CHAPTER 2

MATERIALS AND METHODS
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4. Application in Physiology and Pharmacology.
This part concerned with the use of this preparation in
some physiological and pharmacological studies by

employing superfusion and microiontophoretic techniques.



1. Developmental Set Up of Brain Slice Preparation.
1.1 Oscillotome.

The Oscillotome was a laboratory tissue slicer
which has been designed in’ §h1s study, based on two
basic principles employing rﬂ%:;he vibrating blade
tissue slicer, di.e. (1) the horlzontal vibrating or

— -
sawing motion gﬁfgt

submerged sectioning 'n the \cold oxygenated ACSF. The

“ knife, and (2) the totally

machine form con 'VSicaily of four main parts : a

—

tor box$ a sectioned bath, and a

rated yn5E1g R .
= “-_‘I : “‘:‘fjﬂ_-

.oéeidtes~ii?@ollows A cutting arm

main box, an osci

control box, as 1l

The machin
(CA) was oscxllatedjin & horyéental plane by a 1linear

oscillating mqﬁox__4ﬂo__T_modliisd*wﬁxyf electric

shaver) and drlvén slowly by a unit of“gear reduced DC

L AF

motor (M1l) eltﬁér in a forward or backward direction,
and a moving carriage'(HC) located  in | the oscillator
box (Fig. "4). The other end of the cutting , arm was
attached | to by\the stem of a/blade holder | (BH) which
positions in the sectioned bath. The frequency of the
oscillation could be adjusted between 30 and 35 /sec
(or 1800 and 2100 rev/min) using the left slide control
potentiometer (0SC), and the driving speed could be
also adjusted between 0 and 3.5 mm/sec by the right

slide control (Drive).
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Oscillator
Box (2)

Sectioned
Bath (3)

Perspective diagram of the Oscillotome showing

the four main components : (1) a main box, (2)
an oscillator box, (3) a section bath and (4)

a hand-control box.



77
&

T E {
N
N
N
N
X
-
iga
BH
//Blage 1B '
= (@) m. agar  ACSF.
. N —i. 15
jTJ:;;-----gléss piston

(made from plunger
of a 50 ml syringe)
———-glass cylinder |

(body of a 50 ml
/syringe)

Fig. 5.

Cross-Sectioned diagram of interior components
of the section bath of the Oscillotome showing
the relation of the blade (B), a tissue block
(TB), and a tissue stage (TS). CA = ~cutting
arm; BH = blade holder assenbly;.HT = tip of

micrometer; MM = micro-meter.



In the 200 ml sectioned bath, a moving stage
(MS) elevated by glass piston made from a 50 ml
syringe, filled with mercury and covered with a piece
of small plastic plate that fits into a glass tube made
from a cylinder of the same syringe, has been designed
for the effective prevention ofﬁwgter leakage from the
bath (Fig. 5). The stage (MS) xi:éf’,aoved vertically in
a microns distance by meiﬁs of -a micrometer (MM)
positioned below th§>pistov. One revolution of the
micrometer (MM) fﬁéﬁlds a 560 um displacement of the
micrometer tip ffg%) ané;atgg the stage (MS). The
micrometer (MM) ié d;ivén.bykg:driving DC motor (M2)

via a rubber belt (RB):ﬁ“The:ﬁbtor (M2) was manually
b 41
operated by using astwofﬁay to{i%e switch, the UP&DOWN,

on the control box. Additiodﬁily, to accelerate the
- e

movement of thﬁistage (TS) the machine é%pvides a fast-

w |

downward switcﬁJ(FD - green) positioned 6n the main box
below the oscillator box, a stop switch (STOP/RET -
red), and/&a tdverse switch (REV): toggle cswitch). A
rapid falling of the stage (TS) was controlled by the
fast-dovwnward. ) sitch  (FD) ! aqd 7 ©nithe Jotheér thand, a
rapid ‘raising by the coﬁbination of the fast-downward
switch (FD) and the reverse switch (REV). All of these
quick motions could be interrupted by depressing the

stop switch (STOP).



1.2 Hand-Slicing apparatus.

Materials and the apparatus needed for cutting
the brain are described as follows (see also Fig. 6).

Blade. An available hair-cut fazdr blade such
as Feather-Cut (Japan) with handle is used.

Glass Guide. The guidffﬁgs made of two glass
slides with dimension of Z.gﬁﬁi“725 cm? and has
thickness of 1.0 mm. The sfﬁdes were glued onto both
sides of a small p;éétlof Pi?xiglas (1.5 x 2.8 x 1.8
cm3) at the niQdTZiZ;th separation 8 .mm. The two
parallel edges ofjtﬁj:slxdeg was used as a linear guide
for the controlio Sawlng hlade

| Tissue suppy{f The whdle cerebellum which was
separated from the snrroundlng bﬁfsue is placed on a

moist filter paper (Hhatnan no. LAJ dia. 7 cm) supported

with a square prece of polystyrene foan_x14 x 14 x 3

% 4 l

cn3) and then fliéd in place using two small pins (2.3
cm) that inserted“;t one hemisphere.

Disséecting | miéroscope /= The'slicing should be
performed carefully under a dissecting nicroscope which
had a long! working distance objecti?e lens (x0.8) and

the sufficient illumination, wusing a low power

magnification.



Fig.

Photograph showihg the whole equipments used

in . hand-slicing. .technique. M .= stereozoom

dissecting microscope, G'= a glass guide, HB

a. razor biade, FB 3 @a~fine, brush, (nos 1), P
filtef paper, F = foam, D = petri dish filled
with ACSF (25°C), B = a small bowl filled with
cold ACSF (2°-8°C). ‘



1.3 Tissue Bath.

The slice bath used in this experiment was a
submersion chamber. The bath was constructed of
Plexiglas and had a dimension of 15 x 15 x 10 emS. It
consists of three main parts, an inner chamber, an
outer chamber (0OC), and a reservoir chamber (RC), as
shown in Fig. 7. / |

The innes chamberewas made of Plexiglas with a
dimension of 5.Q,x’4.5 x 11\ cn3 , and has a bubble
trapping well ’(ETU) with;a dianeter of 1.2 cm that
connected to Aan incubatlnq'chamber aIC). This well
(BTW) is de31gued fér trapp;ng air bubbles that take
place in the perfusign v%ﬁsel and also reducing
mechanical sw1tch1ng 'artlfactb from the changing of
solutions. At the dinner chaqbe:, the t1ssue specimens
are held betu@en-tno-b:ass_meshﬂiﬁﬁlth1ch fits into

the tissue 1ncubat1ng hole (IH).

The. outer .chamber had capacity about 900 ml
provides ACSF™ at suitéble temperature, 35°-37°C,
perfusing~ipto thé chamber, via.small polyethylene tube
(PE): The baﬁh temperature was stabilized' at +37°C by
circulating warm water (38°C) through a heat exchange
glass coil (GC) situated inside the outer chamber. The
circulating water was prewarmed at (38°C) in a

tﬁermoregulator bath.



1.4 Perfusion systen.

A gravity-feeding perfusion system has been
designed by using low cost materials such as, a one
liter hanging bottle (HB) connected to a flow control
set (a microdrip chamber - MC), through which the ACSF
flow was regulated by an adjuﬁ;able clamp (Fig. 8).
The medium was perfused at a consﬁgﬁt rate of 2 to 2.5
ml/min through a small PE tube, prewarmed in outer
chamber (0OC) and pus ' cxthe bubble trapping well
(BTW) and then fi}ffgbfj;the-incubation chamber (IC).
The excessive amqydipgffth; pérfusate was pulled out of
the chamber via a gau e_w1ok C§W), and collected in the

reservoir chamber Flﬂ&ily, the overflow of the

et /N
v;a ‘the Qrgﬁnage tube (DT) into

-u-_-..‘,

perfusate was siphone

the collecting bottle LC@}-locaﬁgg_éelow the table.
m\j- = = {'.v'
A commereially available ecarbogen containing

95% 0y, 5% CO, (Thai Industrial Gas, TIG) was bubbled
into the incubating medium throdgh a pressure regulator

valve.
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Fig, 21. Ratemeter records of @ interneufon- in the

molecular 1layer show no response to the
glutamate when applied by perfusion technique
(in A) or by microiontophoresis (in B). ( ---

= period of 0.2 mM glutamate administration).
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B: right side view. BM = brass mesh, IC

inner chamber, OC = outer chamber.
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Diagrammatic . picture of the simple perfusion
system (gravity-feed) showing technique for
oxygenation and warming of the ACSF, for
details see text (1.4). HB = a hanging bottle
of the ACSF, BA = a ball aerator, MC =
mnicrodrip chamber and a tubing set, Thern.

Reg. = a thermo-regulator.



2. Methods for Preparation o£.Cerebellar Slice.

2.1 Experimental Animal.

The experimental animals used were albino rafs
(Wistar strain) of both sexes. The animals (n=60) were
divided 1into two groups according to their ages. The
young group (n=30) has age rangeibetween 2 to 8 weeks,
weighing 90 - 200 g, while thé ;id group (n=30) has

2
aging more than 8 weeks (weighing more than 200 g).

2 Bath}aﬁinediumj
The 1ncubatlng med;a, or ACSF, was prepared
from stock solutioaé of i ﬁaCl Gk Witers), 1 M KC1

(250 m1), 0.5 M KHQP04 (100 m?? 0.5 M MgS0,.7H,0, 0.5

M NaHCO5 (1 11tef). and. 1 ﬁ;;CaCIZ 2H,0 (100 ml).
Routinely, the compos;};gn of;phg,ACSF used was base on
that of Yamamo#é and MeIlwain (1968) which contains (in

Y
mM, f1na1 concentratlons) NaCl, 124; KCl 5; KH2P04,

12595 HgSO4, 1.3; CaClz.ZHZO, 0.75; NaHC03, 26; and D-
glucose, 10 at pH'7.4. "Method of preparing the media
here follows the instruction of Hubbard (1988). Glucose
was added at~the bedinning of the experiment. and then
bubbled with a mixture of 95% 0, and 5% CO,. The
calcium was added after, at least, 10 minutes after
starting bubbling of ACSF. The medium was continuously

bubbled through the experiment in order to naintained.

the osmolarity at 295 mOsm.



2.3 Killing and Brain Extracting Techniques.

In young group, the animal was suddenly
decapitated at 1level of the' obex wusing a large
scissors. Next, a small surgical scissors was used to
clean up the underlining tissues around the skull base
and- then inserted laterallyiag,the lower portion of
occipital condyle and cut antef;;laterally toward the
éye of both sides. The skﬂil was opened to expose the
brain. Afterwazd; grflat I?mb01dal spatula was used to
separate the ¢%§$er10r portlon of the cerebrum
including cerebeI/;é anﬁ thealower brainstem. The brain
block was then pl ced gently‘}; a beaker with 6 ml cold
oxygenated ACSF (gpptox 20 ¢ ,}, CHNed for 15 seconds

idd

and then placed on ﬁ gLece of fljter paper (Whatman no.

_,

1, dia. 7.0 cm). Th;g,s;ep uﬁqa}ly completed»w1th1n 1

min after deat@,
Wy

iJ

In old group, the techniques used was similar
to the above but "the rat should be mildly anesthetized
with ether before starting to'cut the neck. One of the

trouble in _dealing with the old animal was a difficulty

of cutting the harden skull: .
2.4 Slicing Procedures.

Two different techniques in preparing

cerebellar slice have been attempted : (1) Manual



Method, and (2) Oscillotome Sectioning.

Manual Method. After the brain was removed and
chilled properly, it was then placed gently on filter
paper moisten with ACSF. The cerebellum was dissected
from the rest of brain tissue using a razor blade fixed
on the paper at one.henisphefp by .two small pins.
Under microscope and adequ%}e 1+ght illumination, the
other hemisphere uas sagittally cut away using blade
and glass guide“agyifatus & Two or three pieces of
vermian slice wf%h ithe thlcknpss about 450 to 500 um
could be obtaine Uslng -] fgne brush, each slice was
transferred for pre&ncub&tlon-ln a petri dish filled

)':,!

with oxygenated ACQF at noon tgmperature

r _.' T .nlrJ
Oscillotome Sect10n1ng—~ After a few second of
- _’_. ‘| '\._‘J

cooling the bragn, the cerebellum was rapldly cut into

a block conta1n§§g vermis and then glue¢wbnto a square
piece of glass slide which was then fixed on the tissue
stage (TS).of the Oscillotome. ,The jblock.was aligned
so that the vermis was on the opposite side of the
blade.. The-tissue biock was supportednagainst an agar
block (4 mm X 4 mm x 3 mm) which was glue on the slide
using a 1liquid super glue (cyanoacrylate adhesive,
Loctite, Ireland). Next, the stage with the brain
block was put into the sectioned bath of the

Oscillotome. The bath was filled with 150 ml1 of cold

31050000



oxygenated ACSF. Under direct visual observation, 6-7
vermian slices was cut by the Oscillotome at 300 um
thick. Finally, intact slices were selected and
transferred into a petri dish containing cold

oxygenated ACSF using the spatula and the fine brush.

In case of Oscillotome method, time taken from
the point of stunning the aniﬁdl to the beginning of
incubation was usually within 5;8‘min, while by hand

slicing method on1y¢5ﬁnin were required.

” \
2.5 Inéﬁ@;ﬁiou Tecbnique.
The shces, havmg) severe damage to their

processes and bélng, anox;g dur1ng the time of
J

preparing, requlre a per1od-6f recovery During this

period the tlssues can adaairthemselves to the new
: = - :
environment.

|

Onlyi;%e or two slices obtainéﬁifrom above were
chosen for fur:her studies. The nostﬁperfect piece was
gently transferred into tHe “inelibat ion) ¢hamber (IC) of
the tissue bath. . The tissues were stabilized between
two piecés 5f  brass  mesh, and submergaed’ in 36°C
oxygenated ACSF which was constantly perfused Aat the
rate of 2 ml/min. The period of jncubation took at

least 1 hr. before starting the electrophysiological

recording.



3. Electrophysiological Techniques.

3.1 Microelectrode Techniques.
Microelectrode used in the experiment were

either single or double barrel micropipette. The

tracellular recording of
U}//latter was used for
t.}on&m application of

arrel. The glass

former was used for genera

glutamate throu
tubing used for p 'wmicropipettes was
glass fiber fil with outer/inner

diameters of 1.

For makin “;gia - ‘rel microelectrode,
~the tube was pull ribbon heater of a
horizontal puller (PN-3,
Narishige). 9" adi = he heat- Yevel ana the
force of pullingim ﬁﬂfnicroelectrodes
could be obtalPed make the double barrels

oo 85 TR HE A i

side at bBeth ends by ﬁ?all plecps of he shrink
o AR FREHAAGY] 5] b
assemb!y was heated at mid-length and twisted by 30° to
fuse the walls together. It was then pulled at the
fused part to-yield a double barrel pipette. Under
microscopic observation, these electrode tip was then

broken back to yield 1-2 um tip diameter for the single



and 2-3 um for the double barrel.

Finally, the recording micropipette was filled
with 2 M NaCl Stained with red ink to facilitate visual
guidance of the tip when in the bath solution. The

recording microelectrode was routinely tested of its DC

meter and also the
electrode  checkingwunit ft4 microelectrode
preamplifier ( The range of

resistivity used
3.2 Recor

Site of ectrode prepared from

3.1 was placed layer of the
cerebellar slice imensional micro-
manipulator. e h i_roelectrode into the

tLissue 1is acpleéeve w he aid Sni-, hydraulic

microdrive ) yvement  of  the

rlectrode was o-served under a stereozoom dissecting

“1°‘*’°S°°‘°‘°ﬂuEJ’J°f|EWl’§WEJ'1ﬂ‘§

1 fication and Displagwm of Unit@Activity
e PSS ALY AR
surrounding electronic instruments and fluorescent
light were reduced by a Faraday's.‘ cage. The
| bioelectric signal from tissue preparation was picked

np as a single ended input via a fine Ag-AgCl wire



connected to a high impedance probe (JZ-802J; Nihon
Kohden), with respects to a reference electrode (also
using a Ag-AgCl wire) placed in the bubble trapping
hole. OQutput from the prove was fed into a

microelectrode amplifier

HZ-8201; Nihon Kohden) which

had a ten times am ain x10) and a band

dj&iin imize background

pass filter whie

noises and to f the signals.

Next, eamplifier was

amplified furt Bl -‘and  LO . cut
function of a v ifbfe gain ) amplifier (AVH-10; a
plug-in amplifie 4 i The signals were
then displayed dual-beam memory

In the usual cases

oscilloscope (VC-10; Ngﬁﬁp

o
‘-’_—. :Ir

the 51gnala:iwesﬁ memnory of the

oscilloscope displa sform on the CRO

screen. Subse--ently, tﬁe waveform were either plotted

o 1ab°ﬁtﬂ”ﬂf] TN f’f‘ﬁ““g“"“ed

Processing 6f spike data

amaﬂmmumwmas

Spike discharges of the cells were
discriminated from background interferences using a
window discriminator circuit and counted digitally
(Spike Processor, Department of Physiology, Faculty of
Pharmacy, CU),  'sad’ "Fig. .9, The count was then

converted into analog output and plotted on a pen-
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Fig. 9. ﬁgw;ng a standard electro-

“f

physio og caL 1 ﬁ_ p used for long-time

o
=
e g

observatlon _of : splke activity The

mlcrgelectrode préamﬁil f1e€{ (MEZ-8201) hsas

1mpr§hed the bioelectrical é;gﬁals by means of
ampllfylng and filtering. Tbe signals sare fed
into 4 ~plug-in amplifier (AVH-10) of the
oscilloscope  (VC-10) andldisplayéd on channel
A of the scope, and also fed into'“the spike

processor.



recorder as number of impulses over each consecutive
epochal periods. Usually, the time base (epoch) of a
b5l e neter wae TBet At efle  dedond  thius yielded a
frequenéy histogram of the spikes in pulses per second

(/sec) on Y scale of the pgt jrgcorder. The calibration

_‘-‘gl y anmple, 25 and 50
/sec, wWere routine e ﬁlng paper before

k:.-i ects - of cold

environment was te ell performance by

superfusing the ACSF prechilled by

running the LA€SF thro e =%} tubing in a

beaker contained conld reduced

i

the temperature of ACSF down to 8°C in the ice bath,

e e RN G

reached theflltissue chambP

qma\m‘m UAIINYAY
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4.2 Drug Application.

The advantage of nsing a submersion chamber is
that it facilitates the tests of drugs or ions which

can be administered by ans of either micro-

iontophoresis or supe

With usingwewp : @e 0.2 mM sodium
glutamate was pre re 1 11l ~ . The treated
solution was t 7 olume control
drip set and bubbl#d iR = gas nixturewor C0,/05. The
treated medium was ‘ S '

of standard media s ;~1i 5r.;7” te of perfusion (2

ml/min) could be adj et ; ] i ‘uperfusing medium

could therefore be

these two

An  alterngtdive technique Ffor drug application

ons nioeor 0Bl YLK G WELMLD: soanins

with plpctrlcally drivefi microimgection o/ ioni

substatlel | B el cd bbb ki) A | G BLE) e
was baoed on that described by Tongroach (1988). The
solution was prepared from monosodium glutamate salt at
concentration of 0.5 M (pH 7.5). The solution was then
filled in the drug-barrel of the double barfel
micropipette. The glutamate was ejected by passing a

negative current within a duration of 9.9 sec, obtained



from DC pulsed wmode of a laboratory ele
stimulator (Sen-3201 and 1isolator SS-201J,
Kohden). Strength of the ejected current was

between 10 and 30 nA as measured by the voltag

, nected in serie
J’a it diagram

n in Fig 1

across a 10 kOhm resistanc

the current passing !

microiontophoretic.a

ctrical

Nihon
varied
e drop
s with
of the

D

=0
=0

slice--|--

ﬂﬂﬂ’)ﬂﬂﬂ‘ﬁﬂﬂ’]ﬂ‘ﬁ

- é - | STIMULATUR
: (SEN-3201)

fingt mﬁﬁfﬁmm‘;ﬁﬁi‘é’ﬂ”zz::;

microelectrode - (ME-drug) attached

recording microelectrode (ME-rec.).

ejected current is monitored as the

droped between the resistor 10 kOhm .-

to the
The
voltage
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