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/, ' ABSTRACT

< “The role of norepinephrine in the davelupnenl: of
nyqdalmd kindung in :ns was invesugued In the first
experinnt, pretreatment uu:n the nondunorgxc neumtoxin,'
DSP-I (63 ng/kg, ip), whose action is raportedl{ specific to:
locus. coeruleus neurons, markedly -cceleruted -the rate of

~ kindling. DSP-4 treated animals’ and saline controls /'

; rq:;u§rad 3.87and-7.5 after-discharges (ADs) ‘to kindle
nspﬁcdvaly. ‘Purthermore, ‘DSP-4 treatment lengthened ‘thé

latency ct the onset to clonus during the first stage 5’ s

selzure., Nurapinuphrina levels _measured in the telen

cephalon were lowered by 45% with Dsp-l treatment, uhereas

dopanmine and S-hydroxytryptamine levels -were unafected,
In an attempt \test the hypothesis. that a tonic
presence of nordpinephrihe -serves to inhibit klndlxng

development, rats were treated with DSP- -4, and chronically

infused -(icv) with either norepinephrine, s ug/.5 ul/he) ;o
the vehicle, via an osmotic minipump: Telencephalic

N r
norepinephrine levels were not raised by the infusion of

nor ] ine, and ly there were no significant

| differences between the two group§ on kindling developnent.
Both mEusion groups were combined and -:ompated to those
' groups Ln exper iment 1. . The .infused groups had lower

norepinephrine levels and kindled faster \tﬁan the saline

group, ‘indiculng again that DSP-4 treatment accelerates

kindling.




administration of the noradrenergic neurotcxin “pse-4

The third \experlment represents a seccnd -!ttempt at'
ascsrcammg the effects of noreplnephvlne rep stion ! : -
follqwigg psv-a treatment on kindling'development. -Three < e

grolps wem'given‘osp—4 treatment ‘affd 1 group saline.. One’ 4*

DSP-4' group received chromc ventr icular-infusion.of

nor epinephe ine (10 ug/

l/ht —double that’ in exper iment 2)

and another the vehicle alone.. once lgal‘q the infusion'of
n.areplnephr ine failed to raise n6pepinephnne levels. above

the vehicle control' however the, infuseéd groups- had

noreplnephrxne levels e'quvalenr. te r.he saune (nun—)nfused)
control. Despite .a marked -amount of vithin groug‘varlaﬂce,

the DSP-4 alone group Kad a signiﬁcang reduction, of "

notepinephrine, and all ‘three DSP-4 treated groups kindled: P
significantly. faster than the ‘saline group. These Eesuiés

imply that: 1) initial abnotmalities induced by 'DSP-4 were

‘

norepinqphr ine deplenon"may‘not be necessary for kindHng

acceletation induced by DSP-4 trea:ment. "

In conclusion, this study demonstrates that

consistently’ gccelerates kindling. The methods’ enployed, 3

however ,. failed to indicate wh(ther this depletlon-lndyced

acceleration could be feversed\ by norepinephrine repletion.
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+ " CHAPTER 1: - INTRODUCTION

A central problem in neurosclence concerns the

'\mechamsms underlying neurunal plastlctty, r.he ]ar m s
abxur.y to underga J.ascmg changes as a result of sansory

;tlmula ion o a5 a conseguence. of diinga; " Revaralsstudées

have recently suggested that’ the w:despread euronal system

of cateéhblémine}gic Eibers may. play-a -critical role in.the

devalapment of sxperimantally -induced plasticity. Ina - ;
series of experiments Kasamtsu and“Pet:igrew’\\fployed the

phencrmenon of monocul.ar dep:ivation in ki;tens as a ‘model nf

plutlclty to investigate ponibl- oradrenergxc modulation:

.
Pellowh\g mdnm:ular daprivuticn durlng the critical period

(Ezcnn ‘time’ of eye og:ning ‘to three moﬁths of aga) m
kﬁttans,*‘the mjo:i‘ty of cells in’ the vtsual‘ curtex Tose. .,
their binoculur tasponsiveneu and can be erven only by :

S ngmulatéon “of the non—dgprl ed ey\\ aouever, animals wu.#\

- 6-hydroxydopamine (‘ﬁ-DHDA, a);:atechola ergic neurotoxin)

infused locally-into’ the visual cortex no longer Hisplay the

shift in ocular dominance producad by. moriocular deprivation

(Kﬂsamatsu and pettigrew, 19793), uhless the area is
lchrcnically repleted by infusion with norepinephrine., :

(Kanmatsu et al., l979b). A These ﬂ.ndings have beun

exteiided to another £orm of vxsu,u depnvauon, d,ueccr‘n
dsprivation. kittens are zaarsd in an anvircnment that'”
B cantinually moves in' one dﬁectmn, then'a majotlty of\

directionally sersitive cells, ingthe,visual cortex will

i
|
|
i




X vesmbuloocular reﬁlex Aare 190 greatly dxminxsned Eol‘lowmg

.
vl\:comdtor task Watson and ncznxguc:,, san. suggesting

° that cerebellar no:apineph:ine Ls\ stran'ly auociated with

2 tasks.

and spactfically, in some cases noruplnephrin ;- are

“essential to the a‘lteration of brain £unction by’

sﬁ:sitivg cells (Daw et al.. 1983). Plastlc changes xnduced
2

cby alterat\ons of ths nozmal wisl{al .1nput in' the:

path ay, are impaired in mei: a‘qulsn.ian uf_ a ncNel

cna adap:ive/nbiuty to cootdinate and choraog:aph new mcr.or

ptoved maza uisitinn bh ough em-h:anmsnr.auy

z
Shea: et al., 1933). Taken togetha:,

‘experienti ial« fnctors.

ef!ects are unknown. Eurly s:udies emphasizad the ditect . e

cellular mechanism under!ying norad:enargic




con!amng AE/erents, facilitate bor.h ummxm:y and/qr 3 _(

foe ¥ B _excltatory :ynhptic responses. while supp:essing spontaneous

vave denons:zaug “this hypé of a-g.x

cortex, showing that nozepmepnnne. at’ levsls wlen 1 littla

inhlbitory syn-pticallg_ evoked actlvity
3 incraasa in the' signal to nolse’ ratio of ‘neurons, actlng as -
an enabunq dovict which aunws call- te relpond--ou 4
briikly to convantional inpur_. Slnihr ettects have bee_n
Adenonmated in othor areas of the. cus (McCall nnd =% \
A S ‘Agllajanian, l979x Haterhmlsa and Woodward, 1980). Bu:h‘r/’ s

bath application of nonpinephzme to Mppocanp.l hrain *

TR slices:(Lacaille and Harley, Brain Research, in press: -
1 t stanmn and. sarvey, e:aln Resea"zch, in press), lon};gphoratlc

v applicatx#n of nnrnp{nephrinu to the dentate qyrus (Neuman

.- an@ Harley, 1983), or glu:amate stlmulatien of ('.he locus

ceetuleus in the h\tact animal (Hutley und Huwuy. 1985), .

W ' - potentiates exci:ata:y reuponses in the dentate ‘gyrus’ to’

perfount path stimulation. This enhlncemnt has begn‘ . ,/ %
i 3 4 e
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. observed to last more than 30 min, providing’diréct evidence -
DR " for 'long-lasting changes induced by norepinephrine.
From these reports, the activation of CNS

\oraﬂzenergic systdns may be postulated to enhance the

B . organxsm s sensitivity to envlronmental'stlmulx. and

furthermore to facxlitate long—term plastic changes in’

responss to expet

1entLa1 factors. This hypothésis, however’ ”

v is directly contradicted by the apparent role for b

- nérepinephrine in another form of neuronal plasticity called
7.0 kindling. .Kindling refers to the progressive’and lasting,
“increase in the ability of subcqnvulslve electru:al

stxmulation to produce seizures. Continyed k:lndlmg leads '

. to generallzed seizurés and ultimately spontanéous seizures

(chdarq et al., 1969, Pinel, 1981). Kindling has been " . - 25

_proposed as-a model of both the pathalegizal brocsts oF
epilepsy and &f more adaptive forms of neural plasticity

2 © " (e.g., Goddard, 1976). PFaradoxically, previgus scudies"nave

4 . .’ reported that catecholamines have an inhibitory xnfluenca on

kmdung development. Since these reports contradict a

unitary role for norepinephrine in the fac{Titation of .

neuronal plast)cﬂ:y, they warrant further attention. Since

<.y khe no:adrenerglc cohteol of kifdling s the: Focusiof this

thesis, ‘a bt‘ie( feview of the kindling phenomenon and an
‘overview of research directed at determining the role of:
norepinephrine in kindling will follow. A brief summary of

studies concerning norepinephrine-and other’seizure models




‘stxmulauana. the animal ra!pands to each stinﬁulus by al

willialso bé included.' |

1.1 The Kindling Model N

The process of kindllng (Goddard et al., 19&9)
prcvxdas an mpor:ant animal model for the study of the role

‘G neurotransmittérs in the’ pathogene:

‘S epilépay and in
neuronal plasticity.. Kindling refers to the progressive

changes ‘that result from repeated électrical stimulation.of

a particular anatomical 'site’in the CNS. ‘In'the most/comion

Procedure for kindling.a bipolar electrode is implanted into

a sulueptibls bruln ragion and,. ‘atter a post-operative - .

E recovery per od of several days, x\niuanﬁ}subconvulsxve s

stinulations are applied onde daily, for kindlmg can only
be. produced. when stlmulatlons are distributed over time.' An

appropriate “timilie WouTdhng i, e second’ trafn of puuas

‘at.a frequency of 60 Hz and a,current suffxciqnt to evoke an

a:t_erdtscharge (AD).ﬂ'the development 15 relatively slow,

" with seizures progressing from focal motor (partial complex)

. to generalized convulsive, ' Kindling stimulation does not

produce’ the secondary characteristics common to other '
Spet inental ‘modle; ‘Guch be'gliosis; necrosis; denervacﬂnn, ¢

or morpholaglcnl da stornon of cells in the’ kindled focus

(Goddard et a].., 1969 Racine et al. 1976)

In amygdaioid kindling, little nenanoral tesp(mse

accompanies the first few stimular_iona, but with rapauted ¥

/./ )




sequence of specific sterectyped motor cesponses, wiiich
. outlast the stimulus and coincide wm\ AD" duratlon. These

* motor :esponseJ can be ca:egonzed Lnko stages (kecm

1972b). Movsment arrest and repeti:lv chewing activ
, B \

with convulsive

(Stage 1) bigin to appear' early in kindli
resporises followkng later. Stagé 2 involves head clonus

. \

(rhythms: nodding of e head), Stage 3 involves Eote-limb

clonus, stage 4. is _seizure-driven clonic :earing, and stage

. :5 the :loss of postural bon:rol, or Enung. Each sr.ege

* Usually' Lhcludes ‘EHiose: fesponkss defining:'an earlier'stagé:

'smce any subsequent stimilation will prodice.a class s -
!

s-izure, regudless of r.he time intarval, the, change 15

considered permanent. pnce Stage 5.has been reached, tne’
,ani}nai 4s 'said to.be kindled.’ The behavicts of stages'1 and

k] are comparable to those found in human complax parﬂal

(Limbic. or temporal lobe) seizures; wheraa: the latter
stages dre rapzesentutive of genereuzed motor seizures -

ABngel et al., 1978).,

o The three principal. physioloqical effacts of

repeated kindling stimilation are a decrease in the

th:eshold ”cuzzan: haca!sary for the p:oductton of focal ap; .

‘a eng:hening of the AD durauon. and-a sptead of the

‘seizure .cnuny to ‘extrafocal ‘brain ‘areas. | ‘lhrpshol.ds for

kmdnng have not -been well defined bur. it ig theught that

3 probably scms mi 1 _l 'maqs' ol neunl ciesue must, be




_occurrence gf a generaTiEed selaire The kindled state

(Goddard, 1983). . &, :

If the stimulation,is strong enough, ‘kindling i
possible from almost any area within the Eorebtain, although
it is most readlly obtained in hhe limbic sysr_em.‘ “The ‘(
hx_erarchy of sensxtw:ty/(progressxng from the least to the
most fumber OF AD's required to kindie the animal) of the -
various sitas are as follows: amygdala, globus pa!.udus, .
pyriform conex. olfactory area, antetlot neoco:tax,

entorhinal ‘cortex, septal area, preoptic area, t\:audate

>_ anad. hippo et al., 1969)!- No

brainstenriuclel ‘or areas of e cerebellum have shown
kindunq. . v B N MR
It- is unportanl: to difﬁerentiate kindling. the' '

kindled seizure; and the kindled state from one another.

is" acqui:ed, 'i5'a gynamic pariod When synaptic connectivity

-
" and associated mechanisms are prasumably undergoing i series

of changes.» The. kindleﬂ ssizure is charactetized by

temporary biochémical, ulectrcphysiological, and behavioral

manifestatmns that’ are a dh.-sct result of the recent
rasulta from pemanent altera\:ions of b:ain function
distinct from tho%a tamporary alterations preﬂuceﬂ by .

kindTed seizures<{Peterson:and Albertson, 1982).
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1.2 Catecholamines . in Kindling
e T Kindilng Process i "
1.2.1.1 Whole brain depletion studies .
Ingeially, it was ubse!rved that depletion of
catecholamines by 6-OHDA or reserpine treatment reduced the :
\ * number ‘of. stimulations fequired to kindle rats, Systemic
P 4 : | administration. of reserpine, which disrupts monoamine uptake
| into neuronal vesicles, allowing the monoamines to be ¥ !
\des:royad by monoanine oxidase’ (MAO), enhances the vkmdling 'y
rate’ of rats stinulated in the anygdala (Arnold “et.al.,’| .. ..
A 1973: Wilkison ana lla!.pern. 1979a), the hippocampus (Acak.i- 3

|
2 et a!..‘, 1983b), und in the negcortex (lucine et al., 1979).

i

i

Arnold et al., (1973) found és-xplne pretteated rats nét 0 S
N only required fewer u_r.ltiuhtions to produce a ._Eully ¢ %
i

developed -motor seizure (4.6 vs 10.7), but 508 Of the

rkserpine-treated animals showed ifoh stronger electro-
.griphic AD activity following the .first stimulatiom than the
\éon rol subjects. #hen pargyline, a monoamine oxidd'se

inhibitor, was administered before reserpine to block .

4 - monoaminergic depletion, ina kindling rate was no longer

- " enhanced (Wilkison and’Ralgern, 1979a) 1. !

g

[ S ’ Other' short-term depleters of enucnoumnu have . |,

- . been employed to study tha roles of norepinephring and ! : ?

Y ” dcpamlnl 1A the Kindlthg- process. Alphu-methyl-p-tyrasinl\ ¥ i
i Ny B

™ ¥ (150 mg/kg), which nkibits the synthesis of nukepinephrinn !

and dopalnino, Accalenmc the rate ol myqﬂnloid }ndunq ¢ 4




1 9 s
(Callaghan and Schwark, 1979); yet the same dosage has been
shown to depress the development of AD duration (Wilkison ’
and ‘Halpern, I979a). Pretreatment with alpha-methyl-p-
tyrosine (200 mg/kg) did not significantly affect the rate
“of hippocampal kindling in rats (Araki et al., 1983b).
Disulfiram, a catecholamine depleter reported to deplete
norepinephrine more selectively than dopami;la, also
“facilitated kindling, and, unlike alpha-methyl-p-tyrosiné,
acodiersti e developmentaef AD duration (Callaghan and
Vgchwark, 1979). It is unc‘lea:ﬁuw {mh drigs ) having
opposlte ethcfl nn AD duration, ‘could facilitate kindlinq,
qnlesb changes in AD duration are not necessary for the”
acquisition of stage 5 seizures. ; ’
Intraventricular administration of 6-OHDA, which
produced a mean depletion of greater than 89% of both whole
brain norepinephrine and du;}uxna, \%:ued the kindling
rate of rats stimulated in the amygdala (Arnoldvet al.,
1973). Thege early studies could not sp.cny which *
catecholamine, ne!opin-phti.na or dopamine, uu responsible

-cc: the facilitation of kxndung, and ,othér studies were

‘cnrziad out to determine thelirélative contribution’ of each
‘catecholami.nu. cnrcorun otual... (1974) depleted dopamine to

ra greater .degree r.nm norapinephrino by using ‘the mononmlna

\oxldne thibttor tnnylcypromine “in combinnien yith
/

Hntncerabrevqntrluunr (lcv) 6-OHDA, ~ 6-OHDA, tr uunanr. .

| 2 s
{alone prodt 8 whole braln T prine level. 'that vere

|

!

i

|

| . : 3 z
| K

T

1




; degleticn of both dopamine ‘and notepinephrine, or dopamina {

. BT I R

| 33% of controls and dopamine ‘levels that weré 608 of

controls. Kindling was completed after.a mean of B.6

\stinulations in the 6-OHDA group .and 11,0 stimulations in
Vo . -

‘;he contfol group. :6-OHDA plus.tranylcypromine treatment
produced norepinephrine levels of 30% and dopamine levels of
6% when compared to controls, and the rate of Kindling was
sl\gnificantly acce’ienced to’'a mean of 4.7 stimulations.:
Sihce a significant depletion of dopam%ne, and not

noberindphEing) pocurreddn: the ttanylcypromine plus 6-OHDA-

group versus'the 6-OHDA gtoup alone, the authors suggested

that the nesumc:y effects of 6-OHDA depandcd onthe "

alone: - X
6-OHDA icv treatment, which.facilitated the rate of
amygdaloid kindling, produced significant nozapinep'n:zne

dépletions in_several'brain.areas (hrppocumpus. striatum,

feocortex,, anygdala, and olfactory bulb); but significaht
dopamine depletions: only in the'striatum (McIntyre et al.,

1979: McIntyre, '1981). 1€/ 6-0HDA’ treatment was préceded by

ubciitaneous - injection of desmethylimlpzamine (bMI), a

nochdrenerdic uptake inhibitor, the numbar of ‘areas aapu:ea
of nprepinephrine decreased and kindltng vas’no longer -

fatilitated. oK1 offered 3, significant protec\:ion €or the -

norepinephring - Elbers in al} areas but the strlatum. when

ScpRCwL to the S-OHDA alone gmup, owaver- there vas a

reliable reduction of noreplnephrlna in the DMI plus G-OHDA L

, 58




1

. group compared to controls in the hippocampus and anterior

neocortex (Hclnr_yr. et al.; 1979). buaamr{p’bum dopamine

- was significantly. depletéd from controls in the 6-GHDA plus

5 still evident astu 6 stage 5 nuuru.

‘DMI group but not in the 6-OHDA group alone. -Finally, in
e

both 6-OHDA groups, striatal dopamine had_beén slgnlfu:antlg

depleted when compared to control groups!, These.results
suggest -that, a critical ‘level of. noupi'n.pnrine depletion
musLba)pzalunt in order. to facilitate kindLing, bit do not
rule- ‘out:a possible intetnction) between (depletion of
norepinaphtlde ‘and depletion of dopamine. fhen e
animals were treated wm\ the‘aama combinution! Of 6-OHDA

and ‘DM, and k_indlod as a_dults, “the rnulta were ideptical

as’ those of adult treated rats (HcInéyre‘,l\et ali, 1979). The

same treatment applied before hipppcampal kindling, also
faciiitated the raté of kin{)ing aZ:uopnn:' (McIntyre and
Edsdn, 1982). V '

When Stage’ 5 convulsions wege €irst provoked, the
latency to onsét of forelimb clonus. (Stage 3) was increased
in the G-OMDA treatment GrOUDS GVEE the control groups
(McIntyre et al., 1979). A tendency to Kindle ‘quickly may
,naceusitntt the :ncnpitulation ‘of preclonus umoz behavior,
during andlad nhuus. Howevo:, the h\cuuad 1atency was
The paruls:ence o!
the delayed forelimb clonus uould pruumably rule out che
recapitulation theory, since the nlcn sity to recwltu!ata '
‘the early stages should diminish once the overall time spent

o e S o e o A et e

i e bt




in"stages 1 and 2 appfoaches that. Of untreated animals.
-—— . To. sumlariza. reserpine sr.udha £irst implicated

menoanlngs as possihlo inhibitors. of the 'kindling process.’

Corcoran et al. “(1974) :hawed- ‘that faellltitlﬁn Of kindling

did ok .occut with a slgn(flcant depxeuon of norepinephrine v

.. alone, but required the depletion of dopamine to levels
below 60% of controls, Pmplying that, dopamine was:. ma
critical cug-cnolamine ‘underlying thé cont_rel of “kindling

’ rate axun-z in"conjunctlnn with nornpinoph:lne or alon.a. :

|
“MeIntyre ot ali, (19 .19@1) npo;:ea

a different cutnchulnmi.ne nypoch
/ was tha critical cnucholumtne‘h-vlng an inhlbitory actlon

on the kindling process, either alone, or in interaction

is 1 that no:aplnephrine

“with aopmina. Punher ‘studies were'* und.nnkan to isolate

bhe raapocnv- rolu of both catscholuines.
<,

1.2 Region -pclnc depletion ltudin

There are two main‘noradrenergic ascending Eiber

ystems:the dorsal, bundle; which, aEises Erom'cells in the

1ocus coeruleus inncrvatinq forebrain areas such as the =
co;(ex, hippocampus, 'mygdﬂla, »-nd septum; and the vantral
bundla, a plexus of fiber groups -scending ventrally t;
i.nnequtd mai.nly the hypothalamus, bqul ganqlia, ‘and septum
o . (Lindvnu and ijrkl\md, 19&3) O'Donchue ct al., 1979). '
” ‘qttmpts ‘to define moré precluely the rola of norepinephrine

An the development of kindIing, tnpuationp of the

ssults thut !upportad .




; by 508, In the hypothnlaq{u hoie et, complete :rnnncuona i

g kindl ing ‘proce:

d 3. i g 28 13 i

: " 1

4078 o 9
< have beer used to déplete

forebrain norepinéphrine. . Léss |than half the stimulations
. 2% |
réquifed to kindle the amygdala {in intact contrdieg.sham- N

operated rats-were needed to kindle animals that received

| |
_complete transections of the ascending noradrenergic pathway - Y

(Enlers et al., 1980j. The concenn-non of norepinephrxne

* in the amygdala aMonsequence of th- camp‘hn ® -
transections was reduced by 70%, whereas those animals" ey

2 receiying sham transection had norepinephirine levels’ req‘i‘cad"

s produced an 3% reduction whareu sham-cu:l ad no efteci

This: indicates that the sjam-cuts roblbly partially”
: . yan:

disrupted the dorsal bundle but not.the ventral bundle. The

* amount of ‘deplétion, of the destination of the”noradrerefgic

| ? |
ﬁbers may be critical in the ‘control of Kindling

envuopnn:. since a 50% reduction \of noztpinephﬂne in the
a-ygdala did not Enciunte klndl.mq "(sham-cuts) yet an 83\
deplation of NE in the hypochalalus and 70% in thé anygdala
facilitated Kindling. Thus, -noradronergle terminals from g
the -ventral bundlo, or terminals !ron the vnntul and dorsal

bundlg’ together apflear to be critical in the contevl of the

« No ll!uys weré taken to dltuminn

possible effects on othe biogenic. *y\lncl which also
g 4

e:igxnate in the brhn stem;_ J 3
m.e:mxync lesions aE the dorsal noradrenergic’
bundle (DNB) facilitate both hippoc I pal and amygdaloid

- PN

ind e e




s

[ Yo - 14
' ki/ndling (Acaki ef al., 1983a).  The fugber of trials

quired Eor I:he astabll‘shment of the kindled seizure was

fe
: 7 g
. sg‘gmncan;ly shor'téned in, hippocafbal kindling following

lesions to 11,0 stlmulatlons from 22 5’'stimulations

(Eham Gperated: rats). In amjgdaloid kindling; fhe number of.

s’tunulatiens was sig'pifiéantly reduced .to/9.0 stimulatiohs
. i
1 from 15.5 stimulitions (shams). The:number of AD's required

r3 fo-produce the' early stages of KT (e nTanE)) Ve

kos: sigmhcaﬁtly reduced by DNB lesions. 'Neither S-

] ‘hydroxytryptamin or dopamine’ was significantly decreased ..

: ’r £ollowing thss/e DNB nsmns, whereas ncrepinephrine levéls

[
J

{ lesser extent ‘in the amygdala.(<50%) and hypothalamus (15%).

At
2% T e didateteaiily decreased in.the cortex:(708), and to a.

Lesions of the raphe nuclei, the main solrce.of forebrain 5- -

hydroxytryptamine, did not ‘facilitate the kindling from
either structure, Accordmg to thése results, and contrary
to conclusions drawn from transectwn of the noradrenergic: .

pathways (Ehlers et al., 1980), norepinephrine originating

from axons travelling in the ventral noragrenergic bundle

(VNB) dpes not appear 'to be critical for'tle noradrénergic

modulatian of ‘the kindling pracess. Unfortunately, one
cannot rule out a possible contr ibution of\ non—nm—aernergie
~ fibers that alsc\ courge’ mrougn the area ‘of theylesion. '
- In the effort to profiuce moce ispecific lesions’of :
Eckab;ain norepinephrine and dopamine, G—OHDA‘ has ‘been

injected into the ascending nofadrenergic or dopaminérgic '
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fiber bundles. ‘This method should spare non-"

"catécholaminergic tibwf of passage through. the lesion site.

* Rats with selective depletion of norepinephrine kindled

significantly fastér ‘than controls-and animafs with
selective depletion of dopamine (Corcoran and ‘nawn,_mc).
Ascending’, l;uradrenetg'}c bu;’ldle lesions prn'duced 96% and 73%
norepinephrine depletions in‘the ntgpocampus-(co}tex and
hypothalainus’ resp e :ivaiy. and-no sig'nifii:unt. dopamine,

deplebions in the):.;mdate puumen or the nucleus accumbens.
=0,

- Those animals receiving §-OHDA {nto ascending dopamnaugxc

fibers had significant decreaass‘ui dopamife in the caudate

putamen (65%) and the ‘nucléus accumbens’ (558) - but no
significant depletions of noreplmephfine in the hippocampus-
cortex or the hypothalams. Animals with seléctive ‘nor- .

epinephrine depletions displayed geheralized seizire B

. activity significantly easlier than the othet groups., This

.is the first instance where it has beert clearly:demonstrated

that depletion of norepinephrine alone will accelerate.the

kindling process. ‘Since the AD threshdld and the £irst AD

- duration were not significantly-different ‘from controls, and

the spread of discharge from the stimulated to,the

contralateral amygdala was earliér: {n norepinephrine—

“depleted animals, the authors cancludad that disinhxbltlon

of the spread of discharge from ‘the stimulatad ariygdala
underlies the obsefved potéentiation of Rindling, measured as
oth the acdeloration of;the. lrst clinical sign. and of the

~

2 i‘.
i
i
1
:ai,
g




G 'the'ascendlng norepmephrine £1ibérs was found ta e

“Euily generauzed ssizute. .since dopantne: Tevels were only.

pargally deploted £ol)owing 5—ouna treatnent ifto the -

ascending’ dopaminerglc Fibers, ‘a role for’ dopamxne“as- an

inhlbitory agent in the kindling process, as suggested by

" the study of carcom et al.,. (1974) , \:anno‘t ve ruled out,

. mn.;auon of ‘kindling; by s-mm injection-inta

indspendsnt of the “intensity of mmuu jan (Hohr an

Corcoran-,wal), and cauld be: thal\d_d LO ne: can:ical,,

In the latl:ar study

kindling (Altman and corcoran. 1933?.

nurepinephrine hvels yere" reduce L} lj.hﬂn 95% »Sn the :
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norepinephrine to 4% and the hypothalamus -to- 27% of

. the DNB were slgnihcantly lesxgned by 6=OHDA treahmer\t

MR

comtrols: T Since the nla‘jc;zicy of notepine hrfhe\flbers inf .

the: hiypothalapis cgurse through the VNS, the VNB as weu

In an attempt to de:emine whather the dapletion OEB

ﬁoiepxnephnne ¢ritical’to kxndhng facllxtau‘qn lies in i

sn:e oE stimulanan (umygdala) or elaewheté, McIntyra (1980)

vsh 1c1! trols. " The

DﬂcaI evanr_s (AD i

hydtaxytryptami ne were unah—.ergd

thzeshold and duration) were not a tezed by: noreplnephrine

depletion. Slnce tSm nunber of bila;etal amygdala A’a 2

necesyzy to elicit kindlxng uus decraased :as Hsll, the

authur suggestad that ‘local .alwygdalar norep \' ephrlne

ég_duchona dnes,not atfact’the 'producr.ion of loc?.l seizura,




possxbxlicy r.ha: s-oHDA-mduced denervacion pf noradrenezgic .

Eibérs went ‘béyond the amygdamr-pynfom reglon‘ _possible .

: assays. e

B Ve w L T reviewinq the depletion studles, i€ seems quite’

clear that cateqhdamne depler_mn 1eads to an acceleratmn

L of the k1nd11ng process. [Most studies: have boen‘unabile ko Ty '}

disassoclate dhe respectxve rolés ‘of dopamine and

B norepinephrine\ in kxndling de\ielopmen:. ‘corcoran and Mason

‘*-(1980) were able tn demonstrate. that: fokebram depletion of

acce, ler ate, I’.he )

LT e norepmephrme alone can'’ dzamaucax

ndling ' process. It is yet ‘to beshown char. selective

WO s

ckxtlcal to nore, xnephrxne s role in klndllng ds 'velupment,

A;ak 'et al‘ 19833) has shoun that electru:al leswna oE

Hclntyrem

w;re able r.o accelerar.e ‘the kxndlxng process.

(1980) ° wenit funher by’ demonsnahng that . norepinepmne




S 2 1.3 Phamacologlcal studies %

Anothez appmach< to investlgate ncradrenerglc e
‘Eunction -in ithe kindling .process hias been the us

,of

ecepto apectnc adrenergu: agcr\lsts or, an:ago ists. *

Alpha-. adrenerglc agénists .and antagonists haye yielded .

somawhat 1nconaxstent :‘asults.‘ Phenoxybenz‘amlne, an a).pha—'
| adre,nergu: receptor blacker, when glven ,12 hrs pcior to

amygdalmd stmulation had np eftect orLthe rate of kindhng

clonus (Ashton ot al 1960). xylazlne, .an alpha a,d,renergiq

2 cont:ol greup, xylazine is.a, mora pm;ant. ugnnist ﬁcr alpha—
¢ . |

2 receptors than “for’ alpKa-l receptors

¢ alph 2 recepcozs has been »mplicatad n decreaatng the v
< o i
stimula on—induced :elease of nereplnephrine.» The authors'

»of/tha dose rssponse spectxum
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< i,

via inhibition af norspinephrine release. ‘At high doses

el ‘(qu/kg), a mixed veceptor action Woutabe responsible for
2 . the anticonvilsant effect observed. : N

Propranulol (20 mg/kgl. a beta adrenergic receptar

¢ mocke{r given 30, min beEore ahygdaloid stmulation, cdused a
40%: decrease in ‘the number Of ‘aD's" requlred ‘to" produce & : iy

Eully kindled sexzure (Callaghan und Schwark, 1979). In

annther study (Peterson et al., 1981). Propranolol, exther

N 3 T Wl ‘f “na/kg, given 30 nin’ before ’amygdqlcsa

Pew attempts have beeﬂ made to damonst‘laca thét

elevab&on of norepinephrine actwity xnnsb;:s the kindling. .

process. Pargyline) a, monoamine ox_\das

‘nhxbu:cr. when |

SRR g mu traatment alsu 'lid to shurter iatencies to clonus Yian

\stnga 5 convumlons were provoked. These results are, .
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! . norepinephrine on the Kindling process in intact animals, T

i . . and suggest further that experimentally exaggerated levels

o % - will'provide a strengthened prophylactic action.

8 LS 1.2.2 Kindled seizures and kindled state 5
: A number Sf in;/estl:gations have been devoted, to the
assay of catecholamines in-the brains ‘8¢ kindled animals t5 |
R N infer seizure mechanisns by {dentifying changes associated

) . With the:kindled seizure o state. It has been pzoposu?
T that amygnaloid kindling rasults fmm induced hyﬂbfuncticn 2

'\ of the nuradrenarglc sygtem (Hcrntyre, 1981/ Corcoran,
9

l
< applidd” dopamme and norépsnepm—xne -on glutamate-lnduced

Yt 1981). " {fn stpport, : _effects of io ordtically '

nsuronal ﬂnng in the amygdala oE cats were signxf‘xcnntly

o results s;nce reapon es t6 glutamate and smm were: not.

; .signuicanuy altereﬂ. b LI . w S

Amygdaloid :catecholamine 1evals were found to be

in. tats having zeceived 3 stage‘ 24 B

{ ob 6 ; -.significantly. decreased"

amygdaloid seizurés one month earlier (Engel and Shafpless,
1977)." 'The 'decline in' norepinephrine, however vas not pon

BB siqniflcantly differant £rom t:\oss control fats which;. .

, * i received an-electrode, lmplant alone"- Catbcholamina T
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folloutng heppocampal kindling (Sato and Nakashima, 1975)
but not in the amygdala or other brain regions 24 hours
foiloving the last of 9 to 14 tonic-clonic amygdaloid
) kindled seizures (stock et al., “1983).  Wilkison and Halpern

(1979b) found no change in catecholamine levels in_ the .

i

forebrain of rats 7 days after kindling but the turnover of

dopamine and not norepi ine was i

Blackwood
; (1981) failed to demonstrate a change in the turnover rates -.:

¥ of catecholamines. in the amygdala and in the hippocampus

four weeks after completion of amygdaloid kindling. “ :
Selective reductions in beta-adrenergic receptor. binding of \

rats 3 days after the completion of amygdaloid kindling was

e

|

’ - |

observed in the amygdaloid regions, but no-other brain. |

A . s . |
regions (McNamara, 1978). Tyrosine hydroxylase a_c_tivns,

the rate-limiting step in catecholamine biosynthesis, was |

d‘ecr\egsed in the stimulated amygdala in rats killed unﬁ : \
P ] _ month after completion of amygdaloid kindling (Farjo and \
2 Blvackvood,’l‘?]a). Usipg fluorescence hiitochentstry, Kimura 1

: . et al. (1981) were unable to detect any morphological . |

L7ai in the amine-systems of the various O
brain regions pxiinod,’ including the amygdala and .carvehra!. ‘ -
cortices, subsequent to amygdaloid kindling. Taken

together, reports on catecholamine Gontent ‘and turnover

" measuyred during the, kindled s:n..‘np inconsistent. This
may be in part due to variation in the number, of kindled.
seizures gzoducod ‘nhd t:ine intervals l’)aueg‘n seizure-and

PO
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© inhibiting the spread of epileptiform activity from the
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tissue analysm. i
Two studies have explored th “role of-catecholamines
{4 thé expression of kindled seizur s already established.
Westerberg ef al., (1984) £ound that intracerebral 6-OHDA
treatnent into the DNB 3 days following 3 stage 5 seizures
induced by daily dwimulation of the amygdala in rats faiied

to affect the intensity or duration of seizures initiated 14

"days later. The effects of xylazine, given to amygdaloid

kindled ¥ats:prior to’stimulation of the amygdala, had.-no

effects on the expression of the kifidled seizure, unless

given in doges high enough to:produce analgesia, ataxia, and’

sedatfon “(Joy ‘et al., 1983).. These data suggest:that while

nifrepinephrine may~affect the rate of acquisition, it does
LN, ERES

not“nodulate ‘the, permanent alterations that make up the

actual substrate of the kindled statel” A

.

In summary, studies employing localized lesions™ oL
ascending catecholaminergic .pathways, or specific catechol-
amine depletions in discrete brain regions, suggest that the

noradrenergic neural system provides a significant

inhibitory action on the kindling -process, presumably by ~

kindled focus. The use of .selective agonists and
antagonists has failed to yield a consistent picture
regardlng posslble receptor’ sites mediating this effect.
Phiarmacologically raism’ norepinephrine levels before

kindling does ‘retard the rate:of kindling. iarlations in
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catecholamine Content and turnover Have been reported during

the kindled state but there are inconsistencies. There is

no indication r_hat these differences are a cause rather than

an effect of the kindling processes. Depletion or
pharmacological manipulation of catecholamine action has no
effect on .the expression of seizures once the kindled state
has been produced. ' )

1.3 Catecholimines and ‘Other Models of Epilepsy

Rindling has ‘also been shown to increase the
incidence of, or decrease the threshold for, seizures
produced by other methods (see Kalichman,'il982), Any

tted or lator that pxay's' rols in one

Y X
epilepsy model should be tested in other tiods1s, 8 vsluats

its specifidity of astion: Since the obse:vanon.by Chefi* et
al. (1954) that reserpine lowered the dose of " -
pentylenetetrazol (PTZ) needed to produce tonig extension of

hindlimbs in mice, there has been a great deal of research

“Strort towards elucidating a role for catecholamines in the

pathogenesis of a wide variety of epilepsy models. ALl

‘models represent a class of diaorde;g characterized by

paroxysmal discharges- (glant depofarfzatlons of the neuronal
membrane) which spread into surrounding brain areas to

produce a clinical seizure. , -
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1.3.1 Pentylend}etrazol Model
"Syscéntc x}\jec:{on of PTZ sequentially produces
‘myoc.lonic, clonic, and tonic séizures, the latter requiring
_higher doses. Corcoran, et al., (1974)" demonstfated that: in

animals given s—o{m-(icv), the severity of PTZ-induced

'eexzures was anuased, and a tonxc seizure component not

tound in controls was introduced. Reserpine treatment and

nacnata_l G-OHDA markedly shorten the latency pariod of tonlc

sai.zurea afte!‘ E'TZ lnjectlon as well as increase their

incidence (Grcu and v‘ 11i, 1982). > 1 (lB i

i T mg/kg) qnd yohlmbins (4 and 10 mg/kg), beta- and alphx-z-

N adrenergic :oceptct antagonists respectively, produced

qualitatively similar results. These’results lead to the
: conclusion that diminished norepinephrine influence in the.
NS enfiances PTZ seizure activity, most notably the “onic

Mason and Corc (1978) selectively depleted

forebrain norepinephrine throigh 6-OHDA injections into the

. .Vasc‘e‘ndimj .noradrenergic fibers, with the result that'6-OHDA

} treated rats displayed PT2- induced leigur‘eh of a il
significantly greater duration. ruzthemfzro, 5 of the 9 6~

S OHDA treated animals displayed an spisode of tonic extension

of ‘the forelimbs not foundsin the seizures of control

s ’unim’avls. In a further st dy. using injections into discrete
areas of :ha;bz‘aln, Mason a orcoran (1979) selectively
bdap'].atnd ’c'énr'.)au""qt spinal norepinephrine. Neither

treatment affected.the duration or number of PTZ-induced

{




i 26
convulsions. These studies clearly,isolate norepinephrine's
action on PTZ-inducéd seizures to forebrain sites, and
emphasize a consistent facilitatory action of norepinephrine
depleiion on; ihe Eenle conpowants fE (has Bean aiggastad

that the tonic component is an indicator -of seizure spread
(Gross and; Ferrendelli, 1¥82: Racine and. Burnham, 1384), a;ﬂ
opposed to a »lleﬂeufe/érf/suscept’ibtlity to’ seizure

initiation. Electridal stimulation of the locus coeruleus,
the nucleus providing the major source of Eorebrain b
norepinephrine, markedly suppressed ithe appearance of
cortical epileptiforn activity induced by s subconvulsivé

dosa of PTZ (Libet et.al., 1977).

!. 3.2 Blsctmconvulslva Shock
W Another experimental model of épilepsy with character-
fstics similar to that of PTZ- induced’ “izures is the .
electro-convulsive shock (ECS) treatment): Electrical®
stimilation of ‘the head through corneal, scalp, or other
electrodds produces seizures ‘consxs;ing»of'agquent_ig‘i
appearances 'of generalized brlef tonile flexion, tonis :

extension, and clonic seizures. 'It has been more difficult’
v . - 5 G

to demonstrate an effect of norepinepfirine depletioh on ECS
treatment, perhaps begause off“the rapidity of this seizure.

Reserpine appears to increase the sensitivity bf animals to

ECS and ‘the seizure is prolonged by eithet’ pretreatmént with

‘a tyrosine hydroxylase inhibitor or a dopamine beta-.
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&
hydroxylase inhibitor (Wenger et al., 1973). Intracerebro-"
- .

ventricular (icv) treatment with RO 4-1284 (a drug with a
brief reserpine-like action) significantly increased the’
intensity of the BCS-induced:seizure in rats (Stull et.al.,,
1977). This ‘enhancenent ‘could be antagonized by fov
infusion of either norepinephrine (208 ug) or dopamine (1200
G B BB ERATD adninistration of L-dopa; the pr,eéuxscx
. to-catecholamtne synthesis, . However, in intact rats, icv
. i intus‘lan of dopamine (32 ug), norepinephrine (8 and 16 ug),
4 serotonin (8 ug) facilitated corneal ECS-induced seizures
, by decreasing ‘the threshold for minimal seizures and -
increasing the tonic extension component (Browning and
Haypqrt, 1978). These gindiﬁgs _contradict the deplot’ior‘r
'studies but it vas determined that the monoamine infusions
produced hypothermia and ul:uen’ external heat was administered
to the animal to restore body temperature to normal, the
facilitatory effecfs were abolished. 1In one of the few
, attempts to nhur‘q ‘the pathological consequences of -ECS
1 treatment with respect to norepinephrine Berqstto)- and #
Keller (1979) reported a reduction in beta-receptors o

G ¢ Ig

of 1.3.3 Chemical Convulsants

K following 7 days of ECS treatment.
R = P~

Given the wealth of literature on the cellular
neghanisms of partial seizures induced by chemical
convulsants such.as penicillin, alumina gel, and_cobalt,




fu_ncnonu inhibitory -ei:hanlun_d_qve)oped betwee: cus
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there are few data on the role of catecholamines in these
seizures. ‘Lesions of the locus coeruleus,.ipsilateral to
the site of cortical vebalt application, reduce the latency
‘to onset, prolong the duration and facilitate the spread of
the epileptic syndrome (Kafiluddin et al., 1978).
P v — during cobalt-induced
epileptiform activity produced a marked.reduction of the =
spike-wave activity meedlately after stimulation for up to
120 “sec (ngcr\er et al., 1983). This suppressicn was parl:ly
Sntagonined by pretrditaent with the Beta-receptor }
antagnnxst propranolol. Rééuced high affinity t:lptake of
mocepinbpht ine. is coincidsne with Gobalt-induced —epilepsy
(Trottier et al., 1983), nosr_ likely reflecting a
degeneration of noradrenergic terminals,

In'an elegant study involving double transplantation

. of locus coefuleus cell bodies and. hippocampal tissue to the

anterior chamber of the'eye, Taylor et’ al., (1980) vere able
to demonstrate functional innervation of hippocampal tissue
by locus coeruleus :ler;c fibers. Superfusion of penicillin *
markedly excited ’lecus coeruleua neurons without producing
apileptlfuzm -ctivity in the hippocampus. Hovever, when
gamma-aminobutyric acid (GABA) was administera§ by " v

microiontophoresis into the locus caeruléus portion of the

“graft, penicillin administration generated epileptiform

activity in the hippocampal tissue,. suggesting that a i
. ' @

» # 3 s &, B T
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' coeruleus fibers and épileptiform activity in‘the -

hippocampus. 1In further support, subsequent excitation of i e

Bt locus coerlileus neurons by iontgphoresis of glutamate

following penicillin-induced seizures iMNthe hippocampal .S

‘tissue terminated the hippocampal seizure. Pretreatment
with reserpine disrupts the inhibitory influence of locus ;

! coeruleus innervation on hippocampal epileptiform.actiVity.
/. . : ) i &
1.3.4 Genetic Models et o

Jrhere are w wide: Yaristy of genetic convulsive
disorders that occur, in animals. most of which are ' . i
characterized by’ stjmulus-evoked, generalized convulsive = +. . - |

seizures. | The o)deBtrot these modéls is the Audiogemc T

seizure (AGS) mduced by soupd etimul@tion in AGS- .

susceptxble ammals. Treatments w_hich cause. severe reduc-

tion of ncl'epinephrine and dopamine (resérpine and Ro 4- " o
, " 1284) markedly, intensify aGs in the genetitally epilepsy=

prone rat (GEPR) ‘aobe et al., 19731. Only. treatments which

reduced whole-brain norepxnephrine concentration to '3;‘ or «

less of control values resulned 1n enhancement of AGS,

regardless of the rela:ive reduction of dopamine, suggesting
_that the major role for catlechalamlnetg§c inhibition of
L seizure’ development ‘is performed by norepinephrine. * brug

combinations .which mcreaee norepinephrine and dopumne

levels produce d elgnificant decrease in sound-lpduced .

seizure lm:enaity, while those that increase” dopamine alone &
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have-no effect on seizuré inténsity in GEBRS (Ko et aki,

1982). In fact, GEPRs have lower levels.of norepinephrine, .

,and lower turnover rates (Jobe et dl., 1982; 1984). Taken -

together these.results suggest that thin, genstically * =,

- S _detgrmined deficit’in GEPRs may be a deficit in
noradrenergic :unsni;sion. " At foses high enough to
stinulate’ alpha-1 receptb{s, clonidine (0.5 and 1.0 m/kg)

. L4 mcreasas sexzure latency and reduces seuuu severlty fcr

AGs m ‘rats, (Tacke nnd l(olonen. 1984) suggestmq an,

;mponan‘c alphn-l ucep:or mechnni!m in the noradrenerqlc

gy cantrol of AGS “ Mice of the Bm/z scrain aza genencally

prone to AGS. at’ an early st e of developuent. and’ display,

3 ~an lncreased density of be, aﬂdrepﬂgic recepfors in their

midbrain.during this seizfire susceptible period (Lints and
Nyquist-Battie, 1 Two béta-receptor. blocking agents,
S propranolol and xndolol,'accenua:ed the incidence of sound-

indiced tonic and clonic eonvulslons in this strain of mice
1

+ (Lints and Nyquist-I aauu. 1935). l}{ontrant to other

. 3 audiogen&c nodels, the latter study suggests that beta-
< - adrenergic rsceptots play ‘a facux:o:y role in' the . I
@ expression of audloqunic seizures. .
F 3 & . .‘ Anothb: qenatlc moae). of epilepsy is tha epileptic.
~ ’ buboon, ﬁapio Vayio. . ’Ehis arfimal diaplaya a/ﬁa:dxys al
) alectroencephuloqnm lnd motor acuvlty in reuponse :o
© . intermittent light stﬂaulaton. 1ev nonpi .pmine pna

2 / epinephrine in dadses of zsn ug or more

and’ 100 ug or. more,

54 i b, g [
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- susceptibilty,

i puegsy “models: augges:'an 1nmu:ory_,,cuon of.

:especciveiy, reduced sejzure intensity 'induce’d photically

in r.ms 'babcon {altshuler at al., '1976). -Neir_her ipv I

m;ecucns of ‘dopanine (.5-1.5'mg) or §-hxdroxytrypt_am1ne

(1.0 mg) atfdited seizure intensity.

The most recent genetic model of epilepsy i

muRant tottering mouse. xn‘:i.is model-focal, motor seizures

oceur’ sgc{;taheoualy and feature ;ntezm::an: focal -

’ nyoclonus, and coftical spike wave dxschargu acl:ampanlod b_y

hehavi.ozal arres'xa Ths cnly CNé abnomallty as yet
viif
uncovercd h a selucr_lva o ergtowth of the npzadrenerqic'

lccus coaruh s axonl, ralsmq nurapinephrlna level- 100-200\

with,ln most loeus coamleus terminal fields (Noebels.v 1984)

‘selsctive ne_cnat. ‘dbnervation by 6-OHDA treatment prevents

thé later appearance of spike-wave Seizures in'the.adult -
animal (Noebals, 1984). . Suprisingly, in this model, hyper=

innervation by norepinephrfiné appears-to underli€ seizure

14

Most. studiu concbrning ‘noteplnephrlne and varlouq

ica) Ahhnmn” ies and cantml %

linqu




sexzure states as edeenced by the vanety c( seizure n\adel 1

T

— ) and cllr\xcal states (Snead, 1983). It should be palnted cut

that catechclamlnes _axe not’ the anly neurotransmltters

lmpllcated in the expression and aevgxopment of senu:es oy

Visee Kauchman. 19&2, Péterson and Alhertson, hsz Snead,

!{ 1983

2 i subconvulqive sti;nulus, progren ing over sf.imulatlcns
’ through characberlzed !tages OE devulo mqnt', lt is an‘ ldeal

a3 - e plasticxty Jand, generauzed sizure davelopment. As

AR, o fcr "the role nf ‘any biochemical machanism involvad Anene” g

i suppressicn/)f undung devslopment requires evldence thatoy & 000 A

) " (1) supp SE the hy thesized sysfem agceélerates
ST kindling, \and (2) corz‘ecticn of the’ abnofmality antugonlzes N
o #47 7.  the kindling ocess. " The putpose oE this, thosis u to. - F 4

& et px'ov:de this dual support for notepinephﬂnt's role tn

‘kindling; development.

. In'the Eh,—st axpeﬁment, an attempt wa‘ maae to ol

rabnﬁarce ptevlau ‘studies, mcst notab).y those bf Corco:an ;

qnd Hason (!.900) and. )‘chnty:\e (1951), Lndicating that 42

qsplstion of- noteplnaphnns alone'will accelerate the . TR e




kxndlmg pmcesé. E‘urche:mcre, dep\e:‘ion oE norep‘
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CHAPTER 2 [ EXPERIMENT 1 :
2.1 Introduction

A wide variety of compounds have been used to

1nEluence noradrenergu: systems during kindling. Lack of
precision in the selectiveness of their actions however,
limits the inferences that may be':drawn. \ The strongest .

+ support for-a specific fole for norepinpphr‘tne in seizire

ﬁevelopmbnk comes from scucup.s using l:h

_‘neurotoxin,' ~OHDA.
Anxm\ns depleted nf nureplnephrine by 6-OHDA admini:tration

show an accsleratinn of kindling tate. However, depending ,

Bn, the site of adninistration, 6-OHDA produces several non=
specific effects, that might affect kindling. 's-oum
adninistered intracarsbrovant:xcularly (1cv) ‘reduces dop-.
anine a8 woll as'fiorepinephrine; (Uretsky and fversen, 1970),
and ‘ids Cecantiy been 'shown to deplete cnﬁi

5-] hydroxyttyptamlna (Reader and GLuthm:, 1984). Neonatal

‘nephrine and

'treatment, which is, more specific’ to noradrenetqic E

. tezmqns. retards proper development of the CNS (Prennér et

' ‘al., 1983). Inuacerebral punctate ‘infusiops, such as thosé

orsal Aoradrenerqic bundle, produce ¥

e sxgnun;an: non-speeuic gamags as evidenced in part by

; tisnus cavita;i.on nnd guosis (Butct\er, 1975), Intra-

cerebral 6-OHDA" also. p:oducau ex:énsive damage to the

mood-—bzun ba::xer,nauoumg avas !Lon of int.
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administered hoeseradish peroxilse,!or up to 21 days
following 6-OHDA (Coopér et al., 1982). Leakage of
iodionated human serum albumin (HSA) écrcss.the blood=brain
barrier occured following pufictate 6-OHDA lesioning of the
,locus cosruleis, when ‘blood- nzam?azner functions had been
previous!y srcanmadiby bi'cuculline-induced seizures (Harik
and McGunigal, 1984).- HSA leakage had not occurred as a
result of §-OHDA treatment alone.
The development of a new neurotoxin, N—(2-

lamine (DSP-4), which is

éh1 it hyl-

: . 2
structurally different from 6-OHDA, and has been shown to be

capable of  producing selective degeneration of both central
and peripheral noradrensggic nerve terninald (Ross, 1976:
‘Jaim-Etchevarry aqd Zieher, -1980; JOHSSOH et al., 1981),

allows for an additional-and relatively specific test of

g ngrepinephtina"s role in Kindling'development: Furthermore ,~

unlikeé 6-OHDA, DSP-4 will cross the blood-brain barrier and
hence can be aammstsred peripherally, thereby precluding
the possibility-of 1aca1 effects on CNS . txssua thmugh
intracerebral lnjectlon. Having a different druq profile
than 6~ OHDA, DSP-4 treatment would further substantiate the
“hypothesis that no:epxnephzine supprsssss kindling develop-
. ment,. 'should DSP-4 treatment accelerate kindling.’

DSP-4 treatment causes severe norepinephrine, but

ot dopamina depleuon in the CNS, and a 20-30% docrdise in

S-hydrosytryptaniné which can be blocked by pretreatiment
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with a S-hydroxytryptamine uptake inhibitor (Jonsson et al.,
1981; Dooley et al., 1983a). Small decreases of dopamine in
the hippocampus and cerebellum have been noted after high -
*DSP-4 doses, and have:been attributed to the loss of
precursor dopamine localized in noradrenergic terminals
(Archer et al., 1984; Jonsson et al., 1981)." In further
support of the drug's seicctivity, there is an increased’
sensinviéy vto noradmnergié agonists following DSP-4

trear.u\ent (i.e., depleuqn Xnduced recep oz»~qupersensitlv-

|
ity)'but no increased sensitivity to dopaminergic or

* serctoninergic ugonist (ooley et al., 19834, 1983b).
njection Of DSP-4 caises’a selective
lesion of locus cderuleus neurons ipnervating the neocortex,
_iqippocnpu formation, cerebellumrand spinal cord_(Jonsson
et al., 1981; Logue et al., 1985). Since areas inmervated
predominantly by the noradrenergic neurons of the lateral

tegmental area are left intact, it'is apparent that DSP-4 is

= selective towards locus coeruleus neurons. Neuronal s b

degeneration presumabfy begins ‘at the presynaptic terminals

as characterized by Ristochemical fluorescence, norepin-

ephrine concentratiol ptake'of tritiated norepinephrine,
and dupanlna B-hydroxy ue activity (Ross, 1976; Jonsson, et
al., 19817 Dooley et al., 1983a1 Archer ot al., 1984). ' The

more distant’ Erom the locua coeruleus, the more pronnunced

is the nm‘npincphrine depletion (Jonsson et u., 1982; Loﬁﬁa ¥

et al., 1985)., Retrogude daqenentlon of locuu coerulnu-




" nerve plexus in both the iris and atrium exhibits an almost
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neurons as-a conseguence of DSB-4 administration does not
extend to cell bodles, which show'a decceased firing rate
(Olpe et al., 1983). .

Many parameters havé been studied to determine
possible cytotoxic and other non-specific effects. Liéht
microscopy Has revealed no morphological abnormalities in a’
variety of cell types after DSP-4 treatment (Dudley et al.,

1981; Olpe et al.,1983; Bickford et al., 1984). Functioning

'of the hypothalamo-pituitary-adrenocortical axis has also.

been assessed following DSP-4 treatment. .Basal plasma

" corticosterone levels were unaltered compared to those of

controls, under either stressed or non-stressed conditions
(Dooley et al., 1984).. The concentration of liver @

microsomal cytochrome i’-lsn, an important enzyme in

oxidative drug metabolism, was not altered by DSP-4

treéatment thereby ruling out possible effects on drug
metabolism (Doglcy et al., 1983b). - It has been’reported Aaa
a personal communication that DSP-4'is also free of effects’
on amino acids and acetylcholine in the CNS (Delini-Stula et
al., 1984). L _
Iy the peripheral nervous system, a ;zaﬁs:iént'
depietion of norepinephrine’Eollqws DSP-4 treathent;

hoievei, heart .rata, bl&od pressure, and atrial
¥ib

:contractility areé not significantly affected 10 days after

DSP-4 treatment (Dooley et al., 1983b). ‘THe adrenergic
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Aand the effects ramﬂ.n essentially unchanged for at least 8

s
normal appearance one week after the DSP-4 adminlst;ati'on,
and norepinephrine levels in the ventricle of the heart are
normal 10 days after treatment (Jonsson fl al., 1981). A
moderate bBut significant norepinephrine reduction was found
in the iri5 10 days after DSP-4 but.not at 30 days (Jonsson
et al., 1981). Hence a complete recovery og\‘iunction
follows an initial depletion of norepinephrine levels in the
peripheral nervous system, whereas DSP-4 affects CNS

norepinephrine levels and DMI binding.maximally at 7 days

weeks (Swann, 1984).

'l‘he phamcaloglca]. action of DsP-l is buheved ce

be expressed only ‘after the parent compound undorgoee Y

cyclxzntion to form the aziridinium ion. sh'lca the’

aziridinium ion will not cross thé blood-brain barrier

(zieher .and Jain-Etcheverry, 1980), and DSP-4 will cyclize

__with a half life of abo\'xt;T-inul:al (Ross, 1976), ca;a must

be taken tq inject immediately after preparation. -
Pretreatment with either desimipraming, a norepinephrine .

uptaka inhibitor, or pargyline, a mohoamine oxidaue

lnhibltoz, almost complntely blocks the action of DSP-4

(Hallman and Jonsson, 1980 Lunda et ul.. 1964). It.appears

' that DSP-4 muut be ner,iv.ly takan up. by nondrunezg(c

tsrminnlu to producn its ne odaganarutlvn results, - How MAO .

- irhibitors block DSP-4 actions is ‘less clear. 1t has been

suggested that MAQ may transform DSP-4. to the active agent’
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(Hallman et al., 1984). 2
A pilot experiment involving 14 anlmata, wiich isd

been undertaken to explore the effect of DSP-4 treatment on |

the amygdaloid kindling rate in rats, indicated that Dsp;/

treatment facilitated kindling. Saline controls required

8.9 ADs to kiridle whereas—DSB=4 animals required 5.8 ADs to

2 Hatwal
kindle, + The purpose of the present experiment Wys-fo-..
repiicate' these prallmin;ry results and characterize the
action of DSP-4 on monoamihe levels in the brain. Based on
éx‘p:éqmen:s where lesions of "ug\—ascendinq'nowa’areneéqxc
tibef® (Corcoran and Mason, 1980), or lesions of . the DNB

(Araki et al., 1983’21) accele’ruted kindling; it was

anticipated that lesions of the noradrenergic terminals ot

the locus coeruleus by DSP-4 treatment will also accelerate

kindlings % s,

v i ' : Co
2.2 Hoth;)dl i

Norepinephrine Depletion:
Twenty-seven male albino Sprague Dawley rats 1 g
obtained from the Canadian Breeding Luborato'ry and weighing—
between 370 and 470 g at the un;e of injection were used.
The preparation of animals consis;ed of pretreatment with
CGE'6085A",(2.7 mg/kg, 1.p. 1 CIBA Giegy; Switzerland), an’
inhibitor of S-hydroxytryptamine (5-HT) uptake (Waldmeier et
a‘L.,l979),'30 l!\l;\. before the injection of DSP-4 (63 -
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mg/kg,i.p.; Astra Lakem@del AB, Sweden) or a con.trol solu-
tion (0.9% saline). Intraperitoneal injections were given
in the upper right quudrén\tof the abdomen, just below the
rib cage. Care was taken to inject; DSP-4 immediately after
preparation. The injection volumes were 5 ml/kg.

surgery: = o
. Fifteen to twenty days following 1nJectlon the
animals were anesthetized with Avertin (10 ml/kg), and

received stereotaxic implantation of electrodes unuamnu}\

into the’ basola:eral amyqdala.. T’he electrodes (Plasnc 3
‘Products) were bipolar cunsxstxng of two wires separated by
0.25 mm at the l‘.lp. The steteotaxic coordinates were 2.7 mm
_caudal and-4.7 mm latéral to bregma (skull flat) and 8.4 mm
ventra).. to the'skull's surface. The electrode assembly and
\anchor screws were held in place with dental acrylic’applied
Veo the expbaed sKull surface, ,

Kindling: - ; . ¥

Following .a recovery period of :20-24 days the

animals were handled for 20 min a day for four days. At
‘this'point the experimenter was 'blind' to the animal's drug
treatment..” On the fifth day each animal was placed in the C
exper imental chamber for 20 min“. The next day,
approximat_ely 40 days fonuumb the drug injection; the - . %
afterdincharge (AD) threshold was determined. This time
interval is more than ample for.thé depletion of
norepinephr ine levels and allows for a recovery of

L.
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*1orepinephrine loss in the periphety (Jonsson et al.,/lssl;

.Swann, 1984). Stimulation of the basolateral nucleud of the

amygdala was accomplished using a Lafayette sine wave
stimulator and consisted of a 1 sec. train at 60 Hz.
Threshold for AD was arbitrarily defined as the lowest
ideensisy of stisslation”reguired £o Bvoks AD; ‘Stimiation
was initially deliversd at an intensity of 10 uA and was
incremented by 10 uA, /at ,ohe min 1n:ervals, unr.u AD’V&!‘
evoked. Kindung began the followlnq duy (day 1), at a

suprathrashold current of 200 uA. Animlll were' d!.ven'a 1

* 'sec train at 60 Hz,, once every 24 heuzu until they dlspluy.d

a stage 5 motor selzure\. Amygda!.oid EZG was rocorded Eoz

oié nin before ‘and several min after each stimilation. Tha.

development of behavioral seizure-manifestations was video-

‘taped and classified using a five point scale (Racine,

1972): stage 1,mouth movements and ipsilateral eye-blinking;
etage 2, hud-nodd!.ng: stage 3, .clonus of.the ipsilateral

forelimb; stage 4, bilateral clonus with rearingi’ stage 5,

rearing and falling.

The " of primary was the number

Of ADs until a stage 5 ‘seizure. Other seizure parameters
lnvestigatsd wau tha AD :hreuhoid, duration of stage 5

motor and ale‘ctreqtaphi,c sehuras,_ and the latency tgq

exhibit clonus during the. stage 5 selzure after the kindling

stimulus. ', 3




Biochemistry and Histology: - i
_ > Concentkations of dbpanme\norepnephnne, and’ Sur {
were measured in the brains of all r}ts. }‘he rats were
dgcapitated ong Mnt_’h after the st.ag 5 seizure, the brains 3

removed and blocked sagittally down (S Wtine over ice.

) The cortex on the ‘m’e contralateral{to the’ electrode
. L placement was pseled back,” and the telencephalon. was (
' isolated by a covonal section from u../.nzenor thalamus to
the anterior hypcthalumus. “The dl.uoc\:ad telancephalon ‘was ‘j» i

#nmediately wrapped in aluminum foil; frozen in liguid 7

ditrogen, briefly kept over liquid nitrogen, and ‘stored, ay -

1
H

70 degrees . Centigrade pending chemical analysis. To %
detemg\e electrode placement, the lipuu- eral hemisphere :
"+ vas placed\i a cryostat, and saggital slices were taken and

reacted for acetylcholinesterase (Mesulam, 1976), and.then

counterstained with cresyl violet. The basolatera® nucleus

Was a high acetylcholinesterase content, and is therpfore

e i

. highlighted when stained 'foz'.ce:ylcnoum.:en-a.

¥ * ‘For reasons zahted to equipment avanabxhty, the
B

£

dograe and selectivity of norepiniephine depletion by DSP-4

®
\ll! not ascertained untﬂ. all experiments had been

Annlynd uﬂochrofluercmetrlcany Eor dopamnal 5 hydroxy—

\

aryptamina. and norepinaphrine leveu accord ng o i s ¥ e

S n i "‘r"“",—"

\ : compluted./ The umplea were woigh-d, homoqcni;ed and

.Jncobowltz and Richardson (1978).° <3 -

TR _The data were lnalyzed ut-thticluy with a bwo- ~
& " ks

{
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tailed :-:esc,bec}aeen(—che saline and DSP-4 groups for each
dependent variable.
< L . ) S

- 2.3 Results and Discussion! .

."" The results are’simmarized in table 1 (pg. 44).
Eight out of eighteen rats treated with DSP-4 died

vithin a_few days following DSP-i treatment; the rema tning
animals recover’ed and appeared healthy. “No ‘weight 3
dxfference “between the two groups was found two weeks
£allowmg drug treatment (1 €., at time of surgery). one‘- "

.animal dled fououmg injection of .the anésthetic prior -to

surgery. [-‘our animals from the saline and 1 animal fr:um the

DsP-4. group were eliminated from the study aftet their
dental’ cement caQs fel] off before ‘completion Saenena

exper inent, ‘and one andmal was removed.when it had shown norx
ADs in response to’ ths kindling stimulus folmng three

f@stmg. e A e

As expected,; DSP'4 treatmenc ptcduced af,nificant.

depletmn (£(10)=3.92,p < ~005) of ncl.'eplnephrx fe (45%) in

the telencephalon with no signiﬂcant altennons in the

concenuaucns of or ‘;.., roxytr yptamine,

PR Hxstological vezssxcannn of anygdald¥a elscerats
pxaceuleu:s aimed at the basolatéral nucleus are illustrated
in_fxgure,l (pg. 45). Generally, placements wgte in or

" dorsal to the basolateral nucleus. There was-no locational

“blas. betweln groups as the'tipé(agpearsd “to be randomly
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TABLE 1: EXPERIMENT. 1‘SUMMARY TABLE
) ] .

Dependent Experimental Group
.Variasble, !
Weight (g) TR {4
o Mean ', 446.3 435.3
Standard'Etror . 8.9 123
N L6 -6
AD Threshold (un) [T
. 45,0 | 78,3
7, Standar.d Ertor T8y +| 20,4
| gl - ek
o '/AD'E to. Stage,5 o : -
. Medn . 7.5 13,8
[ i Standard Erzor .56 1.08
: 4 : ; 6 =6
" Stage 5 -Motor Seizure Dur . (sec)
" “Mean - ,39.8. 62.8,
et . Standard Error ' 6.4 4. 7.1
o UN 5 5ix
Stagd 5 AD Dur (sec) N
~ 7 < sLo
A Standatﬂ Errort 4 10,1
. : 2 5
"Stage 5 Latency to Clona m@ il
N 2.2
| standard Error 5.4
. 6
NE Concenuation tug/g)
Mea ’ 1287
=, . standazd Error 1052
DA 'c\;ncen:‘rauon fug/g) - :
R L meaR o ds2 |- 3.
.- ’ . . Standard'Error - .31 .56
R Fu g ] s
- “5-HT Concentration (ug/g) - R
’ e 108 i 1.34
Sandar Brror .09 .20
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distributed within the area-illusrated in fig. 1.

o Tne-afteraischarge thresholds deternined betore = g

K, “kindling were not lffected by DSP-l t!entmant (t(10)=1,50,
b p= .18), indlcatlng that DSP=4, likc S-OHDA, treatment doos

not affect the’ p(oductlon of wcu seizures (Corcoran and

i B Hason. 1980) . ] L 2
5 - ’r\dce as many ADs were reguirea to kindle saline " H
5w P treated rats as were nesdad to kiLdle DSP- treated animalsy. =

'l'l\e qumbar of uce a naqe =5 seuute un
siqnificaﬂtly réduced by DsP 4 treatment .to 3.8 ADs.for the
i B ) DSP-4 group ‘as cqmpnad with 7.5 ADs for the saline group

' g g 2 8 (t(10)=3 02,.p<.02). Only one animal Erm thl DSpP-4 gteup

Eell within the range of scores in the ullna group.

Althuugh the saline tzeatediuts kindled qulte :apidly

co-parod to controls of or.ha: mygdaloid klndlinq studies it

has been upetr.cd proviously chatwpraqm Davley alblno rats

i
i
i
i
%

'\' | kindle faster than othef rat strains; with a mean of 7.0 ADS
. 1973). ¥4
The magnitude of faci1jeation by Pse-4 depletion of

B . . to the ﬁnr. stage-5 _seizure (ncin- at a)\

et 1
’

Vno}t{)inaphtin[ on amygdaloid kindling rate falls within the

s range of tl ltudies employing 6-OHDA or elactroly:gc

lestons of the dordal noradrenergic bundle. . Mohr and - . %
Corcoran (1981), with a kindung rate of 16 7 ADs to Atags 5 '_ y
"for controls,’ raducsd the kindling rate to 30\ of controls *

by. intrgeerebral injection of 6-OHDA into the sigendtng- e

noradrenergic fibers.y McIntyre (1980), whose control.

L
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‘animals kindled ane( an average of 12.5 Avs, injected 6-
ohua locally into the amyqdala and regyged the kindling rate
by 40%. Ara_ki et al. (i983a), whose control -mnals kindled
“after an average Of 15.5 ADs, also reduced the kindling rate
by, less- than 508 by electmlytlc lesions of. the pNB. ALl

« ~ . e g
othar studies i a 2 to e

between 308 &nd gOI of control klndung rate. DSP-4

treatment- here produced reductiona in
however L] possible buement etfsct is
k(ndling rate 'of this- Btrain Df l‘ﬂt.
Altnough tteutment wlth DSP-I

unanng, ‘it retarded the onut of

the lower range (50%);

suggested by '_tha rapid_

facil itltad th- rate’

!orcumb clonus duﬂng

% £1 nr. stage “Eive seh:ure (\:(9)-‘ l7,p< 005),.as has bﬁan'n
s teporr.ed eluwhsra vith icv 6-OHDA treatment (chntyu ot
al.y 19791 'llclnty:e, 1991). 'l'he ovnrall lanqth of ‘the. nor.or S
jseizure was also longur for DSP-4 rats than :auna tren.ed
aninl- (e(g)=2; 40,p< os) and was accoun;ed for by the extra
t,i-e spent in stages 1 and 2 (htancy to Eoreli-b clonus).
The AD durations for the stage:s’seizure were similar ‘. . -

bet"en grcupl, but. not reliable since data on this varlublc

“for 4 animals trom the saunn group were discarded duu to,-

masking ot the electroguphic record by noise.

% whila xncreued latnncy to clonun during tha staga

:nizun has been prcduéed by S-OHDA tnar.msnr. given: fntza-

verntricularly (McIntyre et ali, 1979, 198L), it ocould not b-

% rayli‘cand by »s-onm\ treatment_into:the ascending




noradrenarglc fibérs «(Mohr and Corcoran, 1981) or Lnto the
amygdala (McIntyre, 1980).. It was sugqested that the
. depletxon of spinal of cerebellar ﬁaorepinephnne, spared by .
6-GHDA-DNB trea:ment, was responsible for the latsncy
effects (Mohr and Corcoran, 1981). This interpretation. is
corisisr.ant with. thé DSP-4 induced effects, whi.ch would haye
depleted cerebéllar and spinal norepinephrine ‘as well as

- forebrain noreplnephrine.
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» CHAPTER 3: EXPERIMENT 2

3.1 Introduction
A variety of studies indicadtes that the presence of
norepinephrine normally acts to retard the development of
kindlinq, since its depletion {acllitatss the lundllng rate.
The previous sxpariment reaffirms the £acilitat£ng act{on OE
norepinephrine dgpletion on the devélopment of kindlea
seizures, usifg the apecl!u: nurepinephrine neurotoxin pSp-
4. Important suppon: for’ .noreplnephrine“! -pparent .
inhibitory role in kindling ddvelopment would be
reesubummnc of the basal rate of kindling after
noreplnephdna deplenon by restoring noupinephr&ne levels
'xn DSP-4 treated animals.
Inherent in the question of repletion aré questions
.about’ the criitical area in which norepinephrine's presumed |
' prophylactic action takes place, and the critical time of

exposure to norepinephrine during the kindling process.

With fespect to the critical area, although local amygdaloid

depletion of norepinephrine facilitated the rate of kindling

(McIntyre, 1980), the facilitation was not of the same
magnitude as reported by more general, widespread depletion

studies. Secondly, a'lack of clear effect of norepinephrine

depletion on I.oca). seizure suscaptlbility as meam}rea by AD :

‘threshold nineorcu the concept ‘that depletion of.

norepinephr ine causes "a disinhibition Of the spread of
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epue‘pti;cm actiwity (Corcoran and Mason, 1980).

Presumably, forebrain norepinephrine’ outside the amjgdal®
also contributes ko its inhibitory role on kindling '
development. For these reasons, initial repletion attempts
should be-aimed at forebrain areas in general.

The critical timé period at which norepinephrlne may
act to inhibit seizure spread cannot be identified by
chronic depletion studies. The depletion howdver must be
present. prioc-torstage’s welsires:aince depletion ¢t
norepinephrine following the first stage 5 seiiure has been
shown to have no effect on’the expression of the
electrically induced seizures (Westerberg et al., 1984). (6
OHDA treatment following 3'stage 5 seizures did not afféct

the ability to reproduce a stage 5 seizure on the £irge

. stimulus, or the duration ot the .AD and motnr seizu:e

produce_d-. This suggests that norepinephrine acts to
suppress the development of kindled epileptogenicity, and

not the expression of established seizures. Therefore, .
@epletion studles‘aimed at providing a chronic supply of
RoFepinephrine throughout ktnaung although not providing

any’ information about the specific time course of

Zno:epinaphrins action, will serve as a necessary test of the

hypothesis that nerepinnphrina is tonlcally requuedh.

suppress’ seizur’ devalopment. .
Intracersbroventricular infusion of norepinéphrine

{nto the lateral ventricle,fespite certain limitations,
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appears to be the method of ‘choice initially for the
repletion of forebrain gorepinephrine. The most obvious
limitation to this technique is the restricted distriBution
to periventricular sites. The uptake of tritiated
norepinephrine by any region of the brain is negatively

correlated with the dlstance of the region from the ™

_injection- site (Chalmers and Wurtman, 1971). Most exogenous

norepinephrine is actively taken up by nerve endings-and
axons in the surzcupz_:{ng tissue, the remainder being
localized in glial perikarya and blood vessels (Aghajanian
and Bloom, 1967). Prior destruction of noradremergics _

torminals may result in ingreased distances of diffusion due

to the'presumed lpss of most of these specific uptake e,

channels. ©On the other hand, degradation, could be more *

* rapid s{pca,.exoghnousnnorepinephrlna_wculd not be

sequestered into vesicles to protect it from enzymatic

destruction, although thére is some evidence for extraneural

spaces that are capable of a’ccumulnipg exogenous
norepinephrine (Koster.et al., 1984).

i SEGAY7 NG AEEGRPERY £5 notauliEs MOEepIRepHEL AR,
b i

‘ following depletion, through infusion of norepinephriné .into

the rat brain. Bisvas and Jonsson (1981) chronically

infused (icv) norepinephrine into 6-OHDA treated rats and
found that 1 ug/he and’s ug/hr reversed the norepinephrine '
denervation indéced increase of beta;adtenorecfaptqrv binding

An the rat neocortex.. When the norepinephrine-depleted

~

s i
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animals were sacrificed those that received 1 ug/hr had
s endogenous norepinephrine levels in the cerebral cortex of
29% (when compared to non-depleted animals) and those
receiving 5 ug/hr had norepinephrine levels of 141% of
normals,. ';hey also noted that sxactly' the same results were
obtained for the camnulated and the contralateral side;
indicdting that the intraventricular infusion technique
employed was sufficient for the distribution of i
nczepinqphzina’ to both hemispheres. .Following ‘tha con-
v Tetrious infusion of norepinephrine xn:o':he lateral
ventri.clan, it is likbly that the nenpinephrine is
- . 5 immediatély carried down with the. normal flow of ’
cerebrospinal fluid towards the fourth ventricle, via the

third ventricle and the cerebral aqueduct, from which it

. " gains access to the cerebellomedullary cistern and

spaces ( et al., 1978: Milhorat. and
Hammock, 1983), the latt;r compartment probably supplying
. _sthe greatest amount OF v&o_zeptnepnring to the cerebral -
dortices. i
Kasamatsu and Pettigrew (1979b) and Biswas and e,
< 1Jonsson (1981) nmng'ochu; have used Alzet osmotic :
mlnipunps to provide continuous infusion of nozepinephrina
1nto I:ha brainy The Al:ar. osmtlc minipump cnnnsts eE a

8 uemipsmaablo mcmbnne, contalning a_ coll

psible’ reservoir

* of ﬂexlbla, impermeable material, vhteh is surrounded by a

sealed 1ayer containing an-osmotic agent (hypertonic

il

i
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" saline). When the filled minipump is placed in an aqueous -
environment (e.g., subcutaneously) the osmotic agent imbibes .
water at a rate :!etermined_ by the’permeability of the outer
membrane to water. Hydrostatic pressure s generated by the
imbibed water on the ‘flexible lining of the reservoir,

. gradually compressing it, producing a constant flow of its

contents’ through a delivepy port.. The mihipump can be
—implanted 1dcally in the desired site of adminksu’auon or
attached to a catheter for delivery.'to sites d{stan; from
+: its location (i.e., the brain). T);Ae major advantages of

E ) these pumps are: their ability to deliver a constant. Elow

: of material at ! specific volunes, and the lack of\ﬁno\vement

] R .restrict)ons inherent in pips Located awey from the ARLAL.

3 5 The p:esenl: experimenr_ employed osmotic mmipumys to °

. . cnromcauy infuse norepinephrine ‘icv into anim‘l

pretreated with®'Dsp-4, ifi' an attempt to reestablish the

3 " prophylactic actiarh on kirdling development attrxbuted to

5 norepinephrine. .

o . § © 3.2 Method :

B

! The same general procedure ‘of the previous|
experiment was mdintained with the following exceptions.

. . “In an attempt to.reduce the high number of animals

doat 1y ;the £1rat experinent: to DEP-4 'treatnénts all ip

injections weré given into the lower right quadrant of the

i 13
+  abdomen rather than the upper right quadrant as previously.
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Eighteen animals (345-447 g) were given the CGP 6085A/DSP~4
combination, as in experimeny 1. Twenty-five to 30 days
following drug treatment all animals had stereotaxically
implanted bipolar electrodes aimed at the basolateral
amygdala and a guide cannula (Plastic Products, 22 dauge)
positioned above the:lateral cerebra} ventricle ipsilateral
to the elec_;:roﬂe placement. Coordinates for the guide
cannula were 1 mmvposterior to bregma, 1.5 mm lateral to the
midline, and 3.1 mm ventral from‘skull (skuil flat}. The
cannula and the electr‘ode. were Ei.xe_d tb t?{e skull by dental
cement ,as indicated in experiment 1. A dummy q;nnula was
*inserted into the guide cannula, and fixéd to the dental
Folldwing a recoyery’period. of 20-23 days, and the
£ive ‘éay,handlxng period, an osmotic minipump (Alzet, model
2002). was implanted subcutaneously under Penthrane
(methoxyfluran_e, Abbott Laboratories) with a connecting !;ube
. attached to an” inper cannula (Plastic prgduct.s, 28 gauge)
cut to protrude 1 om from the guide cannula. The minipump
g‘ndkcachéte: were filled with a sterile saline (0,9%)
solution containing 10 rig/ml of norepinephrine hydrochloride
and 0.1% (w/v) ascorbic acid.  Control ‘animals recéfved the
vehicle (same solution without norepindphrine HC1) aléne.
The minipump delivered 5 ug of rorepinephrine-HC1/.5 ul/hr
for a minimum of 14 days, .After incising ‘the skin 2t the

back of the neck, a hemostat was used to make a subcutaneous
: 5 . N
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pocket that extended from the caudal aspect of the incision.
P

The minipump was passed into the pocket with the connecting

tube and cannula protruding through the incision. The inngr

cannula was then placed down the guide cannula, following

" the clipping and removal of the dummy cannula, and cemented

into place on the dental cement cap by a t?a'ad of epoxy glue.
The skin.vas immediately sutured around the tubing between
the pump and the cannula. '

The animal was allowed to :spcvé: from the implant,
overnight, then habituated to the experimental chamber for a
Ewenty minufe period, and kindling started the second day
after implantation. ’ . ? ot

Animals were decapitated tvo to three hours after 's
the first stage five seizure; and histological .and
biochemical analysis followed as in experiment one.

3.3 nas(ucs and Discussion

The results are summarlzed in Table 2 (pg. 56).

Histological verification of amygdalold electréde implants

revealed a distributicn as lndicated in experiment 1.
Two animals diad 2-3 days Eollouing DSP-4 tteatl\\ent \

and one animal died while under . anesthesia during minlpump

.surgery.. “Two animals lost their caps before cdmpleting the.

experiment, and one animal was removed when following three

days of testing it had shown no AD's in response. v:o\the .

kindling stimulus. H L
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TABLE' 2: EXPERRMENT 2 SUMMARY TABLE
/

Dependent Group
variable . -- —maant
: Vehicle

Weight (g) B
* Mean 496.0 489.4
Standard Error 11.8 25.3
N 8 5 -

AD Threshold (uA) ' -

ean 30.0
Standard Error 6.8
N, 6
# of AD's to Stage-5 )
ean 4.5 4.0
Standard. Error .81 1.0
N - 6 L
Stage 5 Motor Seizure Dur .(sec) #
: 2 an G 55.3 89.8
s Standard Error 2.5 27.6
T 6 6
Stage 5 AD ‘Duration (gec) B ® b
e n g 1302 111.4
standard Error 2.7 24,76
- N ob . 5 -5
Stage 5 Latency to Clonus (sec)
: _Mean ’ .7 26.8
Standard Error 3.6 12.2
VN 6 s 6
NE Concentratien (ug/g) N 3
Mean' o 6 352 .340°
Stagdard Error .032 2039
N 5. 06
DA Concentration (ug/g) Ty
- i < Mean 298" 3.31
» o Standard Error . .19 s .42
2 N % e w s 2
5-HT ‘Concentration (ug/g)
. 112 .97
. Standard Error T.11 .03
. oN oA s 5 6 .

B
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There were no differences between aroups on sy ae”
the measures: norepinephrine-infused rats did not differ
from vehiclgagnifused (.1% dscorbic acid in 9% saline) rats
in either AD threshold (t(10)=1.26, p=0.24) or the number of
afterdischarges until the first stage 5 seizure (£(10)=0.39,

705). No differences were found between the vehiclé-

- infused and ‘norepinephrine-infused rats for the duration of

the first atage 5 motor seizure (t(ln) 1.79, p=0.10), the
duration of the stage 5 elactrogtaphic seizu:e (t(lo)-l .53,

p=0.16), or the' latency to clonus <t(1u)x1 19, p=. 262).

‘Dopamine and 5-hydroxytrypta.m£ne levels did not differ

between. :;réups.J E .
These results are not.surprising cung;deriné “the

fact that norepinephrine-infusion’didjnot raise nor-. . <

epinephrine levels measured in the telencephalon above those

of vehicle infused animals (t(9)=0.25,.

=0.81). - However,
ccnsiderlng the success ‘that Biswas and Jonsson (1981)
reported employing this method, these results'are
surprisifg. They tréatad newborn’ rats. ith 6-OHDA (2x100°’
mgfkg sc) or saline, and at 8-10 weeks Of age: used osmotic
:ii’s'ﬁ’xi;umps to chrcnic;lly infuse either thedyehiele, (sterile

saline and_ ,ll ascorbic acid) or.the vehicle with- . x *

norepinephrine

ALl ar\imals were sacrificad on the tem:h day and an 8, 9 mg’

tissua san\ple taken from either side of the cerebral-cortéx

Eor 9 days into- the righc 1ataral ventrlcle.. &

s
i
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treatment and vehicle infusion had an average norepigephrine

concentration of 8.4 pmol/sample whereas those animals which

were treated with 6-OHDA and vehicle in€usion had an average,

of 2.5 pmol norepinephrine/sample representing a 70% -
decrease in norepinephrine levels. Animals tréated with 6-
OHDA and norepinephrinq'igfusionl(5‘ug/ul/hr) had an average
- norepinephrine level of 11,8 pmol/sample, regardless of
which hemisphere was sampled. Therefore chronic fnfusion of

noxeplnephrxne into animals pretteated with 6~ DHDA was able

to produce norépinephrine levels that were 41% highér than - .

B found in control nimals with b "6-OHDA treatment.

Histoloqical verification of the cannﬁla placement
indicated consistent placements of the inner cannula into
the lateral ventricle; theérgfore it is unl}kely that. the
infused norepinephrine was deniéd access to behéricu;ar

/

¢irculation. i oy .

tential for au:o-okxdatxon of norepinephrine

Tevented by ‘a 0.1% asco:bic acid veh{cle. A 0.1%

~“solution of ascorbic acid has been shown to protect 95% of

« the ncrapinephrine ‘released.by the mlnipump for at least 5

>. days (Klain)ans et al:, 1981). Bisqu and Jonsson (1961) e
measured norepinephrine levels “which were above the levsl of
nun-dsplsted animals 9 days qfter initiatlon at the same
infusion tate of, 5 Mg/hr. . Clearly the.inability to.replete
norepinephring is not 1i.lssly to.be due to its deterioration

in the mimipump

Animals were infused for a range of 4 to




59 i ¥ %

. Obstruction of the cannula is one possible source of »°
€ailure, but difficult to isolate. One animal's ~ -
histological record indicated a b:yk mass at the tip of the

ssible obstruction of the '~ -

1

1

. E !
10 days before decapitatioh in this Study. & 3
i

i

cannula placement suggesting the H
. ; H
cannula by coagulated“blood. Anothek animal had an apparent H
infection at the site of the.cannula tip. ‘Data from these - i
animals did. not alter the Gutcome of the- exgeriment.

By H Since the pump does Dot reach a sheady flow rate ol .

. until 4 hours, after it has- been implanted, the caunuln would

3 D be most susceptible to blocking ‘diring lhi‘lniqtal pesiaaE s b

lnucr.ivlty.

= No untreated controls were.run m this ‘experiment. . .

To detemlnn vhcth.r DSP-4 tteament accgl.nc-d kindunq as

in expczimnnt one, dat—.a from ntha two in[ua!on qroups ware =

ccllaﬁsed and all kindlinq and biochemical paumeters vore
comparod m the DSP-4 and saline gzoupl of .xparinen: 1.
. Animals £ro| bo:h oxp.rl-ants -ere tuatea in the same )
" 7 nanner:. Asido from the -infpu-p surg-:y and vo}ucle o
: ’ xntusxon. "the nnly procedural diffe:em:a was a gteatez’ iy i
recovary time (10 day') ln exparlmnt 2 thqn expetiment x . ‘ I ¢ -

bétween DSP-4 injection nnd stereotaxic’ surgery.’ ’l‘he enly

\ significant duzannce distinguishing the collapsed intusmn S

group from the DsP-d qroup‘ ‘of ,experhum: ong wu a lower AD

LT +‘threshold for the 1n£uu10n group &t(lﬁ)- .El., p=. 02). It h‘ y

unc).aar uhy the icwi, 1n£uaion procoduro, including: %




‘implantation and ‘anesthesta 48 hours befoge threshold | : %

testing, would lower the AD chreshol.d/ ' o
o ksndung parameters vete significantly diffgrent

between the infusion ‘group’and the saline group Eron

experiment nne. Animals in the infusion grcup had lDwe

levels of teiencephalxc norspxnephr)ne (t(15)=4 41, p=. 001)

and kindled' signxficantly faster (t(16)=3(.36, p=. 002) than

the saune _group. No significant diEferem:e wds £6und on

_ the latency to c1m(us measure (:(15)=1 49; p=.16), which was

intermsdixte betueen the ,saline group and_the DSP-4 group "

ftcm experimenz one. 4 W
. i In cnnclusion, the methdds amploy-ed were unabh (8

signlﬂcant}y replete/ telencephalic levels of norspinephrine

‘. following DSP-4 treatment. Furthez, no Blgnlficant aifs

terencas were found between the gtoup receiving the vehicle,..

and the ‘group receiving norepinephrlne on' kindling ;

* development. whan both 1n£usion gtoups 'were combined' and

comparéd to those groups in experiment one, it was again -
apparent that DSP-A treatment accelérated.the rate'of
kindl‘lng ln both studiss, presumably by depletihg ‘

no:epinephrine m :ha cenr_ral nervaus system,-




CHAPTER 41" EXPERIMENT 3 =~ = | i
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4 1 Introductic

H

LY hypotnesss that "the r.on\c prssence of
norepinephrine underlies: the inhibitory action of
norepinephrine on kmdung development pmposed by i

o = »norepinephrlne depletion Ttudies. as thé 5 ug/ul infusion

. oF no:epinephrine proved insufficient -to significantly

elevate norep1nephrina ToeaLs 15 s ptevious study, :na' ' i
concentrauon of norepxnephrina to be infused by the osmotfc

minipumps was doubled. - Tdfreduce Ehe probabiiity of . * §

i mockxng, mnipumps fore: Wadea sna theubagad besdte

. implan€ation to’énsure a steady Elow rate at.the time of
L £ placement. * Pinally, ‘sample sizes were ‘increased. and DSP=4 -

. and? saline nun-infuslon groups were added as necessary

: within experimant cnntrols. R

f 3% ailal ™ 3 d ekhod

ifis 7 o " The methods were unchanged unless otherwise

X Jn&i'car;sd. A¢ sunmary folloys. S

Fifty-three animals 1190 -280 g at the time of .

; xﬁjeccion) were randomly assigned to'1 of 4 -gtoups, DSP-4

a].one (N=13), sallne alcr\e (N*u), ‘bse- 4. 4nd noreplnephdne ”
xnfusionf {N=13), ‘and DSP-4 and vehicle xnfusxon (N=13). B
v . . et
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surgery wa‘s persormed Fiko Asdave Eoliawing the injection
of CGP- SOSSA (all groups), and DsP 4 (DSP-4 grnug and xwa E
infusion. groups) or the saline vehicle (sahne group). The
‘eirst two groups were implanted with an electrode aimed at
. the baéolatg‘ral nucleus of the amygdala, while the s;cond

two groups were i:l\planted‘ with both an amygdaloid electrode

and a cannula placed into the lateral ventricle. Since

"electrode placements f‘:é’ncered around the dorsal aspect, 0‘!
. just above, the basolateral nicleus in the previous two
eiperinents; e electrode was lowered to 8.6 mm ventral
from skull instead of 8.4 mm.. ALl other coordinates were’
" A male Amphenol '

pin att to one of
the serews secqung l:he dental cement’to the head was added
and connected to the cable shialding, .already grounded,

during, each kindling :easion.

! ' Ths animals started tha\A day handling ‘and-1 day
habituation session seven tl‘ ten days atter surgery, prior
to threshold testgng or minipump implantation.,  The
minipunps were filled with a Ringers solution of 20 ug)ul
norepinephrine and 0,18 (w/v) ascorbic’ acid, or thp
l?ingcrs/ulgorblc acid solution alone., : At a concanttatiénAaL_
20 ug/ul, the pump delivered. 10 ug/0.5 ul/hr of

no:opinephrine icv. The pumps were incubated for 4 hours

. prev{ouz to impluntation in a saline solution kept at 37

degteau centigrnda. Kindling was performed until two stage
five selzures waru produced, zmd ani

15 ln uu groups wers °

ok
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decapitated 1 to 4 hours aftér the last seizpre. " The
duration of ‘the E‘irs: AD following threshold testing was
‘}dded to the list of kindling parameters measured.
4.3 Results and Discussion

Sevénty percent of ttxe electrode placements were
directly i‘nJr.he basolatenl'nuclaua of the amygdala, while
twenty percent were within 1 mm (£ig. 2, pg 64). One
alectrqda was deflected upon insertion outside the amygdala

resulting in a tip location at the hippocampal-cortical

boundary. Since no AD was elicited during threshold testing .

ey
was

and three subsequent kindling attempts, the anim:

rejected. Upon examination of electrode’placements, there

appeared to be no cozulation between nloctrodn 1ocauan and.

the. aninu rate of kindung.

s One animal died 7 days Eollwﬂnq DSP-4 tzeamﬂlt,
and 4 animals died while under anesthesia duting the
stereotaxic surgery, 3 of them having had the DSP-4
treatment. Two animals died under anesthesia during
nir}i‘puﬁp -sutqury, 1 of r'.h-'u having had the DSP-4 treatment.
“Three animals had faulty electrodes as indicated by flat
recordings.. Pinl].ly, 2 nnl\iah which had had DSP-4 "

traa:ment were ﬂcr. used ‘as they were clearly under:aight and

tragile ip appéarance. . All other animals appeared healthy
e ! et

and well, qrocmc’, BT
The ruulcs ar: sumnriud in table 3 (pq. 65),

e

i
{
i
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wings Irv the sagittal plan

¢

e

b b
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TABLE #3: EXPERIMENT 3 -SUMMARY TABLE
Dependent Experimental Group
variable - .4
_DSP-4 . Saline NE  Vehicle i
: ¥ € 3
AD Threshold (uA) 1
Mean 35.0 50.0°  60.0 47.5 i
Standard Error 4.0 1.2 . 12.7 _14.3 i
N 10 12 10 8 i
:.mgm of First AD (sec) i
19.4 1.8 23.0 36.4 {
Standurd Error 3.5 131 3.4 11.8 {
10 8 9 7 i
# of AD's to Stage-5 g
ean 5.5 7.3 5.7 4.9 i
‘Standard Error .98 .70 /97 .97 i
N - 10 0 8, §.
3 % H
Hotory Seizure Duration(sec) , p i
. an - 32.2 52.4 /
Standard Error - .-3.2 * 6 ,
- W <" 9 .
AD Duration, Stage-5 (sec) - . i
s Mean < ° n27.8 38.1  55.6. . 66.0
3.1 3.9 6.0 11.7
6 1 10 / 6
Latency: to Clonus (uc) % . 5 XS
Mean 7.8 10.3 23,7 — 1%
St 5 Snndptd Enot. 1.8 4.8 6.5 4.4
o -9 12 10 8  (
NE concantuuon (ug/g) o X _{ .
et 463 474 .465 :
e - snndlrd Error / 059 . .029  .042 2
S | 9 £10 v 10 L
‘DA:Concentration (ug/g) . ) cre
. Mean - 3,08, 3.05 ‘4,61 4.28
Standard Error .58¢ .41 .63 42
‘N e ¥ 9 s 10 8
. 5-HT Concentration (ug/g)" .- ¥ G u
> € Mean - 1.37 © W8 A, 67 . 132
Standard Error L el2 W11 e .19
o S N . - ‘e 10 10 .8 |
. LX) » v
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Analysis of varlance revealed a signiEicant group effect on
the first AD duration {F(3,30)=2.97, <.05). ‘A post hoc
Tukey test indicated that animals receiving the.vehicle
.infusion displayed. longer ADS than the saline treated-group.
There was a significant grcu}) effect on th'e AD duration o'f
the first stage five seizure (F(3,29)=6.27, p<.005), Roth
infusion groups displayed l:mger stage five ADs than the
DSP-4 group; and the vehicle infusion group displayed longer
AD duraticns than the saline group as well.

5 Taken together these results indicate that either*
the process of, cannulation (insertion, under anesthesia and
subcutaneously, of a minipunp attached toascannila insscted
into a lateral cerebral ventricle: tvo da;ys prior to 4
Méaung), or the '1n‘£uuion &¢ tive Ringera/antorbic adla

vehicle can lengthen the AD duration initiated by a kindling

_stimuius, AD duration does dot” appear -to be ‘rélsted “to the

severtty of the kindugg "induced selzure or to the
susceptibility of the animal to the Kingling process.’ !Lnrig
AD may be indicative of a:high ddgres of hippocampal
activity Eoz Engnl et al., (1979) demonstrated an

tation of. incre lucose uptake in the

7hlppdca.mpu5 with AD durauen and’ not saizura staqe during’.

anfygduloid kindling.  They suggested r.hat an alternata

system exists for the generation of. local, Ap'that iy’ be

'{ndgpendent of both, 'partial and gonaralized seizure-

generating mechanisms. . However, Le.Gal La Salle (1981)
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found that rats that initially respond to amygdaloid
stimulation by long ADs tend to kindle Easter than those

that respond by short ADs.. It is unclear how cannulation or

the vehicle may account for these‘results, especially when
the infused groups of experiment two did not differ from the
non-infused groups of experiment one on AD diration.

No group effects were found on any ;E the other .

kindling parameters, or on neurotransmitter levels. ' This is
somewhat surprising given the DSE-4 effects demonstrated in
experinent one and two. The raw data indicate a clear
dichotomy in the dlstrlbution of scores on the tﬁol vgziables ¥
,of primary interest: the number of ADS to kindle, and the
Lovstinepning concentration in the,n8b=4, group Tass Elgs. 3
and ‘4, -pg. 68 .and 69).°

A Flshq{ exact test was perfor on’

; .' Vt‘hasa two variables between groups using the 1ow'aa‘t score in
the saline group as the ctitetian cutaff point, on thé basis
¥hat) ENé salilne. Gioup represents u.EANgS OF scores

rep;esentauve of . intact animals. This was atvalue ot 5 for

"ADs‘to stage 5 and .29 ug/g for ‘norepinephrine’

concar{ttat;en. With respect to the' forner variable, the.
DSP-4 group:(p<.01), ,no:tpinsphzlna infusion grbup‘ (p(.’00‘57.'
and/vehicle infusion group (p<.005) all differed ; !
significantly from the saline group, suggesting a

! J significant acceleruhion of -kine due to DSP-4 treatment.

Norepinaph:ine levels were siqn&ficantly lower in the DSP-4

i o gru_upb (p<.005) but not in the two 1ntuslon groups whan
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“Compared to the saline group. FoUr Of the five amimats that———  —
kindled in less than 5 AD's had norepinephrine
c:;m:em.ratipns below the .29 ug/g cutoff point. -

’szeplnephrine Javeln s calond by mistowes
infusion of norepinephrine t:! levels equivalent to tf{at of E
the saline group, but this result is confounded by the fact i
that norepinephrine levels,in the vehicle group were also :

__zaisaa' to that of the saline group. Norepinephrine levels

.after nozepineﬁhri‘na or vehicle infusion, .474 and .465 ug/g ¥

- respectively, were indiatinguishable £rom each c}hei: and the 3

) sallne treated antmals (.463 uq/Q). This result is’hard to ‘1

. . reconcile cansldsrlng the success of Biswas lnd Jonsson. 3

(1981)-in raising noraplnsphrina levels in tha cortax uuinq s

s half the concentntion of no:aplnaphrine lntused. One

‘possible explanation is that their choica of carebral

cortical tissue ass: ;-d was adjacent to the subarachnoid
space at which the level of norepinephrine would be high. A i

large telencephalic block such as the.one assayed here may

mask possible i in p cular tissue.

\ An acceleration of kindling in both infuuion _g’;oups
without a concomitant de"cteaa'e in norepinephrine.levels‘at

o . the time of sacrifice ahggo:ts at least three polsibiiltlea:

} ) ' 1) that_ (ncr_epincphrlne‘ lev'els vere low’ £ri.itlal.ly ‘but
increased over the course Of kindling, 2) that DSR-4 .
treatment ‘may induce acceleration of kindling by a mechanism %

% . independent ‘of v;or‘upl.ﬁiphrina .depletiur;. and 3) that the




cannulation/infuston procedure may itself act to accelerate
kindling regardless of norepinephrine levels.

) b It is ;)ostulate.d that: norepinapqrine levels were
N _ depleted at the time of kmdnng initigion, but increased %,

by the tlme the animals were decapitated (2-3 hr followmg

| X the second stage five seizure). This éxplanation would
| account for the accelerated kindling’rate, given an initial t o

depletion of nDreplneghrine, and yet satisty, both the

J . hypothesis that noreplnsphrlne serves to inhibit the
|

kindling process, .and the fact that norepinephrine levals

were high at I‘.he time of animal sacrifice. Given ths fact -

X

thn the ssvare rediction of norepinaphx-ina levels §cucwing

. DSP -4 treatment remains unchanged for. at ledst e weeks

a . > ¢
(Swann, 1984), and that anima:\s in® ‘experiment 3 were ol *,
sacrificed on ave;uge w3 thin 30 days folluwing DSP 4 -
Glaceg s "' treatient; this explanation. seens  unlikely: 'Since the

postulated cempensumry mer:hantsms Lﬂd not occur in_ chose

animals Feceiving DSP-4 treatment-alone, ‘it must be assuned S
thal: these mechanisms were trlggerad by the, cannula~ -y
ttan/infusxon procedure employed in the two xnfusion gwups. 4

o © Rur

2 e since norepi ine- 1evels of, r_he two :infusion: .

thrae accountad for the raise in norepinephrlne Ie\(els.

--mu-e, vere ctitu:al time and age differences: becween the two i
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the initistion of the experiment (zés g vs 400 g), and the
time difference between injection and kindling was’muich
'shorter (22 days vs 52'days). ) x OB

The sprouting of noradrene(gxc fibers is one

me‘cnanism that could be résponsible for reinstating ="

i norepinephnne levels. ‘One form of sproyting, the lesion-

‘induced syfpathetic sprouting of peripheral noradrenergxc
Fibers to forebfaln sites, occurs wn:hxn a time frame

consis:snt .with that of experiment 3.(2 to 6 weeks; Madison

2 vand Davis, 1933), but seems to be induced by destruction of

.cholinérgic neur and: not'nor drenergic (Crutcher,

.+ 1982) ¢ * prother iorm of. 'spibiting the les'i on-induged

alao ace

and Nietc Sampadro, 1{52),.' This responu appeats- 9. havs

Ctwo aistiner ‘stages;. a cyptgpy Fapid onset (starting".

" within- 4-5' days after’the lesion); jand :a. m.rly short

duxation (wamng within a fey weeks) , characterlzes the first'

tage. tekmed rsact:iva synaptcgenasis. A second stage, k

. tamed ccmpensato\:y collatsral sproutlnq, is charactcrized

' by a slow onset 1. to'3 ‘moaths- after 1esion) and e 1ong

durdtion'(fox -at lea!t. S mun!‘.hs) (Gaga et al., 1953

- l%)b)._ Cansidaring the time.. Enme, reactlve synaptogenasls

" could have occurted in r.hose younger animals of e)(panment

compsnsatorf( spmutxng of hoynotyplc central neurcms, could 5

< E
u;n: ‘£or ljnased norepineph:ins levels (saa Catman

Y3 by Alocua coa:uleux neurans spared ot DsP~4’ eEEecta or: by .
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o coe:u.lsuu\ ﬁbazs hau been ob
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area. Althougn it is possmle that the cannulaticm/xnfusinn
procedure- L’ucud the sproutmg respon:e. this see-s
unllkely slnce it aid not appear m-bccur in expen-snt 2.

The younger anx-als of experiment-three may have been mote

susceptible to cannuxatlon/xnfusion-lndnced,ccmpensatory §

- mechanisms. It has’ been reported that both’ sympathetlc

sprouting and reactive synaptogenasis decnnus with age

(Schef€ et al., 1978). 'Although ascorbic acid has been

reported to affect dopaminergic neiirotransmission’ o

(Hadjicunsiantinﬁu and; Neff; 1983) there fs no evidence that,

& it m y atfect nora rene:gic mechanisms. let aJone ptoduce a’

resovary of norepinephrine. levels following DS‘ t.:eal:nent.

Another possible nochanxsn by which norepinephrlné

repleuon coul'u’ have. accurxed xn the infi

experiment 3 x; the  phengmenon ot accm.un:mn tna: Eollows .

the d-suucuon oE nou@renergu: mve tenunals. Centrnl

nonoamms dcpletian is acconpanhd by a 'tqnporuy, =

locnhud. uine ,uccunn!atlon (n the heqenarat.ing axons

-'proxmal ta the lesxon site (see Willis'and Snith, 1985).

Accumulation o£ nornpine hrine in degenerati'ﬁg 1ccus
rved withln- 1 o 4. days

4iouowing G-OHDA treatment “or elacthyt.ic, esi of
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at reduced concen;ratinns (Rmhardscn and Jacobb-ﬂtz, 1973).
“Since degnneratlnq neurons are retracted from their _tgrminal

L e * fields, biochemical assays restricted to leminal Eields

v w{ll not. detoFt .the ami'ne ‘buildup (Wkll\is ‘et al., !.QR!-).

" Accumulation has been Sbserved in the DNB when examined 1

1981Y,

* week after DSP-4 treatment (Jonsson et al., _However,

= . . * there is no evidente to date that any a!pect of tha

@ cnnnulatlon/intusion pmcedu&\\jeg. surqicﬂ sttess .or

" accumulationof:‘norepinephrine,

# """ ascorbic acid) would enhance or protract the:lesion-induced

in order to explain why it

not in animals treated -with '~

occurred in infused animals and
e ; 5 3
: - DSP-4 alone. Assuming that. the cannulation/infision

shotter time period: between DSP-4 nd-lnlsuation and animl

sacrifice in -xpu-uunc 3-may account for why these animals

. ‘appeared to have normal norepi “levels, as opp to
N -those aninals in up-:uun: %
- ¥ ‘The aacona proposal states that DSP-4 accélerates

i i ) kindling by a mechanism other than norepinephrine depletion;
hmx;e: it seému unlikely coniidoz&nu t.hé specific action.of

. DSP-4-on iocu._ coeruleus neurons putlined in chapter 2.

3, DSP-4 :zutmeni could prekindle brain sites whose ' S
recruitment is nacallary for the expression ofba full wdtor

ui:ura induc-d by amyqdnlold kinduyg, thereby Eacxlituting

-the kindling proc . Had this occurred at the amygdqln, a

> decnun in’ An thruhold should have been dntacted, sincu

‘ e

'
p:ocedﬂre could enhance noreginephrine accumulation, u .

A i s

;
3
¢
J

T
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g . z,epelil:lve stinulatlon. or kxndung, lowerq the threshold
for ovo)sinq an AD (Ragiae, 19724)." There was no difference

- betvaen lh. -AD threshold of DSE\4 treated animals and théir -

C controls. DSP-4 treatment could still have caused
- prékindling of sites secondary to.subséquent amygdalo{d -
skindling, thereby.facilitating the generation of full motor’
- seizures. It would be necas;ury to record from these sites.
durinq DSE-4 adminlsr.ratlon to answer this question. There
is o indicatton in'the literature, whether this has been.

dona for 6-OHDA treatment. ®

‘The third proposal explaining kindling acceleration

. - .. without a cancomitant decrease in norepinephrine levels is

- o X that.the /clnnulltionlinfusion procedure may accelerate

§ *kindling regardless of norepinephrine levels. This proposal

\ . * suggests multiple mechanisps involved in the facilitation of
the kindling process, vhic; includes, but not necessarily,
nochinophnnc depletion. Ascorbic acid has antagoniZed the

> p;oconwlnn: and- an:lconvulnant effects of apomorphine N ¥
administration depending on the nm and dpuqe E. 3
'apo;i-o:pn1n.':adnxn1;cratson (Wilcox ét al., 1984). Given the'

_ complex: pattern of action in conjunction with apomorphine

found here. More to the point, McIntyre et al. (1979) used
vehicle controls when studying the effécts of icv 6-OHDA'on = ° °

|
‘adninisguuon it is difficy)t to extrapplate to the results
.
. amyqdulcié kindling. Eithér the vehicle (0.5% ascorbic acid
# .

$ =3 " . and saline) or 6-OHDA were injected one webk prior to f 5
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~ e e L ) . x
kindling. u}lDA pretreatnf®it i but?not that of the vehicle
. alone, accelerated amygdaloid kifidling. After 6 stage—s s
convulsions activated An the ‘primary’ amygdala, afl animals

- .+ were kindled in the e T mn(otne: side.

|
J L 6-OHDA treated animals kindled fastef than all control
. groups except that of the,vehicle control. Although there
S N . 4 .
i

was nof"indication, that the véhicle group kindled faster than

the other control groupg, it impliés that, ascorbic acid may =

have accelerated se_éondazy kindling. Given that's ul of a
| o 0.5% solution was given 1 week prior to primary kindling, % P
' the significance of such an effect s all the more relevant
considering that 0.5 ‘\lll/hr,-of 2 0.1% ascorbic acid solution

was - infused continuously throughout :the kindling procedure

/in this experiment.

s\
;(t remulnu unclear why ascorbic acid would atfect

kindllng, A 4 ul acute injection of 1% agce:blc acid into

{ the medial forebrain bundle has produced a significant

dapletian of striatal dopamine but ‘did not aEEsct co{tlcal
norepinephririe levels (Waddington and Crow, 1979). Dopamine
measures were not aEfected by the ascorbic acid vehi.cle in
this experiment, Ascorblc acid, a cofactor in dwamlne

" metabolism to norepinephriné, can differentially modulate

dopamine agonist and antagonist ‘binding’ sites in the .
striatum (Hadjiconstantinou and Neff, 1983), and inérease

the unit'activity recorded in the striatum {Ewing .et. al.,
s

i
. 4 i !
»1983). Although'it’is clear that .ascorbic acid is not an i
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¢ inert substance in terms of brain function, it .“ unl:‘lear'
how it may a8 on Kindling.! Additional _control groups
(i.e., mxepineﬂ!ne/vehicle infused non DSP-4 traar.ed
animals) could have resolved the issue. -
The: use of methoxytlurane as the anesthetic for.
minipunp surgery 2 days prior to kindling is another
possib!e mechanism for” k:ndling accehration. Although
there is no evidence in the 11tezar.uu regarding a x
prcconvulsant action nf/morinated hydrocatboris, it canriot ’
' ruled out. Fluorinated anesthetics,”or 1:. metabolites
have been observed in the tntact rabbit bum at least 98 hr
‘after administration (Wyrwicz et al., 1983), indicating, that
the' methoxyflurane or its metabolites would have. been

present at the time kindling was ifitiated.

_ accelerated is the added stress inherent in the minipump

.

Another mechanism by which kindling ceuld have been

_surgery applied 2 days before kindling started, and the g

sstress inherent in the continuous presence of the minipump
and the dental cement cap. Furthermore, Archer .t_‘ll‘..'.
(1984b) indicated that DSP-4 treatment produces a rat that
is maladaptive and more susceptible to steasastndicad’
effects on behavior. ‘However, stress of another. form has
tnhibiteq the dovolopment Of the kindled selzure Arnold ot
nl., (1973) dumonltratod stressed rats (unhhndled prior to

kﬁndllng) klndlcd nowvr thl)’l unltr-und rat!! (handled for

. two HaekuAprtor to kindling). - However , st

induced by
‘ : e

—~




oy e 78 ..

- ‘footshock prior to each’kindling stimulus.was found not to
+ affect the rate of amygdaloid kindling acquisition - why &

~_ (Grahnstedt and Ellertsen, 1984). Footshock stress has had

Footshock prior to stimulation of the kindled amygdaloid

i

)‘ = different effects on the expression of the kindled seizure.
e ]

t .

1 focus has inhibited the occurrence of kindled seizures

! :

|

(shavit et al.

intensity (Grahnstedt and Ellertsen, 1984). It -appears that

the form of footshock-induced stress may affect the

i

|
1984), or. enhanced seizure duration and : j |

|

3

; [‘ . _expression of the kindled seizure in different ways. Stress
has begn observed to'potentiate the epiléptiform effects of
 chemically-induckd kindling. Epileptiforn spiking and
ioRvuLeLons, Lndiicen by {nfusien SF moEphlis.GF Beths )
endorphin can be potentiated by handling, imnoéﬂization, or._
: : conspecific th t (Cain“and Corcorgn,’ 1984). since v:ricus i o
" Forma'of sm have produced an inhibition, or had -

‘no effect at all on the rate of acquisition of tfie kindled P

I s™ 5 ‘seizure, it seems unlikely that the stress inherent in the
p : ;
cannulation/infusion procedure could have accelerated

kiq&ung.

5 0 In conclusion, parametric statistics were insensi- {

- tive to the DSP-4 effects on kindling JAte and

norepinephrine levels in experiment 3 due to marked within

group variability in DSP-4 treated rats. The Fifilr exact .

, test however indicated that all DSP-4 treated q:ou'pg had |
{/ significant pto’portions_ of animals which rapidly kindled. >

i x

—

P .




Furthermore, the group l‘ecalving bsp-4 alone had a-

- significant propostion of animals having lgw norepinephrine=
“levels. thh was not true for the infusion groups. Neither

xnfuqion GFoup Aiffered. From thb maline.gtoup in :
wokepinephcine: levels, mie-speciically Ehs n'orapjnephhna-
infusion group had levels equivalent to, not'higher than,
vehicle-intused rats. " These results. imply, that initial . »
abnorr alir_l;s induced by the noradrenergic neurotoxin,wﬁzé .

.+ reversed during kindling, that cannulation and/or.ascorbic

"acid infusion may accelerate kindling independently of

norapinephrinc hvel., or that norepinephrine d-pietion may *

m:t be naceuury for ~klndltnq accelentlon induced by the ‘ & E

nondrentrqh: n'nror.oxln, DSP-4.
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CHAPTER ‘5: GENERAL DISCUSSION ) .

© .7 . 'The principal objectives of this thesis were to

demonstrate: 1) that norepinephrine depletion through DSP-4
treatment accelerates amygdaloid kindling, and 2) that
repletion f norepinephrine antagonizes the depletion-

induced acceleration. The restlts ofy}periment 3 confitm -

)_W

thnsa of ptavious scudies regarding the proccnvulsant .

“effects of no!ep)nephrine depletisn in rats on electrical-

stimulation of the amygdala, DSP-4 treatment accélerated

I

kindling by s0's while significantly depleting, telencephalic -
-norepinephrine by 45 $.- Dopamine and 5-hydroxytryptamine

levels were unaffected. Furthermore, the facilitation

-induced by DSP-4 treatment was not 'a Afunction oé an enhanced
local -seizure suscsptlb’llity, as ulina und DSP—4 truted
tﬂts did not differ in the threshold for, afterdischarge.’
These resuLts are consistent vith earlier studies employing .

6-OHDA ,or lesions of ascending. noradrenergic bundlas on

}
amyqda_loid kindling (A!alq et al., 1983a: Arnold et al.,

19737 Corcofan et al., 1974, 1980i McIntyre, 1980: McIntyre

< " et al., 1979: Mohr and Coi . 1981), hi 1 kindling

. ... - {araki‘et al., 1983a: McIntyre and Edson, 1982) and .
s neocortical kindling (Altman-and Corcoran, 1983). -

'DSP-4 treatment increased the latency of onset to

+ clonus during the stage 5 motor seizure in expefiment 1. An

I
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increased latency to onset has been produced hy icv €-OHDA
“pretreatment in both adults and intants during stage s i
anygdaloid, kindled seizures (McIntyre et al., 1979).  Acute

L. DMI treatment, which inhibits, kindling development by,

prolonging norepinephrine availability at the:synapse,

produces short, latencies to clonus during the stage S

4 i .
seizure -(McIntyre et al., 1982). Along with an ihibitery

action on the kindling process, both studies suggest that

: norepinephrine ac:é to Quppréaa the eXpression of preclonus

motor. signs during]fuuy generanzed ueizures._ Sanberg and "

R

ossenkopp (1979) found that fast kindlers churacteri;cically

showed shorter latencies to cloniu convulsicns. Pnrndcx-

ically, in axponmn: L ‘norepinephrinie depletlon produced

faster kindling and longn— latencies. i-lewever, thd’ onser_ of

!.al:enlcy to clonus duzmg anygdaloid klndl!ng vas ot

| e " affected by int:aceteb:al injections of 6-OHDA, into : i +

. - ascending noradrenergic fibers (Hohr and Corcoran,. 1981) or.
: < by local 6-0HDAinduced norepinephrins daplstion in the
.~ " amygdala (McIntyre,,1980), auggesting that dépletion of: ; E

norepinephrine at sites other than the-forebrain may Be, vy

) responsible ‘fof the latency effects. This interpretation is’ '

) . - o
consistent with DSP-4,induced depletion in non-forsbrain

sites, such as the cerebellum and spinal'cord (Jonsson et

al., 1951: Dooley et al., 1983). " Furthermore, icv 6-OHDA

treatment did not atfect the latency to onset of clonus in

§ gL ;genanund_ motor seizures produced by hippof;ampal kindling
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(McIntyre and Eds8n,. 1982). Together, these studies
indicate the labile n_latrure S Ui bR eonenon; and ‘sug;;es:.
that it may be Csuveratea to amygdaleid kindling and
depletion ‘of norepinephrine st npn-Eorebrain.ites.

: Interpreta:ion oE r.hese results could be’
stzengthened if more was Knowd, AEOGE :ne selectivity ‘and

i actmp 6t DSP-A, Slnce the amount of norapinaphnne
depletion iri areas infiervated by noradrensrgic neuréns is
positively corrélated td the percentage of n‘or’epmeph:me

originating £from tha locus coeruleus, th:n DS action in

the CNS is presumably directed at locus coeru1gu5 neurons,

and not at noradrenergic neurons Ln general (Jonsson et al.,..

1981). The results pzssented here, along with those, OE ¥
Afaki et al: (1933a), who accelerated amygdaloid kingl;nq

through sélective-lesioning of the DNB, indtcate that full
or pa’:ial Lesions of noradkenerqic neurons originating ln
the lateral tegmental area are nbt macessazy towards 3

anhancing ‘the kindling procisd,

.

" The.séledtivity of DSP-4 to locus cosruleus. feurons -

may also account for.'the relatively small reduction of’
norepinephrine (458) measured in the telencephalon. The. .

lateral- teqmental area provides a major aource of ~ %

noreptnephrine to the septal area (Moore, 1978), and a mino:} 5

£ source to the amygdala, suprarhinal cortex, sntorhirhl

co:tex. and pidfotm cortex (Fauon et al.’, -1978; Fallon'and

i g Muo:a, -1975), an oE which wuuld rhnve be@; includar}'in the




: :ele’n‘cepnauc block. of tissue. In.comparison, lesions of
‘the locus coe:uleul have been shown to lower telencephalxc

.norepinephrine by only 371 (Sessions et al., 1976). _ . .
tn:raventricular Snfuslon of nonpinephtine (5
ug/ht) Ealled to raise“telencephalic norepinephrine levels
. ., ~above that invehicle controls’ :following DSP-4 treatment
(expaﬂnm 2). Aunough hlstoloqical ‘verification con-

firmed. placam-nc ot cunnuln tips lntc t:ha ventricles this .

mathod of varlﬂcntipn may. be unrouable (Hynr!, 1977)

. thereforo cannuh placemnr_u may’ not have been as accuntu

as oriqinany indicnted.  Purthermor: v lntnv-ntriculn

m‘:re:p!’.ne‘phn‘m is accumulated and, stored by catecho

aninergic neurons (Aghajaniah and Bloom, 1967: Glowinski et

x " als, 1965: Reivich and Glowinski, 1967),_ protecting

- norepinephrine’ £ron fagetiular enzymatic on
- (Glowinski and Iversen; 1966). Dastruction of locus:
éoeruleus Cerminals through DSP-4' treatmant would pm:ulubly
r-duca the amount of U nozepinephrlne accumuhted /nd
‘hom:e, facilitate'degra: lr.ion. The nl:rlctad upzead o[ e

- diffualon {mn ventricular sites il anolh‘r po

ible’ .

rEn nxphnatlon for tho 1nab111ty of the chronic, }nfullbn of

rno:apinephtina to raise no:epinephkine levels. >Icv

nonpin-ph:ina has been found to pénatrata perivantricular

L ot saua no Further than 500 ;um (Schubert and Ladlsich, 1959

%

Pou‘hble xncruu. in noropinephrlno levels in’periventri- - -/

cul,an At_lusue could have been masked by the large tissue
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block assayed.

“The inability to raise norepinephrine levels was
# g reflected -in the lack of a difference between the two
d la :

infusion groups. on any ‘kindling variable measured, ‘including * -°

kindling rate. However, their combined kindling rate was ¢

faster .than’ that of the saline group (qxperhnnt L] This

replicates the observation that kindling. is accele _ated by

i

* pSP-4 induced nozepinepnnno deplotion. The u;fgnuy highor : ;
norepinqphplne lavels in the ‘two infulion aroups (au oppcud" 1
“to the" DSP—4 nan-lntusad gmup) may account Ecr thé -fact ')
tha: the latency of the onut to clorius durlng the first

7 stage 5 uhu:e was not nlgnlnc-nuy longer :han that of

‘the nunc qroup of e:perimnt : : ahs

sxporiunt 3 upteunted a luﬂ.h-: attempt ‘o - -

\ 2 1n\hhn DSP-4 induced kindling acc-unuon through chronic
| ) i.cv mr.pinephrino infuglon. The concentration of norepin-
ephrine was doubled from axperiunt. 2 and the saline and

DsH-gmupu were ropucaud £rom .xporimnt 1. Dupizo a.

|
|
i
|

marked amount of within g:ong vuunc-, DSP-4 treatment E ‘
K

reduced norepinephrine levels and incteaud the. yindung

- . .

€5 i rate from saline cencrola. con\ny to results From

expnzimnt 1, the 1n:ancy to onset: of clonus ﬂuring the

1% ‘:m: stage 5 uei:u:a vas mob increasgd by D&P-4 e
o ‘together DSP 4 treatment chneistently accelerates | Ve,
kindllng, how er, the tendcncy 0 dhpluy long pnset times °
b A !or clonte convulutonu is far ffom robust.
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Clearly the iQEuslon of norepinephtlne /falled to

“elevate no:epinephrine levels in the” telencephalon abové

vehicle controls; ‘owever;. both: infislon groups had

nor‘epinqpnrxné 1dvels

amma(w

infysed groups. displayed faster kindling rates than_ the

ndistinguishable from saline treated *

despite: Dsp=4 retreatment).  Fut eriiore, the,

salin_e treated animals, despite “normal. noreglnephrine

levels. ' Thi% implies.thafi 1) initial abnormalities induced

by the nora i n were reversed during
kindung,,z) the cannulaunn/i.nfusion prec-dure may
¥ acqelente kindung rdgard ess of. nonpinnphrina lavala, or
3y norepinapnrine depletion may- not be necessary for
kindling acceleraf_ien induced by the nozad:ene:mr
neurotoxin, ‘Dse-4. ) —
In summary,'preéreaép/
érgic neurotoxin whouc agtion is reportsdly ‘sﬁociiic to

& with VsP-L,/u noradren-

locus coeruleus teminals, -nsis:anuy acceleratad the
N acqumuon ofmmygdaxoxd ‘kindled seizures. “The method of i
‘chronic lnEusion of norapinephrlne chmugh smotic minipunps:.

was employed’ in nn a::omp: to provl.de ev;d”nce that

-correction of DSP-{-induced deplstlan oE nornpineph:ina o
inhlhitu ‘the depletion-induced kindling accelernion. Thld-
"‘ méthod fauad to replete nqrepineph:i’ne \lavnla when compa:ed
. to the vahicla controls. In one axperimant, hovaver, tha T
incuuun of the nonpinephnne soluucm_ or the vehicla

alene, Eollowlnq DSP-4 treatment e%roducod noreplnaphrina

]




lavels equivalent to-ghe-saline.control, without astecnng

-n-e i,cx of non-DsP-l treated infused e

5 Hndlmg rate.

‘ i oE uplst i

-This o %

otherw sa, th e etfects oE the neurotoxxc or ‘electrglytic ,
i3

laaions cm,ld be httr&butad to- non- M:IHI: actions'(q.q., b

g oL ¥
L lctions on ‘neural chvity mediated b} uthar neuro- .

. . tranmltt.rl). " por examplé, it has heon ncenuy ‘Beternu\ed

€BaE o related neuropeptxdeu, vasopressin and" neurophysln,

3 ) . coexist with nm-eplnoplu-ine in locus coeruleus cell bodies
(Caffe.and van Leeuwen, 1983; Catfe 3: u.. -1985)., !

Consequently, lesions of locus coeruhus !1b§u would erase

nol: only nozopin-phx ine nction. but also tha possible

Teuroactive action of these paptldeT as well. These

peptides may act ¥lone or in concert with norepinephrine tn\_

inhibit kindling d.v.lopment . ¥y S.

" e :un-punuucn of fotal iaous serdisus calls.

into the nduu; cus may provide .an auemanve method s 3

(Bjotkl\lnd a\L., 1979). Suspansions of ' these nells caul;{

T . be' injected into m*uxuple for braln sites of nm-egxnepnun$

de] leud ‘animals (Bjorklund et ll.a l‘)u). Aftor a psriod




L+ enis method pf long the -cquutuon of a umﬂ-d seizure, &

‘ lntlbodieu, coulg bé psed to isolate’ the Key agenu -' ;
kindllnq eont.ro h this nethod would .nnn nany

Y=

) atipLigiig the’ Same £iber distzibutien). uouuon of :heA

lnnarvute surzounding thwe, :ho Hndling rata oE lheu

ani‘-lll could be tested (aqa st um eontrolﬂ. should

ncradranergic anr.agonisu. and the \:alevant nenroptptlda ¢

xpcrhenhl hours (i + a large’ hunber of animals vonld

hwa to 'be run 'in ordef to producé ,group- of anipals _

ynubx ¥

would provide valulblc 'V’ tion. . Such
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