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XIVth World Congress of Pharmacology
5San Francisco, California
7-12 July 2002

The program, hotel information, reaistration information and abstract forms will be available in
coal From:

Congress Secretfariat
C/o FASEB OSMC
9650 Rockviile Pike
Bethesda, MD 20814, USA
Tel: +1 301 530 7010 Fax: +1 301 530 7014
E-mail: wep@faseb.org

Or online at:
http://www.iuphar2002.0rg

The deadline for paper submission of abstracts is 31 January 2002,
Abstracts will be accepted on-line untit 7 February 2002.
The preliminary program is available on the world wide web at:

http://www.iuphar2002.0rg
Plan to ottend now.
Plenary lectures, symposia and workshops on these and other topics are planned.

Receptor structure and function (Amara, Chongeux, Colquhoun, Felder, Gustafson, Hamm,
Wess, others)
Receptor characterisation and classification (Ruffolo, Spedding, others)

+  Gene disruption techniques, and The analysis of gene expression (Smithies, Wess others)
Signal transduction systems (Anderson, Bekoch, Parton, Narumiya, Wittinghofer, others)
Regulation and functions of ion channels {Ashcroft, Gurney, Jan, Kurachi, Moss, Peers,
others)

Ton channels as oxygen sensors (Gurney, Peers, Conforti, Lopez-Barneo, Weir, others)
Glutmamate receptors in brain (Nakanishi and others)

Purinergic signalling (Burnstack) _

Neuronal plasticity and neuroprotective therapies in stroke {Soderling, Moroni, others)
Craving and relapse in drug addiction (Koob, O'Brien, Zvartau, van Ree, others)
Cardiovascular functional gencmics (Chlstein. Schwartz, Douglas, Cambien, Liew, Spancgel,
others)

+  Regulation of vascular contractility (Adler-Groschinsky, Cocks, Edwards, Segal, Triggle,
Weston)

Pharmacologicol regulotion of cyclooxygenases (Patrono, others)

Angiotensin receptors (Sassard)

Receptor regulation of cardiac remadeling and fibrasis (Lechat, others)

Asthma (O'Donnell, others)

New developments in antiviral therapy (De Clercq, Bridger, Hazuda, Schinazi, others)
Drug resistance (Konings, Liscovitch, Nikaido, Bibi, others)

In vitro models of human drug metabolism (Birkett, Jones, Miners, Sugiyama, Tucker)
Transporters in drug metabolism (Benet, Cole, Oude Elferink, Kim)

Cytochrome P450s; structure ond function metabolism (Halpert, Hawksworth, Meyer,
Wrighton, Ortiz de Montellono, others)

Cytochrome P450s in cell signolling and opoptosis (Kopitulnilk, Pelkonen, Zeldin, Nebert,
van der Soag, others)

Phorimacegenetics; individual susceptibility to drugs (Ingelman-5Sundberg, others)
Apoptosis (Orrenius, others)
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INTRODUCTION

Traditional bee keeping in Thailand
was started about 100 years ago with Apis
cerana in coconut plantations on Samui Island.
Modern bee keeping with Apis mellifera was
started in the early 1940°s but did not increase
markedly until the early 1970°s’. Tt 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 pylori’, a pathogenic bacteria
causing peptic ulcer, and a protective effect on
acute gastric mucosal lesions induced by 50%
ethanol’. It was demonstrated that a natural
mixture of higher aliphatic primary alcchols
isolated from beewax possessed anti-gastric
ulcer effect when tested in different
experimental models’. The anti-ulcerogenic
property of the mixture was suggested to be
related to a cytoprotective mechanism via
enhancement of the quantity and quality of the
gastric mucus™®, The mixture was also
reported to have a protective effect on the pre-
ulcerative phase of carrageenan -induced
colonic ulceration in the gumea plg

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 combs®.
Propolis is reputed to have antiseptic,
antitnycotic, bacteriostatic, astringent, choleric,
spasmolytic, antl-mﬂammatory, anaesthetic
and anti-oxidant properties®'®. Propolis is also
used by herbalists to treat duodenal ulcers and
in homeopathic medicine®. Propolis from
South America was found to have antibacterial
activity against Gram positive bacteria', It
was reported that phenolic compounds isolated
from Brazilian propolis showed activity
against Trypanasoma crizi and bacteria, and a
relaxant effect in guinea-pig isolated trachea'?.

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

MATERIALS AND METHODS
Propolis

Propolis in tablet form (25 mg/tab)
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was kindly provided by the Bee Products
Industry Co., Ltd., Thailand. It was ground and
suspended in 0.5% carboxymethylcellulose
{CMC) to desired concentrations.

Animals

Male 8] pue-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 Anim 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 of Thailand 1999.

Indomethacin-induced gasiric ulcers

Propolis was administered orally to
48 hr. fasted rats 60 min prior to induction of
gastric ulcers by indomethacin suspended in
0.5% carboxymeth;rlcellulose at a single i.p.
dose of 30 mg/kg". After 5 hr the rats were
sacrificed and examined for gastric ulcers.

HCVEIOH-induced gastric ulcers

Propolis was administered orally to
48 hr fasted rats 60 min prior to induction of
gastric ulcers by 1.0 ml HCI-EtOH (60 ml
ethanol + 1.7 ml HCI + 38.3 ml water) p.o."
The animals were sacrificed and examined for
gastric ulcers 60 min later.

Restraint waler immersion siress-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 al”. 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



12

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 " niniste  orally to
48 hr fasted rats. One hour later, pylorus
ligation as described by Shay et al'® 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.

Determination of gastrlc wall mucus content

Gastric wall mucus was determined
by the Alcian blue method'”. Briefly, propolis
was administered orally to 48 hr fasted rats 60
min prior to induction of gasiric ulcers by 1.0
ml HCVEtOH (60 ml ethanol + 1.7 ml HCI +
38.3 ml water) p.o.". 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
gasfric wall mucus was extracted with 0.5 M
MgCl, for 2 hours. The blue extract was then

Chaiyong Rujjanawate

centrifuged. The optical density of Alcian blue
in the agueous 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,

Measuremen! of gastric hexosamine content

Hexosamine content in gastric tissue
was assayed by the method of Glick'®. Briefly,
propolis was administered orally to 48 hr
fasted rats 60 min prior to induction of gastric
ulcers by 1.0 ml HCI/EtOH (60 ml ethanol +
1.7 ml HCI + 38.3 ml water) p.o.". Sixty
minutes later, the animals were sacrificed and
the antral part of the stomach was hydrolyzed
with 6§ N HCl ovemight. The tissue was
neutralized with 6 N NaOH and incubated with
acetylacetone at 100 °C for 15 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 statisticai
analysis using ANOVA and statistical
comparison was done using Duncan Multiple
Range Test. The value exceeding 99%
confidence limits was considered to be

shaken vigorously with an equal volume of significant,
diethyl ether and the resulting emulsion was
Fable I, Effects of propolis on gastric ulcers in rals
Group GASTRIC ULCER INDUCER
~ . Indomethacin HCIYEIOH Siress
Ulcer index (mm)  F(%)  Ulcer index (mm) (%) Ulcer index (mm} __ 1(%)
Conirol 75413 101.0£11.9 99+09
Propolis 100 mg/ke 22+ 06* 71 9.4 145 91 27+0.6* 13
Propolis 200 mg/kg 0.5+0.2* 93 1.4 +0.9¢ 99 0.1 +0.0* 99

Note : data expressed as mean + S.EM. (n=8)

* significantly different from the control group ( p <0.01)
1 (%%) = inhibition of ulcer formation expressed as percentage

RESULTS

Propolis at doses of 100 and 200
mg/kg significantly (p<0.01) 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<0.01) decreased from that of
the control group (Table 2). Table 3 shows that
the mean value of the gastric mucus content in
HCIEtOH induced ulcerated rats was
significantly lower than that of the control
group. Propolis at doses of 100 and 200 mg/kg
significantly (p<0.01) restored the 1nucus
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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. Effects of propolis on gastric secretion in rats

i3

Pretreatment with propolis at 100 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.

Giroup Gastrig vol. {ml) Gastric pH Acidity mEg/L

Control 9.5+08 1.62 +0.08 f26+5
Propolis 100 mg/kg 8410 1.87+042 1009
Propolis 200 mg/kg 8.6+08 1.64 + 0.07 51+4*

Note : data expressed as mean + SEM. (n=8)

* significantly different from the control group (p < 0.01)

Table 3. Effects of propolis on gastric wall mucus content in rats

Group Gastric wall mucus
_(ug Alcian blue/g wet stomach)
Conirol HCY/EIOH ulcerated rals 804 +29
Propolis 100 mgkg 1597 + 72*
Propolis 200 mg/kg 1072 + 70*
Non-ulcerated sats 1167 + 16*

Note : Data expressed as mean + S EM. (n=10)

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

Table 4. Effects of propolis on gaslric hexosamine content in rats

Group Hexosamine content
{ug /100 mg wet stomach)
Control HCIVEIOH ulcerated rats 217116
Propolis 100 mg/kg 303+12%
Propolis 200 mg/kg 47+ 1.6*
Non-uvlcerated rats 37.0+22*

Note : Data expressed as mean + S.EM. (n=8)

* significantly different from control uicerated rats ( p < 0.01)

DISCUSSION

It is known that poplar trees (Poptlus
spp.) are the major source of propolis in
'‘mperate countries and that the chemical
constituents of this material fall into four
inajor groups, namely beeswax constituents
(fatty acids, esters, long chain alcohols),
flavonoids, other phenolic compounds, and
volatile compounds (mainly terpenes)’. In
tropical regions propolis can be expected to
have different compositions because of
different tree species involved, as has been
shown for Brazilian propolis™'®® and for
propolis from the Canary Islands®'. Therefore
no comunent can be made at present about the
constifuents 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 maodels which include indo-
methacin, HCVEtOH and restraint water
immersion stress - induced gastric lesions in
rats??,

The pathogenesis of gastric ulcers is
often depicted as an imbalance between
mucosal 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 mucosal integrity
are pgastric mucus and bicarbonate, gastric
mucosal barrier, prostaglandins (PGs) and
mucosal blood ﬂowg“'”.

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. PGE, and



14

PGI, in the cyclooxygenase pathway of
arachidonic acid metabolism®. PGE, and PGl,
of gasiric and duodenal mucosa are responsible
for mucus production and maintaining cellular
integrity of the gastric mucosa”. In the
HCVEtOH induced gastric ulceration model,
HCI causes severe damage to gastric mucosa®®
whereas ethanol produces necrt  : lesions by
direct necrotizing action which in turn reduces
defensive factors, the secretion of bicarbonate
and production of mucus®. The water
immersion stress-induced - ers are mediated
by increases in gastric acid secretion’® and
decreases in mucosal microcirculation’' and
mucus content™. 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 gasiric 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
ouiput was significantly decreased.

The gastric wall mucus, obligatory
components of which are hexosamines, is
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CYTOCHROME B-5 RED' “TASE ACTIVITY AND
METHEMOGLOBINEMIA IN HUMAN RED BLOOD CELLS
OF THAI PATIENTS RECEIVING NITROGLYCERIN

Supatra Srichairat', Vanida Rujirasereechai %, Vanee Taweesup’

! Department of lermacalagy, Faci  of Veterinary Science, ]nter—Department of Pharmacology,
Graduate School, ° Department of Pharmacology, Faculty of Dentistry, Chulalongkorn University,
Bangkok 10330, Thailand.

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 cytechrome bs reductase deficiency, the present study was aimed to investigate the
relationship of cytochroine bs 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 pg (0.5-3.0 pg/kg/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 b;s
reductase activity in male was lower (p<0.05) than female. No severe methemoglobinemia was found
in these patients. However, e methemoglobin concentration and cytochrome bs 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 bs reductase. It
was found that intravenous nitroglycerin administration in the total doses of 24,000-104,000 ug
produced not only slight increase of methemoglobin content but also the significant increase of their
cytochrome b; reductase activity. However, the increased metheinoglobin 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 bs reductase activity and nitroglycerin administration
should be further investigated,

Key words : methemoglobin, nitroglycerin, cytochrome b5 reductase

: Supatra Srichairat, Department of Pharmacology,
Faculty of Veterlnary Science, Chulalongkorn Umversnty, Bangkok 10330, Thailand.
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INTRODUCTION

Methemoglobinemia is a clinical
condition characterized by cyanosis resulting
from decreased oxygen transport. Methe-
moglobinemia may be inherited (ec.g.,
abnormal hemogl " 'n Sy
methemoglobin reductase activity) or acquired.
Acquired methemoglobinemia can result from
exposure to certain drugs and chemicals such
as nitrates and other direct oxidants, local
ancsthetics, aniline dyes and sulfonamides',
Orpanic 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 anginal attacks®. 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)"?. 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 bS5 deficiency and
exposure to large amounts of oxidants,
methemoglobinemia is postulated to be a
pc..  al adverse clinical consequence  his
study was aimed to examine a possible
correlation between the cytochrome b5
reductase in red blood cell activity and
methemoglobin level in biood.

MATERIALS AND METHODS

Apparatis

UV-visible recording. spectrophoto-
meter (UV-1600A, Schimadzu) and high speed
centrifuge (1IE CB-22M) were used.

Reagents

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.

Specimens
Control group: Blood samples of
100 healthy bleed donors, 50 males and 50
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females obtained from the Thai Red Crass
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 ol ned from each patient. The age
range was 50 to 65 years. 15 were males and
15 were females. NTG in concentration of
either 100 "or 400 pg/ml was infused
continuously. The mfusion rate was started at
5-10 pg /min and increased as tolerated to 25-
50 pg/min. The total doses of NTG were
between 24,000-104,000 pg.

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

Assay of methemoglobin In blood

Methemoglobin content was
measured béy micromethed described by
Hegesh ct al.”. .

Assay af NADH-cpfoclirome bS reductase
activity

NADH-cytochrome b5 reductase
activity of erythrocytes was determined
according to the method of Hegesh et al’. The
enzyme __ ivity was measured in a reaction
mixture which contained 20 pl of 0.25 M
EDTA (pH 7}, 100 pl 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 (frec from cytochirome b5 reductase ),
3.48 ml distilled water and 10 pl of blood
sample. Mixed and centrifuged the solution at
1500 x g for 5 minutes. 950 pl of hemolysate
was pipetted in a cuvette having Icm light path
and 50 pl of NADH 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.

Stafistical 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 determined. P value <
0.05 was considered significant.
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Table 3. Comparison of methemoglobin level and cytochrome bs reductase in erythrocytes between
nonnal subjects and patients receiving nitroglycerin.

Methemoglobin content (%6) Cytochrome b reductase activity
Group N {unit/min/g of hemoglobin)
Mean t SE Mean + SE
| Normal 114 0.09 1 0.01 12 +0.04 |
" Normal 25 0.09 £ 0.03 3.17£0.06 '
{ 50-60)
Patients 40 0.10 £ 0.03* 31.3440.06
* P<().05
DISCUSSION intravenous NTG administration in the total

Methemoglobinemia is a clinical
condition in which more than 1% of
hemoglobin is oxidized to methemoglobin’.
Methemoglobinemia may be inherited or
acquired. The autosomal recessive condition
results from an absence of c¢ytochrome 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'. The lethal level of
methemoglobin in human is above 70%".

Clinical significant elevation of
tnethemoglobin level has been reported with
the administra..... of nitroglyc.._v***". 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 I%. Thus,
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INTRODUCTION

Caffeine or 1,3,7-trimethylxanthine
(figure 1} is a purine alkaloid occurring
naturally in coffee and cocoa beans, kola nuts
and tea leaves. It is the most widely used
psychoaci :  bstance in { world. In
western soclety, at least 80 percent of the adult
population daily consume large amounts of
caffeine'. 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 g 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 > *.

, 7 CHs
HaC—N N}
O rlq N
CHa

Figure 1. Structure of caffeine z

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 capacity’ as well as
increased rating of energetic and lively’. In
addition, caffeine can effectively reduce early
morning driver sleepiness® and can improve
long-term memory’. 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 euphoria®. 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 absorption’.
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
clevated following caffeine intake'®. The
mechanism of the improvement of endurance
performance by caffeine is still unknown.
Caffeine ingestion is associated with an
in pom@a 1 a tisol
levels, which might contribute to its oeneut on
exercise endurance'’,

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'?.
In one report, caffeine intake is significantly
related to self-reported parasomnias (abnormal
sleeping pattern) in children™. Inpestion of a
single oral dose of caffeine at the typical
consuniptive level (3 mg caffeine/kg body
weight) significantly increases whole-arm
physiological tremor in young aduit'. High
doses (> 3mg/kg) of caffeine in person who
previously consumed little caffeine produce
negative subjective effects such as
nervousness, jitteriness, stomachache, and
nausea'’, Toxic manifestations in an overdose
case include sweating, tachycardia, cardiac
failure, pulmonary oedeina, gastric dilatation,
metabolic disturbances (metabolic acidosis,
hyperglycaemia and creatine kinase elevation),
hypertonia, and convulsion'®. Caffeine
increases gasiric acid secretion, thus, patients
with active peptic ulcer should restrict their
intake'”, 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
caffeine'™', Fatal caffeine poisoning is a
relatively rare event but several instances have
been recorded, usually afier accidental or
intentional ingestion of very large amounts
(>3 g)>. 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 us shows significant increases in
typical withdrawal symnptomns (e.g. sleepiness,
fatigue, and mood disturbance) afier stop
receiving caffeine. Cessation of daily caffeine
consumption significantly increases cerebral
blood flow welocity leading to withdrawal
symptoms of headache, drowsiness, and
decreased alertness’®?*. Chronic caffeine
consumers will seek for caffeine twice as often
than subAjects whe do not daily consume
caffeine®. One of the significant factors
motivating caffeine consumption appears to be
"withdrawal relief"?,

Not everyone who consumes
caffeine-containing products shows signs of
caffeine dependence and tolerance. In one
survey, only 11% of the caffeine consumers
reported symnptoms upon stopping caffeine.
Among the regular caffeine users, only 0.9%
of males and 5.5% of fenales 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 symnptoins
were very low. Therefore, clinically significant
symptoins of caffeine dependence seem to be
uncommon events mong the g eral
population®®, It appears that the effects of tea
and coffee are not entirely due to caffeine per
se; other factors either infrinsic to the beverage
(e.g. sensory attributes or the presence of other
biclogically active substances) or of a
psychological nature (e.g. expectancy) are
likely to play a significant role in tea and/or
caffeine preferences °.

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
accurnbens, the key structure for reward,
motivation and addiction. However, the
caffeine doses that reflect daily human
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consumnption do not induce a release of
dopamine in the shell of the nucleus
accumbens but Iead to a release of dopamine in
the prefrontal cortex, which is consistent with
caffeine reinforcing properties. Moreover,
caffeine increasss glucose utilization in the
shell of the sonly r °~
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
structures regulating sleep-wake cycle, the two
functions most sensitive to caffeine’’. When
criteria for drug/substance abuse “DSM-
criteria” are applied for caffeine, which include
strong desire or unsuccessful aftempt to stop
use, spending a great deal of time with the
drug, using more than intended, occurring of
withdrawal symptoms, using despite
knowledge of harin, 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 »*,

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 death’. The caffeine
withdrawal symptoms and its positive
reinforcement effect are not pronounced as
those associated with cocaine and
amphetainine, 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’.

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

Combination of caffeine and I-
ephedrine currently is misused in athli i
it has an ergogenic effect (increasing
wakefulness and endurance) on high intensity
aerobic exercise performance®’, Ephedrine, a
structural analog of methamphetamine, has
stimulating effects generalized to other central
stimulants. The stimulus effects of l-ephedrine
share some amphetaminergic commonality,
but not identical’’. Using rats trained to
discriminate | mg/kg of d-amphetamine
(ED50 = 0.4 mg/kg) from saline vehicle in a
two-lever drug discrimination procedure, it is
shown that l-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 l-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 l-ephedrine
and caffeine mutually potentiate one another's
stimulus effects in amphetamine-trained rats **,
A case of cardiotoxicity, i.e., severe
hiypertension and ventricular dysrhy ias of
this combination; however, has been reported,
which can lead to serious morbidity and
wnortality if not adequately treated*®, Ephedrine
and caffeine are thus on the list of doping
substances of Internatioral Olympic
Committee (TOC), in order to protect the health
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of athletes, prevent unfair advantage (cheating)
and encourage ethical behavior. Positive
athletic caffeine testing is defined at the
concentration in urine exceeding 12 pg/ml »

METHAMPHETAMINE SYNTHESIS

In the past decades, methampheta-
mine was synthesized in the clandestine
laboratories via the reactive amination of
phenyl-2-propanone (P-2-P)* (figure 2). After
1980’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 (SOCl;) or hydriodic
acid (HI) and red phosphorus®’ (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 ogerations required are less
sophisticated®**®, 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 seeins to be a new precursor for
methamphetamine synthesis™.
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. NHCH,
7 \.cn.e
; \ Aluninium + Hgel CH,CHCH,
CH;COCH; ! NHZCH3 " m—

@cu;cocn, . HCOOH - NH;CH, —
(=]
(or HCONHCH,)

CH,CHO + NH,CH, —» CH;CH=NCH,

(cH,)cHoH

B21Mg C!

v

Figure 2. Synthesis of methamphetamine via reductive amination of P-2-P
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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 added'®"'. Caffeine is found in

T i as l \'
agent® e survey founa tnat streer
amphetainine and methamphetamine contained
neither amphetainine nor methamphetamine.
These samples contained weaker stimulants
such as ephedrine andfor caffeine. Most of the
samples were found to contain amphetamine or
methamphetamine and other drugs,
particularly ephedrine and caffeine*’. In
Thailand, Palanuvej and c()lleagues"5 reported
that 74% of street methamphetamine contained

Thai J Pharmacol; Vol 23: No 1, Jan-Apr 2001,

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
durii  “he process, in order to cut the cost and
to avoid using controlled substance while
maintaining stimulating effects although
weaker than those of amnphetamine. For
ephedrine, it might be. added into
methamphetamine for the same results as that
caffeine is added, In addition, 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.

H il Hi /P

—»

1l-Ephedrine

d-Methamphetamine

Figure 3. Synthesis of d-metharnp"~*wmine via the conversion of l-ephedrine
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RETINOIDS AND CANCER PREVENTION

Sumittra Charcenhirunyingyos

Department of Pharmacology, Faculty of Medicine Siriraj Hospital, Mahidol University,
Ba %ok 10700, Thailand.

ABSTRACT

Retinoids, active metabolites of vitamin A (retinol), play critical roles in vision, embryonic
development, cell differentiation and homeostasis. Their receptors ¢an 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 RARESs 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  vitamin A may resuit in abnormal
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.

Key words : vitamin A, retinoids, retinoid receptors, cancer
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RETINOIC ACID RESPONSE
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TOLTERODINE :
A NEW BLADDER SELECTIVE MUSCARINIC RECEPTOR ANTAGONIST

Mayuree H. Tantisira

Department of Phar. ology, I = o "hw ! o, T g o ve T,
Bangkok 10330, .. ailand.

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 vitre and in vive studies. It is well absorbed after oral
administration and exhibits high first-pass metabolism. Two hepatic metabolic pathways, oxidation and
N-dealkylation, are mediated by the cytochrome P450(CYP) isoforms 2D6 and 3Ad4, respectively.
Urinary excretion of metabolites accounts for approximately 80% of the administered dose.
Pharmacokinetic profile of tolterodine is Iincar over the dose 1-4 ing and does not appear to be affected
by age or gender. The active 5-hydroxymethyl inetabolite formed by CYP 2D6 shows rather similar
pharmacodyuamic and phanmacokinetic profiles, except for binding ability to plasma protein, fo its
parent compouud. In patients with overactive bladder, toltcrodine significantly reduces clinically
relevant end points such as nuinber of micturition and number of incontinence episode/day while
increasing the average volume voided, Therapeutic efficacy of * “terodine is maintained during long
termn 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.

Key words : tolterodine, muscarinic receptor antagonist, overactive bladder

: Mayuree H. Tantisira, Department of Pharmacology,
Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok 10330, Thailand.
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Simvastatin is a hypocholesterolemic
agent which acts as a potent inhibitor of
hydroxymethylglutaryl coenzyme A (HMG -
CoA) reductase. It is a widely used drug in the
present day. The comnon adverse effects of
using this drug are headache and gastro-
intestinal irritation, Myopathy is an exiremely
rare complication of simvastatin (0.08 %)". In
this article, 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-
chelesterolemia complained about diffuse
myalgia and fatique. This patient had been
diagnosed to have hypercholesterelemia and
was prescribed simvastatin 10 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/ at this follow-up was 1,961 W/ and after
retest the serum CK level was 2,078 U/l. The
composition of CK analysis revealed CK-MB
to be equal to 38 U/l. 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 histery taking, this
patient revealed the herbal medicine usage.
She revealed that she had been taking the ritial
herb ball pill for three months to relieve her
cough symiptom, concomitant to simvastatin
administration. The diagnosis of myopathy
was nade, and simvastatin administration was
canceled. The patient was followed for the
symptoms and serum CK level. The patient
returned to normal within 2 wecks, the course
of CK level during follow up was presented as
640 U/l at | week and 54 U/l at 2 week after
canceling of simvastatin administration.

Viroj Whwanitkit
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 levels®. The long
terin clinical study revealed its safety,
effectiveness and that it was well tolerated"?,
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 adninistration’. 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 *. Many
reports mentioned this side effect of
simvastatin in the context of other illnesses
and drug adininistration such as warfarin and
gemfibrozil®. Immunosuppressive agents is
another group of medicine mentioned to
induce inyopahty associated with simvastatin
administration™*,

Although the risk of simvastatin
hypersensitivity syndrome presented as
pelymyalgia rheumatica is known to be
increased by concomitant steroid therapy but
the actual mechanism of pathological muscle
cffect 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
onc of the oriental traditional cultures. People
believe that the ritual ball pill is such a magic
drug that can cure many diseases. Possibly
ininunosuppressive 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 illngsses 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 dmg
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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 gen.._orozil, another
cholesterol-lowering agent, did not affect virus
replication and sermn cholesterel 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 H5N1 Internal Proteins and Are
Pathogenic in Mammals

In 1997, an avian H5NI influenza virus,
A/Hong Kong/156/97 (A/HK/156/97), caused
six deaths in Hong Kon 1 1999, an
avian H9N2 influenza virus infected two
children in Hong Kong. These viruses and a
third avian virus [A/Teal/HK/W312/97
(H6N1)] have six highly related genes
encoding internal proteins. Additionally,
A/chicken/HK/G9/97 (H9N2) virus has PBI
and PB2 genes that are highly related to those
of A/HK/156/97 (H5N1), A/Teal/HK/W312/97
(H6N1), and A/Quail/ HK/G1/97 (HIN2)
viruses. Because of their similarities with the
H5N1 virus, these H6N1 and H9N2 viruses
may have the potential for interspecies
transmission. We demonstrated that these
H6N1 and H9N2 viruses are pathogenic in
mice but that their pathogenicities were less
than that of A/HK/ 156/97 (H5N1). Unadapted
virus replicated in lungs, but only
A/HK/156/97 (H5N1) was found in the brain.
After three passages (P3) in mouse lungs, the
pathogenicity of the viruses increased, with
both A/Tea/HK/W312/97 (H6N1) (P3) and
A/Quail/HK/G1/97 (HON2) (P3) viruses being
found in the brain. The neuraminidase
inhibitor zanamivir inhibited viral replication

Nisamanee Salyapan

in Madin-Darby canine kidney cells in virus
yield assays (50% effective concentration, 8.5
to 14.0 pM) and inhibited viral neuraminidase
activity (50% inhibitory concentration, 5 to 10
nM). Twice daily intranasal administration of
zanamivir (50 and 100 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
H6N1 and H5N1 viruses, Zanamivir, at all
doses tested, significantly reduced the virus
titers in the lungs and comnpletely blocked the
spread of virus to the brain. Thus, zanamivir is
efficacious in treating avian influenza viruses
that can be transmitted to mammals.
Antiinicrob Agents Chemother 2001 Apr;45
(4):1216-24.

Impact of Prophylaxis for Mycobacterium
avium Complex on Bacterial Infections in
Patients with Advanced Human
Immunodeficiency Virus Disease

The 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 1
bacterial infection. The most common
infections were sinusitis, bacterial pneumonia,
skin and soft tissue infection, and bronchitis.
Scrious bacterial infections {(defined as
bacterial pneumonia, bacteremia, or deep
visceral abscess) were reported in 56 subjects
(14%). Female sex, age of <40 years, and
Kamofsky 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 documents that bacterial infections
are common among patients with advanced
HIV disease, especially among women.

Clin Infect Dis 2001 Jun 1;32(11):1615-22.

Resistance to Trimethoprim -
Sulfamethoxazole

Sulfonamides have a glorious history. In 1935,
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 frimethoprim (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 Preumocystis 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.

Cilin Infect Dis 2001 Jun 1;32(11):1608-14.

Pseudomonas aeruginosa Reveals High
Intrinsic Resistance to Penem Antibiotics:
Penem Resistance Mechanisms and Their
Interplay

Pseudomonas aeruginosa exhibits high
intringic resistance to penem antibiotics such
as faropenem, ritipencm, AMA3176,
sulopencm, Sch29482, and Sch34343. To
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investigate the mechanisms contributing fo
penem resistance, we used the laboratory strain
PAOI 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 PAO1 v par * "y " ninated by
inducing the expression of the plasinid-
encoded Escherichia 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 mechanisins involved in the high
infrinsic penem resistance of PAOL. However,
reducing the high infrinsic penem resistance of
PAOI 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 1b and PBP 2 for
faropenem were about [.8- and 1.5-fold lower,
than the respective affinity for imipenem, Loss
of the outer membrane barrier, MexAB, and
AmpC beta-lactainase increased the
susceptibility of PAO1 to almost all penecms
tested compared to the susceptibility of the
AmpC-deficient PAOI mutants to imipenem.
Thus, it is suggested that the high intrinsic
penem resistance of P. aeruginosa is penerated
from the interplay among the outer membrane
barrier, the active efflux systemn, and AmpC
beta-lactamase, but not from the lower affinity
of PBPs for peneins.

Antimicrob Agents Chemother 2001 Jul:45
(7):1964-71.
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