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Serotonin & Depression - Recent Advances in Understanding 
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Depression is the fourth major illness in the western world and is predicted to rise to 

number two. More days are lost at work through depression and related illness than 

from any other cause. While drug treatment has improved over the years, mainly due to 

a reduction in side-effects rather than increased clinical efficacy, we still lack effective 

fast acting drug therapy. The great need is to understand the mechanisms involved in 

the long-term action of existing drugs so that we might more effectively target the key 

events. This talk will review our current understanding of depression with particular 

reference to the mechanism of action of antidepressant drngs. 

The interest in serotonin and depression dates from the time when it was first shown 

that tricyclic antidepressant drngs prevented the reuptake of both serotonin and 

noradrenaline back into the pre-synaptic nerve endings. Studies on human suicide 

victims also indicated low serotonergic function. More recently the advent of the 

serotonin selective reuptake inhibitors (SSRis) as successful antidepressant drugs has 

increased research activity into the role of serotonin in depression from two stand 

points: Is there evidence for serotonin dysfunction in depression and why do 

antidepressants take so long to be clinically effective when they work via activation of 

serotonergic systems in the brain? 

Human studies using trytophan depletion clearly indicate when brain serotonin levels 

are reduced by preventing brain access to trytophan relapse can be induced in patients in 

remission from depressive symptoms. Neuroendocrine studies have shown 5HT1A 

receptor activation increases prolactin and ACTH release and these neuroendocrine 

responses are blunted in depressives when activated by treatments that increase pre­

synaptic serotonin release but not when using direct agonists indicating reduced pre­

synaptic serotonin function in depression. Overall there is strong evidence for a 
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serotonergic dysfunction in depression involving decreased pre-synaptic depression at 

least there is also decreased noradrenergic and possibly dopaminergic function. 

The SSRis are rather similar in clinical efficacy to the older tricyclic drugs but with the 

advantage that they have fewer side-effects notably no muscarinic antagonism. They do 

however have other side-effects reflecting increased serotonergic function at 5HT2 (loss 

of libido) and 5HT3 (nausea) receptors. The real scientific interest in the SSRls is 

whether by studying selective serotonin uptake inhibition we can understand the delay 

in clinical effect. 

Blockade of serotonin reuptake results in increased synaptic serotonin and consequently 

activation of the inhibito1y somatodendritic (5HT lA) and terminal (5HT BID) 

autoreceptors resulting in reduced serotonergic function. It is suggested that increased 

serotonin function is only observed following desensitisation of these autoreceptors. 

The resultant increased serotonin release can then activate post-synaptic serotonin 

receptors, in pai1icular 5HT i.i\, important in regulating responses to stress and aversive 

situations so increasing resilience and causing disinhibition to improve mood. It is now 

clear that this is not the complete story as SSRis and other antidepressants also alter 

gene expression through activation of CREB and an effect of this is to increase release 

of BDNF as well as other neurotophic factors. These effects appear to occur in animals 

pai1icularly within the hippocampus and dentate gyrus. This raises the concept that 

long-term antidepressant treatment may increase synaptic contacts and remodel 'brain 

wiring' in areas of the limbic system. It is interesting to note that analysis of the clinical 

data indicates that 2 years of treatment may be required for maximal benefit from 

antidepressant drngs. 

There is increasing use of antidepressant drugs in children and if these drugs can alter 

gene expression and release of neurotophic factors there is an obvious need to very 

carefully evaluate their effect on the developing brain. This will be briefly discussed in 

the talk. 
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Overview of Signal Transduction 
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OUTLINE 

• General principles of cell 
communication 

• Receptor-effector systems 
- Receptors and their effector systems 

• Membrane receptors 
• Nuclear receptors 

• Specific Signal Transduction 
System 
- Tyrosine kinase 
- G protein 
-Apoptosis 

21 



22 

SURVWli 

Thai J Pharmacol 

Cell Signaling 

~· 

• • 
• Multiple extracellular 

signals 

• Each cell type displays a 
set of receptor proteins 
that enables it to respond 
to a corresponding set of 
signal molecules. 

• These signal molecules 
work in combinations to 
regulate the behavior of 
the cell. 

·- ., -~ 

• If deprived of appropriate 
signals, most cells 
undergo a form of cell 
suicide known as 
programmed cell death, 
or apoptosis. 

Mechanisms of Signal Transduction 

Q<Extracellular signal molecule I 

Receptor protein 

Metabolic Gene regulatory Cytoskeletal 
enzyme protein protein 

§ EJ LJ .. .. .. 
altered altered gene altered cell 

metabolism expression shape or 
movement 
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Signal Transduction Receptors 

I. RECEPTORS 

• Membrane Receptors 
- G protein-coupled receptors 

- Ligand-gated ion channel receptors 

- Receptor tyrosine kinase 

- Cytokine receptors 

• Intracellular receptors 
- Steroid hormone receptors 

- Thyroid hormone receptors 

- Vitamin D receptors 

- Retinoid receptors 

Receptor-Effector Systems 
II. EFFECTOR SYSTEMS (Intracellular 

Signal Transduction Pathways) 
• second messengers 

• cAMP 
• cGMP 
• phospholipids and Ca2+ 

• third messengers 
• protein kinases (PKA, PKC) 
• protein tyrosine kinases 
• serine/theronines kinases 

• forth messengers 
• transcription factors 

23 
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Tyrosine Kinase Signaling 

• Receptor tyrosine kinases (RT Ks) 
- Structural features 
- Classification 
- Activation 
- MAPK signaling pathway 

• Non receptor protein tyrosine kinases 
(PTKs) 
- Classification 
- JAK/ST AT pathway 

Important Abbreviations 

CSF-1 colony-stimulation rect0<-1 
EGF epidermal growth rector 
ELAM-1 endothelial leukocyte adhesion 
molecule 1 
EPO erythropoletin 
ERK extracellular signal-regulated 
kinase 
G-CSF granulocyte colony-stimulation 
factor 
GAP GTPase-activating proteins 
GEF GTP exchange factor 
GM-CSF granulocyte-macrophage 
colony-stimulation factor 

MEK MAP kinase/ERK kinase 
MKK MAPKK (humans) 
PDGF platelet-derived growth factor 
PH pleckstrin homology 
PLC-Y phospholypase C-y 
ras rat sarcoma viruses 
Rho Ras homology 
SAPl<fJNK stress-activated protein 
kinase/Janus kinase or c"'1un N-termfnal 
kinase 
SH2, SH3 Sfc homology domain 2, 3, 
respectively 
She Sfc homology and collagen 
sos son of sevenless 

Thai J Phannacol 

Grb2 growth factor receptor binding 
proteln-2 
ICAM-1 lntercellular cell adhesion 
molecule 1 

v-Sfc avian retroviral; Src Rous sarcoma 
virus 

IFN Interferon 
IRF-1 Interferon regulatory factor 1 
MAP mltogen-activated protein 
MAPK mltogen-activated protein kinase 
MAPKK or MEK milogen-actlvated 
orotein kinase kinase 

TH Tee homology 
Tyk2 tyrosine kinase 2 
VCAM-1 vascular cell adhesion molecule 1 
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Receptor Tyrosine Kinases 

• These receptors traverse the membrane 
only once 

• Receptor has intrinsic enzyme activity 
(kinase domain) 

• Respond exclusively to peptide stimuli 
- cytokines 

- mitogen growth factors: e.g., platelet derived 
growth factor (PDGF). epidermal growth factor 
(EGF) 

Structural Features of RTKs 

Cyto.ollo 
tall 

(•) Structure o1 tM epldttmal 
growth r.c10f' (EQ F) receptOf' 

Four major domains: 
- Extracellular binding 

domain 

- transmembrane 
domain 

- Intracellular tyrosine 
kinase domain 

- Intracellular regulatory 
domain 

25 
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Classification of RTKs 
Class Examples Structural Features of Class 

I EGF receptor, cysteine-rich sequences NEU/HER2, HER3 

insulin receptor, IGF-1 cysteine-rich sequences; 
II characterized by disulfide-linked receptor 

heterotetramers 

Ill POGF receptors, c-Kit contain 5 immunoglobulin-like 
domains; contain the kinase insert 
contain 3 immunoglobulin-like 

IV FGF receptors domains as well as the kinase 
insert; acidic domain 

vascular endothelial contain 7 immunoglobulin-like 
v cell growth factor domains as well as the kinase 

l(VEGF) receptor insert domain 
heterodimeric like the class II 

hepatocyte growth receptors except that one of the two 

VI factor (HGF) and protein subunits is completely 
scatter factor (SC) extracellular. The HGF receptor Is a 
receptors proto-oncogene that was originally 

identified as the Met oncogene 
neurotrophin receptor contain no or few cysteine-rich 

VII family (trkA, trkB, trkC) domains; NGFR has leucine rich 
and NGF receptor domain 

Receptor Tyrosine Kinases 
Structure of RTK dimerization autophosphorylation 

(1) 81Nctuntof IM~ 
growth r.ctor(EOF) ~ 

(b) AcWYMlon of tht EOf raoepeor 
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Receptor Tyrosine Kinase Signaling 

! , 

I .. ·., .. 
. ' ·'· ·.· J ·.;' 

. . ~ 

• Ligand binding 
• Receptor dimerization 

- increase activity of 
kinase domain 

- create "docking site" 

' :~-;>,..\:··· .-;..'~ .··"',I p .. ' ;iQS < .... 
p ' . 

p '. .J 

• Autophosphorylation 

• Recruitment of 
SH2-containing protein 
(adapter protein, e.g. 
GRB2) 

Receptor Tyrosine Kinase Signaling 

• Binding of the adaptor 
proteins to the 
phosphorylated tyrosine 
residues (docking sites) 

~-> 

• Ras is activated, 
followed by the 
activation of Raf 

27 
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Receptor Tyrosine Kinase Signaling 
I · 

• l 

. ; i 
• ' I .. p ·] 

· .. .. ~i 
· ~, 

••. ' J I 
. • .lfIP, l 

~.··, 
"' 

• Activation of the proteins in the cascade of MAPK signaling 
pathway 

Receptor Tyrosine Kinase Signaling 

Biological Responses 

nucleus 

transcription .. 
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I Growth Factor I 
RTK Signaling: PLC 

~ 

Plasma membrane 

Receptor 
dimerization 

@ 
Ca2+ 

IP3 receptor 

endoplasmic 

reticulum 

Signaling Through Protein Tyrosine Kinases 
(phosphorylation & dephosphorylation) 

• Tyrosine kinase adds a phosphate group 

(Pi) specifically to tyrosine residue 

• Phosphatase removes Pi 

• Phosphorylation state alters shape 

(conformation) of protein and changes its 

function 

29 
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MAPK 

• MAPK: a familly serine/theronine kinases 

• MAPK subfamilies 
- ERKs 

• Raf-MEK-ERK pathway 

• Cell proliferation, survival and differentiation 

- SAPK/JNK 
• Stress: e.g., UV 
• CD40: a receptor related to the TNF and IL-1 

receptors which binds CD40 ligand and elicits a 
variety of effects in B cells 

- P38 
• Inflammation 
• Cell death 

Ras, Raf and MAP Kinase Pathway 

• Actvated in response to growth factors and other 
stimuli resulted in proliferation, differentiation, cell 
survival, inflammation, and cell death 

• MAP Kinases (mitogen-activated protein kinases) 
is a family of protein-serine/threonine kinases 

• The first effector protein of this pathway is Ras, a 
GTP-binding protein 

• Activation of Ras leads to activation of Raf protein 
serine/threonine kinase, which phosphorylates 
and activates MAP Kinase and down stream 
signaling molecules 
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GPCRs Signaling: AC and PLC-~ 

Plasma membrane 

DAG 

~ 
[PKCI 

! 
Biological Responses 

GPCR-linked Effector Systems 

3. GPCRs that are coupled to transducin that 

activate a phosphodiesterase 

3.1 leading to a decrease in the level of 

cGMP 

• results in the closing of a Na+/ca2+ channel 

--> hyperpolarization of the cell 

• e.g., role of vitamin A in vision 

3.2 leading to increase in cGMP formation 

•e.g., angiotensin type II (AT?) receptor 
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GPCRs Signaling: PD 

Retina Na+/Ca2+ 
channel 

Plasma membrane 

phosphodiesterase 

---+(a)--. PD 

@!V ~ 
transducin I I ~ 

cGMP ~ 

~)cGMP 

GPCR-linked Effector Systems 

4. GPCRs signaling to MAPK/ERK 

- Proliferative pathway 
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Pathway of MAP K Activation 

Upstream 
klnases 

MAP 
kinase 

Growth 

factors 

Proliferation 
Differentiation 
Cell Survival 

Cytokines, 
Cellular 
stress 

Inflammation, 
Cell death 

Mammalian MAPK Signaling Pathways 

@ 
@ ~§ 

nucleus 
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Non-receptor protein tyrosine kinases (PTKs) 

• Most PTKs couple to the receptors that lack 
intrinsic enzymatic activity e.g., 

- cytokine recptors 
- CD4 and CD8 cell surface glycoprotein of T 

cells 
- T cell antigen receptor (TCR) 

• PTKs are classified into families 
- Src* 
- Jak* 
- Fps/Fes 
- Tec/Btk 
- Syk/ZAP70 

PTKs: Src 

• SH2 domain 
- - 100 amino acids---> binding pocket 

- binds to phosphorylated tyrosine residues of the 
receptor 

• SH3 domain 

- - 60 amino acids 

- protein-protein interaction 

- 10-residue consensus sequence: 
XPXXPPPFXP (X =any amino acid; P = 
praline; F = phenylalanine) 
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Members of the Src-family 
share a common structure 

I 
Y416 

9 

'I. I 
unique SH3 SH2 linker N·lobo acllvatlon C-lobo tail 

SH2 

\.... loop ../ 

Src Family 

y 
CATALYTIC DOMAIN 

Src 
Yes 

Fgr 
Yrk 
Fyn 

~I~ 
Lek 
Blk 

Members of the Src-family 

C-termlnal 
tail 

Catalytic domain 
N-lobe 

Catalytic domain 
C-lobe 
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Cytokine Signaling 

lg type i:y1okl nc R. Cl J l')'lOklm: R. (l l) TNF-R type 

lJl.-2. IL-J. n .-~ 
<lFN-a. ll·N·P. t'l'NF·U. TNF-(l (lJ...- l. MCSFl IL-5. Jl,..(, . JI~ 7. 

IL-9.11.-1 I. ILl.'-i IFN-y. 11.- 10) CD40. F/\S) 

the domain structure of non chemokine, cytokine receptors 

Cytokine Signaling 

IL-3 IL-5 GM-CSF 

CJ • 

a. 0: 0: 

• different a chains but signal transduction is 
mediated by a common p chain. 
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JAK/ST AT Pathway 

JAK/STAT UTILIZATION 
RECEPTOR RECEPTOR JAKs STATS FAMILY 

QJ)140 IL-3, IL-5, GM-CSF 1Jak2 Stal5 
gp130 IL·6, IL-11 , OSM, CNTF 1Jak1, -2, Tyk2 Stal1,-3,-5 

G-CSF, LIF, CNTF, CT- Jak2, Tyk2 Stal4 
1 Jak2 Stat3,-5 
IL-12 
Leptin 

IL-2 IL-2, IL-7, IL-9, IL-15 Jak1, -3 Stal5, -3, -1 
IL-4 Jak1 , -3 Stat6 
IL-13 Jak1 , -2 Tvk2 Slal6 

Growth Gii Jak2 Stats, -3, -1 
Hormone TPO Jak2 Stat3,-5 

PRO, EPO Jak2 Stats 
Interferon IFNu, IFNP Jak1, Tyk2 Stat1, -2, -3, -5 

IF Ny Jak1 ,-2 Stat1 
IL-10 Jak1, Tvk2 Stat3,-1 

RTKs EGF/ErbB, TGFa, Slat1, -3, -S 
PDGF CSF-1 Stat5,-3 
Insulin Stal1,-3 
bFGF Stat3 
HGF 

GPCR Anglolensin Jak2, Tyk2 Stat1,-2,-3 
Serotonin Jak2 Slat3 
a-Thrombin Stat3 
CXCR4 Jak2,-3 
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G protein-coupled receptors 
(GPCRs) 

• Diverse physiological functions 

- small biogenic amines: 5-HT, dopamine, 

acethylcholine (Ach) 

Thai J Phamiacol 

- glycoprotein hormones: TSH, FSH, luteinizing 

hormine/choriogonadotropin (LH/CG) 

- sensory systems: vision, smell and taste 

- miscellaneous ligands: neurotransmitters, 

nucleotides, prostanoids, Ca2+, and lipid 

- certain chemokine receptors: CCR-5 receptor 

G protein-coupled receptors 
(GPCRs) 

EXTRACELLULAR Messenger-
FLUID binding slle 

CYTOSOL 

-ooc 

• Seven transmembrane alpha helices 
• The primary messenger binds to the extracellular portion of the receptor 

• This binding causes an intracellular portion of the recep.tor to activate an 
adjacent G protein. 
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G protein activation/inactivation cycle 

G protein 

• G protein subunits 
- alpha (Ga) 

- beta (Gp) 

- gamma (Gy) 

• Inactive State: Ga-GDP 

• Active State: Ga-GTP 

39 
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• 

Thai J Plzannacol 

GPCR-linked Effector Systems 

1. GPCRs that modulate adenylate cyclase 
(AC) activity 

1) Gs: increase the production of cAMP 
- leading to an activation of protein 

kinase A (PKA) 

- e.g., beta-adrenergic receptors, 
glucagon, odorant molecule receptors 

2) Gi: decrease the production of cAMP 
- repress adenylate cyclase activity 

- e.g., alpha-adrenergic receptors 

GPCR-linked Effector Systems 

2. GPCRs that activate phospholipase 

C-gamma (PLC-p) 

- leading to the hydrolysis of 

polyphosphoinositides (PIP2) generating the 

second messengers, diacylglycerol (DAG) and 

inositoltrisphosphate (IP 3) 

- e.g., angiotensin type I (AT1) receptor, 

bradykinin, vasopressin receptors 
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GPCR 
GPCRs Signaling:MAP 

Plasma membrane 

G Proteins and Their Effectors 

GEFs 
(guanine nucleotide 
exchange factors) 

Plasma membrane a. -ion channels 
.,., - AC .--~~~~~~--1 

- PLC-p Blological Responses 
- Pl3Ky 

- Src --> MAPK ~ 

~ - A~lbitlon ~ ~ \ 
- AC - ion channels _ DAG - RhoGE~ ~--~ 
acf vation - PD _ ca2• 

- phospholipases _ PKC 

~ 
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G Proteins and Their Effectors 
G Protein Effectors Results 

I. as • Adenylate cyclase (AC), • Increase c:AMP 

activation 

II. a; • AC, inhibition • Decrease c:AMP 

• Phospholipases } • Increase or decrease 
• Phosphodiesterase enzyme activity 

• Ion channels • Open or close 

Ill. aq • Phospholipase C- • Hydrolysis of PIP2 -7 
gamma (PLC-y) DAG and 1P3 

• PLC-J3 • Activation of PKC 

IV. at2113 • Rho, RhoGEFs (guanine • Catalyze the exchange 

nucleotide exchange ofGDP for GTP 

factors) 

v. /Jr • Ion channels • Open or closed 

• Pl3Ky, PLC-J3, AC, JNK • Activation or Inhibition 

Transcriptional Regulation by GPCRs 
First messenger 

G protein'/ 

i 
Second messengers 

a2 .. DAG IP3 cAMP cGM 

Third messengers 

Protein kinases 

Fourth messengers 
Nucleus Transcription Factors 

Plasma membrane 

Short-term 
responses 

Modification of 
target 9ene 
transcription 

Long-term 
adaptive 
responses 



Vol. 25, No. 1, Jan-Apr 2003 

Intracellular Receptors 

• Nuclear hormone receptors 

- control development and differentiation of skin, 
bone and behavioral centers in the brain 

- continually regulate reproductive tissues 

- are ligand-activated transcription factors that 
regulate gene expression by interacting with 
specific DNA sequences upstream of their 
target genes 

- have a two-step mechanism of action 
1) binding of the hormone to its receptor 

2) receptor binding to DNA and regulation of 
transcription 

Nuclear Hormone Receptors 

N-1 AIB I c I D I EJF 

V~ble Hinge .y JTT" 
Regiqn 

DNA Binding Ligand Binding 
Zinc Fingers 

I 

1-c 

Structure of Steroid Hormone Receptors 
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Nuclear Hormone Receptors 

cytoplasm 

HSP90= heat shock protein 90; R= receptor: HRE = hormone response element 

DNA Binding Domain (DBD) 
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»Apoptosis 
• Programmed cell death 

• Characeterized by blebbling, vacuole formation, 

chromatin condensation, and DNA fragmentation 

• Signaling pathways in apoptosis 

- External signals : death receptors - death effectors 

- intracellular signals: cytochrome C 

• To die or not to die? 

Necrosis versus Apoptosis 

FIGURE 1: A necrotic cell: the disruption of plasma 
membrane and organelles is observable. 

F1GUHE 2 
An apoptolic (A) and a normal (N) cell . The 
characteristic chromatin rearrangement appears in A. 

FIGURE 3 
A necrotic cell. Numerous lesions appear on the cell 
surface. 

FIGURE 4 
An apoptolic cell. Slirfoce blebbing is evident. 

FIGURE 5 
A normal cell, nuclear envelope. The regular 
distribution of nuclear pores is visible. 

FIGURE 6 
An apoptolic cell. The nuclear envelope shows a 
characteristic clustering (asterisc) of nuclear pores. 
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SF21 cell undergoing 
apoptosis 

Apoptosis 

human malignant 
8-lymphocytes. Apoptosis 
was detected by 
fluorescence microscopy 
after staining of DNA with 
acridine orange. 

Thai J Pharmacol 

TNFR - Death Receptor 

Dc•ih 
o~.111nin 

1\~c·u~· Stiru.!l1ri~ 
P·.uhw.1y 1•.1LhlliS} 

TNl'RI 
f\;c:<.:pto~ 

TRJ\Llll 

Prototype of death receptor are: 

1. CD95 (Fas Apo1 ): FADD 

2. TNFR-1: TRADD 

TNFR = tumor necrosis factor receptor 

TRADD = TNFR-associated death domain 

FADD = Fas death domain 
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Internal apoptotic signaling 

Cell Survival t=::) Apoptosis 

APAF = apoptosis-activatlng facior 

To die or not to die? 

Sphingomyelinase 
activation 

+ Ceramide 

+ 
JNK/SAP 

Plasma membrane 

___,.., ~ 

+ ~ 
NF-~ I~ ......... @ Cell Survival 

rt 
Q Apoptosis 
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Cell proliferation and apoptosis 
Overexpression of 

Growth factors 

n 
I Stress d'nals 

Block 

D 
P53 degradation 
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PORCINE BRAIN: 
FACTS OR FICTION 

Dr. Chalchan Sangdee 

Dept of Pharmacology 
Faculty of Medicine 

Chiang Mal University 

Pharmacological Profile 

Effects of the Peptides 

I Neurolrophic S/imu/alion: secures the survival and 

differentiation and protects nerve cells from insults 

I Neuromodulal/on: improves behaviors, memory 

learning, changes of neuronal and synaptic plasticities 

I Melabollc Regulation: protects nerve cells of the brain 

from lactale acidosis and improves oxygen utilization 

inside the nerve cells 

Action of NGF 

... U•.••>••~ 

~ 
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Cerebrolysin® ... 

I Peptide preparation produced by the biotechnological 

standardized enzymatic breakdown of purified porcine 

brain proteins 

I Consists of - 15% peptides with a MW not exceeding 

10kD and 85% AA based on total nitrogen 

I The solution, ready for injection or infusion, is free of 

proteins. lipid and antigenic properties 

I 1 ml of Cerebrolysin© contains 215.2 mg or porcine 

brain-derived pepijde preparation in aqueous solution 

Mechanisms of Action 

1 tts action assumed to be similar to naturally occurring 

neurotrophic factors (NGF) which are a group of 

proteins with characteristic efrects: 

I Neuronal differentiation (sprouting of axons and 

dendrites) 

I Maintenance of the functional integrity of the nerve 

cells 

I Protection the nerve cells from lesions 

I R. Levi-Monlalcini discovered neurotrophic factors or 

NGF in 1950s 

Neurotrophic Stimulation 
CerebrOlysin improves the survival of brainstem or chick 
embryo (Albrecht el al . 1992) 

00· 
'f<i.-.it'·: ,-•• 

---' 
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Neurotrophic Stimulation 

Nerve cell cullure withoul Cercbrolysin 

Neurotrophic Stimulation 

Cerebrolysin on brain protein synthesis of old rats 

.~ 500 
c -contJ\ll r.·u 

·100 _.._ ( "1d>h•I) ' rn .g 2 
r: c. 

~· ~~ 300' 
c" 
u ... 200 .s K . 
u 100 Cr 
'fj g_ 
] 'O 0 

.10 60 120 
incu~1ion tim~ in minul~J 

Neurotrophic Stimulation 
Cerebrolysin facilitates regeneration of cholinergic 
neurons after septohippocampal transection 

Thai J Pharmacol 

Neurotrophic Stimulation 

Nerve cell culture with Cerebrolysin 

Neurotrophic Stimulation 

Cerebrolysin decreases free radicals in ischemia 

Con~ro lS<heml.1 

.. 
"' I ~ 

"' " I ~::.. 

1'l n 
fj / I 

<,> 

~ I " (i 

;r, ,, 
~ •I ,--; 

~ '' r• ?. 
I 

I_ __ 1· 
<·i 

I r l) ., " " '" 

Neurotrophic Stimulation 
Cerebrolysin delays cell death in an 
ischemia/reperfusion model 

'e 
., 1200 

g 
2- 900 

~ 600 

Ji JOO 

~ 

Ceiebtolyslo 

'"· 1:> 

'ont.r11I 5~liatmi:s 
h otlin"") 

C<'f~bwly~lu pn.·· 
1r1,:'.1Uncn1 
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Neuromodulation 
Cerebrolysin increases synaptic density, plasticity 
and performance 

I Cerebrolysin increases the synaptic 
density in the hippocampus, dentate 
gyrus and the entorrhinal cortex of 
24-month-Old rats. (ReinP<e<ht I, et al., 11;stochem l 
1999; 31:395·401) 

U Cerebrolysin ameliorates the 
neurodegenerative and performance 
deficits in aged apolipoprotein E-deficient 
mice. (MaS'lah <,eta!., Poarmacol B<ochem Bellav 1999; 
62:239-~5) 

Neurornodulation 
Cerebrolysin facilitates and maintains learning 
performance 

Conholl ' Cerebrolysln 

\J-J • rilYi 
ao · __J 

~~ . ~ljU >-- J -
~ t t 

0 10 

Ff'.~~1 r .. . l S 1l9' 1.: Oo . .;.ri ~ C1,.•r cl.Jro.'y!• 1 

(;jl f>Jo;,!:1•e l\.\'C'.ll;i"-::f: l C<"Jr-.. 09 of lt."'ll'j 

Metabolic regulation 

n Cerebrolysin inncreases the expression of 
GLU1 transporter gene of the 
blood-brain-barrier (Boado RJ. ~:o:ecu!ar regu'atlon ol 
the blood·blain barrier GllfT1 glucose transporter b'f tira:n·de1h-ed 
fact0<s. J lleural Transm Suppl 1998;53:323·31) 
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Neuromoclulation 
Cerebrolysin decreases beta-amyloid deposition 

Cerebrolysin might have neuroprotective effects by 

decreasing the production of beta-amyloid- protein 

(1 ·'12) antibody and reducing ;;imyloid deposition 1n 

transgenic rrnce expressing mutant human amylo1d 

precursor protein 751 {APP751) cDNA (Rockenste;n E, el 

ill. Hfects or Cereb<oiys:n on on1)10id·beta dePosilion In a lransgenie 

rnooel ol AJrnein>e<'s d•sease. J Neural Tramm Suppl 2002;(62):327·3&) 

Metabolic regulation 
Cerebrolysin facilitates oxygen utilization in rat brain 
homogenates 

>. :,:, 
i: 
r-

s~ &J . 

• 
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Metabolic regulation 
Cerebrolysin prevents lactate acidosis in rat brain 
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~ , 
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HAO-I 

Cerebrolysin® ... 

Is in clinical use since many ye;irs ;ind currently 
available in 2S countries 

Germany 
Austria 

I Portugal 

Has IND status in USA and Canada 
I US FOA approval March 1998 
I Canodlan HPB approval August 19~S 
I Is avallable for cllnit21I use In canada through HP B's 

Emergency Drug Release program 

Objective 

I Assessment or safety and efficacy of 
Cerebrotysin© 

I Investigation of repeated treatment courses 

I Investigation of long·term effects 
after drug withdrawal 

Patient Population 

Inclusion Criteria 

I Men or Women 

I Age 50-8S Years 
I NINCDS·ADRDA 

ICD·10 
MMSE 14-24 
CGI - Severity of 
Disease> 2 

Exclusion Criteria 

CT or MRI 
Incompatible with 
Diagnosis of AD 
Vascular Dementia 
Other Neurological 
Diseases 

I Severe 
Concomittant 
Illnesses 

Thai J Pharmacol 

.... .,.. 
Clinical Trial Data 

I More than 70 clinical studies published to date, with 
over 4,200 patients enrolled 
I Dementia 
I Stroke 
I Brain Injuries 

Recent studies in Alzheimer's disease 
I Germ;in GCP Study (Ruether, 1994) 

Austrian Phase IV Study (Rainer, 1997) 
Canadian GCP Study (Panisset & Gauthier, 1999) 

German/Austrian GCP Study (Ruether, 1999} 

Efficacy Measures 

Primary 
I Global function 
I Cognitive Petforniance 

I Secondary 
I Behaviour 

Activities of Daily Living 
Depressive Symptoms 

Safety Measures 
I Adverse Events 
I Lab Parameters 

Vital Sions 

Dosage & Treatment 

I Dosage 

CGI· C 
ADAS-COG 

ADAS·NONCOG 
NAB 
MADR-S 

I Group A: 30 ml Cerebrolysln® + 70 ml Saline 
Solution 

I Group B: 100 ml Saline Solution 

I Total of 40 IV Infusions, Once Daily 

I Treatment Schedule 
I Treatment 1: 5 Days/Week for 4 Consecutive 

Weeks 
I 2-Month Treatment-Free Interval 
I Tre;itment 2: 5 Days/Week for 4 Consecutive 

Weeks 

HA.0-& 

HAO.• 



Vol. 25, No. 1, Jan-Apr 2003 

Efficacy Analysis 

I 

I 

I 

I 

Primary Endpoint: Month 4 Visit 

Primary Parameters: CGI-C, ADAS-COG 

Primary Population: ITT 

Scoring Option: LOCF 

... Cerebra lysine produces a statistically 
significant improvement over Placebo in both 

primary efficacy parameters ... 

Sandoz Clinical Assessment­
Geriatrics (SCAG) 

~i t'(J-­

:~ 

i\; · 

tilt· 

50 --- - .. -

~ I p .... a.0'.)..)1 
:n • •H1 
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CGl-C - Score Distribution 

Cerebrolysln Placebo P=0.004 

HAD· & 

. -·...-.; .. - · --...._ ...... 1- .- .. ·: 

•• 

.. 
• 

: : '··1· ;~1 
I . .. I 
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Results 

Primary Outcome Measures 

Secondary Outcome Measures 

Safety Data 

Clinical Global Impression 
(GCI) 

CGl-C - Responder 

Month l Moot h 4 l·\oOlh 7 
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Alzheimer's Disease Assessmen''e·• 
Scale-Cognit ive Function 
(ADAS-COG) 

3 ~ 
Time {Monlh<;) 

• \._ft'd.lr\.~')ii ll'1 ,• 

o=> H!IC~.._) 

Responder: ADAS & CGl-C 

Vascular Dementia­
(Arnold-Hohlmann test) 

•u I 
GOF- --· ~c._:,.L-J,•' 

rn ~ ... ;•x 
><· - --

t.() ---
-.. j 

.· .-· 
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HAO·t 

Seconda1·y Measures 

Behaviour ADAS-NON COG 

Activities of Daily Living NAB 

Depressive Symptoms MADR-S 

Cognition/Concentration SKT 

I ITT-LOCF Analysis Cerel.Jrolysin® n=74 
Placel.Jo n=70 

JUD-I 

Activities of Daily Living (ADL) 

·I 

3 4 6 7 
Trno. (Moot/\s) 

HAO•I 

MADRS - Depressive Symptoms 

·i Pa0.001 

1i 
~ ·I 
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0 J 4 7 
Time (l·':ooths) 
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ADAS-NONCOG - Behavioural Disturbances 

T""" (Months) 

AOL - Responder 

• I I• " I I : 
o o •. II 

• 
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Month l Morlh4 Mooth 1 

Open Clinical Trial in Stroke 
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Safety Analysis 

I Adverse Events 

I Lab Parameters 

I Vital Signs 

I Safety Population Cerebrolysin~ n=76 
Placebo n=71 

Adverse Events 

No differences In AFsbetween Cerebrolysin® and 
Placebo groups 

Conclusions 

Patients on Cerebrolysin® had significantly 
greater 
Improvement than Placebo-treated patients after 

only 
one month of treatment 

t Acute symptomatic improvement 

t Fast onset of action 

Thai J Pharmacol 

Lab & Vital Signs 

I No significant change in any of the lab 
parameters in both g roups 

I No change in vital signs 

I pre- and post infusion 

I as well as over time 

Summary 

t Cerebrolysin® leads to statistically significant 
and clinically relevant improvement in both 
cognition and global function in patients with 
AO 

t This is supported by findings in the secondary 
parameters, where significant Improvement 
was evident in behaviour, depressive 
symptoms and activities of daily living 

t Cerebrolysln® is safe and well tolerated 

Conclusions 

Second Cerebrolysin® treatment after a 
treatment-free 
interval reinforces therapeutic improvement 

Patient's response to the second treatment is 
equal or 
greater than to the intial treatment 

t Therapeutic concept: 
Long-term Cerebrolysin® treatment 
with therapy-free intervals 

H&0-1 

HAO-I 

HA.O·t 
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d ~ "1 1.d • QJ Q " " 11· I I 'lf1ffl'H'l"U1'Ylff (bioinfonnatics) 11J'Uff1ff\11'j '\1lJ'Ylf11'Cl'lHlHUf111l1'U1 um.11'l'.i1~ 
u 

l ~111 lldh·H'l n'j::'Yl'l.J~ e> nu1~u111u1f11ff111 f~1fl wi 1u11 nu 'U'U 'l :if1ff1'j ff'Ul'Ylffln~ u 1 n 
q 

" QJ " " " U 'U 'U WU 1f)'l.Jfl11lJf)1111'U1'Yl1-1~1 'U 

Q "1 .., d v .::t Q 1 v ~I 1 . I 'JI 
fleJlJ'W 1l~HJ 'j 'Un 1 HJ~lf)'l.J 'j11J'.i 1lJ'Uf.>lJll'Yll'l'lf11'Yl tJ1 111 u'U '.i ::1J1J 'U iuu 1J1J!1'U 'Utllq!ll 

Q "" I t " A 4 .et "I t ,! A 'J) 
(databases) 11ri:;11fl '.i 1::Wll f.>1Jflll1fl1'U 'U~ 1Ulfl ':i f.>-1 lJ fJ (tools) l'l '.i elttfeJvJU 1'.i~ 1-lci 'Yl'l'Ul'YW 111 

1n~m11.u'11~1 un1::1J1um1~1.:Jci 1u~ .:Ji'.i~1111 i.u'11 ~ mniH1'U'lleJ'lV'U fl11JJfflJ~'Wn 
I d Y .d d 

'j ::1111-.l tJ'U lf 'U 1'Yl'll fl-ltJ'U 

.., QJ " ~ .., ~ 11" Q~ ,% Ad ':ilfff'W'U~f)'j'jlJlJ'lfl:ltJ (Human Genome Project) 'lf-l\111 I fl':i -1 f)1'j leH ~\]f)':i 1'.ilJ'UlHlJtJU 

.~ " f cl ~ d ,.. 0 °' 
'Vi.ff. 2528 U\111'.ilJl'l'Uf.>tJ1'111J'Ul11-ln1':i 1'UiJ 'Vi.fl'. 2533 (fl .ff. 1990) 1~tJn1 ':i 'U1CUeM':i~'l.Jlfl ,, 
ff Mi'~ f.>m1 m 1 fl'.i -1m'jof.>~1M'ff'W''W1l n11 ""~ llvilih{l 1'11lJ1U 1um1111il1Yi' 'U'.iMff~tJ~ 

.:: " d " .., 'J) d .... n'.i'.ilJ'Yl-llfl.Jfl'lleJ'llJ~llu fl1u1u1::u::nm 15 iJ 1'lf'l1JU'.i::lJ1tu 3 'Vi'Umu1111uqJffl1'.i~ 
I SI V 

uri::nwihv-:i1tJM flwul1.:J'ti11"m.u'1~1" 1 flH m'jil uriu.:J1u 1 flHm1i1 1l~utl.:J'11u m1 

flnll1il1Yi'tJ1M'ff'Wu1lnnJJf.>e>n1111JJ tfl'.i '" 1cttJJ (22 ~ + 2 ~1.:J) 1~v1cM1nfff1-:iuriu~ 
nwfl1'Vi (physical map) ~uneiu ~1mf u~.:Jli1m1f1n111M1il1Yi'1J'lle>-:i1M'ff'Wu~nnlJ 1~w . ,, 
""d 'J) d 'l 'J) ~ d 'l ii 1 " 11i automated DNA sequencing 'UtllJfl'Yl ~u1f) &flHf)ll'U ~'Ylt.JeltJ'l.J'.i'l~ 'U~1'U'U61Jll 

.d " .:S 'l " "" " d " A .et .., " -;;ti ff11i1'.i-tu::'Ylff1lJ1'.i tH'U1tl'l f1111.:ie>w111e>1l'U111 u ci::ur111lJ ei1~ e>'U fJlJfl1'Yl'U 11 u 'Vi. ff. 2544 

d I V.::t 1 ci o OJ cv .., t a'I V 
<fl.ff. 200 l> n l~lJ m1u1::mf111m1fl'nll1ri1~1J':il1ff'Vi'U~n':i'.ilJ'Yl'll11J~'ll eJ'llJ~llV l~ 

,, ,, ,, 
ri11~u1~v'l.Jf vu"W! t1JJli'-:i 'l~nm1~wtJw1w"::1~v~ 1u1uff 111'lf1nuiutl1li-:i 2 u u'l.J 

.et 1! Cl.I 1 Cl.I d Cl.I " <;11 'l " " flt! Nature Uri:: Science 'Vi"JtilJci f)'U 'U'i11J'l.J!flf.>'UQlJfl1'Vi'U'fi u fl.fl'. 2001 Ult:: ~lJeJ'l.J'lltl 

0 .., .., 1 " ~ . I ~ "q "" " A q v v q lJ 'Cl Cl 1 ~ 'l.J'Vi 'U ~ f) 'j '.i lJ '111U 'U ff lTi l'.i tu u 'j:: 1 {l'lf'U 1tJel'U1\11ti'.i1 'U 'YI !'Vi fl 'l'I ~ff 'U '~ff l lJ 1 'jt) 
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,, JI 

download 1ctJ1~9Ju 1lctJ 1l~ r·Hlfl1':ifffl1fl'Hlil1fl1J~'Ul!fl'l"1lJlJ'4lJ6;1-lihHi11 3,000 n'1'U 

q .A' J) \lJ) d d nl d .A QI I Qlad do d 
!1J ff 1 'UlUU -l~'U ¥)Yl1J V'Ul'YH.l\llJ':i::lJlut 39,000 f.l'U m1::t'lftl fl'U 11f.l\1:1Jf.l'U ti fl'11'U 1'UlJ1 f1'VI 

V'.:i 1hJ'Y1 'J1Utttl'1~ V-1 1l~jj~¥)fffll:l1 f)1'jfff11:l 11~f.Jl1~'1'11fltlt'1 f.Jfl11m11'1 f.Jl1~\l~l 'U:JJ 

QI J) o QI QI QI cr'd I .: d .A' 
(post-genomics) Utl::'1::U1ffV~ l'U '\IUlJtl t'l1111J 'jlf ffYl'U ~fl'j 'j:IJlJ'41lf.J'VI f1t'l11'Ul iJ'U Yl'U»1'U 

• • JI 

1'U'iJ11~D'u1l~fliflHm1 f1n1l1ii1'11J1 ttff'W'u l!flfi:JJ'\lt1.:in.:ifl'lf1\Pl~'U 'l ~ m.n n:JJw i1'-1
1b 

QI d d <!i QI o' I dci I d QI QI o' ""' J J) q d 
':iff HUfll11rn Yl'lf u"::ff~1~1.:J'l l1lJff1'UlfW1Ylunu:JJ'4'l4Vm11'\l'U '!jff'U i11':i1£Jt1::rn£J11 

cl. A J) 'l- I J) 11 JJd 
1Yl:IJl~:IJ ff1:1J1Hll'\11 lJ~'\IU'J" 1l'YI http://www.ncbi.nlm.nih.gov/ 

r ' JI 

11~ 111ru.,Yu11" ii 1~u ff n ~ u tin 'j'jlJYi 'l ~t ~ 11~1u1u ~ u t1u1.:i"1 o:JJ w t1d1-1'j1111~1 
~ . 

I I I T 

1 'l '~Id' _..... 0 1 ,,...., ""' o'J) ""di d QI 

'U':i::m:nm :1Jfl1Jl1mu111 <aun o 'Yll ttun1l1Vlff1ff~1~t1-ltt11n um1l1'1::'111m1 

d J) I ~I QI J) •• I .,...,;, J) ~I .A ,.!j, 1 
lf1U'\IUlJ ti tlf.11.:JllJ'U 1::uu Yl~'U 1Jl'W 'llUlJ ti ~ti tl111l'W C)ttlnll1':il1 'lfllJ'Ulfl':iU-ll.Jtl 'W fll':i 

A o' nl o QI d d q J) q nl J) d 
11 fl n:: 'H Utl ::u lJfl fl 11lJ'HlJ1tl'U ti -1ti1111J11 ttl'WHJ 1 'H ti ti fllJl 1 'W i lJ 'll ti -1'H'W1l1U"::fl1':i 

li1.:i1u'll tl-ltj'W nt1 ll nm1li1'11'U 1u1::~rnC)tt1" \l'W g.:int1
1
lnn1n11-:>1'W tu~ .:i)j~1\PI 

Growth of GenBank 

16 16000 ' ,, "' l ltlri I 'llfll.JMl~LPl'U Pl'llfM GenBanlc 

14 14000 n:;d1~TI fl.ff. 1982-2001 9llmlUHU 

'llflll National Center for Biotechnology 
12 12000 -.;-

"" 
c lnfom1ation (NCBI) 1.h:al'll'ft'l'Hi'J 

c: g 
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"' 4000 co 
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bank/genbankstats.html) 
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d A I .:k J) QI QI o' ,.!j, QI 

'lf11l1Vl (biological databases) ~ 1 ~'l C)t.:J1J ':i':i~'UUlJ"':ilfffYl'UJifl':i'JlJ'UU.:.llJlfhlV lf'j tl':i 'H ff 

" 'W''Wl!fl'j'jlJ'lJtl-ll~tl l Hl~l-1'1 'H~tlyj'lf~H'l 
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(nucleotide sequence) f11'.i 1~ tl.:J9i'1'lJV·Hl~ln '\.J l'Uffltl l iJ'.i~'U (protein sequence) l fl H fff 1-:J 

'L I .d. ~ v q ~ v v d.d. I ,: 0 

'llcl.:J LIJHl'U (protein structure) LU'U9l'U 1'\.Jf11'.iffUfl'U'lltllJ!:l'Yl)Jfl11lJ'l-HllffHmt1nHll'U'll 

l1'.JtJ~tl.:JCllfftlflel)J~1!9Wl Vlfft11nm'.i~l1!:llfftt!:lltl 9lf:ltl~'1'\.Jl~C]f~)'Yh11{~1~t11~tN 

:mm.nt1 H'1~~rl1fi' ty~'cl~ftti m'.i ~~v.:iijfl tl)J~1191v{~1~mJ~vvv1.:iiiiJ '.i~ff'Yl1ifl1Y• 
QJ ~ I 

n1Hfl'.itl'll1V internet U"~ World Wide Web 

(WWW) 

.d. q 21 "' d ll v I q '9 d I A I 
'l11.fllr11'\.Ju'l~U'U '1~1l1'U ~1l 1'U'.i~t1~n'11tnti1Jirn.:i'Ylff1nl:l'YIN1'\.JlJl iIJ!!1JU'lJti.:Jf11'.i 

""'QJ ""' rid. 11 v d 11A I "" .J d ~ .d. d 
1'1tl1'Ylt'.llfflff91'.i'l11fllr1 ~uiJ'1t1'\.J IJ'llnL~lJ (paradigm shift) G)J'.:j!1JtJnl'.inffilltl'U!~t11'1 

'tt'sv 1 iJ1~w~t1.:i91'11~t11 
11 iJ11'.luf111lJU1lJ1n11un11f1n1:11vuwet1t1'1 vu 'H's ti 1 iJs~u 

"" v "' .d. .d. d <"1 i .d. 
'H''11tl'l '11'\.J~Yl'.itllJ'l fl'U'Yl!~W1 t1ltJfll'.ifffll:ll'Yl.:J'1 l'\.JlJ (whole genome analysis) iiJuuu 

SI 

'UV.:J nu1~ v1'tt'l.iilif1uu9i lflurm'11nfl11lJti'11l1il'1~1'\.J!l'lfl 1uL'1vnui~t1~1uu L 'WlJ 

1~ 11 '111ii ~~ 1 ~"~u111n Lfl'.i .:inu ov~ 1'11inru ~ n1 '.i ""'41:16 ~.:i 1l~ilri1u vd1.:ilJ 1n~rit1 
1if 1n~ nuiJ~i~m1i~t11uiiJu 1Jul l1" 

1hJ11'1~1~u 1u~1u m 1~mu 1inm'.i t~lJ~'1 
~ , q vd A q v 

fl1llJffllJ1'.i(l (high-throughput) l1Hlnl'.1Vtl'.i~'UU L'H'mmN (miniaturization) lr1V t'H' 

SI I I I f So" 

'ti l.:jl'\.J 'UV .:i rJ'\.JU '\.J 11lJ nu rl'\.Jll!nt11,Y tl.:J nu n'.i ~u 1'U f)l'j ~'\.J'l lllfl~~'\.J, '\.Jlt)J'"" u tlu V'U 
SI • SI 

ll1 ~Vt nu i 1n'.i~1J1'\.J fll '.i ! l1 ~TU '1~ffn1J ~UcMV '\.JlJ 1t11 '\.Jff .:iii~i9l~'U-q .:i 1 'U nn1:1ru::'U v .:i 
.J .d. QI v QI .d. d "" rl A rd 

metabolic network Glf.:JlJ'1nl:ltu~fl't'tltl'l flU1.:J'1'Hl1"fl'YIHl'Wnff (llJ'YI 2) 
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01 ICJO 715102 

1tl~ 2 LLM1..:ii~LlJ~nua~"" LL\J\J1'1v'i metabolic network ('liam1v1n 
u u 

http: I /www. genome. ad .jp/ke gg/ metabolism .html) 

QI ""QI d I d 11 i/"1 o i/ d .cl I 

'Ufl1\ltHl1f11.h~mmy~'UC]f~ ~1ilVl'Yl1 resources Vll'U bioinfonnatics 'Yl1'HJfl11 KEGG (Kyoto 

, QI .etc! "" .. ~~ ~ 
Encyclopedia of Genes and Genomes) 'U"f11:1U!~1.:J1il'HJUlfl'Yl'i~'Uflffl'Vie:lt1fl1flfl11lJl'lfe:llJ 

1u.:itt1e:i~ fl'j~1J1'U m'i1lJ~1ue:i~n-lJ1rn~11u1~1\JtJ.:JW'U 11 CJfU~t~t.11.UtM 1'lfu 111n«u i 10 
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nucleotide metabolism Off1l.J1'Hl click \h.J~ box ~1~£J'W11 

ffll.JlHl 
1l~.u'm.reimY11~1'11l'.l~'1mh1~'1Uff~H1u liJ~ 3 

-k 
nucleotide metabolism 9$~1)~ 

NUCLEOTIDE 
:METABOLIS!vl 

.. 
Py1:.i.mi<1.µ10 metilJ)QJ.is1~1 

·"11·-·--<0t-· ••· '1')··--·\7'····<:.<-· · ·~ ...... ,~. ), . 

......... , ..... ,, ............ I -::: 

.· 

Pur·ine metnJ.>olism 

atJ~ 3 Uff¥i,:j101l.JVl11JViiffl.J'UV.:J1.:J~'j nucleotide metabolism 

(~mJ"~1n htto://www.genome.ad.io/kegg/oathwav/mao/maoOl 140.html) 

Mrn9l'el~n1nw-ei~1vu~~~ntl-1 1l ti n11tf nrr1l.Jnt:l click 
11 tlu-1 metabolism ~ 

j/ ~ d .t Q \1 o' I d 
91 el~ m19f ~1l~11rr~~ 1 Wtl~te:i a~l\JtH n1~'U1'W m n1lJ'Yl'1 ':il£Jtl~mu11 l\J~Nm'W 9fl.J9l 1'1c-i 'VI 

1rlu1.u'e:i~ti'Utlfin1m 1ilu9l'u 

u u1'V11~ fll'.l ti ':i~ Qn9i°i ~'M1rrn -crumff1ilu1fl~el'1i1t:i 1u~ 1u1~a1'VI u1ff1tr\1li''lf1 

fll'Yi~n1'1~1ilu~rru11l fie:i m1t1'u'111 protein targets u-ei::m'.l~'W'l1W1 ctr11u'Ui'1) ~el 
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1 i '''"'" ~ ~ \1 Y<11 <11 ~ Y 1 1 1 
targets mmt..!'U 11ifl1 ':il1'U'1Clf'1 fl'j'l.J fl1 H'l~U lt'VHJflU r11 protein targets rtlJci UQfl 

tt~.:i~ 1u:Ufltlfll':iW~U11~l'Vlfl1u 1 f:lV DNA chips l'Vlfl 1u 1f:lv~,rnrl11ftUJ1Hl 1 ~~~WlllJ 

fll':iftf 1'11ll':i~'W1 u 'J::u::~1'1ci 'llti'1fl1'.l 11il~tyl~'l.J 1 ~'1Jt1'1lciff:lcl°~~'e"J.:i m n11 fll ':iffffhll 

' 1 ~ d d (V I <11 d<'.l Y 
!'Ylfl U lf:ltl DNA chip 1Jr1f:lWl:lffl:lt'U:: l'lfU f:lffl:ltu::l11'lf EST (Expressed Sequence Tags) 

~ ~ y d <!I <11 

l'VW:Ulnffhll'Utll.Jl:l fll'JUff fl"ltltlfl'IJ eNtltJ l1'.ltlf:lffl::llli::'IJ'e"J'1 proteomics 2D-gel 

~ ~-' d d y d q 1 ~ "" ... ~ " nffl:ll rn '.l~U l1ff ':i 1'11il 1nuu L 'W'.l::u:: fl'.l::u::11u '1'\J 'e"l"l fll'.l t1il'.ltyWl'l.J L ~'U'e"J'11Clff:lf:l 

I !ii ' "" I .J y y I y Y<:I ... ,,. I 

1wnrnri1u ll:lummuii1uu f:l111V'l~ti.:i 1 'lf'lf1ft1':ifftJll1f11ufll':i1tfl'.l1::11 t'lftJ sequence 

assembly fll ':iitfl ':i 1::r11~.:i1m urnYia'l.J '1Jt1.:i~uri'1tti''l.J 111'.l~tJ~ffu 11il mn11t.1w1 fl'.l .:i 

ftf 1.:i'IJ 'e"J.:i 111'.l~u \?lf:lt1fl1ilt.1m'.lflnll11lun"~u1i'J::tt-11.:i 111 'j~u 1u~1u m ':ifi't.1111 e.11 

<!I <v i 1 t I Yd Y Y "' <I <11 

r1 'J'e"JftUUlJtl"l~'eJ targets UU lflllfl111Jfl11r1U lfll'jft '11fl'j 1::11 i Uf:lfllllli:: combinatorial 

synthesis NU1 nnlJfl11lJ fl11ttU1 iu fll':ifffllll 1 fl'J '1ftf1.:i l1h~u 1'111-tt'ir nil1 tllf11ft91 { 
' v 

ffllJ n tl''r11u1a1 fl'.l .:iftf 1.:iYiml11::ff:u'IJ 'e"J"lffl':i V'l.JV'1911:U 1 fl'.l "lfff 1.:i'l.J1nrud.:i111t111~nrn 
' v ""19,IQI "' QI QI <!I 

l1 'lf 1illJ fl'l.Jftl'j tl'l.Jtl"l (rational r1 'jtJ structure-based design) 

VrlV1rl"IJeNtd'Jtr11trUmff1uq'f1'HiJ-:JiJTu" 

fl11:url1fifY'IJ 'eJ.:i'lh'C1'1'JffU1l1rrl i111il:: 'e)~~ n1':i~~u 1':i ::'l.Jui~1n'l.J 
~ o' J) ~ I I ,et ~ ~~~ I I 

Vlf:l 'e"lfl 1iltJ 1lfl ':i1::Wlltll.Jl:lfl11lHr1lJtl'UU f:l::fl11lJ~1'1 ':i::l111'1 tl'U'IJ ti"! ft "llJ'lf'J\?1911'1'1 U~ 

1~ 1l11J1tll1~ n~rl1fi rufi'e"J fll':i 1 ~~1ftl':iff'Ul'VI rrl un 1':ifff 1.:ifl111J1,j'1l1il iu fl111Jtt1J1 ti'UiM ., 
SI ' 

nn l~ a.:i~1'Ut1'1il 1~rn'l.Jff't1.:i 4 'lftJfl 1 uft1a~1~uw ri11:uft11J1'.l~ 1um'.l1,j'111ilfi.:irtu1-vi 

.q 'l d ,,..,; ... "" d 
'IJ 'e"l"l au 1rn::m1 nm':i Uftfl"lfl'e"J fl'IJ'e"J.:iau ~f:l'e"Jfl 1ilU rtu ll1'Ut1.:imwrn-n'IJ'e"J'1 uu 'lf1ffn 

' SI ' 

ft'U1l1f1
1l ~U l'l'J ntl11J 11\J1

11 iJ~'l.Jl1'l.J1l1lfltl1~tJ n'l.Jff1U 'U 'Nin fll'Jl1'0 laff1'U fl n't1.:i ~'11fltl1 

,j' tM n'l.Jff l'IJ 1i'lf 1 V'e"J a fl fll1f:llaftl'Uli'lf1 
1

1~111il::1flu~ l'U fl1'Jl1fl 'j 1::r1fll'j1~ a.:iii1l91 'lJ 

1 d q <!I. ,, "" 
'Utl'11'l.Jff UU'U l'U1'.ltl'1 base calling, physical mapping, fragment assembly fl1'jfltJl1W'U 

(gene finding) fi't.1l11Uf:l::flfllllfl11lJfflfii)j'IJeN'l.J~nru~1flu non-coding regions 1u~1'U1J 
Ji ~I ... d"" I "" " '"" "" C}f '1'e"J11il l utJ'l.J'j l1t'Ul1 lJNl:l91tlfl1 ':ifl1lJf'llJ fll'JU ff~Hfltl fl'IJ 'e"l"IUU fll 'j 1 u ':i tlutl1tl'l.Jfl111J 

<!I 0 <11 ... ~ 1 ~"I d Ji 0 'l· I I ,, q q ,, d 
t'HlJt>tJ'IJtl"lf:llfl'l.Jfl'Jfltl::lJ Lt.I UffW llJ'J\?l'U Clf'11il::'U1 u~fl111J1'1J111il lUl1U1l1'U~N 

1 ll':i ~u u l:l:: iuVJ1.:in~'l.J nu nnflnll 111tl'1~'1J'e"J.:i 1 U'.l~u~ritiwri~.:i nu 1il::1~ul1i.:i'W 111 iJ 
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~HlV.:J UCl~ftfl'1:111fll'·H1'~1.:Jn'1lJi'.191 fl1'.iflfl'1:11 Lfl'.i.:Jff!'1.:J'UV~ DNA ll'tl~ RNA 9l't'IV~'\l'U 

1 'J} d 1 A ~ 11 'J} I nl"""' ., ,/ I 

fl'.i .:Jff'.i 1.:J'U V~'lf1 l.Jl'tl fJCIV'U'l t}f~ ~Ufl lipid um~ carbohydrate U'tl~IJ{jffl.J'Vi'U 'li'.i~l11H 
ti 

'1111lJlClfJCltli~1ij 

fl~ 111~amiiJ rn fl 1u1 'tlu~1ffnffu rnm~ml'lfl 1uL't'IV~fl1Mll~t~v ii lti,:i nlJ 

rnfl 1u1'tla~1.fl1'Yi mn·iwiu 1t}fv..J111{rl1Mi'1Jml'iml'1~li'~vlJ'tlfl1l't'1v~~1~1J'.i ttff 

"" l'i 'JJ .:t a "" ""1 n I "' "' q 'JJ 'Yi'U ~fl'.i HJ li'.iV'U VlJ'tl fll'.it'.i ti~ Cl1~1JfU~'1~1J lJ lJ '.i:;flVlJ fllJ fll'.iYIWJ'U 1 internet 1 li 

ff 1lJ 1'Jm.u'1~ ~ .u' mJ'tlff11ii'.iru ~~" '1 ~1ui1u .u' v l.JCIU '1~11w flu~ .:irl1~ty~'1:;tl 111 ll~m'.i 
n r "<i 'J} 1 1 d I d n I ""' ""' 'J} ..,:. J' 
lJ '.i~ Qfl9l 1 'lHYlfl 'W 't'IVff1'.iff'Wl'Ylf1'1tn~lJlJ'.i~ff'Yl1i.fl 1'YiU 'tl ~ fl11~!\111.:JlJ1 fltWIJ'U '11f1 

fl 1n1rl1~ tu'U '1.:it}f 1 ffllff'Wl Ylf1~"u u11 U' lJ~'\l :i.:~1JY11J1'YlV aH ii rnviv.:i1u 1'1' tll'l H~ 1u 
CJ 

1Y1mf11ff91{~1.fl1'Yi 1u Qfll1i1'.:i~ 1 ulJ flru:i.:1Y1t11f11n"VJ{ iiM1iY1t1T~l'v"-H11'tl~.:i 
1
111'.Yh nn 

Cll i ' J::31Cll d d ti 
'11191.:Jli'W 1tl11J tl'll'1ff1'.iff'U1'Ylf1U 'tl~ '11 'WlJll'.i ~ Qf191 (Center for Bioinformatics and Applied 

~ ?I r q ., "' 'J} ., 

Genomics, CBAG) t}f.:J11J'Wli'W1V~1'W 1'WClfU:Jru:;!ff)lJffl'Hf1fltl.fll'Yi(Capability Building 

""' o' ""' "" ""' ,J 1 q ..,:. 'J} a 'J} 
Research Unit) 'UV.:Jfltu~1Ylt11f11ff9l'.i 1Jl111Yltl1'tltllJl11'l'tl'U'W 11V 1'W'.i~V~t'.i1J9l'W'\l~Y11li'W1 

~t ~'W liU 1v.:i1ulff ~1Jff~1~~~f111lJff1lJ 1H1~1'W ~1ff1'.iff 'W1Ylf1 U'tl~t~u rtuml fl'11J n1 .., 

'.i~~1JfliJfl1fllVlClf tl'U'1.:J'1'3~ fl1'.iV'U1iJV1 'tln l 'U~ 1'U~1ffl'.iff'Ul'Ylf1 td'1~1Jf1Cl1 fl'.i~t.u'lJ .., q 

d ,J 'J} l 'J} ,/ 'J} d QJ I A"' A o'.:t 

U 'U.:J'U'WUCI 11\l~ 11111 l'~ Qfl91l'll'l'Ylfl1u1 Cltl1'1.:J fl'tl 11i'U~1'W 11:1 tl1Yltl1f11ff9l '.i'l11.fl1'Yi l 'Wff 1'U1 

~1'1'1 9itJ 1lll 

' 
I ""' ""' !tlfHYl'HlTlHl~iJ!QliJ 

1. Bioinformatics: A Practical Guide to the Analysis of Genes and Proteins, 2nd 

edition (Eds. Baxevanis, A. D. and Francis Ouellette, B. F.), 2001, John Wiley & 

Sons, Inc. 

2. Bioinformatics: From Genomes to Drugs. Vol. 1: Basic Technologies (Ed. Thomas 

Lengauer), 2002, Wiley-VCH, Germany 

3. Developing Bioinformatics Computer Skills. (Eds. Gibas, C. and Jambeck, P.) 

2001, O'Reilly & Associates, Inc., California 

4. Bioinformatics: Sequence and Genome Analysis (Ed. Mount, D. W.) Cold Spring 

Harbor Laboratory Press, New York 
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Current perspectives on Major depressive disorder 

.... .... ' n1 fl1'1f1'111l n'lff11a:1111 

flm::mn1U~1ff11lil"i\lfi U11J16t")1ll1fitJ~ llM11't1 ll1~ ll ll~GI~ 

' ' 3 ... _., 'rl ...... :::.1 ... 1 
1nnn11L~~-n1£.J 2 LYl1 r.Ju1rJ l<il'l1.mt'lm::mr;nmnnTnnnri\I 'V.Vl1'V.fl\113.Jin3.JTH'l um1 

\J 

l11\11u~~t'l" ff'3..1~v.lfn1~iitr ruVi1 <11t'lf)~-;miifl1111 L ~t1'1<ii f1m1Ln~iJruVi1ri1.JW1J111~l11\lm [J ... ., , 

'11 "illmL9f-i1 eJ U1\I h~\1'1~ 11 r:i(;lt.I nGi 

fl113.J ru:n11 L~f1lf u-;)~ l~i1LUU1l11::1.Jn~i-JJ El\lfl\.l.L 11 LlJuiJiiffi tn'll fl\I~~ h<iifln11~nJL~l'.J 
~ \J .. 

wn11n<11~u Vi~Elfl1111mni1~mEl'11~iii'lrn~h fl ~1'111n~111Vi1nEJ1111 n!~m~f1~Ln~~" d' 
\J , 

Lllv.3..11n-;JuL~v.t~-n~1111nu~mm1<ii1" ~ vn11~111\I~ 1 LLir1 ~~i1Luu1mL1.Jri'11::~rnllu 
hfl~3.JLffl1 

..J ( A A a; 'f' ~ ., ( ' d ' d' d )5 011"i1\l't11 Lnm'l1n1")1,..,,.,\l.UL")fl'llllL9f")1 major epress1ve 1sor er 

n. ij'l] El l~iuViU\I~ fl 11h1. 

1. LflflViU1rJVi3.J~i'l113.J~U\-;i1 U~\l<ii1.J ~ 

' " 
1. LUtJtJ1Vi11 Vi'1tJU.1Viun~~ 

2. Ufl'V. l!iVi~lJ 

3. elflUWl~[J l~iiL~[J1U1\I 
4. fl11:!.l~~ m1Lfl~ El'V. lVi1L ~El\li1 Vi'1Eln-i::ium::i:i1rJ 

A • ..I 
5. R3.J11f fl113.J';J1LRfl3.J 

7. mnVJ.ULfl\llf~h ~1Vi\t~\.l.Lfl\I 
\J 

1~EJiifl1n11LVi~1d'LLYl1..IYlnl'V. ~~<iifln'V.U1UElU1.:IUEltl 2 iiJvn,,{ , 
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i'f1L\11Gl • 
if-;i-;iuuLlu1~'11LAtJ1nuH1L ViVl'lHhl 1w1inm~f1~u L~vnui1i~i1~ufnuVi~1tJ 'J tf'1i'tJ • • 

rY.J-;i1n~1uviunm .. rn ni1u1::f!'unuT111lJ'1l~u1uif1vi~1uLL1\I Vi1tini1iiuT1§n1nvmuu . , . 
t• , 6 ' 1 !'I -°1 "' ..., A J' neuro 1c1sm n11LLtl n11ff1L ViV11J tl\I 1Tl-;J::LlJU'11nu'1';JtlYl1\ly.jUtim1llVi1tJ n11LfW\1'11LL~::: 

• • \J 

iJ1::fJUn11rn~ivitfuLUU~\l~hlv1';JUflnl~vcl1\l'li'VlL'1U LL3JLLvim11.h::ff1Jrl1Jft11llnV1~U1u 
ifivi H1uVitt.Jnm-;in~m'11n~m~mi::rn1~n"JJv.J~ifwJ1.Jnii~riny.jtim-;i1ntr-;ii't1ri1.J~uiim1"1 

, \J • 

fl11llil~tln iit1 EN neurotransmitter inrn ~;nm~ t11nuT111lltivitJ n~h fl\I 
• u 

monoamine 1vitJLUy.j1:: norepinephrine LLti:: serotonin LUU~tltllllUnumu1u LL3Jm::rt.J 

-°' .... • ..4 fr "" II .f """ ... • A u'1';JUU ff1UViU\ILuU3J1'11nm1~mnnA Lnm1aanCJl1Ii1Ja\lt11LLnenm~11nA3J tricyclic Vi1tl . , 
LL3Jm::rY.Jn~3J SSRI ~\lmmriri~1~wm1Lvill monoamine U~L1rn synaptic cleft 

U'1'1UUL11Yl11Ui1m1~t1ff111vitJ neuronal signal lih~ti\1~1Ul11\I neurotransmitter , 
' ~ ... . "'. .... ... ... "' ... ... 1 LYl1UU Mill srgnal molecules l1ff1TlqJVifl1tJ"lfU'11L'll13J1Lntl1'llO\ltJn vimuvn:: 

neurotrophic factors ~~1~tyl~LLTi brain-derived neurotrophic factor (BDNF) Vi~tl 
neurotrophin-3 (NT-3} ~\ILiJULtltllvi~~iir.rnvitim1 growth, differentiation, LLti:: survival 

•I ..4 -"1 ..., "' ' ""' ' n ..., ':'I ,8 "lltl\IL'lltl u1::ff1Yl'll\lu'1'1UUL 11Yl11ULLti111 neurogenesis lltltlYIAuV1U3J U1 tJ ~ LV. ru LL ti:: 
, \J \J v 

1111:: stress ii~flri11~ hippocampal neurogenesis ~Vltl.J9 1YlmUy.j1:: pyramidal neuron 1u 

u'1L1rn CA3 '1::,1viam1Ltl~lJULLUA\11lfl\I glucocorticoid '11n stress mn L~tiii chronic 

.. .. 1 "' 10 stress '1::LnV1 atrophy Lltl::01Wl\I cell death UYlffVl , 
nfl,nnTrnanriri~'llEJ\ltJ1LLnin1n~f1tfu L~3J~U'11nm1'1.1Li!iiJ monoamine rh1~ij 

n11LU~tlUllUtl\l'llfl\I second messenger cyclic adenosine monophosphate (cAMP} LLA:: 

pathway ~LAtJ1'1lu\I l~mi protein kinase A, transcription factor cAMP response element 

binding protein (GREB} ~\1'1::hJm::~u1~LnV1nTlU.l~tJULLUA\11lfl\I expression 'llfl\I BDNF , 
rh 1 ~ii neurogenesis LLti::L vi" synaptic plasticity 

0
•
10

• 
11 

Functional anatomy '11nm1~mn positron emission tomography (PET} scans 

V1 brain-glucose metabolism y.j1Ji1 ~t'.l1t1 depression ij bilateral Lrn:: frontal 
\J ~ 

... ' .... ..i - F- ... "' ... _., """ ... hypometabolism u1nrn inferior frontal lobe tllJ1\l"lfY1L-;JUL3JflLuWULYlt1Unrnh11tJYI ~ll'll'3J 
\J 

L~f1 U£1n-;i1ntfutT.Jwui1~tl1tJ unipolar depression ij hypometabolism 11El\I anterior 
\J 

..4 !"I 1 ..l ".'I l'I . 12 insula 'll\ILuU deep limbic structure U'llnt::Yl~u1LJ bipolar \l::LuULLUU hypermetabohsm 
\J 

1u111y.j113J m1~nt!t1~1u1v,ru-;i::1.J\l~n'1Tl113J~~tln~mnrn medial limbic 
"' 

sytuctures L'liu orbito-frontal LU~:: cingulate cortex llfl:: basal ganglia U1\111tl\11UWUi1fj 

rn1:: hyperactivity 'lJO\I amygdala LL"':: hlppocampus Lrn::lJ1\1~1U'lJO\I temporal lobes 

Neuroendocrine abnormality m1~nt!t11u1::t1::Vi«\lli\IT111llffUhihJ~ , 
corticotropin releasing factor (CRF} system LL~:: hypothalamic-pituitary~adrenal (HPA} 

axis tvi tJy.j1JSJ1111:: hypercortisolemia 11rn::~i11t1rDllL~i'11 ur.Yl'.ht1rD3J L~f1ijm1Ltl~t1u 
\J \J 
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• I I ..I ... J' ..J • ... "' 'I ,.J' 13 A 'I ... _., - "' 
1Lulh1'YJ1,n·1"mrJ'YILLff<il.Jfl"ll11::U L·nu VlEUJV\2J1n Llil1J'11U1Vl LVltlJ'llU WHl LU~u1tJVI ru"" ., \J ., 

bone density ~<illH 14 
m1" cortisol L~2Jifu"~flLU'Y11.J~u'iim'lfmnJEJ"U1nrn hippocampus 

v1"1v1n~112J1LL~1 LU'llrn::L~i.nnu hippocampus nR.Jr.Jfl Inhibitory control ~El 

hypothalamic-pituitary-adrenal (HPA) axis Lfl<iln11LU~rJULLUfl.J~1..'I ') lil13J"1 m1ii cortisol 

L~2JifuLilu1::tJ::L1fl1U1Ufl1'1n1::v1u vicious cycle 'llfl..3 hippocampal damage ~rlff'3r.J~li 
' 

HPA-overactivity L~2Jifu1uan 

m1L~mnlilfl1m1'1la"hmfua1-;i)jiJ-;JitJm::viu Lifu «ruLHtJYIU~<ilu1n Vln'31u m1 
' \J " 

V1ti1f1'3 Vi1fl1J1"flf"liHHllvi aci1"l1nlil12J n11"ff1LVl<il~L~U'lf<i111LUU1J1-;J1nYl113Jn<ilvlU 
' 

vi1u~<i1hd illv1'V1JJ1uY1112J11mm1~Ln<ilifuifulli~1Ltluvifl'3Lim11nM1 m1~-;J11rn111 
n11L tJ~ tJULLU~..3'11 EJ\ltrih tJ~Ln<il4u if u~<ilun~Vl'ifl lli L 11<il-;J1nm1ijmi2JEJ1m1v1"n~11i1JJ 

\J \J ' 

rl1Jf1112J1ULL 1..'1'11 El" fl1n11LUUVi~n rrih tJ~" mm1L-ll1nrnn rn'l'im11u-;JU[J L 1f1'.UJJL~f1if u 
' \J 

tl"~"n11::'1l a\IY1111.1~<i1un~~~1vr fl" 1 i m1'lf1m ri~ti 

nT1~ihJii'mu1n L"iR 

1. n1-i::oi1JJ Lff-i1Gi11Jt.ln6i LLtJn 1vitJ1uhY1'llm~f1tru1tJ-;J::iif111JJUff'r'iifl\IL uV1u1~ 
\J 

m1"1uV1'1tiY111i.1ii.1~unnur.i1umn v.'1aij~1111Y1n-ll'Yl1JJ1u-;J1nfl1m1JJ1n ~" 
\J ' ..I d I I!., I ol ,._ "' A ... J' I ol ..... 

flU 'Yl-;J::'lf1 tJlJ fin L<ilLLn u1::1vi LYltJJJtl1n111Jf2JL~11LL1J1JU1J1n tlU u1::1<ilLYI tJ 

YW1 U1 JJ'1J1v11<i11 tJ tJ1::-wl n11L ~ ull1 tJ hfl mood disorder L UL ~1a qp~ "' JJ 
... d

0 
I A I .r .., 

~nMrn::LLlJlJ melancholia (El1n11'Ylu"t1"1111:: endogenous L'lfU "1v.un~~H:i" 

JJ1n El1n11LLLJLU'lf1"Li1 ~UUflULLIJiLi1vii Llluviu)
5 

v.1EJnmn1'HiflUEl1tJ 20 tJ 
\J ' 

L rta"";J1n~nMrn::v1.Jn~11tl"~"m111HiitJnG\~rh tJ'YI fllil'Yl1"n1rn~uf flrh"l 1n 

<i1111triJ1tJthu1rini-;J::ihv.vim1rnnvivlmiau~-;J::Ln<i1a1m1n1L1u EJ1n11L~3Jviu 
\J " ' 

'11a"11~1Tmilmnm1i<ilnn\11~V1'1aifo1m1'.Um~f1 L~nua u 

2. u1"'~D ~1'1001\1 ') Yi1 l iLnvimm1~m~f1Lvi ~ITTfltyLvi'LLTi glucocorticoid, 

.. .d .. ..1 "' .. i 
anabolic steroids, Vl1El1111::mnvi-;i1nm1V1tJVlLffYmam nmJJu Vl1El Lfl LflU 

' 
f" I d I A j ol ' ..J .J' 1 

3. L'iRYl1\l"i1\ln1U 'Yl'Y'l1J1JEltJflElL1Yl'llEl"1::1J1Ju1::ITT'Ylff1Umn" L·nu LUfl"Eln u 

H"11El..1 , h~'Y'l1fnuiu LlluvYu m1::hY1'1lt1\11::uuoiai.1lfrifl L'liu hypothyroidism, 

SLE LL~:: Cushing's syndrome Liluviu 

4. Anxiety disorder ~iJ1tJijmm11vinn\11~luL~El"~1\I ') uaul!iv.tru ~uUL'Y'l~tJ 
\J 

E:11m1li1~ru~'li1tJLUn1'rntJn~a triJ1u!Tnna1n1'i'llEl\I autonomic nervous 
" ~ 

system hyperarausal L'lfu hiu iim~·u LVl~ElElEln Llluviu 
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... • ~ y 15 
Eltl'1J1 tln11Vl1L UlH 1fl 

• ..I ".'I "" ' • Episode "ll1.JL1A1Ylf.linm.Jtnn11fl1Ummnrn'tl 
\I 

• Partial remission 'li1.JL1f11~~1ht1ihnm1lt't1mM 1~wmm1~ij1i,jfl1Um11 
\I 

L n rn'tf .ff u~1 l u ni-l·iu1l U£J ~111 response L~11i.J Ll~-;J vi~ ij partial remission , 
• Full remission '111.JL1A1~~ll1t11"ijt11m1 

\I 

• Recovery ~l11t1ij remission 1111::£J::L1A1v.it.J 1lUYiflu'll1.J-;J::Lluhi1 recover 
\I 

-;i1n episode if uHA1fim.h::mrn 4-6 L~flU 

• Relapse ~l11t1ijnA'ummm1mnitu1u'111.J~ij partial v.'ifl full remission 
\I 

• Recurrence ~tl1t1nAumija1m1an 'Vl~.J~:nn~ij recover Ll~1 li'u~aijm1Lnvi 
\I 

episode L'Vlfrllti.J hfl 
A../ Y A ti "' 15 

LLf.lU1l11Yl 1 1::t1::'1Jt1.J L 1fl'lf1.IL~11Lrn::m11n~1 
\I 

Normalc 

Synctome 

c 
c .• - - . ... - . 
ii 
~ 

~ 

Treatment Phases ACUTE 

o .. -

I 

Recurreoce 

' \ ' '\.~Relai:-se 1 

\ : R.e!.Jpse 

\ I 

\ ' \ \ 
\ II I 

' I I . - - - - . . - . ·\ - . - .. - - I . - . . - - . - . - - ... - . ' .. 
\ I I 
\ I I 

'--~ ~ 

CONTINUATION MAINTENAtlCE 

~u11ft1£JA:: 75-90 '1Ja.J~l11t1~v.1mL~11l::nA'umiilw1han (recurrence)
16 ~tl1t1 

\I \I 

f11-;JLflVI major depressive disorder 'llrn::~lUU dysthymlc disorder fl~L~11Lla1 ~£Jni1 
d 1 .. ' J' 1" ,,... ., t. 1 ' ., 5 

double depression '».J un1rnl"l!UU'1:: 'Vln111U-;JU£JYl.J~fl.J 1fl111.ln'V. 

hfl~11Lflf1dJuhfl~lTmnviLiJ·wi1Ein v.1miJu 1 "~" fam~:: 50 'llEl..J~tl1v-;i::ij 
\I 

67 

lt1n1Hil1t1.fi'1iln 1 flf..Jlu-rl1..JLV1'1i1..Jv.it.J'1Jt1..J~ivi v.1ntl1t1 2 fl~.JLt1m~tl1£Jcif1L~11Llluft1t1 
A:: 70 u~::v.1nll1t1 3 "~'°' famHll1 t1.ft1-;i::~..J ~.ri'mrn:: 90

17 ~ll1 t1~ihnm1.fr'1tit1£J ') '1::ij 
\I \I 
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remission i)ijf11111~1~ruL'liunu 1Git.1~1J1t.1~mm1'l.Jt1'1hfl1i.i~ full remission '1::ijfl11lJ 
... 'IJ 

L~!'.J.Jvi um 1n~rnuwi1Lmu t11 m1L~ lJ~mnni1~~~1t.1~~" 3 L rh 18 

'IJ 

01 -ai'nti-1 f "i~~a.J L~.j1 
m1i'm.flLLti.JuflnLUU 3 1::1'.J:: 1vimi 1::t.1::LU!'.JUW~U 1::t.1::vimi'iu.J LLf:l::1::t.1::ilu.JrlU 

.... .,. .... 
n1"i"ifl'H-1"itll~L\UJ1.J~~" (acute phase) 

' .., . 
L~lJ <il.J LL vi L~ ti ~U1 [J lJ1WU~1 [J f.11n11'l.J tl'1fl11::;nm~i'1 L iJ1~ lJ1 [J'l.J fl'1n111mfl 1" 1::t.1:: 

'IJ 

.r... d 1 " d 1 ... ... d ,J !3 ... ..id' ' ... UflULVHl ~El1n11'Yll~1f:l'1 'If.,) UY11\lmmn~lJ1!'.Jrl\ln11Yltl1n11°DlJL~11Vl'l.JUn1"l1mrn:: 75 , 
LL~::~U1E.JLl1lJ1'rnniuhh.J~mi~u1~~'1L~lJ 1::t.1::U'1::1in~1 6-8 ~iJm~ LLvifl1'1U1Un'1 12 

N'tlm~"tvi19 

"iiJ uu11 m"ii'nM-1 ... 
" OQ,QQ..t OAoe,...Q..IA , •• 

1. n1''>f11\10l1J11.J~ n1Wl1'1VIU1Ulj)YJ.J"lfUG'I behavioral, cognitive LLfl:: 

interpersonal -;i::1'°'m~1un111n1!f1th::mmi'mrn:: 40-50 lvi1J~11tlmf1m1i'mfl'1::1vi~rn~ 
if u ~1n 1 i~" m11n1!f1vi1t.11J1LLfl::m1'ti1~viu1uvii111nu 1 tJ 

m1'ti1~V1 u1UV1fl11L~ un 1iLtlu~1<ilrnL 1n 1u~ih t.1~ u1m11li1ULL 1.:1 a1m11li ci.:it.11n 
'IJ , , 

'llu'lf uu 13.i ~~n1!fm::LLUU melancholia lvim-u vn::~1n ~tJ1t.1viu.Jm1fo1!f1vi1 t.1ind'mnni1 
'IJ 

m11it.11 ~'imflv~tJ1::~i1L~mflvi'ni!t1lvi~~~nu~viu1uV1111Tit1u 

2. n1"i~mn~1t1t11 t.11LLn;nm~i'1YJn"lfiivi1i.i1vivamrni°i'n1!f1t11m1~m'7lf1l1uri , 
1vi mt11tl-;i::L v;umm~.J-;i1n 1~m 1t1LL~1 1-2 itlV11~ t1cl1.:111nG11lJ1 u1::~11.JU~iht.1-;i::-ran~ 

'IJ 'IJ 

.r ... .4 ' .., \I """.r ,.j A .... !'I ... 
'l.JU'11mrnmuau~ 'l.lu.Jt.11 L"lfU ~flu LVlVl'l.JU LUt1E11~TrnVlfl'1 fl11111vinn.J1flflVl~'1 1.uuviu 

[J1LLntllm'71i'1tl1'1LLU'1fli11 ~ mind'.Ju 3n~111~ni1~fon n~lJ~fl1m.:iLli'1.JLUUUUU , •ti , 

tricyclic mn~11 SSRI 1.rn::mn~11~u tl1::~'Ylli1nw1 um11'n1!f1'l.la.Jt.11LLntllm'7li'11.LviR::<il1~u , , 
\I '. .... ' ,,J ~... .. 20 LlJ Vl1'1 nu '11111 LLVl nVl1'1 CHJY1{1Yl'Il'l.J1\1Lfl [J.,J 

'IJ 

tnn~lJ tricycic L'liu amitriptyline, imipramine LLfl:: nortriptyline 1.tlut.11~1inumu1u , 
11mri n 1h::~r1Tii111w 1 um1fo1!f1~ 1.1.vi ~'lT t1~1nvi~qYJi°'lT1.J1. ~ t.1.J'll o.:i m a1m1'lT1.:iL~ t.1.J~wu 

'IJ 

tiat.1 1viL1.Ti 01m1~1.Jiii11 '11.:ifhTn-;i::mm::nu~tl1t.1 hfliiilJL~i'1L w11::~1u1~qj-;i::uuu1i.i~tl t.1 
'IJ 

~iu, a1m1~1u anticholinergic LviLLTitnm1tl1mrnLLi'1, postural hypotension ~thmJm:i::ij 

a1m1~u1ijvinri1Ltl~t.1m'i1 lV1muw1::1u~iHtn!'.J L1.ri::a1m1 cardiotoxiccity Liluviu 
'IJ 'IJ ' 

tnn~lJ selective serotonin reuptake inhibitor (SSRI) Lilumn~lJ~1inu~au'lT1.J ' , 
mn1uu-;i-;iuu 1vimi citalopram, fluoxetine, fluvoxamine, paroxetine Lrn:: sertraline ii'v~ 

' 
'lJ t:i.J t.11n ~ 3.1 if~ fl" qr1i°iY1.J1.~ t1.J~1 1~Momh 1 '°'J1.J h"Lvi~ au'lT1.Jtl~ vvin t.11 u~il1t.1~"t1'1¥11'1 

1 ~ 

mm-rluhfli11-;i E.J1'1lu1u~atj1uuflJ:nm~in 1~LLTi fluoxetine '11U1Vl 20 lJn. 1'°'nu 1 L~vi 
vit1mi1 1.rta.J-;i1n~1nnuviauLLJUtn~'ti11'°'uou1"~~u'lvi LL6J SSRI -;i::~~h1um1fn1!f1 
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.,di ., ' • • 2\,22 
£J1Lm'll'm~11mu.1 tncychc , 

£J1LLri;nm~f1n~11~u iin~'lnm1ErnnqY1t~m::lJlJ~1'1 ') LL~n~1..:inumm'li1L'lfuaan 
1 

tlYlt~m::lJlJ dopamine (buproprion), aEJn11rit~El~\11::lJlJ adrenergic LL~:: serotonergic 

(ven lafaxine, mi rtazapine) 
23 £J11 un ~i.id ~El~\ uu ry:a£J1v. fl n L<llLLri mian serin ihnn~ dl~ fl:: 

10 Lu~:: 3o !Jn. ri11~v.fi'lJL<llGl u£J1J\mmril1£J;nm~f1~iiifruv.1m1uff" iinriti1..:1L~£J\1~1 \I ... •1 

nT'iUEh1rlU~:::t1:::t111 (Maintenance or prophylactic treatment) 

iidJ1v.mm ~aiJa..:inut wmfi'rniJwihan {recurrence) rttl1£J~iii11::~il1miJu hfl 
\I 

~1JL~f1 2-3 ftf..:iitulll ft11\"'v1~miia..:i111u1uacl1..:iuav 2-3 iJ f'111\~rtll1£Jr1111Ji1v.1n 
\I 

Vi£J~m1fnM1~::iihm1~LnYl recurrence fa£Jft:: so \uih..:i 6 L~8ULL1nv.fi'..:iv.£J~£J11iji1L~1J , , 
~::1nM1 ,~ r-J fl~1J1U1UL Yh, 1nm11 r-rll1 mLfl::tu1~ft11L1£Juf~~::ff'..:i L nYJ El1n11L~1J 'llwll 8\1 n11 

\I "' \I 

L nYJEl1 m1n fi'lJm ~n m1LnY1mm1m~ LuuitumLa..:i v.1av.fi'..:i111::~rn v.YJm1mnYJ~u~1..:i ') , 
L U~\I ffEl·Jn1rnr-rth £J~niia1n11L~11~UV.1amm1L~ flUU11J1ri flU ~1 fl cl1\IL'JiU UElU Li.iV.fllJ 

\I 

iqinn..:iif!J1£J v.1mrlEJ 'J 11.ia£J1m11a::h rttl1tJft111u1nM1~"LL<ii~" Lv1a~\l::LqiLijiJ1£Ju1u 
~ 

"' ., ., 
1. 1JEl1n111!1LLfl1 3 Yl1\I 

d I-' ~ t ._, id I 'l• , ..r 2. 11El1n111!1LL~1 2 ft1\I 111JnlJ!lll11::Yl8 ult 

• 111::1~ recurrent major depression v.1a bipolar disorder 1 \.\qj1~Ln~~Yl 
{first-degree relative) 

• iill1::1~ recurrent 111£J1u 1 ti v.t..:i1nnv.£J~m11'nM1 , 
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• L~11ih11 n11Tlf\I LL1n'llru::EJ1 [J LJ\IUEI [J (~1ffh 20 il) , 
• ih11m1~Lllm111ULL1\I -..,1ElOU~11[J~tlr.l'iJ1rJ111 2 Tif\I 1)1[JLU'li1\IL1fl1 3 

, \I 

.., ... 
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I 

U1fi L"1"1:1J '1f 3J''i'Hl111'Vffl1'1 L 'Vi~ 

(Sex enhancing drugs) 

wt .'r'Hll . m.nn "l11JYl 'I'll u ... , ~ 

nTH~tll.J fflJ1'Hl111Yl'Yl1\lL Ylf'f hUJ'flt U';l';!U'U. ii.r.1111 i'Y11i1 Erectile dysfunction (ED) 
1 1 1 

.Xu ~ei1111::~ e:i1 £J1::L Ylf'f
1\Jj ff1:1.J1WLL oLJ\l!il1 Lvi'Lrii11~ Vl1rnLoU\l"1'U. Ylei~-,i::'Yl11 ~Lii<il~L Ylf'f 

., .., ,,J',,, 1 ~ .'I _"1 J' 1 "' .., "' " (1,2) 
ff:!.JYl'lUi'YIYl\lYleJ ';l"l.Jtl\l'Yl\lfftl\lH1!'.J U1lJVl1'll.r'HJ U"J11[JtlL:l.J1ff\Ul\l 10-20 ~1t1.Yl'U. LL~!:'l!:YlU 

mn:Dmrleimm~-:i:ff u ~1rn<il~1u1V1nhn111-,i1n hf11ii1'1 'J L'Jiu hf1LU1V111u hf1'Y11\l1::uu 
q '\I '\ 41 

1.h::tfl'Yl i:..JWJJ1\lL~ [J \l'11 nm ';!1 nm1~.h!ili'i1 Vl'itl'11 nmrnLWil (
3

.4) ~\lYl 1Ji1Lfl<i1'11ffY11\lctl1'U.~VI1-;, 
. 1 1 

LYlr.1,:ifaLJ~:: 14 trhifu<
5
i vi~ei<il1::r.1::L1L'l1 25 tl~~1umtvi'nm1~~m1m1i'mfl"l11r.1~n 

i1 iyV11 m1L~eil.J ~l.J 1·rn111Yl 'Yl1\l L Yl f'f 111<11~ e:ii'il ~.:i 1umnflvi1<tl~ ni-s~nH1i~ £JO\l1::~um11irhi 
1 .... (6) 

(gene therapy) umnnH1 ED 

1wrn\l~1ULfi'i1'°1 v-iui1i11l!Vl1'Yl1\lLYlf'f~fii'ilun~ (female sexual dysfunction) <
7
> vm1<il 

., J' 
<il\lU - " . . . fl11~J'rnn ri11:1.JV1u\lnT~·'Yl1\lL'r'lf'fL'lVIL'l\l (sexual desire disorder) 

~ 

fivil.Jn~~tl~\lL i'1'Yl1\l L 'r'l f1 (sexual' arousal disorder) 

m1
1

hl~.:i-;i~rn~Hrn<il (orgasmic disorder) , , 
,::; -~ ~ L- ~ ~ 

L';l1J u1<il"l.J rn::11L Ylf1 ffllYlUli (sexual pain disorder) 

tr1YV11~1\I ') ~,:imh1d'YluLiilluffvi1-m:1.J'1nu~,:ifauL'l:: 30-50% <
01 

r;t1V1fom'lAnH11u 

~<1111 'YI [Jl [j'YJ tl\l(
9

) 1 un1'1L'YI 'r'l1JV\1'U.fl1 YlUi11mrn:: 60 ~1~i1L Yl~Hfo~u1fo~1 LLGl::foH1L ~r.J\l 
1 

i'ei [JGl!; 6 ~l~U'lJ rn::i1L 'r'l f1~l.J~UIT ~11um1V1U~ LL~::~nH1UnJV\1'Yl1\lLVif'f 1Uffi'i1°1ttu '11 rn::d'uu n 
~ ... 

1" (1 1 .... d • J' 
,,1nm1 "l1m:Jd~1JU'Yli'i1LL'YIU (hormonal replacement therapy, HRT) Un11dnH1~<i11LVl~1U 

LL~1 if-;i~uurT'1i.~i:im~i.~Wum1i'u1ei\l-;i1nei.:iffm1mV111LLL'l::U1'lJei\l~Vl1'!m111m (FDA) ~ 
1 '!I ..., d .d d "' • I A ' ""'l ""' d "' ., .. • (8) 

~:: "l1mm1w1yi~.;i1'Ylmn1mJ<ilunVl'Yl1\ll'r'lf'f LL<iln Vl:1.JnTrnmfl1-;i£J'YJ-;i::u1m Sildenafil 

111~nH1~V1~~nf111:1.J~viiJn ~~ u~\I L ~1'Yl1\IL 'r'l~urJ 
~ 
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rn. lilt. '11t1'il1'\I \\Mi'\ 
111t1'1'i'l11mr'i'l1.,,111 , 
Rru::1orn11P1'l'llP1' 

m1,1~111'lii'm~fo~1ml 

U'i::~1~n1t1'ln1f'lu'fln~J.1'f1.:i 
Q ...., J ..,, A 

'JJ'f1.:ln1~U.'lJ..1'1l'lU'tl::'fl'fl'Ulil'l'll'tl4'tl.:ll'l'i!'llJl 

• Parasympathetic pathways (sacral nerves 2, 3, 4) . 

- ~k.:i Vasoactive intestinal peptide (VIP) htbl ACh 

- ~h1i~'il'ilm~'il~~'il·H1'61al'llu1ucii''l L~'il01L'll1ltfiu 
.... -l' 

'lHA'if1CrUl10'1l'U 
·1 ... ~ ..J'q ~~ 

- Yl1 ~m'l11JL'U'ilLHIU'll'iNL'U'1lLtJ'iJ corpus 
• .., 4Clf ~ ..... 

cavernosum flfl1tJOl'l 'iHA'll101"N'lltJ1fll\'il:lU'lJll~'l 

Sympathetic pathways (thoracic T10-L2) 

- Ejaculation 

- 'fl1'\\\\.l'il'il01Lfi'ilm\Cil~~'il~A'd1~\.101~~ Lfi~Hlil~O'l10 
'il~f\'i11~)J10~U il'1f\'i11Piq~~Ul\\fl~'fi'il\JPl'l 

n1tr'1mf'l'll'fl.:i'f1.:ilil'l!10i (Penile Anatomy) 

orn'll1~rio11~l 

Thai J Pharmacol 

~ ..:::\ 4 a ..., 
n'i::t1'lun1'i~'tl.:ilil'il1utLnm•1h1U1'l: 

-a::t1::L~J.1 tfi u ~ 'l n j t tJ utl 'i::~1'Vl'li'lu n'tf 1.:i 

Positive ln0u•nU$ 
fsv.cl~enic stimuli; 
lmaglnotlon, vision, 
offa~oty sllmutl, 
neur.&I afferenls 
- neurotransmitter re!cau 

(n1h1c oxide, dop11mlnc, 
serotonin, o>.ytoefn) 

Nog;11've ltl0ueocie:$ 
Erettolyt!c •limull: 
!ma~ln•Uon. anxiety, 
f~M, dcprosslon, 
neural 3fforcnls 

Hypotfulamus 

Para \tentrlc.ufar nucleus 
•erecto ~01otor orea• 

.cl 44 d..,, ..., 4' 

n'i:;t1'lun1'i~'tl'1l'\'l!101 b rn bb 'll.:i!il'l'i::virn'l!~'tl lb~::: 
..,, t.I d' .c( 

n1'iA~111J lit'l'll'fl'1 M'l'lJ.I b 'J'fl b 'it.Ill 

n mlfauRuuiloou 

. -.· ·~ 

St<:o:.:::I· 
ntUt~• 
f1(odix1\:>o 

roocr1.t1 
-du:u~u~ 
1att<1Ut\:lt1 c~ ... 
cO""t«n.trt?!bn 

S~ti•>Jtdo 
u:.>uti;.n 
- UHV. tnQOf9"'""M' 
~ •r-.«ion 

.. 
1 ifo~ ~ lil'M' n,, fo rh 1lfou111 rn mt 

1111:::nmilmn ..... 
:}\i;lL 

.i',·.,,H.1t:' 
r0.~1ro~~~~a; 
•: ·rmth~i'ri 
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·t1n1V1i:~t1n1-ai'utJ1::'Y11t1· (Oral Agen-ts~ .,, 

• L~Utl1~L~'ilni.iL~U~1Pl\JbL'ini.mi1ht1 ED: ~r.!U 
:,'\'"qj " ~~~ 

..... :'I"""" • ~1J'lfh"'!11 UiWl'lfllil\n'il./l 

·.~ ~ cl'il'ltivit1Pi'f'lNir1hnfifl~L~ {good tolerabili~) .' ' ' 
• ~il'lfl"l~n1'i@l'ili.1~u~ 

-• iim'i~tJ'i'il-1tl~~VIBf~il {L'il\'l1::t11-1Pl'l) 
··.:. 

.. ~: .. , Viagra@ (sildenafil Citrate) 

• n~\nmrn'ilnqVlif . _ 
., ~ .lltif • I '• 

- tl\J!l-1 PDE5 Vl'l1L~1::~rn cGMP (cGMP·5pccific 

·: . PDES) ~.:irufllil'll'il\J\Un1'i'i'lfl1fl cGMP 
·::A' d • 

. - UJ'iln1'iL'il1Lfl~\'11'1Lmm'i::(ii'ttl"\.l«-1 NO lu 
d" .d d .d v ..., a' - cf ~ "Ii v 

L U'il Ltl'il'r1Lnt1'l'il'il-lnun1'iU'lJ-lf!l'l 'lM<i::nr.:lilU ~\.I 
. ~ ~ "' ~ . . " 
. Ll'Uln1'ifi'-lLfl'i1::\.I cGMP 01'ifl\Jtl-l PDES <i::\llnt\.I 
.... ,.,,, • ...r .r.1'. "' . .. 

. . . ~liltJ'~'i)-1 cGi\·IP m~'llU L\.llJl01HUUt111\H'llflfl 
\ u cl' "" ..., .: 't,.. q 

· ; na1mumrnuAfl1tJ6l'll.Lfl!:Ll'liJn1n\.lm'lt1Ulfl'illil 

. · L'li'1 l tftu L if 'ilL~'ilYlL~ u'l'll'il.,numrn=l1.,Pi''l 

: n11'Vl~?l'f1'LI'Vl1'1M~un (Clinical tri~ls) 
...... .J... 'i' • ~ .. ~ 

.. \j1J'ltlVl)lj'f1L\.l~'il'il" ED <nm'iAVl1'1n1tJ Vl~-1 ~"L\.l'i'ilYlll 

·~il'1'iUh-1i'l>lrl'U 

. u~ Liiuil,-:;ilVI fiua Llilt11i' n1rn'il\JflU'il'1'11'iH a\J~~~mf 
International Index of Erectile Function (llEF): · 

Rs L~'ilYi1u1·101v1>1-i::iimf'lfi'mrufi vi1uf11>1~rn'll'illil 
1riL'il1 ltftuvi''l~'ll'ilo1Yi1ul~ti'ilm Viv.:i 111 

/5 \ur.:t4~1-1~iiLY1f'lil'wl'lufi vhmt1mrnFHn1rn;o1 

,:·= ·. cr'l\.lt1'-1?1'il~°l'li1'l11lilluvi''l~'ll'il-1Yi1ulliiti'ilmVirHL1? 
A::uuummiof.,uoi 1-5 (L>hfltn'1t1101>1-~'il1'1\~1n'il1l\.11'il · 

~ . 
\~VIOA'i-1) 
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- u'iln'lliJ'ilol L'iiu phosphodlesterase-5 inhibitor 

(Viagra) 

- r.:u\JU'i::'ll1Vlti'lUn'il'H L'il'U tl1M::~\J 
' 

dopamine ~L'll'l'Uvi'il{\!ulil 0
2 

(Uprima) 
\· 

... !;.· 

t 

• 'il'IJ1fil'll~'1 Viagra L~>J<i'ln 25 0-1 100 >In 

•. 'llU11i!~uu::tl1fl'l\4fu!Jtl'lll~l'lu'h1{\jfi'il 50 >Jn 

• fl1m1ciftJt.l1::mu Viagra~ 30 u1Yiii'1 4 '!HJ. ri'ilu.iinq 

n'in1V11-lmff uuliln~-i::uu::t11l"rtJt.l,-:;.,,1uri'iluiinq 

n'i·1>JYn-lL\'lff 1 .t'li>J-1 

~ ' '~.,., .I ® "' ' ~ ~ • • ~uu.u::tn ~\4'itJu'i::'tl1\J Viagra wu wn'lU'il!:A1-' .. 

• viagra q::\ililri'iln1liliin1'inr.:"1uV11o1Ll~A 
: ' 

• IA'?-lli\~tt uuYinur.:<i1~11'll'il.:iijtl'lt11L'il!:'ll'il~6 
.\. A'l1~'i~Wll'il'1 llEF 
:.r• 
·· ·.· v "" Q •• • 

. - ~01un1111'll-llil'l'll'ilol'ilolA'lf101 (erceUle runctlon) 

- nuCi'1'!lilY{lilfl'illil (orgasmic runclion) 

- fl'l1>JW'1Yl'il 'l.q'll'ilolL \'lf'liiiviu 6 (inercourse 

satisfaction 

' . - A'l1>f~'il'101'iV11olLYlff (sexual desire) 
. ·~. 
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Evaluation of CYP1A2 Activity in Thalassemia Patients 

Veerapol Kukongviriyapan, Laddawan Senggunprai, Upa Kukongviriyapan1
, 

Arunee Jetsrisuparb2
, Wichittra Tassaneyakul 

Departments of Pharmacology, 1Physiology and 2Paediatrics, Faculty of Medicine, Khon Kaen 
University, Khon Kaen 40002, Thailand. 

Abstract 

The thalassemias are common genetic diseases among the Thai population. The 
autooxidation of globin chains and iron overload are the suggested mechanisms for the 
enhanced generation of reactive oxygen species and ensuing oxidative stress. It has been 
reported that the oxidative stress alters fonction of the drug metabolizing enzymes system. 
However, several cellular adaptive compensations against oxidative stress may modify the 
outcome of the activity of the enzymes. The aim of this study was to evaluate the drug 
metabolizing enzyme status in thalassemia patients, particularly to examine the activity of 
CYP 1A2, and to determine factors influencing its activity. The study included the regular 
blood transfhsion P-thalassemia I HbE patients (n == 23) and the healthy controls (n == 25). 
The CYP1A2 activity was assessed by using caffeine as a probe dmg. The caffeine and 
its major metabolite, paraxanthine, in saliva and plasma at 6 h after drug intake, were 
analyzed by high performance liquid chromatography (HPLC). The enzyme activity was 
determined from the caffeine metabolic ratio (CMR), paraxanthine I caffeine. The oxidative 
status was quantified by measuring the concentrations of plasma and whole blood total 
glutathione. Moreover, the concentrations of hemoglobin, uric acid, totai bilirnbi11. ALT 
and AST were analysed in both groups. The resul.ts showed that the salivar; CMR 
highly r.orrelated with the plasma CMR (r == 0.9772, p == 0.0001). The salivary and plasma 
CMR m thalassemia patients were not significantly different in comparison with the 
control group (plasma CMR : 0.759 ± 0.043 vs 0.775 ± 0.062 for control group and 
thalassemia patients, respectively). Similarly, there was no significant difference between 
the two groups in the concentrations of plasma total glutathione, whereas, the whole 
blood total glutathione was significantly decreased in thalassemia patients (p < 0.05). 
Correlations between parameters were analysed qy using multiple linear regression 
analysis. In the control group, none of the parameters correlated with the CMRs. In 
contrast, the plasma CMR correlated significantly with the concentrations of total 
glutathione, total bilirnbin, ALT and AST in the thalassemia patients (r = 0.65 , p < 0.05). 
In conclusion the CYP 1A2 activity in thalassemia patients was not significantly altered 
and its activity in these patients may be affected by the oxidative stress responses. 

Keywords : thalassemia, CYP I A2, caffeine, oxidative stress 
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Amyloid Betal-42 Induced Glial Activation and Cell Death 
in Corpus Callosum in Vivo 

Nattinee Jantaratnot11i, Yupin S11nvarind11 

Department of Pharmacology, Faculty of Science, Mah idol University, Bangkok I 0400, 
Thailand 

Abstrnct 

White matter degeneration is a frequent phenomenon found in Alzheimer's disease 
(AD) apart from the well-known lesions in ce11ain grey matter areas such as cotiex and 
hippocampus. However its pathogenesis has not been fully established. Therefore, the aim of 
this work was to assess the effects of A[3 l-42 in rat corpus callosum from 6 hr upto 2 weeks 
using immunocytochemistry since amyloid deposits can be found in CC of AD patients. 
Administration of 1 nmol of A[3 l-42 into corpus callosum resulted in cons'iderable damage to 
axons, as evidenced by the loss of neurofilament-immunoreactive fibers at time points of 6 

81 

hrs and 7 da)'S post-injection. Significant damage was also evident to myelin (using Luxol fast 
blue myelin staining) and oligodendrocytes (using CCI irnmunocytochemistry); in the latter 
case marked caspase-3 immunoreactivity was demonstrated in the CC 1-immunoreactive 
oligodendrocytes. Additionally, the numbers of GFAP-immunoreactive astrocytes and OX-
42/0X-6-immunoreactive microglia were markedly increased following Af3 1_42 injection. 
These findings suggest that Af31-42 plays an important pathophysiological role in white 
matter damage and one possible mechanism of oligodendroglial death is through activation of 
caspase-3. This is the first finding on Af3 l-42-induced toxicity in corpus callosum in vivo 
which could provide a potential new model for the study of white matter damage in AD. 

Keywords: Amyloid beta; Corpus callosum; Glia; Oligodendrocytes; Astrocytes; Microglia; 
Neurofilament; Myelin 
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Beneficial Effects of Piperine on Spatial Memory 
Impairment and Brain Lipid Peroxidation Increase 
Induced by Transient Cerebral Ischemia in Mice 

Surachai Pensirinapa and Surachai Unchem 

Department of Phannacology, Faculty of Pharmaceutical Sciences, 
Chulalongkom University, Bangkok 10330, Thailand. 

Abstract 

Effects of piperine, a major pungent alkaloid in pepper, on the cognitive 
deficit and cerebral oxidative stress induced by cerebral ischemia were studied in 
mice by using spatial memory task and measurement of lipid peroxidation in the 
brain. Transient cerebral ischemia was induced by 20-min bilateral <;:ommon 
carotid artery occlusion (2VO) aud the impainnent of spatial learning and 
memory was subsequently evaluated for 5 consecutive days by a Morris water 
maze. The 2VO-mice displayed a delay in swimming time to find a hidden 
platform (escape latency) when compared to sham-operated mice. The 5-day 
intraperitoneal (i.p.) administration ofpiperine, at 0.1and0.5 mg/kg/day after the 
2VO, markedly attenuated this cognitive deficit while the same administration at 
higher doses (1 and 5 mg/kg/clay) showed lower preventive effect on the deficit. 
Beneficial effects of piperine on spatial memory task were also found in normal 
and sham-operated miCe. However, the magnitude of effects was relatively small 
comparing to that observed in 2VO mice. In addition, 5-day piperine 
administration at all test doses did not show any significant effects on locomotor 
activity of normal mice. 

The brain lipid peroxidation (as measured by TBARS assay) of 2VO­
mice at 5 days after the occlusion was significantly increased when compared to 
sham-operated mice. This increase was markedly attenuated by 5-day i.p. 
administration ofpiperine at 0.1and0.5 mg/kg/day while the same administration 
at higher doses (1 and 5 mg/kg/day) showed modest attenuation on the increase. 
Moderate beneficial effects of piperine on brain lipid peroxidation were also 
noticed in sham-operated mice. 

Taken together, these results suggested that piperine administration had 
beneficial effects on 2VO-incluced cognitive deficit and brain lipid peroxidation 
increase in mice. The close correlation between effects of piperine 011 both 
indications of brain injury also implied that the attenuation of 2VO-induced 
cognitive deficit may involve, at least partly, the antioxidant property of piperine. 
Conceivably, piperine may be considerable for further study as a possible 
adjunctive medication in the treatment of neurodegenerative disorders. 

Keywords: piperine, cerebral ischemia, memory deficit, lipid peroxidation 
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Effect of Acacia catecliu extract on isolate human umbilical . 
vein 

Pintus Prabrok*, Kornkanok Inkananant**, Sopit Thamaree* 

• Department of Pharmacology, Faculty of Medicine, Chulalongkorn 
University, Bangkok 10330, Thailand 
•• Department of Phannacognosy, Faculty of Medicine, Naresuan 
University, Bhisanuloke, Thailand 

Abstract 

Thin layer chromatogram (TLC fingerprint) characterizing the constituents in the ethanol 

extract of Acacia cathechu is performed to assure the identity and quality of the extract studied. To 

assess the vasodilating effect and mode of action of Acacia catechu extract (ACE),isolated human 

umbilical vein (H UV) are used. The strips of isolate H UV with or without endothelium are induced 

contraction with KCI or histamine in the absence and in the presence of ACE, at the concentration 

which shows maximum inhibition response. Nitric oxide synthase (NOS) inhibitor,cyclo-oxygenase 

(COX) inhibitor,bradykinin receptor antagonist and potassium channel blocking agent are used in 

elucidating the role of mediators in producing vasodilaling effect of ACE. The results show inhibitory 

effect of ACE on KCl-induced contraction of the endothelium-intact segment of isolated H UV. The 

responses are mediated by at least three different pathways involving release of endothelium-derived 

relaxing factors (EDRF). One of the alternative patway involves the production of prostacyclin. The 

second pathway involves production of nitric oxide. The last pathway possibly involves endothelium­

derived hyperpolarizing factor (EDRF). Whereas bradykinin is unlikely to involve in mediating the 

vasodilatory effect of ACE. 

Keyword : Acacia catechu, Endothelium-derived relaxing factor (EDRF), Nitric oxide, Prostacyclin, 

Potassium channel 
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SUSCEPTIBILITY OF ZOONOTIC DERMATOPHYTES TO ETHANOLIC 

EXTRACT OF PIPER BETLE LEAVES 
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, Arinee Chatchawanchonteera2
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1 Department of Pharmacology & Toxicology, 2 Department of Pathobiology, 1 KKU-Animal Hospital, 

Faculty of Veteri11a1y Medicine, "'Faculty of Pharmaceutical Sciences, Khon Kaen University, Khon 

Kaen 40002, THAILAND 

Abstract 

The antifungal effect of ethanolic extract of Piper betle (Piperaceae) was tested against selected 

zoonotic dermatophytes, namely Trichophyton mentagophyte, Microsporum canis and Microsporum 

gypseum. A broth dilution method was employed to determine the inhibitory effect of the extract, as 

well as those of ketoconazole and griseofluvin, which were included for a comparative purpose. The 

Piper belle extract suppressed the growth of dermatophytes in a concentration-dependent manner. The 

IC50 values were ranging from 110 to 119 µg/ml with an average En.ax (at S 12 µg/ml) of 94.12%. 

Meanwhile, the average IC50 & En.ax (at 64 µg/ml) of ketoconazole and griseofluvin were 3.90 µg/ml 

& 100.00% and 9.10 µg/ml & 95.37%, respectively. Although the Piper betle extract appeared to 

possess less potency than ketoconazole and griseofluvin, ten times of its maximal concentration 

studied did not cause any significant irritation when applied directly on the abdominal region of the 

canine skin. Based on the current findings, it is suggested that the ethanolic extract of Piper be tie 

leaves represents potentially useful anti-dermatophytes and is worthy of further investigation. 

Key words: Piper betle, dermatophytes, antifungal effect 
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ANTIFUNGAL ACTIVITY OF ALP/NIA GALANGA AND ALL/UM 

ASCALONICUM EXTRACTS 

Arinee Chatchawanchonteera1
, Wittaya Suriyasathaporn2

, Nopamart Trakrannmgsie3 

1 Department of Pathobiology, 2 Department of Physiology, 3 Department of Pharmacology & 

Toxicology, Faculty of Veteri11my Medicine, Khon Kaen University, Khou Kaen, 40002 THAILAND 

Abstract 

The objective of this study was to evaluate the inhibitory effects of Alpinia galanga (Zingiberaceae) 

and Allium ascalonicum (Liliaceae) on filamentous fungi (M canis, M gypseum and T. mentagophyte) 

and an opportunistic yeast (Candida albicans), using a broth dilution technique. The table showed the 

ICso±SEM and Ema.x±SEM of the plant extracts, compared to those of ketoconazole and griseofluvin. 

According to the ICso values, the exh·act of A. ga!a11ga exhibited a more pronouncing effect against M 

can is than other fungi, while the effect of A. asca/011ic11111 on the tested microorganisms was not 

significantly different. Taken together with our previous study on the effect of Piper belle, it is 

concluded that both A. gala11ga and A. ascalo11icu111 could serve as the alternatives for the anti fungal 

recipes. However, possible side effects remain to be determined . 

Alpinia galanga A/limn ascalonicum ketoconazole gris_eofluvin 

IC so %Emu· IC so I %Emax ICso I %Emo.• ICso %Enlu 
(mg/ml) · at 2S6 mg/ml (mg/ml) at 256 mg/ml (ug/1111) at 64 ug/ml (ug/ml) at 64 ug/ml 

Mc 26.05±7.42 I 00.00±0.00 69.87t4S.S8 I 00.00±0.00 2.84±0.66 100.00±0.00 14.14r3.84 94.44±5.56 

Mg 83.51±10.91 94.44±5.56 73.33±22.67 77.78±1 I.I I 7.64±3.36 I 00.00.tO.OO 8.04±5.59 91.67±8.33 

Tm 4S.32±6 l.02 100.00±0.00 61.20±15.03 94.44±5.56 1.21±0.23 100.00.tO.OO 5.13±1.21 I 00.00.tO.OO 

Ca .. 53.33±10.67 I 00.00±0.00 96.00±18.48 72.22±S.56 8.39±3.00 100.00±0.00 . 56.20±3.00 50.00±5.3 • 
.. 

(Mc=M. canis, Mg=M. gypse11111, Tm=T. mentagophyte, Ca=Cm1dida albicans) 

Key words: Alpinia galanga, Allium ascalonicum, antifungal effect, dermatophytes, yeast 
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Analgesic activity and genotoxicity of Morinda citrifolia 
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Biomedical Science Students, Faculty of Science, Rangsit University, Phathum-thani 12000, 
Thailand 
Pharmacology and Toxicology Unit, Faculty of Science, Rangsit University, Phathum-thani 
12000, Thailand 

Abstract 

Morinda citrifolia (noni) has been used for thousands of years as a source of traditional 
medicine and has been recently commercially processed and internationally distributed. M. 
citrifolia has been subjected to considerable phamtacological effects claimed in the folk medicine 
and toxic effects. The purpose of this study was to evaluate the analgesic activity and genotoxicity 
of the alcoholic extract from the fruits of M citrifolia using acetic acid-induced writhing response 
test in mice and Bacillus subtilis rec-assay, respectively. In writhing response test, the extract at 
various doses between 84-336 mg/kg produced a significant dose-dependent inhibition (p<0.001, 
11=6) of pain caused by acetic acid injection. The inhibitory effect of the 336 mg/kg dose of 
extract was similar to that produced by morphine in a dose of 1.5 mg/kg. In B. subtilis rec-assay, 
the alcoho!ic extract of M citrifolia did not show any positive reaction while all 8 commercial M 
citrifolia juice samples obtained from various places showed positive results with a clear 
relationship of dose-genotoxic response, compared to positive control (mitomycin C) and negative 
control (OW). The results obtained suggest the alcoholic extract of M citrifolia exhibits marked 
analgesic activity and doesn't possess mutagenic activity while possible mutagens might be 
formed during processing. Further studies al'e necessary to eva luate its genotoxicity using another 
mutagenicity tests such as Ames' test and micronucleus test. 

Keywords : Marinda citrifolia, analgesic activity, genotoxicity, writhing response test, Rec-assay 
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ABSTRACT 
Pueraria mirifica (White Kwao Keur) is a thai rejuvenating folk medicine 

which contains many phytoestrogens including miroestrol, deoxymiroestrol and 
insoflavonoid group (kwakhurin, daidzein, genistein, etc.) which possess estrogenic 
activity. This study aimed to investigate the antioxidative effect of Pueraria mirifica 
in several models both in vitro and ex vivo. Free radical scavenging assay using ESR 
method, the EC50 of superoxide- and hydroxyl scavenging activity was 49.4 mg/ml 
and 103 µg/ml, respectively. The scavenging ability to hydroxyl radical was 4.8 times 
weaker than vitamin C. By the method of DPPH assay, the EC50 of the quenching 
DPPH was 19.6 mg/ml. Antioxidant activity of ethanol extract (lmg/ml) was 
equivalent to 50 µM vitamin C evaluated by ferric reducing antioxidant power 
(FRAP) assay. The measurement of the resistance of low density lipoprotein (LDL) 
to oxidation promoted by copper ion ex vivo, LDL prepared from 
hypercholesterolemic rabbits supplemented with orally l 00 mg/kg/day Pueraria 
mirifica (P.mirifica-group) for 12 weeks showed a significantly decreased 
susceptibility to Cu2+-mediated oxidation ex vivo, compared with 
hypercholesterolemic rabbits with no supplementation (Chol-group). The lag time 
was prolonged from 115.6 ± 9.7 min in Chol-group to 160.4 ± 6.6 min in P.mirifica­
group. These data demonstrate that although, Pueraria mirifica had mild 
antioxidative activity in the in vitro experiment. However, it could increased the 
resistance to oxidation of LDL ex vivo. Our results may provide the beneficial effect 
of Pueraria mirifica for the cardiovascular system which required further 
experimental and clinical studies. 

Keywords: Pueraria mirifica, antioxidants, superoxide radicals, hydroxyl radicals, 
oxidized low-density lipoproteins 
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ABSTRACT 
Barakol, a 3a,4-dihydro-3a,8-dihydroxyl-2,5-dimethyl- l ,4-dioxaphenalene 

ring structure, is a biologically active constituent of extracts of Cassia siamea, a Thai 
medicinal plant. The present study investigated the hypotensive effects of barakol in 
spontaneously hype11ensive rats (SHR). The study of acute effect showed that 
intravenous infusion of barakol 0.1-20 mg/kg in anesthetized SHR rats caused 
significantly dose dependent decreases in both systolic and diastolic blood pressure. 
The maximum effect was found at the dose of 5 mg/kg. The chronic experiments 
were carried out on SHR rats with or without barakol 15 mg/kg/day orally for 8 
weeks. Weight-matched Wistar-Kyoto (WKY) rats served as control. Systolic, 
diastolic blood pressure and heart rate were monitored before the beginning of the 
experiments and at 2 weeks intervals thereafter. Treatment with barakol resulted in a 
lowering of mean a1terial blood pressure, but did not alter heart rate, plasma nitrite 
and nitrate concentrations. Endothelium-dependent relaxation of SHR aortic rings ex 
vivo was impaired and restored by supplementation with barakol. There was no 
significant difference in either endothelium-independent relaxation or vasocontracting 
response in all experimental groups. The following blood clinical biochemistry 
parameters and hematology; SGOT, SGPT, ALP, BUN, serum creatinine, serum 
glucose, total and direct bilirubin, Hb, Hct, platelet count, Wbc count and percent 
differential Wbc count were not changed. These results suggest that supplementation 
of SHR rats with barakol cau reduce blood pressure and preserve endothelial 
function. These beneficial effects may not relate to nitric oxide. Its mechanism of 
action and long term effects need to be further investigated. 

Keywords: barakol, hype1tension, nitric oxide 
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Abstract 
Effect of barakol in various concentration(0.025,0.05,0.075,0.10 and 

O. l 5mM)was studied directly in isolated rat hepatocytes by determining the activities 
of phase I enzyme,aminopyrine N-demethylase (CYP2B,2C) and phase II enzymes . 
including UDP-glucuronyltransferase and glutathione S-transferase. The release of 
cellular transaminase (ALT,AST) , the reduced glutathione (GSH) content and lipid 
peroxidation (as malondialdehyde (MDA) formation) were also measured as. the 
cytotoxic criteria. Results indicated that barakol in all concentrations studied, 
increased the activities of aminopyrine N-demethylase and glutathione S-transferase 
with the reduction in UDP-glucuronyltransferase activity. Increase in the release of 
ALT,AST and GSH content were found only with high concentrations of barakol 
(0.10 and 0.15 mM). There was no change in MDA formation. In conclusion, 
cytotoxicity induced by high concentrations of barakol may involve the activities of 
phase I and phase II enzymes but not the lipid peroxidation. 

Keywords : barakol, Cytochrome P450 , UDP-glucuronyltransferase , glutathione S­
transferase 
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Abstract 

The crude methanol extract and pure compounds obtained from the heart wood of Ventilago 
harmandiana exhibited moderate to strong anti-inflammatory activity in the 
ethylphenylpropiolate (EPP) mouse ear edema model (unpublished data). 

In the present study, the pure compounds, VR9 l 78 and VR9 l 80, obtained from the heartwood 
of Ventilago harmandian were investigated for their activities on neutrophil functions, 
including neutrophil chemotaxis, superoxide anion generation (SAG), myeloperoxidase 
production and elastase release. It was found that VR9178 {l-500 µM) and VR9180 (1-500 
µM) inhibited tMLP-induced neutrophil chemotaxis in a concentration-dependent .malUler 
with IC50 = 9.2 ± 0.8 µMand ICs0 :::: 73.2 ± 10.4 µM. respectively. Both VR9178 and VR9180 
(1-500 µM) caused a concentration-related inhibition of fMLP-induced SAG with IC50 for 
VR9178 at 10.7 ± 2.4 µMand for VR9180 at 164.3 ± 15.5 µM. These concentrations of both 
pure compounds also inhibited fMLP-induced neutrophil myeloperoxidase production in a 
concentration-dependent manner with IC50 = 26.5 ± 0.4 µM and IC5o :::: 54.7 ± 10.1 µM, 
respectively. TI1e results also showed the inhibitory effects of VR9178 (1-500 µM) and VR 
9180 (1-500 µM) on elastase release, giving IC50 :::: 28.6 ±6.3 µMand, ICso= 122.8 17.0 µM, 
respectively. Furthermore, the cytotoxic effects of both pure compounds were investigated 
and it was found that cell viability was not significantly affected by the concentrations of the 
compounds used in these experiments as shown by MIT assay. These findings suggested 
that inhibition of human neutrophil function by VR 9178, not due to its cytotoxic activity, 
may be attributed, in part, to its anti-inflammatory activity. 
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Abstract 

91 

Microglia act as the macrophages of the brain. They can secrete pro inflammatory 
molecules that could exacerbate neuronal injury in many models such as ischemia, oxidative 
stress, and neurodegenerative diseases. Estrogen is known to be neuroprotective in these 
models. In the present study, amyloid beta peptides (Al3), the main component of amyloid 
plaques found in the brains of Alzheimer's patients was used as a stimulator of microglia. 
There is massive evidence that AJ3 cause a number of cytotoxic events that finally lead to 
neuronal apoptosis and reactive gliosis which seem to be reversed by preadministration of 
estrogen. The roles of estrogen and AJ3 upon glial activation are not as well studied as in 
neurons. For microglia, estrogen treatment can decrease NO, superoxide, and TNF-a 
production, thus attenuating the inflammatory responses induced by LPS or AJ3. However, 
these studies were usually done in murine microglia. The roles of estrogen upon human 
microglia have never been explored before. We would like to see if estrogen differentially 
regulate microglia from human compared to murine. By employing human microglia, it 
should better reflect the response to estrogen in real patients. Cytokine expression was 
examined to determine the degree of microglial activaiton. Also, the potential molecular 
mechanism by which estrogen exerts upon microglia was detected using spectrofluorometry 
to see if estrogen can regulate the intracellular calcium in microglia. 

Keywords: Amyloid beta; Estrogen; Human microglia; Intracellular calcium; 
Proinflanunatory cytokines 
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.• 

The cultured mycelia and fruiting bodies of Ganoderma fucidum (GL) have been 
used in traditional medicine for the treatment of cancer, hypertension, diabetes, hepatitis, 
chronic bronchitis, allergy and neurodegenerative diseases. In 2000, Cheung, W.M. W. et 
a{ reported that GL extracts induced the neuronal differentiation of rat 
pheochromocytoma PC12 cells and prevented nerve growth factor-dependent PC12 
neurons from apoptosis. The present study aimed to search for the neuroactive 
compounds in the GL extracts and to evaluate the effect of GL extracts in P388 mouse 
leukemic (P388) cells and N18 neuroblastoma (N18) cells. In addition, nitric oxide 
(NO) production and the activity of various antioxidant enzymes SOD, GSH peroxidase 
and catalase were measured in P388 cells and N18 cells both in the absence and in the 
presence of GL extracts. GL extracts exhibited no cytotoxic effect in P388 cells and N18 
cells. However they could inhibit the growth of P388 cells. The growth inhibition of P388 
cells was not correlated with NO, GSH peroxidase and catalase enzymes. This inhibition 
may result from the increased SOD activity 

Keywords: Ganoderma lucidum, P388 mouse leukemic cells, N18 neuroblastoma 
cells, nitric oxide, ~ntioxidant, cytotoxic effect 
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ABSTRACT 

Pharmacotherapy plays an imp01tant role in the management of obesity. At 
present two drugs which act centrally are registered in Thailand~ namely, sibutramine 
and phentermine. ·In this study, the objective was to compare the effects of sibutramine 
15 mg with phentermine 15 mg and placebo on psychomotor performance in Thai 
healthy volunteers. A double blind, crossover studies with one week wash out interval 
was perfonned in 20 Thai healthy volunteers aged between 18-65 years. During each 
treatment psychomotor speed tests of warned and unwarned simple reaction time 
(SRT) of visual, auditory and tactile types were measured. Phentermine shortened both 
warned and unwarned simple reaction time (visual and auditory but not tactile simple 
reaction time) significantly than sibutramine and placebo. Phentermine also 
significantly increased diastolic blood pressure and pulse rate. These effects were also 
related to the peak plasma concentration of orally extended release phente1mine and 
sibutramine. Adverse reactions including palpitation and insomnia were reported by 
75% of subjects in phentermine-treated group and 40% in sibutramine-treated group. 
This study indicated that phentennine acts as a CNS stimulant and may result in the 
increase in blood pressure and pulse rate, while sibutramine produced much less 
stimulating effects on the CNS and cardiovascular systems than phentennine. 

KEY WORDS: Phentermine, Sibutramine, crossover study, Psychomotor 
perfmmance 
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Abstract 

Oxidative stress plays a role in the aging process and is one of the 
pathogenic causes in a variety of neurodegenerative disorders. In this study, 
effects of piperine on lipopolysaccharide (LPS)-induced injuries and oxidative 
changes in cultured glial cells from rat brains were investigated. Treatment of 
cultured glial cells with low concentrations of piperine ( 1-10 µM) significantly 
increased mitochondrial metabolic activity (as measured by MIT reduction) after 
12 and 24 hr of incubation. At higher concentrations (25-100 µM), however, 
piperine markedly decreased mitochondrial activity and cell viability after 6, 12 
and 24 hr of incubation. Exposure of cultured glial cells to LPS (1 µg/ml) for 96 
hr inhibited mitochondria activity by approximately 30% with no apparent effects 
on cell survival. Treatment with piperine (5 and 7.5 µM) or trolox (100 µM) for 
24 hr after 96 hr of LPS exposure significantly boosted up mitochondrial activity 
of glial cells. Postincubation with 5 µM of piperine or 100 µM of trolox reversed 
LPS-induced glutathione diminution by 15% and 24%, respectively. Neither 
piperine (5 µM) nor trolox (100 µM) affected LPS-induced nitrite accumulation 
in cultured glial cells. These results suggested that piperine, especially at low 
concentrations, might have stimulatory effect on glial cell metabolic activity and 
facilitate glial cell function in brain inflammatory responses. 

Keywords: piperh1e, lipopolysaccharide, cell injury, oxidative changes, cultured 
glial cells 
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Abstract 

CU-18-07( 4-(Heptanoyl)methoxyaniline ), CU-18-09( 4-(Heptanoyl)nitroaniline) are acyl 
aniline derivatives and CU-18-12(4-(Heptanoyl)aminopyridine) is acyl aminopyridine derivative. 
These three synthetic compounds were showed to reduce the spontaneous contraction of isolated 
rabbit duodenum. The purpose of this study was to investigate the effect of these synthetic 
compounds on the contractility of isolated rat vas deferens. A section of vas deferens obtained 
from male wistar rat weighing 250-300g was suspended in a 15 ml organ bath filled with 
physiological solution at 37±0.5°c and gassed with carbogen. The contractile response was 
provoked by addition ofNE(IX10"5M), 5-HT(1X10"5M), BaC12(IX10-3M) and KCl(SX10"2M). The 
results showed that these three compounds were able to suppress the contraction induced by all 
agonists. Among the three compounds, CU-18-09 was most the potent inhibitor. These three 
compounds reduced the influx of extracellular Ca2+, as showed by the suppression of cumulative 
dose-response curve of CaCl2 in the present of each CU compounds. The pD2 were 4.02:t0.19, 
5.01±0.14 and 3.74±0.20 for CU-18-07, CU-18-09 and CU-18-12 respectively. Our finding 
suggested that the three synthetic compounds may interfere the influx of extracellular Ca2

+ into the 
smooth muscle cell of rat vas deferens. 
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Abstract 
Preliminary study of the pharmacological action of volatile oil from the leaves of 

Clausena anisata Hook. was canied out in various smooth muscle preparations. Cumulative 
doses of the essential oil (5x 10-s - 3.2x 10-3 % v/v) stimulated the contractile response of all 
smooth muscle preparations. The highest stimulation was fow1d in isolated rat aorta (47 .03 %, 
EC50 = 1.28xl0-2 %). The others were guinea-pig ileum (39.40 %, EC50 = 9.6xl0-3 %) rat 
fundus (26.19 %, EC50 = 8.192xlff1 %) guinea-pig trachea (15.78 %) and rabbit jejunum 
(4.99 %). These spasmodic effects were investigated through autonomic nervous system. The 
result demonstrated that atropine was not able to attentuate the stimulation effect of the 
essential oil on the isolated rabbit jejwmm and guinea-pig ileum while the inhibitory effects 
of atropine (lxl0-7 and lxl0-6 M) were prominently found in the contraction induced by the 
essentail oil on rat fundus. Relaxation effect was insignificantly shown in guinea-pig trachea 
after exposure to atropine. Sympathetic mechanism of the essentail oil was confirmed in rat 
aorta since prazocin ( 1x10·7 M) reduced the contractile response, produced by the essentail 
oil, significantly. Furthermore, inhibition of extracellular calcium ion through calcium 
channel was shown in the essentail oil induced smooth muscle contraction in calcuim free 
Krebs Henseleit solution and after verapamil exposure. All these results could be concluded 
that the essentail oil from the leaves of CJausena anisata possessed smooth muscle 
stimulation effect partly through sympathetic and parasympathetic mechanisms. 

Keywords : anethole, methyl chavicol, smooth muscle contraction, Clausena anisata Hook. 
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Abstract 
N-methyl-D-aspartate (NMDA) rocE'1ltors have critical roles in excitatory synaptic 

transmission, plasticity and excitotoxicity in the CNS. These receptors also have been 
implicated in many physiological processes such as information processing; learning and 
memory, and in pathological processes such as hypoxia, degenerative diseases and drug­
addicted brain damage. More recently, NMDA receptors were found in non-neuronal tissues 
such as bone, pancreas and -skin. This study aimed to investigate NMDA receptor in human 
platelet. By using platelet aggregation study, the MK801 which is a non-e-0mpetitive 
antagonist in the channel of NMDA receptor can inhibit platelet aggiegation induced by ADP 
arowid 40-50%. By using radioligand binding study with centrifugation technique, [3HJ 
MK801 can bind to platelet wiU1 high affinity (Kd 27.99+/-6.12 nM, Bmax 888 .76 +/-67.95 
fmol/mg protein). The displacement of 0.5 nM [3H] MK80 I in platelet by clumneJ blockers 
was monophasic (rank order: MK801> memantine> ketarnine). In this study, binding 
properties of NMDA receptor of platelet were compared to rat brain (Kd 1.308+/-0.13 nM, 
Bmax 3075.33+/~112 . 86 finol/mg protein) and rank order of channel blockers displacement 
were MK801> ketamine > memantine. This technique is applied to study the role of native 
human NMDA receptor as a mruker of brain damage in drug-addicted patient. 

Keywords: NMDA receptor, brain damage, human platelet, rat brain, glutamate, MK801, 
ketamine, memantine 
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Abstract. 
A double-blind, cross-over, placebo-controlled study of the influence of vitamin E on 

platelet functions and lipid peroxidation was performed on nine splenectomize~and sixteen 
nonsplenectomized 13-thalassemia/ hemoglobin E (j3-thalassemia/ HbE) patients. The patients 
were supplemented daily with vitamin E (525 IU) for three months. The functions of platelets 
were assessed by ADP induced platelet aggregation and platelet ATP release. Plasma c1-
tocopherol, plasma Thiobarbituric reactive substances (TBARs) and serum ferritin levels 
represent antioxidant status, lipid peroxidation status and iron status of the patients, 
respectively. Before experimentation, all patients had an iron overload and low plasma a­
tocopherol levels. The splenectomized patients, who were severely overloaded with iron, had 
high plasma !BARs levels which showed negative correlation with plasma a-tocopherol. In 
addition, their platelets were more reactive to ADP than were those of the nonsplenectomized 
patients. Three months of daily vitamin E (525 IU) supplementation caused a significant 
increase of plasma a-tocopherol level and reduction of plasma TBARs level of all patients .. 
As expected, serum ferritin levels of the patients were not altered. Vitamin E reduced the 
platelet reactivity of the splenectomized patients toward normal. The influence of vitamipE 
on platelet function may result in preventing/ delaying hypoxemia and pulmonary occlusion 
which commonly occur in splenectomized 13-thalassemia/ HbE patients. 

Key Words. Vitamin E, platelet reactivity, lipid peroxidation, splenectomized P-thalassemia/ 
hemoglobin E patients 
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Abstrnct 
Mastoparan and compound 48/80 have been found to accelerate guanine nucleotide 

exchange and GTPase activity of purified OTP-binding protein. These compounds can 
directly activate secretory processes of mast cells, pancreatic islets and adrenal chromaffin 
cells by penetrating through plasma membranes and directly stimulate membrane 
GTPase activity and stimulates PLC-mediated events without mediating via receptor 
binding. This study aims to examine whether these compounds affect secretion of both intact 
and penneabilized human platelets, and examine the subtype of G-protein signaling. [3H]­
serotonin labeled platelets were pre-incubated for 5 min and were activated with various 
concentrations of mastoparan and compound 48/80 for 3 min at room temperature or 
preincubated with streptolysin 0 (SLO) for 2 min before activation. The amounts of [3H]5-HT 
release were determined by liquid scintillation counting. Mastoparan was found to produce a 
concentration-dependent increase in 5-HT release· from intact platelets with an EC50 of 20 µ 
M .. The maximal secretion was obtained at the concentration of 60 µM .. Similarly, compound 
48/80 caused a concentration-dependent increase in 5-HT release with maximal secretion 
obtained at the concentration of 400 µg/ml.. Permeabilized platelets with streptolysin 0 
significantly increase serotonin secretion. To investigate whether the observed stimulation of 
serotonin secretion is mediated through the Gi subunit of G-protein, the G-protein blocking 
agents (e.g. Gi-sensitive pe11ussis toxin, benzalkonium chloride, a selective Gi inhibitor, and 
daunomycin, a lipid bilayer stabilizer) were used . Mastoparan- and compound 48/80-induced 
secretion was inhibited by preincubation with pe1tuss is toxin only in SLO-permeabilized 
platelets whereas benzalkoniurn chloride and daunomycin did not affect rnastoparan- and 
compound 48/80-induced secretion in both intact and SLO-penneabilized platelets. The 
results from this study suggested that mastoparan- and compound 48/80 promoted secretion 
by mechanisms involved neither the stimulation of Gi-subtype of G-protein nor interfering 
with lipid bilayer of the membranes. The secretory event may result either from a direct 
fusogenic action and/or from the stimulation of putative exocytosis-linked G-protein, Ge .. 
Their mechanisms on small GTPase proteins, on Ge and on membrane perturbation in human 
platelets remain to be elucidated. 

Keywm·ds : G-protein activators, serotonin secretion, signaling pathway, human platelets 
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Abstrnct 
Imidazoline receptors have been reported to play roles in kidney functions such as 

natriuresis and diuresis. The processes occurred in the segment of nephron, in particular, 
those that located in the cortex of kidney. The aim of this study is to characterize the subtype 
of imidazoline receptors (IR) a1id to determine receptor density and affinity of imidazoline 
receptors on porcine renal co1tex membranes. from saturation binding assay, the maximum 
receptor density of IR on porcine renal cortex membranes labeled by [3H)-clonidine was 
390.2± 89.09 fmol/mg protein with Kd value of 9.69±3.8 ttM. The maximum receptor density 
of I2 receptor on porcine renal cottex membranes labeled by [3H]-idazoxan was 655.6± 49.17 
fmol/mg protein with Kd value of 8.49± 1.29 nM. The result revealed that [3H]-idazoxan 
binding sites (h site) were 1.7 fold higher than those of [3H]-clonidine binding whereas the 
affinities were comparable. In competitive binding assay, 11 ligands, clonidine, rilmenidine, 
moxonidine, surprisingly competed with low affinities to I-site labeled by [3H]-clonidine. The 
rank order of potency of competing ligands was : idazoxan ( 459± 1.33 nM) > clonidine 
(730±1.31 nM) > rilmenidine (2,769±1.26 nM) > oxymetazoline (9,204±4.41 nM) > 
moxonidine = efaroxan (> 105 nM). The result showed that this site differed from the typical 11 

sites. On the contra1y, selective Ii receptor ligand, idazoxan, competed with ve1y high affinity 
to [3H]-idazoxan binding site whereas 11 receptor ligands, clonidine, rilmenidine, moxonidine, 
oxymetazoline and efaroxan also competed with very low affinity to 12 site. The rank order of 
potency was : idazoxan (0.579±0.06 nM) > clonidine (16,100±0.lSnM) > rilmenidine 
(l8,900.±3.4nM) > oxymetazoline (42,300±33.2 nM) > moxonidine = efaroxan (>105 nM). 
The results from this study suggested that the major imidazoline receptor subtype on porcine 
renal cortex is 12 site. Jn conclusion, h receptors are the main subtype exist on porcine renal 
cortex membranes which is suggested to be the functional receptors in kidney whereas I site 
labeled with [3HJ-clonidine is different from the typical I1 site. This site may be a new 
subtype of imidazoline receptor. 

Key words: Imidazoline Receptor/ Porcine Renal Cmtex 
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Modification of Lipoprotein in Acute Falciparum Malaria Infection. 

Nathawut Sibmooh1
, Rachanee Udomsangpetch2

, Paveena Yamanont1 and Sornchai 
Looareesuwan3 

Depat1ment of Phannacology1 and Pathobiology2
, Faculty of Science, Mahidol 

University, Depa11ment of Clinical Tropical Medicine and Bangkok Hospital for 
Tropical Diseases, Faculty of Tropical Medicine, Mahidol University3

, Bangkok, 
Thailand. 

The host response to an acute infection could induce oxidation and change in plasma 
lipid. The products of lipid peroxidation could in turn modulate host response 
processes. The present work was aimed to study the effect of acute infection with 
falciparum malaria on the plasma lipid. Plasma lipoproteins were isolated and 
determined in the patients with acute falciparum malaria (l 3 cases) and in 12 healthy 
individuals. The levels of cholesterol, protein and phospholipid in low def!sity 
Iipoprotein (LDL) and high density lipoprotein (HDL) were lower in the patients than 
in the controls. The levels of TBARs (the end-products of lipid peroxidation) were 
significantly higher in LDL and HDL from malaria patients than the controls. The 
fluidity of r_,oL measured by the steady-state fluorescence anisotropy using 1,6-
diphenyl- l ,3 ,5-hexatriene (DPH) was increased, and correlated with the levels of 
TBARs. These results could imply the association of oxidative modification of 
lipoproteins with the altered lipid pattern during acute malaria infection. The role of 
oxidized lipoprotein in pathogenesis of malaria remains to be investigated. 
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Paraquat is Not a Direct Hepatotoxin at Low Level of Exposure 

Varapom Podprasart •• and Krongtong Yoovathaworn • 

••Graduate Program in Toxicology and •Department of Pharmacology, Faculty of Science, 
Mahidol University, Bangkok 10400, Thailand 

Abstract 

Paraquat (PQ) is a well-known toxic herbicide widely used in agricultural countries. Though 

pulmonary toxicity is a main cause of death in patients after PQ exposure, many reports showed that 

PQ also causes liver damage and can be classified as a "direct hepatotoxicant". There were only few 

studies focusing on the toxicity of PQ on the liver after repeated exposure which mimics the human 

occupational exposure, or identifying the risk factors for PQ-induced hepatotoxicity. It is, therefore, 

interesting to investigate specifically on the PQ-induced liver damage after continuous exposure for 

a certain period of time. This study is established to examine the dose- and time-effect of PQ, in 

male Wistar rats, on the liver, by determining the change of liver enzyme markers including AST, 

ALT, AP, and also total bilirnbin, total protein and albumin. Dose-response of PQ was studied in 

rats by subcutaneous injection of paraquat dichloride at the doses of 4.0, 5.0, and 6.0 mg/kg BW/d, 7 

days. All PQ-treated rats had a significant decrease in BW, showed slow movement, and less 

response to the stimuli when compared with the untreated rats. All hepatic enzyme markers, total 

bilirubin, total protein, as well as albumin in the plasma obtained from the rats receiving PQ at these 

doses were not significantly different from the control group. PQ at the dose of 4.0 mg/kg/d was 

selected to determine the time-course of effect on the liver. The treated animals were sacrificed on 

days 3, 7, and 10 after PQ administration. The results obtained from this experiment were similar to 

the previous experiment. It may be concluded that repeated subcutaneous exposure to PQ at the 

doses up to 6.0 mg/kg/d for 7 days or 4.0 mg/kg/d up to 10 days did not cause either frank cytotoxic 

hepatic injury or disturb liver synthetic function even the highest dose used produced more than 50% 

mortality. These results are not in agreement with a number of previous studies, both in human and 

animal models that showed hepatotoxicity after exposure to PQ at high dose. However, the 

hexobarbital sleeping time in rats treated with PQ was significantly longer than that of the untreated 

animals. As hexobarbital sleeping time is one of the markers of drug- or xenobiotic-metabolizing 

enzyme activity, further study will explore the mechanism underlying the changes in the biological 

response to drugs in correlation with distribution of this pesticide. 

Keywords: Paraquat, hepatotoxicant, liver function 
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EFFECTS OF MIDAWLAM AND NITRIC OXIDE SYNTHASE INHIBITOR, 
L-NAME ON THE ELEVATED PLUS MAZE BEHAVIOR IN STRESS RA TS 

Noppamars Wongwitdecha, Sompop Soo-Ampon and Nattapom Yoopan 
Department of Pharmacology, Faculty of Science, Maliidol University, Bangkok 10400, 
THAILAND 

Objective: The aim of the present experiments was to compare the effect of midazolam 
with a nitric oxide synthase inhibitor, L-NAME on the elevated plus-maze behaviors in 
social isolation stress rats. 
Methods: Male Wistar rats were reared from weaning (21 days of age) either alone 
(isolation rearing) or in groups of five rats/cage (sociai rearing). After five weeks, each 
rat was placed individually onto the elevated plus-maze following intraperitonean 
injection with saline, midazolam or L-NAME 30 min before a 5 min test. 
Results: Midazolam (0.5, 1 and 2 mg/kg, i.p.) dose-dependently produced anxiolytic 
effect on the rat elevated plus maze as indicated by increasing the percentage of 
open:total arm entries and time spent, in both socially and isolation reared rats. These 
anxiolytic profiles were greater in isolation than socially reared rats. Pretreatment with 
L-NAME (5, 10 and 50 mg/kg i.p.) in isolation reared rats also produced a dose-related 
anxiolytic profilies (increase in the percentage of open arm entries and time spent) on 
the elevated plus-maze. However, the anxiolytic-like properties of L-NAME were not 
observed in socially reared rats. 
Conclusion: The present results demonstrate that nitric oxide synthase inhibitor, L­
NAME possesses weaker anxiolytic effect than midazolam, and social isolation stress 
rats were more sensitive to the anxiolytic effect of both rnidazolam and L-NAME. 

Keywords: Midazolam, L-NAME, elevated plus-maze, stress rats 
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EFFECT OF STRESS DURING BRAIN DEVELOPMENT ON 
THE BEHAVIORAL DESPAIR IN LITHIUM TREATED RA TS 

Ekawit Threenet* and Noppamars Wongwitdecha** 
*Toxicology Program and **Department of Pharmacology, Faculty of Science, Mah idol 
University, Bangkok 10400, THAILAND 

Psychological stress during the early stage of life has b~en shown to alter the behaviors 
and the neurochemical properties of the adult animals and modify the responsitivity to 
various psychoactive agents (1-3). 
Objective: The aim of the present experiment was to determined whether stress during 
brain development (social isolation from weaning) alters the behavioral response 
produced by lithium in the rat forced swimming test. 
Methods: Male Wistar rats were raised from weaning either alone (isolation rearing) or 
in groups of five rats/cage (social rearing). Five weeks later, these rats were tested for 
their sensitivity to lithium chloride by using the forced swimming test ( 4). 
Results: The results demonstrated that the saline treated isolation reared rats exhibited 
significantly less immobility and more struggling (P<0.05) than socially reared rats. 
Subchronic treatment with lithium chloride (50, 100 and 150 mg/kg i.p.) 24, 5 and l h 
before a 5 min forced swimming test produced a dose-related reduce behavioral despair 
(decrease immobility time) and increase struggling in socially reared rats. However, this 
effect was not observed in isolation reared rats. 
Conclusion: The present results indicate that stress during brain development (rearing 
rats in social isolation from the early stage of life) alters the behavioral despair in lithium 
treated rats. 

Keywords: Stress, lithium, behavioral despair, rats 

Refe1·ences: 
1. Wongwitdecha, N. and Threenet, E. (2002) The International Journal of 

Neuropsychopharmacology, 5(Suppl): S 152. 
2. Wongwitdecha, N. et al., (2002) The International Journal of Biology of Stress, 

5(Suppl): 96. 
3. Wongwitdecha, N. and Marsden, C.A. (1996) Behav. Brain Res., 75: 27-32. 
4. Porsolt, R.D. et. al. (1979) Eur. J. Pharmacol., 57: 431-436. 
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