Chapter 2
Material and methods

The experiments were carried out in 2 parts

Part A: Electro; iological method

Part A-!!!-—i 's10log16e method
"Experimental

Experim ! & fermed on adult albino
rats (Wistar gty ; ‘_;_f W 1gh1ng 190 <~ 320 g.
A 7
The animals were anes hf“g

T : P g e b
body weight) by "“”*fww“ e intraperitoneal

vith urethane (1.5 gm/Kg
injection. A&P;"— W the animals were
mounted on a XEri's ge’s stereo a}iiﬁ ~apparatus. The

~animal’s head wad g£ixed firmdy in the head holder. A

provortiofi 1 Ehnd mamwﬂm ek ol 5

0
‘maintain body temperatufe betweén 36.

mldllﬂ W’]ﬁﬁvﬂﬁnm um:—] gmarr]nahﬂ level of
‘frontonasal suture to the neck. Cranlotomy was
performed to expose the cerebellar surface and the dura
- matter' removed under a »dlssectlng mlcroscope.
Microeleotrode was.slowly inserted into.the folium

vermis lobe of the cerebellar cortex.
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Before insertion of the microelectrodes, a small
patch was made in the pia-matter to facilitate the
insertion of glass microelectrodes. This step was
considered necessary since advancing a microelectrodes.

through and intact pia-ma tended to cause blockade.

After insertion of to reduce movement

artifacts, and p lar surface from

drying, the expm-!f“-#‘ | Lax e was covered with

‘Recording and
Microiont iethod of providing a
controlled applica iO‘—zé_—_h €al substance from fine

J‘".i"'.u:‘: 3

microelectrode or ing of electric

current, Th%yf”“_“_' Ome grchangable with
microelectrophdgesiSy . a moreﬂ@trict sense the

mlcrolontophor shouldﬁ!be applied only when

describing ﬁl«unﬁn Qlﬂ Eer j w&flﬂn‘j flow. Thus',

Microibntophoretic application in thiswsthdy wés
performed' by using,sgven-barrel microelectrodes with 6
to 9 pm tlD diameter for 31multaneous recording of:

extracellular spontaneous dlscharge of Purkane cells
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via the center barrel, and microiontophoertic injection
of .the drugs wvia the peripheral barrels. The
microelectrode was fabricated in the laboratory from )

borosilicated gléss tubing (external'diameterv1.55 mm+

0.05 mm., internal diame

er 1,15 £+ 0.05 mm., Modulohm
'I/S - Deﬁmark). The pulled on a vertlcal
type électrode pu 'S broken back to 6 -
9 . under ach barrel of the
electrode cont along its length
- to faeilitdte - solutions to the
tip by capillan

The‘outem, trode Qontained drug
solutions, usually .;;£“t:-, A?tf% uhtil nead for‘use.
One“side barrel ﬁ=;=¥é£gﬁfé M NaCl for aut&mafic

current balan ng. - The central ba 7:’ as filled with 4
M NaCl forA réﬁr 2 >t ts (spikes) which
were ampllfled,(ﬂgnltored an oscilloscope, and.

Cmerteﬂmm%mwmﬂgs e el

'dlscrlmlna or. The pulkses wer:« 1ntegratQ9 by a rate

ool W%Mﬂ‘iﬂd HAY VI%H&EJ

After filling with dfug{solutions, the electrode
was then subjected to ‘elepcttical tests. . The most
convenient and useful assessment was to measure the DC

resistance of each Dbarrel in the electrode assembly.
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In practice, the usual resistance range for 4 M NaCl
filled barrel of a seven - barrel microelectrode was 4 -
8 Mohm (Megaohm), 8 -12 Mohm for 2 M.NaCl and 15 -

100 Mohnm for barrel containing drug solutions.

l# 1nto the vinicity of
4 urrent with the same’

e ac e ions through the

Ejection of

neurones was achi

polarity as th Lt

electrode barr . ionised ions the

eJectlon depe 72 n\\§§S\\§wretic migration,
\i_ \C\Qx\\ '
while in case ' is

-has to be depen

tance, the release
mosis (Curtis, 1964;

"Kelly, Simmonds 1875). This process

could be enhanced particular substance

in 165 mM NaCl. ased the expelled sodium

ions were b_-——-—_e—n—n-—f""v“rr ; with water and
solute (i.e.drug

U

thls process are shown in table 2

ﬂ‘iJH’J‘V]EJ‘VﬁWEI’]ﬂ‘E

dll avoid spont?neous efflux of the contents

o8 5 6P BRI Y1) s i

'oppos te polarity to that of the actlve ion sp601es was

ﬁénces released by
| i

-contlnuously passed through each barrel. ,The currents
6r 18 =30 nA. were usually_used in this study.
Theéretically, tﬁe amount of this retaining éurrént was
‘depondent upon the resistance of each partlcular barrel.

Retention and ejection perlods were automatlcally

uﬂfamm'aw ANIRINELS 013

t : - o }
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Table ; Substances used_in‘Micfoiontophoretic study
i EZEQZane' ; : Abbrevia f Conc. (M) . pH
 Angiotensin IT 4.5
b Saralasin 4.5
gamma-aﬁinbbutyric 3.5-4 '
acid
AGL§ciné'HCL 3.5
GLutamate =T
Aspartafe‘ 9 | 7.5
oo Amino—oxyaéetic a:i;f

3.5-u
ﬂ . B4 &

ﬂ‘L!EJ’JVlElﬂ?WEI’]ﬂ‘i
ﬂmmmmumawmaﬂ

-
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Supplier

~ Calbiochem

Calbiochem

Sigma

Sigma

Sigma

- Sigma

Sigma
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sequenced and maintained constant throughout an
experiment by the uee of digital electronic cireuitry.
This oircuiv-t also incorporated an automatic current
balancing channel. At all time this chanoel

automatically provided the current which was equivalent

flow at the electrode
tip but of opposi h one barrel which
contained 4 M

i V oing ’p potentials that
could directly i ' A1idis were minimized.
L)

Cells that di sponses to drug

applications we study. To minimize

electromagneti rostat interferences

guccessful reoord' \ ‘ t.he anlmal housed

in a screened cage  detail of exp_erlmental

: us et =

arrangement 1y ectrophysiological

investigation Hifr—thts Sttty —J

fv'l A prmp— \_.J f

o

Proce331ng of qu( data

ﬂﬁﬂ’&ﬂﬂ'ﬂﬁwmﬂ‘ﬁ

R 5 | order to obtagn 31gnal which were oompatlble
Wi tthwr]\a ﬁ ﬂﬁ{“ﬁl&hﬁ ’-X]I}W%}’] &Elampllfled
spike potentlals were converted 1nto correspondlng-
pulses of »standar-d a_mpli.tude. and dura.tion'. 'This was
aehieved firstly by feeding"the amplified Spike, into a y
pudlse heightb selector Vwindow-— »discrimi’nator wAh_ich by

a.djust,in'g a variable gate, would reject undesirable
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ﬂ‘lJEl’J‘VIEWﬁWEﬂﬂ‘i

Figure 6 gramatlc representatlon of experimental arrangements

WA &iﬁﬁﬂmﬁﬁiﬁﬂ“‘fﬁ"’%]t:iii‘°§2f*°*°“°af ._

- text.

(from Saguanrungsirlkul Ses 1983)
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signals (i.e.noise) which had amplitudes belqw or above
a seﬁ level. This method together with maneuvefing the
electrode position in relation to a particular neurone
enabled a single unit spike activity to be isolated.

The selected amplified spikes were then used for

tiggering standard pulse ulse per spike). . The

&11’@1 rate meter and

och counter was

standard pulses wer
epoch counter,

recorded on the c der to obtain the

“"'\
‘neuronal firing o the, s displayed on a
strip chart recor humber of pulses
over each consecujfi a3 Yo . sec. ‘ The records
'were subsequently nal firing rates of
spikes per second'f ;"i'“f_ -\\ tlon. The neuronal
d after iontophoretic
épplicatidns_ '3 arious’ subs e compared and

analysed.

s 1 AL
L ARTASTIR AT I

increased level of maintained multiunit activity. Of

the units that could be isolated in or near the
Purkinje layer, most generated two distinctly different
kinds of spike (Fig 7) A Simple spike - so-called

because of its relatively simple wave - form, was first



26

recorded as an initially negative potential that
commonly became positive - negative on further advance
of the‘microelectrode and fired (without indications of
injury) at maintained freduéncies about 20 - 150

spikes/sec. Dischaf' of this simple spike was

i _
frequently interr ' r waveform that was more

complex in shap dot; Tongroagh et‘al,

1984). The red in a sporadic

pattern at a spikegs/sec, and was
followed by nits whose.activity
: wéé,recordéd‘ oerebellaf cortex
. and which gen rent spike shapes are
Subsequently nje'ceilsf ({Eccles,
1993; Saentagotil i {And-Arb 1974; Tebecis, 1974).

s

A AN = I
o X

sae

I

Drug qf ects qua itatively were assayed by

‘tabulatﬂgulg g%gmgwm]ﬂ & i e e

number o cells evidepcing a esorlbed Lesponse.

DRI B 1 P B Eemresarec
by comparlng the discharge rate during the 1ontophore31s
of the drug w1th the rate before the drug and expressing

the value'as'arper cent change.
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Figure 7 ingain dTscharge inje. cell, recorded

exil gpm::;:n;u»’ fferent spike

L7

i ‘ .
potensia omplex" (black

|

dot). The traces shows their different pattern

Fff dis&xgge and shapdf Positive is up.
Y

HRHaNYanI
RIANTIUNRINIAY
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Pert B: Riochemicalphysiology method

Superfusion methods

Male albino rat (Wistar strain) weighing 280-

320 gm., were used in the present study. The animal was

anesthetized with nem mg/Kg body weight) by

receiving single niection three to four

hours before the yemEllsion, amino-oxyacetic

acid (ACAA)} aeously (30 mg/Kg

bodyweight) ent the 2nzymic

distruction of Aan Gelder, 1965).

The animal eotaxic instrument

{Takahashi co.) , with head firmly

fixed in the head overlying the skull

area was dissected-& > J

away. The dorso -

cau d a l surt " u-_-_—n--_“J—_.--._—;--::. 'as X p ORe d b y
LY Y] -

fbs dissected under

iF §

the dlssertlng‘mlcroscope. The animal’s head was

wsies U PBINE Ao ome

auperfu31o procedure., ‘Then a small patc was made in

the awwqm‘mmw Ei’%rﬁc&l of push -

pull canula (PPC).

craniotomy_andml_»
W

The push - pull canula was slowly inserted into
+he folium vermis lobe of the cerebellar - cortex until

the canule submerged 0.3 - 0.5 mm. below the surface.
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The expcsed surface of the cerebellum was covered by a

mixture of vaseline and liquid paraffin to prevent

s

dehydration. he perfusion was then commenced, The
constant flow rate was adjusted within 10-3C pl/min.

The amount of flow collected (efflux) was always equal

to the amount of flow yien ed (influx). Superfusate

3\l

fractions were colNE Aff ¥ nin. intervals, and the
B 0
samples were stgEE : ,ﬁanalysis (within 1

week) ., At the ¢ c 4he esx %glents the brain was
removed and the
histologically.

The s ‘anula consisted of

two concentric b bes, and composed of

two parts (1) an out--—~ -4 ith external diameter 0.9
: F"I"" ;t._,f
mm., and (2)Wen ~“5la with diameter

0.2 mm. and B de; the outer tube.

F :‘r
(Fig.8) -s!, | , .

qummmumm
NN SN g, ﬂ;ZI,“iZi

continuous delivery of a freshly prepared artificial
cerebrospinal fluid (CSF), Whose composition was:-
- NaCl 120 mM

- NaHCO, 15 mM
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- KC 3 mM
- CaCl, 1.5 mM
- Mg S0, 1 mM
- Glucose 6 mM

The pH was adjust 0 7.2 by equilibration with

09=COop (85 - 5,v/V il some experiments, the

Nat content was and replaced by the
same molar equd *solution 3 kKt 100
mM) . In othe

mM angiotensi

The pey ., nHsh Ce was held in
a suitable manij it o Al el H®™on into the brain.

/ T - g
The inflowing pe Saieis ' : be warmed tc 379 C.

The outflow polx te

directly to ;VZ lyg inserting the

priming, passed

PPC into the (1¢in.-*h ou:: the system should
be started andfgﬁe flow ngite adjusted and any =air

wvies £ WELIREHRN BRI can then o

lowered 1nt the braln taking émare to avipdid damage to

Surf’iﬂ’lﬁ\mjm AR1INBAE

After insertion into the brain, the perfusion
flow should continue at the same rate as when the canula
was suspended in the air, The tissue at the tip of the

canula mey¥ cause some blockage of the out flow system.
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Clearly this situation must be corrected quickly to
prevent perfusion fluid building up within the brein
tissue. If blockage of the ocutflow éccuréd, it was
usually sufficient to withdraw the canula a small

distance, when flow was normally re-start. If flow did

no recommence after thal vre it was necessary to

remove the canula gnd clear it.

established, the

inflow and outfg fully monitored to

ensure eqgualit “ 7 TE CASERr YN rugs can then be

pe.jography (HPLC)

\,

240 chromatograph.

The system emp oved a gradlent elfition method which

started ﬂnu mﬂ Wﬂ@fﬂ ?“fer and ended

with 65% & a linear 1ncrement at the rate of 2% per min
s GACAEL ECIAGL: S
(Modell 680, Waters). An injector (Model U 6 K, Waters
Associates) with 25O‘Pl. loop was used for sample
injector. Amino acids in the sample were separated on a
(Clg} column (25 cm x 4.6 mm. I.D.) packed with C;gHg~,

particles diameter SIFm (Waters Associates).
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The ceolumn effluent Qas mcritered by Waters
flucrescent detector Médel 420 € o 420 E (Waters
Associates), operated at an excitatioﬁ wavelength of 340
nm and an emission wavelength of 455 nm (cut - off

filter) The detector fitted with a computing

integrator (Waters W - 3; ey
of each chrom “‘ i é was automatically
——

determined.

Reagent and

\ Chemical Co.}
\\ aker Chemical Co.}
P igma)

L L2 i
= = % | Gl £ -7‘

7777 I¥dhemical Co.)
- 2-Mef§ : DI Chemical Ltd.)
- Boric éggd (Mallinghrodt.)

ﬂ‘lJEl’J‘VIEWI?WEI']ﬂ‘i

The mobile phdse compesed of 0.8/ M Potassium

SOk ASNIUABTANEARNY oo

stock solution was prepared by dissclving each amino

acids in 10 mM HCl teo provide a concentration of 100
/mml/ml. The solution was stored at 4° C until used.
Working standerd solution was a mixture of all amino

acids containing 200 nmol/ml of each, prepared from the
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stock solutions by dilution with distrilled water.

The derivatization reagent was prepared by
dissolving 10 mg OPA in 500 ul absolute ethanol. To
this sclution 50C ul of 2-mercaptoethanol were édded and
'ith 0.4 M boric acid adjusted

to pH 10.4. ~ The a;_‘%} {:;a‘freshly prepared everyday

then diluted up to 10.n

and kept in the

Chromatograplls

The @gdtsed by ultrasonic

agitation in cum suction. The

mobile phase z%aq efi&.wf ! n 20% to €5% methanol
F iz _ ,
in one linear ste»~=;;_ﬂ of 2% /nin. Tt was

LRI T

pumped thri gh 1 ot e i1 ml/min at a

pressure 3{Q08 &l lition program was

"followed by !10 -mIin was = stepiLlOO% methanol), and

finally, the cbkumn was eqdlibrated with 20% methanol.

o colﬂuﬂ? VR IWEND D sooc. e
RIS IARY

Derivatization

One volume (100 Pl) of amino acid standard
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solution or perfusate sample was mixed with two volume
({20C ﬁl) of the derivatization reagent solution
(Fig.10). The content were mixed by a vortex-mixer

and injected after 90 sec standing at room temperature,

The result fromasg ch experiment have been

et Flhye values obtained in

é and graphs of the

her any observed

expressed. In th
individual experiye
mean release of
number. In o
changes 1in releag & ’ﬁ:' s 3 significant, the
mean of the twl rgci 3%‘”‘" & MH? was calculated to
give a mean refti succeeding value
compared with thifs ‘ o, a{f pg Yalue using an unpaired
iments in which z change

Student’s t test,

in amino 8ciggTs and. in which release
L 1
was allowed LTE f¥inulation stage,

results have -'!n expressed 1 ~rm*:$f the total number

I

IHANENIWENS
AAIAINTUNAIINYIAE

of p-mol ﬁﬁ eacH‘lﬂino acid ttleased.
Y

117 1088 A%
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FLD=1 —d C - R1A

Heating Column

40°¢c Zorbax-0ODS

e

1

1007, E_ GRE-3A
=

20%.— 657.

TR &l teeraco

rate 24/min

Figure 9 The flow diagram of high performance liquid chromatography
(HPLC).
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L
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N ere Fluorescent derivatives
1 k’ . o

| -fm A B¢ 5 STp B
Lo A Em = 460 nm

S m—— ]
T ,,.

ﬂ‘iJEl’JVIEWl?WEl’]ﬂ‘ﬁ

Figure 10 o - Phthaldehyde @OPA) forms.f luorescent rlvatlves

ARSI AN ‘HQ%E; o R

the presence of the reducing agent 2 - mercaptoethanol
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