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PLI. DESIGNER DRUGS FOR THE NEW MILLENIUM: GABA,
RECEPTOR SUBTYPE SELECTIVE AGENTS

Phil Skonick

Lilly Research Fellow, Neuroscience Discovery, Lilly Research Laboratories,
Eli Lilly & Co., Indianapolis, IN.

ABSTRACT

Converging lines of evidence indicate that GABA receptors are part of the
brain’s “biowarning system”. For example, dramatic changes in GABA, receptor
function precede measurable alterations in the HPA axis following presentation of
environmental stimuli. Thus, its is perhaps not surprising that GABA, receplors
mediate the actions of the most widely prescribed class of anxiolytic (anti-anxiety)
agents, the benzodiazepines (e.g., diazepam). Currently available 1,4-benzodiazepines
(as well as other anxiolytics acting through GABA, receptors, such as batbiturates
and ethanol) produce other pharmacological actions that may be considered
undesirable. Because GABA4 receptors are a heterogeneous family of ligand-gated
ion channels, the design of subtype selective agents has been proposed as one strategy
to produce agents with a more limited range of action {e.g. an anxiolytic lacking
sedative properties). Studies in both recombinant and native GABA, receptors clearly
demonstrate that the o subunit (that is, o)) 1s the principal determinant of ligand
affinity for a structurally diverse group of compounds acting at allosteric modulatory
sites that have traditionally been termed “benzodiazepine receptors”. While
representatives from several chemical classes (e.g., the imidazopyridine, zolpidem)
exhibit selectivity for GABA, receptors containing an o« subunit, the
pharmacological profiles of these compounds are not dramatically different from
“classical” 1,4-benzodiazepines. This may not be viewed as unanticipated, since
receptors containing the o) subunit probably constitute > 50% of the total GABA,
receptors pool, and are widely distributed throughout the central nervous system. It
can be hypothesized that compounds exhibiting selectivity for GABA4 receptor
isoforms present in relatively low abundance would possess a more selective range of
actions. Based on the reported 10-15 fold selectivity of Ro 15-4513 for recombinant
GABA, receptors containing an os subunit (compared to receptors expressing other o
subunits), we synthesized a series of novel 8-substituted imidazobenzodiazepines.
These compounds possess a marked selectivity (up to 75-fold) for os subunit-
containing recombinant and native GABA, receptors. /n vivo studies suggest the
pharmacological actions of these compounds are mediated through occupation of s
containing GABA, receptors. A radiolabelled form of an o5 selective
imidazobenzodiazepine ([*HJRY 80) has been used to characterize native and
recombinant type GABA, receptors containing os subunits. As had been previously
demonstrated for other ¢ subunits, it 1s likely that amino acid residues proximal to the
first transmembrane domain are responsible for the high degree of selectivity of such
compounds for GABA, receptors containing an ¢; subunits. Molecular modeling
studies, together with the use of both mutational analysis and transgenic models
should result in o5 selective agents, prototypic designer drugs for the new millenium.
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PLZ. FISH - ODOUR SYNDROME : SOUTHEAST ASIA
EXPERIENCE

Amnuay Thithapandha

Department of Pharmacology, Faculty of Science, Mahidol University,
Bangkok, Thailand.

ABSTRACT

A study of the metabolism of trimethylamine was carried out in 103 healthy
Thai volunteers (70 men and 33 women) and it was found that under normal dietary
conditions 84-100% of trimethylamine was excreted in the urine in its N-oxide form.
Five propositi living in different parts of the country were identified as having
deficiency in the N-oxidation of this tertiaryamine, because they excreted only 8-35%
of this chemical as trimethylamine N-oxide. This metabolic defect was also confirmed
by the results of an oral trimethylamine (600 mg) challenge experiment in which all
five propositi were found to excrete an even smaller percentage of trimethylamine as
trimethylamine N-oxide in their urine. The results of a study of the families of the two
proband individuals, as well as those members of their preceding generations under
normal dietary conditions, are consistent with the view that the disorder or metabolic
defect is inherited in a Mendelian fashion as an autosomal recessive trait, similar to
that reported for white Caucasian subjects.
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PL3. CANCER GENE THERAPY
Adisak Wongkajornsilp

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

ABSTRACT

The current cancer treatments consist of surgery, radiation, and chemotherapy. These
standard treatments are effective in curing or suppressing the progression of some types of
cancers especially in early stages. However, many types of cancers resist even the
combination of these standard treatments. Novel models of cancer treatment are therefore
required for the eradication of these resistant cancers. Gene therapy constitutes one of the
recent promising models for the control of cancer, single gene inherited disorders, as well as
severe infection (i.e., AIDS). Gene therapy involves the insertion of recombinant DNA(s)
into the cells of a patient either in vivo or ex vivo to correct a genetic material or to provide a
new function to the cell. More than a half of the approved gene therapy protocols in the US
aim at the treatment of cancer. The vectors used for gene therapy have ranged from
adenovirus, retrovirus, herpes virus, parainfluenza virus to more recent non-viral vectors.
The strategies employed in cancer gene therapy consist of (1) enhancing anti-tumor immunity
through the expression of cytokines, immune costimulators and strong tumor associated
antigens; (2) the expression of tumor-suppressor genes; (3) the suppression of
immunosuppressor and oncogene expression; and (4) the expression of a suicidal gene to
enhance the susceptibility to prodrug. Cytokine gene therapy has an advantage over direct
cytokine injection since the transduced cytokine genes will express constitutively and locally.
The expressed cytokines will be continuously produced and have limited volume of
distribution that closely simulates their physiological characteristics. Therefore, the need for
frequent re-injections is obviated and the redundant toxicity to other vasculature-riched
organs is negligible. Gene therapy is still in an infancy state. The study for the improvement
of vectors for gene therapy as well as the study for logical approaches to ineffective protocols
is currently at the forefront of biomedical research. The proposals for developing vectors,
animal experiments, and clinical trials have been submitted in Thailand.
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SY1. SYMPOSIUM ON NITRIC OXIDE
Udom Chantraraksri

Department of Pharmacology, Faculty of Science, Mahidol University,
Bangkok, Thailand

ABSTRACT

A component of smog, NITRIC OXIDE is becoming familiar for the role it
plays in the human body as a regulator of the flow of blood through veins and arteries.
And the molecule is a major factor in an enormous range of physiological functions,
including penile erections (by dilating blood vessels; Viagra® works partly by
exploiting nitric oxide) and in causing sudden spikes in blood pressure (know as
“preeclampsia”) in some pregnant women.

White blood cells in the body use nitric oxide to kill infectious agents such as
bacteria, fungi and parasites; they even use the molecule to defend against cancerous
tumors, in nearly all of these cases, the exact chemical structure of the enzyme
making nitric oxide would provide a blueprint for researchers to design drugs or other
treatments that will effectively treat these disorders with a minimum of side effects.

Nitric oxide synthase, the enzyme that makes nitric oxide exists in three
distinct chemical forms. One form helps the body fight off infections by aiding with
an inflammation response; another assists nerve cell transmission within the brain,
and the third regulates blood pressure.

Disease or accidents can disrupt the enzyme’s “fine tuning,” making it
produce too much nitric oxide. This disruption can cause high blood pressure (or
sometimes dangerously low pressure), shock, or other circulatory problems.

Determining the structure of this enzyme may be an important step in
researching how nitric oxide works in the body. From this point, we could find out
how to manipulate the enzyme’s ability to change blood pressure.

In the future, drugs may be developed that can control blood pressure by
controlling the enzyme’s ability to make nitric oxide. Similarly, new drugs
combating the wide range of diseases in which nitric oxide play a role can be
developed once the three enzyme structures are known. Researchers have been
frustrated by past drug development efforts because of severe side effects of nitric
oxide-inhibiting drugs. Each of the enzyme’s three forms have a very specific role.
Drugs that control the enzyme hit all three at once, causing severe side effects It is
anticipated that by isolating one structure at a time, the researchers can then design
drugs that work exclusively on one enzymatic form by exploiting their unique
structures.

The rescarchers are now working on finding the forms of all three enzymes,
which has the potential to create new techniques of combating disorders from
impotence to shock to bacterial infections. This is a promising new research area in
the fight against hypertension and heart disease, and could result in a new group of
pharmaceuticals to treat this problem in a more effective way.
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Research on nitric oxide is gaining momentum due to the molecules’ role in the
development of new drugs or therapeutic strategies for the treatment of numerous
diseases including: hypertension, stroke, diabetes, dementia, arthritis, traumatic brain
injury, adult respiratory distress syndrome, pulmonary hypertension, re-oxygenation
re-perfusion injury during surgery, cancer, multiple sclerosis, and other diseases
involving impairment of host defense.

The importance of nitric oxide m biomedicine was also emphasized by the
recent awarding of the Nobel Prize for Physiology and Medicine (Robert F. Furchgott,
Ferid Murad, and Louis J Ignarro) for the discovery of NO as a signal molecule in the
cardtovascular system. The “Nitric Oxide Society” was found in 1996, and its official
journal ‘Nitric Oxide: Biology & Chemistry” was published as Part B of the well
known Academic Press Journal Archives of Biochemistry and Biophysics in 1998.

Incidentally, last Thursday (March 18) Ferid Murad, a 1998 Nobel Laureate
just gave a state-of-the-art lecture to the 1999 Annual Meeting of ASCPT in San
Antonio, USA on *“ VARIOUS ROLES AND MECHANISMS FOR NITRIC OXIDE
PRODUCTION AND POSSIBLE THERAPEUTIC IMPLICATIONS THEREIN™

It’s timely, however, that this mini-symposium on NO is organized by the
Phartherst”. I’m confident that we’ll learn a lot today on the ‘Pharmacology of Nitric
Oxide’ from the 2 speakers, a husband-wife team, who have been keeping very closed
watch on the literature on NO. This may speak for their very lively appearance!

Ladies and Gentlemen, Drs Surachai & Supeenan Unchern who will entertain
us on the Pharmacology of Nitric Oxide in Cardiovascular and Nervous system
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SY 2. ROLES OF NITRIC OXIDE IN HEALTH AND DISEASE:
CVS AND CNS ASPECT

Surachai Unchern” and Supeenun Unchern**

’ Deparitment of Pharmacology, Facully of Pharmaceutical Sciences,
Chulalongkorn University,
Bangkok 10330, Thailand

" Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok

INTRODUCTION

The nomination of nitric oxide (NO) as Science's "Molecule of the Year 1992" was a
milestone for a seemingly common and unstable gas known as a component of cigarette
smoke and an atmospheric pollutant. It was then justified by the discovery of myriad
effects of NO as a chemical messenger in the cardiovascular system (CVS), immune
system, peripheral nervous system (PNS) and central nervous system (CNS).
Undoubtedly, NO has a wide-ranging role in health and disease. While many of its effects
are well known, there remains much more to explore and to learn about the interactions of
this fascinating molecule in physiological and pathophysiological processes.

This article emphasizes potential roles of NO in the CVS and CNS and serves as a guide
to the world of booming research with NO and its synthesizing enzyme, NO synthase
(NOS). In this respect, most of the content 1s a simplified and informal overview of NO’s
roles in health and disease.

Nitric oxide is a soluble gas continuously synthesized by the endothelium. This substance
has a wide range of biological properties that maintain vascular homeostasis, including
modulation of vascular dilator tone, regulation of local cell growth, and protection of the
vessel from injurious consequences of platelets and cells circulating in blood. A growing
list of conditions, including those commonly associated as risk factors for atherosclerosis
such as hypertension and hypercholesterolemia, are associated with diminished release of
nitric oxide into the arterial wall either because of impaired synthesis or excessive
oxidative degradation. Diminished nitric oxide bioactivity may cause constriction of
coronary arteries during exercise or during mental stress and contribute to provocation of
myocardial ischemia in patients with coronary artery disease. Additionally, diminished
nitric oxide bioactivity may facilitate vascular inflammation that could lead to oxidation
of lipoproteins and foam cell formation, the precursor of the atherosclerotic plaque.
Numerous therapies have been investigated to assess the possibility of reversing
endothelial dysfunction by enhancing the release of nitric oxide from the endothelium,
either through stimulation of nitric oxide synthesis or protection of nitric oxide from
oxidative inactivation and conversion to toxic molecules such as peroxynitrite.

Eventually, the discovery of NO as a uniquely diffusible and reactive molecular
messenger in the vascular system motivated searches for NO biosynthesis throughout the
body. NO was then found in abundance in the immune, central and peripheral nervous
systems. Indeed, NOS, the enzyme that produces NO from L-arginine, occurs at higher
levels in brain than in any other tissue. Intensive studies over the past 10 years have
determined that NO mediates diverse physiological functions associated with neurons and




824 Thai J Pharmacol

other excitable cells. In the peripheral nervous system, NO acts much like a classical -
neurotransmitter in regulating gastrointestinal motility, regional blood flow, and
neuroendocrine function. In the brain, NO acts as a neuromodulator to control behavioral
activity, influence memory formation, and intensify responses to painful stimuli.
Furthermore, NO biosynthesis in excitable tissues is not restricted to neurons. Recent
studies have identified skeletal muscle as a major source for NO in the body where NO
regulates both metabolism and muscle contractility.

NO biosynthesis in excitable tissues is regulated by increases in intracellular calcium,
which activate NOS through the enzyme's dependence upon calmodulin. Although small
amounts of NO synthesized during neural and skeletal muscle activity mediate
physiological functions, excess NO production can mediate tissue injury. For example,
large amounts of NO produced during periods of cerebral ischemia mediate neuronal
injury in various forms of stroke. Similar NO-mediated damage may account for
neurodegeneration in other conditions as well, including Alzheimer’s disease, Parkinson's
disease, amyotrophic lateral sclerosis, and Huntington's disease. NO signaling 1s also
perturbed in various muscle diseases, particularly in Duchenne muscular dystrophy, and
these derangements may contribute to the disease processes. Therefore, pharmacological
regulation of NO synthesis offers an important strategy for treatment of neurodegenerative
and muscle diseases.

CHEMICAL CONSIDERATION OF NO

The signal molecule NO is synthesized on demand by constitutively expressed NOS
(cNOS), namely, endothelial NOS (eNOS) and neuronal NOS (nNOS), for short periods
of time (seconds to minutes). The killer molecule NO is synthesized by an inducible NOS
(iNOS) that, once expressed, produces NO for long periods of time (hours to days).
According to calculations, the major differences between cNOS and iNOS activities do
not reside in the concentrations of NO generated per enzyme, but rather in. the duration of
NO produced. In addition, the iNOS protein content in fully activated cells may be higher
than the ¢cNOS content. Thus, cytotoxicity usually correlates with the product of iINOS
and not with the product of the two cNOS (with possible exceptions in brain injury).
Thus, regulated pulses versus constant unregulated NO synthesis differentiates between
the messenger and the killer properties of NO.

Although being a radical, NO has quite a long life in biological environments, depending
on its own as well as concentrations of oxygen and/or other components of the solvent. In
addition, reaction with glutathione, or proteins containing reduced cysteine moieties,
yields S-nitrosothiols, which are more or less unstable (half-lives: minutes to hours) and
decompose, again yielding NO. These can thus be regarded as NO-storage compounds. It
is, therefore, impossible to determine exactly the life span of NO in biological systems.

Concerning the cytotoxic effects of NO, one must ask if the effect is really due to nitrogen
monoxide. Concerning the physiological signaling function of NO, we can be certain that
we deal with NO as the target molecule. The soluble guanylate cyclase (sGC) is activated
by NO with an apparent Ky in the nanomolar range and not by other related compounds.
Concerning the toxic effects of NO, the picture is less clear, especially under the aerobic
conditions of cellular life. In addition, activated cells like macrophages, neutrophils, or
endothelial cells secrete reactive oxygen intermediates, like H,O,, O,”, OH', and singlet
oxygen ('0,), thereby complicating the local environmental situation. Reaction of NO
with H;O, yields 102 and a cooperative toxic action of NO and H;O, has been
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demonstrated. O, and NO may react to form the peroxynitrite anion (ONQOQ), a strong
oxidant with a half-life of less than a second. However, macrophage generation kinetics of
0,” is different from kinetics of NO generation and the amount of ONOQ" generated
extracellularly by activated macrophages and endothelial celis in vitro appears to be very
small. In addition, NO seems to inhibit O, production by activated neutrophils by either
decreasing NADPH activity or assembly. The NO oxidation or reduction products, NO*
and NO’, respectively, probably do not play a significantly role in biological systems, as
NO cannot be oxidized to NO” in vivo. Additionally, both NO' and NO are highly
reactive and would disappear rapidly if formed. In contrast, reaction pathways of NO with
molecular dioxygen yielding nitrogen dioxide (NO;), the peroxynitrite radical (ONOO"),
dinitrogen trioxide (N20;3), and/or other compounds are likely to occur in vive. In
conclusion, NO secreted by activated cells appears to be a complex "cocktail" of
substances. Nevertheless, synthesis of true NO is the necessary first step for creating these
compounds.

NO may react with proteins and nucleic acids. In addition to binding to heme groups, e.g.,
of guanylate cyclase, hemoglobin, and cytochrome ¢ oxidase, NO theoretically may react
with nucleophilic centers like sulfur, nitrogen, oxygen, and aromatic carbons. The prime
target for covalent binding of NO to functional groups in proteins under physiological
conditions in the presence of oxygen is the SH group. Tryptophan is the only noncysteine
residue that undergoes nitrosation by NO. However, this reaction is about 10-fold slower
than S-nitrosylation and thus cannot compete favorably with cysteine in a spontaneous
nitrosation reaction. Deamination reactions of protein amino groups by NO have been
proposed, but not shown. N-nitrosation-of secondary NH; groups, e.g., of lysin moieties,
and subsequent deamination reactions could not be observed under physiological
conditions, even when high NO concentrations were used. Nitration of tyrosine residues
by NO has been proposed also, but could not be confirmed. NO has been shown to N-
nitrosylate primary arylamines of nucleotides and subsequent hydrolysis yields
deaminated nucleotides. However, the selectivity ratio is at least 10® times greater for
sulfhydryl-containing peptides than for exocyclic amines of DNA bases.

MOLECULAR TARGETS OF NO

Prior to discussing potential targets of NO within cells, an unsolved mystery must be
discussed. While active cNOS is a membrane-bound protein, active iNOS is located in the
cytosol. How does the iNOS product NO escape from the cytosol of the donor cell
without reacting with the many intracellular targets and without causing damage to the
effector cell itself? To prevent unintentional reactions, either special intracellular
transport routes for NO, e.g., in acidic compartments, or, alternatively, harmless NO-
transport molecules must exist. Several intracellular transport forms of NO have been
proposed but have not been proven.
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Figure 1. General mechanism of NO—cGMP signal transduction. Biological activity in
the NO donor cell leads to the influx of Ca*', which stimulates via calmodulin (CaM) and
the NOS enzyme. NOS catalyses the conversion of arginine to citrulline, which is formed
stoichiometrically with NO. This reaction requires nicotinamide adenine dinucleotide
phosphate (NADPH) as cofactor. In the target cell, NO binds to a heme moiety in soluble
guanylate cyclase (SGC), resulting in the stimulation of the enzyme and consequent
elevation in ¢cGMP concentration. cGMP is efficiently metabolized by phosphodiesterases
(PDE).

After being secreted by the donor cell in a way not vet understood, NO then diffuses to a
target cell located nearby and hits its plasma membrane. O, and NO closely resemble each
other in diffusability and fluid-phase membranes are no diffusion barriers for NO. There
are several targets for NO at the surface or within the plasma membrane, e.g., transport
and signaling proteins and surface receptors among others. To date, reactions of NO with
surface receptors leading to a chemical modification of these receptor proteins have not
been reported, with the exception of the neuronal NMDA receptor-channel complex.
However, the proposed mechanism, inhibition of the redox modulatory site of this
complex via S-nitrosylation, has been recently questioned. Permeability to K, Na', H',
and Ca™ is the most important factor controlling the proton motive force and the
membrane potential. A number of publications show activation of K' channels as well as
Na'-K*-ATPase in vascular smooth muscle cells by low concentrations of NO. On the
other hand, high NO concentrations inhibit neuronal Na'-K*-ATPase, K' and Ca*
channels in islet cells, and H'-ATPase in brain synaptic vesicles. In addition, NO has been
shown to depolarize the membrane potential of a tumor cell line. In conclusion, NO
changes ion currents through the plasma membrane and thus alters the plasma membrane
potential.
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After diffusion into the target cell, NO can inhibit SH-dependent enzymes via S-
nitrosylation. Notably, inhibition of creatine kinase, affecting local ATP regeneration,
might contribute to NO-mediated cell injury. A second mechanism of NO-mediated
enzyme inhibition has been found with certain heme-containing enzymes, e.g.,
cytochrome P450 isoenzymes. After formation of a heme-NO adduct, a secondary
oxygen-dependent reaction takes place which results in an irreversible nitration of a
tyrosine in the active-site pocket. NO also mediates Fe** release from target cells,
destroying Fe-S clusters in enzymes, like the citric acid cycle enzyme aconitase or
ferrochelatase, which catalyze the insertion of Fe’™ into protoporphyrin. Other
intracellular targets for NO are proteins containing zinc fingers, ring fingers, and the LIM
motif, respectively. A common feature of these structures is Zn*" complexed, sometimes
together with histidine imidazol nitrogens, by cysteine sulfur ligands. This creates tertiary
protein structural "finger" domains that specifically bind to DNA or RNA sequences.
Many of these proteins are involved in transcription, replication, recombination, or
restriction. We could show that NO mediates Zn** release in vitro from the Zn*" storage
protein metallothionein and inhibits the DNA-binding activity of the zinc finger
transcription factor LAC9. Others found NO-mediated inhibition of protein kinase C,
which contains a zinc finger in its regulatory domain, and of the zinc finger DNA repair
enzyme Fpg. NO inhibits alcohol dehydrogenase, which contains both a catalytical and a
structural zinc finger domain, and this inhibition is correlated with the release of Zn*. In
addition to these in vitro studies, we recently found NO-mediated intracellular Zn™
release in live cells, NO has also been shown to inhibit the transcription factor NF-xB via
induction and stabilization of its inhibitor TkBa and additionally to inhibit the DNA-
binding activity of NF-kB itself. DNA binding of the transcription factor AP-1 is also
inhibited by NO.

Taken together, these results strongly suggest that NO can inhibit several, intracellular
enzymes and profoundly affects the cellular gene transcription machinery.

ROLES OF NO IN THE CVS8

As mentioned previously, different cell types express one or more of the three isoforms of
NOS; nNOS, iNOS and eNOS). nNOS is expressed in sympathetic nerve terminals and
regulates the release of catecholamines in the heart. eNOS constitutively expressed in
endothelial cells inhibits contractile tone and the proliferation of underlying vascular
smooth muscle cells, inhibits platelet aggregation and monocyte adhesion, promotes
diastolic relaxation, and decreases O, consumption in cardiac muscle through produced
NO. eNOS is also constitutively expressed in cardiac myocytles from rodent and human
species, where it opposes the inotropic action of catecholamines after muscarinic
cholinergic and B-adrenergic receptor stimulation. iNOS gene transcription and protein
expression are induced in all cell types after exposure to a variety of inflammatory
cytokines. Aside from participating in the immune defense against intracellular
microorganisms and viruses, the large amounts of NO produced mediate the vasoplegia
and myocardial depression characteristic of systemic immune stimulation and promote
cell death through apoptosis. In cardiac myocytes, NO may regulate T-type calcium
current and contraction through activation of ¢cGMP-dependent protein kinase and ¢cGMP-
modulated phosphodiesterases. Other mechanisms independent of ¢cGMP elevations may
operate through interaction of NO with heme proteins, non-heme iron, or free thiol
residues on target signaling proteins, enzymes, or ion channels. Given the multiplicity of
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NOS isoforms expressed in cardiac muscle and of the potential molecular targets for the
NO produced, tight molecular regulation of NOS expression and activity at the
transcriptional and posttranscriptional level appear to be needed fo coordinate the many
roles of NO.

Endothelial cell

Relaxation-#—

Smooth muscle cells

Figure 2. Signal transduction pathway involving NO and ¢cGMP that leads to vasodila-
tion.

Far from being only an anatomic barrier to prevent the extravasation of circulating blood
into the vessel wall, the endothelium is a metabolically active organ system that maintains
vascular homeostasis by (a) modulating vascular tone, (b) regulating solute transport into
cell components of the vessel wall, local cellular growth, and extracellular matrix
deposition, (¢} protecting the vessel from the potentially injurious consequences of
substances and cells circulating in blood, and (d) regulating the hemostatic, inflammatory,
and reparative responses to local injury. However, a growing list of conditions, including
hypercholesterolemia, systemic hypertension, smoking, diabetes, congestive heart failure,
pulmonary hypertension, estrogen deficiency, hyperhomocysteinemia, and the aging
process itself, have been associated with impaired functions of the endothelium. As a
result, the vessel wall in these conditions may promote inflammation, oxidation of
lipoproteins, smooth muscle proliferation, extracellular matrix deposition or lysis,
accumulation of lipid-rich material, platelet activation, and thrombus formation. All of
these consequences of endothelial dysfunction may contribute to development and clinical
expression of atherosclerosis,

REGULATORY ROLE OF NO

In their classical experiment, Furchgott and Zawadzki found that strips of rabbit aorta
with intact endothelium relaxed in response to acetylcholine but constricted in response to
this same agonist when the endothelium had been rubbed off. The substance responsible
for the acetylcholine-stimulated relaxation was initially called endothelium-derived
relaxant factor, and subsequently found to include nitric oxide. It is now known that a
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varicty of agonists (e.g., acetylcholine, histamine, thrombin, serotonin, ADP, bradykinin,
norepinephrine, substance P, and isoproterenol) can increase the synthesis and release of
nitric oxide from the endothelium, although many of these same agonists (e.g.,
acetylcholine, serotonin, norepinephrine, and histamine) constrict vascular smooth muscle
in the absence of endothelium. Vasoactive substances produced within the endothelium,
such as bradykinin, may also stimulate nitric oxide release by autocrine and paracrine
effects on endothelial B2 kinin receptors. However, the principal physiologic stimulus for
nitric oxide synthesis and release from the endothelium is likely the shear stress of blood
flowing over the surface of the vessel by a nonreceptor-dependent mechanism . Nitric
oxide, released from the endothelium as a gas or attached to other molecules, stimulates
soluble guanylyl cyclase, producing increased concentrations of cyclic GMP. Depending
on the direction of nifric oxide release and the site of cyclic GMP activation, differing
biological effects can be observed. For example, increased cyclic GMP in vascular
smooth muscle cells underlying the endothelium activates GMP-dependent kinases that
decrease intracellular calcium, producing relaxation, whereas increased cyclic GMP in
platelets by action of nitric oxide released into the blood vessel lumen decreases platelet
activation and adhesion to the surface of the endothelium. Nitric oxide also regulates the
cellular environment within the vessel wall by inhibiting the activity of growth factors
released from cells within the vessel wall and from platelets on the endothelial surface.
Nitric oxide has antiinflammatory properties by inhibiting the synthesis and expression of
cytokines and cell adhesion molecules that attract inflammatory cells to the endothelial
surface and facilitate their entrance into the vessel wall. This effect of nitric oxide may be
mediated by inhibition of the activation of an important nuclear transcription factor
(nuclear factor B) that binds to the promoter regions of genes that code for
proinflammatory proteins. NO also governs basal systemic, coronary, and pulmonary
vascular tone by increased cGMP in smooth muscle, by inhibition of a potent constrictor
peptide, endothelin-1, and by inhibition of the release of norepinephrine from sympathetic
nerve terminals.

Thus, NO plays a pivotal role in regulating vessel wall homeostasis. Although the
endothelium-dependent processes involve a multitude of metabolic and gene
transcriptional pathways, NO either directly or indirectly plays an important role in their
regulation,




Table 1. Molecular targets of NO relevant to CVS functions.

oS

Mechanism Target Molecule Functional Effect
S-Nitrosation of thiol residues GADPH (Cys'*) Reversible inhibition of active site. Irreversible inactivation
through ADP ribosylation.
NADPH oxidase Enzyme inhibition.
Glutathione Depletion of intracellular stores of reduced forms.

Binding to non-heme iron

Interaction with heme proteins

Tyrosine nitration

Oxidation

Tissue plasminogen activator
Hemoglobin
Ca’'-activated K" channel

Aconitases

Mitochondrial electron transport chain
(complexes I, I, and IV)

Ribonucleotide reductase
NOS

Cyclooxygenase 2
Guanylyl cyclase
Myoglobin, hemoglobin

Cytoskeletal proteins, contractile
myofilaments

DNA strand breaks

Activation of vasodilation and antiplatelet properties.
Allosterically controlled exchange of NO to other acceptors.
Vasodilation.

Mitochondrial: inhibition of tricarboxylic acid cycle.
Cytosolic (IRE-BP): regulation of iron metabolism.

Inhibition of high-energy phosphate metabolism.

Inhibition of DNA synthesis.

Inhibition of NO production.

Activation of prostaglandin and thromboxane formation.
Activation of cGMP formation.

Inactivation of NO.

Contractile dysfunction?

Activation of poly-ADP ribose synthase, depletion of cell
energy stores, and contractile dysfunction.
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ROLES OF NO IN THE CNS

Intensive research over recent years has established that NO serves as an endogenous
messenger molecule in the nervous system and mediates a variety of unique functions as
part of the processing of neural signals. NO is an unconventional transmitter since it is not
packaged in synaptic vesicles but, rather, diffuses from its site of production and moves
readily through cell membranes. In nerve cells, NO is generated in an activity-dependent
process by nNOS, Ca*'—calmodulin-stimulated enzymes. The principal function of NO
appears to be as an activator of sGC, one of the ¢cGMP-synthesizing enzymes. The
stimulation of sGC is caused by the binding of NO to the iron-containing heme group in
the active center of sGC. Despite the fact that NO diffuses in neuropilar compartments,
the specificity of cellular communication is preserved by the activity-dependent release of
the ligand and discrete distribution of the target receptor. Since NO is a free radical, other,
c¢GMP-independent, signal-tranduction pathways are also possible.

“ " Dendrite §

LArginine +0;

Figure 3. Central synaptic regulation of nNOS. Protein interactions with nNOS target
the synthase to discrete sites in excitable cells. These interactions likely account for
differential regulation of nNOS by specific calcium influx pathways. Associations with
PSD-95 mediates coupling of nNOS to NMDA receptor activity in the CNS.

NO signaling requires rapid and controlled delivery of NO to specific cellular targets.
Other neurotransmitiers are packed in secretory vesicles that are released at synaptic sites.
Signal termination is mediated by enzymes and pumps that eliminate the active
transmitter from the synapse. Regulation of NO signaling is complicated by the physical
properties of NO, which prevent storage of NO in lipid-lined vesicles or metabolism of
NO by hydrolytic enzymes. In addition, excessive production of NO is toxic to neurons
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and other cells. Therefore, NO signaling must allow for rapid and localized NO
production and immediate termination of biosynthesis. This tight control of NO signaling
is largely regulated at the level of NO biosynthesis. Indeed, the NOS proteins are among
the most highly regulated of all neuronal enzymes. Acute control of nNOS activity is
mediated by allosteric regulation, by postiranslational modification, and by subcellular
targeting of the enzyme. nNOS protein levels are also dynamically regulated by changes
in gene transcription, and this affords long-lasting changes in tissue NO levels.

nNOS activity is primarily regulated by local increases in intracellular calcium, which
stimulates nNOS through interaction with calmodulin. Distinct calcium influx pathways
specifically regulate nNOS in various tissues. In the myenteric nervous system where NO
functions as a neurotransmitter, NOS activity is primarily regulated by calcium influx
through voltage-dependent calcium channels. Intestinal relaxation mediated by NO is
suppressed by the N-type calcium channel antagonist, ®-conotoxin. In the brain, NO
biosynthesis is predominately regulated by calcium influx at the synapse. Glutamate, the
major excitatory neurotransmitter in the brain, is the most effective activator of NO
biosynthesis in most brain regions. Calcium influx through the N-methyl-D-aspartate
(NMDA) receptor potently activates nNOS in brain. NMDA receptors are also known to
play a critical role in learning and memory; the intimate relationship of NMDA receptors
with nNOS helps to explain the role of NO in memory consolidation.

NO IN LEARNING AND MEMORY FORMATION

In the CNS, NO acts as a diffusible intercellular signaling molecule. A role for NO has
also been suggested in the mechanisms of synaptic plasticity, including long-term
potentiation (LLTP) in the hippocampus, long-term depression (LTD) in the cerebellum,
learning and memory formation in vivo, and the expression of behavioral sensitization and
tolerance to psychostimulants. In LTP and LTD, cellular models of memory, repeated
neuronal stimulation yields long-lasting changes in synaptic strength. NOS inhibitors
prevent these changes. Studies with NOS inhibitors have been controversial because these
arginine analogues often have nonspecific effects. This controversy may now be resolved
by studies of NOS knockout mice. Both eNOS and nNOS activities are found in
hippocampus. Mice that lack either eNOS or nNOS have essentially normal LTP, whereas
mutant mice deficient in both eNOS and nNOS have substantially decreased L'TP.

Memory impairment in aged rats may be accompanied, at least in part, by a decrease in
NO production in the brain. More recently, a specific nNOS inhibitor, 7-NI impairs
spatial reference memory formation in the radial arm maze task while L-NAME, a non-
selective NOS inhibitor, inhibits both reference and working memories. Furthermore, it
has been demonstrated that an NO precursor, L-Arg, increased the choice accuracy, by
reducing reference memory errors, of the radial arm maze task in the late phase of
training. These results suggest that NO plays a significant role in spatial memory
formation, especially in reference memory.

NEUROPATHOLOGICAL ROLE OF NO

Studies have demonstrated that NO is involved in NMDA receptor-mediated
neurotoxicity and convulsions, and in the neuronal death that occurs after focal cerebral
ischemia. Under certain circumstances NO synthesis may be excessive and NO may
become neurotoxic. Excessive glutamate-receptor stimulation may lead to neuronal death
through a mechanism implicating synthesis of both NO and superoxide (O,"} and hence
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peroxynitrite (ONOQ") formation. In response to lipopolysaccharide and cytokines, glial
cells may also be induced to synthesize large amounts of NO, which may be deleterious to
the neighbouring neurones and oligodendrocytes. The precise mechanism of NO
neurotoxicity is not fully understood. One possibility is that it may involve neuronal
energy deficiency. This may occur by ONOO' interfering with key enzymes of the
tricarboxylic acid cycle, the mitochondrial respiratory chain, mitochondrial calcium
metabolism, or DNA damage with subsequent activation of the energy-consuming
pathway involving poly(ADP-ribose) synthetase. Possible mechanisms whereby ONOO
impairs the mitochondrial respiratory chain and the relevance for neurotoxicity are
discussed. The intracellular content of reduced glutathione also appears important in
determining the sensitivity of cells to ONOO™ production. It is concluded that
neurotoxicity elicited by excessive NO production may be mediated by mitochondrial
dysfunction leading to an energy deficiency state.

NO AND MITOCHONDRIAL FUNCTIONS

NO has been shown to change ion currents through the mitochondrial membrane leading
to release of Ca’" into the cytosol. It is long known that activated macrophages inhibit the
mitochondrial respiration of target cells. In the mitochondrial membrane, ATP is
produced through the coupling and successive reduction of NADH to NAD™ by oxidizing
0, to H,0 via a gradient of enzyme redox potentials within the electron transport chain.
The enzymes directly involved are complexes I, II, IV, and V (today complex II is
known not to be part of this cascade but to supply electrons from the citric acid cycle).
Although there are various hemes and Fe-S clusters present (more exactly, hidden) in any
of these protein complexes, only the cytochrome ¢ oxidase (complex V) is inhibited by
NO via binding to its heme moiety in a reversible manner. This is analogous to the weli-
studied inhibitory effects of CO and CN’, which are isoelectronic to NO.

Complexes I and III are relatively insensitive to NO. However, O, is a by-product of the
mitochondrial respiratory electron transport and its production is enhanced in the presence
of electron transport chain inhibitors such as rotenone or antimycin A or CN". By analogy,
(reversible) inhibition of complex IV by NO may cause a (transient) inhibition of the
electron flow yielding increased O, synthesis by complexes 1 and III. O," and NO may
then react to the strong oxidant peroxynitrite anion {ONOQ") which has been shown to
irreversibly inhibit complexes 1, 11, and III but not complex I'V. In conclusion, the current
hypothesis is that a reversible NO-mediated inhibition of the respiratory chain may result
in enhanced intracellular O,” and subsequent ONOOQO" production. This may lead to
peroxidation of lipids, to destruction of Fe-S clusters within enzymes, and to inhibition of
the mitochondrial manganese superoxide dismutase via nitration and may furthermore
induce Ca®" efflux from the mitochondria. This altogether causes irreversible damage to
the power stations of the cell.

NO AND THE NUCLEUS

The nucleus is a further cellular target for NO. NO has been shown to cause G:C - A:T
transitions and to mediate DNA strand breaks, both suggested to be the results of N-
nitrosylation of deoxynucleotides, thus yielding deaminated DNA bases. However,
indirect induction of DNA strand breaks, e.g., via intracellular oxygen radical and/or
peroxynitrite anion generation, via N-nitrosamine formation and subsequent alkylation
reactions, via activation or inhibition of enzymes necessary for nuclear homeostasis, or
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via other mechanisms, cannot be excluded to date. Indeed, NO has been shown to induce
oxidative DNA damage in an activated macrophage cell line and to inhibit enzymes
involved in DNA repair. Because DNA damage is a constant hazard in natural
environments induced by chemicals, ionizing radiation, or UV light, leading to a variety
of biological consequences such as mutation induction, blocking of transcription, and
replication, cells have evolved an array of mechanisms for repair. Recent observations
suggest that damaged DNA is processed not only by DNA repair enzymes but also by
other nuclear factors involved in a variety of cellular functions. Most forms of DNA
alterations are recognized by DNA excision repair pathways catalyzing removal of
damaged or modified regions. Thus, strand breaks induced by endonucleases at active
repair sites serve to signal the presence of DNA damage, which is then repaired by
polymerization and ligation. Proliferating cells are especially vulnerable to DNA damage
due to the added demands of cellular growth and division. Delaying progression through
the cell cycle at so called "cell-cycle checkpoints” provides the time necessary for repair.
In addition to cell-cycle arrest, DNA damage can induce apoptosis (programmed cell
death) in cells of multicellular organisms, thus eliminating cells in which damage is
beyond repair possibilities, thereby preventing propagation of mutations. Initiation of
either cell-cycle arrest or apoptosis requires induction of the tumor-suppresser protein
p53, the main biological function of which is to be a "guardian of the genome". Another
important protein involved in DNA repair is the poly(ADP-ribose)polymerase (PARP).
The PARP is a constitutively expressed nuclear protein (approximately 10°
copies/nucleus) which is regarded as a molecular nick sensor and has a functional role
during rejoining of DNA strand breaks. Following its binding to DNA breaks, PARP
automodifies itself by adding several branched polymer chains of up to 200 ADP-ribose
residues each resulting in PARP inhibition and causing its dissociation from the DNA
strand breaks. The poly(ADP-ribose)polymers synthesized in response to DNA damage
are then degraded within 1-2 min by specific glycohydrolases. The physiological role of
the PARP is not exactly known to date. It either protects DNA strand breaks during early
stages of recombination and repair or it may transiently block DNA replication, thus
inducing a cell-cycle arrest and providing time or space for assembly of the DNA repair
complex. It may also simply constitute an emergency signal. Whatsoever the exact roles
of p53 and PARP are, induction of p53 protein expression and activation of PARP serve
as an indirect indicator for DNA damage. NO treatment has been shown to induce p53
expression and to activate PARP in neurons and in islet cells, While p53 expression per se
is not detrimental for cells, activation and subsequent poly(ADP-ribosylation) of PARP
lead to a severe cellular depletion of ATP and NAD". Consequently, PARP inhibitors
have been shown to partially protect islet cells and neurons from NO-mediated cell death
and to inhibit NO-mediated cellular NAD" depletion in islet cells. In addition, NO
treatment of islet cells isolated from mice with a disrupted PARP gene did not result in
NAD™ depletion and, hence, these cells exhibited an increased resistance toward NO.

In conclusion, NO mediates DNA damage, thereby causing depletion of cellular ATP and
NAD' levels which may contribute to cell lysis.
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Figure 4. A model for the role of PARP in neurotoxicity due to ischemia. Following
ischemia, compromised neuronal metabolism leads to a more positive resting potential
and subsequent depolarization and neurotransmitter release. Excessive neurotransmitter
release leads to increased production of NO which combines with superoxide to form
peroxynitrite. Peroxynitrite may lead to DNA strand breaks and subsequent activation of
PARP. Massive activation of PARP depletes NAD and consequently ATP,

NO IN NEURODEGENERATIVE DISEASES

Although NO clearly participates in neuronal injury after vascular stroke and cerebral
ischemia, the role of NO in human neurodegenerative disease is not as easily understood.
The slow progression of these diseases, occurring over 50 years or more, complicates
experimental approaches to modeling their pathophysiological mechanism. However,
histopathological evidence suggests that certain neurodegenerative diseases may also be
mediated by NO and glutamate toxicities. For example, NADPH-diaphorase positive
neurons in the corpus striatum, which are the NOS neurons, are selectively spared in
Huntington's disease. This selective pathology can be replicated in striatal culture models
and in vivo after lesions with NMDA but not other classes of glutamate agonists. The
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spared NADPH diaphorase neurons are uniquely endowed with high levels of superoxide
dismutase (SOD), which may protect the cells from peroxynitrite-mediated NO
neurotoxicity. Indeed, 3-nitrotyrosine, the footprint of peroxynitrite, is detected in siriatal
neurons in animals models of Huntington's disease.

Although stigmata of NO toxicity only correlate with Huntington's disease pathology, a
more causal role for NO and peroxynilrite toxicity has been established in some forms of
Parkinson's disease. MPTP, which contaminated batches of illicit drugs in the 1970s,
produces Parkinsonian-like symptoms in humans. MPTP causes pathology by targeting
the destruction of nigrostriatal dopaminergic neurons, the same cells that are selectively
lost in idiopathic Parkinson's discase. Treatment of experimental animals, including mice
and primates, with MPTP replicates this selective toxicity and results in accumulation of
3-nitrotyrosine in the nigrostriatal pathway. Inhibition of NOS prevents both the
neurotoxicity of MPTP and the associated formation of 3-nitrotyrosine. Definitive
evidence that NO and peroxynitrite mediate toxicity in the MPTP model of Parkinson's
disease again derives from studies of transgenic mice. Both nNOS knockout mice and
mice that overexpress Cu/Zn SOD are resistant to MPTP toxicity.

Although nNOS inhibitors can prevent acute toxicity associated with MPTP, it remains
less clear whether long-term treatment would be therapeutic for slowly developing
neurodegenerative disorders. Chronic animal models for these diseases will first need to
be established, and then the role of NO can be evaluated rigorously. The recent
identification of a Parkinson's disease gene, and the development of transgenic animal
model for Huntington's disease, suggests it will not be long until we NO (know).
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. Vasoactive Drugs*
1. sndednluasama
1.1 Papaverine
1.2 Phentolamine
1.3 Prostaglandin E,
1.4 Moxisylyte
1.5 Drug combinations
2. 8
2.1 Phentolamine
2.2 Sildenafil
3. mapavalldany
3.1 Prostaglandin E,
3.2 Prazosin
3.3 Drug combinations
1. Misceilaneous Drugs*
1. Apomorphine
2. Naltrexone
3, Trazodone
4. Yohimbine

* partial list
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Papaverine (Cerespan )
. g ¢ . ) . = ar v o 1t e
Papaverine (WuaamaasfwIn benzylisoguinolines Haneleanegaly uamiiing
LY ] n' dll = ‘fq: [ | c L dv o 1 wr
MaFIneNNNSIINENL lesfignifeuda v ldnswidleGauvdous las
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Tumstheneienzdngn aaunwunsia papaverine whluaiaiziweans @1 corpus
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d W ) wr 1 4 5 [ Il ar o &
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LLazﬂ15LL§qé‘n”Jﬂﬂqﬂq¢1ﬁ1m’luﬁqm nalnlumslidtionasana1uieanInmss  papaverine
futlamavnaeuwauaulesl phosphodiesterases 1 1HAAM AT CAMP Waz cGMP 341
WﬁﬁﬁLﬂu second messenger %mszdj’maulﬁﬁ protein kinases A ilav G f'fﬁmu@'um‘s
Y9129 calcium channels LA gap junctions MBNTINTENTHATUA voltage-dependent
calcium channels watva i lssdmaauaadnluzaduanduiiadoueoss 1hlug
MSUINGIY DIB9AA
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pnssuliiRaussadanmaiia papaverine whluaienzowalaun thaudnadin
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7-10 W waglen

Papaverine lalowalu psychogenic erectile dysfunction (ED) Wag neurogenic ED
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Tvidaandy 2 eseaaddenyt enflanaldsiunuendiu ) 19 phentolamine, prostaglandin E,

Phentolamine (Regitine®)

Phentolamine {JWa5WIn imidazolines HgMBLHU competitive antagonist 84 o, -
il o, -adrenoceptors Toad affinity 6 receptors ‘Ifu;lg\i 2 %ilaWD AU phentolamine Ang Y
grdlumanlinduiloFaunnenimeinauazuaaaidooumvas  nNMInsEdy o,-
receptors 109 norepinephrine 39¥1 W auAmnseusa MFULBY norepinephrine U o1, -
receplors uuL?;aﬁmﬁaﬁﬂawnaﬁna”wmifaﬁﬂu 9ensequtaulml phospholipase C By
\apu phosphatidylinositol “lm%‘aﬁumaa’“lﬁaﬂu inositoltriphosphate (IP,) Way diacylgly-
cerol (DAG) 1P, aznszqulwiliaa1@anaananaIn mitochondria Uae endoplasmic reticulum
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#7u DAG 3znszquiaulaal protein kinase C FPIUANMSNUYBY calcium  uax
potassium channels 59NN gap junctions WagsanaMlienudniuaweadeulued
w & & oa o w & o M Wy v o
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£UEN prejunctional ¢, -receptors MInimsnasad norepinephrine A0 presynaptic
4 é -3 d‘lﬁ W H =,
neurons WNAU T lvinazesmanas  eniifSeldlanaly  psychogenic ED  fifiann
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. ] s ] ' . .
phentolamine FINAUYIDU 7 LHU papaverine e prostaglandin B,
. dg = W [ a A [ P =] L2
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prostaglandin E,

, . . ® ®
Prostaglandin E, (Alprosiadil, Caverject , MUSE )
Prostaglandins (PGs) HHafansuiN@IMIonsaauaIuadadenziwd 2InNsane
A4 o v = o v v 4
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1uLﬁatﬁawmaﬁ’muwwﬁgﬂﬁﬂﬁwmﬁﬂﬂﬂ norepinephrine 38 PGF,, @amadila 1o
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3, v a
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pigswAssSuuBmni T bim lludszina 10 i uazuBeegiluna 0.5-6 ow.
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Moxisylyte {Thymoxamine , Opilon®)

Moxisylyte W a, —adrenergic blocker aanqw%ﬁungawaq norepinephrine Tums
wlinduiladourneSmemauazvaandaauenadn  dunalitdomsuiediratasn
19 moxisylyte ﬁqn%(aiauﬂiw papaverine % prostaglandin E; GG neurogenic
W8z psychogenic ED Ilasiawzilaldivhumelaussenmeiidansualimame dadan
Usemawnilauaseniing lﬁﬁiaﬂﬁﬂﬁtﬁmmmsé’ulsjﬁqﬂszaqﬁﬁquu‘mﬁu Uanadesing
mMaudsshrasssnmmnuialnd  uazmsiadiadaduleluatisdinamadfigutun
Anauq symsaulifalszasdfionawuilidy theusnaias vadan 398ou  anuey
o
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Drug combinations
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SY6. PSYCHIATRY AND ERECTILE DYSFUNCTION
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Ol. IMMUNOTHERAPY OF HUMAN GLIOBLASTOMA
MULTIFORME  USING OK-432, AN IMMUNE
STIMULANT. THE DETECTION OF TUMOR-DERIVED
IMMUNE SUPPRESSOR(S)

Rung-Arune [uankosolchai*, Adisak Wongkajornsilp*, Sukit Haubprasert*,
Voravut Chanyavanich**, Nantasak Tisavipat**

*Department of Pharmacology, and **Department of Surgery, Faculty of
Medicine Siriraj Hospital, Mahidol University, Bangkok 10700

ABSTRACT

Approximately 20 new cases of glioblastoma multiforme have been diagnosed
annually at Siriraj Hospital. Glioblastoma multiforme is the most invasive of the
astroglial neoplasms with a tendency to spread widely throughout the brain.
Glioblastoma is very often extensively spread by the time of diagnosis, leading to
unresectability, inadequate local control and a consistently poor prognosis. The
length and quality of survival have improved only minimally through neurosurgical
technique, radiotherapy and chemotherapy. Radical surgery and radiotherapy remain
the cornerstone of treatment. A very modest contribution is added by conventional
chemotherapy. Therefore, a novel therapeutic model is required for this cancer. We
proposed that OK-432, a heat-treated and peniciliin-treated Iyophilized powder of the
Su substrain of Streptococcus pyogenes A3, could be used as an immunomodulating
agent to treat this cancer. It has a biological response modifier like BCG. Addition of
0K-432 to peripheral blood mononuclear cells (PBMC) of these patients should result
in the enhancement of NK cell activity and autologous tumor killing activity. We
measure the proliferation of PBMC in the present or absence of cultured autologous
tumor cells. We found that OK-432 enhanced the proliferation of PBMC and this
proliferation was suppressed in the presence of tumor cells in a dose-dependent
relationship.  This immune suppression is probably caused by tumor-derived
immunosuppressors or by toxic metabolites excreted from tumor cells. Additional
experiments will be performed to verify the nature of this immunosuppressor. Future
therapeutic model may aim at the strengthening of immune system bypassing this
suppressiof.
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02. SUPEROXIDE DISMUTASE ACTIVITY IN BLOOD OF
PATIENT WITH PARKINSON’S DISEASE

Sirintorn Pinweha Prasert Boongird Udom Chantharaksri*, Jithanorm
Suwantamee Plyarat K0v1trapong Yupln Sanvarinda’

Department of Pharmacology, Faculty of Science, Mahidol University,
"Department of Medzcme Faculty of Medicine, Ramathibodi Hospital,
Mahidol Umverszty Deparrment of Neuro-psychiafry, Pramonghkutkiao
Medical College, = Neuro-Behavioral Biology Center, Institute of Science and
Technology for research and Development, Mahidol University

ABSTRACT

Oxidative stress secondary to dopamine metabolism has been proposed as a
potential pathogenic factor in the degenerative process of Parkinson’s disease (PD).
Biochemical abnormalities extending beyond the central nervous system have been
identified in these patients . The aim of this study was to investigate the biochemical
changes of oxygen free radical-metabolizing enzyme in erythrocytes of these patients
and also to investigate whether there is any differences in the antioxidant activity
between early and advanced cases of PD. Twelve diagnosed patients, without any
clinical fluctuations (NF), nine patients in a late phase of the disease with severe
motor fluctuations (MF) in response to levodopa therapy, and seventeen normal
controls (NM) were included in this study. Erythrocyte superoxide dismutase (SOD)
was determined as a measure of antioxidant activity. Significant lowering of SOD
activity was found among MF group compared with NF and NM (26.10£8.56, 55.40%
14.84, 48.78+12.07 u/10° cell, respectively). However, there was no significant
difference of SOD activity between NF and NM. These findings indicate the inverse
relationship between the activity of SOD and the severity of the disease and may
suggest the neuroprotective role of antioxidant agents.
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P1. THE ONE MINUTE TEST TO DISCRIMINATE BETWEEN
A DILUTED AND AN ABSOLUTE ETHYL ALCOHOL
WITH DEMONSTRATION

Prasert Songkittiguna

Department of Pharmacology, Faculty of Dentistry, Chulalongkorn
University, Bangkok , Thailand.

ABSTRACT

A piece of a projector physiograph recording film (2 x 10 cm) was made to
become a circle (2.5-cm diameter) by hand. One end of the film was fixed on a hard
paper, whereas the other end of the film was glued perpendicularly with a red pointer
(0.2 x 2 ecm) made from a small piece of the film. The unknown alcohol sample (0.5
ml) having previously soaked to a medical grade cotton on a piece of wood stick.
Then it was positioned at the center point between the film space. No film contact was
allowed. The counter-clockwise turning of the film pointer, the unknown sample was
diluted ethyl alcohol; while the opposite direction (anti-clockwise), the absolute ethyl
alcohol was indicated. These phenomena might be due to the difference in the specific
gravity in air of the diluted and the absolute ethyl alcohol (the diluted ethyl alcohol is
0.9289 at 25 °C, and the absolute ethyl alcohol is 0.7871 at 25 °C). It may be
concluded, therefore, that a quick identification of the diluted and the absolute ethyl
alcohol is made possible by the use of the projector physiographic film and this can
be done on spot by the user. A projector physiograph recording film (250 ft roll}
accompanying a physiograph, PMP-44 E&M Instrument Company, Inc. Houstion |,
Texas, U.S.A. Alcoholometric table in Thai Pharmacopoeia, Volume 1, 1987 pp.417-
419. Published with the co-operation of the Drug Committee and the Food and Drug
Administration of Thailand by Department of Medical Sciences, Ministry of Public
Health Bangkok 10100, Thailand. The test should be performed in a controlled room
temperature of 25°-26°C.
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P2. A GROWTH OF SOME FUNGI USING WATER VAPOUR :
A NEW AND COSTLESS METHOD

Prasert Songkittipuna

Department of Pharmacology, Faculty of Dentistry, Chulalongkorn
University, Bangkok, Thailand.

ABSTRACT

10 ml of demineralized water were kept ina 50 ml plastic container with a
tight plastic cap (PCC 14 DR U.S.A). A small round bamboo wood (2mm-diameter,
3.5 cm length) was broken by bending with the clean hands on both ends in order
to make it fit into the upper part of the container. The bamboo wood was
placed inside the container above the water level about 4 cm prior to the cap
was in its position, It was kept in the room temperature varying from 26-30 °C
during the daytime and 24-26 °C at night. The white and yellow hyphae of
fungi were seen along side of each bamboo wood 3 day after experiment.
Interestingly, one of them inhabited separately on each middle-half of the wood.
Then at one additional day, the black spores were seen on the top end of the
white hyphae half, whereas none was seen on the yellow half. However, after
sterilization of the bamboo with a hot-air oven (120°C) 30 min, then the same
process as above was performed. There was no fungal growth on the stick
after 14-day incubation. The growth of the fungi which inhabit on the bamboo
could be due to a suitable environment (the humidity and the of nutrient , the
cellulose from the bamboo). This finding is applied to identify the existence of
fungi in the wooden toothpick and is currently used to test the killing action of some
antifungal antiseptics.
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P3. THE EFFECT OF MAGNESIUM SUPPLEMENTS ON
THYROID HORMONE AND GROWTH OF BROILERS

Wilai Rattanata_varom*, Kris Angkanaporn“, Hans-Georg Classen’”

"Department of Pharmacology, Faculty of Medicine, Srinaklarinwirot
University, Bangkok, Thailand, “Department of Physiology, Faculty of
Veterinary  Science, Chulalongkorn  University, Bangkok, Thailand,
*“Department of Pharmacology and Toxicology of Nutrition, University of
Hohenheim, Stuttgart, Germany.

ABSTRACT

30 white Arbor-Acre broilers (15 males ; 15 females) aged ca 4 weeks
weighing between 778474 g (mean + SD) were maintained under identical field
conditions. The broilers were randomly divided into 3 groups: The control group (G1,
n=10) was fed with standard feed (Mg contents 66 mmol/kg dry weight measured by
analysis, protein 19%, and fat 4%} and tap water (Mg contents 0.29 mmol/l measured
by analysis) as drinking water ad libitum.The Mg-normal group (G2, n=10) and Mg-
high group (G3, n=10) were treated with the same food but drinking water was
enriched with Mg in form of magnesium-L-aspartate hydrochloride (MAH). MAH
was added in 2 concentrations, 4 g/l and 8 g/l respectively, yielding approximately 16
and 32 mmol Mg/l. Water was offered ad libitum for 3 weeks. Mg was supplemented
in drinking water in G2, G3 until the end of the experiment. Blood collection was
done 4 times with heparinized syringes from wing-vein of unfasted animals at the
starting week (WO0), at one week (W1), two weeks (W2), and three weeks (W3) after
Mg supplementation . Totally 116 heparinized blood samples were immediately
centrifuged at 4,500 rpm for 10 minutes, then plasma samples of broiler in each week
(W0, W1, W2, W3) were separated and stored at —20°C until measurements. Al
samples were analysed for Mg and Ca with atomic absorption spectrophotometer from
Shimadzu model 680 and T3, T4 were analysed by enzymun-test® T3 and enzymun-
test® T4 enzyme-immunological test from Boehringer by using the ES 700. Data
were analysed statistically using SPSS for window version 6.1.3. At week three of the
experiment, broilers in G3 had higher weight gain than G1 and G2. Feed conversion
rate was also significantly better (P<0.05) in G3 than G1. Plasma Mg significantly
increased (P<0.05) during week 1 to 3 as compared to the initial values of week 0
while there was no change in plasma calcium. Hormone 13 was significantly
increased and higher (P<0.05) in G3 than G1 at week 1 of the experiment, Plasma T3
level declined during week 2 to week 3 but level of T3 in G2, G3 still were higher
than G1. Plasma T4 was higher in G2 and G3 than G1 (P>0.05) and the T4 level was
increased and highest at week 2 and decreased at week 3 of the experiment in all
groups of broilers. The results suggest that Mg supplementation can increase the level
of T3 and T4 in broilers.This increased thyroid hormone may be one of the factor that
improves growth in Mg-treated groups.
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P4. THE EFFECT OF FLUVASTATIN ON HEPATOTOXICITY OF
GEMFIBROZIL IN WISTAR RATS

Srichan Phomchirasilp*, Tulaya Potaros ", Aranya Waicharoen’

"Department of Phafjfgmcology, Faculty of Pharmacy, Mahidol University,
Bangkok, Thailand, — Department of Pharmacology, Faculty of Pharmacy,
Srinakharinwirot University, Nakornnarkoy, Thailand.

ABSTRACT

Gemfibrozil has been widely used to treat hypertriglyceridemia. But there are
evidences indicated that gemfibrozil induced hepatomegaly and hepatic peroxisomal
enzymes in rodents. Fluvastatin is a new antihypercholesterolemic drug which has no
effect on microsomal and peroxidomal enzymes. In this experiment, the effect of
fluvastatin combined with gemfibrozil on plasma lipid parameters, liver mixed function
oxidase and peroxisomal marker enzymes in male wistar rats had been studied and
compared with gemfibrozil alone. Rats were orally administered gemfibrozil (200 mg/kg
twice a day) alone, or in combination with fluvastatin (2.5, 5, and 10 mg/kg/day) for 4
weeks. The plasma cholesterol-lowering effect of gemfibrozil was obtained after 4 weeks
of continuous drug treatment (the cholesterol level is 84.47% of control group). When
gemfibrozil was fed in combination with fluvastatin, at doses of 2.5 and 5 mg/kg/day, rats
serum cholesterol level could be seen since the fourth and the first week (the cholesterol
level are 91.38% and 93.34% of gemfibrozil-treated group). All drug-treated groups
exhibited stgnificant hypotriglyceidemic effect at the first week. But only fluvastatin, at
dose of 5 mg/kg/day, could potentiate the triglyceridemic-lowering effect of gemfibrozil
(the triglyceride level decrease from 86.23% to 81.36%) after 2 weeks of drug treatment.
Fluvastatin did not alter the percentage of liver weight per body weight ratio induced by
gemfibrazil. But fluvastatin 2.5 mg/kg/day singnificantly decreased the induction effect
of gemfibrozil on total liver protein content after 2 weeks of drug treatment (the total
protein content is 96.21% of gemfibrozil-treated group). In addition, this dose of
fluvastatin also markedly reduced the induction effect of gemfibrozil on microsomal
protein content at the fourth week (the microsomal protein content is 96.60% of
gemfibrozil-treated group). On the contrary, 5 mg/kg/day dose of fluvastatin could reduce
the total liver protein and microsomal protein content induced by gemfibrozil since the
first week of drug administration. Fluvastatin in this combination also exhibited the
inhibitory effect on the elevation of cytochrome p-450 level-induced by gemfibrozil at
the first week (the cytochrome p-450 level are 77.40% and 63.38% of grmfibrozil-treated
group). This effect of fluvastatin was found to be dose-dependent. The effects on
peroxisomal enzymes (catalase and fatty acyl CoA oxidase, FACO) were the same as that
obtained in cytochrome p-450, but occurred after 2 week (dose 2.5 mg/kg/day) and 1
week (dose 5 mg/kg/day) of drug administration (the catalase activites are 94.61% and
89.77% and the FACO activities are 85.74% abd 91.18% of gemfibrozil-treated group).
Moreover, when gemfibrozil was administered concomittantly with 5 mg/kg/day of
fluvastatin, a marked increase in the actibity of serum transaminase (SGOT, SGPT), and
creaine phospholinase (CPK) were found since the first week of drug treatmnet (the
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activites of SGOT, SGPT and CPK are 110.31%, 111.31% and 113.50% of gemfibrozil-
treated group). Rats treated with gemfibrozil and fluvastatin 10 mg/kg/day were died
during the first week with a marked elevation of these enzymes activity. Our data
suggested that eventhough fluvastatin could potentiate gemfibrozil in reducing serum
lipid levels, decreasing the microsomal and peroxisomal-induction effect of gemgibrozil,
but it increased drug toxicity. Thus, the clinical benefit seemed to be low.
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PS. THE EFFECTS OF EXOGENOUS ARACHIDONIC ACID
ON CYCLOOXYGENASE ACTIVITY AND ISOFORM
EXPRESSED IN ENDOTHELIAL CELLS

Duangpo;n Plasen‘, Pravit Akarasereenont’, Kitirat Techatraisak“, Athiwat
- ®
Thaworn , Sirikul Chotewuttakorn .

*Department of Pharmacology **Department of Obstetrics and Gynecology,
Faculty of Medicine Siriraj Hospital, Bangkok 10700,

ABSTRACT

Prostaglandin (PGs) have numerous cardiovascular and inflammatory effects.
Cyclooxygenase (COX) is the first enzyme in the pathway in which arachidonic acid
is converted to PGs, prostacyclin (PGl;) and thromboxane (TX) A,. PGI; is the major
COX metabolite released from endothelial cells which participating in inflammation,
atherosclerosis, thrombosis etcs. Endothelial cells can be activated by arachidonic
acid {AA) and its metabolites. Here, we have investigated the effects of AA on the
PGI; released from human umbilical vein endothelial cell (HUVEC) by measuring the
production of 6-keto-PGF;.. (a stable metabolite of PGI;) in the supernatant at various
arachidonic acid concentrations and variable times of AA incubation. We also studied
the effects of AA on COX protein expressed in HUVEC. HUVEC was obtained from
babies born to normal pregnancy and grown in T25 flasks with endothelial cell (EC)
medium supplemented with 10% fetal calf serum until confluent. The cells were then
subcultured into 96-well culture plates, allowed to grow to confluent and replaced
with fresh medium containing AA(0.1, 1, 10 and 20 uM). Cell were incubated at 37
C under 5 % CO; concentration in the CO,-incubator for variable periods of times (5,
10, 20 and 30 minutes). After which time, 6-keto-PGF. in the supernatant medium
was measured by using enzyme immunoassay (EIA). The remained cells were
extracted to detect COX protein expression using specific antibody to COX-1 and
COX-2. Cell respiration, an indication of cell viability, was assessed by the
mitochondrial-dependent  reduction of 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl
tetrazolium bromide (MTT) to formazan. Either various concentrations (0.1-20 pM)
or variable periods of times (5-30 minutes) of AA had any effect on cell viability.
Control HUVEC without AA released undetectable amount of 6-keto-PGF . (< 3
pg/ml). At various concentrations of AA, HUVEC activated with exogenous AA
could release higher amount of 6-keto-PGF|. in a dose dependent manner.
Interestingly, time of AA incubation did not affect the 6-keto-PGF .. production at
lower doses of AA (0.1, 1 and 10 uM). However, the higher concentration of AA
(20uM) was trend to produce the higher 6-keto-PGF. Moreover, AA did not effect
on COX protein expressed in HUVEC which were expressed COX-1 protein but not
COX-2 protein. Thus, exogenous AA can increase PG, released from HUVEC in a
dose dependent manner but not time dependent. The increased PGl release from
HUVEC was from COX-1 function.
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P6. SOCIAL ISOLATION ENHANCES THE RESPONSE TO
DESIPRAMINE IN THE OPEN FIELD TEST

Chirawat Kasemsook, Noppamars Wongwitdecha

Department of Pharmacology, Faculty of Science, Mahidol University, Rama VI
Road, Bangkok 10400, THAILAND.

ABSTRACT

Social isolation after weaning results in a number of behavioral modification in
the adult animals and alters the responsitivity to various psychotropic drugs. The present
study, we compared isolation and socially reared rats in two complementary paradigms
for assessing responding to the open field test. Both isolation and socially reared rats
were individually exposed to the circular open field arena either without drug
pretreatment or following systemic administration of the selective noradrenaline uptake
inhibitor, desipramine or saline. Male Wistar rats were raised from weaning either alone
(isolation rearing) or in groups of five rats/cage (social rearing). After four weeks, both
isolation and socially reared rats were tested for their sensitivity to desipramine using the
open field test. The results demonstrated that drug free isolation reared rats showed
hyperlocomotion and had significantly more number of rears (P<0.05) than socially
reared rats, but field arena. Intraperitoneal injection of desipramine (5, 10 and 20 mg/kg)
24, 5 and 1 h to both isolaiton and socially reared rats caused a dose related reduce
locomotion as indicated by reduction of total zone transitions compared to the saline
treated groups. The hypolocomotion effect of desipramine was greater in isolation than
socially reared rats (P<0.05). These results show that social isolation in the early stage of
life alters the open field behavior of the adult rats and increases the hyponiotion effect of
the selective noradrenaline uptake inhibitor, desipramine. Isolation rearing may produce
some of its behavioral effects through central adrenergic mechanisms.
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P7. EVALUATION OF NONSTEROIDAL ANTI-INFLAMMATORY
DRUGS AS LIGAND FOR PEROXISOME PROLIFERATOR
ACTIVATED RECEPTOR.

Buanas Wongsud*, Srichan Phornchirasilp** and Dennis R Feller*®

*National center of Natural products for Development, Department of
Pharmacology, School of Pharmacy, University of Mississippi, USA.

** Department of Pharmacology, Faculty of Pharmacy, Mahidol University,
Thailand.

ABSTRACT

Nonsteroidal Anti-Inflammaory Drugs (NSAIDs) possess the antipyretic,
analgesic and antiinflammatory effects. The main mechanism is the inhibition of
cyclooxygenase activity. To study whether NSAIDs were ligands for Peroxisome
Proliferator Activated Receptorat (PPARa ), which might be another pathway to relief
the inflammatory responses, H4IIEC3 cells could be used. In transactivation assay,
H4IIEC3 cells were transfected by rat acyl CoA oxidase-luciferase plasmid. The
result showed that ibuprofen, ketoprofen, naproxen, salicylic acid, indomethacin and
diclofenac but not for mefenamic acid was ligands for PPARa. S(+)-ketoprofen and S
(+)-ibuprofen were almost the same efficacy. They produced the maximal response
528.4 and 531.9% of control, respectively. The EC50 of S(+)-ketoprofen and S(+)-
ibuprofen were 1.905X107° and 2.11 X 10° M in PPARq activation. Indomethacin
produced small response. It produced the maximal response only 288.57% of control
at 300 puM. The rank order for PPARa activation was S(+)-ketoprofen > S(+)-
ibuprofen> R(-)-ketoprofen > R(-)-ibuprofen. Ibuprofen and ketoprofen isomers were
tested for stereoselective activation to PPARa. The results showed that S-isomers of
these drugs were more active than R-isomers. Using the biochemical assay to
measure the hepatic peroxisomal fatty acyl CoA oxidase activity, they exhibited the
same rank order, S-ketoprofen > S-ibuprofen > R-ibuprofen > R-ketoprofen. To study
the stereoselective effect on PPARy activation, CV-1 cells were co-transfected with
the PPARy and the response element of rat adipocyte differentiation-luciferase
plasmid. Contrast to PPARa activation, indomethacin was the most active drug for
PPARy activation, then R-ibuprofen and S-ibuprofen, respectively. Thus our result
proposed that NSAIDs were ligands for both isoforms of PPAR and this might be an
additional mechanism of them.
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Congress Venue

Taipei Istamational Convention Center (TICC)

(Miicial Language

English is the official language of this conferance.

Hegistration
Oificiat registration form will be forwarded ogether with the final announcement,
Pleass contact the Congrass Secretarial for further information.

Accommodation & Tour

Information (© be included in the final anncuncemant,

Climate L
From September to November, the climate is al its most pleasant with clear sunny
days and average temperatures of 207 ~ 24 (88 '1*~ 79'F). Evenings can be
chilly and you may need 3 light jacket. T

Setentific Program

The scientilic program of the Congress will be compesed of Pre-Congress Seminar,
plengry lectures, symposa and scientific posters. Further information will
be provided i the finat announcement, .
Exliihition .

Commarcial exhibition will be held &t Taipei Internationat Convention Center (TICC)
from Movember 2-5, 1399,

Congress Secretariat

gt SEAMNEPRKP

cfn TOM

P. O, Box 68-438, Tapei, Taiwan

Tei +B86-2-2523-6017 Fax: +886-2-2557-7476
Emall: ferm@mss hinet.net




The 8th Southeast Asian/Western Pacific
Regional Meeting of Pharmacologists

Taipet International Convention Conter, Taiped, Taiwan
Newember -5, 199

__ Preliminary Application Form -

Flocye svssploy saenf worarn Jies G b Faevingde o o o0 ey Sec et fed Sty Cosy oo

Congress Secretariat
gity SEAWPEMP
i TG
P BOX 68-439. Taipe:, TRivaa
Tl | +BE6-2-2520-B017 Fax: +8BA-2-2557-7479
B ormput fernddmsh_hinet net

{PLEASE TYPE OR PRINT iN BLOCK LETTERS)

Mame: Prof/Or/Mr/ids.

Inslitute: ...

Address: ..o

"fiﬁ — - _ Fax:

Evmiail:

{ ¥iwish to recelve the Final Announcement & Registration Form,
{ yiwill attend the mesting.

{ yiwillbe accompaniedby _________ person(s).

{1 _iﬂianﬂ to present a paper. |

3 ?lgte _

Signature:

Pate:
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Thai Journal of Pharmacelogy

" Instruction for Authors. . o0

The Thai Journal of Pharmacology serves as the official journal of the Pharmacological and
Therapentic Society of Thailand. The journal is designed to contribute to the publication of researches and
information exchanges in the field of pharmacology and related fields. The manuscripts should not have
been published before. Original full length scientific research papers, short communication, case report,
letter to editor, minireviews, pharmacological digest and new drugs profile will be included in this journal .

Manuscripts

Three copies of manuscripts, diskette(s} and illusiration(s) are required. Manuscript of research
articies should be written in English, the others can be either English or Thai. The preparation of the
manuscript should be in the form of Microsoft Word (front: Times New Roman size 10). Pages should be
numbered consecutively, including the title page.

Table and illusiration should be numbered with Arabic figures consecutively in the order of first
citation in the text and supply a brief title for each. Explam in footnote all non-standard abbreviation that are
used. IHustrations should be professionaily drawn and photographed or produced on a laser printer.

Nomenclature should follow the recommendations of the International Union for Pure and Applied
Chemistry (IUPAC), and the International Union for Biochemistry (IUB), All measurements must be in
System International (SI) units.

Research articies

The research papers should contain a) title, b) abstract, ¢) keywords, d) introduction, e) material
and methods, ) result, g) discussion, and h) references.

The title page: Should contain the title of the article, author(s) name and affiliation (s} laboratory or
institute of origin and address. Name and complete address of author responsible for correspondence about
the manuscript should be also placed at the foot of the title page.

An abstract: Limited to approximately 250 words should be carried in this page. It should be informative
and state concisely what was done, results obtained and conclusion,

Keywords: Three to ten keywords or short phrases appropriate for subject indexing should be typed at the
bottom of abstract.

Ingroduction: State clearly the purpose of article, the rationale for the study or observation. Relevant
previous study should be cited and do not review the subject extensively .

Materials and Methods: Describe the sufficient detail of the method, experimental subjects { patients or
experimental animals, including controls) clearly, Identify the method, apparatus (manufacturer’s name and
address in parenthesis). Give references to established method, study design and statistical method .
Resulis:  Present your results in logical sequence in the text, tables, and illustrations. Only important
observations should be summarized and emphasized. Do not repeat in the text all the data in the tables or
illustrations,

Discussion: Comment on the results and integrate them with the existing knowledge and point out the
field. Recommendation may also be included.

Acknowiedgemenit: Persons, financial or technical helps which have contributed to the paper should be
acknowledged in a paragraph.

References: Place the numbered references consecutively in the order in which they are first mention in the
text. Use the style of the examples below:




Examples
Articles in journals

(1) Standard journal article (List all authors, but if the number exceeds three give three followed by et
al)

You CH, Lee KY, Chen RY, et al. Electrogastrographic study of patients with unexplained nausea,
blotting and vomitting . Gastroenterclogy 1980; 79:311-314,

(2) Organisation as author

The Royal Marsdeu Hospital Bone-marrow Transplantation Team. Failure of syngeneic bone-
marrow graft without preconditioning in post-hepatitis marrow aplasia. Lancer 1977;2:742-744.

(3) No author given

Coffee drinking and cancer of the pancreas (editorial). BMJ 1981,283-628.

(4) Volume with supplement

Magni F, Borghi S, Bertt F. BN-52021 protects guinea-pig from heart anaphylaxis. Pharmaco! Res
Commun 198820 suppl 5:75-78.

(5) Books and other mouographs

5.1  Personal author(s)
Colson JH, Armour W), Sports injuries and their treatment. 2" rev ed. London: S Paul, 1986.

52  Editor(s), compiler as author
Diener HC, Wilkinson M, editors. Drug-induced headache. New York: Springer-Verlag, 1988.

5.3  Chapter in a book
Jaffe JH, Martin WR. Opioid analgesics and antagonists. In; Gilman AG, Goodman LS, Gilman A,
editors, The Pharmacological Basis of Therapeutics. 6™ ed. New York: MacMillan Publishing,
1980:494-543,

5.4  Conference proceedings
Vivian VL, editor. Child abuse and neglect: a medical community response. Proceeding of the first
AMA National Conference on Child Abuse and Neglect; 1984; Mar 30-31; Chicago. Chicago:
American Medical Association, 1985,

(6} Dissertation

Youseff NM. School adjustment of children with congenital heart disease (dissertation). Pittsburg
{PA): Univ of Pittsburg, 1988,

(7) Inpress
Lillywhite HB, Donald JA. Pulmonary blood flow regulation in an aquatic snake. Science. In press.
Reviews

All reviews are usually peer-reviewed. If the manuscript is written in Thai, English title and
abstract are also required.

Short communication

Short communication should contain new and unpublished results in a short form. It should not
exceed 2 print pages and may contain one table and one illustration.




Manuseript submission

All manuscripts are to be submitted to editor or associate editors, Thai Journal of Pharmacology,
Department of Pharmacology, Faculty of Medicine, Chulalongkorn University, Chulalongkorn Hospital,
Rama IV Road, Bangkok 10330, Thailand. All papers will be critically reviewed by invited referees.
Reviewers’” comments are usually returned to the authors. The editorial board will decide upon the time of
publication and retain the right to modify the style of contribution. However, major changes will be agreed
with the authors. Authors will receive 25 reprints free,

Copyright

The Pharmacological and Therapeutic Society of Thailand holds the copyright on all material
appearing in the journal.
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