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The affact of ische-ia on the neurotransnittera, norepinephrine ;f

;(RE). dopnine (DA).»andvy‘-aninohutytic ldd (GABA), "“ ““died ol th‘! =

:v:i’gerbil stroke nodel. After unilateral carotid occlusiop, the~anina1s

O»A

”“usre separated into\groupa according to the ohaerved neurological

.heffeets; l) neurologieal deficitﬁz) aeizures, and 3) asantonatfc.,ﬂ ;'733

Y‘I.Aninalafsith neurological deficit vere given Naloxone or placebo

\ e i

. _(aali e), those with séizures uere given clonidine Tr placebo. fi

. Ali'aninala‘sere'sacrificedtﬁﬁhours after'carOtidibcclusionf”'
e - Lt . o . . e

and the braina renoved for neurotransnitter assay.-

m .

Untreated gerhils with ischenis—induced seizures shoved highly
. . _ < e
significant increases iﬂ NE and. GABA, and -a decrease in DA in the

..,',

ische-ic henisphere. Clonidine treatnent abolished the seizures and

= prevented the change in_NE and DA - but did not affeét the increase in‘

jGABA Neurological deficits such as: paralysis were unaffected by
naloxone._ ‘In this group, qnéreated aninals had significant changes in

GABA only while naloxone-treated aninals had a decrease in hg%gn the

v

:‘ischenic henisphere. In gerbils which appeared normal after carotid

) B occlusion, norphine generally caused neurological deficits to appear,

p

thesWastzated ,significant ohanges in DA (decrease) in the

isehenic henisphere.‘ Untreated nornal aniuals had no changes in NE and

: \
* DA, but GABA was increased.' v, )

The results of this study do not support a henefical effect of
naloxone in focal cerebral ischenia.- They do, hovever, provide evidence
that use: of the gerhil stroke nodel requires the treatnent of ani-als |

‘-;with post-ischenic seizures as a separate gronp. Harked alterations in

\



neurotransmitter levels occurred during 1schemia and the type of degree
of the neurotransmitter changea were.related to the ‘severity of o

neurological dysfhnction.‘ Clonidine abortion of ischemic seizures with:

inhibition of NE releaae may be of ‘clinical significance and warrants

°
.

. further study. S . .‘; ' .
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CHAPTER I : i,

_INTRODUCTION. =~ - Se o S

- The term stroke is commonly used to denote a sudden onset of

r~

neurological dysfunction due to acute impairnent of cerebral blood flow-fgg

(CBF). In approxinately.702 of cases, the prinary event consists of a”

D,

‘cerebral arterial occlusion by a local thrombus formation or embolus. o

Subsequently, a variable amount of brain tissue will suffer ischemic

t

danage, the extent of damage being primarily determined by factors such

as the svailability,pf collateral blood supply and the»duration qf,“
a . . L A

R lBChellia. y : ) . s . ] LN

B s
- b

-Degpite extensive research, the changes in cerebral tissue function
" and uetabolisn which occur during the initial few ninutes and hours :

after onset of ischemia are not well understood.~ Although the ﬁj, PR

.=

relationship betveen the severity of ischenia, iupairment of - e

l)

neurological function, and failure of energy metabolism have recently ;f

- been determined, there is little knowledge about the factors which

3

result in progression fron siuple reversible functional impairment of .'

o,

neurons to irreversible damage causing cell death. It has recently}been

suggested that disorders of . neurotransnitters observed in. cerebral

‘1schemia may be responsible for the progression of post-ischemic brain '

. . Can K
-'*'\““‘u . . ' ERS .

damage. - . ' "-i
. A lack of understanding of the factors which limit cerebral tissue aif

V

Avsurvival during acute ischenda is”probably the’ major reason. why efforts
to treat stroke patients during the first few hours have been few and"

y

unsuccessful.' Some. investigators, however, using animal models of focal

' 'ischenia, have recently reported dramatic improvement in survival and’

: 1

e
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neurological dysfunction following treatment with opiate nnngonistsi////

[ 4

“The present study was undertaken with .a view to further assessing
the effectiveness 6f,op1até ahtagoqlli an&.its izchani;-yin the
trehtn%nt of -acute focal ischemia. The hypotheses tested vere:'gi-tbft
'diatutbances'in'brainIneurotranllitters are related to‘the preleﬁte tnd

type of ischemic neurological dysfunction, ahd 2).that opiate |
antagonitté éxert their therapeutic 1nf1uenc§ via neurotransmitters.
'In Chapter II .a review of the current knowledge of the |
pathophysiology of focal cerebral 1scheu1a is preseated. Particular
enphasis is giveﬁ'tb the studies which have been concerned with
'iechenia-induced alteration ‘'in brain neurotrgnsnitters. |
In Chapter III, a review of recent évidence!fof the effectiveness
f opiate antagonists in.tbe treatucnt ‘of focal ischenia is presented.

Cbapters IV, V and VI are concerned with tbe nethodology results and

discussion of-the present study. .



CHAPTER II

PATHOPHYSIOLOGY OF FOCAL ISCHEMIA

' A. Ischemic Threshold
| Interruption of cerebral blood flow reshltl in loss of

consciousness and cessation of.spontaneou:-and evoked electrical
activity (Astrup et al., 1981). With loss of electrical activity there
may also be a major disruption of 1on'ho-eoutesis. |

Recent_evidencehfhdicates that disturbance of brain functionm is
critically dependént on residual blood flcv. The develop-ent'of
infarction is sinilarly correlated to residuel.herfusion, and there is a.
lethal threshold of residual blood flav below which tissue 1nfarctiou,
_develops atter a certdin ti-e ’

Nornal regional cerebral blood flow in aninals and .man is‘about B
0.55 nl/gl/uin. Levy et al., (1979) and Symon et alf, (1974)
denonstrated that'electrical function ih the baboon's cortex was
abolighed at local flows below aboutvO.Zl-hl/gi/-in.,-bdt uacvsuetained
above this level. Tberefore, thie has” been referre& to as the flow
threshold of electrical failure in the cerebral cortex. éince oxygen -
uptake at the electric&l threshold supposedly was somewhat reduced,
energy failure Hith efflux of cellular potassiun and ne-brane
depolarization was snspected.es the cause of electrical failureal .
However, Astrup end his colleagies (1977) did hot find increased
extracellular potassium concentratioh, indicative of “pump failure;“ at_
the threshold vhen'electricel fhnction~ceased. . '
‘ In a suhsequent study, Branston (1977) deternined a critical
eischenic threshold of ahout 0.10 nl/gn/nin. below which the -

3
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\ ' <

" extracellular potassium concentration increased massively due to efflux
of potassium from the cell. Symon and irierly.(l976) found that in
chronic iache-ic infarction, the area i{n which infarction developed

7

corresponded to the zones which had:floU“rateslof less than 0.1
nl/gan/min., immediately follovin; acute occlusion. Morawet et al.;
(1978).also-found that recovery without histological aigna of infarction
could only be found at local blood flow about 0.12 ml/gm/min. following
| a 2 to 3 hour period of focal iache-ia in the monkey.
| The concept of a flow threahold for infarction and its poaaible
,relation to the threshold for ion punp failure needa to be further ,
investigated. It ia clear that energy, state and ion honeoataais are not
the factor per se indicating irreveraible damage since they both can be
fully recovered even after prolonéed perioda'of nor-otutruic ischenia
(ldunggren et al., 1974; Hossman et al., 1977) from which recovery of
’integrated cerebral functiona has not yet been. possible. Electrical
activity. energy netabolisn and ion punping respond innediately to
appropriately reduced supply of oxygen while the developnent of

'
infarctton appears to have a‘conaiderable time ﬂactor involved (Astrup

et al., 1981).

B. Ionic Chanhea During_ﬁichenia

‘In addition to the rise in extracellular fluid concentration of
' potassiun, severe ischemia results in other-ionic fluxes.

With tne advent of potassium sensitive nicroelectrodea it could be
shown that upon interruption of cerebral circulation, a naasive efflux
of potasaium occurs within '1-2 min (Eosanan et al., 1977; Astrup et al.,
1980). At the same tine a large transfer of sodium_from the

extracellular to the intracellular space OCCUTS.
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{
With cnlciu- oen-itive electrodes, iscbenio was also shovn to be
associated with a marked decreooe in extracellular calcium activity
(Nicholoon, 1980; Harrison et al., 1981). Firsc, intracellulegrcalciun

rises bedause sodium as well as the free fatty acids stimulate the

" release of calcium from the -1tochondrio (tissue free fatty acid“levelo

rise during 1ochenie), and oecond calciun is released from the

endoplao-ic reticulua becenoe of an 1sch¢-1a-1nduced shortage of

adenosine triphoophate (ATP) (Behncronn et al., 1982). Calcium=induced

loss of membrahe phospholipidl probably alters the equilibriun between
the membrane protein lipid 'sych that membrane calciun pernenbility is
drastically altered (Farber It al., 1981). Both depletion of | |
phoopholipide and metabolism of free fatty acids have been implicated
with irreversible da-nge tO‘inchenic cells. |

C. Free Patty Acids and its Metabolites

Free fatty acids, particularly the netabolites of arachidonic acid,

“.'have a variety of detrinental effects on brain’ structure and function.-

Arachidonic acid can initiate an inportant cascade of biochenical
events leading to the production of the eicosanoids (1.e.
prostaglandins, thronboxanes and leukotrienes) (Wolfe, 1982) In the

absence of even low levels ‘of oxygen in the tissue (i.e. incomplete

N

-ischemia),\thg“foruation ‘of prostaglandins, thromboxanes, and

leukatrienes may proceed. Each of these groups of compounds contains

<individual members with the potential “for cell damage.

1). Prostaglandins

Several authors have demonstrated that prostaglandins are present

in brain vessels, especially prostacyclin (PGIZ) which is‘synthesized in“

the endothelial cells and which is a vasodilator and inhibitor of

-



platelet aggregation (Harahall et al.. 1975: Moncada and Vane Jr.,
'1979). The prostaglandina have been implicated in various
cerebrovascular diaordera connected with brain hypoxia. ischenia, etc.
_(Gaudet - and Levine, 1980). Raichle (1983) speculated that the s |
bloaynthesis of the PGI2 is aug-ented in the partially ischemic or
reperfuaed brain because of the increased concent ration of arachidonic '
acid.r However, the poaitive effects of PGI2 might be prevented by an
accunulation of by-producta during the bioaynthesia.

ii) Throaboxane and Leukotriene

In addition to the synthesis of prostaglandin, arachidonic acid

' serves as the precuraor.of another important group of compounda,known as
- n. o ‘ o ©
vthronboxane and leukotriene.

hd

Thronboxane ia formed prinarily ‘from plateleta in the
' nicrovaaculature £Wolfe, 1982). The major actions of thromboxane are to -
_promote platelet aggregation and induce vasoconstriction. Thus,
thromboxane directly oppoaea the actiona of proathcyclin (Wolfe, 1982)
Leukotriene contract smooth muscle and alter the'perneability of
' cell nembranes. ‘There is ' ready preliminary evidence that at least
some of these compounds are. ‘synthesized in the mammalian brain (Wolfe,
‘1982). Raichle speculated thst the leukotrienes could well contribute "

. LA
~ to the increased flux of calcium into the injured cell 1n addition to

»

altered cell membrane permeability (1982),

D. Perturbation of Cellular Metabolisn

Energy depletion, defined in terms of the tissue concentrationa of
phosphocreatine, ATP, adenosine diphoaphate, andpadenosine nonophosphate'
occurs in ischemic brain tissue. Levy and Duffy (1977) reported that .

‘the residual.perfusion of blood supply may provide sufficient oxygen to-



»

=~

maintain a close to normal tissue concentration of ATP. Howeyer, the
conceutration of phoaphocreatinine and lactate are greatly reduced aﬁd

increased respectively. Since the concentrationa of adenosine

~diphosphate and‘adenosine monophosphate are moderately increased, Astrup

et al., (1981) suggested some degree of energy failure during ischemia.

Dalford and his colleagues (1973) reported in their hypoxia atudy that
such moderate energy imbalanee ﬁbea not’ lead to neuronal damage.
Ischemia is invariably accompanied by an increaae in the tissue
lactate concentration and a fall in tis;pe pH due.to anaerobic
metabolism. Myers: (1979) reported'the effect of pre—ischemic,
nutritional state in the outcome folloving prolonged perioda of iachemia
or‘bypoxia: faated animals had a better outcome than animals with high
blood glucose level. He attributed this difference in outcone to the

difference in tissue lactate levels in the two groups. The faated

'groupa of animala ‘had aigaificantly lower 1aetate levels.than the.other'

group of mals with a high blood glucoae level. Rehncrona‘et-al.,

(1980) si larly fOund that a negative correlation between the degree of
ischenia'induced tissue lactacidoais (varied by altering the

pre-isch nic nntrition state of the aninal) and tbe degree to which the-
energy atate ia reatored toward nornal following iache-ia.
Aninalv with tissue lactate levelafin excess of 20 to 25 mmol per

kilo am of body weight failed tovreCOVer a "normal” ‘energy atate.

arotransnitteraeg

ADiatdrbanees in Cellular'-etabolia- during ischemia may affect the

_ metiabolism of brain*nedrotrans-itters. Recently so-e inyeetigatora have

eated that altered levels of eerebral neurotranslittera -ay play an
&

’iaportant roleﬁin the pathogeneeia of cerebral ieche-ia (Oaterbolar and '
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_Msthey, 1972). The following section will review the changes in \
norepinephrine@(NE), dopamine (DA),’ S—hydroxytryp/tanine. (SHT, ‘
Serotonin) and’ —aminotutyric acid (GABA) during cerebral ischenie. |

. \i) Norepinephrine o o s S : \

Heyer et al., (1973) reported catecholenine concentretions in _\

cerebroepinal fluid end plasma of. petiente with cerebrel infarction. In
patients with cerebral inferction of leeo thnn two weekn duration. the
total concentretion of ceteeholeninee (NE, epinephrine) in both CSP and ‘\"
plasma was significently eleveted vhen conpered to the mll gronp of .
patients without etroke. Since 'royode and Heyer (1969) pointed out that
the most potent etinulue for the*releeee of epinephrine vas a- rapid end |
sherp decreue in cerebrel blood flow, they suggeeted that the NE ' " T
releeee night be triggered by the blood preeenre ebenge and stress

.ueocieted with tbe onset of cerebral iechenia (Heyer et al., 1973).

- Zervas et al., (1974) eneethetized -eture -ongolien gerbile (60—70 g)

‘with diethyl ether and 1ignted the left common carotid ertery. Brein NE :
concentretione were uot diseinilar ipeileternl and*eontrelaterel to the |
1elion nfter 24-h. Tbey arcributed - the lnck of chenge in NE after
cerotid ligetion to the foliowing -eehenisu

Py

l. The caudal locetion in the brain e!le- of NE bodiee vhich vould

o

eontinne to be nourished by tbe\ BeJiIu' ertery, _ R B 2
2. The exietenee in gerbils of a eingle santerior eerebrel ertery

vhich wonld allow NE terminals in the enterior pole of the left,
i

heniephere to be nonriehed by blood from the right co-on ’

v ) corotid ertery, and - ‘_ ‘_ C

t

3. Len eneceptebility of HB neurons to anoxie. '

H
t

ﬂo-ever, Lult et el., (1975) recorded a qnite different NE leVel in -



“their experiments. They inveltigntea_the_chingei—in*pntntive—neuru-

“tranpnittern and cyclic nucleotidel and found that the 1eve1 of NE

. 'lov at 16 end 26 Iinnteo and high fot three of four. sl-plen after 6 Ce

decrease vas evident after 30 ninutee lnd becn-e significant by 6 hours
) (221 of control velveq) They aloo nensnred ATP end phonphocrentine to’
.provide biochemical evidence for inche-ia. Both ATP and phoophoctentine c
levels in ‘the- iechenic cerebtal cortex decreaséed to leoe ‘than 251 of
conttol valve by 1 hour lnd remained deprenoed for up to 6 hourn of
ligetion. Intereltingly, in a study of cntecholnnine content of
cerebrel tisene after occlunion of niddle cerebrel nrtery (HCA) in catl,

greet Vnniebility of l!—epinephrine (8) content was reported (Cohen et

al., 1975). The unilaternl operntion appenred to have a trnnnient

effect on the NB-! content of bilnteral cerebrnl tionue. anoea were -
hours efter ‘the onrgical ptocedure. There were no conoiatent side to
side differenceo of NE-E content ‘after HCA occlnnion, elthongh at 6

‘ honrs, 24 hourn and 7 days éiineo for the oide of occlunion were louer

than thooe fot the oppoeite oide.d
;!
Levyne et al.. (1975) inventigeted the effect of cnrotid 1igntion

on brain catecholamine netnbolicn in gerbile by adninisteting [3B] nA ;

, intrnventricnlaxly priot to perforning the 1igntion, and neasuring btein 1

‘ [3H]ﬂ-etabolitee 26 hours later. NE vns significantly rednced ' -

ipnilnteral to the ligntion. The reauction in endogenoue NE ipeileteral -

H

\\to the leeion was anoocinted with greeter decreese in brain [381 NE g

X .
concentrntion. They hypotbeeized thnt the teduction was not juet due to

i-paired NB lynthenis. but - elso incrensed reletne fron the NE nenrone.,

!ognxe et al.. (1975) hypothenized th;t ieche-ie produces a '

Q generalized releeee of NB from' preaynaptic terninals thronghout the P

2
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brain,—constricting_cerehrnl_yeluelt causing wide epreed ieche-ie,‘even'

in areas diotnut from the site of occluoion. They produced local

_ ische-ie in rats by ‘internal carotid artery injection ofv3h' carbon
Jicroepheree and co-pered the NE and cyclic adenouine 3' 5' -
loﬁophoephlte (cAHP) level in e-bolizeﬁ and intact- he-isphereo.. Tiaaue

concentretion of cAMP and NE were -eesured eerielly at 0 2 5, 30, and

60 -inuteo and 4 ‘hours. There was an instantaneous increeoe of CAMP inh |

the e-boli:ed heliophere und more gradual increaue iu the non-e-bolized{

\‘\ o

he-isphere. qn vas reduced hileterally hy 2 -inutee follouiug co-pletion
) of the injection of the'-icro.phere'. end thereafter, returned gradudlly
"h toward the control levelu, hnt was still lov 5 hours after e-bolization,_
- The behaviour of hiogenic e-inee during unileternl isch /a was .
s:udmhd in the breino\of -nu§o14an gerbilo hy Hroulja et al., (1976). _’ -
Co-pared to heseline :;loureninte. there xere no differencee in content
of NE hetween tuo he-iephereo efter 15 uinutes of carotid ligntion,,f'

houever, the NB level in the ilchelic he-isphere at l hour after onnet j

R w

of ilche-ie\uae reduced end at 3 hours the chnnge uae lore pronounced.

AN

The behavior of NB during reperfuoion (clip releeoed) differed in

gerbils occludeh for shorter periods (15 ninutee and 1 hour) as co-pared

*a
Y

to thoae subjec_Al’<r13che-1a of longer duration (3 and 6 hours).. In

= the lhort period group‘the poot-ischenic N! levels shoued a: hiphelic T
_ course with nignificnnt elevetiono reeched l hour following releaoe of
‘ clip, and followed by depreesiono helow control 1evels. The NB levels
of longer duratio;-group shoued gradual recovery after initial reduction
: durihg the ische-ic periodn., Follouing 3 hours of occlusion, the NE ‘
‘ levels roee within 1 hour fron the loweet point of depresaion at the .i

_\\Eine of clip releese to vnluep uhich were not significantly different

'{:\

Il
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.£ron;thelcontrol§r The return of ggutoluornal levels in 6 hour‘occluded,
gerbila'vee evident”atizb hours‘ette; releeser_‘Mrsulja et al., (1976)
deecribed the.ebore'reoults‘as an example of the "Haturation*.phenomenonr
after an ischeaic lesion. ‘ i

2 Sinilerly, Geudet et el., (1976): investigated the effect of 1'}~g
ﬁ treneient iechenie on uonoenine levels in the. cerebral cortex of A
gerbile. The NB level was eignificantly reduced in the occluded
jhenicpheree efter 60 ninutes, Hherees velues reneined unaltered in.the‘
' nou-etroke group. The NE level during cerebral reperfusion for up to 30-.
'ﬂiuutee efter the. prior 60 minutes of arterial occlueion caused a -§§‘v
bilaterel increaee 1n the NB\level above control values in bothﬂstrdked
l and non-etroked‘eninelo except in the occluded heuiapheres of the
”: for-er. The NE increeled to. elnoeu?twice tbe control velue, in. both

‘etroked end uon-ntroked eni-ele 15 and 30 ainutes efter reperfusion ;;*\
except‘in occluded he.iephere.- Hovever, 60 ninutea after reperfusion,
‘NE 1evels fell below)control iu the occluded he-ispbere of both aninal
Vgroupe._ The eutbors speculated thet the cetecholenine rebound is‘L
_drelated to reective hyperenie or hyperoxie in brain since tisaue oxygen'.

‘tennion end CBF returned to eteedy state velue after 30 ninutes of

- corticel reperfueion at which tiee cetechole-ine rebound wes at its

"peek Hoet of the etroked aninela showed a return of circling bebavior

eud iu oo-e eni-ele seizure ectivity eppeered at a tiee which i
approxi-etely coincided with thet of the catecholenine rebouud. -
‘Interectingly, Heoon end Corcoreu (1979) reported thet a significent :
} potentietiou of the seizure induced both by Hetrezol and by |
"hlectroconvulsive ohock was found in aninele depleted of NB.

,ut Hrsulja and hie colleegues (1976) eloo’inveetigeted the changee in

. 0-..
T



! ‘ , o 12

NE level in gerbil brain iachenia and effects of alpha-methyl-P-tyroaine

-(AMPT) and pargyline. Unilateral ligation of corotid artery for two
houra produced significant reduction of NE level in the ipsilateral
z heniaphere. No changeauwere found in the contralateral hemisphere nor
‘in ahan—operated aninala. Additional NE reduction was obaerved in
-,animala treated vith AMPT prior to the ischemic exposure. Pretreatnent
: with pargyline produced lover accumulation of NE in iachenic aninala.
Relative uptake of [3R] NE was increaaed about 621 in a aynaptosone o
Apreparation obtained fron the ischemic brain. They concludedrthat their
‘reaulta 3upport “the contention of increased NE releaae occurring in

"-iachenia. ) | _ '
Harrison et al., (1979) investigated the effect of gerbils'\
'*;unilateral carotid ligation on brain neurotranalittera after 3.5 houra;_
: There appeared tQ be a. trend toward lower NE 1evela on the iachenic aide
.in both: clinically affected and unaffected groupa. No obvioua -

differencea were aeen in the HOPEG aulfate level (6 hydroxy-3-nethoxy
.phenylethylene glycol aulfate) They felt that there was. a relationship;'

_between their NB findinga and the nature of the neurological abnornality L

"',_ produced during iachenia (seizure V8. paralysia).‘ Since theyadid not-

‘separate their neurologically affected aninals, they snggested that
binveatigatora aeparate their aninala into aubgroupa in future studiea.
. Pau ‘et al., (1982) uaed adult rabbita and 1igated the niddle
.cerebral artery to obaerve the changea in NE levela. NE levels
t.aignificantly (P<0 01) declined 10 ninutea after the HCA occlusion,‘

p(64 3% of tbe control valuea) but the reduction was leaa pronounced

. .

_after 60 ninutea (69 6% of the control values) and ﬁgt aignificant after .

360 ninutes (91 12 of the-control valuea).:



‘Thus, although there is considerable variation.in the results

obtained, most experimental atudieauhave provided evidence for a
significant decrease in NE levels during the first few houra after onset
-

;of ischemia. The mechanism responsible for the NE decrease appears to

be increased neuronal releaae with subsequent waahouc into the CSF and

.plam. -
Aii) Dogamine ¥
Hudgins et al., (1970) subjected 6 squirtel monkeys to tranaorbitaa

e

ligation of the left middle cerebral artery, and meaaured to the DA
| level three houra after ligation. Ipsilateral to the vascular lesion,
.jthe brain DA concentration was significantly lower than the
,contralateral side (P<O 02) ) Zervas et al., (1974) used mature
<v-mongolian gerbil; and ligated the left common‘corotid.artery.

| Twenty-four hours later\ brain DA was reduced by 46X on the infarcted
-side (P<0 02). Brain DA was not significantly reduced among gerbils
killed two hours after ligation, ‘but was depresaed among animals killed
after three houra. The largest decreasea were in the hypothalamua and
nucleus accnmbens—olfactory tubercle. Among sham-operated animals in
_ which the common carotid artery vas expoaed but not ligated brain DA
:waa unchanged in all regions examined.» Similarly, Luat et al., (1975)

‘found that DA level in the ischemic hemisphere was decreased to 302 of
A:the control hemiaphere by 6 hours poat-ligation of the left common
carotid artery in gerbils. ‘ ' “_ »

‘To obtain additional information about the effect of carotid

'ligation on brain catecholanine metabolism Lavyne et al., (1975) have
administered [3H] DA intrayentricularly 4 hours prior to the ligation,-

and me ured brain [3H] metabolites 24 hours later. Ipsilateral
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henispheres of those animals with neurological symptous contained less
than™ half—as—nnch—DA-as—the‘contralateral henispheres~(P<0 001).__Ihe______l__
reductions\in the endogenous DA ipsilateral to,the lesion was associated
‘with even g;eater decreased in brain [3H] DA.
Kogure et al., (1975) produced cerebral infarction by intﬁrnal
carotid injection of 35 carbon nicrospheres in rats. The effect of
nicrosphere enbolisn on the cortical concentration of DA was a bilateral
~ increase in DA at S5 minutes. By 4 hours DA returned to nornal. The

‘authors speculated ‘that. the substantial increase in DA 1eve1 5 ninutes‘
.after enbolization was dde to a defect in conversion of DA to NE. The"
authors noted that the tine course of the DA change parallels that of
" the fall- and recovery of ATP. " |

Mrsulja et al., (1976) investigated the changes in DA levels in ;

,gerbils subjected to carotid occlusion. - In aninals occluded for 15 |

- minutes, there were no differences in content of DA between left .
. (ischemic) and right (control) cerebral henispheres. During theb

'i’baseline neasurenent DA concentration was only slightly reduced at one

‘ _hour after the left comnon carotid was occluded but the reduction WE?

» lpronounced,after 3 and ‘6- hours of ischenia. ~In other studies,Hrsulja,et
A;al., (1976 1977) reported a significanc,reduc&ion ‘of DA (P(O 01) 2
"'hours after carotid ligation in gerbils. , changes were found in the -
‘contralateral henisphere nor in shan-operated aninals.
Gaudet et al.,, (1977) also reported the effect of transient ‘
, ischeuia on DA levels in the cerebral cortex of gerbils but found that :
.the DA level did not change\during 60 ninutes of carotid occlusion f“

either stroked or. non-stroked aninals.» Earrison et al., (1979) also

found no changes in cortical DA 1eve1 3. 5 hours post carotid ligation in.

Y
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gerbils;

=

Yellinger_and_his_colleagues_1191§)_examined,brain gamples of 16

patients with cerebral inrarcts due to thrombotic occlusion of large ‘
brain arteries or other‘cirzﬁlation disorders. They separated their
patients into recent infarcts (5 6 and 8 hours.befoge death) and older
infarcts (5 days to 4 months) In recent infarcts'a complete depletion
of DA within the necrotic cortex, corpus striatum and white matter ‘were
observed. However, the peripheal area showed an almost normal DA’ hevel.~
Akiguchi et al., (1980) studied the role of central aminergic
Cfibers in experimental ‘cerebral ischemia in stroke-prone spontaneously
hypertensive rats (SHRSP). DA fluorescence in the nucleus candidate and
putamen and cerebral cortex was marked by depleted along with CBF
reduction in symptomatic SHRSP with bilateral corotid artery ligation.
'Ahagon et al., (1980) investigated alterations of brain DA in the acute
stage of cerebral ischemia-after a unilateral common corotid ligation in
‘ . a
igérbils; 'The distribution of dopaminergic terminals -and cell bodies in
gerbils 1is the same as in,other mammals, On the ligated side after one
hour of ischemia,‘diffuse green fluoréscence of ‘dopaminergic terminals
showed ouly a slight decrease in intensity when compared to non-ligated _
.side.' But white matter and buudles of myelinated fibers ad3acent to and
in the DA rich regions had an intense green fluorescence in contrast to |
the non—ligated side where they are normally non—fluorescent. This was .
considered to indicate the extraneural leakage and diffusion of DA. The
;intensity of extraneural green fluorescence was especially high in glia

»icells. There was also an unusual green fluorescence in the lumen of

'ﬂvsmall vessel in DA rich regions on the ligated side Dopaminergic cell

. bodies in the substantia nigra’ on.the ligated_side revealed & o %',

| T
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conspicuous reduction in the fluorescence intensity in severely”affected

cases. After 2 or 3 hours of ischenia, there<was a marked.reduction‘or

disappearance of the diffuse green fluorescence on the ligated side.
Y

_ Ahagon et al., (1980) attributed this in part to further diffusion of

the leaked DA.

Weinberger and Cohen (1982) investigated the differential effects.

~of ischemia on the active uptake of DA by brain synaptosomes. There was

no change in uptake of [ H] DA in synaptosomes obtained from the

ischemic hemisphere’ up to 8 hours post. left carotid ligation of gerbils.

. At 16 hours after ligation, there were marked decrements in uptake of

[ H] DA in animals showing hemiparesis. Separate experiments performed

with syhaptosomes isolated from the corpus striatun showed that

' sensitivity to damage was intrinsic to the DA nerve terminal and not the
result of regional variations in the ischenic damage in brain. No
'bilateral effect of ischemia on DA uptake~was evident. In animals

exhibiting milder behavioral deficits (circling), there was ‘a. smaller

-,'and comparable decrement in uptake of DA. The authors speculated that

~—

- responsible.

ic is likely that ‘the DA nerve terminal has a greater inherent
susceptibility to the factors causing irreversible ischemic neuronal
damage. It is evident that the effects of ischemia on DA and NE levels

in the brain are very similar. DA is also reduced within a few hours of

'the onset of ischemia. It appears that increased neuronal release,

hprobably coupled with. impaired synthesis and uptake are the mechanisms

e

1ii) Serotonin

Meyer et al., (1974) measured hemispheric blood flow (HBF) and the

'flevels of monoamines and their netabolites in CSF in 32 patients with -
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subacute cerebral infarction. Although there was no clear definition of
| the subacute stage of cerebral infarction, CSF concentrations of 5-HT
were high at an early stage after the onset of cerebral infarction and
“gradually declined as patients showed recovery from neurological deficit
during ‘the ensuing two to three weeks. A significant inverse
correlation.ﬁas noted  between CSF S-HT levels and duration of the
stroke. ‘There was also a significant inverse correlation between CSF
:S—HT concentrations and HBF, i.e. the higher the S—BT level, the more
marked ,the HBF reduction. Jellinger et al., (1978) analysed brain
samples of 16 patients with cerebral infarction due to thrombotic
ochusion of 1arge brain arteries. . They separated their brain ‘samples
vinto two groups, 10 recent infarcts (4 to 8 hours before death) and 6
: old infarcts (5 days to 6. months survival). In- récent infarcts a
'complete depletion within the necrotic cortex corpus striatum and white -
matter of 5-HT was associated with significant reduction of
5-hydroxyindoleacetic acid (S-HIAA), particularly in the necrotic
’ ,cortex, to 36% of control values. Edematous brain showed significant
accumulation of both 5-HT and S-HIAA the elevation of these compounds
being more pronounced in the edematous white matter. A*similar increase
'of tryptophan (TRP), the precursor of S-HT was seen in- both the
necrotic zone and perifocal edema of recent infarcts. These findings in
.human brain infarction indicate that ‘the disorder of cerebral S-HT
. metabolism is contributing to the development of post—ischemic brain
danage and the complicating cerebral edema ”
Harrison et al., (1979) investigated the effect of experinental
ischenia on 5-HT in. the gerbil brain. Levels of S-HT and its metabolite

,S-HIAA'were.reddced on the operated side compared with sham-operated
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animals, in both clinically affected and unaffected animals hy 3.5 hours
' post .unilateral carotid ligation. Both 5-HT and 5-HIAA levels were
lower on the unoperated side when compared with sham—operated animals,
but not significantly so. The extent of reduction in 5-HT and'thIAA on
‘both the operated and unoperated sides was thevsame,tirrespectivevof
whether animals‘developed neurological deficit or not. There was no
significant difference between the two hemispheres in sham—operated
,'animals either for 5-HT or S—HIAA Since the reduction of 5-HT was
accompanied by a corresponding fall in the level of its metabolites
‘S—HIAA 5-HT synﬁhesis rather than metabolism appeared to be inhibited. -
The authors alsofspeculated that the bilateral drop in cerehral 5-HT and
5-HIAA could be due to damage midbrain raphe nuclei which are” the major
source of cerebral S—ET neuron projections.:_'i ' . f ';,Q

Welch et al., (1977) reported the-influence of : [
p—cholorophenylalanine (PCPA) on 5-HT levels in ischemic gerhils._ There.
was a significant decrease of S-HT in occluded hemispheres of f i
symptomatic animals and this decrease was significant compared with'
'values in the contralateral non-occluded hemisphere._ In- 182.PCPA-~
H"pretreated animals the stroke incidence was significantly reduced
'compared with that in untreated animals. Treated animals also appeared
to survive longer (up to 48 hours before death), whereas untreated :
animals usually died within twelve hours of carotid ligation. In"

symptomatic animals sacrificed between 3 and 48 hours hemispheric S-HT

levels were-bilaterally reduced compared with sham—operated controls and R

-.decreased in comparison with asymptomatic animals also sacrificed up to .

48 hours after occlusion. The degree of,decrease was approximately

‘twice that ob erved in untreated animals. geduction of:S-HT in“ischemic"
. s o o - I ) -
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4brain appeared to be‘due to synthesis impairment since inhibition-ofr
tryptophan hydroxylase activity prior to'ischemia resulted in even .
greater S-hT depletion than that seen in untreated animals. Bilateral
_ decreases in symptomatic 53& asymptomatic'animsls also indicated sone
S-HT synthesis impairment even in brain areas remote from the ischemic
‘area. Similarly Mrsulja et al., (1977) reported the effect ff PCPA and
- other drugs known to affect monoamine'turnover. The exposure of the
gerbils pre-treated with PCPA to ischemia produced additional reduction
of 5-HT levels while decrease of 5-HIAA was blocked. S

, A recent study by Pau et al., (1982) provides additional pertinent

infornation on the effect of ischemia on 5-HT. Occlusion of the MCA in

rabbits resulted in a decrease of S-HT with an a%sociated elevation of

L S-HIAA within the brain cortex supplied by the artery. The S-HT

severely declined after 10 minutes from the onset of ischemia (43. 92 of
the control values). Subsequently, the level of S—HT remained depressed
until 360 mi;utes after occlusion. The S5-HIAA content rose after the‘-“

.ischenic insult, reaching a maximum by 60 ninutes following HCA
.'.occlusion (greater than the control.. values)..

Sone studies have investigated the levels of biogenic amines in
-postischenic periods following the release of carotid occlusions in
jgerbils. Gaudet et al., (1978) investigated the effect of L
.re-circulation after short periods of occlusion (5 ninutes, 30 ninutes,
60 ninutes) on 5-HT levels in the cerebral cortex of gerbils. Bilateral"v

henispheric S-HT reduction was neasured in control.and stroked animals

"after only 5 ninutes of occlusion. S-HT renained depressed after 30 and

' f60 ninutes of occlusion except in the non—occluded henisphere of

‘non-stroked animals. During recirculation, the 5-&1 level reuained the '

C e
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same as_the baseline measurement. Mrsulja et al., (1976) reported that
in animals occluded for- 15 minutesj there were no differences in content

.

ofIS-ﬂT between left (ischenic) and right (control) cerebral
henispberes.‘ ﬂowever, the 5-HT leQEl one hour after'onset of‘ischenia
was - siguificantly increased on the ischenic side and reuained elevated

" even in animals sacrificed after six hours of occlusion, The 5-HT
levels at 1 hour after. release fro- occlusions of 15 minutes or 1 hourj
duration were significantly increased as conpared ‘to . the values
registered innediately upon terninatiou of the occlusions. However; in’
animals occluded for longer periods, the peak levels were reached by the:'
end of occlusion and values declined subsequently. It should be noted
-that these results, showing an increase in S-HT in ischenic brain
tissue are at variance with most studies. In general " the 5-HT levels

have been shown to decrease under sinilar experinental conditions. The

~ authors. had no clear explanation for this discrepancy. ; o <

iv) Y-aninobutyric acid ‘ ‘
J Lust. et al., (1975) found that the levels of GABA in the ischenic
'ccerebral cortex increased 2. S—fold after 1 hour post—ligation.
."Sinilarly, Jellinger et al., (1978) reported narked elevation of - GABA in
.'receut infarct hunan brains, in the necrotic area (about 1201 of |
controls), and particularly in edenatbus regions (about 1902 of

controls) The iucrease was more pronounced in the white matter.

Mrsulja et al., (1978) studied alteratious of neurotransnitters and o

‘genzynes during ischeuia in gerbil cerebral cortex. They produced a
"transient bilateral carotid occlusion (up to 15 ninutes). The levels of,_i-
- GABA increased and those of- glutanate decreased during bilateral

occlusion' glutanate content was: reduced after 10 and 15 niuutes, but
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not after 5 ninutes of ischemia.’ GABA*“netabolizing—enzynes (glntanate———ﬁ————
decarboxylase (GAD) snd GABA - transaminase (GABA-T) were also affected
by ischenia, the activity of GAD was increased vhile that of GABA—T
' decreased. . The ‘authors speculated that the increased level of GABA H
night be due to increased formation by GAD. and/or decreased degradation
by GABA—T. PR | | "
‘ Both Lust et al., (1975) and Hrsulja et al., (1973) speculated that
_ the increasing levels of GABA and decreasing levels of glutanate nay
zreflect the- degree of depressed excitability in the ischenic cerebral
'-cortex. Hrsulja et al., (1977) neasured the effects of repeated cerebral
| ischenia Ln metabolites and netabolic rate in gerbils. After 5 winutes.
',of unilateral ischenia, there was ‘no significant changes in any of the
netaholites neasured. Pollowing 60 ninutes of ischenia, concentrations
'eof ATP and P-creatine were . narkedly reduced. Glucose and glycogen also
' decreased and there was a conconitant increase in lactate.fnGAEA
vconcentrations were increased 3—fold and cyclic AHP S-fold the.
‘concentrations of GABA being substantially greater after 60 minutes than
J after 5 ninutes of repeated ischenia, thus indicating a close -
Aarelationship between depressed cerebral.netabolisn and GABA elevation._
Pulsinelli and Francis (1983) produced ischenic danage to striatal
.b GABAergic neurons in Vistar rats, by pernanent occlusion of the connon .
'fcarotid arteries for 20 30 or 40 ndnutes.. Striatal GAD sctivity was ;vt
_neasured at 5 to 8 days after 20 30 and 40 ninutes of forebrain |
. ischenia. Insignificant decrease in striatal GAD activity vas noted 'pV»\i-r
'{_after 20 minutes but significant depression of GAD activity was noted
.bafter 30 and 40 ninutes of forebrain ischenia. Hippocanpal GAb activity

l.\was not different fron control values following bO ninutes of forebrain
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-__m___ischenia and_S_to 8_ daya of poat-iachenic aurvival. They auggeated that

| GABAergic neurons as a neurotransnitter-defined population are not
hequally sensitive to iachenia throughout the brain.
Heinberger and Cohen (1982) measured GABA and glutamate in ‘ iv'
- aynaptoaonea prepared from- the ischenic and control cerebral henispheres'

of gerbila after left carotid ligation. Significant decreases in uptake””

by aynptoaonea did not. ‘occur until 16 ‘hours after carotid. ligation. GABA .

fuptake was reduced to 282 of control and glutanate to 472 of control. -
v GABA uptake was alao aignificantly reduced relative to glutanate.-
. ‘Strong et al., (1983) atudied aynaptoaonal uptake of [ E] GABA in

vsanples from ischenic areas in baboons and cats subjected to uiddle

:cerebral artery occlusion. In baboons there waa significant impairment;

fof uptake in aeverely iachenic regiona. No changeo in uptake of GABA T,p"‘-“

.‘7 was aeen in the regions with nild to noderate ischenia. In cata, there
| uv‘was a aignificant relationahip between mean ischenic flow and GABA
vuptake | : ‘ . . , :
' Thua, inpaired uptake of GABA accoupanied by narked increases ini‘hfii:
'7dbrain GABA levela appear to be a conaiatent feature of cerebral i
1iachenia.. The increaaed GABA level night be due to, 1) increased
fornation by GAD and/or 2) decreaaed degradation by GABAFT. GABAergic'i
'lneurone are not equally senaitive to ischenia throughout the brain andv
| there are differencea in the GABA uptake depending on the aeverity of ‘f:

' .the iachenia. .
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AﬁREVIEﬁ OF RECENT EVID&NCE POR THE EFFECTIVENSS OF OPIAIE ANTAGONISIS
s

Naloxone Therapy

' Holaday and Faden (1980) demonstrated the reversal of hypotension,

hypothernia and hypoventilation in cervical spinal cord—transected

/ 3 ‘«"

'Sprague-Dawley rats with use of naloxone, an opiate antagonist.- They ‘

‘ Vsuggested that these effects of naloxone seen to be uediated by a,

blockade of endorphin effects at opiate receptors in the central nervous-:'_ e

systen.‘ In a subsequent study Paden, et al (1981) traunatized the.“

1spinal cord of adult cats and treated'them with naloxone._ Contusion of ;,*'

.'the cervical spinal cord produced a transient pressor response exceeding'

,'100 un—ﬂg followed by a gradual decline of mean arterial pressute over

--'the next 45 minutes to a value approximately‘lS mn—ﬂg belov trauna '

"'levels. Naloxone treatnent significantly increased mean arterial

?Jpressure to a maxinun between 5 and 15 minutea after treatment.;v

._ Neurological recovery was also significantly better in naloxpne-treated.f.“"
'T-;paninals than in saline-treated controls at 1, 2 and 3 ueeks. ‘The
fl‘idifferences in neurologic function between the groups were greatest ‘at. I;ﬁ
iwe-k They suggested that beneficial effects of naloxone result from fi'.

‘its ability to secondarily inprove local spinal cord blood flon and to f

. block the opiate receptors vhich nay contribute the pathophysiology of
. apinal cord injury '

!

The beneficial effects of naloxone in recovery fron spinal cord |

V;injury pronpted other inveatigators to asseas its efficacy in the :.{

'."‘treatnent of neurological dysfunction secondary to cerebral ischenia..

.f,Hoaobuchi et al., (1982) reported a significant reversal o#
#
’ 23, :
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: ischenia-induced neurologic deficit in gerbils by nsloxone. Following

'occlusion of the right comnon carotid artery, 59 of 140 gerbils (42 . /
”percent) nanifested signs of stroke 2 to . hours after surgery, none

'developed stroke nore than 4 hours after surgery. They reported that_

)
their gerbils recovered fron snesthesia (60 ng/kg of pentobarbi* ’\ and

:_were alert and responsive within 2 hours. Fifteen of

ssynptonatic gerbils received no treatnent were used as controls.

| ‘Saline injection did not change the neurological status up to 9 hours

..after ligation. In. sninals injected with 1 ng/Eg of naloxine '-‘,'vfi
%‘,heniparesis or circling behavior or both invariably disappeared within 3,“

' to 10 minutes (nean, 5 4 ninntes). The nsloxone effect lasted 20 to 30 o

-

o ninutes and repeated injection of naloxone consistently reversed aIl

o deficits.. Intraperitoneal injection of norphine sulfate (5 to 30 ng/kg,fdn

xdanage), this effect can’ be reversed by naloxone., E‘

'“neurologic deficits. Houever, all ten gerbils were dead within 48

e ;hours. The other 58 percent of gerbils did not develop any neurologicsl, }}

nedian dose, 15 ng/kg) within 3 to 20 ninutes (mesn, 8 minutes) induced b

Tr:a left beniparesis that lasted 4 to 24 hours (nean, 18 hours) in 21 out‘~'

of 24 gerbils. The norphine-induced stroke synptoms were reversed

"within 3 ninutes in 10 out of 10 gerbils by intraperitoneal injection of S

'dﬂvnsloxone. Brains fron several untreeted synptonatic gerbils analyzed

S

N for concentrations of innnnoresctive B-endorphineelike nsterial

I

'ﬂ‘denonstrsted 40 to 80 percent higher levels in the ischenic right
.'henisphere than in the left control henisphere. The authors j">
:1".hypothesized that cerebral ischenia csnses an increase in the level of Hig
'lhB-endorphine that in turn, hy an unknown nechanisn, produces f |

::heniparesis._ If there 18 no cerebral infsrction (i.e. irreversible
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Siuilarly, Bosobuchi et al (1982) adninistered naloxone (0 4 ng

1.v.) in a double—blind manner to 2 patients with neurolgical‘d“ficits

following stroke. The neurological deficits rapidly but temporarily

l'
T

‘inproved. ‘ . . » ,
Holaday snd D'Amato (1982) attenpted to replicate the experimental‘
'vresults reported by Hosobuchi and his colleagues. They evaluated |
\'functional neurologic recovery in gerbils that had been subjected to 30:;
:‘uinutes ‘of bilateral carotid ligation.- Sixty percent of the gerbils
"were dead vithin’ 8 hours.‘ (80 percent dead within 3 days) regardless of o
drug treatnentﬁk They found inproved cardiovascular and respiratory ‘
v:function after naloxone but no inproveuent in neurological status or
; suryival tine..USince they did not see any reversal of neurological
";status in gerbils with- tenporary bilateral occlusion, they further o
'irinvestigated the effect of naloxone in gerbils subjected to pernanent "N
runilateral carotid occlusion. The aninals were randouly divided into
groupa that received saline or naloxone. Naloxone did not improve the
:.neurologic scores or the nortality. However norphine exacerbated the
'V»neurological deficits and increased the nortality. Seventy percent of
f”ithe gerbila treated with norphine showed severe neurologic impairnent _
:f;.and died within 7 days. They concluded that naloxone has no therapeutic ejot
.Veffect on cerebral ische-ia in the gerbil. | A

£ .

.......

Levy et al., (1982) used nuclear nagnetic resonance (NNR) inaging
cjto evaluate the intracerebral changes over tine in gerbils following
'j.uiilateral carbtid artery ligation. Despite reports that nanxone K
Etreverses the neurologic deficits seen’ in aninals following acute
:cerebral ischendc leaions, their prelininary results failed to :b

fdenonstrate an effect of naloxone on any of the NHR inage parsneters

[
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evaluated. Upon comparison of the 2 mg/kg naloxone i. p., no significant

0

differencea-between the pre—naloxone and_post—naloxone conditions were

~

observed at any time point over the 24 ‘hour t@ting period.

Thua, attenpts to demonattcte a beneficial effect of naloxone in
the treatment of cerebral ischemia have produced conflicting results.

It seems reaBOnable to expect that any agent\yhich produces rapid:

' reveraal of neurological dysfunction wuuld initiate a
normalization of netabolisn and neurotransmission in - the affected brain

,Amjtiseue. A



CHAPTER IV
METHODS

fA. INDUCTION or CEREBRAL ISCBEMIA

Seventy—two adult male mongolian gerbils (meriones unguiculatus) g{
.weighing 60 to 70 grams were studied. Animals were caged at ‘a lconstant .
temperature in- simulated day and night conditions and were allowed free
access to” drinking water and chow.v The gerbils were anesthetized with
thiopental sodium (pentothal) (20 mg/kg) and halothane (21 in oxygen).

The right cOmmon carotid artery was exposed through a ventral |
midline incision with the aid of a stereoscopic microscope. The artery
was carefully dissected free of its accompanying vagus nerve jugular

‘gfvein, and coagulated with microbipolar forceps and transected. The
fanimals were returned to individual cages for subsequent observation and:‘

‘ neurological assessment.v

B. NEUROLOGICAL ASSESSMENT

Following recovery from anesthesia, the gerbils were observed for
‘the initial movement, and. subsequently for behavioral signs of :'

-ischemic—induced neurological deficits.. Animals that exhibited ptosis

B diminished limb movement, splaying of limbs, hemiSensory neglect ‘and

ipsilateral circling with head and neck deviation were. assigned to the_.s-7
neurological deficit group.i Animals that exhibited abnormal motor 3_ .,\f.'
.l‘fbehavior, i. e. wild running, focal-clonic limb movement, rolling fits :
and tonic-clonic seizure were placed in the seizure group (Welch et s‘k;;;w'
1978);v Those animals which did not show any. neurological signs exceptv} ‘
_ptosis(were placed in the asymptomatic group.éJ Behavioral changes were d

'_recorded as present (+) or not present ( ) as they occurred._ The ]'
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interval between carotid division,and onget of symptoms~waslrecorded

(Table 1)

o
L4

The type of: drug treatment was determined by preseqee or absence of

neurological dysfunction two hours after carotid occlusion. Eowever,

‘onsget of seizure activity at earlier times resulted in those animals
ES)

being assigned to the seizure group. The experimental protocol is

sunmarized in the flow chart belov.

2 I “‘ . »
-~ . .

Flow Chart

Anesthesia
_ ] R Common Carotid Ligation Sham Operated
ce | Comer2z n=10 :
(N.D.G.) |- (Seizure Group): - . -(A.S.N.D.G.) -
n=25 . 0 am20 0 n=27

Saline- Naloxone - - - Saline Clonidine' "Saline _ Horphine"

‘=12 p=13 n=10 - -@o=l0  a=l3 . - n=lé

" : . ) .‘ ' *_' -

Sacrifice for brain assays

Animal groups-.

f;I. Neurological deficit group (I N D G )
. r““ ) ) } . : o
‘2..;Seizure group ‘ : o - : Lo .
o F o : : ,
.3-J,Asymptomatic of neurological deficit group (A S N D.G. )

Sham operations vere perforned on 10 gerbils which ‘were randomly

selected from cages.' Identical anesthesia, midline cervical incision
and exposure of- the right common carotid artery was performed.

. . P .
7C. Drug therapg, ‘

The following present the drugs which were used and the dose and7

3 hr.

ey
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Drugs Used _ o Dose . ”fiming of Injection '
Naloxone .v‘ 1.0 mg/kg I.P. 20 min before sacrifice
Morphine ‘ _ ;‘ © 15.0 mg/kg I.PZ 60 min before sacrifice
Clonidine '. ' ‘ 0.4 mg/kg I.P. immediately after

"development of selzure

activity

. Each drug wasitransfered‘to a‘sterile injectable vial. Then a’ placebo :
vial was prepared with an eqnal-volume of saline. Each vial was
labelled blindlyito the_experimenter, e.g. naloxone (1) 1 mg/kg IrP.vor
| naloxonef(Z) 1 mg/kg'l P. |

~ Following injection of either drug or saline in random order,

{animals were observed for their neurological changes until 3 hour after_

carotid 1igation when all animals were; sacrificed ‘(Table 1).4

.. D. Removal of brain
Immediately after cervical dislocation, animals were decapitated
scalp and underlying faciae were rapidly cut open. Exposure .of the.

~brain was accomplished by removing bone with .a small bone cutter.'ﬂ
o

Extreme care was taken’ to prevent injury to the brain tissue. Following _

removal of the dura and sectioning of the spinal cord and cranial nerve
' attachments, the brain was - removed and placed in isopentane over dry

ice. The total time for removal of the brain was between 1-2 minutes.

. E. Biochemical analysis |

. The biochemical analysis of the brain was performeddﬁn double blind
manner. After removal of the cerebellum and pons-medulla (a scalpel cut -
was made transversely thrOugh the upper midbrain), the remainder of the

| brain was cut vertically along the midline between the two hemispheres.'

The  two halves were weighed and each was homogenized in 5 volumes: of a
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TABLE 1

'+ Gerbil Stroke Model

Weight

Animal #:

.Date

-
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mixture of mlethanol/SNVHCL’t 9/1. After centrifugation,‘the_supernatant'
was retained and 300 1l was utilized for analysis. Tranflcypromine.(zo
Ul) was added to act as internal standard.f The supernatant was taken to
, dryness under a stream of nitrogen. To the residue was added 25 ML of
ethyl acetate and’ 50 ul of pentafluoropropionic\andydride (PFPA). After
| heating at 60 for 30 minutes, the screw-cap glass tubes containing—the |
;reaction mixture were left at room temperature for 5 minutes.d
Hexafluoroisopropanol (HFIP) (100 ul) was added and the tubes were ‘left
standing ‘at room temperature ‘for a further 50 minutes. The reagehts and'
ethyl acetate Qere removed under a stream of nitrogen ‘and the residue
 was taken up in cyclohexane (800 ul) *An aliquot of the mixture in
cyclohexane was injected on to a gas chromatogarph (6C) equipped with an
OVfl 12 m fused silica capillary column and.an eleLtron capture ‘ .
detector. LT U AR |

GC conditions. A Hewlett-Packard Hodel 5880 GC was employed. The--

~-oven temperature was programmed to increase from 80 to 270 at a rate

A :
of 8 /min.. 'The carrier gas was helium at a flow Tate of 2 ml/min. The "

makeup gas at , the detection was argon/methane, 95/5 at a flow rate of

'35 ml/min._‘The injection port temperature was,250 and the detection

£
4

temperature was 300°.
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Derivatives of NE DA and .GABA: PFPA reacts with anine, phenol and

valcohol.groupl while HFIP reacts with carboxylic acid groupa (Koslow et
-1."1972; Davis et al, 1977). Therefore, .the stuctures of the final

derivatives are shown below:

CH_CH_NHCOC_.F

2772725
_,cx:o::a»l ZNHCOCZFS-.”
OcocFs P

28283 3)2
GABA.
A

.CBCHNEC0C2F5 .

R
z? CONHCH CH CH COOCH(CP

TRANYLCYPROMINE

: .
";Structurea of the derivatives wvere confirned using combined gas

- _chronatography-nus s’pectro-etry (GC-HS)

" Retention tines of the derivatie3° 'GABA - 4,4 min, tranylcypromine_
- 9. 8-nin,jNE - 11 9 win, and DA - 12 6 min., S ‘

Calculation of amounts of anines present.: Standard curves were ’

constructed by running known anounts of standarda of GABA NE and DA in

-300- Al of HeOH/HCl solution’ through the same procedure as the brain
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eitracts. Tranylcypromine (ZOug) was also present in these samples.
The peak height ratios (1.e., GABA/TCP NE/TCP and DA/TCP) vere
»'determined and plotted against the amounts of GABA NE and DA present.f
‘The peak height ratios fram the brain samples vere calculated and by
conpsriné to the values on the standard curve, the amounts of GABA NE
vland DA were-deternined. | | | | T

 Statistical Methods . - ;.°;'»4‘, L

'f The behavioral data were analyzed»by means . of chi—square tests on .
- the frequencies of animals showing either an improvement a worsening or
‘no change in their neurological status., The neurochemical data wegel
analyzed by analyses of’ variance with groups as one factor and Q;’ﬁ_'
-'hemisphere as a. second (repeated) factor. Where necessary, multiple

sing t-tests calculated using the appropriate.

‘.error term fron the an lysis of variance in place of S2 in the fil

’denominator of the t atio. Since multiple t-tests increase ‘the -
probability of making a type I error Dunn 8 correction to the level of |
significance was- employed. This correction involves dividing o by the

"number of groups involved in the multiple comparisons (Dunn, 1961)




CHAPTER V'

' RESULTS

A, CONTROL GROUPS.

There were 4 groups of animals which were used as controls, a sham-

\

operated group and three saline groups from the drug experiments.

Pollowing carotid ligation, animals were divided into 3 groups based on

ftheir neurological evaluation.~ Animals with seizure symptoms (wild
- 'running, focal-clonic climb movement, rolling fits, tonic clonic
’,seizure) were assigned to the seizure group.» Animals without seizure '

'but with nenrological deficit (ptosis diminished limb movement,

h,splaying of limb hemisensory neglect and ipsilateral circling with head

";and neck deviation) were assigned to the neurological deficit group.

Animals without any neurological symptoms except ptosis uere assigned to{ﬁﬁ.;}

* the asymptomatic group. § o f v ;-4

’ pl.' havioral Data jl . :f\

The ‘mean time period between surgery and . onset of initial movement .

between groups varied depending on their neurological status, sham X =

N
9 8 min, seizure group X = 22,7 min, asymptomatic group X - 13 8 min,

: stroke group X - 12 9 min. There was ‘a., greater deIay in the onset of R

‘initial movement in ‘the seizure group (Table 2)

Neurological ststus was compared prior to the saline injection and

-just before sacrifice and the animals were divided into three groups'

improved worse or no- change based on the number of observed

neurological deficits. Eighty percent of seizure group animals becsme

vlworse and 20 percent'showed no change. Asymptomstic,animals‘did not -

show¢any,changes withvsaline ‘{njection. - There'oasino-neurological

34



\ Table 2

‘Average time interval be:wéen surgery and inital movement

- Group % - Treatment R

4 1
'

Selzure = .', ' Saline : 32257'min

1
]

. Clonidine . 20.1 min

%)
o

= 13:8 min
38

. Asymptomatic . Salime
s = 15.4 min . ..

b1

Morphine .-'

=
%

' Neurological Deficit = - Saline 12,9 min -

it
i

Naloxone 13.9 min

, . B . - -

' Sham Operation = -~ ..~ - LT X

9.8 min
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'status change in 58 percent of the neurological deficit group, 8 percent -
'became worse and ‘34 percent showed some improvement in their

-‘neurological status (see ‘Table 3). - - , . "‘f/h o

Effect of ischemia OT neurotransmitters

i) Norepinephrine ‘ o

‘ Figure 1 shows the NE level in the saline groups with different
.neurological status and the sham operated group.l Although there were:f\?:if
fonly slight increases in NE level in the-right hemisphere of the sham o
operated asymptomatic and neurological deficit groups, there was
"substantially more NE in the right than the left hemisphere of the
‘f seizure-group. There were similar NE values for the left non-ischemic
:hemispheres in all groups.: The analysis of variance (ANOVA) showed ,t-
‘iithat overall there was a significant difference between the two . . |

'-fhemispheres (F(l 38)-6 83 pﬁ 05) but the differences between groups '
\ B

i -was not statistically significant (F(3 38) = 1 52 p? 05).

:.ii'interaction between groups and hemisphere was also ot significant
_(r(3 38) = 1 95 P>- 05) whiclr means that the difference in NE. level
hgbetween the two hemispheres did not vary significantly between groups. L

JNevertheless, t tests suggest that there were some significant o o
interaction effects.. The difference between the hemispheres was

"significant for the seizure group t(38) = 6 463, p< 001) but not for the

other groups. Horeover, -tests between groups on the differences ‘

"between the hemispheres indicated that the hemisphere difference for the'

| ‘seizure group was signific;ntly greatej‘than/the hemisphere difference

ev,for the neurological deficit group (t(38) .,3 300, p<. 01). Similar ':"
:]comparisons between the seizure groups and the asymptomatic and sham

operated groups were not significant (t(38) - 2 507, p< 05 t(38)

v



FIGURE 1 -

| '-'Relationship between neurological status and norepinephine (NE) levelse

(mean + SEM) in the left (L) and right (R) hemispheres of gerbils

subjected ‘to- right carotid occlusion.; Levels iﬁ sham operated animalsi'”h

,are showu for comparison. Number of animals in parentheses._“

Yoot

T o R S e REEN
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‘;2.323;'pinSIrespectiveiy);v.
i1) Dopamine , S o - . ‘
| Figure 2 shows thst while the seizure group had higher DA levela in
hfthe left hemisphere, the other groups had higher DA levels in the right
‘fhemisphere.' In the ANOVA there was a significant hemisphere by group
’hinteractiou (F(3 38) - 6 17 pﬁ 05) which indicates that the difference ,i
‘ between hemispheres 18 significantly differ;:tﬂbetween groups.:‘
111) Y-sminobutyric acid : '

v Figure 3 shows that there were increased levels of GABA in the"li.“
right hemispheres of all groups while the left hemisphere GABA 1evels .-
.Uwere similar in all groups. The GABA level in the right hemisphere N

tended to increase with the severity of the neurologicsl symptoms. 'In '

the ANOVA there was a significant hemisphere effect (F(l 38 = 33, 71

' ‘pﬁo 001) and slso there was a significant group effect (F(3 38) = 5 3,

| .pﬁo 01) which means thst the right hemisphere snd the left hemisphere
l-“GABA levels significantly differ and there vere signifi ant differences
f:in GABA levela between groups.‘ Eowever, the hemisphere by group K
.»intersction was not significsnt (P(3 38) - 2 83 2.- 051), which means
.that the difference in GABA level hetween the two hemispheres did not

T e

vary significantly between groups. Nevertheless,. -tests suggest that 1

- there were some significant interaction effects. The right and left

'I'hemisphere difference was greater for the seizure group then for -
"aaylptomatic (£(38) = 2. ae 2<o 05) or sham (£(38) = 4.003; p<. 01) -

groupg. \ o ' y

B, DRDG TRBAIHERT GROUPS

Folloving csrotid ligstion, the drug treated animsls were ohserved

.for the onset of initial movement and development of neurological
-/

T a
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'FIGURE 2

Relaﬁiot;éhip between nehrological status | and dop@ge (DA) levels‘('mean

vi 'SEH) in the ief;.-(L) And. r_ighf (R) 'heﬁisphe:es of gerbils sﬁbjectéd' _i:of«

right carotid artery occlusion. 'I‘evelé in sham operated animals are

shown for t;o-m_paris‘oh. Mumber of animals in parentheses. .

s . . . -
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 FIGURE 3
-”(> T
Relationship between neurological status andY’—aminobutyric acid (GABA)
levels (mean + SEM) 1n .the left (L) and right (R) hemispheres of gerbils
subjected’to ‘right carotid occlusion.. Levels: in sham operated animals

~:'are_showq fpr gompa;ison.‘ Number‘of‘animals.in,parentheses; 3 ®

B B M o . ’ c. - .Y N ’
. . - v . o .
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A'treated groups and saline-injected ‘oups. Although there seems no g;f
difference between saline versus mo hine groups and saline versus .

' naloxone groups, clonidine versus saline groups'shoued a trend for

PO S W bb
Ve Aty ' ' '
L ‘ ‘. ' ~ ‘ ‘ ;,-.p." N .. d\ »
,manifestations. Depending upon theirﬂsymptoms, they were assigned to

Yot

'the seizure group, asymptomatic group or neurological deficit group and
'treated with clonidine (0 4 mg/kg), morphine (15 mg/kg), naloxone (1

' mg/kg) respectively. All drugs were administered intrapq;itoneally.

. \ .
\

1. Behavioral data | I ‘ : : ' \

The mean time period between carotid ligation and the onset of

. 7 . .
-.ﬂ - : “

,-initial ‘movement betveen groups varied depending on their neurological

status (seizure group - 20 1 min, asymptomatic group = 15. 4 min stroke'

' fgroup =13, 9 min) There was.a great delsy in the onset of initial

movement in the seizure group.‘ Neurological status was compared prior

Rl

: to“drug injection and just hefore sacrifice and the animals were divided

N ra

' jinto three groups ,improved worge or no change. Table 3 shovs one

'hundred percent of'seizure group improved after clonidine injection

X’ (2) = 20 0, pﬁO 001) vhereas asymptomatic animals developed stroke

E symptoms after morphine injection.v x (1) - 23 lh vith Yates correction

pﬁ 001. Hovever, naloxone did not haverany effects on animals with

neurological eficits. (x (2) - 1 3 <2} 05). Tables 4 5 and 3 shov the

o

frequency of particular neurological symptoms before and after treatment :

'with saline, clonidine morphine and naloxone.

2.+ Effect of druggtreatments on neurotransmitter

. - . N I
i) Norepinephrine L v l
i ’ 1

Figure 4 shows that the level of NE in each hemisphere of drng— .

-

"lx

l'differential effects in each hemisphere.' In. the ANOVA, there vas a

’@significant interaction betveen hemispherep and groups (F(l 16) = 13. 08

N

.

s
Y



Table 3
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Sy

Effect of drug treatments on neurological status in gerbils with
- selzures, neurologiCal deficits and no symptoms- following carotid

occlusious.

Seizure ° Asynptonatic.
‘ . : ' .o

Néurological Deficit.

Y
"

Salfne Clonidine .Saline = Morphime -

Saline ' Naloxone

. Improved 0 10 0 (I 4 6
‘Vorse 8 . 0 0 14 1 2
. No Change 2 ‘ 9‘-~ ‘ 13 -0 S 7 5
Total - . 10 0. 13 14 12 13
— R S -
© %2 20.0 PC.001* - x?=+23.14 with - x’= 1.028 P>.05
: o : Yates collection R ’ '
<001 ‘

o The chi-square test was used to compare the frequencies within the
Improved, Worse’ and No Change categories pﬂﬁiuced by saline or drug

treatenent.” ) . . . |
¥ ' '” ‘



" TABLE 4

Frequency of post—ischenic seizure synptoms before and after treatement
s with saline placebo -and clouidine.‘

o

Siline (n=9) . Clonidine (n-9)

7]

Symp toms - ‘Pre ~ Post  ':Pre S Post I R

 ;.HilH_runni§g | 5 - 7'“f.  4 i ': 0'
Focal-clomic ~ ° 10 9 .9 3
Rolling =~ . 8. . 9 9. 0 . e

Tonfc-clomic . - 7 . 9 6. . . 0

v
~
\
.. .
~ e,
~
.



_IABLE 5

- ‘Frequency of post-ischemic neurological synptons before and after ‘
' g treatement with saline placebo and morphine ;

Saune (n-lZ) o norphine (11)',1

Symptoms . o Pré .. .- Post. Pre E Pps;

'Ptosis S L: '  ‘ v.-f‘ 5 S };:-6 — 6.

’Diminished linb novemnt o 0 0 '- o 0 - -
Y ‘_‘_splgyed hing‘ ]Timvbv - 3 -rOv o | 0 : 0 .‘ : ‘v 0
:Né;misenéofy ﬁéglect . .‘; _0  o ;.ff.'._d}ﬁcjif >2-
JIpsilateral circling‘  o 0. > f:Q] é'_;, »Oi . lO

,1Wild running j.' R o  0.Vf_ R R 1
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Y
" TABLE 6
-

Frequency of post-ischenic neurological syuptans before and after
Creatnent with saline placebo and naloxone

.L@
} 5511ne;(11) S Neldidne.(ll)

D
—

”Synptoﬁ‘ R ".jnref . .Post ‘e Pre . 'Pest

Ptoais - f ;1e'.Q-":'_.' 7': | j?» 9' B ':'v§ieli : lﬁ,':
:f'Diminished Limb novementv f 5',__»‘if 3:ee7"u_ s.
- Splayed hind limb ,VV : ‘fa’:-,; *‘ 2 féf 45:L";5 1vf'"
.‘Hemisensery neélect‘e-g 7,'Vi ::.-: ?;i[ 5‘! >':2 - :je-f Of‘ff
. Seizute.eyﬁPCOqg': e:‘f; .O'e'.‘l{ _3:7ﬁ ‘:i;”d:v'.; 'f“éf

D
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' FIGURE 4

Effect of dtug treatment ‘on notepinephrine (NE) levels (mean + SEM) in..f; U

the left (L) and r:lght (R) henispheres of gerbils subjected to right

,'catotid occlua:lon. Nunber of animals in parentheses._ o e
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”'pﬁ 01) which means, that clonidine had significantly different effects in'

;the tuo hemispheres.f This interaction appears to be due primarily to-

S clonidine producing a large reduction in right hemisphere NE with only g

"slight changes if any. in the left hemisphere.

N Dopmne.‘ R /

Figure 5 shows the levels of DA for the drug group and the saline
(\

oups in each hemisphere. Administration of clonidine v”

\

»increase in the level of DA in both hemispheres in the

;injected
;_ resulted in;
H'seizure group. Hovever, the ANOVA demonstrated only that overall
‘“there was significantly higher levels of DA in the left hemisphere than
‘Lin the right, (F(l 16) - 16 47 pﬁ 01) which does not relate to
1.clonidine effect. The other effects were not significant.‘ In thel
asymptomatic group, morphine produced a decrease in the level of DA in
‘fthe right hemispheres with fittle effect on- the left hemisphere.; In thei:-i"f

fANOVA while there was no- significant differences between hemfhpheres org""'

T groups, the significant interactioa f(l 21) - 15 9, P( 001) indicates‘jg

that morphine had significantly different effects in the two . Y
n e :

v\hemispheres, producing a’ decline in DA in the right hemisphere and

=

'.“

S ;_«_111) Y-aminobutyric acid

“t‘“greater levels of GABA in all groups. The clonidine treated right

little change in the left. In the neurological deficit group of

. ‘H\
s

;:animals, the effect of naloxone was surprisingly similar to morphine but;- s
' ffthe ANOVA did not show a- significant interaction (F(l 20) - 2 79 .B --

Figure 6 shows the levels of GABA in each hemisphere of drug

'-{ttreated groups and saline injected groups. ?he right hemisphere had B

0

hemisphere had a substantislly larger GABA level compared to morphine or . e
. L : AT

[ .
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FIGURE 5 -

"‘Effect of drug treatnents on dopanine (DA) levels (mean + SEM) in the

_left (L) and right (R) henispheres of gerbils subjected to tight carotid.”

'artery occlusion.v Nu-ber of aniuals in parentheaes. -{
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Effect~of_dfu§“t:eatme;§s on'Y&mdnobutyt;c acid (GABA)’ievéls;(meaq +

SEM) in the left (L) and right (R) hemis'phé:/s of gerbils subjécted to

'v'rightfcarbtid arferyxbcclusibn. Mumber of animals -in parentheses.
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. 56
naloxone treated groups. However,.in'the AﬁOVA there<was only a
hemisphere effect (F(1, 16) = 28 7, p<.001) which means GABA levels were
,significantly higher in the right hemisphere.4 Similarly morphine and

' :naloxone showed only hemisphere effects (F(l 21) = 16 18 pﬁ 001 |

_jl 20) = 13, 37, pﬁ 01, respectively) which means that the right

. hemisphere had greater level in all groups regardless of drug

4

- treatements. Consequently, drug treatments did not’ significantly affect L

i‘i_GABA levels.. ﬁvh‘, B :rf',' L S - - i

In summary, under control conditions, there were slight increases

IR

*:tin the NE levels of the right hemisphere compared to left hemisphere in 4

*

N all groups of animals. The: right hemisphere NE level in the seizure "'},{ h

.group was significantly higher than in the nghrological deficit group.

w,while the seizure groups had higher DA levels in the 1eft hemisphere,:'f."
: the other groups “had higher DA levels in the right hemisphere. The. GABA
| %Zlevel in the right hemisphere was greater in ail groups and its level
’increased with the severity of the neurological defficits.. |

Under drug treatment conditions, there was a great delay in the jvd
onset of initial movement in the seizure group than other groups. i
:Clonidine significantly improved seizure symptoms and morphine
H:significantly worsened the neurological symptoms however, there was no ;3'

fsignificant neurological change after injection of naloxone._ In the

'neurochemical anal sis,_clonidine seemed to inhibit the NE increase in j.,-"

S

: the right hemisphereﬁhf the seizure group while it seemed to produce

”little change in the NE level in. the left hemisphere. Although

<
i

‘M..clonidine seemed to increase the level of DA in both hemispheres, the;' -

’»rg;fANOVA showed only a significant difference between hemispheres in both

'clonidine and saline treated animals.; Horphine had a significant

Ly
4



AlS

interaction effect between hemisphere’,and groups which indicated that

ey

morphine had different effects on the. DA levels of the two hemispheres.

'Although there was a trend for a decreased’ level of DA in Naloxone

~treated animals, it failed to reach significance. The GABA levels were

higher.in the right'hemispheres of all groups.‘

B
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The erperinentnl study of cerebral ischenia de:unds aninal uodels .

l
)

s ‘, ,in which a knovn ischenic insult produces a consistent effect. In thé‘
S ! I'a. '.».‘3'

.

-’_past, the frequent lack of consistent results even -in the ‘same animal

J""_:species or strain, ‘was a najor difficulty. Bqnally important uo'st R

: ::experimental nodels based on interruption of ﬁterial blood supply hsve

‘i

.‘ required lengthy surgic,sl procednres thus making large-scsle s»tudies . g

impractical.’ In 1966 Levine and Payan reported that tnongolian gerbils, -
- ll h '@ 2 ?.- %
b»unlike many other aninals. of,!:en develop brain infa.rction folloving e

AL D _,“ .
unilateral ligation of tﬁe’" common carotid artery. This discovery pqwed .

A‘“‘ .

‘1
e

the way for reliable processing of Large qubers of gerbils for e

R 3

-
- collecting statistically valid dsta based on various erperinencal

- parameters.:, Silberstein et al., (1978) stated that of all &odels. "_'é.f

« !

gerbil strpke nodel 1s the most suitable mode for* sinul"';:uon “of local

k:% r,,kn
_‘gd.schenia of the hunan hrain . Skepticisn zust: prevail in extrapalating

;yé r‘

4. .

(pauciEy of novenent on one side oﬁ the body, a splayed-out hind limb
"7“”“‘!" e - R B
. ﬁhen walk.'l.ng. e.xt"ernal rotation of the paretic hind linb asymnetry in v
s . ‘5"‘.7 -

3

‘\ 4
extension of. digits with loss ‘of tone on the affected side, and circling

® M":behavior *and ptosis). The circling behnvior vas mhually in asdiréction v
. A

» . 6 LW

’ ¥
& . D7 S SN e
A . § oo SN oar - . : B E SR

-t
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ipsllateral to thenside of theYischemia. The diameter of the'circle

A . Rraie 0,_)‘ . . Rk . K
‘ varied and in»'?aout o§ Wsynptouatic animls.'%cane progressively
.r S !4 ' oo
sqpllgr*hntil: aninal rotated around the axis of their own bodies. .

i "‘Prior”goed\qufthe animals becane non responsive and - finally lapsed into . .

St
R “

From his observation it seens that the severity

circling state vhich is more severe than the heniparesis state.

°

o

' Harrison et al., (1979) retrospectively enphasized the importance ogv

separating the aninals atcording to the nature of the clinical deficit _
N 5

;»as previously re@orted by those described by Welch et al., (1978)

uInterestingly, the occurrence of focal and generalized epileptic -

N .
o 2

n seizures in. patients with carotid obstruction has been emphasized in the

clinical literature since the observations of. Honiz et al;, (1937). ,:ngj

,*1 - .‘.5»

R

Caciro (1982) investigated the occurr}nce of epilepq}% seizures among f’ ;;

+

pstients uith HCAﬁhnd tarotid occlusive disease. Epileptic seizures";-

e a o
.~ to

’j‘> occurred sonetine du@ing the clinical course of the disease in '17. 32 of

'{%; ,patients with caroti§%occlusionx(vhich is approxim%tely the same 'f f Do
.o s " e o
frequency as in the gerbil stroke nodel) and in 10 81 of patients vith

S

o middle cerebral artery occlusion._ Therefore, because seizures are an

! iqportant synpton of 4schenia the animals used in this study were' _
PSR % BRI
¢, garefullydzpparaﬁed %nto 3 groups basedlon their neugological st%tus.;ff

13
é , " *321 (7 -

"asymptonatic neurolg;ical deficits and seizures. The neurologicai

1Y
evalnation criteria were alnost identical to those described by Welch et’
s . .,,_‘k‘ y
 al., (1978) except that aninals vith ptosis alone were . considered '

v

)

asynptomatic.' S ““?ti’f”._ “

'kl,f ‘ Ptosis does not seen reflegt cerebral infaretion.'a




,observed approximately 202 of animals with ptosis had no evidence ﬂk@l,

LIPS - U )
’

cerebral infarction. The frequent appearance of ptosis in both animals

s-neurological deficit and asymptomatic animals ‘was attributed by Berry et’

. ST S

\ .
al., (1974) to°interruption of the sympathetic supply during ligation of "

" the common carotid artery.’ However, the appearance of a dry shrunken

also stated-that pgisis reflects damage to the sympathetic nervous

. : N
eye was thought to -be likely due to interruption of external-carotid
AN

blood supply to the contents of the orbit. Hosobuchi et a1.,,(1982)

.yig;
systemv which is usually secondary to local carotid dissection. Inlmgupl.

tstudy, there vere 2 animalsyin the sham group that had ptosis for a'.' \:

ishort period of time upon recovery from anesthesia.v Therefore, those

anihals vithout any neurological symptoms exgggt ptosis were considered

. . as, the asymptomatic group of animals. Overall 72 gerbils wete

& o
1\}- *

' subjected to unilateral carotid ligation, and 45 &éﬁl) had either'

L

.iA seizure or stroke synptoms (neurological dsficit)‘ this rate 1is similarj“

-

. ':to that reported previously (Levy et al., 1976 Gaudet et al."1977)..-

i . )

| Pilot 8t“dies vere done ptior to deciding on the interval between ,f“

ischemia and aacrifice (brain assay) the timing of drug injection[ andg

"the selection of anesthetics.. During the pilot studies some animals» B

+

<

'were anesthetized with 40 mg/kg (intraperitoneal) of pentobarbital and

others were anesthetized with 2 halothane. Ihe ' othane anesthetized'

[y .
b “ . t’ -r’ .

animals recovered tron anesthetic very rapidly, hovever moat developed

oo

;'seizuéf synpto-s and eventually died. The pentobarbital group was. quite

?r‘»-\

4variah1e in recovery tine regardless of surgery (shaqur carotid

TuTgign ; ‘
ligation) cohtrary to vhat Hosobntéi et al., (1982§g%uve reported.
.

ﬁThey stated that their animals recovered fron anesthesia (pentobarbital

1 L /

40 mg/kg) within 2 hours and ‘were alert and responsive. In the presen?

S B 2 A

v ; ’ c B . 1 . wo

FRRY L v . A . .
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‘f‘and behaved normally vithin 20 min from aurgery._ Anaiyaia of fhe X

61
_ study it waa‘neceaaary to have conaistant baseline recovery time from
aneathesia Ain order to differentiate the neurological symptoms from.the :
anesthetic effects. Since the main ohjecsive of thia atudy vaa‘to‘

investigate the neurotranamitter levels in. acute stage of cerebral

. oy N .
. .5 £

administered in conjunction with. 22 halothane. Vith thia aneag?hg A h df"r

1
' ‘1"A

. ‘ ¢
procedure sham-operated animals ahowed initial movementa within I6 min(}“
! 3 ':',2\:’: ey
: behavioral data from the untreated group of animals indicated a positive
correlation between aeverity of neurobOgical deficita and the mean time
5,
.period for the initial movement post ’ aurgery (the seizure grOup > the S

\,A

,stroke group > aaymptomatic group o the aham group) However it would : .

.'be premature to generalize from theae reaults Hithout further studies. |
The timing of drug injection vas determined baaed on the dnration

:of their effecta. According to Bosobuchi et al., (1982), naloxone (1

B v‘J

-gmg/kg, i p- ) reveraed hemipareais within 5 to lO min ~and laated 20 to
:'30 min after which the deficit returned Intraperitoneal ihjection of o
'emorphine squate (s. to 30 mg/kg medium doae, 15‘mg/kg) induced ‘
heniparesia uithin’ﬂ to 20 min that lasted 4 to 24 h” (mean, 18 h)
Therefore naloxone was injected 20 min nzior‘to sacrifice and morphine ’
' was injected 1 h prior ‘to aacﬂifice. Although there is‘no repbrted =
inveatigation of clinical or experimental cerebral iachemia which
involved clonidine the initial doae vas determined based on other .d
'Aatudies. The adminiatratiqn of clonidine an antihypertenéive

| -adrenergtggggfniat (Kobinger, 1978) produces 3everal morphﬁpe—likea'
behavioral effects, including analgesia (Lin et al., 1980) and relief of

V.symptoma of opiate vithdrawal An both animals and man (Fielding et al.,

IR . ) o . .

3 o . o ) . e e
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J978 Gold et al., 1978);' Clonidine‘s actions at'thefneuronal levei

also resemble those of morphine since both agents are known to reverse
PR .
the enphaais of activity of central noradrenergic neurons precipitated

ity

by acute opiate withdrml (Agi‘f:}" ion, 1978; Lavery and Roth 1980) The

- . dose of clouidine used varied a great deal depending upon subjects and

type of . experiments (0 01 l 0 mg/kg) : The final. decision of the dose ';,7

.and timing of injection for the present study was baaed on pilot_~\‘

”atudies. _The optinum level of clonidine seemed to be 0 4 mg/kg. It had‘J

to" be administered im-edintely folloving the development of “the seizhre

,symptoms and was effective for 2 to 3 hours.'

Neurotransmitter levels in the cerehral cortex of gerhila subjected

. to prolonged cerebral ischemia have. been studied previously. (La%;ne et o

’al., 1975a, Lust et al.. 1975 Helch et al.,- 1977) The present study
@

explored the effect of ischemia of short duration in order to examine 1fif

ehanges in neurotranamitter levels occurred which might contribute to

v

<3events taking place at an early and critical stage of a developing N

OV

%tnfarct. - The time period between carotid ligation and sacrifice %f the
ol . -‘. ’ 5 . . .
6%imall‘ was detzgmined based on@three requirements which were: -1)'

minimal or noiif,'ophent of brain edema, 2) sufficient time period to

D NI ,
o possible anesthetic effects,, nuring the pilot study, ischemic animals

ﬂ?/v..» ,
- evidenced a; matnration 62}1o¢ ‘during which the neurological status

-
vy ‘
<t . . 'S

fluctuated for up to 60 min (with the excdgtion of the seizure ’

symptoms). Once.animals developed seizure symptoms they continued to -

A\

have them without any improvement.

Berry et al., (1974) reﬁbrfhd that histological changes depend upon

a0 5'1

the duration of carotid occlusion.- The brain failed to reveal obvious

s

o" a



v

‘changes within the first 2 hr’ hut £rom 3 1/2 hrs on there‘were.changes,

?findicative of early necrosis with edems During the very acute stage ) r;
‘Hrsulja et al., (1976) found ‘no- difference in content of biogenic anines‘
‘betveen ischenic und control benispheres within 15 nin of carotid o

'1ligation.' Eventually, the NE and DA levels ‘were. reduced at l h after
carotid ligation and at 3 hr the changel were pronounced. These results,
denonstratedathat a 3 hr ischenic period vould setisty tbe requireuentsj

ey of the present study. C e |

' There are a number of investigators vho have messured the level of '

'catecholanines (NB DA) and/or S—HT in cerebral ischenia (For Aa. reviev

"see Jellinger and Riederer. 1981) '#f?; evels vere measured instead of:

'S-BT in this study The size of the geﬁhil brain precludes dohng
5"’ o --_'.

‘»f;regional btain assays and necessiates the use of highly sensitive and .

. :chronstography (GC) technique used in this study.‘ There ‘are ‘a variety
lof techniques to detect co-pounds eluting from a GC._ We used the

' electron-capture detector (BCD) which is a relstively selective detector :"

;,:and has the potential to. detect as “lictle as l pg of an organic compound -
_icontaining an electrophoric substituent (Baker et al., 1982).

Unfortunately; the assqy procedure described here does not provide for ,
. 1‘1 ’
simultaneous analysis of S—BT Given one aspect of this study :

AT A gg
(comparison of stroke vs seizure symptoms in cerebral ischemia),‘it

-

seened reasonable to measure GABA levels instead of S-BT.

Y

Untreated Groups

The results of the GABA measurements in the ischemic hemisphere are
consistent with previous reports (Lust et al., 1975) showing marked
:incresseSﬁ In the present study the ‘GABA 1evels in the right hemisphere
; | e

S

= ’ N
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tended to increase with the severity of the neurological synptons
(seizure ) stroke > asy-ptonatic > shan) while the GABA levels in the ,gg"

left he-ispheres vere sinilar anong groups.- The NE and the DA levels j

found in this study are not entirely consistent with previous reports.i?

{

In the present study, the NE levels Here significsntly higher in the ;ff

%ghe-ic henisphere of the seizure group but not in the neurological

[

deficit ssy-ptonatic ‘or: shan groups snd the difference hetween the

{ henisphetemin,the level of NE vasfsignificantly greater in the seizure YYI.

N

"The DA level in the ischenic heuisphere o

- was unchanged except in the seizure group uhich had significalty lover
DA level.z :&.;‘ 'i"l e oL ) o
5’ Lavyne et al., (1975) found large decreases 1o the NE ‘and DA levels -
N st 26 hrs post carotid ligation. Hrsulja et al., (1976) reported that,‘;‘:
in gerbils both the NE and DA levels Here, aignificantly reduced at 3

"i snd 6 hrs post carotid ligation. Houever, other investigators have

reported differential changes for NE and the DA. Barrison et al.,_

: "” : ¥ ' ;;\-
(1979) found only a tendency for louer NE level in the ischenic

henisphere snd no consistant change in the DA level at 3 5 hrs post
:carotid ligation in gerbils. Gaudet et al., (1977) reported no changg
ﬁin the DA’ level but a large decrease in the NE leVel a. 1 hr post carotid
'tlizatiOn and Zervas et alv; (1974) stated that there was no change in
-;the DA level up to 2 h hut it was significantly reduced by 3 hr and 24 h Lo

post carotid ligation. However, the NE level was- unaltered at 24 h post -

' carotid ligtion.‘:" '_wl“, S .:’ L 'i T '.3" ’:; o

There are numerous problems with these comparisons because of v ':'f
variation in anesthesia, surgical prepartion of: animals, neurological

assessment‘and‘brain assayutechniques. Bowever, one previous study ' : L

g}ﬁ@d;@f;7_
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.seens co-parable to this study. Welch éc al.',». (1978) .inrestigated' the
Ez:ontribution of - post ischenic seizure activity to cortical nonoanines.
‘The snesthetized'éé-gerbils vith ether and ligated the right common
‘f; carotid arteries. Upon recovery fron anesthesia, the. aninals were '
'.,classified as no stroke, stroke, or. stroke plus seizure based on the pﬁi;
;nehrologicai assess-ent.v The aninals were killed g::ﬁirect iu-ersion-in :
' ‘liquid nitrogen at -one and three hours aftet operation. Shan operated '
'f'aninals were treated the sane as the experinental aninals.‘ They found
: that theilevels of DA and NE in gerbils uith and vithout signs of stroke.

v.¢?fv idid not differ fron the-control. In aninals Hith stroke: plus seizure, h

Life;_;fbnA and.NE levels were reduced solely on the occluded side ‘at one hour,

: dh;and uere reduced bilaterally three hours after occlusion., Thus, Helch
;,et al.,.(l978) found louer level of NE while we found\ﬁagher level of NE.
:‘in the ipsilateral henisphere of seizure aninals. The difference nay be'
| 'due to the different brain assay techniques used. In‘this study, |

neurotrsnsnitter levela were neasured with GC fron entire heuispheres

2. and conparedw:hile Velch et al., (1978) took sanples of cerebral cortex

fron both henispheres and analyzed then fluorouetrically.» |
| Although it /ps inpossible to find a published report on the assay
- of brain during seizure, there is _some clinical evidence which indicates-
increased’relesse of NE during ischenia._ Heyer et al., (1976) reported
high levels of NE in the CSF of hunans during the acute stage of

L e _y:cerebral ische.ia'which gradually declined over 3 ueeks., There was‘ag'

‘tendency for patients uith nore severe neurological deficit to have

-3

'_higher CSF concentration of NE cqppared to patients vith less severe =

L4

'neurological deficits, Sinilar changea were observéd in the plasna

level of NE in-strokefpatients by Myers et al., (1981). They found a

. hl\“ :



significant increase in the plasna level of NE. depending upon the

severity of neurological deficit intracerebral henorrhage > seizure >

'wacerebral infarction.

\ The influence of anesthesia on the level of catecholanines nust be

considered. The effect of trausient ischenia on nonoanine netabolisn in

the rst brain during 701 nitrous oxide and 150 mg/kg of phenobarbitone

anesthesia was previously investigated (Calderini et al., 1978). They ,
\ .

- found a prondunced post ischenic decrease in NE and S—BQ in aninals

" anesthetized uith nitrous oxide but not in those given phenc arbitone.b

'-;_iaprove-ent was correlated with the changes in the level of

'neurotransnitter level.

';‘of an - increase in NB levels in the ischenic heniaphere. Clonidin, has

_vSince they used a transient, global ischenia nodel their results aay

not be relevsnt but they indicate the inportance of investigating the
i

anesthetic difference while conparing the lr~?l of - neurotranshitters ‘tn

B ischenia.‘ There: have been several studies Hhich used diethyl ether,

‘including Velch et al., (1978) and vhich reported decreased levels of NE

\
during theuacute stage of ischenia (up to 6 h post carotid ligati@%ﬁ

vSince this study euployed a coubination of 20 ng/kg thiopenta& and 21

fhalothane as ‘the anesthesia.,this nay account for the difference in the e

o . o . . -

.yDrug treated grg ps ;j5> o - 'h,"_-“;eh<%

In the seizure group,'saline injection worsened the synptoms of BOZ

.of the aninals and clonidine injection inproved 1002 of aninals. .This:. .

~ -~
3

&

Zneurotransnitters. Clonidine injection .vas associated yith prevention

-

'7not previously been used to. attenuate seizure syuptons.' If increases“in

4

the levels of NE are associated with seizure synptous in patients, it

might be possible to reduce such sy-pto-a with clonidine. By aeans-of o

/f - . i



| 1982) and the delay 1n'b

single unit recording techniques it has been found thét a snall

systenically adnidistered dose of clonidine inhibited the spontaneous

' firing of brain NE containing neurons in the locus coeruleus.' In
'addition the NE neurons were. consistently inhibited by the direct :
1application of ninute anounts of clonidine., (Svensson et al., 1975

Aghajagian, 1978) Consequently it is possible that the reduced levels ,

e

'Lof NE produced by clonidine in ‘the present study were due to the. drug

v inhibiting the release of NE into ischenic henisphere. .

Increasing the leuel of GABA in the CNS protects aninals against o

’ seizures (Kuriyana et al., 1966). This cannot be achieved by GABA or,

-

‘GABA precursors since they do not cross thewblood brain barrier, but

'unst inyolve the use of drugs which -odify GABA synthesis or GABA

- R
. &

netbolisn. Such studies in aninals have revealed a correlation between

~,

GABA leVels in CNS synaptosones (Wood et al., 1981) and in CSF éLoscher,

-

‘Jet and intensity of induced seizures. Although
s

,in the present study, the offect of clonidine on GABA levels did not

1groups.

iright,he

resch statistical significsnce, the clonidine treated right henishpere ,

had’ a'substantially higher GABA level than those in saline or shan

-7

- The symptonatic group ofsaninals was not affected by the saline N

"injection, but the norphine injection precipitated stroke syuptons, S h

:*psrticularly ipsilateral circling. The level of NE was’ not affected by

1jection but: there was a decreased level of DA in the

sphere with little effect on theﬁaeft henisphere. The

i-‘decreased level of DA in the right hemispbereﬁggens to correlate with

e the developnent of ipsilateral circling behavior (stroke synptom) in the ,

qasyuptonstic;group of aninals.{ Harrison et al., (1979) concluded that

"y
It ;. -

._vhy?-"%
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DA:changes:did.notldirectly.contribute~to circling behavior_because
there were no significant changes in ‘DA content after 3 5 hours of
iacheuia; Houever Ahagon et al., (1980) reported the significant y
participation of dopaninergic neurons in theacircling behavior.

Circling behavior appears to be related to low DA levels in gerbils. l

- 4Interestingly, the decreased level of DA was also associated with

‘iﬁizure aynptons which is consistent with the work of Jobe et al.,

1

©(1973). They found that brain catecholanine depletion lowered
' R

‘ ‘convulsive thresholds in aninals. Converuely, drugs which?

catecholanggergic transniasion raige ‘the convulsive threshq{ i’"(Heldrun ,f

" et al.; 1975b). Therefore it nay be that ipsilateral circling behavior

'is a seizure synpton rather than a. atroke synpton '3'
- ”{I SN . &W . .
IR the neurological geficit group of aninals, injection of naloxone

ﬂQ“

contrast to the results obtained by

.h_

:'di§?not inprove the syuptqga. in
inilarly, Eoladay and B'Anato (1982) were::r-f'

'vHosobuchi éc al., (1982),

»,:.

"vunable to demonstrate a beneficial effect of naloxone. f ﬁ;ﬂ;.-
K Y ZRL S
In Sunnary, the results of this study indicate that'f-‘

;} -
-lr;: Naloane has no beneficial effect in the treatment of acute ISR
| vcerebral iachenia.:‘lfe | | . o B | |
~2.b'fMorphine may precipitate strohe synptoms.
td. ”Clonidine at the dose used’in thia study aborts post ischemia
"rseizure acitivity by preventing increases in NE in the ischenic

>tissue.v This finding may have clinical significance.,_;'b

';4. ”vDecreases in DA and increaaesﬁ}n GABA occur: dnring ischemia and the

N o 7“

B ; MT. N
_nagnitude qf the DA and,GABA~ ges are related to the severity of

’_.

SR E the st;oke symptous T
B ‘r'V o

zl:£5.‘ PFuturg experingntal étudieb on neurotransnitter levels in ischenia
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. should treat animals with seizures as a separate group.
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