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ABSTRACT

AmphetomÎnes ore generolfy thought to produce their effects by the

indirect oction of excitotory cotecholomines. During the process of obtoining

behoviorol, elecirocorticol ond biochemicql dofo, evidence wos ocquired

which cosfs some doubt on the imporionce of this currently occepfed concept.

Sfereotypy ond locomotor behovior, chonges in e lectroencepho logrophic

records qnd in ouditory evoked potentiols os well os <-mefhyl-poro-fyrosine

(tyrosÎne hydroxylose inhibitor) induced ioxicities hove been observed in rofs

troined in positive ond negotive discriminofion tqsks qnd possessíng either

normol or exfensively domoged (vio ó-hydroxy-dopomine) centrol dopomínergic/

norodrenergic poihwoys. If wos concluded thof boih dîrect qnd índirect cenfrql

octions offectÎng vqrious systems, such os those medioted by ocetylcholine for

exomple,would be relofively imporiont in producîng omphetomine effects. Evi-

dence of on inhibifory cofecholominergic centrol effect wos olso obtoined.
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INTRODUCTION AND STATEMENT OF THE PROBLEM

Amphetomine effecfs hove for some tïme been correloted with theìr

octîons on cotecholqmines. These propertïes of omphetomines ore presently

recognized os fheir predomïnont modes of oction ond expfoin the physio-

logicol os well os behoviorol mqnifestotions of the drug.

A. Amphetomine Acfion

l. Chemistry

Since omphetomine continued to exert its effects offer reserpini-

zotion, whereos cocqine did not, omphetomine wos believed to dïrecfly excife

post-synoptic cotecholqmine receptors (1 , 2, 3).

These eorly theorïes hove since been completely overshodowed by

the odvent of hypotheses fovouring on indirect mode of octïon ín fhe CNS whïch

finds its sfrongest supporting evidence in fhe inhibition of the cotecholomîne

biosynthetïc pothwoy. Behoviorql monifesfof ions of omphefomines con seemingly

be qbolished with x-methyl-p-fyrosine (oMpT) (4, 5, ó) on inhibitor of tyro-

síne-hydroxylose, the rote limiting enzyme of cotecholqmîne synthesis. Reodìly

ovoÍloble newly synfhesized cotecholomines hqve thus recently emerged os primory

cousotive fqctors (f , omphetomine competîtively inhibiting norepinephrïne (NE)

reuptoke ot presynopfic endings for exomple, inhibiting fheir gronulor bindïng ond

thereby inducïng their premqture releose (8). An importont role for sfored NE in

excitofion hos long been postuloted by Stein (9) ond further supporfed by the focf

thot its totol droín concenfrofions moy severely be depleied in the course of omphe-

tomine intoxicqtion (8). In the course of exhoustive reseqrch severol other qctions

of omphetomines hqvebeen unveiled. They ïnclude the releose of sfored NE, mono-

omine oxidose inhibition ond the producfion of folse trqnsrnitters (8, l0). In view

of the synthesís inhibiting experiments fhese ore considered minor.

2" Behqvior

The very specïfic behoviorol monifestotîons of omphetqmine inioxi-

ccfion hové been linked to cotecholomine olferofions. Dopomine (DA)

I.
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releose hos been reloted to the odvenf of sfereotypy whereos increosed

olertness, orientqfion or locomofion hqve been relqted to NE releose" In these

siudies its loss ofter Iesioning the striqfum (locotion of greotest DA concenfrotion

in CNS), iis restorotion with Dopo ofter fyrosine hydroxylose inhibition ond the

lock of its disoppeoronce following DA-/ -oxidqse inhibitîon, omong ofhers,

wos iqken qs on indicotïon of the necessqry involvemenf of DA Ìn sfereotyped

behovior. The loss of omphetomine induced locomotor hyperoctïviiy with

tyrosine hydroxylose inhibition or DA. f3 -oxidose inhibítion wos token to indicqfe

the necessory involvement of NE (see ll for cit.). Of interesf, however, is the

foct ihot these effects, stereotypy for exomple, cqn be reproduced by other drugs

whîch ore not so eosily reloted to cotecholqmines ('12, 13, 14).

B. Cotecholqmines os Depressonts

Other reseorchers, fotolly dîsregorded in omphetomine sfudîes, hove

found thot with equolly lorge chonges in cqtecholomineconcentrqtionswïthín fhe CNS

sedotive effects con be obtoined.

Systemic iniections of lorge doses of cotecholomines which do cross

the blood-brqin-borrier in opprecioble qmounts (15) produce behoviorql inhibition

ond EEG deoctivqfion (16, 17, 18). In young chickens with underdeveloped

blood-broin-bqrriers the some is obtoined (19). Systemic odministrofion of

cotecholomine precursors DA (3,4-dihydroxyphenylefhylcmine) (20) ond DOPS

(3,4-dihydroxyphenylserine) (21, 22) hove resulted in essentiolly idenfïcol

f indings.

Introlumbor (23, 24), inlrocisfernql (23) ond infroventriculor inieciions

(25 - 3l) of cotecholqmines ogoin produce similor results on behovîor ond EEG,

fhe lotter qction only being oltered effectïvely by odrenergic receptor blockers

(3t).

With microiniections of NE info broÌn tissue, behoviorol depressîon

hos been reporfed (32, 33). hedominontly inhibiiory effects of microionfophoref ic

opplicofions of NE qnd DA upon spontoneous ond evoked spike ocfivity ot differenf

levels of the CNS ore c¡fed (34). These effecfs ore more morked for the solutions

neorest physìologicol pH's (35).
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C. Miscelloneous Amphetomine Actions

The behovïorql ond electrocorticol signs of depression listed în fhe

obove reports qre q for cry from the omphetomine bèhoviorql qnd elecfrocorticol

forms of excitofion (3ó - 40 qnd 4l for cii.). This suggests thot,other octions

moy exist.

Pronounced nícotinic effects hqve been observed peripherolly (gonglio)

(42) ond centrolly (43) ond proposed os possible centrql modes of oction. Lending

support io this ideo is the sympothomimeticpresynopfic fqcilitotion of ocefyl-

choline (ACh) releqse ot gonglio (44) qnd ot the neuromusculqr iuncfion (45).

(Anticurore octions hove qlso been reporfed before ond ontigollomine octions

observed personolly). Arousol, fremorigeniSis ond/or cqtqton¡q qre obs€rved

with the use of omphetomine ond Ach (4ó, 47) os well os with nicotine (47, 48,

49). Hypotholomic cholinergicolly mediofed phenomeno such os hypophogio (50)

ond hyperthermio (51) ore commonly produced by omphetqmine. A non-competî-

tive inhibition of ACh uptoke info cortex slices by omphetomine hos olso been

reported (52) which moy exploin some reporfs thot ogenfs whîch decreose chol-

inergic function cqn leod fo omphetomine pofentiotion (53, 54). All fhese effects

of omphêtomÏne ore rqther interesting in the lïght of electrocoriîcol ond behqvïorol

chonges obtoinoble with cholinergics ond onticholinergics (55).

Amphetomine (os does ACh) con ïnduce intestìnol controcfions snd such

properties hove been oscribed to serotoninergic (5HT) receptors (56, 57) ond

omphetomine/5HT involvement generolized to the CN5 (58, 59). Interestîngty

enough, o direcf stimulotory effect on cells of the rophe nuclei (5HT) by ompheto-

mine hos been reported (ó0).

D. Proposol ond Logic of Experiments

It ïs beyond the scope of this dîssertotion to discuss fully those octions

of omphetomines which ore not medioted by cotecholomines; however, if îs

the outhorts impression thot the views relofing omphetomine effects to cote-

cholqmine action ore oversimplificofions ond in need of revisîon.
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Ideolly, if o drug existed which could selecfively desfroy, either

portly or fully, cenfrol cotecholominergic pothwoys, the cqtecholqmine medi-

otion theory would be subiected to the severest fest ond detrimentol, domoge-

relofed olterotìons în omphetomine responses should be observed.

Such o drug, copoble of disoppeoring from on onimql's CNS within

hours, without offecting the periphery (ól), does exisf . Recent biochemicof

(ól - ó5), hisrochemicol (66, 67, 68) ond ultrosfrucrurql (62, 69, 70) invesri-

gotions hove estqbf ished thqt infrqcerebrol odministrotion of the drug 6-hydroxy-

dopomine (ó-OH-DA), leods to selective degenerofïon of centrol DA ond NE

ferminols. Within 2 hours for NE ond2 doys for DA of centrol iniecfion of the

drug, exudofion of these neurotronsmitters hos reoched its peok ond broin levets

their minimum (71). Monoomine oxidose (MAO) inhibition con pofentiqie DA

depletion ond of greof importonce is the treme,ndous tyrosine hydroxylose in-
hibition thqt results (ól ,62,72). Destructionof tissueondreducfionof cqtecholqmine

concentrqtions ore greofest in oreos wif h nerve terminols ond lesst in fhose which contoin

biogenicomine cell bodies (62,69); hence, complete broin deplef ion of both cqtechol-

omïnes is nof o necessify. Brqin reductíon of these omines is not fhe best

indicofor of poihwoy domoge qnd cell body retention of these omines is not q

monifestotion of functiono I systems.

This drug is therefore more copoble of oltering centrol cqtecholominergìc

systems thon ony drug previously used in the study of omphefomine phormocodynomics.

It hqs the combîned oction of "¿MpT, populor DA-P -oxidose inhibitors such os

FLAó3, reserpine ondothers. Therefore, if omphetomine effects ore in focf medioted

predominontly by cotecholomines, os wídely held, subsequenf io on odequote con-

volescence period these should be ot feqst decreosed or even completely'obolished

ïn the cose of 100o/o destruction.

The purpose of the present experïmenfs wos therefore, by meons of

ó-OH-DA, to shed new light on omphetomine modes of oction in fhe CNS, by

observing foirly well undersfood electrocorticol phenomeno os well os spontcrneous

ond condiiioned behoviors ond in so doing to put cotechofqmines, porticulorfy NE,

în their proper perspective,thot of cenfrol înhibitory ogents
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METHODS

A. Subiecis ond Surgery

Mole Sprogue-Dowley rots, weighing opproxìmotely 2009, were

implonted (under pentoborbitol onesthesio) with 0.01ó inch diomefer plotinum

wire electrodes ond permonentlyfittedwithfemole connecfors secured in inert

ocrylic onto their skulls. All electrodes were suprqdurol, one reference

electrode in the nosql bone, fwo poirs of electrodes over both sensory motor

oreos ond one elecfrode in eoch primory ouditory oreo (Fig; l). Locol ones-

thesio wos used when needed ond followed up with locql ond generol onfibiotics.

B. Destructíon of Coiecholominergic Pothwoys

After à r.""ou"ry period of no less thqn one monfh, cotecholominergic

pothwoy destrucfion wos occomplished under light ether onesthesio by meons of

one 20¡rl introcisternol iniection of ó-hydroxydopomine (ó-OH-DA). The ó-Oi'l-

DA wos dissolved (ì0 mg/ml bose) in Ellioft's "4" solution (73) which confoïned

lng/ml of qscorbic qcÌd fo prevent its oxidotion. In qn qftempf fo decreose

deominqtion of ó-OH-DA qnd thereby potentiote its destrucfive effect, some

onimols.(used in behovïorql studies only) receïved 
.|00 

mg/kg of Niqlomide i.p.
ó0 mínutes before.ó-OH-DA.

C. Drugs

During ond subsequenf to surgery, o moiorify of the folJowing drugs

were used: sodium pentoborbïtol (Nembufol, Abott), lidocoîne (Xylocoine,

futro), bocitrocin (Bociguent, Upiohn), sodium pennicillin G (Ayerst), tetro-

cycf ine (Tetrocyn, Pfizer) ond chlortetrocycline (Aureomycin, Cyonomide).

The key drugs used in this study were d-qmphetomine sulphote

(Dexedrine, Smith, Kline ond French), niolomide (Niolomide, Pfizer), 6-

hydroxydopomine hydrochloride (HBB/32, AB Biotec) ond dl- .< -methyltyrosine-

methylester HCI (H44/68, AB Biotec). These lqtter drugs, with the exception

of nîqlomide ond o<MpT, were iniected occordïng to free bose cqlculqtions.

Amphetomine, niolomide ond "<MpT were dissolved in sqline ond iniected i.p.
in concentrqtions of 1 mg/ml, 40 mg/ml, 50 mg/ml respectively.
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D. Animql Upkeep ond Condîtioning

Rots were fed Purino Loborotory Chow ond wotered once doily in the

lote ofternoon.

Conditìoning of the portly troined rok wqs completed withîn roughly

fhree weeks subsequenf fo o short postoperofive convolescence period. The rqts

were troined to criterion of 807o correcf response on positîve ( Rf ) ond negotive

( Rf-) reinforcement schedules. Hophozordly presented ten second froins of

clicks (3 Hz,5 ms, ó0 db,3000Hz pitch) served os the condifioned stimulÌ (CS)

during whîch the onimqls either hod to depress o lever to obtoïn one drop of

woter on the "drinking side" of the modified Skinner-box or qwoifrwithout escope

ottempts,on unovoidqble shock (10 Hz, 1 ms, 0.1 - 0.5 mo net current through'

rot) whîch wos delîvered fo the "shock side" of the coge's grid-bottom subsequenf

to ihe CS.

E. Electrocortîcol Recordings

One recording sessÍon for qn onimol losfed roughly 15'20 minutes ond

consisfed of recording EEG ond overoged ouditory evoked potentïols (EP) whïle fhe

onimql performed in sequence the positívely ond negofïvely motivoted tosks. One

such control session wos olwoys recorded wíthin ì - 2 hours of drug freotmenf os

well os 45 minufes following soline or d-omphetomine.

Contïnuol bipolor EEG recordîngs were tqken uniloterolly from poired

electrodes locqted in one sensory motor corfex. Unipolor recordings were simul-

toneously obtoïned from on electrode qt one ouditory corfex whTch wos referred fo

fhe electricolly inoctive nqsol electrode. EEG corresponding to the onimol{s

ttfonictt reqctîons to both environmenfs were evoluoted.

At leost 3 ouditory EP, eoch overoged from 100 clicks, were obtoined

in both environments.

F. Equipment

Clicks were delivered ihrough o 21/2 inch speoker ploced 32 inches

over the floor of the modified Skînner-box. The box, effectively sheilded from

from electricol inierference by o surrounding copper wire coge, wos locoted in

o room relotively free of extroneous sounds.
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EEG wqs omplifîed by Gross 7P511 omplifiers, grophicolly disployed

by o Model 7 Grqss Polygroph ond fed fo o Series 39ó0 Hewletf Pockord 4 chonnel

FM onologue tope recorder ond stored on Ampex mognetic fope. Fihering provided

o bond poss of | '25 Hz. For sofe meosure, oll EEG ot recorder inputs ond oufpufs

were monîtored on q Tektronïx oscilloscope.

Amplïfied ond filtered unipolor EEG signols were fed to ihe Didoc 800

digîtol computer which dïrectly overoged ond disployed '|00 oudìtory evoked

potenfiols. Such overoged potentiols were phofogrophed for permonenf record

ond subsequent evqluqfîon.

G" Stotìsticql Evoluotions of Elecirocorticol Doto

l. Row dots

EEG stored on mognetîc tope wos fed fo o CDC IT00Compufer whïch

viq fost FourÌer onolysÌs evoluoted in 0.1 sec steps omplïtudes of l0 sec epochs

for o spectrum of 7 frequency ronges (D (delto) 1.5 - 3.5112, T1 (thefo) 3.5 -
5.5 Hz, T2 (iheto) 5.5 - 7.5 Hz, A1 (olpho) 7.5 - 9.5 Hz, A2 (olpho) 9.5 -
12.5 Hz, 81 6efo) 12.5 ' 17.5 Hz, 82 Þefo) 17.5 - 25.0 Hz). In the process,

EEG wos olso integroted over the ronge 1 - 25 Hz ond frequency dominonce in-

dÌcqted.

Ten second epochs of EEG, free of ortifocts, were then chosen ond

cofegorized os either CS ("phosic" reqction to clicks) or pre CS ("toniC'reoction

to environment) for bofh unípolor ond bipolor leods, ïn both drinkïng ond shock

sifuqtïons qnd for eqch sessîon poir (Ccntrol + Drug) for îndividuql rots.

Within eoch qnimol/experiment, by meons of on IBM 360 Computer,

oll EEG dotq wqs overoged ond stofisficolly evqluqted by meons of one woy onolyses

of vorionce qnd multiple rc¡nge tests.

Evoked pofenfîols, on the other hond, for session poirs were cotegorïzed
+

qs either Rf 
' or Rf Seven omplitude ond four. lotency meosuremenfs were token

of eqch overoged evoked potentiol (Fig. 2) ond stofisficolly evoluofed os obove.

Through these procedures fhe t'row dofot'wos ocquïred for one experiment

on one rof.
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2" Finql doiq

"Rowt' EEG ond EP dofq qs such or os percentoges of control reodings

for individuol rofs, were overoged for q moximum of 26 experimenfs ond the stotis-

ticol significonce of trends of electrocorticol chonges within fhe populotions were

evoluqted by ihe opproprTote tests. (Anolyses of vqrionce, poired t - tests ond

unpo¡red t - tests (for either equol or unequol vorioncesof 2 compored populotions)).

H. Evqluofion of Behovior

Condìtioned pressing response

Correct pressing response wqs expressed os o percenfoge of tofol CS

presenfotions (12 - ló) wîthin q sessïon. Response chonges in control/drug session

combinotions for indïviduol rots were evoluoted ond overoged for ollrots.

2. Amphetomine ïnduced behovior

ProgressÌve intoxicqtion by omphefomine (ï.e. d-omphetomîne) wos

cotegorized Ìnto ó stoges occording to vorîous correlotes of behovior os specified

in Toble I .

3. Acfïve-dull rqt clossificotions

Clossifïcqtion of rots info octive or dull cotegories was occomplished

occordïng to the generql concepf of Lot (74) who used rqt reorings os ocfivïfy in-

dicqtors. Modîficofions were mode os follows to render the test more sensifive.

On five subsequent doys, the behoviors of the trqined onimols in five new quiet

environments (smoll rof coges of vorious forms) were observed for 
.I0 minutes. Wïfhin

q 3 sec crccurqcy fîmes spent reoring, sniffïng, wolking ond generolly orienting (oll

indicqtive of ocfive behovÍor) os well os cleqning, sifting, lying ond sleeping (oll

ìndïcotive of inhibÌtion) were recorded. The former were reflections of the more

octive ond peppy "boss" rots whereos the lotfer reveqled the greoter inhibition of

duller rqfs. The rqfio octive/dull behovior wos foken os the fînqf index of rof non-

specif ic excitobility levels.
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Tqble I . Stoges of d-omphetomine intoxicofion qs defined by behovior in
the rqt

0 - osleep

I - olert, little locomotion, grooming, eofing

2 - intermïttent compulsive sniffing ond periods of locomotor

octivity

3 - increqsingly ropid locomofion, much reorÎng ond octive

sniffïng offen directed toword upper holf of coge

- horizontol displocemenf mqximol ond hÎghly stereotyped

- eoting ond drinking obsenf or decreqsed buf shorf grooming

offempts moy be seen

4 - horizontol displocement minimql or obsent

- stereotypy consists mostly of compulsïve sniffing (ofien

wifh side to side heod movements) in restricted oreo of

bottom holf of coge

5 - lickÌng or gnowïng wires in one oreo of coge floor

6 - seizures, comq, deqth

o
E
L
o-

-oo
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III. RESULTS

A. Elecfrocorticol Reodings

I . Control responses of normol rots to positive ond negotive reinforcement

environments

The omplitudes of oll frequency bonds, including fhe întegroied EEG

for the spectrum, ore significontly different in Rf 'ond Rf 
-. All, with the excep-

tion of B, were lowered in Rf (F¡g. 3).

All EP mec¡surements in both situqtions were olso significontly differeni...

..those of the shock situof ions, excluding S , being of o greoter omplitude. These

results ore depicted in Fig. 4 ond 5 for octuol overoged omplitude meosurements

or composìte EP respecfively.

Conditïoned behqvior during these recordings wos of course of or qbove

criterion.

2. Conirol responses of ó-Oll-DA treofed rofs to positive ond negotïve

re ïnforcement env ironmenfs

¡) Eorlier reocf ions

Immediqtely ofter the iniection of ó-Oil-DA, rots

become increosingly sedoted ond remoined very lethorgìc for

o minimum of some 24 hours. Condìtioned behovior wqs obol-

îshed during thof period. Rectol femperofure dropped moximolly

of obout 4 hours opprooching ombient temperoture ond recovered

fullywithin24hovrs. Electrocorficol sìgns of sleep suchos EEGsyn-

chronizotion ond spindling were common. Tremors, seizures ond hy-

peroctivity ro physicolstimuliwere observed Ïn The following doysolong

wiih portiol or complete recoveiry of conditioned behqviors.

As moy be noted in Fig. ó concomiiqnt with NE occurnulo'-

tion one hour qfter Niolomide (MAO inhibiiion) o slight EP

synchronîzotion in Rf+ occurred. Accomponied by o possibly

lorger occumulofîon of cqtecholomines of receptor sifes sub-

sequent to the iniectÎon of ó-OH-DA, EP ond behqvïor were
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Fig. ó. EP chonges in Rf+ for one rot iniecfed with niolomide (ì00 mg/kg) ond-e-ither.

solvent or ó-Oil-OÂ IZOO F9, introcisternolly). Eoch trocing is fhe qveroge of .|00 click-
evoked pofentiols. Reodings were tqken prior to iniections (C) qnd one hou¡'qfter niolq-
mide. Furfher recordings were tqken qt vqrious intervqls subsequent to intrqcisternql in-

iections which immediqtely followed.
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very much more sleep-like. Previously, Ìn o shom operotion

performed on the some rot, EP synchronizotion qnd behoviorol

depression hod been comporotively slight (Fig. ó).

¡¡) Lofer reoctions

Nine to thirfy doys following fhe iniection of ó-OH-DA

(without Nïqlomide), the EEG responses of troined rors in Rf 
*

qnd Rf were opporently bock to normol, with the exceptîon

of o significqnt foll in the 8,, rotio nf 
-/Rt+ (Tqble 2).

¿

EP meosuremenfs ond composïie pictures (Fig. 4, 5)

in ó-OH-DA pretreoted rofs. (hereinofter referred fo os ó HD-

rofs) were os different in Rf 
- ond Rf os were those of normol

rots. One ob.¿ious difference befween normol ond ó HD-rots

wos fhe lotter's sîgnificontly more positive orienfqtion of the

secondory negofivify (S-) in Rf 
-.

3. Reoctions of normol ond ó-OH-DA treoted rqts to soline ond d:

omphetomine (2 mglkg)

D-omphefomíne induced o significonf lowering of ihe EEG omplitudes

of normol rots in nf+ lf ig . 7) but o predominont increosing of omplitudes in

Rf- (Fïs. 8).

For ó HD-rots o generolfoll in EEG omplitudes wos observed in Rf

(Fig. B) with ihe exceptions of on increose in T, which is probobly on indi-

cotion of greoter orousol ond hippocompol firing. In the lofter environmenf,

interestingfy enough, omphefomine does not seem fo induce signïficont EEG

chonges in the ó HD-rqts (Fîg. 8), os it probobfy co,¡ld not releose os much

NE (synchronizing focfor) to postsynoptic receptor sites.

If, in lieu of comporïng the meon of drug induced.hong", for the in-

dividuol rots, in order to obtoin the meon chonge for o somple (Fig.7, 8), chonges

of somple meons, os formuloted, ore compored insfeod, the results obtoined from

rots in which obsolute chonges ore lorgesf ond mosf obvïous become biosed through
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Tqble 2. The moinfqnence of consistont electrocorficol relotionships in
positive ond negoiive environments ofter ó-OH-DA.

Volue (Rf-/Rf-) x ì00) for

EEG

Vqriqble Normql rots (2ó) ó HD-rots (9)

D

Tl

T2

A1

90.0 ! 4

85.5 r 4

82.0 t 3

9r .5 13

97.2 ! 4

92.9 + 2

l0ó.0 t 2

89.9 + 3

83.5 r ó

t03.3 r l2

83"7 t 6

99.5 + 4

97.2 t 3

93.3 t 2

100.4 + 2

93.5 f ó

A2

Bl

B2

Integroted

Eoch vqlue is o Rf vqrioble expressed os o percenfoge of the Rf- voriqble for
individuql rqts qnd overoged for the somple.

82 is significontly higher in normql rots: p( 0.05, one toiled f -iesf . All
other differences N.S.
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T2b < 0.05, one toiled t-tesi).
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mothemof icol monïpulotion (Fig.9,l0). For normot rots o lorge f lottening of
J.

EEG in Rf (Fig. 9) os well os on increqse in Rf (Fig.l0)ïs ogoïn seen; how-

ever, qn oPPorent reversol of normol effects in the loffer condition is detected

for ó HD-rofs, perhops unveiling in reference fo the elecfrocorticogrom, non-

cotecholominergíc octivoting properties of omphetomine.

Although nof grophicolly exemplífied here, in Rf+, frorn generol

observotions in our loborotory, soline produces only inconsistent EP chonges

in normol ond ó HD-rots (Fig. ll). As reodily detecioble ín Fig. l2 corres-

ponding chonges in the three moior EP components were not oltered signifi-
contfy by omphetomine except for SJ which would not be expected to díffer

from soline controls .

In Rf (Fig. l3)¡ ogoin sqline produced no reql significont chonges

in ó-oH-DA treqted onïmqls whereqs omphetomine hod the properfy of very sig-

nificontly decreosíng olf meosuremenfs, with the excepfion of S which wos in-
creosed. Bosicolly, sîmilor but less significont results were obfoined with normql

rqts. If the three moior EP components qre considered (Fîg.14), soline prefreotmenf

does nof differ significontly from omphetomine pretreotment in ó HD-rots; however,

in comporison fo fhe former these some meqsurements qre significontly lower. The

differences observed in fhe obove three treotmenfs should be expected íf the pro-

posed synchronizing or deqctivqfing foctor (e.g. NE) is obsent or decreqsed in

ó HD-rots.

EP lotencÎes on the overqge were not dromoticolly oltered in ony of

the qbove coses (Toble 3).

4. Summory of Electrocortîcol Dqto

Figure 15, olthough not o perfect represenfotion of fhe doto overoged

for the totol popufotion, depicts the EP qnd EEG frocings obtqined for one normol

rot. While EEG omplitudes ore smoller in control Rf thon confrol Rf 
+, 

EP ore

lorger. In the former, the slow wqves which predomînote the EEG record qre

believed fo be ortïfocts ond were nof evoluofed by fosf Fourïer onolysis.
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Fig. 14. EP component chonges ïn Rf ïnduced by soline ond d-omphetomine
ïn ó HD-rots ond by d-omphetomine in normol rofs. Doto is identicol to thot
of Fig. 13. Open columns: soline treoted ó HD-rots. Hotched columns:
omphetomine treoted normol rots. Sfipled columns: omphetomine treoted
ó HD-rqts. All vorïcbles ïn the omphetqmine iniection of normol rots ore sïgnï-
ficonfly lower thqn other treotments (p < 0.05 one ioiled t-tesi).:F vqlue in
one rot ïncreosed by 265%. Vqlues ore meons * SE.
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Tqble 3. Meqn lotencies of EP in Rf* qnd Rf

heofments of normql ond ó-OH-DA pretreoted
for soline ond/or omphetomine
rots .

Drinking Shock

Iniection Meosurement Control Drug Control Drug

Soline
(ó-oH -DA)

Amphetomine
(ó-oH-DA)

Amphetomine
(normol)

P+L

P-L

s+L

S-L

P+L

P-L

S+L

s-L

P+L

P.L

S+L

5-L

t0. I

17.8

29.8

41 "9

10.67

18.7

32.2

40.96

t0. r

I ó"3

28.4

42.çl''

I0.ó

19.2

29.4

41.02

10. I r0.l

16.7 17.0

3l .ó 31 .4

45 "0 43.3

9.U 9.6

17.0 17.2

l¡-
3l .1 29.9"

43.4 43.3

10.57 10.ó5

r8.ó0 19.r7

32.23 29.44

40.95 41 .04

* P < 0.05, poîred t -fest, one toiled.
Bnockets specify if rot wqs preireoted wiih ó-OH-DA or not.
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Fig. 15. The effects of omphetomine on EP qnd EEG trocings of o normol rqt in Rf'
or Rf-. Pre-drug control sessions ond post-omphetomine (2 mg/kg) sessions ore identified
qs C ond A respectively. Underscoring of EEG wqves permits their compqrÏson.
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After omphetomine iniectio n (2 mg/kg) EEG wos f lqtiened ïn Rf+

whereos in Rf frequency bonds were predominontly increosed in omplitude.

Significont EP chonges consisf of o flottening in Rf- oniy.

On ihe other hond ó HD-rots, olthough their electrocorticol be-

hovior wqs sïmilor in mony woys to thot of normol rots, did not exhibit in Rf

the omphetomine induced rise in EEG omplitudes, which tends to suggest fhe

lock of on omplitude increosing foctor of the cortex or elsewhere.

B. Behoviorol Observotions

l. Reoctions of normolond ó-OH-DA treqted rofs fo soline ond ci-

omphetomine (0.5, 2.0 mg/kg)

Conditioned pressing behovìor (Fig. ló) in normol rots (os well os

those treofed with ó-OH-DA without niolomide) wos, if onything, increosed in

o repeof performonce following soline iniecfion.

A low dose of omphefomine (0.5 mglkg) fended to slightly decreose

pressing success in normql rots, whereos o higher dose (2.0 mg/kg) depressed overoged

correct performonce much more exfensively. The degree of performonce inhibition

wos potentioted ot ó ond 7 doys qfter ó-OH-DA/niolomide pretreofment by boih

doses of ompheiomine. In shom operotions (not grophed) such potentiotions were

nof observed. At l5 doys offer o solitory iniecfion of ó-OH-DA, the higher dose

of omphetomine still seemed to complefely depress condîfioned behqvior, whereos

ot 50 doys, in the some onimols, some indicotion of possible CNS recovery from

ó-OH-DA induced olterotion of cqtecholominergic systems, wqs seen in the nor-

molized response to the lower dose of omphefomine.

Such inhibitions of behovior were olwoys porolleled with similor dis-

tortions in Rf , olthough these were less quonfifioble.

2. Stoges of omphetomine infoxicotion reoched before ond ofter ó-OH-DA

treotment

The extent of intoxîcqtion induced by omphefomine in the obove

mentioned conditioned behovior experiments porollels chonges induced in home

coge behoviorql monifesfofions os previously described ond defined by stoges (Fig.17).
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Fig. ló. Amphetomine induced conditioned pressíng response (Rf+) chonges in normol
qnd ó HD-rots. Open column: before ó-OH-DA. Hqtched column: ofter ó-OH-DA.
* ó-OH-DA (200 ¡.rg) supplemented with niolomide 100 mg/kg t: one rof pressed.
'Nfi3 of l2 rots pressed. tfl: one rot pressed poorly. Välues represent meon É SE.
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Fig. 17. Stoges of omphetomîne intoxicotion
treotment. Open column: before ó-OH-DA.
* : ó-OH-DA supplemented with niolomide.
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reoched before ond ofter ó-OH-DA
Hofched column: ofter ó-OH-DA.
Vqlues Fepresent meqn t SE.

l7

t3
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In normol rots, increosing the dose of omphetomine brings the onimol

fo o higher stoge. Messive irreversible destruction of cotecholominergic pothwoys

on the other hond, permits the some doses of omphetomine to exocf greoter effects,

whereos such demonstrotions of omphefomine toxicity ore bock to confrol levels

even for the higher dose of omphetomine ot l7 doys.

3. Amphetomine effecfs in ocfive ond dull rofs

In seven select rofs, cotegorized qs either inhibited or uninhibíted,

omphetomine (2 mg/kg) induced behovior wos not obviously differenf (Fig. 18).

Although confrol plessing responses in both dull ond ocfive cofegories

were similor, this behovior wos completely inhibited ¡n the former ond only porti-

olly oftered in the lqtter.

4. Untoword effects of o(-mefhyl-p-fyrosine ( oMpT)

In the course of whqt must still be considered pilot experiments on

o totol of 12 rofs either iniecfed 2'6 months beforehond with ó-OH-DAor its

sofvent, interesfing observofions on the effects of 2 doses of "rMpT (.|50, 250 mg/l g,

solt) were mode.

ó-HD-rots on fhe overoge seemed to reoch q lqter sfoge of infoxïcqfion

thon did normol rots following omphefqmine iniecfions (2 - 5 ng/kg) ot 2 or 3 hours

ofter the obove doses of 'rMpT. Eoting ond orienting in o new environment wos here

noted in two ó HD-rots (with ond without "tMpT) buf nof in two normql rots (with

"<MpT). Coiolepsy wqs indueed in 2 rofs not iniecied with omphetomine ond

tremendously potentioted by 5 - 14 mS/kS doses of d-omphetomine in 4 other onimols.

Although this wos not the cose for ollrofs iniected w¡th I50 mg/kg dMpT, cotolepsy

resulted in oll rots given 250 mg/kg.<MpT plus omphetomine. Temperoture folls were

observed soon qfter ø MpT or 48 hours offer a'MpT/omphefomine (moximum, 4C1.
AmphetomÏne pofentiqfíon of cotclepsy seemed to occur with greotest eqse (o greofer

effecf qf lower doses in 4 rots) in ó-OH-DA freofed onimols. Hungry ond fhirsty

onimols would nof eof or drink 2 hours subsequent to on iniection of qMpT, nor

did omphetqmine induce urinotion (o usuol peripherol effect) in cny of the onimols,

nor would diuresis follow wofer looding (10 ml soline i.p.), in ó onimols tested.
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Effect of omphetomine on fhe spontoneous qnd conditioned behqvior
(Rff of qctive qnd dull rots. Open column: confrol pressing. Hotched column:
pressing ofter omphetomine. Stippled column: stoges. Differences for the two
groups (5 octive ond 3 dull rois) qre seen for pressing behovior under omphetomine
(2 ms/ks) only. (p < 0.05, one toiled f - test) .
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None of the onimols survived beyond 48 hours with the exception of two rqts

which were woter looded subsequent to "<MpT/omphefqmine experimenis (over

l5 ml soline i.p. ond o diurefic).
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IV. DISCUSSION

A. Electrocoriicol Recordîngs qnd Behqvior

l. Control responses of normql rqts to positive ond negotive reinforcemenf

environments

Thqf the integroted EEG ond omplitudes (ond consequenily the power)

of qll frequency bonds exqmined were lower in Rf thon Rf+, with the exception

of 82, is interesting in relotion to the EP omplitudes which bosicolly subserved

reciprocol r:elotionship to the former in bofh environments. Such o relotionship

(75), os well os discreponcies between EEG ond EP (76), have been nofed by others,

As will be discussed in loter sections, the probobility of multiple systems controll-

ing EEG omplitudes ond frequencies, qs well qs EP omplitudes, renders difficult

the comporison of these fwo "corficql" phenomeno; therefore, it moy be stofed

not thqt EP ond EEG hqve different origins but rother fhot the mechonïsms con-

trolling these two omplitudes differ.

2" Control responses of ó-OH-DA treqted rots to positive ond negotive

re inforcement environmenk

Rots whose cenhql cotecholominergic pofhwoys were probobly only

portiolly destroyed with ó-OH-DA (NE concentrotions in cortex, cerebellum, lower

brqinstem ond hypotholomus/upper broinsfem were 73o/o, Oo/o, 78o/o ond 58% of confrol

levels respectívely, while strioiol DA wos óó%) disployed EEG ond EP which were

very close to normol. This ogoin stresses the focf fhot mediofion of EEG qnd EP

chonges orehighly compfex processes which qre modulqfed olso by other thon

cotecholomine neurotronsmiffers. This îs very much the cqse considering the exten-

sively documented elecfrocorticol chonges induced by 5HT, ACh qnd their qssorted

mimefics ond onlogonists. Of moior importonce is qlso the probobility thot subse-

quent to the lorge foll in cotocholomine inhibitory processes, q centrol homeostotic

bolonce is preserved by on equïlibrotion of ontogonistic systems.

This lotter concept oppeors most enticing when considering the foct,

os olso reported by others following ó-OH-DA (77,78,79,80) or reserpîne, (81,

82,83,84) thot NE ond DA releoses ore qccomponied by sedotion, whïch is followed
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by o period of hyperirritobility ond excitobility ond on eventuol return to vorious

behoviorol poromefers of normolcy. The eorly period of sedotïon olso correlotes

wellwith elecfrocorticol signs of inhibition reported herein qnd elsewhere (38,

79,85). Also, fhe period of irritobility, os observed in fhe present experimenfs

ond in some of those olreody cited (omong others Bó) correlotes well with reports

of increosed desynchronized sleep (87) indicoting o greoter need for rest, best

obfqined in deeper sleep. Jouvetrs hypothesis thoi NE triggers ond mointqins

desynchronized, low voltoge, fostwove sleep (88, 89), is not supported by fhe

former observotions, ogoin indicoting ihe probobility of multiplicity in ihe controls

of sleep mechonisms.

Thqt q muliitude of cholinergic influences reproduce so mony of the

behqviorol qnd electrocorticql observqtions mode during such periods of hyper-

excítqbißiy (n) (omong others, orousol, 41,90,9.|, tremors ond seizures, 41,

92, 93,94) ond thot furthermore ACh biosynfhesis in the eorly doys only subse-

quent to ó-OH-DA inieciion be decreosed (95, 96), is very much qn indicotion

of possible excessive centrql cholinergic fone following obrupf ond mossive olfero-

tions of possibly centrql inhibitory cotocholominergic systems.

In niolomi¿e/O-OU-DA iniected rots, oll these behoviorol effects

were potentiqted ond it qppeors from experiments now in progress thof os o possible

resuli of too exfensive q desfrucfion of ihe proposed inhibitory pothwoys, centrot

equilibrotion of systems moy hove been rendered impossible, rots moinfqÌning hìgher

levels of excitobility ond oggressiveness (NE concenfrqtions in cortex, cerebellum,

lower broinstem ond hypotholomus/upper broínstem were 34o/o, 0o/o, 48o/o ond 23o/o

of control levels respectively, while siriqtol DA wqs 19Vo).

3. Amphetomine înduced electrocorticol chonges in normol ond ó-OH-DA

treoted rots

It is consistently reporfed in the liferofure thof typicol omphetomine

induced EEG chonges consist of o flotfening ond shïft to higher frequencies, soline

chonges being similor but relotively minor (39, 40). This populor concept of electro-

corticql omphetomine induced "qrousql" roy need slight revisïon considering the
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present fïndings ihot this seems to borely hold true in o posiiive reinforcemenf

envïronment (Fig.7, B). In o negofive reinforcement sîtuotion, os could

possibly be the cose in experiments performed on resfricfed onimols, on increose

in the omplitudes of most frequencies occurred (FÌg.8, 10¡.

It is of interest to note ogoin, fhof the predominont increose in ompli-

tude of the EEG potferns, os visuolly detectoble in the polygroph recordings (Fig.l5¡
or os better demonstroted by the integrofÏon of the EEG spectrum (obtoined through

the use of the fost Fourier onolysis) mointoins on inverse relotion to EP omplitudes.

In Rf+ there is olso on opporenf fendency of this kind, but, significonce could

probobly only be reqched with o lorger somple of onimols.

Considering, the centrql ond peripherol releqse of NE ïn stressful

sítuqtions (97,98,99), the generol increose in centrqf turnover (100, ì01, t02)

which occomponies fhe releqse of this presumobly inhibitory ogent, the potentiqtion

of its releose by ompheiqmine generoting greofer exfrqneuronql qccumulotions of

the neurotronsmifter, ond the possibility of omphetomine, intoxicotion being in

itseff highly sfressful, NE and/or perhops cofecholqmines qnd their producfs oppeors

to be good condidotes in the nominotion of "deocf ïvofing fqctorst'.

Also of greot interest is the fqct thqf for ó HD-rqts such electrocorticql

chonges were no longer observed. Thot EEG omplitudes were no longer increosed by

omphetomine in Rf shoutd be expected if the normolly induced increoses of NE ot

receptor sites qre lorgely prevented. The fqci thot on octuql reversql of normol

effects on EEG omplitude nrcly possibly hove been obtqined, is indicofive of the

f ikelihood thot non-cqtecholominergic octivofîng,desynchronizing,flottening pro-

perties of omphetomine moy olso be evîdenced through other systems, os previously

discussed. Also, it hqs been proposed by some thot the visuolly observed ompheto-

mine induced corticql qrousqls os well qs some of the behoviorol effects qre reticulor

or midbroin in origin (36,37,41,103); hcwever, the non-cqtecholominergic pre-

dominqnce of omphetomine qcfion is strongly endorsed by the fqct thof cholinergic

mediotion of such phenomeno hos been esiqblished of those levels (.l04). Thot re-

ticulqr stimulotion cqn incite orousol, thof omphetomine cqn focilitqte reticulor

unit firing ocrivify (31 , 41, 103, .|05) 
but ihot NE depress ¡f (31) is ogoin on indi-

cofion thot such cofecholomines connot be responsible for omphetomine qction in
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producing orousql. Were ihe EEG chonges seen in Rf- perhops qn indicotion of

electrocorficol ond behoviorol deoctivof ion ?

The mointenonce ond greofer significonces of omphefomine induced

EP reductions of most meosurements obiqÌned qfter ó-OH-DA treotmenf ogoin

indicoted the possible loss of some foctors thot inhibit or deoctivote ond the predomin-

once of othersremolningthoi qcfivote. The insignificqnce of EP component chonges

in Rf- seen for ó HD-rots when compored fo ihe highly significoni desynchronizqfion

in normql rots olso fovors this orgument. The discrepqncy in EP ond EEG omplitude

chonges observed os before could be the result of multiplicity in control/modulotîon

mechqnisms. Being fhqt cholinergicolly medioted olivo-chochleor-bundle (OCB)

inhìbition of ouditory evoked pofentiols is known (.|0ó, 1}fl, os ís omphetomine

fqciliiqtion of ACh releose, it Ís the outhor's belief thot cholinergic ocfions of

omphetomine moy well leod fc ottenuqted ouditory nerve potentiols vio inferocfions

ot hqïr cells or vio middle-eor muscle confrqctions, thereby dïfferenfiolly offecfing

EEG qnd EP. Thot sympofhomimefics such os omphetomine (the I isomer is more

potent thon fhe d isomer) cqn if peripherolly odministered induce hypertension (lB,

40,41, l0B, 109) which moy leod to EEG qrousql (41,108, 109) hos been reporfed;

however, this is generolly considered nof to be q serious fqctor in EEG sfudies (38,

41). Also of grect interesf to fhis disserfotion, is fhe corroborotion of ACh-qcfivcrtioty'

NE-deqctivotion evidences of centrol ontogonism by chronîc omphetomine over stimu-

lotion of the CNS which is purported fo induce on increose in cotecholominergic

tone (increosed biosynthesis) ond simultoneously q decreqse in cholinergic fone (în-

creqsed mediofor breokdown) (l 10).

4. Behqviarql effects of omphefomine in normol qnd ó-OH-DA ireoted rqts

The inhibifion of conditioned pressing behovior porticulorly'ot ihe higher

doses of omphetomine ond the potentioted effect ot leost within the fint week or so

ofter ó-OH-DA, ore olso in line with fhe concept thot omphetomine effects on be-

hovior ore nof necessorily directly relofed fo cerebrql NE ond DA. The potentiofion

of extrqneuronol NE relose in Rf- by omphetomine !n normol rqts corroborotes our

expectotion ihqt NE moy perhops be on inhibiting,deocfîvoiingdrug ot the cortex

ond/or reticulor formqtion (Fig. B,l0).
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Thof omphetomine induction of stereotypy ond locomofor behovior

wos NOT DECREASED qs o result of mossive cenfrol destruction ond biosynthetic

inhibition in norodrenergic ond dopominergic pofhwoys, which very definitely

occurred of proposedolerfing sites, but wos on the controry FACILITATED, is

strongly suggestive of the relotive unimportonce of ihese pothwoys in occenfuofíng

stereotypy ond locomotion. Indeed on inhibitory quolity on omphetomine induced

behovior MUST be hypothesized.

The hereto stressed ond resfressed possibilities of NE inhibitory powers

ond the lock of dependonce of omphetomine on cofecholomines could be eosily

refufed if cqtecholqmine depletions led to supersensifivity in odrenorecepfors;

however, this is nof fhe cqse. Reserpine induced pofentiotion of omphetomine

toxicity, for exomple, hos often been reported (lll) but serious considerotions of

this foct hqve consistently led to the conclusion thot this wos not o supersensitivÌty

phenomenon (112, 113, Il4, ll5). Hypophogio ond weíght loss hqve been suggested

qs the octusl couse in the cqse of reserpine (ll5); however, in our experîments with

ó-OH-DA ond those reporied by others (71, lló), food ond wqfer intoke were very

soon odequote qnd mofure rots mqintoined normql growth rotes. In foct, in the lotter,

it even qppeors thot postsynoptic receptors ore domoged (l I 7). It hqs been reported

thot in coses of reserpine induced supersensítivify the effects of indirecf ocfing

sympothomimetics were qll in fqct decreosed, whereos those of direct ocfing ones

were increosed (l I B) . Hence, if supersensitivity wos índeed fhe cose in ihe experiments

performed for fhis thesis, omphetomine effects would still hove fo be consîdered the

result of dírect post-synoptic qcfion ond not thot of indirect NE/DA mediqtion.

In fhe light of previous reports could omphetomine not direcily sfimulote

ACh releose presynopticolly or perhops even be o generol stimulont? This possibility

os wellos ofhers qre considered în Fig. 19.. The predominqnce of behoviorol ond/or

elecfrocorticol effecfs would of course depend on the predominont tone in o system

involving octivoting ond deoctivoting centrql pothwoys. The octuol extent of feed-

bock (more or less înhibition, for exomple) to or withîn o porticulor system responsible

for o specific phenomenon (e.g. behoviorol)wouldbe of importonce. The mostrtpotentrl

or effective overoll or predominoting oction of omphetomine of vorious levels in the
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AfuIPH ETA TM IN E

Fig. 19. A proposol for the multïphosïc qcfion of omphefomine on,omong
others, two ontogonistic octïvoting (ACh) qnd deoctÌvoting (NE) pothwols.
AmphetomÌne moy mimic the effects of neurotrqnsmitters bt dire;i postsynoptic
stimulont oction, 1,2 ond 4 or by presynopf ic potentiotioÅ of 

"holin".gic frons-
mîssion, 3.
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CNS, be they direcf stimuloting or indirect releosing copobilities, could olso

be control fqctors exploining some of the discreponcîes within conditioned ond

spontoneous behqviors qnd electrocorficol phenomeno. There ore innumeroble

ollusions in the literofure NE/ACh qs well os to other combinotions of neuro-

tronsmitfer octions which leod to the obove hypothesis. These, however, connof

be deolt with in defqil within the scope of this dissertqfion.

To odd to the problems of omphetomine studies ïf seems thot on close

exominotion of highly quored popers (ì I ó) some dotq fherein ore simply poorly

interpreted, in the obvious reluctonce of disfovoring current concepfs of cotecholo-

minergic involvement in omphetomîne qction. In fhe reporf in question, the decreosed

explorotory octivities of omphetomine in rots pretreofed w¡th higher doses of ó-OH-DA

should hove been fqken to indicote fhqf the qnimols opprooched the loter stoges of

omphetomine intoxicotion, which qre ultïmotely como ond deoih. The literoture

is burdened with mony such misinterpretotions.

Problems moy olso orise from other sources. Condïtïoned pressing be-

hqvior în the duller more inhïbited rqts (which ore known to hove greoter stores but

lower turnovers of centrol NE (.|19, 120, l2l) or other cqtecholomines (122) thon

do octive rots) wos completely inhibited, unlike thot in octive rots. This ogoin im-

plies the inhÌbitory quolity of the probobly more exfensively releqsed NE or possibly

fhe greoter tone of inhibitory pofhwoys in dull rots or still qlternotely, fhe lower

protection ogoinsf overstimulotion in qcfive rqts. Oufstonding differences for both

fypes of rots, not hoving been observed, in gross homecoge behovior, os well os

stoge-defined, is perhops ogoin on indicotion of the relqtive lock of importonce

of cotecholqmine stores ond biosynthetic rote in those specific behoviors for the seven

rqts studied. The importonce of not relying solely on sponfoneous behovior to ïnterpret

omphetomine qcfion is quite obvious ond the concomitont observqtion of severol types

of effects is o distinct odvonfoge. The populor use of iïggle coges, or the like, to

interpret octivify cqn leod to errors, os penfoborbitol ond omphetomîne in oppropriote

doses con both produce periods of hyper- ond hypo-octîvity ond surely the predominqnt

effect of both is nct fhe some.

In using smoll populotions of onimols in the study of omphetomine phormo-

codynomics, fhe importonce of clossifying onimols by generol ocfivify, os wos done
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for thís series of experiments, is ogoin sfressed by the differenfiql effecfs fo similor

doses of the drug, thot con be observed in onimols of dissimilor bqseline octivities

(110, I23, 124). These controsting effects of omphefomine con be summqrized in

Figure 15" Pronounced sponfoneous behqviorol ond electrocoriicol chqnges were

indicotive of omphefomine infoxicotion in this rot, however, o normol pressing
+

response in Rf wqs mqintoined.

5. Inhíbition of cotecholomine synthesis

The serious drowbocks observed in the present experiments, wifh the use

lqborotories, seriously question the speci-

if exfropolqtion is possible. The greof

hqs been observed by others (125, 126,

12n, ondon LD 50 of 1ó0 mg/kg qnd ID 50 (dose producing 50% inhibiton of tyro-

of <MpT qt doses of t50 ond 250 mg/kg i.p., which ore comporqble or considerobly

smqller thon those used by mony reputoble

ficity of this drug. ..even ot lower doses,

toxicity (cotolepsy, uremio etc.) of oMpT

sine hydroxylose octivity) of 29 mg/kg i.p. in rots, hos been opproximoted for similqr

compounds (5, l28).

Thot <MpT brqin concentrotions ond extent of fyrosine hydroxylose

inhibitioncouldnof be directly reloted to fhe degree of locomotor octivify, ond

thqi olfhough previously discloimed (131), o<MpT moy itself produce substontiol

omounts of fqlse tronsmifters, such os a< -methyl-DA ond oc-mefhyl-NE (129)

which con disploce NE snd DA (hence sedqtion ond hypothermio?) (.|33)ond possibly

resuft ïn reporfed fqlls in motîlity for normol control onimols (132), leods ihe quthor

fo conclude thot its effects ore very unspecific in vivo ond conclusions on ompheto-

mine oction drqwn from its exfensive use, very speculotive. Thot onother potent

fyrosine hydroxylose inhibitor (Yl 59/U), olthough quite lethol, produced for de-

pletions of cqtecholomines comporoble to those of c<MpT, only modest olterqtions

of q conditioned ovoidonce response (129), supports the former ollegotions, os does

the focf thof threshold doses of the lqtter do not chonge fhis response (,|28).

The drug orMmTolthough o potenf înhibitor of Dopo decorboxylose (134)

ond reported nof io olfer spontoneous orientqfionol octÎvity (5, 135), is completely

unocceptoble in omphetomine behqviorql studies. Considering its high rote of de-

grodotion into metorominol, o by-producf reported to produce NE displocemenf
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concom¡tont w¡th sedotive effects, os olso often reported interestingly enough,

octiviiy meosurements, os token 7 hours following iniecfion for exomple (135),

qre obsolute ly meon ingless; however, os on oside, tetrqbenozine induced folls

in spontoneous qcfivity (135), qs well qs the fetrobenozine reserpine ond c<MmT

pofentÎotÎons of o< -methyl-tyrosine ontogonism of omphefomine hyperoctivify (5)

ore mosf interesting qnd reveqling of these studies.

Ignoronce of the full scope of drug effects, ironicqlly, hos led to

the eventuol recycling within the literofure of the theory of motor ocfivity

dependonce on sfored cotecholomines (127, 130). Experiments thqt did neverthe-

Iess monoge to correlote fhe inhibition of tyrosine hydroxylose by aMpT (ïn mice

ond rofs, 127, 13ó) to locomotor behovior, did so ot o time when cotclepsy is

reporfed mqximol (8 - t hours) (12ó) ond of which fime broinstem concentrotions

of the drug (for qbout 1 /4 dose in guineo pig) ore only 25o/o of the moximum reoched

in this species (f 3l).
The deocfivotion of EEG obtoined subsequent to o<MpT iniecfion ond

ifs potentiqtion by reserpenizotion (137), ond for fhof motter the similqr observqtion

ofter reserpine, NE, ó-OH-DA, induced deoctivofions, ore oll in line with the

concept thqt cqtecholqmînes ore inhibitory. On observing stereofypy following
q'MpT/onphefomine/reserpine treotment, some preqch the merits of omphetominè's

direct stimulof ing properties (126), whereos others, exemplifying the confused stqte

of qffqirs, hove odopted both fheories of direcf ond indirect cqtocholqmine mediotion

(38).

Thot, in the obove study (126), close mïmicking of ó-OH-DA effects

by meons of reserpine plus tyrosine hydroxylose inhîbitïon, still permits omphetomine

induced octivity (ll2) is very meqningful, os is the focf thqt tyrosine hydroxylose

inhibition connot completely inhibit the effect of higher doses of omphetomine

(.|28, 138). Thot omphetqmine further potentioie .<MpT toxicity (ì2ó) renders the

lofter's use in omphetomine studies procticolly worthless.

B. Concluding Remorks

Reporfs bqsed on doto obtoined from inconclusïve ond confrodictory

cqtecholqminergic receptor blockode, on the extropolof ions of bosicolly biochemicol
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experimenfs involving huge doses of ompheiomine ond from the flogront use of

synthesîs inhibîtors, cqnnot be occepted of por, îf ot oll, in formuloting non-

speculqtive opinions on omphetqminets cenfrol mediotion of electrocorticql ond

behoviorq I effects .

The centrol mechonism of omphetomine qcf ion is on exfremely complex

process which encomposses mony chemicol events medioted by vorious cenfrol

neurotrqnsmitters. It is the oufhor's belief thqi the experiments presented in this

thesîs, those cited herein, os wellqsomultitode of ofhers which connof be discussed

within fhe scope of this disserfotion, correlote complexly the predominonfly excito-

tory cholinergic but inhibitory cotecholominergic ond serotoninergic mediotions

of highly interdependqnt cenfrol pothwoys ond systems. These led the qufhor fo

conclude ond theorize qs to fhe multiphosÍc direct ond indirecteffecfsof omphefo-

mine on the CNS.

Biosynthetic rote ond newly synthetized freely qvoiloble colecholqmines

ore probobly of no greot importonce in fhe mediqtion of centrol omphetomine effects;

hence, NE ond striotql DA ore probobly not cruciol in the production of stereofypy

qnd fhe enhqncement of locomotor behovior" On the other hond, the deplgling of

cqtecholqmines (in the qctive sense) qppeqrs fo be centrolly inhibifing whereos,

depletion (in the posf sense) oppec¡rs to be exciting; hence, o cenfrol cotecholomin-

ergic inhibitory system cqnnot be expecfed to mediote omphetomine excitotion.
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V. SUMfuTARY OF FINDINGS

With respecf fo Rf+, in Rf mosf EEG frequency bonds decreosed in

omplïtude, whereos EP omplitudes increosed in normql rqts.

Evidence of the preservofion of o reciprocol relotîonship of EEG to

EP omplitudes în vorious situtotions (Rf+ond Rf-) ond following

vorious treotmenfs (soline, omphefomine (2 mg/kg) ond ó-OH-DA

(200 pg, ínfrocÌsternol))wos presented.

Following fhe iniecfion of ó-O;l-DA (200 ¡rg only wîfhoui niolcmide)

ond the resultont releose of cenfrol cotechotqmines, hypofhermio ond

lethorgy were observed. A period of irritobility ond exc¡fqbility

followed wifh the evenfuol return of foirly normol behoviorql ond

electrocorticol porometers. The moiniqinonce'of hyperexcîtobility

in ó-OH-DA/niolomide treoted rofs wos discussed ïn ferms of the tqck

of preservotion of homeostotîs by cenfol onfogonistic sysfems.

The orousing copocity of omphetomine, fypicolly pictured in normol

qnimols os EEG flottening wos wifh some reservqfions found to hold frue
+

in Rf 
' only. On the controry, qs indicoted by the infegroted EEG, o

predominont increose ïn EEG omplitudes wos found in Rf- for normol

rqts.

The EEG omplitude increosíng copocity of omphefomine in Rf wqs not

observed in ó HD-rqts whose cofecholqminergic sysfems were greotly

domoged ond o suggestîon of o reversol of effects wqs tqken os on indi-
cofion of o non-cqtecholqminergic orousíng copocity of omphefomine.

The normol floftening of EP in such conditions wos token os on indicotion

of the differenfiol conhol,/modulqtîon mechqnisms on EP ond EEG.

The differentiql effects of omphetqmines on qctive ond dull cotegorized

rots, in respecf fo conditioned qnd spontoneous behoviorswossuggestive

of the disqdvqnfqge of relyïng solely on one type of test in determining

the effects of omphetomine. The odvontoges of clossifying smoll rot

somples ínfo such cotegories wos qlso discussed.

ó)
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n The severe foxìc effecfs of acMpf, ot fhe usuql doses of .|50 
ond 250

n¡/kg i.p., which ìncludedqnfidîuresis, hypothermio, cotolepsy ond

deofh, os well os potenfiofion of this toxÌcify by omphetomine, were

observed ond interpreted to indicoie fhe inodequqcies of this drug in

omphefomine studies.

8) A dose dependont depressïon of conditioned behovior (Rf+ ond Rf-) by

omphetomine wos observed ïn normol rots. Thïs wqs hÌghly pofentioted

ot ó ond 7 doys qfter ó-OH-DA/niolomide treotment qnd os determined

by spontoneous behqvior ihe onimols olso reoched loter stoges of omphe-

tomine intoxicotion.

9) Thot omphetqmine effects were qctuqlly occentuoted rother thon depressed

by mossive destruction of brqin cqtecholominergic systems, wqs tqken os

evidence of the probobility thot cofecholqmines such os NE qnd DA were

nof involved in fhe mediotion of omphetomine cenfrol effects.
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