJ'll fl L \1""'l'3 

., . .. 
3. auuaumLn::Lau fl LL u::un ti'3fl -

' 
mYi'l'l7a0111um'lri1viu~'l1tJa::Lav~ ua:: 

LL 'U1'YJ1'3tll)uOiL lf aa~fl~ tl-3 nu ""'l'ltJ1-
~ VQI ~ 

tl'l'lWn1'l L'ifilGl'l" 

4 . a-3 Lff~)J LLa::airuatJ'U 1 i VIU1£1 
' 

'31uoi1'31 Yi'l'l7a011~~m'laJ.JJ.Ju1 au'lJ.J15 
.r ...... 1 ""' .. n1'lLa£1'3LLa::1ilnl'l 'lfff011 011).J ""'l'll'.11-

~ tJQ.I _. 

\J'l'lWnl'l L'lfMl'l" 
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ABSTRACT 
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Propolis is a resinous substance collected by honeybees from plant exudates. The present 
study was undertaken to evaluate Thai propolis for its anti-gastric ulcer activity by experimental 
models. Oral administration of the propolis at I 00 and 200 mg/kg significantly inhibited gastric ulcer 
formation induced by indomethacin, HCl/EtOH, and water immersion restraint-stress in rats. In pylorus 
ligated rats, pretreatment with propolis had no effect on gastric volume and pH thus indicating the lack 
of antisecretory effect of propolis. In ethanol-induced ulcerated rats, gastric wall mucus and 
hexosamine content were markedly preserved by the propolis pretreatment. The findings indicated that 
Thai propolis possessed gastroprotective potential related to preservation of gastric mucus synthesis 
and secretion. 
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INTRODUCTION 

Traditional bee keeping in Thailand 
was started about l 00 years ago with Apis 
cerana in coconut plantations on Samui Island. 
Modem bee keeping with Apis mellifera was 
started in the early l 940's but did not increase 
markedly until the early l 970's1

• It has been 
estimated by the Northern Beekeeper 
Association of Thailand that by 1998 the 
number of bee colonies in Thailand had 
increased to about 250,000. Bee products are 
honey, wax, royal jelly, pollen and propolis. 

Honey, the principal bee product, has 
been reported to have an antibacterial effect on 
Helicobacter pylori1, a pathogenic bacteria 
causing peptic ulcer, and a protective effect on 
acute gastric mucosal lesions induced by 50% 
ethanol3

• It was demonstrated that a natural 
mixture of higher aliphatic primary alcohols 
isolated from beewax possessed anti-gastric 
ulcer effect when tested in different 
experimental models4

• The anti-ulcerogenic 
property of the mixture was suggested to be 
related to a cytoprotective mechanism via 
enhanc.ement of the quantity and quality of the 
gastric mucus5

•
6

• The mixture was also 
reported to have a protective effect on the pre­
u lcerative phase of carrageenan-induced 
colonic ulceration in the guinea-pig7

• 

Propolis is a resinous substance 
collected by honeybees from plant exudates. 
Bees use propolis to seal holes in their 
honeycombs and protect the entrance against 
intruders but more importantly it appears to act 
as an antiseptic to prevent microbial infection 
of larvae, honey stores and the combs8

• 

Propolis is reputed to have antiseptic, 
antimycotic, bacteriostatic, astringent, choleric, 
spasmolytic, anti-inflammatory, anaesthetic 
and anti-oxidant properties8

·
10

• Propolis is also 
used by herbalists to treat duodenal ulcers and 
in homeopathic medicine8

• Propolis from 
South America was found to have antibacterial 
activity against Gram positive bacteria 11

• It 
was reported that phenolic compounds isolated 
from Brazilian propolis showed activity 
against Trypanosoma cruzi and bacteria, and a 
relaxant effect in guinea-pig isolated trachea12

• 

The present study was aimed to 
investigate the anti-gastric ulcer effect of Thai 
propolis in experimental models. 

MATERIALS AND METHODS 

Pro polis 

Propolis in tablet form (25 mg/tab) 

JJ 

was kindly provided by the Bee Products 
Industry Co., Ltd., Thailand. It was ground and 
suspended in 0.5% carboxymethylcellulose 
(CMC) to desired concentrations. 

A11lmals 

Male Sprague-Dawley rats weighing 
150-200 g were purchased from the National 
Laboratory Animal Center, Salaya Mahidol 
University, Thailand. They were acclimatized 
for at least 7 days in an animal room where the 
temperature was maintained at 22 ± 3 °C and 
there was a 12 hours light-dark cycle. The food 
was supplied by Pokphan Animal Feed Co., 
Ltd., Bangkok. The bedding was autoclaved. 
The rats had free access to food and water 
unless stated otherwise. All animals received 
humane care in compliance with the ethics in 
the use of animals issued by the National 
Research Council ofThailand 1999. 

/11dometllaci11-ltuluced gastric ulcers 

Propolis was administered orally to 
48 hr. fasted rats 60 min prior to induction of 
gastric ulcers by indomethacin suspended in 
0.5% carboxymethslcellulose at a single i.p. 
dose of 30 mg/kg1 

• After 5 hr the rats were 
sacrificed and examined for gastric ulcers. 

HCl/EtOH-i11duced gastric ulcers 

Propolis was administered orally to 
48 hr fasted rats 60 min prior to induction of 
gastric ulcers by 1.0 ml HCl-EtOH (60 ml 
ethanol + 1.7 ml HCI + 38.3 ml water) p.o. 14

• 

The animals were sacrificed and examined for 
gastric ulcers 60 min later. 

Restraint water immersion stress-Induced 
gastric ulcers 

Propolis was administered orally to 
48 hr fasted rats. Sixty minutes later, rats were 
restrained individually in stainless steel cages 
and immersed up to their xiphoid in a water 
bath maintained at 22 ± 2 °C, according to the 
method of Takagi et al15• After 5 hr of this 
exposure, the rats were sacrificed and 
examined for gastric ulcers. 

Evaluation of the gastric ulcers 

After each rat had been sacrificed, the 
stomach was removed, opened along the 
greater curvature and the glandular portion of 
the stomach was examined. The length in mm 
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of each lesion was measured under a dissecting 
microscope and the sum of the length of all 
lesions was designated as the ulcer index. 

Pylorus ligation 

Propolis was administered orally to 
48 hr fasted rats. One hour later, pylorus 
ligation as described by Shay et al 16 was per­
formed. Briefly, rats were lightly anesthetized 
by ether. The abdomen was opened and the 
pylorus was ligated. The abdomen was closed 
by suturing. The animals were killed 5 hr later 
by an over dose of ether. The stomach was 
removed and its content was subjected to 
measurement of volume and pH and assayed 
for titratable acidity. 

Determi11atio11 of gastric wall mucus content 

Gastric wall mucus was detennined 
by the Alcian blue method17

• Briefly, propolis 
was administered orally to 48 hr fasted rats 60 
min prior to induction of gastric ulcers by 1.0 
ml HCVEtOH (60 ml ethanol+ 1.7 ml HCl + 
38.3 ml water) p.o. 14

• Sixty minutes later, the 
animals were sacrificed and the stomach was 
excised and opened along the lesser curvature, 
weighed and immersed in 0.1 % w/v Alcian 
blue solution for 2 hours. The excessive dye 
was then removed by two successive rinses in 
0.25 M sucrose solution. Dye complexed with 
gastric wall mucus was extracted with 0.5 M 
MgCJi for 2 hours. The blue extract was then 
shaken vigorously with an equal volume of 
diethyl ether and the resulting emulsion was 

Table 1. Effe.cts ofpropolis on gastric ulcers in rats 

Group 
lndomelhacin 

Ulcer index (mm) I (%) 

Control 7.5 ± 1.3 
Propolis JOO mg/kg 2.2 ± 0.6• 
Propolis 200 mg/kg 0.5 ± 0.2• 

Note : data expressed as mean ±_S.E.M. ( n = 8 ) 

71 
93 

Chaiyong Rujjanawate 

centrifuged. The optical density of Alcian blue 
in the aqueous layer was read against a buffer 
blank at 580 nm using a spectrophotometer. 
The quantity of Alcian blue extracted per gram 
wet stomach was then calculated from a 
standard curve. 

Measurement of gastric hexosamine content 

Hexosamine content in gastric tissue 
was assayed by the method of Glick18

• Briefly, 
propolis was administered orally to 48 hr 
fasted rats 60 min prior to induction of gastric 
ulcers by 1.0 ml HCVEtOH (60 ml ethanol + 
I .7 ml HCl + 38.3 ·ml water) p.o.14

• Sixty 
minutes later, the animals were sacrificed and 
the antral part of the stomach was hydrolyzed 
with 6 N HCl overnight. The tissue was 
neutralized with 6 N NaOH and incubated with 
acetylacetone at I 00 °C for I 5 min. The 
mixture was then coupled with Ehrlich's 
reagent and allowed to stand at room 
temperature for 40 min. The optical density of 
the sample was measured 
spectrophotometrically at 530 nm using 
glucosamine as a standard. 

Statistical analysis 

Data were subjected to statistical 
analysis using ANOV A and statistical 
comparison was done using Duncan Multiple 
Range Test. The value exceeding 99% 
confidence limits was considered to be 
significant. 

GASTRIC ULCER INDUCER 
HCl/EtOH 

Ulcer index (tnm) 
101.0 ± 11.9 
9.4 ± 4.5• 
1.4 ± 0.9• 

I(%) 

91 
99 

Slcc.ss 
Ulcer index (mm) I(%) 

9.9 ± 0.9 
2.7 ± 0.6• 73 
0.1 ± o.o• 99 

•significantly different from the control group (p < 0.01) 
I(%)= inhibition of ulcer fomiation expressed as percentage 

RESULTS 

Propolis at doses of I 00 and 200 
mg/kg significantly (p<O.O I) inhibited ulcer 
formation induced by indomethacin, ethanol 
and water immersion stress as shown in Table 
I. The inhibition was dose related. In the 
pylorus ligated rats, the mean gastric volume 
and pH were not affected by propolis 

pretreatment. Only the acidity output in the 
propolis 200 mg/kg treated group was 
significantly (p<O.O I) decreased from that of 
the control group (Table 2). Table 3 shows that 
the mean value of the gastric mucus content in 
HCl/EtOH induced ulcerated rats was 
significantly lower than that of the control 
group. Propolis at doses of I 00 and 200 mg/kg 
significantly (p<O.O I) restored the mucus 
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content back to the level comparable to that of 
the non-ulcerated rats. The mean gastric 
hexosamine content in control ulcerated rats 
was significantly less than that in the normal 
non-ulcerated group as shown in Table 4. 

Table 2. Etfecls ofpropolis on gastric secretion in rats 

Group Gastric vol. (ml) 
Control 9.S ± 0.8 

Propolis 100 mg/kg 8.4 ± 1.0 
Prooolis 200 nwJkg 8.6 + 0.8 
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Pretreatment with propolis at l 00 and 200 
mg/kg significantly incerased the hexosamine 
content. The effect of propolis on gastric wall 
mucus content and gastric hexosamine content 
was not dose related. 

Gastric pH 
1.62±0.08 
1.87 ± 0.42 
1.64 + 0.07 

Acidity mEq/L 
126±S 
100±9 
51 +4• 

Note : data expressed as mean ±.S.E.M. ( n = 8 ) 
•significantly different from the control group (p < 0.01) 

Table 3. Effecls of propolis on gastric wall mucus content in rals 

Group 

Control HCl/EtOH ulcerated rals 
Propolis 100 mg/kg 
Propolis 200 mg/kg 
Non-ulcerated rats 

Note : Data expressed as mean ± S.E.M. (n = 10) 

Gastric wall mucus 
(µg Alcian blue/g wet stomach) 

804±29 
1597 ±72• 
1072±70• 
1167 + 16• 

• significantly different from control ulcerated rals (p < 0.01) 

Table 4. Effecls ofpropolis on gastric hexosamine content in rats 

Group 

Control HCl/EtOH ulcerated rats 
Propolis 100 mg/kg 
Propolis 200 mg/kg 
Non-ulcerated rats 

Note : Data expressed as mean± S.E.M. (n = 8) 

Hexosamine content 
(µg II 00 mg wet stomach) 

21.7 ± 1.6 
30.3 ± 1.2• 
47 ± t.6• 

37.0 + 2.2• 

•significantly different from control ulcerated rats (p < 0.01) 

DISCUSSION 

It is known that poplar trees (Popu/us 
spp.) are the major source of propolis in 
temperate countries and that the chemical 
constituents of this material fall into four 
major groups, namely beeswax constituents 
(fatty acids, esters, long chain alcohols), 
flavonoids, other phenolic compounds, and 
volatile compounds (mainly terpenes)9

• In 
tropical regions propolis can be expected to 
have different compositions because of 
different tree species involved, as has been 
shown for Brazilian propolis12·19·20 and for 
propolis from the Canary Jslands21. Therefore 
no comment can be made at present about the 
constituents of Thai propolis which might be 
responsible for the observed pharmacological 
effects. 

Results obtained in this study show 
the anti-gastric ulcer activity of Thai propolis 

when evaluated in the most commonly utilized 
experimental models which include indo­
methacin, HCl/EtOH and restraint water 
immersion stress - induced gastric lesions in 
rats22.23. 

The pathogenesis of gastric ulcers is 
often depicted as an imbalance between 
mucosa) integrity and aggressive factors. 
Factors that impair mucosal defense are HCI, 
gastrin, histamine, Helicobacter pylori, aspirin 
and other non-steroidal anti-inflammatory 
drugs (NSAIDs), ethanol, caffeine and stress 
while factors that promote mucosa! integrity 
are gastric mucus and bicarbonate, gastric 
mucosa) barrier, prostaglandins (PGs) and 
mucosa! blood flowz•.2s. 

According to the experimental models 
used in this study, non-steroidal anti­
inflammatory drugs (NSAIDs) like indo­
methacin induce ulcer formation by depleting 
cytoprotective prostaglandins, e.g. PGEi and 
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PGl2 in the cyclooxygenase pathway of 
arachidonic acid metabolism26

• PG~ and PGI2 

of gastric and duodenal mucosa are responsible 
for mucus production and maintaining cellular 
integrity of the gastric mucosa27

• In the 
HCl/EtOH induced gastric ulceration model, 
HCI causes severe damage to gastric mucosa28 

whereas ethanol produces necrotic lesions by 
direct necrotizing action which in turn reduces 
defensive factors, the secretion of bicarbonate 
and production of mucus29

• The water 
immersion stress-induced ulcers are mediated 
by increases in gastric acid secretion30 and 
decreases in mucosa! microcirculation31 and 
mucus content32

• Since propolis could prevent 
ulceration in all three models and its anti-ulcer 
effect was much more pronounced in the 
ethanol model, it was not likely that inhibition 
of gastric secretion was the action of propolis. 
This was in accordance with the finding that in 
pylorus ligated rats propolis had no effect on 
gastric volume and pH though the acidity 
output was significantly decreased. 

The gastric wall mucus, obligatory 
components of which are hexosamines, is 
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ABSTRACT 

Nitroglycerin and other organic nitrates have been used routinely in the treatment of angina 
pectoris and congestive heart failure. Clinical significant methemoglobinemia during administration 
of organic nitrates, including intravenous nitroglycerin, has been occasionally reported as a serious 
complication . In normal individuals, methemoglobin in red blood cell is maintained at a very low 
level (<1%). It is immediately reduced by cytochrome bs reductase to the normal hemoglobin moiety. 
Since acquired methemoglobinemia is not only resulted from exposure to a variety of oxidizing agents 
but also related to cytochrome b5 reductase deficiency, the present study was aimed to investigate the 
relationship of cytochrome b5 reductase activity and methemoglobinemia. 114 normal blood samples 
from male and female healthy. volunteers of 20-65 years old were used as control group and 40 blood 
samples of patients receiving 24,000-104,000 µg (0.5-3.0 ~1glkg/min) intravenous nitroglycerin were 
collected. The concentrations of methemoglobin in 57 men and 57 women healthy volunteers were 
0.05 ± 0.02 and 0.08 ± 0.02 % of total hemoglobin (mean ± SE) respectively. The cytochrome b5 

reductase activity in male was lower (p<0.05) than female. No severe methemoglobinemia was found 
in these patients. However, the methemoglobin concentration and cytochrome b5 activity in the 
treatment group were significantly higher (P<0.05) than the normal group. Our results showed that 
methemoglobin content of erythrocyte was independent on the activity of cytochrome b5 reductase. It 
was found that intravenous nitroglycerin administration in the total doses of 24,000- 104,000 ~1g 
produced not only slight increase of methemoglobin content but also the significant increase of their 
cytochrome b5 reductase activity. However, the increased methemoglobin levels of these patients were 
found to be within an acceptable level of normal condition. In conclusion, clinically significant 
methemoglobinemia was uncommon with low doses of intravenous nitroglycerin administration. In 
addition, the correlation between cytochrome b5 reductase activity and nitroglycerin administration 
should be further investigated. 

Key words: methemoglobin, nitroglycerin, cytocluome b5 reductase 
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INTRODUCTION 

Methemoglobinemia is a clinical 
condition characterized by cyanosis resulting 
from decreased oxygen transport. Methe­
mo glob inem ia may be inherited (e.g., 
abnormal hemoglobin or deficiency in 
methemoglobin reductase activity) or acquired. 
Acquired methemoglobinemia can result from 
exposure to certain drngs and chemicals such 
as nitrates and other direct oxidants, local 
anesthetics, aniline dyes and sulfonamides•. 
Organic nitrates such as nitroglycerin are often 
given intravenously at the onset of acute 
myocardial infarction. It is also very effective 
in the management of pain in patients with 
unstable angina. Nitrates caused venodilation 
and relief coronary vasoconstriction to 
ameliorate angina! attacks2

. Besides common 
adverse effects of nitroglycerin, including 
headache and hypotension, clinical significant 
methemoglobinemia caused by denitration of 
nitroglycerin has been occasionally reported as 
a serious complication of intravenous 
nitroglycerin (NTG)3

"
5

• In human erythrocytes, 
methemoglobin is reduced to oxyhemoglobin 
both by enzymatic and non-enzymatic systems. 
Under physiological conditions, methe­
moglobin reduction is accomplished mainly by 
red cell NADH-cytochrome b5 reductase. In 
hereditary cytochrome b5 deficiency and 
exposure to large amounts of oxidants, 
methemoglobinemia is postulated to be a 
potential adverse clinical consequence. This 
study was aimed to examine a possible 
correlation between the cytochrome b5 
reductase in red blood cell activity and 
methemoglobin level in blood. 

MATERIALS AND METHODS 

Apparatus 
UV-visible recording spectrophoto­

meter (UV-1600A, Schimadzu) and high speed 
centrifuge (IE CB-22M) were used. 

Reage11ts 
NADH was purchased from Sigma 

Chemical Company. Dry diethyl-aminoethyl­
cellulose (DEAE,DE-52) was purchased from 
Whatman. Drabkin's solution was obtained 
from Life Science Dynamics Division of 
Arnaparn Co.,Ltd. Other chemicals were 
analytical grade and obtained commercially. 

Specime11s 
Control group: Blood samples of 

100 healthy blood donors, 50 males and 50 
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females obtained from the Thai Red Cross 
Society, Bangkok, were used as normal control 
subjects. The age range was 20 to 65 years. 

Sample group: Blood was withdrawn 
from 30 patients admitted to the Coronary 
Critical Care Unit of Chulalongkorn Hospital 
who were treated with i.v. NTG. Inform con­
sent was obtained from each patient. The age 
range was 50 to 65 years. 15 were males and 
15 were females. NT<;J in concentration of 
either 100-··or 400 µg/ml was infused 
continuously. The infusion rate was started at 
5-10 µg /min and increased as tolerated to 25-
50 µg/min. The total doses of NTG were 
between 24,000-104,000 µg. 

Approximately 3 ml whole blood was 
freshly collected in a plastic tube with EDT A 
as anticoagulant and placed on ice for 
immediate transport to the laboratory, where it 
was analyzed at once for methemoglobin 
content and within 12 hours for cytochrome b5 
reductase activity. 

Assay of metllemog/obi11 lit bloor/ 
Methemoglobin content wa~ 

measured bl micromethed described by 
Hegesh et al.. · 

Assay of NADH-cytochrome b5 retluctase 
activity 

NADH-cytochrome b5 reductase 
activity of erythrocytes was determined 
according to the method of Hegesh et al7

• The 
enzyme activity was measured in a reaction 
mixture which contained 20 µI of 0.25 M 
EDT A (pH 7), I 00 µI of 0.05 M citrate buffer 
(pH 4.7), 3 ml of 0.5 mM potassium 
ferricyanide, 2 ml of 0.18 mM hemoglobin 
substrate (free from cytochrome b5 reductase ), 
3.48 ml distilled water and I 0 µI of blood 
sample. Mixed and centrifuged the solution at 
1500 x g for 5 minutes. 950 µI ofhemolysate 
was pipetted in a cuvette having lcm light path 
and 50 ~II ofNADH was added and mixed. The 
reference cuvett contained the same 
constituents except NADH. The mixture was 
measured for increasing rate of absorbance at 
575 nm. 

Slatislical analysis 
Results are expressed as mean ± stan­

dard error of the mean. Unpaired Student t­
test was used to compare groups. Correlation 
between methemoglobin content and 
cytochrome b5 reductase activity in normal 
and treated groups were detennined. P value < 
0.05 was considered significant. 
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RESULTS 

There were age and sex variations of 
methemoglobin levels in normal erythrocytes. 
As shown in Table 1, there were significant 
difference between age groups and sexes. The 
average values ± one standard error of mean of 
methemoglobin contents of male and female 
were found to be 0.09 ± 0.02% and 0.08 ± 
0.02% respectively. Methemoglobin levels in 
both sexes ranged from 0 to 0.40%. The 
highest contents of methemoglobin in both 
sexes were in the age group of 41-50 years. 

Results of cytochrome b5 reductase 
activities in male and female are shown in 
Table 2. The mean values ± standard error of 
mean of cytochrome b5 reductase of male and 

Table 1. Methemoglobin content in nomial volunteers. 

Supatra Srichairat 

female were found to be 3.12 ± 0.05 and 3.32 
± 0.05 respectively. 

Table 3 shows the levels of methemo­
globin and cytochrome b5 reductase activity of 
normal subjects and treated patients. 
Significant increases of methemoglobin level 
and cytochrome b5 reductase activity in treated 
group were observed. When compared with the 
normal group with the same age of patients (> 
50 years old), nitroglycerin produced 
significant increase in the amount ofmethemo­
globin content and cytochrome b5 reductase 
activity. 

No correlation between methemoglo­
bin level and cytochrome b5 reductase activity 
was found in both normal group (r =0.5) and 
treated group (r = 0.25). 

~ 
Methemo2lobin content(%) 

Group N Range Mean± SE Comparison P value 
Aee (years) 

A Male: AvsB <0.05 
20-30 15 0 0 AvsC <0.05 

AvsD <0.05 
B 31-40 15 0·0.31 0.04 ± O.oJ B vsC <0.05 

Bvs D <0.05 
c 41-50 15 0--0.33 0.09 ± 0.04 - -
D so• 12 0-0.38 0.09 ± 0.05 - -
E TOTAL 57 0--0.38 0.09 ± 0,02 E vs J <0.05 
F &in.ak : 15 0 0 F vsG <0.05 

20-30 Fvs H <0.05 
Fvs 1 <0.05 

G 31-40 15 0--0.39 0.09 ± 0.04 G vs I <0.05 
H 41-50 15 0--0.39 0.1 I ± 0.04 H vs 1 <0.05 
I so• 12 0--0.40 0.06 ± 0.04 - -
J TOTAL S7 0--0.40 0.08 ± 0.02 E vsJ <O.OS 

Table 2. Cytochrome b5 reductase activities in nom1al volunteers. 

~ 
Cvtochrome b, reductase activitv p 

Group N Range Mean± SE Comparison value 
Aee (years) 

A Male: AvsB <O.OS 
20-30 15 2.79-3.46 3.05 ± 0.06 AvsC <0.05 

Avs D <O.OS 
B 31-40 15 2.76-3.94 3.11 ± 0.09 BvsS <0.0S 
c 41-50 lS 2.76-4.20 3.09± 0.11 CvsD <O.OS 
D so• 12 2.76-2.73 3.26± 0.18 - -
E TOTAL 57 2.73-4.20 3.12± 0.05 EvsJ <0.0S 
F &in.ak : FvsG <O.OS 

20-30 lS 2.82-3.83 3.35 ± 0.09 Fvs H <O.OS 
F vs l <0.05 

G 31-40 15 2.78-4.26 3.29± 0.09 GvsH <0.05 
G vs I <0.05 

H 41-50 15 2.89-3.87 3.51 ± 0.11 Hvsl <0.05 
I so• 12 2.78-3.64 3.11 ± 0,07 . -
J TOTAL 57 2.78-4.26 3.32± 0.05 E vs J <0.0S 
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Table 3. Comparison of methemoglobin level and cytochrome bs reductase in erythrocytes between 
normal subjects and patients receiving nitroglycerin. 

Methemoglobin content (%) 
Group N 

Mean± SE 
Normal 114 0.09 ± 0.01 
Normal 25 0.09 ±0.03 
( 50-60) 
Patients 40 0.10 ± 0.03• 

• P<0.05 

DISCUSSION 

Methemoglobinemia is a clinical 
condition in which more than l % of 
hemoglobin is oxidized to methemoglobin1

• 

Methemoglobinemia may be inherited or 
acquired. The autosomal recessive condition 
results from an absence of cytochrome b5 
reductase that normally converts methemo­
globin back to normal hemoglobin thereby 
leading to an increase in methemoglobin. 
Acquired methemoglobinemia is the most 
common form of methemoglobinemia and 
follows exposure to drugs or toxins. It is 
usually mild and poses no major clinical 
problems. Occasionally, however, it may be 
severe or even fatal 1

• The lethal level of 
methemoglobin in human is above 70%8

• 

Clinical significant elevation of 
methemoglobin level has been reported with 
the administration of nitroglycerin3

"
5
•
9

"
13

• The 
results from our study showed that the usual 
dose of i.v. NTG caused no clinical significant 
methemoglobinemia. None of the patients had 
methemoglobin level more than l %. Thus, 
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REVIEWS 

CAFFEINE : AN ADULTERANT IN ILLICIT METHAMPHETAMINE 

Veeravan Lekskulchai 
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Bangkok JOI JO, Thailand. 

ABSTRACT 

23 

Caffeine has some central nervous system (CNS) stimulating effects similar to 
methamphetamine. It is often found in methamphetamine as a main adulterant. Caffeine deprivation 
can cause withdrawal syndromes in habitual caffeine consumers, which contributes to maintenance of 
caffeine consumption. However, tolerance to its effects has not been reported. Caffeine could not be 
classified as a substance of abuse under the standard DSM criteria. However, it is listed as a doping 
substance because of its misusing in athletes for improving endurance. Ephedrine is the other main 
adulterant often found in street amphetamine and methamphetamine. It could be the left over precursor 
during methamphetamine synthesis. Unlike ephedrine, caffeine is not a precursor for methamphetamine 
synthesis. Caffeine found in methamphetamine, thus, comes from intentionally adding during the 
process of synthesis or packing in order to cut the cost. 

Key words: caffeine, stimulating effects, adulterant 
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INTRODUCTION 

Caffeine or 1,3,7-trimethylxanthine 
(figure I) is a purine alkaloid occurring 
naturally in coffee and cocoa beans, kola nuts 
and tea leaves. It is the most widely used 
psychoactive substance in the world. In 
western society, at least 80 percent of the adult 
population daily consume large amounts of 
caffeine1

• It is widely consumed as stimulants 
and snacks in coffee and cocoa based foods 
and most often as part of ingredients in drugs. 
Caffeine content in these products varies 
according to the species of the plant. For 
example, an average cup of coffee or tea 
contains 40-100 mg of caffeine. Cola drink (12 
oz.) contains 35-55 mg of caffeine. A bar of 
chocolate contains up to 25 mg of caffeine per 
30 g, and 32-200 mg of caffeine can be found 
in analgesic mixtures 2• 

3
• 

Figure 1. Structure of caffeine 2 

EFFECTS OF CAFFEINE 

Consumption of tea and caffeinated 
beverages is associated with transient 
improvement in performance, rapid increase in 
information processing capacity and 
significant prevention of the steady decline in 
alertness and cognitive capacity4 as well as 
increased rating of energetic and lively5. In 
addition, caffeine can effectively reduce early 
morning driver sleepiness6 and can improve 
long-term memory7

• For the psychological 
effect, caffeine increases arousal, but does not 
affect any emotion dimensions related. to 
feeling of pleasure, or the other word, it does 
not induce euphoria8

. It relaxes smooth 
muscle, stimulates cardiac muscle, and acts on 
the kidney as a diuretic. In the gastrointestinal 
tract, caffeine reduces mid-esophageal pressure 
and increases intestinal glucose absorption9

• 

Caffeine increases oxygen uptake and energy 
expenditure rate but does not change 
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respiratory exchange ratio. Systolic, diastolic, 
and mean arterial blood pressures are mildly 
elevated following caffeine intake10

• The 
mechanism of the improvement of endurance 
performance by caffeine is still unknown. 
Caffeine ingestion is associated with an 
increased plasma epinephrine and cortisol 
levels, which might contribute to its benefit on 
exercise endurance11

• 

TOXICITY OF CAFFEINE 

There are many children suffered 
from headache as a result of serious lack of 
sleep due to the use of coffee and cola drinks 12

• 

In one report, caffeine intake is significantly 
related to self-reported parasomnias (abnormal 
sleeping pattern) in children13

• Ingestion of a 
single oral dose of caffeine at the typical 
consumptive level (3 mg caffeine/kg body 
weight) significantly increases whole-arm 
physiological tremor in young adult14

• High 
doses (> 3mg/kg) of caffeine in person who 
previously consumed little caffeine produce 
negative subjective effects such as 
nervousness, jitteriness, stomachache, and 
nausea's. Toxic manifestations in an overdose 
case include sweating, tachycardia, cardiac 
failure, pulmonary oedema, gastric dilatation, 
metabolic disturbances (metabolic acidosis, 
hyperglycaemia and creatine kinase elevation), 
hypertonia, and convulsion 16

• Caffeine 
increases gastric acid secretion, thus, patients 
with active peptic ulcer should restrict their 
intake17

• The pressor effect (increasing blood 
pressure) of caffeine should be aware in 
patients with hypertension especially in elderly 
since increasing age is associated with 
increasing sensitivity to the pressor effects of 
caffeine18

•
19

• Fatal caffeine poisoning is a 
relatively rare event but several instances have 
been recorded, usually after accidental or 
intentional ingestion of very large amounts 
(>3 g)2. Caffeine is now known to cross the 
placenta thus potentially could induce fetal 
malformation by affectin§ the expression of 
genes vital in development . 

CAFFEINE TOLERANCE AND 
DEPENDENCY 

Caffeine deprivation is associated 
with impaired vigilance performance, 
increased response time, decreased vigor, 
increased fatigue and headache, and reduced 
ability to work. This physical dependence 
occurs even under modest conditions, i.e., 
fewer doses per day, lower daily dose, shorter 
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duration of exposure. In habitual caffeine 
consumers, short periods of caffeine 
deprivation, equivalent in length to skipping 
regular morning coffee, produce deficits in 
sustained attention and noticeable unpleasant 
caffeine-withdrawal symptoms. Chronic 
caffeine user shows significant increases in 
typical withdrawal symptoms (e.g. sleepiness, 
fatigue, and mood disturbance) after stop 
receiving caffeine. Cessation of daily caffeine 
consumption significantly increases cerebral 
blood flow velocity leading to withdrawal 
symptoms of headache, drowsiness, and 
decreased alertness20

•
23

• Chronic caffeine 
consumers will seek for caffeine twice as often 
than subjects who do not daily consume 
caffeine2 

• One of the significant factors 
motivating caffeine consumption appears to be 
"withdrawal relier'25

• 

Not everyone who consumes 
caffeine-containing products shows signs of 
caffeine dependence and tolerance. In one 
survey, only 11% of the caffeine consumers 
reported symptoms upon stopping caffeine. 
Among the regular caffeine users, only 0.9% 
of males · and 5.5% of females reported 
symptoms significant enough to interfere with 
normal activities when they abruptly stopped 
caffeine. When participants were unaware of 
the caffeine-withdrawal, both the frequency 
and severity of caffeine-withdrawal symptoms 
were very low. Therefore, clinically significant 
symptoms of caffeine dependence seem to be 
uncommon events among the general 
population26

. It appears that the effects of tea 
and coffee are not entirely due to caffeine per 
se; other factors either intrinsic to the beverage 
(e.g. sensory attributes or the presence of other 
biologically active substances) or of a 
psychological nature (e.g. expectancy) are 
likely to play a significant role in tea and/or 
caffeine preferences 4• 

After sudden caffeine cessation, 
withdrawal symptoms develop only in a small 
portion of the population but are moderate and 
transient. Tolerance to some subjective effects 
of caffeine might occur, but most of the time 
complete tolerance to many effects of caffeine 
on the central nervous system does not occur. 
The reinforcing stimuli functions of caffeine 
are limited to low or rather moderate doses 
while high doses are usually avoided. The 
classical drugs of abuse lead to quite specific 
increase in cerebral functional activity and 
dopamine release in the shell of the nucleus 
accumbens, the key structure for reward, 
motivation and addiction. However, the 
caffeine doses that reflect daily human 
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consumption do not induce a release of 
dopamine in the shell of the nucleus 
accumbens but lead to a release of dopamine in 
the prefrontal cortex, which is consistent with 
caffeine reinforcing properties. Moreover, 
caffeine increases glucose utilization in the 
shell of the nucleus accumbens only at rather 
high doses that stimulate most brain structures, 
non-specifically, and likely reflect the side 
effects linked to high caffeine ingestion. That 
dose is also 5-10 folds higher than the one 
necessary to stimulate the caudate nucleus, 
which mediates motor activity, and the 
stmctures regulating sleep-wake cycle, the two 
functions most sensitive to caffeine27

• When 
criteria for drug/substance abuse "DSM­
criteria" are applied for caffeine, which include 
strong desire or unsuccessful attempt to stop 
use, spending a great deal of time with the 
drug, using more than intended, occurring of 
withdrawal symptoms, using despite 
knowledge of harm, occurring of tolerance and 
foregoing activities to use; only 7% of users 
meet these criteria for caffeine intoxication, 
and among those who have tried to stop 
caffeine permanently, 24% meet these research 
criteria for caffeine withdrawal 28

• 

Caffeine has weak reinforcing 
properties, but with little or no evidence for 
upward dose adjustment (tolerance), possibly 
because of the adverse effects of higher doses. 
Caffeine taken in excess, dependent on the 
doses, can cause flushing or chills, irritability, 
loss of appetite, weakness, tremor, tachycardia, 
vomiting, fever, convulsions, cardiac 
arrhythmias, coma, and death2

• The caffeine 
withdrawal symptoms and its positive 
reinforcement effect are not pronounced as 
those associated with cocaine and 
amphetamine, nor does caffeine use appear to 
pose any threat to the individual or to society. 
There is thus no need to add diagnosis 
"caffeine dependence" to the psychiatric 
manuals 1• 

COMBINATION OF CAFFEINE WITH 
OTHER DRUGS 

Caffeine is found to be an effective 
analgesic adjuvant because it increases the 
anti-nociceptive (pain relief) effect of non­
steroidal anti-inflammatory drugs (NSAIDs) 
while reducing the probability of side 
effects 29

• The co-formulation of caffeine with 
acetylsalicylic acid (aspirin) and 
acetaminophen (paracetamol) has a significant 
adjuvant effect and increases analgesic 
efficacy 1.4-1.6 folds without increasing the 



Thai J Pharmacol; Vol 23: No I, Jan-Apr 2001. 

nephrotoxic risk. In addition, there is no 
evidence to suggest that adding caffeine to 
analgesic mixtures could enhance the potential 
for promoting analgesic misuse in the general 
population30

• 

Combination of caffeine and !­
ephedrine currently is misused in athletes since 
it has an ergogenic effect (increasing 
wakefulness and endurance) on high intensity 
aerobic exercise performance31

• Ephedrine, a 
structural analog of methamphetamine, has 
stimulating effects generalized to other central 
stimulants. The stimulus effects of I-ephedrine 
share some amphetaminergic commonality, 
but not identical32

• Using rats trained to 
discriminate 1 mg/kg of d-amphetamine 
(ED50 = 0.4 mg/kg) from saline vehicle in a 
two-lever drug discri!nination procedure, it is 
shown that I-ephedrine (ED50 = 4.5 mg/kg) 
could substitute for the amphetamine stimulus. 
In this study, caffeine (ED50 = 12.9 mg/kg) 
also shows to be able to substitute for d­
amphetamine in a dose-related fashion. Doses 
of I-ephedrine and caffeine, which produced 
< 1 % drug-appropriate responding when 
administered alone, are able to enhance each 
other's stimulus effects when administered in 
combination such that there is a two folds 
leftward shift in their respective dose-response 
curves. It appears that low doses of I-ephedrine 
and caffeine mutually potentiate one another's 
stimulus effects in amphetamine-trained rats 33

• 

A case of cardiotoxicity, i.e., severe 
hypertension and ventricular dysrhythmias of 
this combination; however, has been reported, 
which can lead to serious morbidity and 
mortality if not adequately treated34

• Ephedrine 
and caffeine are thus on the list of doping 
substances of Internatiorial Olympic 
Committee (IOC), in order to protect the health 

OcH,cocH, • HCOOH • NH 2CH3 

(or HCONHCH3) 
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of athletes, prevent unfair advantage (cheating) 
and encourage ethical behavior. Positive 
athletic caffeine testing is defmed at the 
concentration in urine exceeding 12 µg/ml 35

. 

METHAMPHET AMINE SYNTHESIS 

In the past decades, methampheta­
m i ne was synthesized in the clandestine 
laboratories via the reactive amination of 
phenyl-2-propanone (P-2-P)36 (figure 2). After 
l 980's, when P-2-P became a controlled 
substance, synthesis of methamphetamine has 
changed to the conversion of ephedrine by 
reductive cleavage of the hydroxyl group using 
either thionyl chloride (SOC'2) or hydriodic 
acid (HI) and red phosphorus37 (figure 3). 
Before 1994, ephedrine was primarily used as 
decongestant and was found in over-the­
counter cold and allergy medications in 
combination with antihistamines and 
analgesics. Now it is listed as a controlled 
substance and no longer found in over-the­
counter drugs. The tightening of ephedrine 
controls is predicted to soon shift the 
pendulum back to the older method of 
synthesis, using P-2-P as a precursor, since the 
chemical o~erations required are less 
sophisticated3 38

• Ephedrine is found naturally 
in various plants of the Ephedra genus, known 
in Chinese name "Ma Huang". It is used in a 
traditional Chinese medicine. The active 
ingredient in this plant, I-ephedrine, is also a 
precursor for methamphetamine synthesis. 
Because of the difficulty in obtaining 
ephedrine, Ephedra plant is currently found in 
clandestine laboratory for methamphetamine 
synthesis and seems to be a new precursor for 
methamphetamine synthesis39

• 

Beat or 

Acid 

OcH,cocH, 
Alwainiua + HgCl 

BzlMo Cl 

Figure 2. Synthesis ofmethamphetamine via reductive amination of P-2-P 



28 

The illegal synthesis of methampheta­
mine in clandestine laboratory is usually done 
by "basement-chemists" with poor quality 
management. There are possible various kinds 
of adulterants either unintentionally or 
intentionally added40

•
41

• Caffeine is found in 
street methamphetamine as a cost cutting 
agent42

•
43

• One survey found that street 
amphetamine and methamphetamine contained 
neither amphetamine nor methamphetamine. 
These samples contained weaker stimulants 
such as ephedrine and/or caffeine. Most of the 
samples were found to contain amphetamine or 
methamphetam ine and other drugs, 
particularly ephedrine and caffeine44

. In 
Thailand, Palanuvej and colleagues4s reported 
that 74% of street methamphetamine contained 

1-Bphedrine 

1. soc~ 
or 

II. HI / p 
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methamphetamine and caffeine; about 13% 
contained methamphetamine, caffeine, and 
ephedrine; and 4% contained ephedrine and 
caffeine without methamphetamine. By 
structural point of view, caffeine found in the 
street methamphetamine is the result of adding 
during the process, in order to cut the cost and 
to avoid using controlled substance while 
maintaining stimulating effects although 
weaker than those of amphetamine. For 
ephedrine, it might be . added into 
methamphetamine for the same results as that 
caffeine is added. In addit ion, it might be the 
left over precursor since ephedrine is a 
precursor for current method of methampheta­
mine synthesis in street market, with non­
standardized, poor quality and management. 

.. 
d-Methamphetamine 

Figure 3. Synthesis of d-methamphetamine via the conversion of I-ephedrine 
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Retinoids, active metabolites of vitamin A (retinol), play critical roles in vision, embryonic 
development, cell differentiation and homeostasis. Their receptors can be divided into two classes: the 
retinoic acid receptors (RARs) and the retinoid X receptors (RXRs). Both types of receptor are 
members of the nuclear hormone receptor superfamily. The receptors are subdivided into six distinct 
regions denoted the A-F domains. RARs and RXRs are required for RA-induced activation of a 
retinoic acid response element (RARE). The RAREs are found in many promoters and consist of direct 
repeats of the same sequence. The expression of target genes can be modulated by interacting with both 
receptors through RARE in promoter regions of target genes. As either homodimers or heterodimers 
with RAREs located in the promoter regions of target genes. RA-target gene activation is receptor 
specific and cell type specific. Either excessive or lacking of vitamin A may result in abnonnal 
development that leads to tumorigenesis process. Some retinoids are being evaluated as 
chemopreventive and chemotherapeutic agents for a variety of human cancers. Therefore, the current 
opinoin concerning retinoids and cancers are reviewed. 
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response element (RAREs) luil1L~~mf 
... ..,j " 1 """ " U')L1fU promoter L wtimt~'U l1iJfl1')n')1'3 

mRNA LLat 1 th6iuoit1 hJ il'1'1U'UL ')1WU11 • 

1 QJ d ~ ' 
'\Jfll')')fl'HliJtL ')'3'lltl'3iJ'l.llm L'lf'U all- trans • 

retinoic acid (ATRA) nliJl')(}Ulml'li~1ii 
., 1 QJ {:$"I 

flU tamoxifen '\Jfl1')')flU1>.JtL')'3LVl1'\JiJ {flt! 

m 1~ifo1')U1 ATRA (tretinoin) iJTYIVl'1t1'3 

1'lf1 u n1')-rnu1 rr t11uii~L ~'3 LijVI La ti vi'lJ11 
" 

(acute promyelocytic leukemia) ~'3 
'11i.Jl')mhll1Li1vi remission lu~u1u1~ 

" 
L'liunu w·faii 1nuil'l~"fl1')flflu1u'Ylm'YI 

. . .J.J " ., d ... 
'lltl.:J retmo1ds 'YILflU1'lJtl'3flUiJtL').:J'lf'UVI 

oll.:J 1 'lltl.:J>J'\JUU~.:Jlu in vitro uat in vivo • 
I r:$ Q ~ e r::$&1 

L'lfU >JtL').:JU')L1tllv1')'l:ftLLata1~t1 iJtL').:J').:J 

1'll iJtL~.:JUlm.JVlafl >JtL~'3UtlVl LLat>JtL~.:J 
" 

N1WU.:J Li'.JU~'U LVIUflflY1l'ULL~'lfilVl'lltl'3 

S11111illra Charoe11hin111yi11gyos 

LLntfla 1n~ retinoids l'lf'l um')au&'3fl1') 

L ~ iJ~1'lJ1'UL 'lf'1~l1'iflfl1') L U~UULL U'1'3')U~1'3 
" 

'lJfl'3L'lfa~>JtL~'3 il'liUUUfli~u 1~*flflM1 
:: 1 ..,j 'Yl.:J '\JL ') fl-l'll fl.:J cell- cycle regulation, 

LU')6i1J cyclin dependent kinase (L'lfu 

cdk4, cdk6) ~'3a1iJl')(llh1'1L'lfa~LflVI Gl 

arrest LH'!t'lhL'lfa~L'li1a terminal dif-
" 

ferentiation lu~avi irnn'11nda..:i 1~flfllfl • 
lun~iJ'lliM transcriptional factors: c-jun, 

d " 1 """ c- fos, c- myc, AP- 1 'lf.:Jmt~'\J \12.Jfll') 

a-f1'3 mRNA uatlhliLnVI malignant 

transformation cells mi1m 1~ ~'3tT'lJ'1t 
<f1111 I "" ~"'1 mu Vl11 retinoids U1'1t>JU'YIU1flr;tl~ty u 

fll')~ 1 >J'i fl'Hl ii t L ~.:J'll tl-3 ii 'lJ YU W fl l i.Jl u • 

HISTORY OF RETINOIDS 

1ua"u1 U')l (}ALL w 'YI tJ'lf11 ii flu~ 
a-3 Lfl{l')WUl1'11')'1n Vl'11 fl olU '11iJ1')(J-j'fllfl 

h~{ll1U1'3'lfilVl1il11Ul~ oimn George 

Wald l~li1fl1')flflY1L~m0ii1lutJ ~.Vl. 
I °' °' fll CV .J 

1932- 1934 WU11{11U'1VILu'lJfl1U1t'YlflVl>J • 
1u~1ui{ll1ilmv ~'3tfua1'janvi'11noi'u~~ 
aii11')Clll1i11 l?i''inm h~{lll~-lmh1'li1'3~u 
... ... ., fll .J l 1 ., 
1{1')1>.J'IJLfl'1VIL u'lJal')'YJa~aiu 'IJ 'lJJJ'IJ LLat 

L U'lJ '11')~1 L ti ua1\1-rUfl1')L'1~ty LOlU L{ll LLa~ 

fl1')~1')'3~i{ll'llfl'3iJ'IJUU (McCollum and • 
... .(.J ., 1" 

Davis, 1913) nl')U')~'YJi'i'YlnflVl Vl'11fl 

'°' '°' "" I d fll .J 1{111JJ'lJLflL')Ufl11 "retinol" 'lf.:JLu'IJa1')fl(lfl 
" 

U 1 iJ11 'lfL 'lJ fll ')-j' fl Ul LLa ~ fll ')'YJ VI a fl'3'Yl1'1 

~ailnW1'31JJ1flJJ1U a'1'1Jal') active 
• ~ Q l:-=:t I 

metabohtes 'lJ t.l'l1{111 iJ'lJ L t.l'IJ 'lJ L ')U fl11 

"retinoids" ~'3jj~11i1a1~qJ l im1')>.J t.l'IL ~u 
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m'lYrOllmmN~1tit1u1um'lfi' m'lLLU'3~1 

LL ma ~>J~1u1m'lfa'1 nl'lL tJ~ti'UlL tJa'3'l~ .. 
I o' :; o' I 

'll'3'lltl'3L'lfaa 'l1>J'Yl'3fl1Uflmf>JVlati'lleM'll'3 • • 
" mu~1u vl'3UtJm'l1~-ruim1iltJrnmmntJ 

1tJli~fom1'lll vii m1 ilu Ltl u' tl>J ii Na~ a 

Yr0llmm'l'llfl'3~1'3mu~~vitJn&i1~ 

STRUCTURE OF RETINOIDS AND 

THEIR CLASSIFICATION 

Retinoids ;jviLlJ'Ual'ltl'UWtJfi~ii • 
am'l Lfl1,rnf1'3 milvfla'3nuim1iltJrn 1u .. 
il1'l mn Q1 L 'll ai >J11owu a11v1'3 n rl111~ m n 

n11 2,500 'lfilvi
1 LLm:aim1o~VlLLU'3 

l1 >J1 vi l1 >J
1 

m1 >J am1 Lfl1'3ai'1'31vi"dj u 3 .. .. 
.J.J 'l" I generations (~u'YI 1) VlLLn 

1. 1 ' 1 generation 1~LLO all-trans 

retinoic acid (tretinoin) Lrn:: 13-cis­

retinoic acid (isotretinoin) 

111 generation of relinoids 

Retinol (vitamin A) 

All-trans relinoic acid (lretinoin) 

2•d generation of rellnoids 

OOOH 

Acitretin 

d 
~till 1 Classification of retinoids 
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2. 200 generation 'l~LLO aromatic 

retinoids L'li'U etretinate ua:: acitretin m1 

L ~lln~ll aromatic ring Lczi'l 1 tJ~::'ll1m ~>J 
tJ1::an611Tw (potency) 'llfl>lt.n lum1-rnm 

1 ., .. J' " 
l1Vl'il'UVl1FJ 

3. 3'd generation 1~LLri poly­

aromatic retinoids with or without polar 

group ~'3iitJ1::an6mwlum'l-rn'li1~ni1 
I .J "" 'I • I"" .J " nqi1n 2 allll'ltlU'll111 t'Uu'l>JltU'Yl'UBEJa'3 

0 :; ti ~ ~ tJ q 

~l 'U1tJ f)'j-,3'1.J tJEJa'3 112J 'Yl'3 LOVl Na'lJ1'3 Lfl FJ'3 

~1nt11tl'vtJn'1vi"1t1 Liu flavonoids 

(flavanols, flavanones, flavones, 

iso_flavones) ~'3;j'VlLll'IJa11~WULUW'lflialEJ 
"tfUVl L~t111ii q'Yl~l 'U 011.rn'lil hfliJ::L ~'3 
hfll-11 hLrn::liaflVIL~flVl hflflilLL ~ na:: .. 
t 1~0iviL:A'mtu~iit~FJ ~'3ri1a'31~-rum1i1au 
1~LLad1 m1~n'li1i;j'FJtl'U fJUl.:JLL W~lialtlflU 

" 

OH 

3,4-Didehydroretinol (vitamin A1) 

H3 H3 

:::::,... :::::,... :::::,... "'<::: 

COOH 

13-cis rctinoic acid (isotrclinoin) 

3,. generation of retinoids 

OH 

Flavanol 

R1 
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RETINOID RECEPTORS 

I ffl Retinoid receptors LLUHHlnLu\J 

2 ntji.i ~a retinoic acid receptors (RARs) 

LLGI~ retinoid X receptors (RXRs) ~ .. mlfl 

a~ class ihfm?fn 3 ~1 ~B a, P LLGI~ ya-
5 t 4Clit. ' Q.I Q.J #:A receptors ~mti.Jl'ifnLLVIGl~Ol1tNi.J'Halfl 

isotypes Liu P receptors LLU-:JLU\J PP P2 

LLa~ p4 

6 LLoia~ receptor ~rn-:i retinoids ~~Sl 

a11J?JB-:J DNA binding domain (C­

region) L'HijB\Jtl\J a1u isoforms ~LLWn 
I CV I J' I CV ..J 

Vll·.rn\J?JB-:JLLWa~ receptor 'lJ\JB~m.Jct1\J 

'lJB-:J N-terminal region (AB-region) ~ 
I Q.I I .J t 

LLV1nm1-:inu LLa~uvia~ isotype ·tmmn011-:i 
Q.I J tCV o f • o I 

OlJ'lJ1JB~nUV11LL 'H1N splicmg LLGl~VllLL'H\J-:J 

6 1 " ?Ja~ promoter na nnTrnanqnG?JB-:J 

J' I CV '°' 
retinoids 'lJ\J a~ OU'if\J~'ll a~ retinoid 

receptors ~~~'h.J~unu retinoic acid 

response element (RARE) 1uu~L1tU 

"" "1""' promoter region L'VHJO'l~Ol'U 'HLO~nl'l 

a1'1-:i mRNA oia'h.J 

STRUCTURE AND FUNCTION OF 

RAR AND RXR 

Retinoid receptor ~~Lllmtm?ln 

nuclear hormone receptor superfamily ~-:i 
ai.11?ln 1 u family du-:ii.J,~nrm 1 i.J~nfl 
receptor 'lJB-:J glucocorticoids (cortisone), 

estrogens, mineralocorticoids (andro­

sterone), androgens 

53 90 147 193 

A I B I c I D I 

Sumitfra Charoe11hinmyi11gyos 

(testosterone), progesterone, fatty acids, 

thyroid hormone, vitamin 0 3 'l1i.J~-:J 
q. .J.,1, 

receptors an~1u1ui.11nnE.1-:i mtli.Jl'lO 

~1 LL \J n'lfU~'lJ a-:iri1u ligand- binding 1~ 

(orphan receptors)
7

'
8 

Nuclear hormone 
J' q. ~ 

receptor superfamily u i.1~1u1uam·on 

mnn11 150 'ifil~ L 'llilfli.ili steroid 
ffj I 

hormone receptor LuULLi.JLLUU'lJB-:Jnl'l 

~mfl receptor lu superfamily if nl'lLLf.10 

'lfU~'lJB-:J steroid hom1one receptor faf.I 
QI • Q.I ,J 4 Cl.I 

B1"1f1Gll~ULUG'fl1L'Hi.JB\Jn\J (homology 

sequencing) ali.J1'lOLLU-:J l~LU\J 6 a1u 

t~flliel'n~'l A-F Llluff'tyan~ruLLnmLoia~ 

domain
9

'
10 ('lU~ 2) 

\J 

• AB-region l~LLn a1mrn'3 N­

term inal ~'3 Sl ligand independent 

transactivation function U'l'l~atj 

• C- region l~LLtl a1\J'lliM DNA­

binding domain 

• D- region l~LLtl a11J'lJB-:J flexible 

protein domain ~~L1'.Jua1u conserved 

region 

• E-region 1~fon a11J'lJB-:J ligand­

binding domain 

• F- region l~LLrl a1\J'lJB-:J non­

specific function ~~Li'.Juri1u non­

conserved region UH receptor ~~ li.HJ 
a1ud 11 

-
15 

413 448 

E F I 
~tlrl 2 mVlmlvi~m'ill!J0'11UV!tlil~ steroid hom1one receptor lviaillfl!Jfll~\JL\Jntlil~O'iV!il::ilfo n1)11'irtlltN 10 6 thu 

lvialtrnn'l:l'i A-F 1\'Juff'tyammfmnrnoifl:: domain (van der Leede et al. Hubrechy Laboratory, Netherland 

Institute for Developmental Biology, Utrecht, Netherlands, 1996) 
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.. ct "' am·nwnc:M nuclear hormone receptor ~'3)J 

t1'3~l.h::ot1\J~~1u~~'30U steroid hormone 

"' receptor ~ti 

) 
. flt .. .J"' 1 C-termmal part Lu'UU'H1fUYJ)J 

ligand binding domain (E-region) U'f'j~ 

mi ~'3muluu~nru E-region if~::\J"j"j~ 
v • 

a'1U'llt1'3 dimerization domain Lrn:: 

transactivation domain 11 f'it1 activating 

factor 2 (AF - 2) ~'3L~uo1'1 
transactivating factor 2 (TAF-2) 16

-
21 

2) u~nru N- terminal part Li'.Ju 

RAR wild- type receptor \J~L1tuAB -

aal 
......... 90 156 

IGI I c D 

DNA I 
N 

RARy receptor 

Met 90 156 

101 c I D 

T 
201 

I 
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region DU ~'3mulim~nruif~::\J"j"j~a1u v • 

'lltl-3 ligand independent transactivation 

function f'it1 activating factor! (AF-1) 11 
... 
~nu 

3) DNA- binding domain (C-
') Fl .. .J, I .. .J region L ulJ\J"jL1tu'Ylfl~"j:;\-111'3\J"jL1tuYl 

conserved mo~~~(D-region) tiuu~nru 
.J ,., ~I 
YI LL'1~'3 ~11 )J LLOl OG11'3 O'U'll tl-3 am·o n LLVI a:: 

~1 (AB-region) 

) 
_q .. .J 

4 D - region Lu'\J\J"jL1fUYl 
.J R .J I 

conserved i.11 OYJ a~ LL a:: Lu trn ti u 'll tl-3 
• v 

nuclear localization signal
22 (~tl~ 3) 

422 454 

E I F I 
RA 

422 454 

E I F I 
JU~ 3 mwmwi~ RAR receptor mu: RARY LY1voi1rnt1ti1~uuLLil~Nn~oi1LL~nl~mNn'lY1ti:::ilfo L'liu RARY 

oilLL'HU~L~>J~Uf°itin'lYIL>Jlriltiilu ol1LL'HU~ domain AB th:mti\J~1U ligand independent 

transactivation function (activating factor 1: AF- 1), oi1LL'HU~ domain C th:::nti\J~1EJ DNA 

binding domain, oi1LL'HU~ domain D t.h:::nti\J~1EJ nuclear localization signal (N) mi::: conserved 

Sacl site (S), oi1LL'HU~ domain E th:::nti\J~1tl retinoic acid binding site Lrn::: major site for 

heterodimerization with RXRs trnn~1nifu~1.h:::nti\J~1EJ transactivation domain (activating 

factor 2: AF-2), ri1uoi1LL'HU~ domain F ~Y1Li'.luri1u non- conserved m~;j'H~tl liHrnl~. 

(Aneskievic/1 and Fuclts, 1995. 11a:: Folkers, et al. TJ1e Joumal of Steroid Biocliemistry and 

Molecular biology 1996; 56: 119.) 
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RETINOIC ACID RESPONSE 

ELEMENTS (RAREs} 

RARE 

nucleotide O'l"MoilLL'HU~ promoter ~~ 
alJJl'rn~unu retinoid receptor u~nru 

DNA-binding domain (C-region) 

element 'lHN vitamin 0 3 ua~ thyroid 
4•&1 .J4., 

hormone receptor ~rna1~mmfnL~nrnunu 

.J'1nmiJu?!~ '1 (directly repeats of the 

... 

Sumiflra Charoe11hiru11yingyos 

same sequence)
23 (~t.J~ 4) Retinoid 

receptor ~~a1m"imtfl~LiJu heterodimers 
., ., f 4 u u 

OU011LiN L'lf\J RAR-RXR Wrn'O\lunu 
.,, I 

nuclear receptor tl\J '1 L'ii\J RXR- VDR 

!!1 " 1 ~ .... Lu\JO'l\J ~UY!~ RAR Lrn~ RXR allJl'Hl'O\lU 

"' .,, 'l"" I nu response element tl\J '1 ~~1U LL{I} 

retinoid receptors ~~a1m·rn~unu RARE 

~u~nru promoter l~oi'ti~mA'u retinoic 
!!1 .... .J • " 1 " ... acid Lu\Jm1Ll1UU1\Jl Lrn~m~01u mn~ • 

nl')a{1~ mRNA olti ltJ 

(a) GRE 5' AGAACA(N)3 TGTTCT 3' 

3' TCITG.(N)3 ACAAGA 5 ' ... 
(b) ERE 5' AGGTCA(N)3 TGACCT 3' 

3' TCCA~(N)3 ACTGGA 5' 

5' AGGTCA(N)3 

... 
(c) VORE AGGTCA 3' 

3
1 

TCCAGJ(N)3 V:CAGT 5' 

(d) TRE 5' AGGTCA(N)4 AGGTCA 3' 

3' TCCAGJ(N)4 ~CAGT 5' 

(e) RARE 5' AGGTCAC(N)5 AGGTCA 3' 

3' TCCAGT(N)6 TCCAGT 5' ... 

tl d •" A.t..J· ' J_., ' " 
~ 'tl 4 ll1\'ILlil~H~1Vl\JtJil~n'lVJil::iJ 'U'YlVl1Ll\1\H DNA sites, cell response elements '11'~~\Jil~nu 

glucocorficoids (GRE), estrogen (E~E), vitamin D3 receptor (VDRE), thyroid hormone 

receptor (TRE) Lrn:: retinoic acid receptor (RARE). (Adapted from Clrnpterl O: Regulation 

of Transcription Initiation. In: Molecular Cell Biology, 2000:394) 
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CELL-TYPE SPECIFIC 

TRANSCRIPTIONAL ACTIVATION 

BY RETINOIC ACID 

m'illi'ai'i retinoic acid (RA) 

" . ' n11J1'ifln'i:::01um:an'Un1'i transcnpt10n 

1~ fatJ~'UtlUOU'ifU~'lliM retinoid receptor 
u 

1 :: I OI OI 

LLa::: response element ~tllN~~:::lJl~Un'U 

vtJ1'U'iU heterodimeric receptor complex 
u u 

J ... ,r ... .r , ... 
'YJU'iL1flJ promoter 'Utln~1nutJ~·znrn~nu 

'ifU~'lJtl~L'2HHl (cell- type specific) ~1tJ ~~ 
:: ."f U .J q I o 

1J 'Uu ~~ tJYI lJ NCI01 tl nl'irl1U ~lJ nl'i'Yl1~1'U 

'llv~a1u promoter LLa:::mw1vuauv~oit1 

• Ligand availability 

• Receptor expression 

• Receptor binding to DNA 

• Receptor activity 

• Promoter architecture 

• Posttranscriptional modification 

BIOLOGY OF CELL-SPECIFIC 

TRANSCRIPTION REGULATION IN 

RETINOID SIGNALING 
~ QI t J' IOI 

m'iL~'iC\J'llil~v1tJ1:::011~ 'l 'lllJil~nu 

n 1 'i a~ L ~ 'i 1 ::: l1 .. LL a ::: L lJ 011 U ii ~ W lJ 'll tl ~ 

retinoids ~~fln~1u~J.J 1~mtl'U 1'2n.Jl1a1tJ 
u • ... :: ... :: 1 ., ... 

'if'U~ Lrn:::mntJ'll'U01 v'U ~~imm'i ~ 'iU 

1011 ilu Lil m n Lnu1 tll1~ilnl'i?J1~i011ilu rn 
t cf I Q.I QI I 

tJ illJlJNCI01tlnl'iW~'U1'lJtl~Cl1tJ1:::011~1 

1~m.Jn011umm'i~:::iitl~J.Jltu'lJCl~ retinoids 

1i.hlihrnu nl'ii'~'i:::~U'lltN retinoids ~~ 

UtJJ.Ji'~L'U'iU'lJCl~ serum retinol Cfi1tln0i 
u 

20-so µg1dL)
2

• Lrlv~~1nlum:::u1um'i 
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a~ L~'il:::l'f retinoids (active metabolite) 

~ ' I .J I I b L'ilJ~ln retmo LlJClr.Jl'U p asma mem rane 

L'iJ1aL'21aa ~:::iunu retinol binding protein 
u 

(RBP) ((ihLU~tJtlnQi RBP 'lJtl~~Ll1cY 1u 

LWA'iflfl 47 µgtmL 1mwAl1tlJ~ 42 µgt 

mL LLa:::L'UL~nmumnni1 10 'll1U 20-• 
30 µgtmL)

20 
na1mthJ retinoid-binding 

protein complex L'i1n11Jl'iflLLU~n~lJ'lJil~ 

retinoid- binding protein complex ilan 

LlJU 2 naJ.J~il cellular retinol-binding • 
protein ( CRBP) LLa::: cellular retinoic 

.J I 

acid-binding protein (CRABP) 'lf~LL01a::: 

naJ.Jii 2 'lfil~~il CRBP I,II Lrn::: CRABP • 
I,II ~~~:::iunu retinol LLm: retinoic acid 

011mh~u 

Retinol nllJl'iflLU~fllJLll'U retinal 

1~mnA'urnu hif retinol dehydrogenase 

LLCl:::Ltl~fl'U~ln retinal 1tlLllu retinoic acid 

foumA'urnu hif retinal dehydrogenase 
.J fl :: tl .J . i'.J (~tin 5) ·Lti'lJ'U01Cltinl'iL auu retmol L u 

retinal ifuilvi1LlJU rate limiting step 'lltl~ 
m:::u1um'iff~L~'i1:::li'ai'i active retinoids 

L tl 'U l 'lf J.J .. ~ L fi u1i tl~ 1 iJ~U VJ tllJ i1'1~LL n' 

alcohol dehydrogenases (ADH), ADH I 

LLa::: ADH IV ~~n12.J1'if1Ln~l~i~1'U 
cytoplasm LLa::: microsomes 

mi~~1mfu retinoic acid ( 4-

oxaretinoic acid, ATRA, 9- cis RA, 3,4 

didehydro RA, 14 HRR) ~:::~1'UL'il1~ 

il1L~atJaL~tl 1tliunu retinoic receptors 

(RARs,RXRs) LLa:::L~~iltiol1ltliunu 
.J ... " ... 

RARE 'YIU'iL1flJ promoter region LLa1'ifO 

1hlli'Ln~nl'in-f1~ mRNA LLa:::ltl'iOllJolCl 

1tl Retinoic acid ~~~a{1~~u 1~~1nmu 
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hd1.:Jmt.1 (endogenous retinoic acid) 

'11~ ti l~-ru"1 n fl1 t.11Hl n (exogenous 

.!: "' retinoic acid) 'U 'UJ.J Vl11J.J~1 L w1::Qj t1'lfil ~ 
~ ~ " ' 

'lltl.:JL'ZfCH'ILLClt'lf'U~'lltl.:J receptors ~nu L'lf'U 

ATRA iim1J.J~1LW1t~tl RARs 'hu 9 -
" ~ 0 ' Q.I 

cis RA J.JVl11J.J"1LlfltVltl'YM RARs uat 

RXRs 
J' 

mrn"1nuai'j P - carotene ua:: 

provitamin carotinoids ~'U 1 U.:JalJ.Jl'Hl 

tl .J fl l ".J .. d .!: 1 L at.l'ULu'U retinal ~'YllJ'H1CULl'..ltllJ'lf'U 1J 

L 

RbL 

• 

' I 
' c§) ~Oiphan 

€\) 

j RA 

OOH Ji, 
~ 

RALD~ ,,>r 
I , ' <I 

- - - - - - - ~ n'tA ~ ' 1 

.J."-1"\. , '~ 
/ _, I I 

RA A' l :,. 
I I 

RAB /• 
§4-0XRA 1 ,' 

4-dRA

1

/ , 

I+ . "d po ar retmo1 s 

S11milfra Charoenhirunyingyos 

"' • l" of tl.J "' r~u.:J?Jt1.:Ja1 arnn ua::mm'jm mnmau 

J.J1Ltl'U retinol l~L'lf'UO'U l1'l.:Jv1nll'U~1.:J 
mu"dlmtlJ1'Un1') esterification L yjm~u 
a::aJ.Jivi1ihut1lilu~tlmN retinyl palmi-

.J "' ti I "' V ..J tate 'YIVIU LLat"::Cln aeiunarnm«mtua 
v v 

"" "' .!: 1 ti 'i" "' "' rnt1~t1nm.:J '\J') ?Jtl.:J Retinol L~mm"::"u v 

nu Retinol binding protein (RBP) l1~tl 
CV "' , , 24 , 
"unu prealbumm transthyretm retmol 
"' I a I V V d 
~'3 na11 n":: ~iu n ')tu1u nl')'ll1'3VI 'UL w t1 

.f I 'ltl t1t1nq'YlilV1t1 

----

... f.J ~ &I ., .i:a..ct 1 ., ,,,.. .,, ' 
Ju'tl 5 mvmffON'IJ'IJOHl\ml'HNLA'rn:mrn::uJOJ1Uiln'lnJ'lliN retinoids 1m.1 'UL'l1niUJ'41:H.I LO'IE.lilmfiOJ1~ 'l 

iJm1mrn1u~~;f : ROL= retinol, RAL= retinal, ROOH = carboxylic acid, CRBP = cellular 

retinol binding protein, RALDH = retinal dehydrogenase, RA = retinoic acid, CRABP = 

cellular retinoic acid binding protein, RXR = retinoids X receptor, RAR = retinoic acid 

receptor, RARE = retinoic acid response element, P = phosphorylation, swi = a protein 

required for transcriptional activation, p300/cbp = a cofactor for RAR, pCAF = a protein for 

p300/cbp-associated factor, GTF = general transcription factor, D = D-box. (Adapted from 

van dee Leede et al. Hubrec/Jt Laboratory, Netl1erlands Institute for Developmental Biology, 

Utrecllr, Netl1erla11ds, 19 9 6) 
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VITAMIN A DEFICIENCY 

d "" "" "' fir A "' L\JcNv1monJ.JuLt.lvVILuml1')t11~CJJ 

a1\.1~\Jfi1')n1'11\J'llt.l'1L'lHHlol1'1 '1 'llt.l-1~1'1 
d ~..J I GI 

mu 01')J.Jt.l'1mu LLm:J.Jtt1UOlt.lV40llmm'j 

Lrn:m1')ai'1'1rJi'u1ta1uo11'11 'llrl'1~1'1mu 

ai m01'll r.l'101')'ll1Vl1011iju rn lo1url25
•

21 

• 
1. Primary vitamin A deficiency 

rl1ul "r1qj irn LflV1v1nm')'ll1Vlr.l1"r11')JJ1 LlJu 

na1u1u ~'1V4\JUrlU (endemic areas) lu 

Lm~u01::i'u rJt.lm~u'1 lo1 LflV1v1nm'ja'li11 

n1L~a1') carotenes ~LtJ~t.ln"r1qV1ltJ 
2. Secondary vitamin A 

.J 1.: deficiency LflVlv1n01')l1a1') carotene .. 
•rd CV fir "" "" 1 " 4 cC a1iJ1')flLuauummLu\J1011JJULrl VI "r1')r.lJJ 

fi1'j'ji.Jn1u01')V1VIWJJ m')'l1Uri'1'llt.l'11vn-
v 

ijurn L'liu celiac disease, sprue, cystic 

fibrosis, pancreatic disease, duodenal 

bypass, congenital partial obstruction of 

jejunum, obstruction of bile ducts, 

giardiasis LLat cirrhosis . 
.J 

t.l1 n1 'j uaV1'1 n r.11 v Ol ')1v V4U n1'1 

~ailn 1o1LLO* 

•ch"r1u'1Ltl~uuhl L'lfU f41"r1tl1\J 

L~un-h goose flesh "r1~t.l xeroderma Ut.ln 

.f cC I "" "" "" v1nu mvJJ r.J am rl m rl\J r.J1'll r.l'1')::uum'1LVIU • 
l'11ULv ')::\J\Jl11'1L~Url1\.11') LL"4::')t\J\Jl11'1 

L~uuaa11to11u 

•vnurJVIL\J~jjVl (night blindness) 

LlJULLr.Ja~m::vn011 (corneal ulcer) Urln 
.r "" "" CV Pl v1 nu n1')'ll1Vl1V11JJU Lt.lU'1L u uai L "r1~'ll t.l-1 

. .. . . . 
xerophthalm1a \.1')r.l xeros1s conJunctivae 
.J. •'I".. 1 .J 'lf'1alJJ1')fll11 L"r1LnVl011\Jt.lVl \JYl~Vl 
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.r • 1 """ d •urJnv1numvn1 "r1J.Jr.lln1')L\Jrl 

Cll\.11') Lv~CJJLGl\J t01'lf1 ')t\JUJJil~J.Jtl\J~1"4'1 
LL a:: 1~')'1n')::V1n'llrl'1~1'1mu tlV1tJn6ll~an v 

" mu 

(*America's Vitamin and Herbal 

Pharmacy 2000) 

VITAMIN A TOXICITY 

i011ijuLt.la1 JJ1') rin1 L "r1°'LflVlWU~ 

signaling pathway1 

alJJ1')fln1L~LflVl~"4olrl 

.. .... "" ("" " •r.J1"r1\J'1LLatLUrl\J r.J1LL"r1'1 at.ln • 
clnLa\J ~\J bolt.l01')01rJ\JaUr.l'1olr.lLLa'1) 

•oi'u n11 "r1°'il reversible elevation 

'llrl'1LrlU l'lfi!oi'u 

• 1~')'1n')::Vlmlu"r1a'1 L'liu iliiutJu u v 

Lm::~L~U, skeletal hyperostosis 

• ')::uutJ')::a1mbumn'1 L'liu tJ1V1 

•Reversible abnormalities 'llrl'11'll 

irulu:S~JJ 

Russell RM 1o1~h01')Anu1lu~ 

tl1u"r1f)j'1 ~o1~ui011ijurn 400,000 IU/ 

i'u (120 J.Jn.11u) mu1u 8 tJ V4\J~11JJ 
" f4V1tJn6lmH01')n1'11u'llrJ'1oi'u ~1u1'1 ~" 

.. .J ..!' .f .... 
"r1U1\J aUL"4U\J LL"4::0l11 tJu r.J"4'li\JL lJr.101\J 

V4Ui1il hepatic congestion m'lt fibrosis 
I 

lVIUL\lV41tr.lti1'1U'1\J~L1flJ')r.lU '1 central 
• 26,27 

vem 

Ellis et al. lo1·nu-.11Ui1 vitamin A 
.. 1 ""' ". 'r .J .. intoxication alill')flLOVl VIOU~u1Ul1JJ 

~11 JJ f4 Vltl n Gl'll t.l-1LJJ011\J Cl aWJJ'll r.l-11011 ij u Lrl 
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l~rn L\lYn~utl1.:J~.:J l uc4tl1u~ill'ln1u l ma uVI 
" 

tf.:J'lfUVI t 1
28 

v ype 

Carpenter et al. l~'l1U~1\JA'ltlU 

~~1\1~~~tf)J1:afl l u A')tlU~~1i-rn1t1AlJLOVI 
vitamin A intoxication \1a.:Jnuivi1ilu lm1 
~lJ U 'tJ ~1 tn' l 'U1

1'J~L0 Vl'Jl fl genetic 

predisposition 
29 

Krasinski et al. LlJ'UUAmtLL')fl~ • 
I !St."fcvJJ ti CV 4 

wu11mm u \Ju'J'JU'YILflV1'lJ tl~flUfll')LflVI • 
vitamin A intoxication ~.:Jl'UA'Utf.:Jf'lltl'J~il " . 
fa mmnVllJ1flffllA\Jl1UlJa11li'1ltJ u tlfl • 
"J1fldu.:J lVl"~m:n l uma1a>1A'>~iia?Jn1w • 
LL~~ LL')~ t VI ti l lfn 'U fll \11 ')~ iil 'lllj'\J LL a~ 
ioniJ'ULtl\!~ l1~.:J'Jlfl'IT1J1V!"-rh plasma­

pheresis \1a1t1~11tN -rmi1~ 24 ~11)J~ 
lu chyromicrons LLa~ chyromicron 

remnants tf1)J1')t'li'Vl')::~U'lltl~ vitamin A 

ester L ~)J~'Ul~~fl Lrn::fl1')'llmt~ vitan1in 

A ester 'Jlfl chylomicrons Li'l~ 
I ·1 " CV lipoprotein L'lf'U LDLs 'J::'Yll \1'l::VIUA11)J 

L tJ \J~'tJ'lJ tl~ivn ilu rn l u tlU fl'):: LLtf La tlVI l~ 
v 

.ct cv. I -' 1 ". ' I .J..,. "" "" ln\Jt'l.:J 1 '4uV11\1 ua:: \Jr.Ju1tl'YlfflflVl1mJ 
" 

4 I d O ""1 J 
Lil in flLfl\J fl11'Ylfl1\1\J Vl)J flflltf'Yl fasting 

blood retinyl ester 'J::\f.:Jfli1tl~mruivi1ilu 

Lti~n1mi'11tll~)J1fl ( v11tlflOi'lltN fasting 

blood retinyl ester 20- 80 µg1dL, lu 

vitamin A toxicity -.i::lJ1flfli1 100 µ 

g1dL ua::m"Ju~ lVl"il~ 2,000 µg1dL)
24 

.J' " · ~ .J.... .... .... !11 u a fl'Jl fl\J r.J u1U'Ylfl\J1Vl1)J\J mm L u\JL 1a1 
v 

1nu"1nfli1 5 ll "J::ilfammnvi~tJ"J1fl 

retinyl ester 1Vl"mflfli1~lJ1u~nulJ1tl'au 
ni1 5 ll

30 

S11mittra Charoe11hiru11yi11gyos 

VITAMIN A AND TERATOLOGY 

lull A.A. 1953 Cohlan 'l~°ri1fl1'> 
!S .., :; .. .J' " 
v1fl t n'YIV1atl.:J L 'U\1\JVl.:J~')')Jl ua::rnt1~V11EJ 

\J 

tl1\11')~ilai'ltl'l::fl fluivi1ilma 3 5, ooo 

LLl1i.:J mmu '[ l1i ua::ilm1lJtlV1tlflOi'Yl1.:J 

a1uvi1
31

'
32 

oium lull A.A. 1979 Geelen 

l tlo !'l CV .,.., 

Vl'Yl1fl1'>'YIVlatl~'lf1 'Ul1lJ'41UYrnqau 1 ua:: 
I .J 1 ti I d CV 33 

f)')~ O'lltl 'lf.:J Vlr~aL'lflJLVIV1fl\J 

alw!ul'U)JlJl'.HJ The National • 
Research Council's Recommended 

Dietary LL \J~th 1 lf l1tY.:JiiA'l')il1~~uivi1iJu 
Ltl 5,000 IU \1~fl retinal 3,300 IU oltl 
CV .J'} .... :; .-.J 4 4:; 
1\J '11\J L'Ul1ty.:JO'l~A')')Jl'YJ'lJ1Vl10'l1)J\JLtl\J\J 

World Health Organization Lrn:: IVACG 

stage LL u~tl 1 hfl~Huivi1 ilu Lai'u a:: 

7 ,000- 8,000 IU34
'
35 

'J1fl')1£N1\JWUi1 

tJl')Vll~lVl"~uioniJurn 2 5, ooo IU oiai'u 

')~l1i1~fl1'loT.:J~')')Jl 1 lf rh LU Vl'Yl1')fl~fl1') 
tlVl')UL\J')::UUoll~ 'l L'li'U ')~UUU')~tfl'Yl 

\J 

~hi:J::Lrn::lum1'1 l11h Lrn~oilllJ'l'Yli!a 

)J1'lVl1~1~~U isotretinoin 'l::l1i1~oT'3A'l')Jl 
m'lflilfammrlu'3oi aa)Ja~ l11 l'J ua::tj 

4 4 tl ~ .J' !11 I "" d Wfll'lr.JVI') L\'l)J'lJ\JLuU 26 L'Yll L)JtlL'YIUU 
\J 

CV d'l 'l VIV 
1 

:: flU)Jl'lVll'YI )J Vl'lU isotretinoin 'l~"111'3Vl~ 

~'j'jJl49 

THE ROLES OF RETINOIDS IN 

CANCER 
..,j ~ I 

L'Ufl~'Jlfl r.Jtifl1'lv1 mfl'YIV1aa~vn.:J '1 

)J1fl)J1UWUi1 retinoic acid ~.:J~VILlJU 
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a>J1:anol'1l'l~~?J ti~ nq" transcriptional 

factor i'jr.Jaoiem·nv~'lJLOl\Jl~ m·mu~ol'1 
..,! • ,,l: 1 .I "' 'I 

LYUJv1U1tJL'lrnan~ Ufl11::un~LLa:: LtJ 
<I d 

>J::L'N Lrn::mt1~v1n RARs· ua:: RXRs 

<I J ~ ... "'"" LUU receptors Yl~fl~1\J~>JL~f.lfJ\JL'Wtl Ll'I 

... ., d 1""" " Ln~m·rnt1~'il'laLrn::Lwt1 lHn~m'i'1'i1~ 

hh01uoie 1tl tlvvuuuni~uu1~na>J~~1l~ . . ... 
d 

Mnlfl\JYltJ1Yl'2Jtl~ retinoic acid (RA) L\Jtl~ 
CV t QI l;; ~ 

v1 nan~~ n a 11a1 >J1'i t1 uu u~n1 'iL w" 

~1'U1U'lltl~L'l1a~iJ::L~~ 1~ (antiproliferative 

effect) l~u RA ~:: 1tl~tJO\J RAR LLd'1jjtJ 

~aiJwu5nu activator protein 1 (AP-1) 

complex ~~ l~u~11tlifu AP- 1 a1"1'it1 

~ .. 1 .cii.Q.I CV 9'CV 1"" :: iJu!)'1iJW\Jllfl\J c- fos, c- jun ~~1£1 YI~ 

<I... il I AP-1, c- fos ua:: c-jun nv~tl~ un~iJ 

transcriptional factor ur'unu 

I J' 1tl.. I transcriptional factor LV1a1u;;i:: mmorn 
... " .J ... 

n"l:anum"la~L~'l1::vi mRNA fl\J'H1tU 

" promoter region m"ln'i::Ol\J AP- 1 

complex ;;i::li1 l li'ilm"lai'1~a1"l growth 

factors, inflammatory peptides, oncogenes 
Cll ~ I '1 

m:i:: tumor promoters t~a~t1LO~n1"lLLrn~1 

..,: . " "' 1 "-::t LwiJ;;i1lnUL'l1aaonirn1 Li.JtJL"l1 vi~11'i 

retinoic acid Li1a~1~mu 1i.Ji1v::Li'.Ju 
" .. .J... n exogenous RA l'l"lt1'11'iYl'1~L~"l1::l'I U 

Lif m~ti'lleN~1./Jn1fJ (endogenous RA) ~ 
vni.i RA ~::'ltl~\JO\J RAR vi'it1 RXR LLa:: 

;;i:: 1 tl'i1i.JO\J AP-1 complex ~u~nru .. ... :: " 
promoter region i.J~JafJ\JfJ./Jn1"lm::oiu 

<f ... :: I "' 

AP-1 complex ;;!./Jali.J1'it1f.ltJU~m'iLlU./J~1 
~ e _, d d CV 

L wi.i;;i1u1m'l1aavni.im n"lrun'l::~rnrn~ 

1 .J'd .. . .. 
all-trans RA mummrn~a~ 'OJ~Utli.Ji.Jr.Ja 

oit1 normal signal transduction ~1fJ um: 

J' , ..J 1" m'ia~a~?Jtl~ RA '\JUtli.J'1./JNa l'I AP- 1 
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'1 QI ~ CV 

'11i.J1'it1vtJO\J c-fos, c-jun l'l'itinu DNA 

sequence motifs 'l~ r.Ja?imn~ trans­

activation 'rill~ target genes ua::Ln~m'i 

LL U
1 ~ ol 1 L vi iJ ~ 1 \J 1 U L 'l1 a ({ li 11 \1 L fl ~ 

malignant transformation ~1i.ii.i11~1125 

RARP AND SQUAMOUS CELL 

CARCINOMA (sec) OF HEAD AND 

NECK 

<1.J ... !I • " 
i.i::L'i./JYltJ"lL1tUv1 ·n~::LLa::a1~t1~1u ;;i1nm"l 

!! I "• ~ <I '°' .r '°' v1nlfl'WU11 ~J u1rrn::L "l~~U ~UL0~'11fln1"l 
" 

'li.ja1m'it1LL'1~./Jt1t1n'llt1~ RARP uu target 

gene vi'imn~v1n~1~mu'li.l~t1uaut1~oit1 
" ... ... 1 "' :: t m'in"l::~mrn~1~1i.iurn um"luuu~m"l ~ • 

<I 5 27 .,j • & • .,j 
'lltl~i.J::L'H ' Li.JtlYl1n1"l trans,ectton LWtl 

1liilm'iLL'1vN RARP LU sec cell lines 
.. :: 1" I tlfl~"l~ LLa:: l'I RA treatment WU11 

... :: ..,: . " :: 
a1m"lt1t1uu~m"lL wi.i;;i1u1uL 'l1aa "l1i.JlN 

n 1 'i L ti ~ fl u LL tl a~ "l tl ~ 1 ~ 'll ti~ L 'l1 a a" vi 1 £l 
" ... ~ .J' .,j I U 

anl:ftU::?Jt1~ L'l1aa L mu mutl'vi~at1~wu11~1 

ma~~ua~ LLoiiltl~i.J1tU'lltl~ cytoplasm 

mmrn::via~at1nt1t1n;;i1n culture dish lu • 
~a~ i!u?it1 RA aim"lmvi~mthlliilm"l • 
ua~~'llfl~ RARP Lvii.i~u LLa::~mhlli'Ln~ 
terminal differentiation lu sec lines 

na 1nm'iLn~ terminal dif-
:: ... ... " ... 

ferentiation uuai.iwulln\J cell-cycle 

tl
.J .,j 1 I regulation (J YI 6) L'\Jt1~~1n mn~ G1 

!11 I A ., .J • " J phase LuU'lf1~ri1~'lJ YIYl1l'l\J1YlmU~i.Jm'l 
~ .J' • " ttl .. .J .. L 'Wi.J'll\J'2Jf)~;;i1\J1UL'2ma "l~\JYli.JUYltJ1YI 
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~l~ty ~a n~JJ cyclin D family 1~mi 

cdk4 ua:: cdk6 L~U.1 cdk complex if~:: ltl 
m::~u1'1Ln~ hyperphosphorylation ?Ja~ 

retinoblastoma protein (Rb) m~:: Rb if~:: 
n"i::of u transcriptional factor n~JJ 

elongation factor 2(E2F) famil/
3

'
36 n1 

1 iLn~m"iLL ti~v11LLa::L ~1J~llJ1UL'ZfmfonJJ 
1Jl ("itl~ 7) 

\J 

m"il\-1 retinoic acid lmwaa 
J' d .I 

L umuan~aa~~::al1Jl"itrn~ cyclin 0 1 'lf~ 

Cd.kl ·oyolin B 

Sumiltra Charoenhinmyingyos 

LtJuam:anv11'H~~'lla~ cyclin D family if 

1~ r.rn~an11"1Ln~ dephosphorylation 'lla~ 

Rb ~~n1ll.fL'lfaam.1~m"iLLU~v11LLa::L~1J • 
~1U1UVl11J1Jl (G1 arrest) uan~1nif 

CV QI QI ~o.J 

cyclin D1 t.1~aJJWU6nUn"i::u1um"i trans-

cription ua:: posttranslational modi­

fication m"ia~a~'lla~ cyclin D ~::n11"1 

AP- 1 activity a~a~~1t.I 

" ~1t.I 

Cdkl·oy-olini. ·A······ 

.J 
Jtlt1 7 

o, M 

Start 

C dk2-<>yolin ll 

dk4·oyolin D 
Cdk6·oyclin D 

. 1 .. .., .. ,3 " 
ml'lml~Nnl')'Yll~l'UVu~ cdk-cyclin complexes 'U1~~')tJuWl1iHl (cell cycle) amrnu~~nmu 

m.J 1~u cyclin D ~::·rn.1il~ D- type cyclins ~~illJ.Jtfil~ (Adapted from C/Japterl 3: 

Regulation of tlie Eukaryotic Cell Cycle. In: Molecular CeII Biology, 2000:526) 

MldG 1 

Jl1l'llLil~~m1J.JtlJ.JW'Utfo:~i1~ regulation of Rb protein ua:: E2F activities L'U late G, nu 
cyclin D (Adapted from Cliapterl 3: Regulation of the Eukaryotic CeII Cycle. In: Molecular 

CeII Biology, 2000:527) 
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RARP AND LUNG CANCERS 
.,J <:S • I ., !11 .J 

L 'U u~~lOi.J::L 'l~uu~tNL umll L l101YI 

n1hf~fthtJLatJ~ivilmh~uoiu 'l ~~ii~ 
u u 

~mnmi:: 1li~11mtuhnui.1::L~~'lfil~ifmn 
:: .J.J fl ."I 41 d I 1 ti A 

'l1i.JYl~Ol'l~U\ll1'l'lf~ L u'Uu~~tJYIO fl mn~ 
<:S A J' ti 29 g I 

i.J::L'l~'lf'U~'U~1tJ ~lOOl'lv1mflWU1lffl'l 

... 1"1 ,J,.. •1" • v.J u ~viu U\ll1'li.Jmrn1 l10l'lYlll1'UlYl'llu~ 

1 .,:: <:S~ 
retinoic acid (RA) 'UOl'ltJutNi.J::L 'l~L"tJ 

1tJ37 fati RA ai.JW'UBOUOl'lLLa~~uuO'lJu~ 

uu p21 WAl'l ~~;J~LiJuai.11~nmH1tbmu1u 

n~i.i cyclin dependent kinase inhibitors 

(CKI) r.Ja'lJeN RA n11l1m'lLLa~~tluO'lJeN 

U'U p21 WAI' L ~i.J~'U38 ~~nl1 l1L u'lQiu 1 un~i.i 
~ .J' • .,.J., lil" .. CKI L Wi.J'll'ULLa::Ylll1'UlYl'lJ~'lJ11~ i.J l1L'lfaa 

L'li'1ij S-phase 'llu~ cell-cycle
36 1~t1lu 

uuB~m'lnl~l'U'lJtl~ cdk2-cyclin A ri~r.Ja 
1 l1' phosphorylation 'llu~ Rb protein LO~ 
.J' 'l " " ... " 'lJU ~uava~ ~rn~ua~m'lm::oiu trans-

criptional factor n~i.i E2F ~~n11l1Ln~ 
' Q.I ~ • e'tl 

nl'lLL U~O"l1L Vii.J~l'U1'UL'lfaau tltla~O"lli.Ji.Jl 

('ju~ 6, 7) ri1um1i.iai.iwmfoa~ retinoid 
u 

., <:S ... J'.J' ,., ., 
receptors nui.i::L'j~'lf'U~'U 'll'Uu~nuan'ljru:: 

~ d ' c!I ~ "!:S 1 
'llu~Lwaai.i::L'l~ na11~ai.i~v1n~1 u 

epidermoid 

~1Lw1::oiu 

I d 

lung cancer wu11i.im1i.1 

RARP2 Ln1Ju
39

·•
0 t~v 

RARU2 'j')i.J~~ retinoid 
d 1 e' .¥ d I 

receptors u'U 'l mwaaL'UtlLtJuYl~au~ LLO"I 

I 1 '"" 1 "' :: t WU11 i.J i.JUYIU1YI \Jfll'jtJUtl~fll'j onrn~ 

<:S " " ... i.J::L'j~~1001')0'j::oprn1tJ RA Ll1i.Jtl'U 

~ J' I e' .f .,, 
RARp2 'Uu0~10'UWU11L'lfaaL'UtlLtJtl 

non small cell lung cancer (NSCLC) 
., ., .. ., 41 ... 
ai.JW'UllflU RXRa l1'ltl bron-

43 

°" Q.I .-Q.I A 
choalveolar carcinoma ai.imrnnu RARp 

fl " Lu'UO"l'U 

RARU AND BREAST CANCER 
<:S" "'_., <:1.J..,:. 

i.J:: L 'l~ LO"l l'U i.J~ ~Lu 'U i.J:: L 'j~YfL U '\J 

al L l10l'llfl~ 01') LatJ~ivi 1 u l1tY~ Ltl L ~tJ L i'.l u 

ciu~u 2 'jtJ~~1ni.1::L~~u1ni.i~an 1u#u 
u 

LL'lniim'ltl1 tamoxifen ml'li'tiJm'j-!ntn 

wu11a1m'loa~civi·nm'lV11tJ'llt1~~t'.htm~ 
'U 

l~url1~iiumh~ty oi aml~ifo1'lY1~au~tl1 
im iimmLa::a1'ja~wuci'i.11 l'll'~1i.11 u m'l 

-!nm ( adjuvant therapy) wu11'li1tJ 1 l1u'l:: 
~ A 1 41 <:S <> J'c1~ .J' 
"YI lllll W 'U fll'l'jOlfl i.J:: L 'l~'ii'U~'U~tM'lJtJ 

~1nm'l~nmwu11 ATRA aii.11'jouu~~ 
~ e e' <:S ti .J.J' I 41 

m'lL wi.1~1u1mwaai.1::L 'l~LO"lllJi.JYl'll'Uu~nu 

Uv'l1i.iu estrogen (hor-mone-dependent 

1 .. J' .,J 
human breast cancer) UL'lfamirnmu 

Yl~aa~l~ (in vitro) ~~wu)1ai.iwu6nu 

RARa 
42

'
43 LLoihia1i.Jl'ltlUU~~fll'j lvi'llu~ 

e' dl I .J e't L'lfaa YI i.J W~llu'l i.J'U (hormone-
.. .,J 

independent human breast cancer) L'UeN 

1 ., ' J'q Q.I ~ 
~in mwaa rna1ui.i'l::~u RARa vi1 

ti CLI I ,:$ ti 

'Uu0~10 RARa LLa1tJ~WU11i.J::L'j~LO"lllJi.J 

ai.iwu5nu RARP ~1tJ45 ~~wul~~~L'lfaa 
~~~ llu'j1i.iu LL a:: hJ ~~llu'j1i.Ju Lrlu 1 li 

1 .. .r..r "1" ATRA 'UL'lfaaL'UtlLtJClffli.Jl')(l0')::~1J l1 

Ln~m'luu~~m'llvi'lla~i.1::L~~LLa::intl1L'li'1 
rim::u1um'l apoptosis (programmed cell 
u 

1 "46 ..J 1 " .J death) ~ "1'U01'l l1 RA treatment YI 

~hum~ RXRs L'lilJ 9-cis RA ~:: luL~i.J 
U'l::aY15mmrn~ RXRs 1um'lLl1~tnih1l1 

RARU 
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1utrn 1nm·ah1'"1Ln~ apoptosis 

ifu jjcSau1v~mflLfiu1nu~u bcl-247 ~~ 
\I 

~~Li'.Juttl'iGllJ1un~>J anti-apoptosis n11\1 

Bax ~~LUU pro-apoptotic protein n1~1u 
1~ Ln~m'il1&~a1'i cytochrome c v1n~u 
1u'lla~ mitochondria aan~ cytoplasm ltl 

~unu Apaf 1 protein LLa::: Ln~m'in'i:::~u 

caspase cascade n11\1Ln~ apoptosis 1u~ 
a~23, 47 ('itl~ a) 

1'll'ai'1~ttl'i6lu1un~mHH bcl- 2 family 

t~ [J t U'iGllJ1lJnq2.Jif LL u~ Li'.l u nq >J pro­

apoptosis Lrn::: anti-apoptosis ~~mn1l1 
.. .¥ ..i .Jl .,., 

RA treatment L'lHHH'\JflLUtll1 ~'i\J RA v::: 

ltl "':: • 
El\JU~Ol'il11~1'\J'lltl~ Bcl- 2 Lrn::: Bel-xi 

• \I 

---------------10 :rophio factor receptor 
PlaSllla m embrane . . 

~ Death 
~Cleavage of s ubstrates 

O uter 

mitochondrial 

membrane 

Apof 1 

P,-r-oc-n-sp-o-so"""~-. I Cespase3 I 

Caspasc9 J 

/ 

Cytochrome C Io ns 

tl .J 1 " 1 ~ ;.f ... t .. ~ ... .r "' fl ...... 3 11 8 mvmff~·rna nn1·nn~ apoptosis unonrnu-:iunmmrn ~CliJ'IJuornu~-:iu LiJDL'llml lm\J retinoic 

acid ~::iim'im::~ul-HiinTHVl~Du~mH ion Lii1ijL'llaii'r.i1um-:itln-:i Bax (homo- oligomeric 

channels \J~L1lllr.J1l-:J'IJD-:J mitochondria) ~-:JlUUNal-Hiim'iH&-:im'i cytochrome c ~101l1Cl1u 
mitochondria DDnijsnEJUDn l\~Dltl~unu Apaf- 1 (adapter protein)lu cytoplasm LLil1iim'i 

... • ... • • ltld n .J .r .J "' m::01ua1~uorn 1 'IJD-:J caspase cascade U1 \Jnl'iVl1tJ'IJiNL'llaa un~~ unn~1num'in Bad 'll-:J 

Li'.Ju pro-apoptotic protein ltl~unu Bcl- 2 LLa:: Bel-xi (anti-apoptotic proteins) ~::ffliJl'iflUD-:J 

nu Bcl-2 ih Bcl-xl(anti-apoptotic protein) ltliitJ~ff'i.i~ufinu Bax channel ~-:i~hlli Bax 

:'I ... ~ l' ' ' ,3 l ' "1"" ; channel u~a-:i ~-:iuu ion ~:: iJffliJl'iflmutrn-:im-:iuLLa:: iJffliJi'ifln'i::Olu \1Ln~n1'i Vl1Cl'IJD-:JL'llaa 

(Adapted from Cell Chapter 23: Death and Its Regulation. Jn: Molecular Cell Biology, 

2000:1049) 



Thai J Pharmaco/; Vo/ 23: No 1, Jan-Apr 2001. 45 

Target coll 

~--=---
Caspnso·S 

L,_...::.C...::.as...!:p~a.:::...so=--.:::...3__JI •••• "" ·-........ 
penth substrate~ I DEDD 

nuolcus 

~ti~ 9 mmnw1~m1>Ja>J~lJG')~\1i1~ procaspase-8 O\JO')::\J1Um')lflO'l apoptosis. DISC (death­

inducing signaling complex) th~ml\J~1U procaspase-8, FADD (Fas associated death­

domain-containing protein), CD95 m1:: CAP3 ld!liim')m::~u procaspase-8 '1~n1Ll1 DISC 
... 8 • .., "d "' m~oiu caspase- llfl~ caspase- 3 011>Jfl101\J llfl1>J01'jm~oiu DEDD (death-effector-

domain-containing DNA-binding protein) 1u~a01 li11l1iim'ju\JB~m'jflflmia1thQiu1uu1-, 
lYl~ml ih1tJijm')O'l1UtJ!l~l'lfflfl'lu~~O'l (Adapted from Carsten Scaffidi. Current Opinion in 

Immunology 1999; 11: 28) 

RARU AND ACUTE PROMYELOCY­

TIC LEUKEMIA 

Acute promyelocytic leukemia 

(APL) Ln~~ln reciprocal translocation 

')t"r111'3LL'lJUU11'lJtl'3t~')t>J1'2f>J~~ 15 LLa:: 
" 

17 t~uuut~')L>Jh>J~~ 17 ii RARa 
" 

•49 .. 
U')')~tl~ mn>J translocation 'lltl-3 RARa 

nu promyelocytic leukemia (PML) gene 

1uu'31~'jt"h"fi~ 15 ~::n1ll11n~m') 
" 

Ln'l'~'3t1t1n'llB'3 fusion protein ~L~un11 
49 " • v .J ti PML/RARa 'lMYll"r1Ul'VIL lJ transcrip-

• U d I U 

ttonal factor Gl1"r1U'3L~unu PML/ RARU 
.J' I .. .. 0 

U~tGltJU('i'Utl'3Gltl ATRA ~'3>Jnl')Ul 

ATRA mlmu protocol 'llt1'3nl')~nl:l1 

>JtL~'3LiJ~L~tl~'lJ11~il~ APL 
49

-
61 ~'3v1n 

nl')~Ol:ll'WUilal>Jl')tlnll lfLn~ re­

mission lu~thu1~ i.rnn~1n1~1u'lf1'3'llt1'3 
" 

induction phase LLa1 U'3al>Jl')tilmlJ'lf1'3 

'lltl-3 maintenance phase 1~~1u ut1n~1nd 
U I 1" .J V U'3'WU11nl') "r1 RA treatment 'Vlfi')tGlU • 
RXR ~::n1ll1RARa1u·n>Jnu· RXR 1tlu 

RAR- RXR heterodimer ~'3v::La~>Jq'VI~ 

'lJtl-3 RARU lum')m::~u RARE 1~~n11 • 
nl') 1 lf L WU'3oi'1 l~oi'1"r1d'3 t~u~:: 1 uiimloltl 

phosphorylation 'lJtl-3 Rb protein m1::n1ll1 
"" 52 .J'u "" v 
Ln~ G1 arrest Gll>J>Jl . ut1nvlffUU'3>J~ 

~ n l:I ln a 1 n n 1 ') L fl ~ a p o p t o s i s 

(programmed cell death) lu APL ~n~1u 

fam~t111a>J~ufinu procaspase 1, 7 ,8 

LLa:: 9 RA treatment ~::-Hmhllfiim')L~>-J 
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?f t.t'llu-1 hh~u procaspase 1 ua:: 7 ~'3'1:: · 
QI Q,I ., Q,I ti 

'1>.Jrl'UfifitJOl'm'l::~u procaspase 6, 7 
23,50,51 t .... .... .. 

Lrn:: 8 Gltl procaspase- 8 ;,i::a>JW'Ufi 

atjnu death- inducing signaling complex 

(DISC) ""l"' ·1" u.rn l1 RA treatment ;,i::m l1 

LiiGl autoproteolytic activation Lf1u 

caspase 8 ~'3'1::'H"''mi'1~ cytoplasm Lrn:: 

~ntlwn1~ apoptosis signaling pathway lu 

~aGl2s,50,s1,ss ( 'itl~ 9) 
• u 

JI <$1"'"" ... "l1 n'YI n a11 i.J1"l::rnu GJ111011 i.JULv 

~I J .. tl t .. I ~ .... Lu\Ja'l'lYli.J '1:: tl'lflJ011'31 "10ll1tl'11\1'1\J 

iJ'l~tiU luLL~01'1L"l~fYL&iul01'llu'3L'lfna 01'1 

wwiu1·lnNol'1~uu 01'1>.Ju-lL~u ua::iJ;,i~uu 

l~iim'1tl1>.J1 l'lf-rmfl t '1~'Yl1'3~1'HU-lvl1'11 
mnmEJ L'liu l-li''i'nti1ib h~a::L~GJL~u 

. , 1.ol d JI 1 
Lrn:: photo- agmg LLmL'ltl-1\1\J-lYl'Ulau "l 
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NEW DRUGS 

MOXIFLOXACIN: A NEW FLUOROQUINOLONE FOR RESPIRATORY 
TRACT INFECTIONS 

Suwat Wimolwattanapun 

Department of Pharmacology, Faculty of Medicine Siriraj Hospital, Mahidol University, 
Bangkok 10700, Thailand. 

ABSTRACT 

49 

Moxifloxacin, an 8-methoxyquinolone, is a new forth generation fluoroquinolone launched 
recently. Its activity against Gram-positive bacteria is obviously better than most of the older· 
fluoroquinolones, while its activities against Gram-negative bacteria and atypical organisms such as 
mycoplasma, chlamydia and listeria remain high as other fluoroquinolones (MIC90 for most respiratory 
pathogens 0.06-0.25 mg/L). The increased coverage of Gram-positive pathogens especially S. 
p11e11111011iae and S. pyogenes, together with its excellent phannacokinetic property (Cmax 2.5-5 .0 
mg/L, Tmax 1-4 h., Tl/2 11.4- 15.6 h. after 400 mg single oral dose) lending it to be used orally as 
single daily dose, make the dmg valuable for ambulatory treatment of both upper and lower respiratory 
tract infections. Clinical studies of the dmg on community-acquired pneumonia, acute exacerbation of 
chronic bronchitis and acute sinusitis have been convincing for its efficacy and safety. Furthermore, a 
recent study on acute exacerbation of chronic bronchitis demonstrated a more rapid resolution of fever 
and some respiratory symptoms achieved from moxifloxacin treatment compared to those achieved 
from macrolides. The recommended dose of the drug is 400 mg per oral once daily 5, 7 and 10 days for 
acute exacerbation of chronic bronchitis, acute sinusitis and community-acquired pneumonia 
respectively. 

Key words: moxifloxacin, fluoroquinolone, respiratory tract infection. 

Address correspondence and reprint requests to : Suwat Wimolwattanapun, Department of 
Pharmacology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand. 
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Fluoroquinolones Lllunqt1f.J1oi1u 

"' .J1" ti"' .l.J t " ~a'ifVfYJ ~U.Jl~lf)f)1') 'SULuaf.J'U A'S·Hf'Sl~ 

Yll~LAii'lltM nalidixic acid 1ui1~ 20 ti~ 
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ciprofloxacin, ofloxacin, levofloxacin, 

fleroxacin, temafloxacin, sparfloxacin, 

lomefloxacin, grepafloxacin, gatifloxacin, 
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m£J 'l '111J l1fll'l::'.l1n~a~mv..1:; umru'YI 

m~11'.l:;Ln~'l1mL uAYiL~un.rt1au L'llu1u 

acute exacerbation 'l.lu.:J chronic bronchitis 
4 I a. J' 

wrn Al ~11'1:: Ln ~'11 nL 'lftl'Vi1n atypical 

organisms L'lilJ "" mycoplasma 11-Stl 
• I :: 

chlamydia LYll'UU 

Moxifloxacin Lllmn?JlJl'ULl1t11u 
I , I .J .Jq t V 

natl fluoroqumolones 'S'U'YI 4 YltlLL1J1 Utl • • 
1~ ~rn~a111.ru-rn"M1 t -s~&l~ Liu l uY11~ L~lJ 

').Jc. J' "' .f 
'Hlf.J L'lYILn~'.llnL'ifBLL'YIU"t'lf)'lflJ~ tll'Ut1f) . " 
w°"u1~avi?fut~au~Mn Bayer AG 

ti'):; m ~rn11wu cl' ai 51-sru-r:i rn t:i'Siru 1~ m 

ti ... .1.J t " J' 'llnm'S -srn uaau ~-s.:ia'Sl~'VilJ:ilU'lltl~ 

fluoroquinolone LQ'ltlnl'SLallJ cyclopropyl 

group L'li'11UluohLLl1U~~ 1 Laltl diazabi-
" 1-,.. • I .J A cyclo group L'lll u LlJGl1LLl1'U~YI 7 LLa:;LG"1t1 

methoxy group L'li'1lUluohLmu~~ 8 ~~n1 
') .,.,. V q J' I fll 
L lttl~L 'Sf.Jf)[Jl'lJ1JllJ1J11Lu1J 8-methoxy-

quinolone L'llm~tnnum gatifloxacin ~1~ 
., U C. J' I II 3 .I°' 
-su m-sv.. °"m ~aG12.1ut11n au l11J11J m-su-su 
.1.J t II"-' I · ·1., ,!/.,. 

LuamJ ~'S~a-s1~~~na11Y11 l1£11ln.JAru-• 
uc. I qJ' I I l I 

at1uG1011~ 'l ~'llum1mLm unat1 fluoro-• 
• 3 I q "'" .,..,. .... qumolones L'lf'U tlf]YlilVll'ULLUAYIL'Stln'Stl 

I qJ' q • 
\J1n Lrn:: anaerobes Vil~ 'l~'lllJ lJ half-hfe 
.J •J' .,. .f 
'Yl'Ul'U'll'U LLa::tlt)YlilLL Yl'SnLL'lM fam\l'Vil:: 

q'Ylt~n1lt1Ln~ photosensitivity LLa:; drug 

interaction vl1~ 'l Uvf.Ja~ Llluoiu 

Moxifloxacin ii~t:iYll~L~iii1 1-

cyclopropyl- 7-[2, 8-diazabicyclo 
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( 4.3.0) nonane]-6-fluoro-8-methoxy-

1, 4-dihydro-4-oxo-3-quinolene car­

boxylic acid luJtlm1~Lnau hydrochloride 

ila01')fa')~a{1~~~ua~~1u')tl~ 1 u u 

0 

HQJH FMCOOH 
'N' Nvt:J) 

H H ,JO l 
3 

MoxHloxacin 

Jtlif 1 LVl'Ha~\nnm1iimH moxifloxacin 

.. 1 " Moxifloxacin ima Onl')uunf]l1il 
• £14 4 • 

n1a1EJLLU~l1L')tJLl12Ju1J fluoroqumolones 

..,j ... "ltlCV CV 'l .. 'll1J1irnu 1 ~m'll1 ~unrnmJ 'lfJJ DNA 

gy rase (topoisomera se II) LLa t 

topoisomerase IV 'llu~LLu~fiL~U ~hlli'Ln~ 

drug-topoisomerase-DNA complex ilc.rn 
cv:: " J'l' uuu~m')a·n~a1u DNA 'll1J l1JJ (DNA 

replication) uatV'uJ~m')L~~tyLG1u 10'l'llu~ 
..... J', :: ..... 

LL U~l'JL ')U'll1JO u1J ~101J1J~~Ln~nl')LLO'ln 

.J .. 
mnU'llu~alU DNA (DNA breaks) 'lf~iH·Ja 

fi1 l li'LL u~iiL~mmfi1a1u011iim 
u 

In Vitro Activity5 

~inn1')tl')~JJ1a~an1')An~1qn5 
ol11J~a?irrnu~ moxifloxacin lu in vitro • 
model ~1nLLl1a~oh~ 1 wu11 moxifloxacin 

... " " .. .. . .. ... "' JJ()l1ilO'l11J~a'lfw ~O'l uLL U~l1L ')U0')JJU10 

n~iiau anaerobes ')1JJ~~Liu atypical 
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pathogenic organisms oh~ 1 ~Li'.Jua1mO'l • 
ch ~ty'llu~ nl')Gl~ Liu l un1~ L~Ul11ul~~~ 
chuuuLLa~a'1uci1~ 1~uil~'1 MICs 

(minimal inhibitory concentrations) ~~1 
I CV 1 ~CV 1 J' ..,j I 

n11'l~~UU1 lJ•o')JJLLa~ lJLlJrlLUuO'll~ 1 
... 1 "' .J' 'llu~nl~L~1Jl11U ~ ~~lJ 

Gram- positive Bacteria 

1unqiiLm~fiL~un~iiu1n Liu s. 
pneumoniae hoiu moxifloxacin fauil~1 

MIC90 u~1u'lf1~')~l111~ 0.06-0.25 mg/L 

l~m:A'u~hoiu penicillins l1~u macrolides 
.J • ., 

~~ hoiu moxifloxacin l1 MIC90 oi1n11L~u 
.JJ' ' . ·11· "' I'd J' 'Yl~uO'lu pemc1 ms l1')u macro i es. L'lfu 

s. pyogenes hoiuml~uil~1 MIC90 Ln1 

nu 0.25 mg/L a1miu S. aureus il~1 
MIC90 u~11J'll1~')~l111~ 0.12- 2 mg/L 

J ti"' ... "' J LJJrlL ')UlJLl1UUnumulJU1~'ll1JllJ 

1 u n Cl' ii flu o r o q u in o I ones w u 1' 1 

mo x ifloxa c in ilql1ifO'l"1uL?fu S. 

pneumoniae lncfL~u~nu trovafloxacin 

LLat~n11 ciprofloxacin, levofloxacin LLat 
'fl • ..,j ... . CV I ..,j d"' 

gat1 oxacm LJJrlL'YIUUnumn~iiuunuuii 

1'lfl lJ01')~0~1 L ')~Gl~L?f u'llu~l11~L~lJl11U 1~ 
,.$ &I J' ' I I d fl( C1ll1')\JL'lfu s. pneumomae wu11n~JJl1Lu1J 

penicillin-susceptible (PSSP) hoiu 

amoxicillin, cefuroxime, clarithromycin 

Lrnt azithromycin ~n11 moxifloxacin LLoJ 
.f . .J .r . . '))' L'lfu S. pneumomae 'Yl~uO'lu pemc1 ms 

(PISP LLat PRSP) ~112" 11'llu~Liuoium~t 
ncl'UO'l')~nu'51ii fltl hoiu moxifloxacin 

mnn11m~u 1 ~~1unqii penicillins, 
.J 

cephalosprins LLat macrolides ( O'll'll~'Yl l) 

1Jun~1m:A'u streptococci ua~ 
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Jl I ti .J' ~ 
staphylococci 'YI 1llltlU1Llil1 L'lftln'liJU1n 

~lJ 1 Ul-:J'lfil~ L'lilJ C. dipht11eriae, Gard­

nerella vaginalis, Listeria mono-
.sl I .J' J ~ I 

cytogenes n 1lllut.11lJ'YI MIC90 lll1n11 0.5 
I ~ 6 

mg/L L'lflJnlJ 

Gram- negative Bacteria 
:!' ...... ~ J.f1 

L·ll VLL U rl'YI L ·rnn'liJnU'YJL ulJal L 'Mlll • 
'll t1-:im'l&l~L:ff t11 u'Yl1-:iL~irn1uh~~uu vu 

Lrn:: bwu moxifloxacin ~a1fl'cy 1~LLri H. 

influenzae ~-:J'lfU ~~ f.J a lll Lrn:: 1iJ' ~ alll 

LtllJh->1 betalactamases (MIC90 0.03-

0.06 mg/L), M. catarrhalis (MIC90 

0 .012-0.06 mg/L), K. pneumoniae 

(MIC90 0 .12-0.25 mg/L), Bordetella 

spp. (MIC90 0 .016-0.06 mg/L) Lrn:: H. 

pa'rainfluenzae (MIC90 0.03-0 .25 

.... 
llUFlm"iU 

Moxi. Ci~. Levo. Gati. 
S.p11e11111011iae 
Pens 0.06·0.25 1-2 1-2 0.5 
Pen 1 0.12-0.25 1-2 1-2 0.5 
PenR 0.12-0.25 1-2 1-2 0.5 
S. pyogenes 0.25 1-2 1 0.5 
S. a11re11s 
MSSA 0.12 0.5-1 0.25 0.12 
MRSA 2 32- 16 4 

128 

Smvat Wimolwattanapun 

)
6 .J' q q ~ .,j Jl I 

mg/L L'lfVLLUffYIL'lf.ln'liJnUtl'U ., 'YI 1lllfl 

m 1~LLri E. coli, Neisseria, Proteus, 

Enterobacter LLn:: Citrobacter spp. uvn 
~inifL:fft1 Salmonella, Shigella, V. cholera 

Lrn:: V . parahemolyticus fiblll°flf.11 

moxifloxacin L'liunu 
7 

.,j . I"" ... ~ .,j 1 I 

LiJtlLu'lUUL'YIUUnUf.11fllJ unaiJ • 
fluoroquinolones ~u11 moxifloxacin ij 

.ft .idlod QI d I 

()'YlliVI flLLUA'YI L 'lUn'liJau~ n11 ofloxacin 

th::mru 2 L°th
6 LLOl1naL~U-:JflU cipro-

floxacin, levofloxacin LLtt:: 
4 I I 1.J'.S ti 

'M'lt1flmm11mL"Mmurnmrnu 

gatifloxacin 
.,j • I°" 

LiJflLu'lUU 
... ~ 

L 'YIUUnu amoxicillin, co-amoxiclav, 

cefuroxime, clarithromycin LLa:: 

azithromycin m moxifloxacin ijq'YIBWt1 

LLuriYiL~un-riJarnbu1my~n11mLmhd~-:i 
'MiJ~ ( Vl1'l1-:J~ 2) 

MIC119(111g/L) 
Azi. Clari. Amoxi. Co-amox. Cefu. 

0.06-0.12 0.03-0.25 0.03-0.06 0,03 0.06·0.25 
4-8 4-64 1-2 1 2-4 
>64 32- >28 8 4 8-16 

0.12-0.25 0.03 <0.12 0.015 <0.12 

I-> 8 0.25- >8 4 0.05-1 1-4 
> 128 > 64 >64 > 128 > 128 

Moxi. = moxifloxacin, Cip. = ciprofloxacin, Levo. = levofloxacin, Gati. = gatifloxacin, Azi. 

azithromycin, Clari. = clarithromycin, Amoxi. = amoxicillin, Co-amox. = co-amoxiclav, Cefu. 

cefuroxime, Pen S = penicillin sensitive, Pen I = penicillin intermediate, Pen R = penicillin resistant, 

MSSA = methicillin-sensitive S. aureus, MRSA = methicillin-resistant S. aureus. 



G11~1~~ 2 LtfiatJLntitJR1 MIC
90 

"llB-3 moxifloxacin num~U\J1-3'lJU1U~aL:iauuAiMan~irnu (~~UUcN~1n Ref. 5) 

U.tJAfiL~fJ 

H. injluenzae 
Bctalactamasc +vc 

Bctalactamasc - vc 

K pneumoniae 

M catarrhalis 
Bctalactamase +vc 

Bctalactamasc -vc 

E.coli 

Ncisscria spp. 

P. aeruginosa 

Proteus spp. 

Entcrobactcr spp. 

Scrratia spp. 

Citrobactcr spp. 

Moxi. 

0.03-
0.06 
0.03-
0.06 
0.12-
0.25 

0.012-
0.06 

0.012-
0.06 

0.06-1 

O.Ql5 

8 

0.025 

0.06 

4 

0.12 

Cip. 

O.Ql5-
0.03 

0.015-
0.03 
0.25 

O.Ql 5-
0.06 

O.Ql5-
0.06 

0.125-
0.5 

0.004 

0.15-4 

< O.Ql5 
-0.03 
O.Q3 

< O.Ql5 

MI4<,(mg/L) 
Levo. Ga ti. Azi. 

0.03-0.47 < O.Q3 1-2 

0.03-0.32 < 0.03 1-2 

0.12-0.25 0.06-0.25 64 

0.06-0.094 < O.o3 < 0.06 

0.06 < 0.03 < 0.06 

0.06- 0.06 4-16 
<0.5 
0.008 0.008 0.12-

0.5- > 4 
>4 

0.03-
<0.5 
0.06-
<0.5 

2 

< 0.015 

4 

0.016-0.5 

0.5 

>64 

32 

64 

Clari. Amo xi. 

8-16 8-128 

18-24 

32-1024 

<0.06- > 16 
0.38 

0.06-4 0.25 

16-1024 

0.5-1 0.12- > 32 

2048 

1-1024 

> 128 

32-2048 

32-1024 

Co-am ox. 

1-2 

1-2 

8 

0.38 

0.38 

4-16 

0.12-1 

> 128 

< 0.5-8 

8 

32-256 

16 

Ccfu. 

2-4 

2-8 

8-16 

3 

2 

4-16 

<0.06 
-0.25 
> 128 

1- >32 

>16 

128-
>256 

2- >32 

~ ::. 
c...., 
""C:I 
~ 

~ 
t:i 

§-. . 
~ -~ .. 
~ 
~ 

~ ::: 
:l.. 
~ 
I'-.> g 
:-

\_,, ....., 



54 

Atypical Organisms 

1 ,, ""' ..r Moxifloxacin ~ CH~~01 tlL'lHl 

Cl1lamydia pneumoniae, C. trac/10matis, 

Legionella pneumophila m1~ Mycoplasma 

pneumoniae 1~vil~h MIC90 ln~L~tMti'u 
41 : ' • d ! 

·w·re:1011m1 fluoroqumolones tl'U 1 LLa~on 

n11 clarithromycin LLa~ azithromycin 
,$ U 3 I I :: 

'111'1'lUL'l1tl L. pneumophila LL01U~ffl1EJ1YI~ 

at1~a1wirn~t1 M. pneumoniae ( 011'11~~ 
3) ut1mnnifL~t1 M. lwminis LLa~ 

<:$'l I Ureaplasma urealyticum n 101 fl 

moxifloxacin 1~vil~h MIC90 LYhti'u 0.06 
6 6 • .., 

mg/L ua~ 0.25 mg/L 011irn1~u 

Anaerobes 

L'iiv~'11nL~tl anaerobes fl1'1Li'.J'U 

.. ..rl'l 'l"' a1Ll101'l.ltl~fl1'l01~L'l1fl lHY4'l~ 'lf'Ua (sinu-
' 

sitis) LLa~ lu aspirated pneumonia lu~ 

t.huu1~'l1U 1~ ~~ilm'lAn~1qriB'l.lt1~ 
I qql I .fv 

moxifloxacin 01tlLL'Ul'IYIL'lU unaim~1EJ • 
'110fl1'lA0~1Y4U11 moxifloxacin ilqnB 

~1'ULLUl'lnL~EJ1unqJ.J anaerobes ln~L~EJ~ 

O'Ut"JYl~'l.ltl~ clindamycin, metronidazole 
, , Jv ..r QI I q I 

ua~ 1m1penem t"JYlil011lJL'lft1~~nai1~m1 

ciprofloxacin, ofloxacin, cefoxitin LLa~ 

cefotetan 1.h~mN 16 Ln1
9 L~fl~11~tlEJ1 

1~forivnn peptostreptococci, propioni­

bacterium, Clostridium perfringens, C. 

:; 'I ""' difficile 'l1J.JYI~ B. fragilis L~UJ.Jl'll 

il I I 6 
MIC90 ti~ 'U'lf1~'l~l111~ 0.125-4 mg/L 

a11'1~'UL~fl fusobacterium spp. ij~~'l1EJ 
.J1 ..r I 'fl • 9 

~1'UYI 1LLa~~tl01tlEJ1 mox1 oxacm 

Suwat Wimo/wattanap1m 

Mycobacterium Species 
,f I ..r 

t"JYlil'l.lfl~ moxifloxacin 01 fll'l1fl 

Mycobacterium tuberculosis ~ni1 oflo-
. 1 ,, "" .., . 10 "" xacm LLa~ naLl'IU~nu sparfloxacm l'lfl 

di ,J'QI 'ti 
J.Jl'll MIC90 01mm1~~nai1 'l~mru 0.25 

J' . ..i .J1 ' 1" mg/L L'lftl mycobactena fl'UYI 101t!EJ1 ~ 

LLO M. avium-intracellulare (MIC90 .1.0-

4.0 mg/L) LLa~ M. kansasii (MIC90 

0.06-0.125 mg/L) Moxifloxacin ~~Li'.l'U 
,J,,. 'I,, .J "" 1 "' .., 

U1YIJ.JLL'U1 L'UJ.JYl'1~J.J'UYl'U1YI 'Ufl1'l'l0~11N 
'j" .J..f I d .J 4 • 

L'll'IYl~tl01flEJltl'U LLa~YILO~'"J1fl atypical 
I 'l. l'J q ~ mycobacteria Olfl u L'Utl'U11'10ltlfl'l.l'U1lJl1lN 

.J .. 'I .. 
Moxifloxacin YIU'll11'l L~Elfll'lfl'U 

d "' ., £fl 
LLUU single dose lJLlla'lf'1a'Uma01'lLu'U 

LLUU linear lu'li1~'l.l'U1~EJ1'l~l1i1~ 50 5~ 

800 mg l'Ul'l'U absolute bioavailability il 
~1Ln1tiu 91.8%

12
· Lrlanulmm1~ 100 

' "' ..i .. 1 mg LLa~LYl10U 860/o LJ.JtlnlJ 'U'l.l'U1~ 400 

mg
13 ~~u~ni1 ciprofloxacin (tl'l~J.JlN 

I 

700/o) LLofohni1 levofloxacin (U')~J.J1N 

990/o) ')~~u11Jvrn1am?fuu~'!~ (Tmax) 

mvlu 1-4 -t11lN LLa~il~h (Cmax) mi 
" 

' ..i .. 1 '1~1111~ 2.5-5.0 mg/L LJ.Jflfl'U 'U'll'U1~ 

400 mg 

Lrlt1u~l11')EJ1LLUU multiple dose 
I :; fSI ~ 'I 

1'11 Tmax '1~airn~Lu'U 0.79-1.63 'lf1LJ.J~ 

1~uil~h AUC Lrlt1n'Ul'U'l.l'U1~ 400 mg 1u 
~ I 1 

a~l'J')~ t1U'l~1111~ 33.9-47.9 mg/L.h. 
" 
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n11nwv1v 

L\l~trtb:anru 48% 'lHNf.llL\l 

vrn1am~unulth~u miim'lm::"J1u~1&i 
d .. 1 Lirnnu \l?J\ll~ 400 mg Volume of 

distribution ii~l')::lrh.:i 2.50-3.65 L/kg 

1t.f'l::~ua\la~1ml1a1u 3.63 mg/L mu 
u • 

lu 1-4 -i1l1N L'lim&imnulmaa~ 'l::~u 
d1" '1 ... r:S., dl a\la~n ~a\1011 maa~rnnuau (mau u 

u • u 

... ,J ""' ... 
ma~ 3.19 mg/L) ?Jru::nmi.i')::~u~\l'f~ 

1u subcutaneous fluid 1.02 mg/L LLa:: lu 

skeletal muscle fluid 1.00 mg/L 

'110n1')AffH1'l::~um lu maxillary 

sinus wui1L~all1numlu'll\l1~ 400 mg 

1ua::ri~'lm~oianu 5 i'u "J:: l~'j::~uma\I 
u 

'f~L\l maxillary sinus Lll\l 7.47 mg/kg 

mucosa LL a:: 1 u epithelial 

ni1luwaiami.h::mru 2 
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lining cell a\I 
u 

LLa:: 6.6-7.4 

LYl10l11Hl1~U L\l'lf1\I 3- 24 -i1hNl1~\11~ 
-ru fJ1 ~\IL iJ \la-~ a1u ~lna" L~U\I OUfll 

fluoroquinolones 'll\ll\l~\l '1 'h1J'l::~um 
moxifloxacin 1 \l alveolar macrophage wu 

iia'lni111ma1ai.11 18.8 Ln1~ 3 -i1ti.i-.:i 
u 

QI I I I I J' t 

~\lnai1u\lm1m MIC90 ?Jti\ltn01m·2rnmu 

L l1q/~ L i'.Ju a1 L l1Gl'll a\I m')m ~ L :ff a 1 um\I L&iiJ 

l11UL'1inn (Ol1')1\I~ 4) 

,J tl.. .. . ., d . ..¥ 
Oll''nU'l 3 L 'HJUL~U\Jfl1 MIC90 1HN moxifloxacin O\JU1ilU\J1~1JtnUOHlL'1Hl atypical pathogens 

(~~mtlll~~1n Ref. 5) 

Organism MICw (mrJL) 
Moxi. Cip. Levo. Gali. Azi. Clari. Amoxi. Co-amox. Ccfu. 

C. p11e11111011iae 0.03-1 1-2 0.25- 0.06- 0.25 0.03 
0.5 0.25 

C. trachomatis 0.03- 2 0.25- 0.06- 0.12 
0.125 0.5 0.25 

M. p11e11111011iae 0.06- 0.78-8 0.05- 0.002 0.008-
0.12 0.13 0.03 

L. p11e11111ophila 0.015 0.12 0.03 0.016- 0.25 0.03-
0.03 0.06 

.., 4 ., 1 .. 1 ..¥ d .I 'fl . d .. 1 ., . c onnrn 'H~~\J ULl'lil~Lll'l:: mumuDuil~tJil~ mox1 oxacm U.Jilnmn umn~ 400 mg num MI 90 

tlil'ILifmfo 1·rn0i~Lifmn~L~umul~~Y4\Jtfou ( ~~utJa~~1n Ref. 14) 

1::~u1uYrn1mn 1::~u1 mif mrlm.ID~ MIC"° {mg/L) 

(m !IL) 
Peak Trough Bronchial Alveolar Epithelial S. p11e11111011iae H. i11jl11e11zae M. catarrhalis 

Mucosa Macrophage Lining Cell 
(1110/1.-0) (man' <111~/L) 

2.5-5.0 0.5 5.5 113.6 24.4 0.125-0.5 0.031 -0.063 0.125 
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n1 'H ud mm UfN 1uinm El 

£J1U1'la1'\J fl f) L ti~ £)'\J LL ti '1'l~~u 
\J 

metabolites mfo~l~)j 2 'lfil~ ~il N-

sulfate (sulfo compound, Ml) LLa~ acyl­

glucuronide (M2) ~'l 1iJ)jq'Yl5m1uOJa:SV4 
' 

a~nbmrn'l M2 : Ml )jA1th~mru 2.5-6 

LYh Ml ~utiuttl'j&iuludiu~n.h~mru 

90% 'llru~~ M2 ~utiuttl'j&iul'IJLau~ 
t11~mru 10% 

"' . nnvumu 
., ..J .J ., 
a~~1'\J'llil'l£J1'Ylflf1'lJUililf1'Yl1'l 

" 
ilam1~Lrlul-H'n'IJLLUU single dose ilA1utj 

1 1 ti .J'., '\J'lf1'3 'j~)JlfU 19.5-25.7% 'lJ'\Jf)U'lJ'\Jl~ 

m~1i Half-life 'llil'l moxifloxacin il~h 
av1wli1'J'j~'Hi1'! 11.4-15.6 ~1LlN Lrlu 

\J 

1-HnumLLUU single dose trn~ilA11nGl'L~£J'l 
., J'.J 1" nut.mm '\-muu multiple dose (12.0-

16.9 ~1LtN) 
trlal-HnmnmJU multiple dose 

lh~mru 22% 'llti'lmLu1tlL&iiJ 18% 'llu'l 
\J 

mlu~tl glucuronide (M2) LLa~ 3.5% 1u 

~ti sulfo compound (Ml) ~n?ruuuf1'Yl1'l 

lvi Lta~-t.h~mru 12% 'llu'lm lu1tlL&ilJ 
\J 

mi~ 27% 'lltl'l sulfo compound (Ml) ~n 
v ., . "" 'lJU il ilf1'Yl1'l'\J1~ 

CLINICAL STUDY 

m1Amflm'l~ailn'llu'lm moxi­

floxacin rJ'liHiJmmTn Lrn~il'lLU'\JAfflfl 
' 

th~ L£J'lfU'llB'lm1 '\Jf11'j~mfl h~6l~L:Ja 1u 

Yl1'!L&iinnv10JLU'IJ~1~'Y 1~LLO 1u 

community-acquired pneumonia, acute 

exacerbation 'llfl'l chronic bronchitis ua~ 

Suwat Wimo/wattanapun 

acute sinusitis ~1 tiu1'1 m1 A m:n'Yl1'1 ~ail n 
"' ., J' 
lJ~'l'\J 

1. Community- acquired Pneumonia 

14 'l " Springsklee M ~'j1U'l1lJ f.J'1f11'j 

Am:nm11i moxifloxacin lum'l~n'lfl 

community-acquired pneumonia ~~hum 
.Joltl I I 4 11£J'l1lJ'lf'l'Yl1 '\J 'j~LYlflall'l 'l l.110011 

30 tl'j~Ll'Jf! Ltl~£JUL "tfoutiu clarithro-

" mycin n'\J'll'IJ1~ 500 mg i'ua~ 2 ~~'3 LLa~ 

amoxicillin nu 1 g iua~ 3 ~f'l 1J1'\J 10 

iu V4Ui1 moxifloxacin 'lllfl~ 400 mg n1J 

i'm1~~f'l 6l~~atiu 1 o i'u 1-Hfivi'jlf11'j 

\fl£J'llu'lh~11Jrju1v (clinical success 

rate) 94.4% Ltl~vudfoutiu 92.9% 1u 

nq'iJ~'l~~u clarithromycin 'H~tl 
amoxici llin LL adj fi'vi11ni1th~~ t:A'ti 

(bacteriological response rate) LU~£! 93% 

Al•A:(UL'"' S . 98•'-~ " • u u • pneumomae LLa~ 1i1 
A .,J' . .J I ,.J 
~1'H1UL'lftl H. mfluenzae 'lf'la'!m1naiJ'YI 

\J ' 

l~~u claritluomycin LLa~ amoxicillin 

(88% ua~ 82% vi1iJa1~u) 

Fogarty C Lrn~~ru~ 15 1~Anu11urj'thv 

community-acquired pneumonia '"31'1J11J 

382 ~u LLuuc.Jthmrnn OJ1namu\'4mrna 
\J 

51 LL"ri'l Ltl~vrnYivu1~'Hil'l moxifloxacin 

400 mg ~aiu nu clarithromycin 500 

°' :: fll °' I mg 1'\Ja~ 2 ~'j'J Lu'\JL1al 10 1'\J V4U11 

avi'j1f)1'j'H1£J'lJa'lhmf'l 2 namfl1tiu ~a 
' 'I .J., • ., J' .J ; 

9 5% L '\J'llfU~YltlQl11f)1'jf)1'J~L'lfflllJ fl~'\J~~ 

m'j~nu1 ~11iJ-rf'lni1vi110J t~vifi'Yl1'l 
serology Lta~L~£Jf11'jL\'41~L:Jti LU'\J 97% 

a1wfonaiJ~1~ moxifloxacin LL'1~ 96% 
' 

a1w~un~iJ~'l~ clarithromycin 
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2. Acute Exacerbation of Chronic 

Bronchitis (AECB) 

Church 0
16 l~'l1U'l1lJ~H'ltn'lAnlfl 

Yl1'1fliHln1u phase 2 LLa~ 3 1umilJr.Jtl1u 
• 'I.I 

'l1lJinnn11 2,000 'l1£J Ltl~urnYiuu 

'l~'H11'1 moxifloxacin 400 mg nuiua~ 
., 

fl~'I 5 iu, moxifloxacin 400 mg iua~ 
:; .., ... .., 

fl'l'I 10 1u, cefuroxime 2 5 O mg nu1ua~ 
~ QI • • 

2 fl'l'I 1 O 1'\J LLa~ clanthromycm 500 mg 
., 

~QJ QJ' OJ '" 

mnirn~ 2 fl'l'I 7- 10 1u V4U11flVl'l1tn'l 

'H1£.l'llfl'lhflLU'U 89, 92, 87 LLa~ 89% 

vi1lJa1~u ri1tHi'm1m'ln1~viL=A'mllu 87, 

91, 85 LLa~ 77% vi1lJa1~u 

Chodosh s LLa~flru~17 
Anu1luna1 

oim.nlmrt11u AECB 491 fill ·•.nnamu 
\I 

V4mrna 56 LLl-1..:ilua,..,~~mi.J~m Ltl~uu 

LYit1U'l~l111..:i moxifloxacin 400 mg iua~ 
:; 

fl'l'I 5 i'u, moxifloxcain 400 mg i'ua~ 
:; 

fl'l'I 10 i'u LLa~ clarithromycin 500 mg 
QI :: QI I CV 

1lJa~ 2 fl'l'I 10 1'\J V4U11flVl'lltn'll11fJ 

'irn..:ihflLllu 89, 91 LLa~ 91% 011i.Ja1~u 

1 J.., • .., J' tJ 
lJ'lJCU~YlflVl'llfi1'l01~VlL'lfm lJ 94, 95 

LL(;!~ 91 % Vlli.Jal~U 

Lorenz J LLa~flCU~18 Amnlur.Jtl1u 
'I.I 

AECB 332 'l1t11lJL£Jfl'liJ'U Ltl~tlULYiuu 
Q.I :: CV 

moxifloxacin 1ua~A'l'I nu roxithromycin 
OJ :: QI ~ 
11rn~ 2 fl'l'I, clarithromycin 1ua~ 2 fl'l'I 

• • QI' :: 

LLa~ az1thromycm 1ua~m..:i 'l~U~LT~l 

J 1 \I 1 ".~ I I ~I LUat1'llfl'lfi1'l l1m lJ~u1mLvia~nqmuu 

7 .1, 8.9, 8.8 LLa~ 3.3 i'u011i.Jal~U V4U 

11m'l01auaua..:im..:iflailn 1 iJr.Jtl1u~..:i 4 
'I.I 

nai.J~'ltl'l~Lil'U famL V4YltJ ihlVl'l11fl~L~£.l'I • 
QI J I I \I nu (Luau 96%) LL01mm'lu1-.:iam-.:i'lla-.:i~ 

ihu~-.:itl'l~Lilu TvimStl1ma..:i l~LLri mtn'l 
'I.I 
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l " <:$ " l ~ 'll mtn'lL~Ul1u1an mm'l m~u (painful 

) 
QI ~ 1 I J1 \IQI cough LLa~anuru~'1Lai.J'H~ unai.JYI Vl'lU • 

• • q J' <:$ I I .J•t \IQI 

mox1floxacrn Vl'lllJL'l1fl11nai.JYI Vl'lU • ., 
macrolides "11-.:i 3 ?JUVI 

3. Acute Sinusitis 

Hampel B 
19 'l1i.J~am'lAfiU1Yll'I 

flailnlunitlmi.J~mL'Hilmrn~uhtl 1u • .J ~ • I"" "" I phase 3 ?Hv1fiU1Lu'l£.IULYlfJU'l~'H11'1 

moxifJoxacin 400 mg i'ua~fl~'I 7 l1'ia 

10 i'u nu cefuroxime 250 mg iua~ 2 

:; <V 1 "•'• I A'l'I 10 1\J u~u1f.I rhinosinusitis V4U11 
'I.I 

tlO'l'l1fi1'l'H1tl'llt:M hfl 1ur.Ji'.hmtlu 92.6 
'I.I 

• GI .JQJ' 
LLa~ 92.8% Vlli.JalVIU 'lltu~YlflVl'l1tn'l 

o <V J' Pl 1 I .Jl \IQI 
fi1~VlL'lfflLUU 95 .6% umrnYI Vl'lU • 
moxifloxacin u1u 7 i'tJ, 98% lunai.J~l~ • 
~u moxifloxacin 'UllJ 10 i'u LLa~ 87.7% 

1 I .J1 \l<V QI 

imai.JYI Vl'lU cefuroxime 1 O 1\J • 
S. R 20 ~ <J 1egert LLa~flru~ v1mfl L\J'l~tl~ 

oiai.J1 01'lAfiU1LtlULLUU prospective, 

randomized, double-blinded 1uacnu 

V4£.11U1a 60 LLli'I 1uaa'l1Laa LLa~tl'l~LYIA 

1u~htl8n 6 U'l~LYIA 1tJ~U1£J acute 

tl
q q I 

sinusitis 4 9 3 fl\J L 'l£.IUL Ylf.IU'l~l111'1 
QI:: Q.IQJ 

moxifloxacin 400 mg 1\Ja~fl'l'I 7 1lJ nu 
., 

cefuroxime 250 mg i'ua~ 2 A~'I 1 O i'u 

V4ui1ti'vi'l1n1'l'Hlt1'll eN T 'lfl 1 u~thmthJ 
"' • "' J' 96. 7 LLa~ 90. 7% LLa~flO'l'lltn'ltn~VlL'lffl 

Lllu 94.5 LLa~ 83.5% 011i.Ja1~u Tviv 

tl Vl'll ~'I fl a11 LLVl fl oi1'1 nu fl th..:iihj mh ~ty 

m-.:iail&i 

qn if u n'ln tL'lf .:JmHrn 1 •
2 1 

mlun~i.J fluoroquinolones ~VI 

Ltlum~~au-ll'1..:itlaavint1 1n~L~u..:inum 
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1un~JJ betalactams um:: macrolides qn5 

V q 1 I J'.J I 1" t 'lJ1'1LmNmMtn unqJJunwtnrnu ~rnn 

"'" q I .. I q 'YI il'lJ1'1 LA f.l'I 01 fl'WtJtJfll'I LVl\.Hlllfl'j L'lfU 

"'1" q ... .. "'' Aa'\J a tnL~f.IU fltl'ILVIU fl'YlliOJtl'j~tJtJ 

th:::ainnm.:i L'ti'IJ iju.:i.:i thV1~h1:1::: tin 
.(v q .. .., I 

LL a ::: q "r1 li'lJ 1 'I LA fJ 'l"r'l 1 'I r.J 1 \1 U 'I L ?f U 

photosensitivity LUU~'W ~1flfl1'j'j1tJ'j1JJ 

'limrnm'j1?7rn1unaJJ fluoroquinolones ~ " . 
r41uJJ1wui1m LLoi a:::?J'IJ1'1Jifo u1ttl'll~h1 i 
L fi VI q 'YI 5'lf 1.:i L fi f.l'l?fU VI~ 1U LL "l'I OJ' 1'1 1 inn 

V I .., .J..J .J .... 1" 
Utlf.ILLOlflOll'lflU 'lH'11'1J\1U'ltllitJ1f.I Vl~10 
') V q .J I "' I 

LA"l'IG'f"l1'1fl1'1LAJJ'Yl0ll'IOU L'liU photo-

toxicity wul~tlt1u~1ntn fleroxacin, 

fl . .Jq 11 . ,.J spar oxacm LLa:::fJ1YJJJ c i onne Lfll:::tl~fl 

~1LL\1U'I~ 8 1uLA"l.:ia{1.:i L'liu clinafloxa­

cin, sitafloxacin qnB'li1.:iLfiu.:ioit1'j:::tJU 

th:::a1nnai.:i~c;uu'j.:J Liu th:::a1n\1at1u • 
tin ua:::mm"lNVIUn~m.:i~oi ua:::w'lioit> 

oiu wu~1mn trovafloxacin l~tlmmi1rn 
.J • ' ' q I .... 

tl'IJ Photocarcmogemc1ty JJ'flfN1'1J11LOVI 

1~~1nrn lomefloxacin Lrn:::A11JJNV1Un~ 

'lJt1.:il'111~ L'iiu prolongation of QTc 

interval ua::: torsade de pointes wu~1nrn 

fl 
. 22 

grepa oxacm ua::: 1 V I 

sparfloxacin VIUtlf.I 
I d fir II 

011fJ1tlU '1 LuUOl'IJ 
A .., .t" 
'11\1'jtJfJ1 moxifloxacin (l'tlli'lJ1'1 

L fi f.l'I~ W UU tlf.l~'l"l1U'j1JJ 1~ ~1fi'j1f.1'11U 
!S .... .. .Ji 1" I "'1" fl1'jv1n'li1m.:iAaunnmum VILLn Aau a 

(7-B%),Yia.:iLmu(5.7%), ij'IJ.:i.:i (2.9%), 

thVl~hu:::(2%) LLa:::'j:::~urnu1'l1ifoiu1u 
... J' )"" ........ 

LatlVIG'f'l'lJ'IJ (1 - 2% 'l1'1tlUOl01'jfU'lJtl'I01'j " . 
"' .i v q I I J' 'l 'l" LflVl(l'Ylli'lJ1'lLAf.l'lOl1'1 'lL\1a1'1J JJ VILLOlfl 

' .J ~ l· I " .J 1 v.J 011.:i~1nmmrn1 u um1ummc;Aau an 

WU l~tlt1uni1tn~'Ut1cl1.:iti~H~'U d1\1~U 

Suwat Wimolwattanapun 

.iv q J " .J 1" .-(lfli'i'lll'lLAf.l'ltl'U '1 'lJtl)Jnfl')1U"l1JJ Vl~Ufl'I 

iJ .... q ..,J' 
~~U'IJ JJVl'l'U 

Phototoxicity: ~1flfl1'j~m~n LVIU 

fl1'j't1VJati..:im:::~UN1\1lJ'l~1f.ILLG'f'l UV A 1u 

ma1a>1A"lffi~~urn moxifloxacin wui1 

r.rn hll~u01nm1.:i~1nt11a1a>JA'j~l~furn 
\1at>n Lrn:::~1nmc;~mfl1u~ihu 4,300 

" 
"l1£1~1~futn WUtlU~fll'jru?Jtl'lfil'jLOVI . . 
phototoxicity ~'ILU'ULWf.l'I mild sunburn 

L f4u..:i 2 ')1£1 ( <0.05%) 
1 

Cardiovascular effects: ~1001')1?7 

1 '1
0

11 I V .J I q 
fJ1 'Ur.Ju1f.IJJ10011 1 al'IJAU'YIN1'\JJJ1 lJ 

" 
')1£1'11'\Jfll"lLOVI torsade de pointes L Wf.l'I 1 

')1£1 ~'IU'l hlaimc;m:::u l~LL'lliHvi11LOVl~1n • 
tn~~..:i Lrlv.:i~1nr.l'tbuih'l~~m~u..:i~u '1 

" "" J' I II I 22 
'lJ tl'lfll "lLOVIJ111:::'\J"l1JJVl1f.l\1 alf.I tlfJl'l 

...$ .... "" q .J .J '11 \1 'jtJ fl fl li'lJ 1'l LA f.l'ltl U'Yl 1'U LL ')'l 

Liu mmc;?fn t11fl1')NV1tln~n1.:i~01 me; 

L tJ~mm tJa.:i'lJt1.:imc;JJruLrn:::'llt1'1aJJt1'1 oiu 

11£1 \1~ tl tendon rupture U'I hhAf.lij')lf.I 

..:i1umc;Lnvi~1nrn moxifloxacin 

f11'1111 

wui1m\11')ij ~rnn11 i fil'jVIVl:SJJ 
" 

.. " " J'.-'lJtl'lfJ1 mox1floxacm 'ii1a'IU1'1 f.ll'lJ'Ufl'I 

.... 1 ... " .J 'j:::viua.:iavi urnvvi (Tmax) 'ii1n'l~1mwau " . 
1.5 -i1 LJJ'I Lllu 3.5 -i1 Lll..:i LLoitJ~mrumc; 
viV1:SJJrnavia.:iLV4u.:iLantl't1u f11 Cmax avi 
" .J fll 
a..:i~1nmau 1.24 mg/L Luu 1.04 mg/L 

~.:i liiijm1JJd1~cym..:iAailn 
Cation -containing Antacids 

.J q 3• 2• ... 2• 
rnavimvinJJ Al , Ca \1"ltl Mg 
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L l'.luiN~tl·rnn illJafijjNa-U'vi'lJ11~m')VIVl~hJ 
" " 

tn moxifloxacin 1~ L'ilUL~U10lJ~LflVlOlJ 
fluoroquinolones 'lJUlU~U "] jjr.Jaavi oral 

bioavailability 'llil~m ni1lf~h Cmax ua:: 

AUC 'llrNmavia~ 1~i.h::i.nru 40% ua:: 

45% vnmh~lJ mn~1Ll'.luoia~1l1mavi 

fl')Vl~~mh1~1iJ~1u ~~m')1"1iiiJ moxi­

floxacin rlauau1~tl'au 2 i'1 tiJ~ 11~a11a~ 
au1~tl'au 4 ~11iJ~ 
Iron- containing Drug 

ih1u~1irh ferrous sulfate avi 

Cmax 'llil~ moxifloxacin vln 2.9 mg/L 

"" a~L11aa 1.2 mg/L LLa:: AUC aviv1n 
"" .J 34.0 mg/L.h. maa 20.7 mg/L.h. LiJil 

1" :: ' .... 
l1U1Yl~a"tl~')1iJ01J 

'11l1~lJ01')~0U101') 1 lftn moxi­

floxacin ~1iJOlJU1LunqiJ H2-receptor 

antagonists lviumvn:: ranitidine 'H~il~1iJ 

OlJ theophylline ua:: warfarin hh~u·hjj 

ti~ ii~ Ul gi' tl n 1.J'j:: 111' 1~ Ul L,., a' 1 if OlJ Ul 

moxifloxacin 
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TOLTERODINE : 
A NEW BLADDER SELECTIVE MUSCARINIC RECEPTOR ANTAGONIST 

Mayuree H. Tantisira 

Department of Pharmacology, Faculty of Pharmaceutical Sciences, Chulalongkorn University, 
Bangkok 10330, Thailand. 

ABSTRACT 

Tolterodine is a new competitive muscarinic receptor antagonist recently approved for the 
treatment of overactive bladder with symptoms of urinary frequency, urgency or urge incontinence. 
Though tolterodine is a nonsubtype selective antimuscarinic agent, it exhibits favorable selectivity for 
the urinary bladder over salivary glands both in vitro and in vivo studies. It is well absorbed after ornl 
administration and exhibits high first-pass metabolism. Two hepatic metabolic pathways, oxidation and 
N-dealkylation, are mediated by the cytochrome P450(CYP) isofonns 206 and 3A4, respectively. 
Urf1111ry excretion of metabolites accounts for approximately 80% of the administered dose. 
Pharmacokinetic profile of tolterodine is linear over the dose 1-4 mg and does not appear to be affected 
by age or gender. The active 5-hydroxymethyl metabolite fom1ed by CYP 206 shows rather similar 
pham111codynamic and phannacokinetic profiles, except for binding ability to plasma protein, to its 
parent compound. In patients with overactive bladder, tolterodine significantly reduces clinically 
relevant end points such as number of micturition and number of incontinence episode/day while 
increasing the average volume voided. Therapeutic efficacy of tolterodine is maintained during long 
term treatment. As might be expected from its pharmacological profile, the principal adverse effect of 
tolterodine is dry mouth. An optimal efficacy/side effect profile is obtained with tolterodine at a dosage 
of 1-2 mg twice daily. Comparatively, tolterodine and oxybutynin (5 mg tid.) are equivalent in terms of 
efficacy. However, tolterodine is better tolerated than oxybutynin 'with respect to the incidence and 
severity of dry mouth. No clinically relevant ECG changes or significant adverse effect on the central 
nervous system have been noted with tolterodine. 

Keywords: tolterodine, muscarinic receptor antagonist, overactive bladder 

Address correspondence and reprint requests to : Mayuree H. Tantisira, Department of Pharmacology, 
Faculty of Pharmaceutical Sciences, Chulalongkom University, Bangkok I 0330, Thailand. 
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umh 

Toi terodine LU lH.11 hrn1 \J mhJ • 
. .J ... 

muscannic receptor antagonists 'Yl>JijVl"l 

1V1"l~a{1~m,uV1jj LUU tertiary amine L'liu 

L~tnnu oxybutynin ~-IJLU\J muscarinic 

. .J • 1""" ..... receptor antagonist 'YlUOlJliJl ?H 'WvUlUGl 

overactive bladder ~-IJLU\Jtnnl"i~LOG'l~ln 
" ~ ~ q 

mnmuv detrusor 'l.lv~m::Lw1::uaa11::uu 

"'1 CV .J I 4 vi1 min~ru::nm.1m1 m l-1\J v m"lfl1U Vl>J'l.I v~ 
'U • 

~VI 1~ (involuntary contraction) 1u'l.lru::~ 
n "i:: L 'Wl::if aa11::£J'-1J v u1 ti'lf1-ll nal'IJ v~ nl"i 

'U 

"itwfoilaai1::(bladder filling) ~-1Jm~1n 
lvi n11l1r7th[Joltl-IJ01m1aai1::thrn (fre-

\1 

quency) ~1>Jnuj'am.hviilaa11::au1-1J1u 
q QI :: 

LL"i~LLa::LU[JU'Wa\J (urgency) LLa::Ul-IJVl"i-IJ 

1 >J
1 

ai >Jl "ifl n ~u tl crn11:: 1~ (urge 

incontinence) ~~n' tl h.fLOVIUty'Hl'Yll~ 
m"l>JruLrn:: m"ln1n~n"l"l>Jlu~ivii.h::-oli-l'u 

l'tal[J '1 arl1~ 1 • 2 

Overactive bladder LOVI l~nur.J 
\I 

tl1unmwwr1ff)[J jjr.Ji.h::mrum"l1ivu~-
' 1: \J ' 

01 "itU'l.I EM ill nl"i~-IJ na111 \J na >Jl.h::'l110"i • 
m~ 20- 60 tJ ~il{il[Ja :: 10 wu1UL'WYI 

l'ttj)~mnn11 L 'WYl'lfl[J LLa::~ij-llm~iifama 

Lnvii1tyl11~-1Jmh1mnn11u"l::'l11mn~>J~u 
tl-IJ LUJil~::jjm~ La ilO'l.ltl-IJ nl"l1.huvi~1JJ1-l 
milrl'Hai[JiB L'liu m"i~1wvi m"llir.J1tl'v>J 

\I 

~ ' .G.f ~. ' l't"itlnl"ifll[Juaa11::vi1>Jna1nml1UVI LLVJ 

m"ll'lf mnir-1J L iJ uitim"l'imfl~l'lf'nu t1rl1-1J 

LL'W~l·nnmhwfo overactive bladder
3

'
4 

1~w~11 U muscarinic receptor 

antagonists LU\JO~>Jmii'l'lfnumn~~VI lu 
. .... " nl"iUlUG'IVlnl'i overactive bladder Vl1[J 

Mayuree H. Tantisira 

.JI . I .J... A .... 
L l-101 ~H'l'Yl11"i::UU u'i::al'Yl'Yl>JU'YIU1Yla1 Vlty 

I ... .., ti .J' 
Vlilnl'iUU011'1Jv~mrnJL\Jil detrusor 'l.ltl~ 

n"l::L vn::u aa11:: ~ t1"l::uuu'i::ainw1'i1-

~"w1mmn ~-lll'lf acetylcholine LU\Jal'i~fl 
.I 1 cf I CV CV QI .Qi, 

u'i::ain 1J01"iil ti nqntH.Jl\JVl1'iU>J am"l-
4. Q. cl ,, QIQ.I Q.1 41.' Q 

\JO'l11JG'I M3 'l1-IJWUtl~"i1>JOUVl1"iU>Jam'i-

... ... " .J' 
\JO'lf1JG'I M 1 m1:: M 2 uumn>JLlrn detrusor 

'I ., "" .J.. A "" 1 " LVI [J 011"iU 'YI 2.JU'Yl Ul'Yl '11 VI ty \J m 'in ')::vi lJ 
"J' ~ QIQI Q .ct " 

mll>JLlJtl detmsor VltlVl1"iU'll\JVI M 3 fNLL>J 

I l" 1 I J' 11m'i 'lf[Jl 1rna >Ju~ :: a1 >Jl'iflV11 UVl>J • • 
mm"l'l.ltl~ overactive bladder 1~~ LL~nii 

iltyl11Ul-1JU"i::nl'i~1nm'ilim Li 1J mus­

carinic receptor antagonists ~jjijOl"l 1A"l~ 
ti f l I 

a'il-lllu\J quaternary ammonium L'li'IJ 

propantheline, emepronium LLa:: trospium 

UO~Vl?f>J 1vi1JJ ~~10'Yl1-IJL~lrnll11'i ~-IJ,flJ~-IJ 
iHbu~mrueieinqn~ (bioavaiability) ~1 
1 .J 1 I • 'IJ'l.ltu::'Yl[Jl 'IJO~>J tertiary ammonium 

I b . .J ~· I . L'lf\J oxy utynm 'l1-lllu'IJ M 3-se ecttve 
. . . .J " 

muscannic receptor antagonist 'YILL>J~:: un 

.. 1 .,.. I I l " ... ,f.l I .. • I ., 
~Vl'l12.J VIVI LLOlOtl l'tLOGlq'Ylil >J\'Nu"l::a-IJVI 
""Ft~ d :'I:: .... .,.., 
il\J Lu \J ~H'l'1UL \J tl~~l n nl"iu Gl O'IJVl1'iU >Ja 

m~un~u '1 L'liu illm"lu1mLli~l11 t1 
" 1 11..,J.i " J' ~ " QI ~ 
nt1~t-Jn ut-Jn L'lfmua-1J a~ "lt1[Ja:: 50 Vl-ll'IJ\J 

\I \I \I 

tolterodine 'H1il PNU- 200583 l11tl~il 
l11-IJLVlii ~ti (R)- N,N-diisopropyl- 3-

( 2 - hydroxy - 5 - methyl phenyl) - 3 -

. c··.J ).J ... !'., phenylpropanamme ~u'Yl 1 'l1-IJ2.JlJ1l11Jn 

1"LanaLli1nu 4 7 5.58 Lrlt1t1[J1ti"lU'llil-ll 
• \I \I 

mail tartrate ua::iiV1rua>JU~Li'.Ju bladder-• 
selective muscarinic receptor antagonist ~oil 

flOW~\J1?fu>J11vi[J Ph armac i a & 
\I 

Corporation LL'1-llU"i:: LnYla'H'i~m>J1m Ll~il 
1mum'i'inH1 overactive bladder

5
' 

6 
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tl .J 'i' ... .. 
~ fl 1 ijOl'hA'Nif'l1~'t'll~LA>J1HH tolterodine 

nnilmnn1-Jtna?11nrn 1 -
10 

v1nn1'j~nu1n1'jLi1~U'llil'l 
I CU' QI QJ QA .J 

tolterodine 01 il011'jUJ.Ji'fm'jl.Jn'lla'lmrn 

LLi'l'Vl'lilvnlu Chinese hamster ovary cells 

wu:h tolterodine LlJU muscarinic receptor 

antagonist ~L'li1~unuoi'1i'u,j'a~n~iln lu 

L:S'lLL~'l-n'u 1m1 liJij~n1JJ~1L w1:: lum'jL'li1 

~unu subtypes 'llv'loi'1i'uifom~iln 'lfilVI 

1 "' J fll "' 1 J . . 
Vl'lflJVll'l'U'lLulJ'WL~U 'U'lltu::YI oxybutymn 

c:il • I Q.I QI Q.I QQ Q 

JJ~11i.Jv1L vn::01a011'jum~m'j'Un'lfuvi M 1 
t QI QI Q.I' 4Q Q d 

mi:: M 3 JJ1nm1~n'jui.Ja~1'jun'lfuV1mJ 

lu ITJ vitro LrlmtJ~urnYiuunu 
oxybutynin wu11 tolterodine ali.J1'jflQ)1u 

()YIB'llil'l carbachol ~'lLlJ'U cholinergic 

.J,i ... .J ·1""' "".., agonist YI L'l1Ll'llJU1'U1 l'lLOVln1'jU\J011'llil'l 

na1JJLllam::m1::i:laai1::lu bladder strip 

1 "id • cu 
'llil'l~ULLa::vi~01::un VIVILYl11nu oxy-

bu tyn in lu'llcu::~mrn1'j~nu1v1n 
• • • • QI Q.I CU' CV QQ 

rad1ohgand bmdmg OU011'jUJ.Ji'fm'jlJO'lJa'I 

.J' .J "' I 1 " I tJ"' 1 I LlJaLUil'lflJVI011'1 '1 VILLO L aanai.ia'I Vlfij 

l1'1h m::Lw1::ilaai1:: ua::~aml1a1u 
'llil'll'llJ01::Lm wu11irnnv1n tolterodine 

u 

• • ' QI QI QI QQ. .J 
v::LLi'l'Vl'I affm1ty 01il011'jUJ.Ji'fm'j'UnYI 
I:' "1.J'.J.J ti .J 

01tli.JlJ1"1EJl.JtlUn11Ll.JaLUilil'U 1ua1 Li.Jtl 
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tJ
q q CU' I 

L 'jtJULYJuunu oxybutynin wu11 
• ell , 0 I QJ Q.I QI QQ .J 

tolterodme iJ affm1ty 01il011'mi.iam'j\JnYI 
f !' '1 I cf I 

01ili.J'U1"1UlJtlUn11 oxybutynin fl'l 8 LYl1 
QI I ti QI 

Nan1'jY1V1aa'IV1'lna11aavi~aa'lnuNan1'j 

~nu1lu In vivo ~'l~tu::r·n~u1vi'1'lf 
u 

acetylcholine Ll'l~U1tl1ll1m::Lw1::ilaa11:: 
iiu oi'1ua::n'j::Gl" u 01 'jmt'lJ1a1u1viu01'j • 

" h d l' .J I m::01u c or a mgual nerve 'lltl'ILLJJ1YltlU 
• u 

1" .t I d<)., 
01()Yl5'lltl'IU1aau wu11 tolterodine YI Ll'l 

1viun1'j5viL'li1Y11'll'lavviLaavi~1a1JJ1'jfl 
" .f .J, ..,., ., "' 

011\J 'l YI 501 'j01 tlU au tl'lYI N1lJ{l)1'jUJ.Ji'f m'j 

iln~'lna11 lvi'1 uanutu::L~U10UOU01'j 

YIVli'filUlu In vitro tl'u~fo tolterodine 
" .f .,,., 

al JJ1'jfl011\J ()Yl501'jUU 011'lJ tl'ln 'j:: L w1:: 

ilaa11:: 1~~n11m'jl'l~·nl1a1u lu?Jcu::~ 
. 4v ~ ~ !' 

oxybutymn v::a an ()Yl5UUU'I nl'jl'la'lin 

a1u 1~~n11m'jiiuoi1?Ja'lm::L w1::ilaai1:: 
:: QI I 

uanv1nuuu'lwu11 5- hydroxy-

methyl metabolite ( PNU-200577, DD 

01 vi~a 5- HM) ~'ILlJu metabolite l'lan 

'llil'l tolterodine (~lul1'1'limml'lfvalJ ­

ma01{) nLLi'l'Vl'l~cuai.Ju01Y11'luHt'lfiY1m 
I cf Q.I , ,i &:; cf 

L'lfULVIU10U tolterodme U'U~ili.J~11JJLL 'j'J 

1 !'I l: ., ., .., "'"' J u n1'ju ~lnlJ{l)1'jUJ.Ja~1'jirnY1n'j::L w1:: 

umn1:: lvi"lnaL~U'lOU oxybutynin LL~ij 

()Yl~~mm11 oxybutynin lum'jumf'lm'j 

ct " ' Cl.I QI QJ 

MLLJJ11 subtype 'lJil'I011'jUJ.Jam-

~il n~ iluYIU1Yl~1~ty{l)1 tl01 'jUUol1'lJ il'l 
I y 

m::Lw1::ilaa11::ua::m'jvia'ltl1mu ~fa oi'1 

i'rnra~1~iln'lfilvi M 3 L'lim~mnu u011u 

.J'., 1 I "" 1 ..... 'lltu::\JU'I i.Ji'f1JJ1'jflil5U1U Vlfl'l~11JJLL{l)0 

I .f I d' ... 011'l'lltl\ln1'jtltlO()Yl5'llil'l to tero me l'l 'jil 
~el l .. 6i ' !' 

5-HM Y1i.i01am::L w1::uaai1::Lrn::01vi.J'U1 
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mEJ ~-:itl·nn!)l'lJfll'j'YJ~at1·nt-:ilu in vitro 
• •.JI tit/ ti 

mn~ m v1vo "r1na11irnrn1'ln-:i01u 

1 u a'U'lJ LL a~ \1'lJ n u-!J n 'j 'liJ' wu1'1 . .. 
. 4 • f Q.I ' tolterodme ti t1nqmrnm-:i LVl'U'lf~OJtl'j::tJu 

\11 l ~rna::\1 a ti VI La ti VI 'j~UtJU'j::al"r1ri1'U 
.... "" 1 "'., nm-:i 'j::uum-:iL~umm'j \1'jtl oi q"r'ltrnu 

'li.Jw-:itl'l~a-:i~~1nm'lhH'u tolterodine lu 

mn VI a-:i L i'.Ju~rn el'uau L ~ t1-:i >J1~1n fll 'jUVl~'U 
'U 

Gi'1-!u,Jam~iln mfi \11 hLmuL~1 <ji.J1uon .. 
'llf.11£J \1~t1aV1fl1<jL~~t1'Ul \11'1Jtl-:J'j~tJtJ"r11-:J 
L~umln'j ~inm'j~nm~11mi'.Juvh:flu 

'j::u::nm 1 tJ hJtJ<jlf1!)i1 tolterodine il 
~I Q.I ~\l l .cil "' ' i'i'liOl tl'j~UUt11U1~ 'j1J.J"r1-:J irnq"r1Bf)tl 

3.J~L~-:J'l'1~t1rit1tn'lf1'11£JW\JG Tolterodine lu • 
'll'l.JlVI 20 i.Jn.11u hiil~rnvit1m1~m'j 

L~~cywu if 'l'1~m i'.luw'livi t1~1 t1 t1u uvil u 
.J .r ., ....... 

'IJUlVl'Yl\J~'lllJ (30-40 i.Jn.11u) ~::m'iti 

01' t1 Gi' 1 t1' t1 u 'lJ t1 -:i 'l'1 ~ ~ u ~ n 'j ~ LL 3.J
1 

l ~"-! u 

tolterodine L 'U'lJlJ1Vl~~ni:i11 

., "6 8 11 - 13 
tni1'lf~ft'Uff1ifUJ'j •• 

L~t1-:i~1n tolterodine ri1'Ul'l'1qj~~ 
(If) metabolized LV1mt1ul'lfi1 cytochrome .. 
P450 (CYP) 2D6 Li'.J'U 5-HM ~-:iLi'.Ju 

. . .J... ., .... "" l: 
active metabohte "r1iJ~(IH'f3.JtJOJLnt1U"r1-:J • 
'l'1ii~ £Jmi1Jm'j~utiuttJ<j0iu ~a-1u~~-:inu 

Q.I l: Cl~ QI 

tolterodine ~~'U'U~ t1Hfi.JUOJ"r11-:J LJHJ'lf-

-..iau ma01·fot1~ tolterodine lu poor 
-" <S "" v.J 'l <' metabolizer 'lf-:Jf)~tl~'Yl'IJlVILtl'U 'lf3.J CYP 

Mayuree H. Tantisira 

2D6 (wutl'j~mru{mm~ 7 luth~'lf1m 

caucasian) ~-:ivh-:i'ltJ~1n extensive 

metabolizer mh~hn011ii L~t1-:i~1n 5-

tolterodine mimL01nvi1-:i~-:ini:i11~~ lililr.rn 

vit1m'jlimm~~~iln ifu~t1l1J'lltu~~Na 
fll'j-!mfllu poor metabolizer Lll'UNa'OJln 

tolterodine lu extensive metabolizer Na 

m~m'j-rnti1ri1u L\1qj~::Li'.luNa~1n 5-HM 

Tolterodine tlf)Vl~:Sii 1~t1Ul~'j1VI 
'U 'U 

<S .. .... t ... L 'j1 LLa~a'3.JU'j(IJ~lf)"r11~ LVl1Jtl1\11'j Vlm.J .. 
· 'j::~uma~a~ l mat1V1n1u 1 unmtl'j~mN .. . 
2 i11ii~ (Oll'jl~~ 1) mm'jhJilmtvit1fl1'j 

VI VI 'liii'll ti~ u1 ih tl~ i.11 ru t1 t1 n q 'YI ~'ll ti~ .. 
tolterodine 1 u t11a1aJJ~'j~'lJlllWa1t1~ 

I ti .r 1 0J 

'j~\111-:J'jtlEJa~ 10- 10 'll'Uvunum1mLoin .. 
oh~lum::tJ1'Ufl1'j metabolism ~-:i l~ni:i11 

mLL~1 Tolterodine ~unuhh0iulmat1V1 

~-:iri1ul'l'1qjl~LLri Ul-acid glycoprotein 

l~ii1nni1 5- HM ~-:i~~mnu'jtl~a'j~(free .. .. 
dmg) n-:i{t1ua~ 36 L'U'lJ(IJ~~ Tolterodine 

'1 tl "" d ti I l: tlrl lJ'j tJC'f'j::LWrJ-:J'jtlrJa~ 3. 7 L"r'll'U'U 
'U .. 

Tolterodine a~a1ulu l'll,Jul~a1ni1 5- HM 
4 I ti _J .r .,J I 1 tlq 
~-:Ja13.Jl'j(INl'UL'lll~L'UtlLrltl011-:J 1 ~~ LLa:: 

il volume of distribution L'thnu 0.9-
.... 1""" :: ... 1.61 L/kg \1a-:J~lf1fl1'l 'l'1LWrJ-:J~'j-:JL~rJ1 

m-:i\1at1~L~t1V1~1lu'l.lu1~1.28 iin. 
., .. . 

Llla'?J~aumaoi'j'lJtl~ tolterodme 

lu'Llmvi 1-4 iin. ~~m.nu'jtl'lJt1~ linear .. .. 
Lrn~liiilm13.JLLOJf)vil-:J'j::\1i1-:iLWALLa~m~ 

LL vi ti rll-:J L~ 

Tolterodine il first-pass meta­

bolism A
1

t1u.J'1~(J~ L'U extensive .. 
metabolizer m~U1'Ufl1'lLU~rJ'ULLtla-:im~ 
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a1~ty~ol'u~h1m::u1um'l oxidation tviu 

rnu1?Jif CYP 206 1~LU'U 5-HM ~'3LU'U 
. d ·1" .f active metabohte 'li'3~::tmm l1lUJVlt)Ylll 

" 
lvium'lLtl~U'ULthJ 5-carboxylic acid 

metabolite rl1um::u1'\.Jnl'l N- dealky-

t 1 ~ ... .r fll 
lation VlULtllJ 'li>J CYP 3A4 LOVl'lJ'ULu'U 

rl1utl't1mrn:: hW~a~t1m'l~mfl (~ti~ 2) 

LL~a1l1~1J poor metabolizer ~'lllVILtl'U hif 
... 

CYP 206 i1um::u1um'l N-dealkylation 

lvimt1u1?Jif CYP 3A4 ~::Lllum::u1um'l 
..$ v 1 tl.J ti . .J v 
'11~ty 'Unl'lL aU'ULL a-3 tolterodme YIVIU 

tl'l::mruft1ua:: 77 'lltl-3 [
14

C] 

tolterodine ~~utl'l::muL'll11tl~::rin.zi'ut1t1n 
" 
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n1'3if ,rn11:: (a1ulmy'lu~tl'l!t1'3 5-

carboxylic acid metabolite) ua::i't1ua:: 1 7 

~::rimi'ut1t1nl'l1'3tl~~l'l::1nu lu 1 atlvi1lf " . 
t d V V V ~..J l I V vi u YJCfl'ln" i.iu m'l-3" "1u l1ty~::~ n'llu t1 t1 n 

mu1u 24 ~11>.J-.3 systemic clearance rate 

'lltl-3 tolterodine 1u extensive metabolizer 
... l da I I QI 

~ti 44 L/hour 'U'llru::n>J~lLYJlnu 9 

L/hour L'U poor metabolizer nil~ii 

elimination half-life LYi1nu 2-3 ~1li.J-.3LlJ 
extensive metabolizer ua:: 10 ~1l>J-.31u 
poor metabolizer 

Gl111'3~ 1 ~1~1LLtl'iY11~L/Hlti~au~l1aG'l{mM tolterodine LLa::: 5 - HM 1mna1m1m~11m1·1~ (11 f'l1J) 
.J-i .,... ... !11 ... 
mmu tolterodine (2 im. 11rn::: 2 mn) Luuna1 7 1u 

Parameter Tolterodine 5-HM 

AUC 0•12h (µg•li/L) 11.8± 14.2 12. I ±3.3 
CML, (~1g/L) 2.5± 2.3 2.2±0.7 
T nu..(h) 2.5± I. I 2.5± 1.0 
t !4 (h) 2.4± 0.9 3.4± 1.7 
AUC 0-12 h = area under the sernm concentration-time curve; C~,= peak sernm concentration; T nu.,= time to reach 
Cnu.,; t y, = half-life 

Tolterodlne N-dealkylated tolterodlne 

S·HM N-doaJkylated 5-HM 

'1tl~ 2 Metabolic pathway tliN tolterodine 1uf'IU 
" 
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:>J1finl"jAfiM1Na'lHN. tolterodine 

(0.2-12.s iJfi.) ii'h1Ltiti'3~~'3Lattnlu 
mmaiJ~"j~'lJll1Wat (phase 1) wui1 

~ J Q.I Q.I ... 1 
tolterodine L "iiJtHlfiql1i'.i'\-1a'3"iUu"i:::Y11\JtJ1 

\J"i:::mrul-1~'3~1 Lt1'3 maia,J~"i'r1\J~t1m 1~ 
~ Tolterodine nillit-111:>JL~\JL~1~\J ifuff-3 

I V 
CV o o 

m"i l1a'3 u1 ai ti Lrn:::m"il11'31lJ'lJ t1'3 m:::L w1::: 

ilaa11::: tviu~11iJrl'llt1'3m"irl1uilaai1:::avi 
a-3 t1 u'1'3 L iJ u\J~ll1 ~nu?Ju1 V1'llt1'3u1~-iu 
.I .fcv ' '1 " u"i:::YnlJ LLa:::ql1i'.iVl'3fia11Gl1"1"it1~'3tl~ Vl 

il .J•t I .f IV .t I 

LLiJ irn ru:::n "w u fil "i t1 t1 n q n i'.i uu tJ-3 vi t1 

' !' " 1 1 <:$ d VltliJlJ1alULLa1 tltl1'3 "if10l1iJL\Jtl'3:>J1fiWU 
I 1 .t I .J' 

11 tolterodine 'l.J'lllJ1Vlvt'3LLOJ 6.4 tlfi. 'lllJ 

l\Jn11"'1 urinary residual volume L~tl~\J 
~ ru::: ~i~ U~-3 Gl "i \J1'11 lJ ~lJ tolterodine 

" ' 
mm"it1 t1 t1nqnt~t1m:::L vn:::ilaa11::: l~mn 
ni1 ~ t1ml1aiu L'lilJ LQlU10U Nam"iAnM1 l lJ 

l1aBvi'r1viaeN ua:::?Ju1vi 6.4 iJfi. Li'.JumJlvi 

~Gl'3LnlJ 1\Ja1l1-i'Uf11"j1-rl lJ~lJ8'14 
" 

Nmnnm"iAfi'M11u~ihu1u phase 

2 ~1\J1\J 319 ~lJ ( 'lf1U 116 ~lJ l1qj'3 

203 ~u) ~ij~11t1rllum"irl1uilaai1::: 

tolterodine 1u'll\J1Vl 0.5, 1, 2 ua::: .4 

tin. l\Ja::: 2 nm Li'.Junai 2 a\J~n\f WU 

ii tolterodine 1 iJ'lllJ1Vl 2 ua::: 4 iJfi./ 

i'u aiiJ1"jrmvi~11i.irl?Jt1'3m"irl1uilaai1::: 
Lrn:::mm"jn~uilam1::: h.it1r.il~{t1ua::: 15 

" 

Mayuree H. Tantisira 

t-11 l"JLL~t1Ul'3LV1 t)l1ifliiti'3\J"i:::a'3~~vm 1~ 
I • I " .J .. "'"' .. .J' LLfi ul fiLL l1'3'ZJ''3 ti tlUOlf11"it1JGl'3'lllJOJ1 iJ'lllJ1 Vl 

' " 
mt1u1'3~VlL:>J\J lviuwu l~{Bua::: 7, 13, 

26 ua::: 36 luna·"~r'lhu~lvi"-iu 
' " 

tolterodine 1u?J\J1Vl 0 .5, 1, 2 ua::: 4 
Q.I • Q.I :; Q.I 

iJn. 1ua::: 2 na1011t1a1viu ut1n"J1nuuu'3 

wui1ijiJqJl11'lJtl'3 residual urinary volume 

"' 1 v <:f .J' 1 "·'I .Jl ""' ua:::tnm"il-11 :>JLOJUL"i1'lllJ \JNu1U'r1 Vl"iU 
" 
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CASE REPORT 

RITUAL HERB PILL INDUCED MYOPATHY IN A 
HYPERCHOLESTEROLEMIC PATIENT TREATED 
WITH SIMV ASTA TIN 

Viroj Wiwanitkit, M.D. 

Department of Laborat01y Medicine, Faculty of Medicine, Chula/ongkom University, 
Bangkok 10330, Thailand. 

SUMMARY 

71 

A case of female patient with myopathy associated with simvastatin administration is 
reported. Sh-e revealed no history of drug use but only ritual herb ball pill. The patient also did not do 
any severe exercise. Elevation of serum CK exceeding three times the upper limit, was observed in this 
patient and returned to normal limits within 2 weeks after simvastatin administration was canceled. 
This is the first probable case report of myopathy side effect from concomitant use of ritual herb pill to 
simvastatin administration in Thai patient. 

Key words: simvastaiin, myopathy 
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Simvastatin is a hypocholesterolemic 
agent which acts as a potent inJ1ibitor of 
hydroxymethylglutaryl coenzyme A (HMG -
CoA) reductase. It is a widely used drug in the 
present day. The common adverse effects of 
using this drug are headache and gastro­
intestinal irritation. Myopathy is an extremely 
rare complication of simvastatin (0.08 %)1. In 
this a11icle, a case report of ritual ball pill 
induced myopathy associated with simvastatin 
administration is presented. 

CASE REPORT 

A 42-year-old woman presented to 
the physician to follow up her hyper­
cholesterolemia complained about diffuse 
myalgia and fatique. This patient had been 
diagnosed to have hypercholesterolemia and 
was prescribed simvastatin I 0 milligram/day 
for 3 years. At first diagnosis the patient 
showed no sign of another illness and 
abnormal laboratory results (complete blood 
count, fasting blood glucose, liver function 
test, blood urea nitrogen, serum creatinine, 
serum electrolyte and serum creatine kinase). 

In this visit, she revealed no history 
of drug and narcotic use. The patient also did 
not do any severe exercise. The patient had no 
clinical evidence of myopathic illness before. 
From physical examination, no abnormality 
was found. The level of serum CK (CK-NAC 
method, Boehringer Manheim, normal 0 - 190 
U/I) at this follow-up was 1,961 U/I and after 
retest the serum CK level was 2,078 U/I. The 
composition of CK analysis revealed CK-MB 
to be equal to 38 U/I. The chest X-ray and 
EKG were within normal limits. Urinalysis 
result was normal. Erythrocyte sedimentation 
rate was 130 mm/hr. Tests for antinuclear 
antibody and rheumatoid factor were negative. 
Complement levels and results of thyroid 
function tests were all within normal limits. 

From further history taking, this 
patient revealed the herbal medicine usage. 
She revealed that she had been taking the ritual 
herb ball pill for three months to relieve her 
cough symptom, concomitant to simvastatin 
administration. The diagnosis of myopathy 
was made, and simvastatin administration was 
canceled. The patient was followed for the 
symptoms and serum CK level. The patient 
returned to normal within 2 weeks, the course 
of CK level during follow up was presented as 
640 U/I at I week and 54 U/I at 2 week after 
canceling of simvastatin administration. 

Viroj Wiwanitkit 

DISCUSSION 

Simvatatin is an effective hypo­
lipidemic agent and usually prescribed in the 
present day. Its major effect is reduction of 
total cholesterol and LDL levels2

• The long 
term clinical study revealed its safety, 
effectiveness and that it was well tolerated1

•
2

• 

Adverse effect as elevation of serum CK 
within three times of normal limit can be 
observed in less than 1 % of the patients with 
simvastatin administration2

• Severe com­
plication as myopathy with elevation of serum 
CK exceeding three times the upper limit, was 
observed in 0.08 % of the total cases 2

• Many 
reports mentioned this side effect of 
simvastatin in the context of other illnesses 
and drug administration such as warfarin and 
gemfibrozi13

.i;. Ilmnunosuppressive agents is 
another group of medicine mentioned to 
induce myopahty associated with simvastatin 
administration 4-6. 

Although the risk of simvastatin 
hypersensitivity syndrome presented as 
polymyalgia rheumatica is known to be 
increased by concomitant steroid therapy but 
the actual mechanism of pathological muscle 
effect is still unknown. In this case the patient 
had the history of concomitant usage of ritual 
herb pill to simvastatin and believed to be the 
cause of the myopathy. The ritual herb pill is 
one of the oriental traditional cultures. People 
believe that the ritual ball pill is such a magic 
drug that can cure many diseases. Possibly 
immunosuppressive steroid ingredient in the 
ritual pill is commonly not known by the 
patient and can often lead the adverse steroid -
induced side effect or adverse effect due to 
drug interaction. In case of concomitant usage 
of ritual pill with simvastatin, the myopathy 
associated with immunosuppressive steroid 
ingredient can be expected. However, in this 
case no ritual ball pill was collected from the 
patient, therefore, no certain composition of 
the pill could be known. The diagnosis was 
based on follow-up after cessation of the 
steroid pill. 

Although simvastatin was introduced 
into Thailand several years ago, there has been 
no report of myopathy as side effect in Thai 
patients from literature reviewed. This article 
reports the probable case of myopathy in a 
middle-aged Thai hypercholesterolemic patient 
without other illnesses or concomitant drug 
usage except for ritual herb pill. The patient 
presented with myalgia symptom and 
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diagnosed by laboratory profile and treatment 
follow-up. Recommendation for awareness 
and monitoring of this side effect in drng 

REFERENCES 

I. Boccuzzi SJ, Bocanegra TS, Walker JE, 
Shapiro DR, Keegan ME. Long-term 
safety and efficacy profile of simvastatin. 
Am J Cardiol 1991; 68: 1127-31. 

2. Walker JF. Simvastatin : the clinical 
profile. Am J Med 1989; 87: 44-6. 

3. Mogyorosi A, Bradley B, Showalter A, 
Schubert ML. Rhabdomyolysis and acute 
renal failure due to the combination 
therapy with simvastatin and warfarin. J 
Intern Med 1999; 246: 599-602. 

73 

administration is set. Patient education of the 
possible adverse effect due to concomitant 
drug usage should also be performed. · 

4. Tai A, Rajeshawari M, Isley W. 
Rhabdomyolysis associated with simvas­
tatin-gemfibrozil therapy. South Med J 
1997; 90: 546-7. 

5. Deslypere JP,Vermeulen A. Rhabdo­
myolysis with simvastatin. Ann Intem 
Med 1991; 114: 342. 

6. Berland Y, Vacher Coponat H, Cooper C, 
Durand C, et al. Rhabdomyolysis with 
simvastatin use. Nephron 1991; 57: 365-6. 



74 

QI .... .cfQI.... .... QI ... 

"H~fl aoo"j111 a1fl1 aoo"j~'tffl'lJW6M m a"Ha1"lJ11aa1 t.n aaa111t.n 
'U ~ ~ 

(Doctor of Philosophy Program in Pharmacology) 

. 
' ..::::Cal ..c=-. 

't'iU1tJ'31U't1'i'U fJ ~?ffl'U 
Ct.I A A <t.I fl' A QJ A <t.I Q. f/ 

UCU'nVl1'Yl£rn'W OJVSltNO'HlUJ'Hl1'YltJl~U llt'l~ .f11Vl1'1f1 Lml'll'1'YIU1 YICU~LL W'YIUYl1'1'Vl'l • 
CV t/ QJ fl' a.I t/ 

Vl ru~Lfl '1''ll'Al'1'0l'l YICUt'Yl'UGHl W'Ylt.IA1'1'0l'i LL~tYI rut am LL W'YIUA1'1'0l'i 

fltlAGltJUGl"lJfl-3tYiHh1~mrA'iL'iY1Amfl 
~ 'U 

o CV Vo d ""~ .ct 
H1't'i'i'U f.JilJ L 'i~u'it'\HU1 ©'i 

" " 0 

1. it1L~"OJlHUHUlUru<Mvi1ua1·1ni'Ylt.11Al'1'V11~1lJa'ZJillW ~1fllW LL~ t Ll'lii "OJln 
u u • 

amurutJ~lJAOlfl~'YIU1.:JlJ'Hll'YIUlat.1-rU'itl.:J Lrn~l~-rULfltJ'iGllJt.l).J • 
2. virua"u01~u 'l LlluhJmm.htrn~~.:Juru<Mvii'YlmauOJ~1.h~mA1 i'Yl'ilrn l'.lutl 1lu • 

'H'1t1 Vl rut O'J'i).JOl'iU~'Hl'l'HanaGJ 'iW"OJl'iCUl LLa1 L ~mm Vl1'i 1 ii:Hh1~L'Zl1ai11'l 'j 
" 

An ml~ 
• CV .... G -~ .. .,.,..,.')..,. 
ill'trm~aJL'i'ilID~ 

1. a1L~"OJmqJqJl).J'HlUCU<M01aimi'lflLml?Ji'Ylm Llt'l~al'llli'Ylt.1lYll'1'0l{tbfllW~lJ 'l 
2. ~rua"u~~u 'l Ll'.luhJ011lJu'i~n1A~-3uru<M01i'Ylt.11at.1"0J ~u'l~niA1 i'Yl'ilUL l'.lutl 11 u 

'H~tJYI rut.n'J'J).J m'lu~m'i'Han '1'Vl'iW"OJl'iCUlLLa1 L ~li'1').Jl'l1'l 1 lfiia'YIBL 'Zf1aii'vi'lAmn 1~ 
" 

au 1v6iviQf aaaumu 1Ylff -;;rr. vi-;;. awcn'il f1~1'lft1-i'"1u 111f1]?11t11ff'?lirw1 • 
m:u::icn1iiwnt1rnacn{ ~ 02-2189732 »1a -;;rr.aw?f1 ]nm§¥tifww1 

• u u 



Thai J Pharmacol; Vol 23: No I, Jan-Apr 2001. 75 

PHARMACOLOGICAL DIGEST 

Nisamanee Satyapan 

Department of Pharmacology, Pramongkutklao College of Medicine, Bangkok I 0400, Thailand. 

Oral Misoprostol Less Effective When 
Given on The Same Day As Mifepristone 

Administration of mifepristone and oral 
misoprostol on the same day is not as effective 
in causing abortion within 24 hours as when 
the medications are given 48 hours apart, 
University of Pittsburgh researchers report. 
After giving 600 mg of mifepristone to 86 
women seeking termination of pregnancy, Dr. 
Mitchell D. Creinin and colleagues 
randomized the patients to receive oral 
misoprostol 400 µg 6 to 8 hours later (group l) 
or 48 hours later (group 2). Women in group I 
who did not abort were provided with an 
additional dose of misoprostol to take 48 hours 
after mifepristone, according to the research 
team's report in the May issue of the British 
Joumal of Obstetrics and Gynaecology. 
Twenty-four hours after receiving misoprostol, 
50% of the women in group I had complete 
abortions compared with 91% of the woinen in 
group 2, the researchers report. Two weeks 
after mifepristone administration, 95% of the 
women in group I had had a complete 
abortion, as had 98% of the women in group 2. 
In group 2, 68% of the women reported 
nausea, 36% reported vomiting and 20% 
diarrhea, Dr. Creinin's team notes. Studies of 
mifepristone and vaginal misoprostol have 
resulted in higher rates of complete abortion 
and "more rapid expulsion compared with oral 
misoprostol," Dr. Creinin and colleagues 
note."It is possible," they say, "that a regimen 
with vaginal misoprostol may hold promise for 
same-day treatment." 
Br J Obs/et Gynaecol 200 I; I 08:469-473. 
(http: I Id iabetes. medscape.com/reuters/pro f/ 
2001/06/06.06/200 l 0605clin003.html) 

Sulfonylurea Receptor Polymorphism 
Increases Risk of Type 2 Diabetes 

In the French population, a common genetic 
variation in sulfonylurea receptor I (SURI), a 
protein of the ATP-sensitive potassium 
channel that plays a central role in glucose­
induced insulin secretion, is associated with an 
increased risk of non-insulin dependent 
diabetes mellitus (NIDDM). Dr. Philippe 
Amouyel, of Institut Pasteur in Lille, France, 

and a multicenter team report the finding in the 
June I st issue of the American Journal of 
Medical Genetics. Their study included 122 
subjects with NIDDM, 70 of whom were 
treated with sulfonylureas, and 1,250 
nondiabetic controls. The subjects were 
genotyped for the SUR I intron 16-3 t/c 
polymorphism. Only 21 % of controls were 
homozygous for the c allele (ie., cc genotype), 
compared with 30% of NIDDM patients. 
Subjects with the cc genotype had a 70% 
increased risk NIDDM compared with tt 
genotypes, Dr. Amouyel told Reuters Health. 
A link between SURI polymorphism and 
response to sulfonylurea therapy also emerged 
in the study. "NIDDM patients bearing at least 
one c allele and treated with sulfonylurea 
agents had fasting plasma triglyceride 
concentrations 35% lower than non-c-allele 
bearers," according to the researcher. These 
findings may allow physicians to treat NIDDM 
according to a patient's genetic makeup. Such 
pharmacogenetic approaches "offer the best 
short-term applications of genetics to human 
health management," Dr. Amouyel said. 
"Indeed, in such situations, genotyping will 
have a clear interest for the patient: to increase 
the chances to receive the most efficient drug 
and to avoid deleterious side effects." 
Am J Med Genet 200 I; I 0 I :4-8. 
(http://diabetes.medscape.com/re11ters/prof/200 
1/06/06.07/200 I 0606epid00 I .html) 

Antiviral Activity of Lovastatin against 
Respiratory Syncytial Virus In Vivo and In 
Vitro 

Respiratory syncytial virus (RSV) is an 
important human pathogen that can cause 
severe and life-threatening respiratory 
infections in infants and immunocompromised 
adults. We have recently shown that the RSV 
F glycoprotein, which mediates viral fusion, 
binds to RhoA. One of the steps in RhoA 
activation involves isoprenylation at the 
carboxy terminus of the protein by geranyl­
geranyltransferase. This modification allows 
RhoA to be attached to Phosphatidyl serine on 
the inner leaflet of the plasma membrane. 
Treatment of mice with lovastatin, a drug that 
inhibits prenylation pathways in the cell by 
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directly inhibiting hydroxymethylglutaryl 
coenzyme A reductase, diminishes RSV but 
not vaccinia virus replication when 
administered up to 24 h after RSV infection 
and decreases virus-induced weight loss and 
illness in mice. The inhibition of replication is 
not likely due to the inhibition of cholesterol 
biosynthesis, since gemfibrozil, another 
cholesterol-lowering agent, did not affect vims 
replication and serum cholesterol levels were 
not significantly lowered by lovastatin within 
the time frame of the experiment. Lovastatin 
also reduces ·cell-to-cell fusion in cell culture 
and eliminates RSV replication in HEp-2 cells. 
These data indicate that lovastatin, more 
specific isoprenylation inhibitors, or other 
pharmacological approaches for preventing 
RhoA membrane localization should be 
considered for evaluation as a preventive 
antiviral therapy for selected groups of patients 
at high risk for severe RSV disease, such as the 
institutionalized elderly and bone marrow or 
lung transplant recipients. 
Antimicrob Agents Chemother 2001 Apr;45 
(4):1231-7. 

Efficacy of Zanamivir Against Avian 
Influenza A Viruses That Possess Genes 
Encoding HSNl Internal Proteins and Are 
Pathogenic in Mammals 

In 1997, an avian HSN I influenza vims, 
A/I-long Kong/156/97 (A/HK/156/97), caused 
six deaths in Hong Kong; and in 1999, an 
avian H9N2 influenza virus infected two 
children in Hong Kong. These viruses and a 
third avian virus [A/Teal/HK/W312/97 
(H6N I)] have six highly related genes 
encoding internal proteins. Additionally, 
A/chicken/HK/G9/97 (H9N2) virus has PB I 
and PB2 genes that are highly related to those 
of A/HK/156/97 (H5Nl), A/Teal/HK/W312/97 
(H6Nl), and A/Quail/ HK/Gl/97 (H9N2) 
viruses. Because o·f their similarities with the 
HSN I virus, these H6N 1 and H9N2 viruses 
may have the potential for interspecies 
transmission. We demonstrated that these 
H6N I and H9N2 viruses are pathogenic in 
mice but that their pathogenicities were less 
than that of A/HK/ 1S6/97 (HSNl). Unadapted 
virus replicated in lungs, but only 
A/HK/IS6/97 (HSNI) was found in the brain. 
After three passages (P3) in mouse lungs, the 
pathogenicity of the viruses increased, with 
both A/TeaVHK/W3 I 2/97 (H6N I) (P3) and 
A/Quail/HK/G 1/97 (H9N2) (P3) viruses being 
found in the brain . The neuraminidase 
inhibitor zanamivir inhibited viral replication 

Nisamanee Satyapan 

in Madin-Darby canine kidney cells in virus 
yield assays (SO% effective concentration, 8.S 
to 14.0 µM) and inhibited viral neuraminidase 
activity (SO% inhibitory concentration, S to 10 
nM). Twice daily intranasal administration of 
zanamivir (SO and I 00 mg/kg of body weight) 
completely protected infected mice from death. 
At a dose of 10 mg/kg, zanamivir completely 
protected mice from infection with H9N2 
viruses and increased the mean survival day 
and the number of survivors infected with 
H6N I and HSN l viruses. Zanamivir, at all 
doses tested, significantly reduced the virus 
titers in the lungs and completely blocked the 
spread of virus to the brain. Thus, zanamivir is 
efficacious in treating avian influenza viruses 
that can be transmitted to mammals. 
Antimicrob Agents Chemother 2001 Apr;4S 
(4):1216-24. 

Impact of Prophylaxis for Mycobacterium 
avium Complex on Bacterial Infections in 
Patients with Advanced Human 
Immunodeficiency Virus Disease 

Tile epidemiology and natural history of 
bacterial infections among ambulatory patients 
with advanced human immunodeficiency virus 
(HIV) disease has not been well described. In 
this prospective study, 394 subjects were 
enrolled and followed at 8-week intervals for a 
median of 21 months. During follow-up, 164 
(42%) of 394 patients developed at least I 
bacterial infection. The most common 
infections were sinusitis, bacterial pneumonia, 
skin and soft tissue infection, and bronchitis. 
Serious bacterial infections (defined as 
bacterial pneumonia, bacteremia, or deep 
visceral abscess) were reported in S6 subjects 
(14%). Female sex, age of <40 years, and 
Karnofsky score of ~80 were independent risk 
factors for bacterial infections. Prophylaxis 
with clarithromycin, trimethoprim and 
sulfamethoxazole, or both, had significant 
protective effect. The occurrence of any 
confirmed bacterial infection was associated 
with a significantly increased risk of mortality. 
This study docufI!ents that bacterial infections 
are common among patients with advanced 
HIV disease, especially among women. 
Clin Infect Dis 2001Jun1;32(11): 1615-22. 

Resistance to Trimcthoprim -
Sulfamethoxazole 

Sulfonamides have a glorious history. In 193S, 
they were the first class of true antimicrobial 
agents with life-saving potency. Today, 66 
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agents with life-saving potency. Today, 66 
years later, increased bacterial resistance to 
sulfonamides and to trimethoprim (TMP), a 
synthetic antimicrobial agent that is 30 years 
younger than sulfonamides, has limited their 
use to only a few indications. In the treatment 
and prophylaxis of patients with urinary tract 
infections, trimethoprim-sulfamethoxazole 
(TMP-SMZ) or TMP alone is still considered 
the first-line drug of choice, although 
increased bacterial resistance to these agents 
has been linked with treatment failure. TMP­
SMZ has a possible role as a second- or third­
line treatment for patients who have 
respiratory tract infections. In the developing 
world, where this inexpensive drug is widely 
used as first-line treatment, bacterial resistance 
has caused problems, especially with regard to 
the treatment of patients with severe 
respiratory tract infections. Use of TMP-SMZ 
as prophylaxis for P1ie11mocystis carinii 
infection has rapidly increased the multidrug 
resistance of bacterial pathogens found in 
human immu-nodeficiency virus-infected 
patients. Today, detailed and reliable 
knowledge on the resistance of bacterial 
pathogens to both TMP-SMZ and TMP is an 
essential requirement for the safe and effective 
use of these drugs in all clinical settings. 
Clin Infect Dis 2001 Jun /;32(11): 1608-14. 

Pseudomo11as aerugi11osa Reveals High 
Intrinsic Resistance to Penem Antibiotics: 
Penem Resistance Mechanisms and Their 
Interplay 

Pseudomonas aeruginosa exhibits high 
intrinsic resistance to penem antibiotics such 
as faropenem, ritipenem, AMA3176, 
sulopenem, Sch29482, and Sch34343. To 
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investigate the mechanisms contributing to 
penem resistance, we used the laboratory strain 
PAO I to construct a series of isogenic mutants 
with an impaired multidrug efflux system 
MexAB-OprM and/or impaired chromosomal 
AmpC beta-lactamase. The outer membrane 
barrier of PAOI was partially eliminated by 
inducing the expression of the plasmid­
encoded &cherichia coli major porin OmpF. 
Susceptibility tests using the mutants and the 
OmpF expression plasmid showed that 
MexAB-OprM and the outer membrane 
barrier, but not AmpC beta-lactamase, were 
the main mechanisms involved in the high 
intrinsic pen em resistance of PAO I. However, 
reducing the high intrinsic penem resistance of 
PAOl to the same level as that of penem­
susceptible gram-negative bacteria such as E. 
coli required the loss of either both MexAB­
OprM and AmpC beta-lactamase or both 
MexAB-OprM and the outer membrane 
barrier. Competition experiments for 
penicillin-binding proteins (PBPs) revealed 
that the affinity of PBP 1 b and PBP 2 for 
faropenem were about 1.8- and 1.5-fold lower, 
than the respective affinity for imipenem. Loss 
of the outer membrane barrier, MexAB, and 
AmpC beta-lactamase increased the 
susceptibility of PAOl to almost all penems 
tested compared to the susceptibility of the 
AmpC-deficient PAO! mutants to imipenem. 
Thus, it is suggested that the high intrinsic 
penem resistance of P. aeruginosa is generated 
from the interplay among the outer membrane 
barrier, the active efflux system, and AmpC 
beta-lactamase, but not from the lower affinity 
of PBPs for pen ems. 
Antimicrob Agents Chemother 2001 Ju/;45 
(7): 1964-71. 
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N3SOneX® 
mometasone turoate monohydrate Aqueous Nasal Spray O. 05 % 

A sfrudurally unique qlueocortieoid Ho 
' designed to optimize cH
3
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local anti-inflammatory 
potency 

.. 
'CH 3 
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