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FIGURE 1.1
Evidence of prehistoric brain surgery.
This sheull of a man over 7000 years old was

surgically opened while he was still alive, The
arrows indicate two stes of trepanation,

(Source: Alt et al. 1997, Fig. la)
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Men ought to know that from nothing else but the brain come joys,
delights, laughter and sport, and sorrows, griefs, despondency, and

lamentations.
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e Fluid-mechanical theory of brain
function

e Philosophical mind-brain problem

(1) people possess intellect and a God-
given soul

(2) the mind is a spiritual that reCeIves [l . w besres 1

- drawing eppeared in 2 1662 publication by
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Figure 1.7

The basic anatomical subdivisions of
the nervous system. The nervous sys-
tem consists of twe divisions, the central
nerveus systerm (CMS) and the peripheral
nervous system (PNS), The CNS conssts
of the brain and spinal cord. The thres
major parts of the brain are the cere-
brum, the cerebellum, and the brain
stern. The PNS consists of the nenves and
nerve cells that F'e outside the bran and
spinal cord
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Nineteenth-Century views of the Brain

At the end of 18th century:

(1) Injury to the brain can disrupt sensations, movement,

and thought and can cause death.
(2) The brain communicates with the body via the nerves.

(3) The brain has different identifiable parts, which probably

perform different functions.

(4) The brain operates like a machine and follow the law of

nature
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e Paul Broca

Discrete regions of the human cerebrum for

speech (Broca’s area)
e Gustav Fritsch and Eduard Hitzig

- exposed surface of the brain of a dog could elicit

discrete movements

e Hermann Munk: occipital lobe vision
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Broca’s area v.s. Wernicke’s area




Epilepsy

Parkinson’s disease
Alzheimer’s disease
Depression

Schizophrenia

Stroke

Alcohol and drug addiction

Traumatic brain injury
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MPTP — Metabolism via MAQO Peripheral tissues
and other enzymes
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Alzheimer’s disease

Alois Alzheimer (Jun. 14, 1864 — Dec. 19, 1915)

Psychiatrist and neuropathologist who first defined Alzheimer’s Disease on Nov. 3,
1906.

Mrs. Auguste Deter (51 years old)
loss of short-term memory (1901)

Amyloid plaques and neurofibrillary tangles were identified.
(Alzheimer’s disease International)



Alzheimer’s disease

1. A neurodegenerative disorder: characterized by progressive
memory loss, deterioration of cognitive functions and loss of
synapses and neurons in the cerebral cortex and hippocampus
(van Marum, 2008).

2. A serious health problem : In 2000, 25 million people in the world
were diagnosed to suffer from AD, and this number is expected to
Increase to 114 million by 2050 (Wimo et al., 2003).



Frontal lobe

gyri in the
temporal
lobe

Frontal cortex

Temporal cortex

(Mattson, 2004)

Alzheimer’s disease results in shrinkage of brain regions which is correlated with major
reductions in cellular energy metabolism in living patients. a, Alzheimer’s disease patient
exhibits marked shrinkage of gyri in the temporal lobe and frontal lobes. b, PET images
showing large decreases in energy metabolism in the frontal cortex and temporal lobes.



http://www.web-books.com/eLibrary/Medicine/Neurological/Alzheimer_Amyloid.htm What is AD

3. AD pathogenesis: triggered by the accumulation of the
amyloid- peptide (AB), which is due to overproduction of Ap
and/or the failure of clearance mechanisms (Roberson and
Mucke 2006).

4. Amyloid precursor protein (APP):
widely expressed throughout the body
Integral membrane protein
o—, P—, y— secretase



Neurotoxic action of A3
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1. Lipid peroxidation, generation of 4-HNE (4-hydroxynoneal)
2. Activated some receptor, ion channel

3. Cause mitochondrial oxidative stress and alter Ca?* homeostasis, increase superoxide
production, interact with NO to produce peroxinitrite (Mattson, 2004)



Traumatic brain injury (TBI)

1.A major cause of morbidity and mortality all over the world
(Goldstein, 2000).

2. TBI produces long lasting disabilities in 25% of cases and
with a high socioeconomic impact: 1.7 million new cases of
TBI occur in the United States every year with an estimated

annual cost of $77 billion



Traumatic brain injury (TBI)

1. Primary injury:
a. Cerebral contusion
b. Traumatic intracranial hemorrhage
c. Skull fracture
2. Secondary injury:
a. Stroke
b. Meningitis
c. Brain edema
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OTHER SYMPTOMS ASSOCIATED WITH MILD TEI
- MAUSEA

- LOSS OF SMELL

- MCOD CHAMNGES

= SENSITIVITY TO LIGHT AND SOUNDS

= SLOWMNESS IN THINKING

= GETTING LOST OR CONFUSED
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SEVERE TEI

A loss of consciousness that lasts for
more than 24 hours A lasting for 7
days or longer. A Glasgow Coma Score

or less, which indicates that the
paﬂent is in a coma.
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Neurogenesis

1. Characteristic: endogenous progenitors proliferate in
response to various stimulus (Nakatomi et al., 2002).

2. Location: subgranular zone and rostral subventricular
zone (Jin et al., 2001).






Neurogenesis
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rostral migratory
stream

1. olfactory bulb
2. neocortex

> DG granule cell
layer




Factors of neurogenesis

1. Enrichment environment; exercise (Ehninger and Kempermann, 2003; Van
Praag et al., 2002).

2. Diseases :
Ischemia (Jin et al., 2001)
subarachnoid hemorrhage (Mino et al., 2003)
epilepsy (Parent et al., 2002).

3. Stem cell transplant (Munoz et al., 2005)

4. Growth factor effect: VEGF (Jin et al., 2000)

5. Drugs or neurotransmitter: glucocorticoid; glutamate (Cameron et al., 1998;
Gould et al., 1999; Gould and Tanapat, 1999; O’Kusky et al., 2000)
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Replacement: Methods that avoid or replace the use of
animals

Reduction: Methods that minimise the number of animals

used per experiment or study

Refinement: Methods that minimise the pain, suffering, distress
or lasting harm that may be experienced by the

animals.






The Use of Animals in Neuroscience Research
e Animals: Renewable natural resources

e The more basic the process under investigation, the
more distant the evolutionary relationship with
humans

« Examples (from simple to more complex) - nematodes,

insects, snails, squid, rodents, monkeys, etc.
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Stages of embryonic development of

the zebrafish
the zygote period the cleavage period

| ~ 2-cell stage (0.75 h) 4-cell stage (1 h) 8-cell stage (1.25 h) |
A 0 min I e pat

B l-cell stage (10 min)

25.5hr 31.5hr
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pre-breeding set up (1)
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pre-breeding set up (2)
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Microinjection operation (1)




Microinjection operation (2)
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Microinjection

- cross-sectional view of the injection set-upas an embryo is injected
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Introduction

Fragile X syndrome (FXS) is the most frequent
Inherited form of human mental retardation, with
approximately one in 4,000 males and one in 8,000

females affected (turner et al., 1996, Garber et al., 2006)

\/"

fragile X chromosome

| Chromosome karyotyping



BEHAVIOR

Learning disabllities
Attention deficit
Hyperactivity
Anxiety disorder

Aggressiveness




Fragile X mental retardation protein
(FMRP)

There Is an expanded trinucleotide repeat CGG In
the fmrl gene. (Huber et al., 2002)

FMRP is involved in the reqgulation (repression) of
local protein synthesis at the synapse. (Bear et al., 2007)

KH1

NT (aa206—-  KH2 CT
(aa 1-205) 80) (22287-422) (aa 516-632)
(&)

=) 1D
@

NLS




Typical Premutation Full mutation

(CGG) 45 (CGG) 55-200 (CGG) 5 200
Ipepepe— -} ] 444 = o {1} Il I R R
mRNA Qﬂﬂnuu ___- T - .Uazc,:na - Cco0 0 00
oo ® .
FMRP o€ % € X
b [N 9
o Normal Primary ovarian insufficiency (POI),  Fragile X syndrome
Clinical fragile X-associated tremor ataxia due to lack of FMRP
syndrome (FXTAS) due to excess
mRNA

(adapted from Pediatric 123: 378-390, 2009)



Polyglutamine (polyQ) disease
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Animal models for studying FXS

The amino acid sequence alignment of FMRP from
human, mouse, frog, zebrafish and fruit-fly revealed high
conservation at functional domains (shared 72% amino
acid identity with human) (van 't Padje et al., 2005)



Table 1: The Zebrafish Model for Drug Screening

Advantages * Small embryos are transparent, large number of offspring, short-
generation time

* Inexpensive, easy handling, large-scale screen amenable

e A vertebrate, in vivo system with combination of forward and
reverse genetics

¢ Phenotype-based screening can be performed in wild-type,
mutant and promoter-driven reporter transgenic embryos

e The screening is robust and high throughput

e Relevance to human diseases, high degree of similarity to humans
in drug response



They won't bite
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They won't pee on the floor (or your lab coat)
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They won’t escape from the cage
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To study behavioral deficits in Fmrl KO zebrafish.

To determine the abnormity on telencephalic
synaptic plasticity in Fmrl KO zebrafish



Scientific Process
e Observation
e Replication
e Interpretation

e \erification



Outline of experimental procedures

Electrophysiology

Genotyping

Behavioral test

Dark/light Inhibitory Locomotor
test ~avoidance activity




Genotyping and western blot analysis of Fmrl
knockout zebrafish.

We thank Dr. Rob Willemsen for the kind gift of zebrafish
FMR-1 antibody.



Outline of experimental procedures

Electrophysiology

Genotyping




Determine the recording site
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Topography of the telencephalon
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Brain slices preparation

Recording

Stimulus




Extracellular recording

* Animals : zebrafish (3 to 4 months of age)
* Preparation of acute telencephalic slices

Low melting point
agarose gel
&
.— mold %

ﬁ 95% 0O,/5% CO,
in RT at least 1 hr




MEDG64:
multi-electrode recording system

T




Synaptic plasticity

e L ong-term potentiation (LTP) and long-term
depression (LTD) of excitatory synaptic transmission,
are wide spread phenomena expressed at possibly
every excitatory synapse in the mammalian brain.

1. Low frequency stimulation

LTP 2. Chemical application
%
3 - g L1 T T Il
o :
L egegee e000¢e--------- Baseline
=2 * ®
® ....QQQQ
1. High frequency stimulation [ ) LTD
2. Chemical application

Time



Results

Reduced long-term potentiation (LTP)
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(Ng et al., 2013)



Results

Enhanced long-term depression (LTD)
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Outline of experimental procedures

Genotyping

Behavioral test

Dark/light Inhibitory
test avoidance
2 day

Locomotor
activity




Dark/light

~ Evaluate the anxiolytic-like response in zebrafish

9cm

18 cm 18 cm

the fish were allowed to swim freely
between the two compartments without
sliding door for 5 min

Elevated plus maze
(for rodent)



(Ng et al., 2013)

* %
KO

[ I | I I I I [ T T T I
O O O O O O O O o o o o o o
~ W - Tp] <t ap) N ~

< o o~
(9%) Juswpedwoos
S)lum Ul Jusds swl |ejol sBUISS040 aul|pIW JO JaqunN

< a8

Results



Inhibitory avoidance

Electrode Door
i Water level
e s St e o o e e o
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Metallic
ﬂratﬂ Platform
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(Ng et al., 2012b)
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Impaired avoidance learning in Fmrl KO zebrafishes
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Locomotor activities increased
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(Ng et al., 2013)



Summary

Electrophysiological recordings from telencephalic
slice preparations of Fmrl KO fishes showed
markedly reduced LTP and enhanced LTD.

Fmrl KO fishes exhibit anxiolytic-like behavior,
Impaired avoidance learning, and hyperactivity.
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