CHAPTER 1

INTRODUCTION

1. General Introducthn\\ ///

‘_

Brain wxepﬁam an in vitro

technique util%:sﬁf"ﬂf' dy Qf\\Q::?allan central

nervous system X y1ng $h1n (100-700 um

thick) fresh — The first
electrophysiologi inv \i w&g&%ntroduced when
successful recordi "f$' imembrane potential was
obtained from ,_;iig ' ZLI and McIlwain,
1957; Hillman and Mclléiié,i Gibson and HcIlwaln,

1965). Howevér, at that tlne, @Qﬂ!ﬁlﬁ s no report of

electrical s ;;gls evoked 'to any given

stimulus. TherULfter, byve ploying oléactory cortical

slice syrﬁ p{ mlﬁfﬂ y']ﬁ observed
extracelluh&ry EJol tim EJ fqled of the
I TN I

McIlwdin, FTS 8). esponses of t also

been found 1in the laminate structure of hippocampus
(Yamamoto, 1872). These findings have substantiated a

rapid gain in the value of the brain slice preparation.

A decade later, this method has ihvaded into

various mammalian CNS areas where exact neuronal



circuitry are know@;these are : cerebellum (Gardner-
Medwin, 1872), 1lateral geniculate body (Yamamoto,
1974), medulla (Fukuda and Loescheke, 1877), caudate
nucleus (Hiller and Rutherford, 1978), cuneate nucleus
(Simmonds and Pickles, 1978), spinal cord (Takahashi,
1978), interpeduncular nuclews (Brown and Halliwell,
1979; Ogata, 1878), h;Lothalanus (Hatton, Doran,
Tweedle, and .Salm, 19&?), and neostriatum (Bak,
Misgeld, Weiler _and Horégp, 1980; Kitai and Kitsa,

1984). —
In the“cerebel lum, §Yoked responses related to

parallel fiber stimulation aéxe observed in guinea-pig
cerebellar slices"'(Gardnéégﬁedwin, 1972). Major

advantage in-studying the cerebellum can be attributed

fo" & greatiﬁeal of knowledgémmﬁﬁﬁﬁfﬁ;ihe morphology,
anatomical, aé;well as physiologioal connections of the
cerebellar cortical neurons (Eccles, Ito and
Szentagothaiy, [.1967). Therefore, the | cerébellar siioe
preparation has beén extensivély employed in many
fields ofV study," ‘eig! physiology, pharmacology,
biochemistry and morphology (Yamamoto, 1873; Okamoto
and Quastel, 1873, 1976; Okamoto, Quastel and Quastel,
1976; Garthwaite, et al., 1979, 1980; Llinas and
Sugimori, 1980a,b; Crepel and Dhanjal, 1981a,b; Crepel,
Dhanjal and Garthwaite, 1981; Okamoto and Sakai, 1981;
Crepel, Dhanjal and Sears, 1982; Basile, Hoffer and
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Dunwiddie, 1983; Hounsgaard and Nicholson, 1983; Basile
and Dunwiddie, 1984; Crepel, Dupont and Gardette, 1984;
Gardette, Debono, Dupont and Crepel, 1985a,b; Okamoto,
Kimura and Sﬁkai, 1984; Garthwaite and Garthwaite,
1985; Flint and McBride, 1986; Sekiguchi, Okamoto and
Sakai, 1986; Sakurai, 1987).

2
In our laboratory, previous works deal with

electrophysiolegy of///the  cerebellum in in vivo
condition have’ besn presented (Saguanrungsirikul, 1983;
Tongroach, Saguanrungsrrlkul Tantisira and Kunluan,
18984; and Supthlsunk,; 19@7) However, due to the
problems in maintain{hé'extr§cellu1ary recording over a
prolonged periods asjgrequé;;ly required in order to

complete proce551ng .of spxk& data followlng various

manlpulatlon —and as in nppl;gnhlon of drugs or

substances, a stable preparation such as brain slice
seems to prdﬁise a reasonable afternative to the

existing dn vivo techniques.
2. _Cerebellar. Cortex; An Overview.

The cerebellﬁm possesses a well-defined
cortical structure (Eccles, Ito and Szentagothai, 1967;
Eccles, 1873; and Ito, 1984) characterized by a folded
sheet of gray matter in which the white matter is

covered. Structurally, it consists of three different

cortical layers according to the composition _ of

...........................
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folium. Thére-are.iﬁaghain afferent fibers

projected o the égfébellarj{cortéx. The
c1imbi%g__fibexé——{GFQ—%ha%——tégh around the
PurkiHBE cells deﬁdrites and ti; mossy fibers
(MF) tg;t branch enormously ad& synapse on the
little ~granule- cells (GrC) in | the granular
layer (GrlL) whose axons pass upgto the
molecular layer (MoL) to bifurcate ‘and‘ form
the pﬁrallel fibers (PF) that run .along the
folium. Thus they synapse to the dendritic
trees of the Purkinje (PC), basket (BC), and
stellate cells (SC). The Golgi cells (GC)
also receive synapses from the parallel fibers
and have profusely branched axons that end on
the granule cell dendrites. (adapted fronm

Eccles, 1873).




neuronal elements, as shown in Fig. 1.

The outermost molecular layer has the thickness

of about 200 um in adult rat (Garthwaite et al., 1980).

It composes of two types of %nterneurons, the basket

and the outer stellate cells, éﬁieb are local elements

of the cortex. The dendgpite oé Purkinje cell, or

dendritic arborizﬁﬁion, ext%nd outward in the direction
-

perpendicular to;gnﬁgrous sﬁall axons running along the
long axis of thi/;diza, the sb called parallel fibers.

— i

/ P | b
Purkinje_ eLﬁ bodiés;bith thickness of about 40
um (Garthwaite, 1980) according to the 1long
axis of the soma, Il@ﬁdalong thg middle layer of the

cortex. Under 11ght nlcrosgqp;o observatlon, this

layer could be;ioca11zed as a th1n 11ne4at the junction

S 4 ‘uJ
between the molecular and the granular-layers.

The innermost granular layer is a dense pack of
granule cellsimixediwith.Golgil cells. 'Thiédkness of the
granular layer 1is uncertain and Seems to vary with
degree' of ' innérvation’ of "Phrkinje dells present-in that

area.

3. Electrical Activity of the Cortical Neurons.

In intact animals, Purkinje cells as well as

other interneurons usually generate spontaneous
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activities which can be recorded electrophysio-
logically. The detail description of the spontaneous
activities have been presented by Eccles et al. (1867)
and Bell and Grimm (1968) as the following summary.
The background discharge of Purkinje cells is usually
found in combination of a simpls.spike and a complex
spike at the depth between"ﬁSO and 300 um from the pia
surface (Fig. 2)« The discharge of this cell has a
large amplitude of spike ané occurs at relatively high
frequency of 20650 1npulseslsec or, sometimes, up to
200 impulses/sec. Thé.xaciivity often starts with
discharges of s1ngle 1npulses }n & more or less regular
rhythmic series, and follows with the complex spike.

Next, inhibitory interneurons;discharge spontaneously

at a low and rather irregular frequency which usually

is between 7 and 30 /sec. The activ1ty of the basket
cells can be ‘recorded at the depth about 350 um,
whereas that (of (the\Golgi| ¢ells tabéut 500 vm. Finally,
the smallest fine discharge of the granule cells,
usually can be récorded from several cells
simultaﬁeously, is observed at the depth of about 500

um.
4. Reviews of Cutting Procedures.

There are two main mechanisms used in preparing

the brain slices. The first is a chopping action of



the thin knife over the tissue block against a moving
stage. The early model of the chopper has been
designed by Mcllwain, therefore called McIlwain
mechanical tissue chopper (McIlwain and Buddle, 1953;
HcIlwéin, 1862). It is sucecessfully used for cutting
pre-piriform area (Yamamotoifand McIlwain, 1966),
hippocampus (Schiff and Semjen, 18985), and cerebellun
(Flint and McBride, 1986). Another model of tissue
chopper 1is a Soryail TC-2 %hich is a fully automatic
machine. The Sp&vall provides user.with ability to
adjust position'ﬁf thé’bléaeggs well as and orientation
of the tissue blqbk.flp?isiépqvenient for preparing
hippocampus (SpencerAetaéi.,;iﬁgq; Schwartzkroin, 1981)
and cerebellun (Basfle—et —a&J 1983; Basile and

Dunwiddie, 1984). The last model is a/ simple tissue

chopper which-iﬁ developed by Duffy andifeyler (1975).
This model featﬁres a simple mechanical construction,
however, there "are_ only _a'“ few .use. such as in

hippocampus ' (Teyler, 18807 'Hatton;” Doran, Salm and
Tweedle, 1980). Nevertheless, the chopping .~ mechanism
has been" claimed 'not” “td’" be suitable in  case of
cerebellar slice (Garthwaite et al., 1979; Alger et

al.; 1980; Dingledine, Dodd and Kelly, 1980).

The second technique, on the contrary, requires
slicing, or sawing, action of the blade that slowly

cuts. through the brain_block mounted on a tissue stage.



The development of this technique can be described as

two different procedures concerning the apparatus used.

Hand-Slicing Technique. This is the oldest
technique which is still popular in'petabolic studies
as well as in electrophysiology. “ThHe garly apparatus
used in this method was developed by Stadie and Riggs
in 1944 (cf. Elllott 1969) soﬁcalled the Stadie-Riggs”
cutter. This instaptiment keeps'the blade at a fixed
distance from the f;ssﬁe yhiie ghq motion of the blade
is guided in a fixed directign Jit is no longer in used
due to excessive damage of thet lower tissue stump

A
produced by rubbing and’ shearlng:ﬂith surface of the
blade (McIlwain,. 1962) The latﬁer model de51gned by

Majno and Bunker‘(1957) consists of a mlcrotome knife
mounted along the edge of a plastic platel Slicing is
performed by moving . the tissue “manually across and
along the cutting edge. . This apparatus,’ like the
former model, is limited only to a fe@ use since.it , is
so elabolated and cumberSome. Finally, the most wildly
used is developed by McIlwain (1962) and still
extensively used in preparing of various brain areas
for electrophysiological studies in particular : e.g.
olfactory cortex (Richaras and Sercombe, 1868),
interpeduncular nucleus (Brown and Halliwell, 1979;
Ogata, 1979), and cerebellum (Okamoto and Quastel,
1873; Crepel et al., 1981a,b; Crepel, Dupont and



Dupont and Gardette, 1984). The apparatus required is
a bow cutter, a guide, a strip of razor blade, and a

cutting table (McIlwain, 1962; Alger et al., 1984).

The Slicer Machine. ' /A variety of the brain
slicer machines have been deveioped as an alternative
to hand-slice techaiques.! The early model was
constructed by Frapck (1972), which is called a cutting
table. The necﬁanism usea is sawing motion of a

running stretchedfhglon thread that trims across the

II|I #
W

i

tissue.

A novel v1brat1ng blaﬂe Tissue Slicer. This
i

model acting with a t;ansverse;g@brat1on of the knife

for cutting the tissue block. ﬂét}present, there are at

least two types Q£_mach1ue_axallahle—conmerc1a1ly such
as (1) the Oxford V1bratome, and (2) the V1broslice

(1) Oxford ¥ibratome. -This_.instrument has been
designed for “slicing freshy or lightly 'fixed tissue
(Smith, 1970; Clousef, 1977; Cuello and Carson, » 1983).
It provides' “an = automatic movement of = the solenoid
driven vibrating blade that trims into the brﬁin block
mounted on the fixed stage in a sectioning bath.
Thickness of the slice can be set at each beginning of
the section by means of a vertical setting of the
blade. The sectioning is performed in a 500 =nl bath

filled with cold medium (2°-4°C). The bathing solution



has a four-fold function ; to lubricate the knife sas
sections are cut; to prevent heating or drying of the
specimen; to float the sections for transfer; and to
preserve or enhance specimen characteristics. The best
cutting angles are found with the blade depressed
between 15% and. 25° frqg the . horizontal (Clouser,

1877).

(2) Vibroslice. developed by Jefferys (1882),
the machine has’bafticﬁlarl; an economical design and

has more convemient/ ‘tg use. In common with the

i

Vibratome, the Vib}qslicé cqtsahorizontally under cold

% L)
medium using a razof“blad€:5! It differs in other
‘respects. Slice thickness i$f$¢t by lowering the blade

- o =i

holder between succéséive cuté. The fhlade vibration

frequency is;épntrolled by a variableiispeed electric
motor (less than 3000 rev/min) which oscillates the
blade horizontally. »The;block of ;tissue .is glued to a
stage and,immerged in a small capacity bath (200 ml),
stage, and -bath are removable) separately | for~the) ease of
cleaning. The tissue block is cut by advancing it onto
the vibrating blade using either a hand-operated 1lead
screw or a motorized advancing mechanism. Since this
nachine is of lower cost than the original, it is now
becoming commonly used in many brain research
laboratories (Gardette et al., 1885a,b; Garthwaite and

~Garthwaite, 1985; Hubbard, 1988).



O

The vibrating blade type microtome has been
suggested to be most suitable for slicing the
cerebellum (Richards, 1981; Hatton, 1983; Alger et (-5 e
1984; and Hubbard, 1888). Therefore, this type was
chosen as a typical model for construction of the brain
slicer machine in this study. . -

7
5. Slice Thickness. -

Since :;ﬁe cutt%ng procedure destroys
predominantly suéﬁfﬁioialaheé?onal elements (Garthwaite
et al., 1979;JﬁBékfetkai.,$;1980), it becomes more
probable to find fithl g;uréaﬁgif thicker slices are
prepared. The ;t@iqkaéés, {ﬁpﬁever, is restricted
because the total slié;!ﬁas té;gg supplied with oxygen

L T .

by diffusion fron-its surfaée.

-

L ")

Practisﬁily, most laboratoriesienploy 350-450

um slices, éithough some have reported using
preparatiomn of ub to 700 um.| At 400 um (a compromise is
achieved between having a_.useful core of healthy tissue
and ‘the diffasion barriers posed by increasing in

tissue thickness (Teyler, 1980).

In preparation of cerebellar slices, it is
found that 380 um slices prepared by hand showed better
morphology of Purkinje cells as compared to those

prepared by the tissue chopper at the same thickness



o

(Garthwaite et al., 1979). Moreover, comparative study
of diffusion time between 300 and 700 um cerebellar
slices predict the rate of penetration of substances
into a slice, indicated that the faster diffused time
was found in the thin slice (Niecholson and Hounsgaard,
1983). Recent study of pO5-profile and morphology in a
1000 um thick hippocampal sfice revealed that a minimum
902 value related &6 a largalnumber of swollen neurons

was found at a depthbelos 150 um.

6. Slice Bath. A 4
A\
A tissue btth'éefvesfﬁé”physiological support
i g
ald o L
with artificial cergb;ospinq};ﬁfluid (ACSF)  whose

composition is contrqilableiﬁ;gu provide suitable

metabolic  substrates, oxygenation ant/ appropriate
Y= —

temperature. ;Tﬁe bath used in»brainiaglice can be
classified into 2 types with regards to the
manifestatioh g of | bathing| niedia 0; (1)) 7a “circulating
bath, or a superfusion bath, and (2) a static bath, or

a stagnant pool.

The circulating_bath features a continuous flow
of the bathing media. There are two different
techniques of perfusion which have been designed for
the different purposes. The first is a sub-perfusion
bath which is designed for keeping the slices suspended

on the mesh. Hence, the tissue are incubated between



the covering warm humidified carbogen (85% 02 and 5%
CO,) and the subperfusing solution. This bath is
sometime known as a interface chamber and was
originally designed by Li and McIlwain (1857), latter
modified by Gibson and HcIlwaiHFQJQSS), and some other
authors (Dore gnd Richq;ds (1974), Schwartzkroin
(1975), Richardswand Tegg (1977), Hatton et al. (1980),
and Teyler (1980))." In add%tion, a simplified model of
this bath was designed by: Hias, Schaerer and Vosmansky
(1979) and latef modzfxed bny;tal and Kita (1984), and
Schurr et al. (1985) The quantages of this chamber
is ~that it pro61des a goo& *stablllty and ease of
electrode placement.  The seggng type, on the other
hand, keeps the sllces fully subMerged 1n the perfused
media. This | -f?ﬁé__WEE_fTT§fI?__H§V§1oged by White,
Nadler and Cotmgn (1978) and subseque?ﬁly by Koerner
and Cotman (1983),.and Nicoll;and Alger (1981). The
submersion chamber; has been designed for (facilitating
the use in pharmacology which requires a rapid’ changing
of perfusing) medias Thecsummary: of advantages and
disadvantages associated with various types of bath are

presented in table 1.

The static bath, on the other hand, gives some
advantages for stability in intra- or extracellular
recording of bioelectrical activities since there is no

or a little mechanical disturbance and preferably with



Table 1. Advantages and disadvantages of three types of tissue bath used in
brain slice preparation.

Type of bath

A static bath 1. st difficult to control medium
; tempez.-ature and osmolarity.

ifficult to apply drug.

An interface 1 mitation of perfusing rate

bath 2. (0.5 to 1 ml/min)
‘3.‘ drying of slice surface
3. difficult to control oxygen

tension, temperature, and

fluid level.

- nanodrop : .-"‘j".-".n‘j} p continuoug pump or suction
i s ould be used.

-

"

Z.Eifficult to seé electrodes.

A submersion : ) :y“-

bath 25 si@e perfusio

be usifl

AunInEningIns

5. facilitate d1ff|.‘ion at both™

q ) R NYNa

6. fast exchange of the tested

r mechanical stability.

solution.

016407



small dead space if drugs are to be applied. The static
chamber was developed initially by Spencer et al.
(1876) and later by Teyler (1980). The former design
features as a true stagnant pool_which is suitable for
electrophysiological investigéﬁigﬂs while the latter
design allows convenient changing of the new medium
that is favorable'f;r pharmgcological investigations.
There are, howevesg”;ome dis&dvantages that should be

considered suchffds dlfflcultles to maintain 02,

temperature, and gﬁmaﬂarity d&*the incubating media.
dd

Additionally, theor9t1cal caL@u&atlon of diffusion

capability of substances-lntdﬁ%he slice showed that

F

this static pool de51gn takes:;he longest perlod of

g =,
O o

penetration threugh the center portion bf a 300 um

S

thick slice (Nieholson and Hqunsgaard, 1988)

7. Bathing Hedium, s

The 'bathing medium“pays an 'important role as a
life supporting element.which.provides.the.-tissue not
only an appropriate level of oxygen and “glucose, but
also a suitab’e environment such as an optimized pH,
osmolarity and temperature. Since it is now clear that
the extracellular environment of nerve cells
corresponds not to an ultrafiltrate of plasma but to a
cerebrospinal fluid or CSF (cf. Richards, 1981). So,

the media that is commonly used in brain slice is a



bicarbonate buffered medium, so-called an artificial
CSF (ACSF), whose compositions are comparable to the

mammalian CSF (McIlwain, 1975).
[
'y

The list of ionie compdé%%ggns found in rat and
guinea-pig 1is presented in/'table-Z2-and the chemical

— |
compositions used}igfﬁ" aring ACSF -in table 3 Table
2 show marked dif '

a2+

concentrations which

> F o :'43' :
are lower in CSF _ 'ared“hlth those in serum or

—

pro 1hateﬂy'60 4 of the calcium in

ad

( gruey ang;Hcllwaln, 1968), and

plasma. However,
body fluid is boun

recent studies wit 1gm seié¢$1ve microelectrodes

}"*ﬂ
indicate that extracelluiar c&izlum concentratxons in
_‘.H.' e " ..f “q_Jﬁ-_.

cortex and cerebgllar slices are betweenjl 0 and 1.5 mM

(Nicholson et-&l 1978). Moreover, rigelnt study on
the use of lower-éalcium concentration (8.75 mM) in the
hypothalamic,slice, tevealed .that the.neurons. exhibited
spontaneous’ activity during’ perfusing with 0.75 mM Ca
but ceaseg{firing when..the, Ca concentration»waé raised
to 1.28-2%0 ! Bk Ndph AR MLk ok I RE 100, Figes
Sibbald, Sirett and Hubbard, 18987). Hence, these
reports have strongly indicated that a lower

concentration of calcium should be used in ACSF.



Table 2. List of ionic coepositions (in aM) in sazzal CSF,

Species N* K g . 6l uzm[ asa  References

Rat 157 Fiy e - Dingledine,
-~ etal., 1980

Rab oo b 5l 1.3‘__’102 zzﬁ Kcllwain, 1975

Buinea- 151 3 e ¢t. Harvey
pig e | \ KcIlwain, 1979
. Cat 158 2.69-3.28 1.3-147 | 6-144 18.3-25 \ 314.8
Rabbit 149 29 0. “13 2.0 s - .2 cf. Alger et. al.,

\\ 1984,
2.0

Huran 139-147 2.82-2.84 0.97-1.

ﬂUEl’JVIEJVI?WEJ’Iﬂ?
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Table 3. Variety of ACSF used in cerebellar slice preparation,

NaCl KC1 K90, w\w /Na!m3 6lu NaHpl, WCl, Species (utting  Thickness

Technique
\‘"\1} U’ﬁ

Llinas & Sugisari, 1960 1 .:M:X a4z, - B Vibratwe 20

- R(SD) Vibroslice 00

Bardette et al., 1985
Kisura et al., 1985 1 6 Vibratoee z
Ckasoto et al., 1981, 1984 1 6 Vibratose 150, 140-170
Crepel et al., 1981, 1984 = R(P) Bow cutter 400, 300
Yazaaoto, 1973 - 6 Vibratoee 230

Sekiguchi et al., 1 B Vibratose  160-170

Barthwaite & Barthwaite, 1985 118 4.7 llﬁ'—ﬁi 2 —2 - M(A) Vibroslice 350

Bazile and Dunwiddie, xmm:g R = = Sorvall TC-2 300, 330

Hounsgaard & Nicholson, 1983 © i4 5 1 6  Vibratose 200

Okaacto & Quastel, 1973, 1976 xg g - - 0 40 1 5 StadieRigs 0
gt o)y Tl EM%?N fJ ] jp (RS A
:Z:Iﬂ;ﬂw adt sl a i Ine ey oo

NOTE : 6 = Guinea-pig, M(A) = Mouse (Albino), M(HS) = Mouse (Heterogeneous Stock),

R(P) = Rat (Portal), R(SD) = Rat (Sprague-Dawley), R(N) = Rat (Nistar)



8. The Present Study : Rationale.

The .ains of this study is to develop an

in slice which has been

I

experimental set-up of

V/: nEm, L.8., slicing
procedure, tissu @:sion system. The

- : : r?a

attempt focuseswwon wthe d rebe ich is a well

divided into threghs

defined cort addition, the

preparation ha on the previous

works. Validi ated iater by

testing viability , "1' , W as by general

observation of using electro-

physiological met odEE_

P T
Response of neuron ‘ﬂﬁ&
| ,:-r‘r.v;.' , B 3

temperature) | &

visual inspection.

nental change (e.g.

'i.g. glutamate)

- e
AUEINENINYINT
ARIANINUNNIING I

serves as suppiﬁti g
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