
C h a p t e r  I I

G e n e r a l  M e t h o d

E xperim ental A nim al and A naesthesia

A ll e lectrophysio logical investigations w ere conducted  on ra ts  (m ale 
W istar, w eighing 1 9 0 -3 0 0  g) anaesthetised  w ith  urethane. T he anim al 
rece ived  a single in traperitoneal in jection o f 1 .4 -1 .7  g.kg"1 urethane 
(ethylcarbam ate).

S tereo tax ic  T echniques

In princip le, e lectrode or cannulae are in troduced  in to  specific  areas 
by  referring  to a three-dim entional system  o f c o -o rd in a te s  determ ined  by 
external landm arks on the skull or by o ther reference  poin ts from  pre­
ex isting  atlas o f  the ra t brain (Pellegrino, Pellegrino, and C ushm an , 1979).

T he  anim al w as m ounted on a stereo tax ic  appara tu s (N arishige). 
T he  an im al’s head  w as rigidly secured in a conventional stereo tax ic  head 
holder. T he  upper jaw  bar and tw o ear bars w ere aligned  in the sam e 
horizon ta l plane.
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Surgical Procedure

After fixing the animal in the stereotaxic apparatus a midline 
incision was made in the scalp from the level o f  fronto-nasal suture to the 
nape. The scalp was reflected to expose the skull, and attached m uscles 
scraped away. The musculature covering the nape was cleared to expose  
the cistem a magna. To minimize cerebral edem a and pulsation, a small 
incision was made through the cistern to provide a drainage for 
cerebrospinal fluid. The skull over the areas to be investigated was 
opened and the dura matter removed under m icroscopic control to expose  
the brain. Care was taken from this stage to prevent the exposed  tissue 
from drying by irrigating the surface with warm normal saline.

A  small patch was then made in the pia matter to facilitate the 
insertion o f glass microelectrode. This step was considered necessary  
since advancing a microelectrode through an intact pia matter tended to 
cause blockage. After insertion o f the electrode, the exposed  areas o f the 
brain were covered with warm 4% agar in normal saline to minimize 
pulsation which might interfere with electrophysiological observation.

M icroiontophoretic Techniques

M icroiontophoresis is a method o f providing a controlled  
application o f  chem ical substance from fine m icroelectrode or micropipette 
by passing o f electric current. The term is som etim e interchagable with
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m icroelectrophoresis, but in a m ore strict sense  the term  
m icro iontophoresis should be applied only w hen describ ing the m ovem ent 
o f  ions by  currrent flow . Thus, in m icroelectrophoresis, 
m icro iontophoresis occurs, w hich usually is assoc ia ted  w ith  e lec tro ­
osm osis.

M icroelectrode

In m ost cases, w hen m icroiontophoretic  application  o f substances 
w as perfo rm ed  in this study, five and sev en -b a rre l m icroelectrodes w ere 
used. M icroelectrode w as fabricated  in the laboratory  from  borosilica ted  
g lass tubing (external diam eter 1.55 ±  0.05 m m , in ternal d iam eter 1.15 ±
0.05 m m ). T he electrode w as pulled  on a vertical type e lectrode pu lle r and 
the tip w as b roken  back  to 6 - 9  m icrons under m icroscopic  contro l. Each 
barre l o f  the e lectrode contained a fine glass fibre along its length to 
fac ilita te  the filling  o f the drug solutions to the tip by  capillaric  attraction.

Preparation  o f D rug Solutions

D rug solutions w ere prepared  in clean detergen t free  g lassw are , and 
w ith  partic le  free  d istilled  w ater or norm al saline. W here  necessary  the pH  
o f a given solution w as adjusted  w ith HC1 or N aO H  for optim um  
ionization . T ab le  1 gives the details o f concentration  and  pH  o f the
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so lutions u sed  in these investigations. D rug so lutions are usually  kept 
refrigera ted  until needed for use.

D ioscorine Extraction

P rocess for D C R  extraction w as m odified from  the m ethod 
described  by  P avovat (1973). D C R  based  w as subsequently  converted  to 
hydroch loride  salt to yield a w hite precip ita te  (salt p repara tion  w as by 
courtesy  o f A ssistan t P rofessor Dr. C ham nan Patarapanich , D epartm en t of 
P harm aceutical C hem istry, Faculty o f Pharm aceutical S ciences, 
C hula longkom  U niversity).

F illing  the M icroelectrodes

Filling o f so lutions into each barrel o f  the e lec trode  w as ach ieved  by 
inserting  a long sm all in jecting needle into each barrel as near to the tip as 
possib le. D rug solution w as in jected  from  a sm all syringe a t a slow  ra te  to 
p reven t form ation o f air bolus trapped  in the barrel, w hich  m ight cause 
insufficien t filling. W hen glass tubings w ith glass fibre rib  w ere used , the 
cap illary  attraction  created  by the strand o f g lass fibre w as usually 
e ffective  fo r draw ing the solution up to the tip.
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T able  1 Substances used  in m icro iontophoretic  study

S ubstance A bbreviation C onc.(M ) pH S upp lie r

D ioscorine  HC1 D C R 0.1 4.5 synthesised
from DCR based which 
was extracted from kloi

y -am in obu ty ric
acid

G A B A 0.2 3.5 S igm a

G lycine HC1 G LY 0.2 3.5 S igm a

Taurine TA U 0.2 3.5 S igm a

N oradrenaline
HC1

N A 0.2 4 S igm a

5 -h y d ro x y try p -  
tam ine HC1

5 -H T 0.2 4 S igm a

L -g lu tam ate  
m onosodium  salt

G LU 0.5 7.5 S igm a

L -asp a rtic  acid A SP 0.5 7.5 S igm a
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Bicuculline BM C 0.005* 3.5 Sigm a
methochloride

Strychnine
sulfate

STRY 0.005*
Smith
Macfarlan

*prepared in 165 mM sodium chloride solution

Electrode Properties

After filling with drug solution, the electrode was then subjected to 
electrical tests. The most convenient and useful assessm ent w as to 
measure the D . c .  resistance o f each barrel in the electrode assem bly. In 
practice, the usual resistance range from 4 M NaCl filled barrel o f  a five or 
seven barrel microelectrode was 4 - 8  M Q (M egaohm ), 8 - 1 2  M O  for 2 M 
NaCl and 1 5 -1 0 0  M Q  for barrel containing drug solution.

Iontophoretic Ejection

Ejection o f substances into the vicinity o f neurones w as achieved by 
passing current with the same polarity as that o f the ion species through
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the  e lectrode  barrel. For a strongly ion ized  ions the e jection  depends 
m ostly  on iontophoretic  m igration, w hile in case  o f  poorly  ionized 
substance  the release has to be dependent on e le c tro -o sm o s is  (Curtis, 
1964; K elly, S im m onds, and S traughan, 1975). This p rocess could  be 
enhanced  by dissolving the particular substance in 165 m M  N aC l. W hen 
being  re leased  the expelled  sodium  ions w ere believed  to  be  accom pan ied  
w ith  w ater and dissolved solute (i.e drug) m olecules. S ubstance  released  
by  this p rocess are show n in T able  1, as denoted  by using 165 m M  N aC l 
so lu tion  as vehicle.

Spontaneous E fflux and R etaining C urren t

T o av iod  spontaneous efflux o f the contents inside the e lec trode  a 
curren t w ith  opposite  polarity  to that o f the active  ion spec ies w as 
continuously  passed  through each barrel. T he currents o f  1 0 -3 0  nA  w ere 
usually  used  in these study. Theoretically , the am ount o f  this retaining 
cu rren t w as dependen t upon the resistance  o f each  particu lar barrel 
(C urtis, 1964, K elly  e t al., 1975).

T he  M icroiontophoretic  Panel

T he curren t pum p used for generating e lectric  currren t in th is study 
w as constan t current e lectron ic type. This device also  in co rpo ra ted  an 
autom atic  curren t balancing channel. A t all tim e this channel au tom atically
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prov ided  the current w hich w as equivalent to a lgebraic  sum  o f the current 
flow  at the e lectrode tip bu t o f  opposite  polarity  through one barrel w hich 
con ta ined  e ither 2 M  N aC l or 2 M sodium  acetate . B y so doing, the 
po ten tia l a t the tip o f  the m icroelectrode w ould  rem ain  zero  throughout. 
T his in ณm  reduced  possib ility  o f current flow  p e r  se  influencing neuronal 
firing.

E lectrophvsio logical T echnique and Processing o f 
E lectrophvsio logical D ata

R ecord ing  E lectrodes

E xtracellu lar unit activity w as recorded  by using 4 M  N aC l filled 
cen tre  barrel o f  a five or seven -b a rre l m icroelectrode (the ou ter barrels 
w ere  used  for m icroiontophoretic application o f drugs and balancing 
current).

A m plification  and D isplay o f บ nit A ctivity

T o m inim ize electrom agnetic  and e lec trosta tic  in terferences 
successfu l record ing  w as perform ed on the anim al housed  in an earthed- 
screen  cage (Faraday cage). Figure 4  show s detail o f  experim ental 
a rrangm ent used  in all e lectrophysiological investigation  in this study. 
T w o  stages o f  am plification w ere am ployed. U nit activ ity  w as delivered  
as single ended  input into a high im pedance probe (not show  in Figure 4)
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which funtioned as a unity gain buffer amplifer. The probe situated close 
to the recording electrode to minimize the “stray” capactive effect. Output 
from  the high impedance probe was fed into a m icroelectrode amplifier 
(usuallyx500, N ihon-K odhen) which had filter system to minimize both 
low frequency interference associated with line frequency and animal 
pulses and breathing movements, and also high frequency interference 
from radio-transm ission and switching artifact. The final output from  the 
am plifier was displayed on a digital memory oscilloscope (N ihon-K odhen, 
VC 10).

Processing o f Spike Data

In order to obtain signals which were com patible with the input 
stage o f the instruments, the amplified spike potentails were converted into 
corresponding pulses of standard amplitude and duration. This was 
achieved firstly by feeding the amplified spike into a pulse height selector, 
which, by adjusting a variable gate, would reject undersirable signals (i.e. 
noise) which had amplitudes below or above a set level. This method 
together with manoeuvreing 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 triggering standard pulses 
(one pulse per spike).

The standard pulses were fed into a digital rate m eter and epoch 
counter, the output from epoch counter was record on a M cIntosh
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C om puter (LC  630) em ulated as a pen reco rder w ith  a d ig ita l- to -a n a lo g  
converte r (M acL ab) and a softw are (chart V .3.4 .2 , M acL ab), to  ob tain  the 
neuronal firing rates and the counts d isplayed as peris tim u lus-tim e  
h istog ram  o f  num ber o f  pulse  over each consecutive epoch o f 0 .5  sec. The 
reco rd  w ere  subsequently  converted  to neuronal firing rates o f  sp ikes per 
second  for data  presentation. The neuronal activities before , during and 
after ion tophoretic  applications o f  various substances w ere  com pared  and 
analysed.

T he  C riteria  U sed to Identify  Purkinje C ells in C erebellum

Study o f the effects o f substances under investigator w as m ade on 
cerebella r Purkin je  cell, ow ing to the fac t that this cell po ssesed  variety  o f 
recep to rs corresponding  to a num ber o f putative neuro transm itters,nam ely , 
G A B A , glycine, taurine, no rad renaline ,5 -H T , g lutam ate, and aspartate. 
O n passing  the m icroelectrode into the cerebella r cortex , the 
m icroelectrode encountered  an increased level o f  m ain tained  un it activity. 
A t the depth  o f Purkin je cell layer, typical unit w ith tw o differen t k inds o f 
sp ike, the com plex and sim ple spikes, w as identified  as those genera ted  by 
a P urk in je  cell (F igure 5).

A sim ple spike, so -c a lle d  because o f its relatively  sim ple w ave 
form , w as first recorded  as an initially negative poten tia l that com m only 
becam e p o s itiv e -n eg a tiv e  on further advance o f the m icroe lec trode  and
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fired (without indications o f injury) at maintained frequencies about 2 0 -  
150 sp ikes/sec. Discharge o f this simple spike w as frequently interrupted 
by another w ave form that was more com plex in shape (Figure 5, black  
dot). The “com plex” spike occured in a sporadic pattern at a frequency 
about 1 -4  sp ikes/sec, and was follow ed by a brief silent period. Units 
w hose activity was recorded extracellularly in the cerebellar cortex and 
which generated these two different spike shapes are subsequently referred 
to as “Purkinje cell” (Eccles, 1973, Szentagothai and Arbib, 1974, 
T ebecis, 1974).
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Figure 4  D iagram atic representation  o f  experim ental
arrangm ents routinely em p loyed  in experim ents 
in vo lv in g  e lec tro p h y sio lo g ica l in vestigation  and 
microiontophoresis. For detail, see  text
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Figure 5 M aintained discharge o f  a Purkinje ce ll, recorded  
extracellu larly , sh ow in g  its tw o different sp ike  
potentials the “sim ple” and the “com plex” (black dot). 
The traces sh ow  their d ifferent pattern o f  d ischarge  
and shape, p o sitiv e  is up. T his tracing w as 
transferred from  a d ig ita lly  stored data on a storage  
oscilloscope.
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