_THE ROLE OF ACETYLCHOLINE IN BEHAVIOUR

SUPPRESSING MECHANISMS

A DISSERTATION.

PRESENTED TO
THE. FACULTY OF GRADUATE:!STUDIES

“UNIVERSITY OF MANITOBA

IN PARTIAL FULFILLMENT

OF THE REQUIREMENTS FOR THE DEGREE

DocTOR OF PHILOSOPHY

BY

HugH BROWN

FEBRUARY, 1970

¢ Hugh Brown 1970



ABSTRACT

¥

TiTLE oF DisSERTATION: THE ROLE OF ACETYLCHOLINE IN BEHAVIOUR
SUPPRESSING MECHANISMS

HuGH EROWN, DocTor OF PHILOSOPHY, 1970

| A 'SERIES OF STUDIES WERE' CONDUCTED TO ASSESS CARLTON's
\(1953)‘HYPQTHE$JS,TQAI, "A CHOLINERGIC SYSTEM IN THE BRAIN
ANTAGONIZES, A SECOND SYSTEM :WHICH ACTIVATES BEHAVIOR".. THE
APPROACH BéHAVlOUR OF WATER DEPRIVED MICE TO A" DRINKING TUBE
(pRz,leséME\}NSTANCES, FOOD DEPRIVED MICE, AND A FOOD CONTAINER)
AS A FUNCTION OF PREVIOUS (HABITUATING) EXPERIENCE [N THE CHAMBER
CONTAINING THE TUBE, WAS CONSIDERED FROM EACH OF FQUR ASPECTSI

1.) PHARMACOLOGICAL, 2.) MOTIVATIONAL, 3.) STIMULUS, AND

4,) RESPONSE. |IT WAS FOUND THAT MUSCARINIC ANTICHOLINERGIC AGENTS
DO INHIBIT THE INFLUENCE OF PREVIOUS EXPERIENCE, THAT THE SITE OF
THE DRUG ACTION IS PROBABLY THE CNS, BUT DIMINUTION OF CHOL INERGIC
ACTIVITY ALONE IS NOT A SUFFICIENT CONDITION., IT WAS ALSO FOUND
THAT MOTIVATIONAL AND EXTRANEOUS ENVIRONMENTAL FACTORS CONTRIBUTE
SIGNIFICANTLY TO THE EFFIGACY OF .THE, DRUG ACTION. IN ADDITION,

IT WAS SHOWN THAT A MEASURE OF -GENERAL MOTOR ACTIVITY OFFERS A
COMPARABLE, I|F NOT SUPERIOR, METHOD OF ASSESSING THE DESCRIBED
DRUG EFFECTS. ON THE BASIS OF THESE FINDINGS, AN ALTERNATIVE

HYPOTHES!S 1S OFFERED THAT TAKES ALL THE FACTORS INTO ACCOUNT.




S

FURTHER, THE NEW HYPOTHESIS AVOIDS THE CONCERTUAL DIFFICULTIES
INHERENT IN "BIOCHEMICAL LOCALIZATION"', |.E., THE ATTEMPT TO
"CONS IDER ‘SPECIFIC BIOCHEMICAL SYSTEMS AS THE PHYS!OLOGICAL

SUBSTRATES OF SPECIFIC BEHAVIOURAL PHENOMENA.




TABLE OF CONTENTS

LIST OF TABLES . . « ¢ v ¢« ¢ &« & &+ « & &

LIST OF FIGURES: v & v v v o o o o o » &
CHAPTER
I' INTRODUCTION e = @& o + s & e @

fESTABLlSHMENT OF NEUROHUMOURAL

-

-

-

~ TRANSMISSION THEORY . . . . .

-

NEUROHUMOURAL TRANSMISSJON |N THE
CENTRAL NERVOUS SYSTEM . . . .

BEHAV] OURAL STUDJES OF CENTRAL
NEUROHUMOURAL TRANSMISSION

3

-

GENERAL ORIENTATION « « » s o » & &

THE RoLE oF NEUROHUMOURAL TRANSMISS

IN BEHAViIOURAL HABITUATION

-

l I * METH ODS - L d - L[] * - - - . A4 L - * e -

THE GENERAL PROCEDURE FOR MEASURING

APPROACH LATENCY . . . . . . . .

SUBJECTS 4 v + o ¢ = o + =«
APPA%ATUS R
OPERATIONS o & a o o o o+ »
PHARMACOLOGICAL PROCEDURES .-
PARAMETRIC VARIATIONS . . . .

PHARMACOLOGICAL ASSESSMENT ©

F’

.

DrRuG

-

AND DOSAGE VARIATIONS « & o« o « «

MOTIVATIONAL |NFLUENCES ]INVOLVING

DEPRIVATION, TIME AND |NCENTIVE .

v

PAGE

Vi

19

35

35

35

35

36

40

40

40

44




CHAPTER : PAGE

TESTS OF GENERALIZATION ‘ACROSS

STIMULUS CONDITIONS o 4 o o o o s o o o » & & 46
GENERAL ACTIVITY MEASUREMENT &+ o o « « o o o 47
ANCILLARY MEASUREMENTS '+ + v v ¢ 4 o o + o o & 50
JIle RESULTS & o ¢ v o v v vt v v o v v e s o s oo o 51
PHARMACOLOGICAL PARAMETERS . . . . » . . . e 5l
MOTIVATI ONAL PARAMETERS + v = « .o o s o o o o o o 59
~ STIMULUS PARAMETERS e e e e e e e e e 65
RESPONSE PARAMETERS . - - « « . . . . .f. . ..f‘. 70
ANCILLARY DATA v . v vt o v e e e v o o TT

| lV.u‘Dl§CUSSION O 80
PHARMACOLOGICAL CONSIDERATIONS . « « v « & & . 80
MOTIVATIONAL ASPECTS '+ & v v v 4 v o o o o o« « = 89
THE DRUG-STIMULUS INTERACTION PROBLEM . . . . . . 95

THE SUPERJORITY OF GENERAL MOTOR ACTIVITY
AS A MEASURE OF THE INFLUENCE OF '
PREVIOUS EXPERIENCE + « » « + ¢ o s & &« « » « 100

SOME CONCLUSIONS AND AN ALTERNATIVE
.'HYPGTHESIS e & * & ® e @ & ® & 2 ®& &5 & ¢ s @ 103

REFERENCES - » e * # & © = # » » & 2 & & & 2 & & » ¥ o s - . 108




LIST OF TABLES
" TABLE PAGE

1. DrRugs EMPLOYED IN THE VARIOUS EXPERIMENTS AND
THEIR RELEVANT CHARACTERISTICS o o o o o o = « » » a 41

- 2. Drugs AND DosE RANGES EMPLOYED IN ARPPROACH .
"LATENCY EVALUATION ¢ o o o = s o o o o s. 0 s o o o« =« 43

3. DRuG ANTAGONISM RELATIONSHIPS STUDTED IN
- APPROACH LATENCY PROCEDURE & + o o o o # » « « o » o 44

4, CHARACTERISTICS OF FILTERS USED TO VARY
: . CHAMBER JLLUMINATION o o o o = s s s o, 5 s o s o » 46

‘5, DrUes AND DosSE RANGES EMPLOYED IN:ACTIVLTY _
: EXPERIMENTS o = o » o o o » o » a 5 » o2 = « » » ¢ = 49 -

6. MEAN APPROACH LATENCY VaLues (0.01 Mins.) FOR
SELECTED DRUGS AND DOSES v v 5 o v o o s o o o = = 52

7. ANALYSIS OF VARIANCE FOR DRUG AND EXPOSURE
GrROUPS EMPLOYING APPROACH LATENCY
MEASURE - - . » 3 - - o - - » » . - - L] - . - o » o 53

8. MEAN APPROACH LATENCY VaLuEs (0,01 Mins.)
FOR VARIOUS DosSEs OF SEVERAL DRUGS « 4 <« ¢ « « « « & o6

i
i
[
1

9., THE ANTAGONISTIC RELATLONSHIP BETWEEN SCOPOLAMINE
OR DITRAN ‘AND ESERINE OR TACRINE AS MEASURED
BY APPROACH LATENCIES (MEAN PER GROUP IN
0.0T MINS.) 4 o v % 5 o o 5 o o s o o o o o o & o « 57

10. MeaN AppRoACH LATENCY VALUES (0.01 Mins.)
FOLLOWING INTRACRANIAL INJECTIONS OF
SCOPOLAMINE, ATROPINE AND METHYL-
ATROPINE o o s a o » = 2 o 2 % & = 2 o s o o o & o s 58

11. MeAN APPROACH LATENCY VaLues (0.01 Mins.)
FOLLOWING DOSAGE.WITH SCOPOLAMINE OR
ATROPINE AND VARIOUS HOURS OF WATER,
DEPRIVATION o 2 o o o = = o ¢ « » & « « 2 o s « = s 60

Vi




TABLE

12.

13.-

14.

‘ ] 5*’

16.

17.

18,

19.

20,

21.

MEAN ApPRoACH LATENCY VALUES (0.07 Mins.) FOR
Foob REINFORCEMENT FoLLOWING DOSAGE WITH
SCOPOLAMINE OR ATROPINE AND VARIOUS
HOURS OF DEPRIVATION o o s 4 » o » » + o « s

MEAN VoLuME OF WATER CONSUMED (cc/Ss) BY EACH
EXPERIMENTAL"“GROUP DURING PER10D ‘BETWEEN
‘DRUG DOSAGE AND -INITIATION OF
PEPRIVATION PERIOD & » » w a o s o « o s « + =

ANALYSIS oF VARIANCE FOR DRUG' AND. EXPOSURE
GrROUPS EMPLOYING WATER CONSUMPTION
MEASURE ) . 'v @ & & & & 8 & 5 & » o # & O # e

MEAN VOLUME OF WATER ConsumeD (cc/S$s) AT

VARIoUS TiIMES DURING PERIOD BETWEEN

Drua DOSAGE AND [NITIATION OF
DEPRIVATION-PERIOD (CUMULATIVE

OVER SUCCESSIVE 24 HOUR PERIODS) 4 o« « « o o »

MeaN NuMBER OF LIcks oN DRINKING TuBE PER
15.0 MINUTES FOLLOWING DOSAGE WITH
SEVERAL DRUGS  « o« % 5 o 2 2 o o o« o o 2 2 o »

ANALYS IS OF VARIANCE FOR DRUG AND EXPOSURE
GrROUPS EMPLOYING LICKING RATE MEASURE . « « -

MeaN AppRoACH LATENCIES (0,01 MiINs.) FoLLOWING
DOSAGE WITH SCOPOLAMINE AND ATROPINE WITH
PRINKING TuBE PRESENT DURING INITIAL
EXPOSURE PERIOD 4 4 o o 2 # o 2 o « 2 2 s « =

EFFECT OF COLOURED '|LLUMINATION ON MEAN
AppRoACH LATENCY VALuEs (0.01 MiNns.)
FoLLowINg A DoseE oF:0.32 MG./KG.
SCOPOLAMINE 4 o s o 2 o o o » o = o 2 o = s =

EFFECT OF INTERMITTANT [LLUMINATION (3.0 FLASHES
PER SECOND) ON SCOPOLAMINE~MOD IFIED
APPROACH LATENCY VALUES
(0.01T MINS.) v v e o v s o o o o s s o o o

EFFECT OF VARIOUS CONDITLONS OoF "WHiTE Noise"
ON SCOPOLAMINE MoDIF!ED APPROACH LATENCY
VALUES (0,01 MINSL) & 4 o o o o o o s « o s »

PAGE

61

62

62

63

b6

67

67

68

69

11




TABLE

22.

23.

24‘"

25.

26.

27"

“MEAN AND STANDARD DEVIATI®ON FOR NUMBER OF

PHOTOBEAM INTERRUPTIONS PER 15 MINUTES
FoLLowING VARIOUS Dosgs oOF SEVERAL

DRUGS « +

MeAN NUMBER OF PHOTOBEAM INTERRUPTI ONS

»

*

.

»

-

L d

-

-

-

»

.

UNTIL DRINKING "TUBE APPROACH:FOR’ .
SEVERAL DOSES OF SCOPOLAMINE & o ¢ o « »

ANALYSIS OF VARIANCE; FOR DRUG AND EXPOSURE
GroupPs EMPLOYING PHOTOBEAM MoToOR
ACTIVITY MEASURE

MEAN AND STANDARD DEVIATION FOR PHOTOBEAM
INTERRUPTIONS AT VARIOUS DERIVATION
LEVELS FOR WATER, CONDENSED MILK
“AND LABORATORY CGHOW

~MEAN AND STANPARD DEVIATION FOR NUMBER OF
PHOTOBEAM |NTERRUPTIONS PER 15 MINUTES
INTRACRANI AL DOSES OF

FoLLowi NG

-

-

»

-

»

-

-

ATROPINE AND METHYLATROPINE

SYMPTOMATOLOG!|CAL SUMMARY OF THE EFFECTS OF
THE DRuUGS EMPLOYED

EXPERIMENTS

-

»

»

IN THE VARt1OUS

»

»

-

»

»

-

-

-

-

-

-

-

.

-

-

L d

»

»

-

.

-

-

3

4

-

-

Ca

-

vill

PAGE

2

5

75

76

71

78




SO

LIST OF FIGURES

F I GURE PAGE

1., ScHEMATIC DIAGRAM OF THE APPARATUS USED TO
'~ MEASURE APPROACH LATENCY, THE LIGHT
SOURCE FOR CHAMBER ILLUMINATION IS
NOT REPRESENTED AS 1T+WouLD 0OBSCURE .
THE WATER BOTTLE=DRINKING TUBE + « o o = » » « = = 37

2,  THE EXPERIMENTAL PARADIGM EMPLOYED IN ASSESSING
’ THE EFFECTS OF DRUGS: AND® PRIDREXPOSURE
ON APPROACH LATENCY o o # 5 o s » s & s » & = ¢ = 38

3. SCHEMATIC D!AGRAM OF THE ARRANGMENT USED TO
MEASURE GENERAL ACTIVITY o« o o o o s 5 2 = = o & o 48

4, MEAN LATENCY INDICES FOR EACH GRGUP IN THE
JNITIAL Dose EVALUATIONS. LATENCY
INDEX 1S THE LATENCY VALUE IN 0,01
MINS. DIVIDED BY 10 o o o o o o o = o o o o = « =« 54 o

5., Mean AMOUNT oF WATER CONSUMED BY EacH EXPERI=
MENTAL GROUP (cc/SUBJECT) WiTHIN VARIOUS
TiIME PER1ODS -FOLLOWING DOSAGE WITH 0.32
MG./KG. SCOPOLAMINE; 1.P., OR 10.0
MGo/KGe ATROPINE, 1oPe o' s o o o o a o o o o a + = 64

6. Dose~EFFECT CURVES FOR GENERAL ACTIVITY AT
VARIOUS TIMES FOLLOWING SCOPOLAMINE,
ATROPINE, METHYLATROPINE, DiTRAN,
D~AMPHETAMINE, AND METHYLPHENIDATE,
ALL ADMINISTERED INTRAPERITONEALLY .o+ « « « o o « o T4




CHAPTER 1
INTRODUCTI ON

ESTABLI'SHMENT. OF NEUROHUMOURAL TRANSMISSION THEORY
CHEMICAL-MEDLATION OF IMPULSE TRANSMISSION THROUGH THE
NERVOUS SYSTEM WAS SUGGESTED AS LONG AGO AS 1650 BY DESCARTES
(KanTOR, 1947). YET, UNTIL LoEwt®s (1921) cLASSIC DEMONSTRATION
oF "VAGUSSTOFF"™ AS A CHEMICAL TRANSMITTER NEARLY 300 YEARS LATER,
THE -NOTION WAS NOT GIVEN SERIOUS CONSIDERATION BY MOST PSYCHO- AND
NEUROPHYSIOLOGLISTS., [NDEED, AS RECENTLY AS 1950, A POPULAR
PHYSIOLOGICAL PSYCHOLOGY TEXTBOOK IN ITS DISCUSSION OF
NEUROHUMOURAL TRANSMISS1ON STATED:
ACCORDING TO THIS NOTION, SYNAPTIC TRANSMISSION WAS
ACHIEVED BY THE RELEASE AT THE NERVE ENDINGS OF
CERTAIN BIOCHEMICAL SUBSTANCES THAT SET UP THE
IMPULSE IN THE NEXT CELL, NOWADAYS, HOWEVER, WE
ARE QUITE SURE THAT THE ACTIVITY AT THE SYNAPSE IS
BASLCALLY NO DLFFERENT FROM THE ACTIVITY IN THE
NERVE FIBER (MORGAN AND STELLAR, 1950, p, 98).
IN THE YEARS SINCE 1950, EXPER!MENTAL.AND THORETICAL
ADVANCES HAVE EFFECTED MARKED: RE-EVALUATION OF SUCH CONCLUSLONS.

A.MORE RECENT EDITION OF THE SAME TEXT 'ADDRESSING ITSELF TO THE
SAME TOP!C NOW CONCEDES3

IT IS NOW GENERALLY AGREED AMONG INVESTIGATORS IN
THE FIELD THAT [THERE ARE] DIFFERENT MEANS OF
TRANSMISSION AT SYNAPSES, THE MESSAGE AT THE
SYNAPSE 1S CHEMICAL, WHEREAS THAT IN AN ELECTRI-
CALLY STIMULABLE MEMBRANE 1S ELECTRICAL (MORGAN,
1965, p. 712).




THE POINT 1S FURTHER ELABORATED BY A PHARMACOLOGICAL
TEXTBOOK WHICH STATES UNEQUIVOCALLY THAT!

THERE 1S NOW GENERAL ACCEPTANCE BY THE GREAT MAJORITY
OF PHYSIOLOGISTS AND PHARMACOLOGISTS OF THE THEORY OF
NEUROHUMOURAL TRANSMISSiON, THAT IS, THAT NERVES
TRANSMIT THEIR IMPULSES ACROSS MOST SYNAPSES AND
'NEUROEFFECTOR JUNCTIONS BY MEANS OF SPECIFIC CHEMICAL
AGENTS KNOWN AS NEUROHUMORAL ‘TRANSMITTERS

(KoELLE, 1965, P. 399).

THAT SUCH EMPHATIC SUPPORT COMES FROM PHARMACOLOGY AND NOT
PSYCHOPHYSI'OLOGY. 1S QUITE IN KEEPING WITH THE ORIGIN OF THE MORE
CONTEMPORARY FORM OF “THE THEORY, LOEWI'S NOTION OF CHEMICAL
TRANSMISSION WAS ANTICIPATED BY SEVERAL YEARS, BUT THE DATA,
POSSIBLY BECAUSE [T WAS PHARMACOLOG!CAL [N NATURE, ESCAPED GENERAL
BIOLOGICAL ATTENT!ION. REFERRING TO THIS STATE OF AFFAIRS, LOEW!
HIMSELF SAID?

THE REPORTS OF BOTH ELLIOT AND DIXON WERE PUBLISHED

SO INCONSPICUOUSLY THAT THEY ESCAPED GENERAL

ATTENTION AS WELL AS MY OWN, THE EARLIER RESULTS

WERE ONLY REDISCOVERED, SO TO SPEAK, SOME YEARS

AFTER MY DISCOVERY OF THE CHEMICAL TRANSMISSION OF

THE NERVE IMPULSE WHICH WAS MADE IN 1921

(1945, p. 159).
ELLiot's (1905) STUDY SUGGESTED THAT EPINEPHRINE WAS INVOLVED LN
TRANSMISS 1ON ACROSS POSTGANGLIONIC SYMPATHETIC SYNAPSES, .AND
DixoN (1907) REPORTED HIS SUSPICION CONCERNING A SUBSTANCE
RELEASED FOLLOWING STIMULATION OF THE VAGUS NERVE. BURN (1963)
IS EVEN HISTORICALLY MORE DEFINITIVE IN THAT HE CITES EXPERIMENTAL
EVIDENCE WHICH SUGGESTS THAT A DEMONSTRATION OF NEUROHUMOURAL

TRANSMISSION EXISTED AS EARLY As 1863.

lN ADDITION, DEFINITION OF THE PHARMACOLOG!CAL ACTIVITIES




OF ACETYLCHOLINE ALSO PREDATED Loewl?s (1921) DEMONSTRATION., THIS
WAS THE RESULT OF DALE'S (1914) WELL~KNOWN CARDIOVASCULAR
ASSESSMENT OF THE SUBSTANCE. THE RELATIONSHIP BETWEEN ACETYL-
CHOLINE AND NEURAL TRANSMISSION WAS ESTABLISHED IN 1926 WHEN LOEW!
AND NAVRATIL IDENTIFIED "VAGUSSTOFF" AS ACETYLCHOLINE ON THE BASIS
OF THE FACILITORY EFFECTS OF PHYSOSTIGMINE ON VAGAL STIMULATION.

THESE FINDINGS PROVIDED THE BASIS FOR MANY SIGNIFICANT
ADVANCES IN UNDERSTAND ING DRUG ACTION. SINCE ONLY A FEW DRUGS
(ﬁ.e.; CYANIDE = GROLLMAN, 1965) ACT DIRECTLY ON CELL METABOLISM,
NEUROHUMOURAL TRANSMISSION THEORY IS VERY BASIC TO DEF{NING DRUG
ACTIONS ON THE NERVOUS SYSTEM. THUS, A COMPLEMENTARY RELATIONSHIP
IS ESTABLISHED IN THAT PHARMACOLOGY VERIFLES THE THEORY AND,

SIMULTANEOUSLY, EMPLOYS IT AS A FUNDAMENTAL TENET.

NEUROHUMOURAL TRANSMISSION IN THE CENTRAL NERVOUS SYSTEM

SHERR!NGTON SUGGESTED AS EARLY AS 1906 THAT THE MECHANISM
OF TRANSMISSION, WHATEVER T MIGHT BE, WAS SIMILAR FOR ALL
SYNAPSES. CONSEQUENTLY, FoLLowiNG:Logwi’s (1921) VERLFICATION
OF PERIPHERAL CHEMICAL TRA&SMlSSl@N, JMMEDEAT; SPECULATION
CENTRED ON THE 'ROLE OF ACETYLCHOL INE *(AND SUBSEQUENTLY, OTHER
SUBSTANCES) IN REGARD TO SYNAPTIC TRANSMISSlON‘WlTH!N THE CENTRAL
NERVOUS SYSTEM (CNS).

INITIALLY, ELUCIDATION OF CNS NEUROHUMOURAL TRANSMISSION
SEEMED EXPERIMENTALLY SIMPLE - NOT ANY MORE RIGOROUS THAN

APPLICATION OF THE TECHNLQUES ALREADY .EVOLVED FOR DELINEATING




"PER{PHERAL TRANSMISSION, LOEW! SUGGESTED TWO MODES OF APPROACH!

+++lT MUST BE SHOWN, FIRST, WHETHER OR NOT ACETYLCHOLINE
ACTS LIKE NERVOUS STIMULATION UPON THE EFFECTOR ORGANS
WITHIN THE CNS AND, SECONDLY, WHETHER OR NOT ACETYL-
CHOLINE |S LIBERATED DURING STIMULATION OF THE CNS As IT
IS IN THE PERIPHERAL NERvous sysTeM (1945, p. 167).

HOWEVER, A RECENT REVIEW OF EFFORTS TO IDENTIFY CENTRAL SYNAPTIC
TRANSMITTERS HAD TO CONCLUDE THATY

A NUMBER OF CRITERIA HAVE BEEN SUGGESTED FOR THE
CHARACTERIZATION OF A GIVEN SUBSTANCE AS A TRANS-
MITTER AT A GIVEN SYNAPSE, UNFORTUNATELY, SOME OF
THESE CRITERIA CANNOT BE MET AT THE PRESENT TIME
FOR CENTRAL SYNAPSES, AND IT MAY BE UNREALISTIC TO
REQUIRE THAT THEY SHOULD BE, NEVERTHELESS, THREE
MAJOR CRITERIA, EACH AMENABLE TO FURTHER SUBDIVISION,
CLEARLY STAND ouTt (A) THE SUBSTANCE AND THE
APPROPRIATE ENZYME SYSTEMS FOR ITS BIOSYNTHESIS AND
ITS METABOLISM MUST BE PRESENT AND IN THE RIGHT
LOCALE; (B) THE SUSPECTED SUBSTANCE AND THE TRANS=
MITTER MUST HAVE IDENTICAL ACTIONS AND SIMILAR
PHARMACOLOG | CAL CHARACTERISTICS ON THE POSTSYNAPTIC
CELL; AND (C) THE TRANSMITTER RELEASED FROM THE
NERVE ENDING MUST BE SHOWN TO BE IDENTICAL TO THE
SUSPECTED SUBSTANCE (SALMOIRAGHI, COSTA AND BLOOM,
1966, p. 224).

THUS, AFTER TWENTY YEARS, THE GOALS REMAIN ESSENTIALLY THE SAME.
PROGRESS HAS CONSISTED OF AN ADMI(SSION THAT OBTAINING THEM

o ..MAY BE UNREALISTIC,"

THREE DJAFFICULTIES HAVE CONTRIBUTED TO THE CONTEMPORARY

IMPASSE. IN MOST INSTANCES, THE COMPLICATIONS ARE EQUALLY

APPROPRIATE TO CONSIDERATIONS OF PERIPHERAL TRANSMiSS]ON. lNDEED,

THEIR ELUCIDATJON AND ELABORATION BASICALLY ARISE FROM EXPERIMENTS

AND OBSERVATIONS CONCERNING TERMINAL AUTONOMIC SYNAPSES (THE SITE
FROM WHICH ALMOST ALL TECHNOLOGY REGARD!NG NEUROHUMOURAL TRANS~

MISSION HAS BEEN EVOLVED). THE COMPLICATING FACTORS ARE; 1.) THE




POSSIBLE EXISTENCE OF MULTIPLESTEP TRANSMISSION SEQUENCES. A
NUMBER OF STUDIES (BURN, 1963; Burn, 1961; BurN AND RaND, 1959;
KoeLLE, 1962) HAVE INDICATED THAT THE ACTION OF ACETYLCHOLINE AT
VARIOUS PERIPHERAL SITES, RATHER THAN SIMPLY PROCEED|NG
TRANS=SYNAPTICALLY, MAY FUNCTION PRE~SYNAPTICALLY TO ACTIVATE
OTHER NEUROHUMOURAL TRANSMlTTéRS;SUCH AS NOREPINEPHRINE. AsS WELL,
EVIDENCE EXISTS TO IND{CATE POST~SYNAPTIC STORAGE AND RELEASE OF
TRANSM[TTER SUBSTANCES AT PERIPHERAL ENDINGS (NACHMANSOHN, 1959).
SIMILAR CIRCUMSTANCES MAY OCCUR CENTRALLY, OTHER TRANSMITTERS,

AND MORE STEPS MAY BE INVOLVED AT OTHER SYNAPSES. 2.) ANATOMICAL
EVIDENCE INDICATES THAT THERE ARE AXO~SOMATIC, AXO-AXONIC, AND
DENDO~-DENDRIT!IC AS WELL AS THE MORE PROTOTYPIC AXO-DENDRITIC
sYNAPSES (STEVENS, 1966). ALL TYPES ARE REPRESENTED [N THE CNS,
THE LATTER BEING TYPICAL ONLY PERIPHERALLY. AS SALMOIRAGH! ET AL.
(1966) coNcLUDED, "THE MORRHOLOGICAL AND FUNCTIONAL COMPLEXITY

OF CENTRAL SYNAPSES 1S HARDLY AMENABLE TO BROAD GENERAL!ZATION."
3.) METHODOLOGICAL LIMITATIONS, FOR DEMONSTRATING THE ROLE OF A
SUBSTANCE IN PERIPHERAL NEUROHUMOURAL TRANSMISSION, SEVERAL
TECHNIQUES ARE CHARACTERISTICALLY EMpLOYED (KoELLE, 1965). THESE
ARE1 A.) RECOVERY OF fHE SUBSTANCE FROM THE PﬁRFUSATE OF AN

I NNERVATED STRUCTURE WHILE THE NERVE 1S BEING STIMULATED (THE
TECHNIQUE, IT WILL BE RECALLED, USED BY LOEWI), B.) [IDENTIFICATION
OF THE SUBSTANCE BY APPROPRIATE ANALYSES, C.) EVIDENCE THAT THE
SUBSTANCE WILL PRODUCE THE SAME RESPONSE AS NERVE STIMULATION AND,

D.) DEMONSTRATION THAT THE RESPONSE FOLLOWING E!{THER NERVE




STIMULATION OR INJECTION OF THE SUBSTANCE S MODIFIED IN THE SAME
WAY BY VARIOUS DRUGS. THESE METHODS DO NOT NECESSARILY FOLLOW FOR
CENTRAL TRANSMITTERS. ESPLIN PUTS THE MATTER SUCCINCTLY?

THE CRITERIA FOR PROOF THAT A SPECIFIC SUBSTANCE HAS
A TRANSMITTER. FUNCT!ON AT A PARTICULAR SYNAPSE WERE
ELABORATED IN CONNECTION WITH INVESTIGATIONS OF
PERIPHERAL SYNAPTIC TRANSMISSIONe.wss T[HESE CRITERIA
ARE NOT WHOLLY APPLICABLE "TO THE (NS BECAUSE OF THE
DIFFICULTY IN PERFUSING OR ACTIVATING A HOMOGENEOUS
COLLECTION OF sYNApsts. (1965, pp. 38-39).

" AS ALREADY SUGGESTED, THESE LIMITATIONS HAVE BEEN SEVERE

ENOUGH TO SERIOUSLY COMPROMISE PROGRESS IN PEFINING CENTRAL

NEUROHUMOURAL TRANSMISSION. IN A RECENT SYMPOS[UM CONCERNING THE
ROLE OF ACETYCHOLINE IN THE GNS, KRNUEVIC STATED:

IN SPITE OF MANY SUGGESTIONS OVER A PERIOD OF MORE
THAN 30 YEARS THAT ACH 1S LIKELY TO BE A CENTRAL
SYNAPTIC TRANSMITTER = SOME OF THE EARLIEST
SUGGESTIONS CAME FROM THE DISCOVERY OF THE ROLE OF
ACH [N PERIPHERAL STRUCTURES - AND THE MARSHALLI!NG
OF A VAST AMOUNT OF DATA ON THE DISTRIBUTION OF
ACH AND RELATED ENZYMES, AND ON CENTRAL ACTIONS.-Of
ACH, THERE IS STILL NO CLEAR EVIDENCE THAT
CHOLINERGIC NERVE FIBERS PLAY A MAJOR ROLE IN THE
OPERATION OF THE CENTRAL NERVOUS SYSTEM., ONE . ;
CANNOT ASSUME [INDEFINITELY THAT THE IDENTIFi~ »
CATION OF CHOLINERGIC SYSTEMS IS IMPOSSIBLE OR
VERY DIFFICULT FOR TECHNICAL REASONS

(1969, p. 113).

IN EFFECT, ALL EVIDENCE ACCUMULATED TO DATE, IS INDIRECTo. - PERUSAL
OF ANY OF A NUMBER OF RECENT REVIEWS MAKES THE POINT "ABUNDANTLY
cLEAR (E.G., SEE GERBRANDT, 1965; KrNJEVIC, 1969; ReEEves, 19663

SALMOIRAGHI, ET AL. 1966).

A WIDELY CITED EXCEPTION TO THESE LARGELY NEGATIVE
CIRCUMSTANCES INVOLVES EccLEs (1957, 1964, 1969) CONTENTION THAT

ACETYLCHOLINE {S THE TRANSMITTER SUBSTANCE BETWEEN THE RECURRENT




COLLATERALS OF MOTOR FIBRES AND THE RENSHAW CELLS. ECCLES ARGUES
ON THE BASIS OF PARSIMONY IN THE ForRM OF "DALE's PrincipLE"
(DaLE, 1934) THAT A GIVEN NEURONE WILL HAVE THE SAME TRANSMITTER
SUBSTANCE AT ALL ITS AXONIC TERMINATIONS. ECCLES HAS DEMONSTRATED
THAT THE POSTSYNAPTIC IMPULSE IS PROLONGED AND INTENSIFIED BY
ANTICHOL INESTERASES AND DEPRESSED BY SOME, BUT NOT ALL, 'CURARE-LIKE
COMPOUNDS, SOME QUATERNARY AMMONIUMS ARE ALSO WITHOUT A DEPRESSING
EFFECT.

DESPITE NEAR DOGMATIC ACCEPTANCE BY SOME TEXTBOOK AUTHORS
(E.G., THomPsoN, 1967), IT IS 0BVIOUS THAT THE VERIFICATION 'S FAR
FROM DEFINITIVE. WEIGHT (1967) EVEN DISPUTES THE EXISTENCE OF
RENSHAW CELLS. [INSTEAD OF PRESUMING A COMPLETELY SEPARATE NEURONE,
HE SUGGESTS THAT THE RECURRENT INHIBITION ARISES FROM A COLLATERAL
FIBRE OF THE MOTONEURONE, AND ACETYCHOLINE LIBERATED AT THE
COLLATERAL TERMINALS, INSTEAD OF IMMEDIATELY ACTING POSTSYNAPTI~
CALLY, INITIALLY REMAINS PRESYNAPTIC THEREBY MAINTAINING A TERMINAL
POTENTIAL WHICH ONLY SUBSEQUENTLY BECOMES POSTSYNAPTIC. THE
FORMER APPEARS EXCITATORY AND NICOTINIC, THE LATTER [(NHIBITORY AND
MUSCARINIC, ~IN'EFFECT, THE TIMING OF THE ACTIVITY CAN BE
ACCOUNTED FOR WITHOUT POSTULATING AN ADDITIONAL NEURONE. CURTIS
AND DAvis (1963) anp KRNJEVIC AND PHILLIS (1963) HAVE POINTED ouT
THAT MOST CENTRAL CHOLINOCEPTIVE SITES ARE MUSCARINIC WHILE THE
MOTONEURONE RECURRENT COLLATERAL-RENSHAW CELL SYNAPSE APPEARS TO
BE NICOTINIC. THE SIGNIFICANCE OF THIS IS EXPLAINED BY KRNJEVICZ

THE DISCOVERY OF SPINAL ACH-SENSITITIVE CELLS
INNERVATED BY RECURRENT COLLATERALS OF MOTOR




FIBERS WAS A STRIKING CONFIRMATION OF THE EXISTENCE

OF THE POSTULATED CENTRAL CHOLINERGIC MECHANISMS,

IT SEEMED AS |F THIS MUST BE MERELY THE PRELUDE TO

THE SYSTEMATIC DEMONSTRATION OF MANY OTHER

CHOLINERGIC SYNAPSES. BUT THIS IMPRESSION WAS

QUITE WRONG. AFTER A PROLONGED AND WIDESPREAD

SEARCH THROUGHOUT ALL PARTS OF THE CNS FOR CELLS

WHICH RESPOND TO AGH IT 1S CLEAR THAT RENSHAW

CELLS IN SEVERAL RESPECTS ARE QUITE UNTYPICAL OF

CENTRAL CHOLINOCEPTIVE NEURONES. THEY DIFFER

FROM ALL OTHER TYPES OF NEURONES BY THEIR

CONSJISTENTLY HIGH SENSITIVITY TO ACH, THE RAPID

TIME COURSE OF THE EXCITATORY EFFECT AND THE

PREDOMINANTLY NICOTINIC CHARACTER OF THEIR ACH

RECEPTORS (1969, p. 113).
THUS, MANY IMPORTANT QUEST!ONS REMAIN TO BE ANSWERED BEFORE THE
RENSHAW ARC CAN BE ACCEPTED AS A POSITIVE EXAMPLE OF CENTRAL
CHOLINERGIC NEUROHUMOURAL TRANSMISS|ON.

ANOTHER CONTENTIGN, ALSO WIDELY CITED, SUGGESTS THAT
ACETYLCHOLINE PARTICIPATES IN THE GENERATION OF NERVE IMPULSES
LEADING TO THE COCHLEAR MICROPHONIC (VINNIKOV & TiTOvA, 1964).
THE NOTION IS GIVEN EXPERIMENTAL CREDENCE ON THE BASIS OF FINDINGS
THAT PHYSOSTIGMINE LENGTHENS THE LATENCY OF THE COCHLEAR
POTENTIAL., OTHER INVYESTIGATORS HAVE BEEN UNABLE TO VERIFY THIS
FinDiNg (Davis, 1957, 1961), STILL OTHERS HAVE CORRELATED THE
EFFECT ‘WITH AMBIENT TEMPERATURE RATHER THAN DRUGS PER SE
(GANNON, LASZLO & MoscovITCH, 1966). AGAIN, NUMEROUS POINTS NEED
ADD[-TIONAL EMPHASIS BEFORE DEFINITIVE CONCLUS!ONS CAN BE ESPOUSED.

A NUMBER OF SUBSTANCES OTHER THAN ACETYLCHOLINE HAVE BEEN
" PROPQSED AS POTENT!AL CENTRAL NEUROHUMOURAL TRANSMITTERS. SOME,

SUCH AS ADENOSINE TRIPHOSPHATE (ATP), "suBsTANCE P", EPINEPHRINE,

HISTAMINE, HOMEOCYSTEIC ACID AND N=METHYL~D~ASPARTIC ACID ARE SAID
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TO BE PRIMARILY EXCITATORY. OTHERS, sucH As "fracTor [",
GAMMA=AMINO-BUTYRIC ACID (GABA), AND 5~HYDROXYTRYPTAMINE
(SEROTONIN) APPEAR TO INDUCE AN INHIBITORY ACTION (BupAy, 19603

CurTls, 1963; EccLes, 1964).
BEHAV]OURAL STUDIES OF CENTRAL NEUROHUMOURAL TRANSMISS|ON

GENMERAL ORIENTATION

FEW CONTEMPORARY INVEST!GATORS QUESTION THAT BEHAVIOUR IS
“REGULATED AND MEDIATED BY THE CENTRAL NERVOUS SYSTEM. FOR EXAMPLE,
HILGARD AND BOWER UNRESERVEDLY STATE THAT:

NOTHING [S MORE CERTAIN THAN THAT OUR BEHAVIOR 1S A
PRODUCT OF OUR NERVOUS SYSTEM. THE PROPOSITION 1S
ALMOST MORE TAUTOLOGICAL THAN FACTUAL (1966, p. 425).

lNDEED, ELABORATION OF THE RELAT!ONSHIP BETWEEN THE NERVOUS SYSTEM

AND BEHAVJOUR [S THE RAISON D*ETRE OF PHYSIOLOGICAL PSYCHOLOGY

(E.G., TELTELBAUM, 1967). RECOGNITION OF THE INTEGRATION OF THE
"PHYSICAL AND THE PSYCHICAL", THE "ORGANIC AND THE MENTAL", OR
THE ®BoDY AND THE MIND™, AS IT IS VARIOUSLY CALLED, IS
HISTORICALLY CREDITED To BAIN (KANTOR, 1947). HOWEVER, PRECISE
DE%INITION OF NERYOUS SYSTEM~BEHAVIOUR INTEGRATLON WAS FORMULATED

BY SHERRINGTON. HE SAID:

THERE REMAINS YET ANOTHER TYPE OF INTEGRATION WHICH
CLAIMS CONSIDERATION...)NTEGRATION HAS BEEN TRACED
AT WORK IN TWO GREAT, AND IN SOME RESPECTS COUNTER-
PART, SYSTEMS OF THE ORGANISM. THE PHYSIOCOCHEMICAL
(OR FOR SHORT PHYSICAL) PRODUCED A UNLFIED MACHINE
FROM WHAT WITHOUT IT WOULD BE MERELY A COLLOCAT!ON
OF COMMENSAL ORGANS, THE PSYCHICAL CREATES FROM
PSYCHICAL DATA, A PERCIPIENT THINKING AND
ENDEAVOURING MENTAL (NDIVIDUAL, THOUGH OUR
EXPOSITION KEPT THESE TWO SYSTEMS AND THEILR
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INTEGRATIONS APART, THEY ARE LARGELY COMPLEMENTAL AND
LIFE BRINGS THEM CO-OPERATIVELY TOGETHER AT |NNUMERABLE
PoiNTs (1906, PP. XV=XVi).

THEN, HE CONCLUDES THAT THE NERVOUS SYSTEMIZ

»ss+WELDS 1T TOGETHER FROM COMPONENTS AND CONSTITUTES
AN-ANIMAL INDIVIDUAL FROM A MERE COLLECTION OF ORGANS
(1906, p. 234). '

THE.INTEGRATION PROPOSITION IN COMBINATION WITH THE
SIMULTANEOUSLY EMERGING NOTION OF STRUCTURE-~FUNCTION LOCALIZATION
WITHIN THE NERVOUS SYSTEM (E.G., GALL & SPURZHEIM, 1809
JACKsON, 1873; SEE GRAY, 1948; MurPHY, 1948) HAS GIVEN RISE TO A
"BASIC METHODOLOGICAL PRESUMPT!ION THAT CNS STRUCTURE AND FUNCTION
CAN BE ANALYZED. BY OBSERYING BEHAV | OURAL CHANGES FOLLOWING THE
CONTROLLED ALTERATION OF A SPECIFIC CNS SYSTEM. PAVLOV GAVE
INITIAL EXPRESSION TO THE APPROACH. BY WAY OF INTRODUCING HIS
ELABORATION OF CONDITIONED SALIVARY REFLEXES, HE STATED EMPHATICALLY
THATS

THE CEREBRAL HEMISPHERES STAND OUT AS THE CROWNING
ACHIEVEMENT [N THE NERVOUS DEVELOPMENT OF THE
ANIMAL KINGDOM, THESE STRUCTURES IN THE HIGHER
ANIMALS ARE OF CONSIDERABLE DIMENSTONS AND¥
EXCEED INGLY COMPLEX, BEING MADE UP IN MAN OF
MILLIONS UPON MILLIONS OF CELLS - CENTRES OR FOCI
OF NERVOUS ACTIVITY = VARYING IN SIZE, SHAPE AND
ARRANGEMENT, 'AND CONNECTED WITH EACH OTHER BY
COUNTLESS BRANCHINGS. FROM THEIR INDIVIDUAL
PROCESSES. SUCH COMPLEXITY OF STRUCTURE
NATURALLY SUGGESTS A LIKE COMPLEXITY OF FUNCTION
WHICH IN FACT 1S OBVIOUS IN THE HIGHER ANIMAL

AND MAN.,.THE HIGHEST NERVOUS ACTIVITY IS
DEPENDENT UPON THE STRUCTURAL AND FUNCTIONAL
INTEGRITY OF THE CEREBRAL HEMISPHERES (1927,

P. 1).

THE CONCEPT, STILL TODAY, REMAINS BASIC TO MOST CONCLUS]1ONS

REGARDING BEHAVIOURAL FUNCT!ON THAT HAVE BEEN DRAWN FROM
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SURGICAL AND/OR ELECTRICAL MANIPULATIONS OF THE BRAIN, AND, MORE
RECENTLY (ALTMAN, 1966), IT HAS FOUND UTILITY IN THE INTERPRE-
TATION OF CHEMICAL MANIPULATIONS SUCH AS DRUG ADMINLSTRATION,

HOWEVER, LOCALIZATION, IN THIS TRADITIONAL LIMITED SENSE, HAS BEEN

CHALLENGED AS AN ADEQUATE FOUNDATION FOR FUNCTIONAL PRESUMPTIONS
LASHLEY STATED:

NEUROLOGICAL THEORY HAS BEEN DOMINATED BY THE BELIEF
THAT THE NEURONS OF THE CENTRAL NERVOUS SYSTEM ARE...
LINKED IN RELATIVELY ISOLATED CONDITIONED REFLEX ARCS
AND THAT THEY ARE ACTIVATED ONLY WHEN THE PARTICULAR
REACTIONS FOR WHICH THEY ARE SPECIFICALLY ASSOCLATED
ARE CALLED OUT, SUCH A VIEW IS INCOMPATIBLE BOTH
WITH THE WIDESPREAD EFFECTS OF STIMULATION...AND

WITH RECENT EVIDENCE FROM ELECTRICAL RECORDING OF
NERVOUS ACTIVITY,.. |T IS PROBABLY NOT FAR FROM THE
TRUTH TO SAY THAT EVERY NERVE CELL OF THE CEREBRAL
CORTEX IS INVOLVED IN THOUSANDS OF DIFFERENT
REACTIONS (1951, pP. 135-136).

THUS, EFFORTS TO ASSIGN SPECIFIC BEHAVIOURAL ACTION TO DISCRETE
NERVOUS SYSTEM STRUCTURES MUST BE CONSIDERED LIMITED AT BEST.

DESPITE THE DIFFICULTY INHERENT IN EMPLOYING SUCH A
CONFINING ASSUMPTION AS A CONCEPTUAL FOUNDATION, ATTEMPTS HAVE
BEEN MADE TO CORRELATE BEHAVIOUR WITH SPECIFIC CENTRAL

NEUROHUMOURAL TRANSMITTERS. RUSSELL (1958) EVEN TALKS IN TERMS

OF CORRELATING "BI1OCHEMICAL LES{ONS" WITH BEHAVIOURAL CHANGES.
As A SPECIFIC EXAMPLE, CONSIDER THE FOLLOWING STATEMENT FROM A
RECENT REVIEW CONCERNING CENTRAL CHOLINERGIC TRANSMISSION-=BEHAVIOUR

RELATIONSHIPSE

eess THE AMOUNT AND DISTRIBUTION OF ACH IN THE BRAIN
MAY BE BASIC FACTORS IN SOME PSYCHOLOGICAL PROCESSES,
AND MAY BE AN IMPORTANT SOURCE OF INDIVIDUAL DIFFER-
EnceEs (Reeves, 1966, p. 321).
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OR, THE MCGAUGH AND PETRONOV!CH CONTENTION THAT?

«ssoTHE ACETYLCHOLINE-ACETYLCHOLINESTERASE SYSTEM
IS CRITICALLY INVOLVED IN LEARNING AND MEMORY
(1965, p. 159).

POPULAR UTILIZATION OF THE CONCEPT MAY DERIVE FROM THE

FACT THAT |T PERMITS RELATIVELY SIMPLE EXPER{MENTAL DESIGNS, It
1S ONLY NECESSARY TO EMPLOY BEHAVIOUR AS THE DEPENDENT OR

INDEPENDENT VARIABLE RELATIVE TO NEUROHUMOURAL LEVELS. THAT s,

ONE CAN PHARMACOLOGICALLY ALTER THE EXISTING HUMOURAL LEVEL

(E;G., DOSING THE 6RGAN!SM WITH AN ANTICHOL!NERGIC DRUG) AND

OBSERVE BEHAVIOURAL CHANGES (E.G., RESPONSE RATE), OR ONE CAN
EFFECT CHANGES IN BEHAVIOUR (E.G., CONDITIONING) AND OBSERVE
CHANGES IN HUMOURAL LEVELS (E.G., ACETYLCHOLINESTERASE BLOOD
LEVELS)., BOTH HAVE BEEN ACCOMPLISHED MANY TIMES, PARTICULARLY [N
RESPECT TO ACETYLCHOLINE. THERE ARE ALSO MéTHODOLOGlCAL
DlFFlCQLTlES WITHIN THE VARIOUS EXPERIMENTS (E.G., THE FAILURE TO
CLEARLY DISTINGUISH BETWEEN ACETYLCHOLINESTERASE AND BUTYROCHOL I N=
ESTERASE IN USING ESTERASE LEVELS AS AN [NDICAT!ON OF ACETYCHOLINE
LEVELS: BENNETT, DiaMoND, KRECH, AND RoseENzwElG, 19643 RusseLL,

1969), BUT THE CONCEPTUAL FALLACY DISCUSSED EARLIER IS PARAMOUNT

TO THESE., - THAT 1S, THE ASSUMPTION OF A ONE TO ONE RELATIONSHIP
BETWEEN ACETYLCHOLINE LEVELS AND SPECIFIC BEHAVIOURS WHICH IS, IN

EFFECT SAYING THAT THE CHOLINERGIC SYSTEM 1S THE "CcENTRE™ FOR A

GIVEN BEHAVIOUR, EXPRESSED IN SUCH TERMS [T CAN BE SEEN THAT ANY
CONCLUSIONS DERIVING FROM THESE EXPERIMENTS ARE NO MORE THAN A

CONTEMPORARY RESTATEMENT OF THE OLDER LOCALIZATION CONCEPT IN




13

CHEMICAL TERMS. BIOCHEMICAL “LESIONS" OF METABOLIC CYCLES HAVE
REPLACED ANATOMICAL LESIONS OF BRAIN PARTS AS THE STRUCTURAL
CORRELATES OF BEHAVIOURAL FUNCT!ON.

IN A MORE SPECIFIC MANNER, PHARMACOLOGY HAS UTILIZED A
SIMILAR FALLACIOUS APPROACH I[N DEVELOPING THE NOTION OF “CENTRALLY
ACTIVE ANTICHOLINERGIC AGENTS" (E.G., HOFFMEISTER, KREISKOTT &
WirTH, 1964). THESE COMPOUNDS, PRIMARILY THE MORE TYPICAL TROPIC
ACID ESTERS (E.G., N=ALLYLNORATROPINE; SOYKA AND UNNA, 1964, 1965)
AND THE LESS FAMILIAR GLYCOLIC ACID ESTERS (E.G., DITRAN, OR
N=ETHYL-3PIPERIDYL~PHENYLCYCLOPENTYL GLYCOLATE; ABooD & BiEL, 1962;
DEV1TO & FRANK, 1964), HAVE MOST OF THE PROPERTIES CHARACTERISTIC
OF PERIPHERAL MUSCARINIC ANTICHOLINERGIC SUBSTANCES AS WELL AS
MARKED, OFTEN DRAMATIC (E.G., PSYCHOTOMIMETIC) BEHAVIOURAL EFFECTS.
FOLLOWING THE PREVIOUSLY DESCRIBED LOCALIZATION CONCEPT, IT IS
PRESUMED THAT THE LATTER ~ THE BEHAVIOURAL EFFECTS = ARE DUE TO
THE ACTION OF THE DRUG ON SPECIFIC CNS sITEs. [T IS FURTQER
PRESUMED THAT THE ACTION IS OF AN ANTICHOLINERGIC NATURE SINCE THE
DRUGS HAVE SUCH AN EFFECT PERIPHERALLY. |N REGARD TO THE GLYCOLATES
Asoop (1961) STRONGLY REJECTS SUCH A NOTION. TAKING RECOGNITION
OF THE LACK OF ANY EVIDENCE TO INDICATE THAT NEUROHUMOURAL AMINES
ARE CNS TRANSMITTERS, HE SUGGESTS THAT THE BEHAVIOURAL ACTIONS OF
THE GLYCOLATES MAY RESULT FROM A DIRECT EFFECT AT THE RECEPTOR
SITE, THUS ACETYLCHOLINE WOULD MERELY DEFINE THE CHEMICAL
CONFIGURATION OF THOSE SITES,

THE REVERSE ARGUMENT 1S LIKEWISE EMPLOYED, [T IS SAID,
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FOR EXAMPLE, THAT METHYLATROPINE, BECAUSE 1T DOES NOT PASS THE BLOOD
BRAIN BARRIER, HAS NO CENTRAL EFFECT AND THUS DOES NOT AFFECT
BEHAVIOUR. FOR EXAMPLE, MCGAUGH AND PETRONOVICH DISCUSSING THE

EFFECTS OF ATROPINE AND SCOPOLAMINE ON LEARNING AND RETENTION

CONCLUDE®

THE PERFORMANCE IMPAIRMENT FOUND WLTH THESE ANT!-
CHOLINERGICS 1S MOST LIKELY DUE TO EFFECTS ON THE

: CENTRAL NERVOUS SYSTEM, FOR PERIPHERALLY ACTING

| QUATERNARY COMROUNDS SUCH AS METHYLSCOPOLAMINE

| AND METHYLATRORINE HAVE NOT BEEN FOUND TO IMPAIR
EITHER LEARNING OR PERFORMANCE (1965, p. 160).

THESE CONCLUSIONS, OF COURSE, ALSO EXCEED THE DATA SINCE THEY ARE,
AGAIN, DEPENDENT ON ASSUMING THAT CENTRAL CHOLINERGIC TRANSMISSION
IS AN ESTABLISHED FACT, AND THAT THAT TRANSMISSION HAS A SPECIFIC
BEHAV!IOURAL CORRELATEa [N ADDITION IT [S ALSO AGAIN PRESUMED THAT
THE CENTRAL ACTLON OF A DRUG IS, IN FACT, SIMILAR TO ITS PERIPHERAL
EFFECTS« THE FALLACY OF THAT PRESUMPTION HAS RECENTLY BEEN
ELABORATED BY KARCZMARtY

ONE OF THE DANGERS OF THIS SITUATION IS THAT [DRuGS]
ACTIVATE HALF A DOZEN OR MORE MECHANISMS AND EXHIBIT
AS MANY SITES OF ACTION..,MANY,..SITES AND MECHANISMS
PERTINENT TO THE ACTIONS OF CHOLINERGIC DRUGS MAY BE
ENUMERATED. THUS, A GIVEN EFFECT OF A CHOLINERGIC OR
ANTI'CHOL INERGIC DRUG MAY LEAD TO WRONG CONCLUSIONS
WITH REGARD TO THE CHOLINERGIC TRANSMISSION. THE
ERROR MAY BE AS SERIOUS AS TO POSTULATE A

CHOL INERGIC SYNAPSE WHERE THERE IS NONE

(1969, pp. 147-148).

SKMPLY, THE LATTER ASSUMPTION, AS WITH THE FORMER ASSUMPTION, IS

NOT CONVERSANT WITH FACT,
1T wouLD SEEM, THEN, THAT DRUG-BEHAVIOUR CORRELATI!ON

STUDIES HAVE NOT BEEN ANY MORE CONTRIBUTORY TO ESTABLISHING
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CENTRAL NEUROHUMOURAL TRANSMISSION THAN HAVE BEEN THE MORE
TRAD I TIONAL PHYSIOLOGICAL METHODS. THE REASONS FOR THE LACK OF
DEFINITION APPEAR TO BE TWOFOLDz 1.) CONCEPTUAL FALLACY AND
2.) LACK OF PARAMETRIC SPECIFICATION. As WElss AND HELLER
CONCLUDED AFTER A REVIEW OF BEHAVIOURAL STUDIES CONCERNED WITH
CHOLINERG!C TRANSMISSI|ON:

WE CANNOT AVOID THE FACT THAT THE PROBLEMS OF
SECURING CONTROL OF THE FUNDAMENTAL PROCESSES
OF BEHMAVIOR AND ELIMINATING SPURIOUS VARIABLES
ARE MUCH MORE FORMIDABLE THAN WE RECOGNIZE.

WE ARE CONFRONTED WITH THE TOTAL NERVOUS
SYSTEM, NOT AN [SOLATED COMPONENT. AND IT IS
A SYSTEM, MOREOVER, WITH A HISTORY THAT PLAYS
A MAJOR ROLE [N DETERMINING THE CONSEQUENCES
OF ALTERING THE NORMAL PHYSIOCHEMICAL PROCESSES
THAT SUSTAIN 1T. THE ANATOMICAL COMPLEXITY OF
THE BRAIN, [TS RELATIVE INACCESSIBILITY, AND
THE PRESENCE OF A BLOOD-BRAIN BARRIER ADD TO
THE COMPLEXITY OF THE PROBLEM. BUT THE
OBSTACLES ARE NOT |INSUPERABLE, SCALING THEM
DEMANDS MAINLY THAT WE CONFRONT THE
COMPLEXITIES AND PROBLEMS DIRECTLY, RATHER
THAN FALLACIOUSLY ELIMINATING THEM BY
PRETENDING THAT THEY Do NoT £xisT (1969,

P. 145).

IN BEHAVIOURAL STUDIES ONE IS NOT ONLY CONFRONTED WI{TH THE,
% ...TOTAL NERVOUS SYSTEM", BUT WlTH‘THE'TOTAL ORGANLSM IN ITS
TOTAL ENV[RONMENT; NEVERTHELESS, THE CIRCUMSTANCES [MPLY THAT
|F THE ABOVE ELABORATED DIFFICULTIES COULD BE OVERCOME, |T WOULD
BE POSSIBLE TO BEHAVIOURALLY DEFINE THE ROLE OF ACETYLCHOLINE IN
CNS FUNCTIONING,

THE ROLE OF ACETYLCHOLINE RELEVANT TO CNS ACTIVITY HAS
BEEN ASSESSED N NUMEROUS EXPERIMENTS, THE FIRST EXPERIMENT TO

SPECIFICALLY ASSESS THE EFFECTS OF ACETYLCHOLINE ON BEHAVIOUR
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(AND THEREBY PRESUMABLY IMPLICATING THE CNS) WAS REPORTED BY ESsia,
HaMpsoN, McCANLEY, AND HimwicH iN 1950. LOWER DOSES OF
D1 1SOPROPYLFLUOROPHOSPHATE (DFP, AN ANTICHOLINESTERASE AGENT),
ADMINISTERED INTRACAROTIDLY, EFFECTED CONTRAVERSIVE CIRCLING
(1.E., ROTATING CONTRARY TO THE (NJECTED SIDE). HIGHER DOSES WERE
CONVULSIVE. BOTH EFFECTS WERE ANTAGONIZABLE BY ATROPINE OR
SCOPOLAMINE. SINCE ACETYLCHOLXNESTERASE.ACTIVITY WAS FOUND TO BE
LOWER IN THE CAUDATE NUCLEUS AND CORTEX OF THE INJECTED SIDE
FOLLOWING THE LOWER DOSES, |T WAS ASSUMED THAT THE RESULTANT
INCREASED CHOLINERGIC ACTIVITY WAS INDUCING CONTRALATERAL MUSCLE
CONTRACTIONS, HENCE CONTRAVERSIVE CIRCLING, WITH THE HIGHER,
CONVULS | ON PRODUCING, DOSES ACETYLCHOLINESTERASE LEVELS WERE LOW
IN BOTH BRAIN HEMISPHERES.
SIMILARLY, A NUMBER OF EXPERIMENTS HAVE BEEN REPORTED TO
SHOW VARIATION I[N ACETYLCHOLINESTERASE LEVELS AS A FUNCTLON OF
"ENRICHED EXPERIENCE™ (THE STUDIES ARE REVIEWED BY BENNEfT,_E_wAE.
1964). RATS MAINTAINED IN LARGE GROUP CAGES, HAVING MANY NOVEL
MAN|PULABLE OBJECTS AVAILABLE, AND SUBJECTED TO FREQUENT MAZE
TRAINING WERE REPORTED TO HAVE A GREATER SUBCORTICAL ACETYL~-
CHOL | NESTERASE CONTENT THAN RATS MAINTAINED UNDER LESS "FAVOURABLE"
CIRCUMSTANCES. MEMBERS OF THE "ENRICHED" GROUP ALSO HAD HIGHER
TOTAL BRAIN WEIGHTS WHICH COULD ACCOUNT FOR THE HIGHER ENZYME
LEVELS. IN FACT, IN RELATION TO TOTAL BRAIN WEIGHT, THE
®ENRICHED" SUBJECTS HAD LOWER ACETYLCHOL | NESTERASE LEVELS. AGAIN,

THE IMPLICATION DRAWN WAS THAT CHOLINERGIC ACTIVITY IN THE CNS s
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ASSOCIATED WITH BEHAVIOURAL VARIATIONS AND WITH EXPOSURE TO
PARTICULAR KINDS OF STIMULI.

IT SHOULD BE POINTED OUT HERE THAT STUDIES, SUCH AS THOSE
JUST DISCUSSED, WHICH INVOLVE ACETYLCHOLINESTERASE TITRATIONS
ASSUME THAT THE MEASURE |S AN ACCURATE REFLECTION OF ACETYL=-
CHOLINE CONCENTRATIONS. TOWeER (1958), AMONG OTHERS, HAS
EMPHAS | ZED THE QUEST!ONABLE CHARACTER OF SUCH AN ASSUMPTION.
FIRST, ACETYLCHOLINESTERASE (S USUALLY PRESENT IN THE CNS AT
CONCENTRATIONS FAR GREATER THAN THE MINIMAL AMOUNT NECESSARY FOR
THE HYDROLYSIS OF ACETYLCHOLINE, 1.E., THERE 1S NO STRICT
QUANTITATIVE RELATIONSHIP BETWEEN THE TWO SUBSTANCES, SECONDLY,
THE ACETYLCHOLINESTERASE ASSAYS EMPLOYED IN SUCH STUDIES GENERALLY
INDICATE TOTAL CHOLINESTERASE} l.Eas, THERE IS NO DISTINCTION
BETWEEN ACETYLCHOLINESTERASE, AND NON=NEURAL BUTYROCHOLINESTERASE.
THUS, SUCH STUDIES ARE NOT ONLY INCONSISTENT BUT BASED ON
UNTENABLE B1OCHEMICAL ASSUMPT|ONS,

IN REGARD TO EXPERIMENTALLY COND!TIONED BEHAVIOUR, THE
FINDINGS ALMOST UNIVERSALLY SUGGEST THAT ACETYLCHOLINE IS
IMPORTANT TO THE ACQUISITION OF RESPONSES (1.E., LEARNING). MosT
TYPICALLY, THE EVIDENCE DERIVES FROM THE EFFECT OF ANTICHOL | NERG C
DRUGS WHICH CHARACTERISTICALLY IMPAIR ACQUISITION AND/OR
ESTABLISHED BEHAVIOUR (E.G., BlaNAMI, 1964; BOREN AND NAVARRO,
1959; BrRown, 196735 BuRosova, BOHDANECKY & WE1SS, 1964; CARLTON,
1961, 1962, 1963, 1966A; CARLTON & Dipamo, 196T; CHALMERS &

ERIcksON, 19643 DouaLAs & Issacson, 19663 GERBRANDT, 1965; GLow,
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RiCHARDSON & ROSE, 1967; HamiLTON & GROssMAaN, 19693 HEarsT, 1939,
19643 HERRNSTEIN, 19583 HeErz, 1959, 1960; HOLTEN & SONNE, 1955;
INNIS & STADDON, 19695 June & Boyp, 1966; LEAF & MULLER, ]9é6;
LEATON, 1968A,B, 1969; MeYERS & DominNo, 19643 MYERs, ROBERTS,
RiciPUT! & DomiNo, 1964; McGAUGH & PETRONOVICH, 1965; SEPINWALL,
1969; SQUIRE, 1969; STRATTON & PETRONoVicH, 19633 Tapp, 1965;
WARBURTON, 1969; WHITEHOUSE, 1964),.1
ACQUISITION IS A TERM COMMONLY EMPLOYED TO DESCRIBE THE
PROCESS BY WHICH AN ORGANISM COMES TO PERFORM ADAPTIVE, POSITIVE,
DIRECTED ACTIONS UPON THE ENVIRONMENT WITH INCREASING EFFICIENCY
AS A FUNCTION OF PREVIOUS EXPERJENCE. THE ACTION MAY, OF COURSE,
BE OVERT (E.G., MOTOR ACTIVITY) OR COVERT (E.G., THINKING, PROBLEM
SOLVING). [N EFFECT, THE TERM CAN BE CONSIDERED SYNONYMOUS WITH
CONDITIONING OR LEARNING. MANY BEHAV|OURAL ADAPTATIONS, HOWEVER,
{NVOLVE THE ACTIVE RESTRAINT OR SUPPRESSION .OF ANY POSITIVE
MANIPULATION OF THE ENVIRONMENT (E+G., "STAND sTILLA™, "BE QuULETEM,
"Srop THINKING sucH THiNGsE™, "IGNORE lTEf). THESE BEHAVIOURS,
WHICH ARE ALSO ACQUIRED (OR LEARNEDs OR CONDITIONED) THROUGH
E*PERIENCE, ARE SUBSUMED UNDER A DIFFERENT SET OF TERMINOLOGY.
DEPEND ING ON THE OPERATIONS INVOLVED IN THELR ESTABLISHMENT, THEY

ARE VARIOUSLY REFERRED TO AS EXTINCTION, INHIBITION, PASSIVE

AVOIDANCE, OR HABITUATION. THEIR PRESENCE IN AN ORGANISM'S

T

THE SINGLE EXCEPTION NOTED IN THE PRESENT REVIEW WAS DEWS
(1958) REPORT THAT SCOPOLAMINE DID NOT AFFECT THE ACQUISITION .OR
RETENTION OF A REVERSAL PROBLEM IN PIGEONS,




19

BEHAV ! OURAL REPERTOIRE SEEMS TO FOLLOW SPECIFIC LAWS OF
CONDITIONING (DEESE, 1958). HOWEVER, THEY ALL INVOLVE A CERTAIN
TYPE OF LEARNING -~ LEARNING TO NOT PERFORM SOME ACT WITHIN A

GIVEN SET OF CIRCUMSTANCES (BrowN, 19668; 1967; CArLTON, 1963;
HEARST, 1968; REscorRLA, 1969). CONSIDERED FROM THIS POINT OF
VIEW, |T WOULD FOLLOW THAT ANTICHOLINERGIC AGENTS MLGHT ALSO
RETARD "LEARNING TO SUPPRESS ACTION", AND INDEED THE PREPONDERANCE
OF EXPERIMENTAL EVIDENCE, INCLUDING MANY OF THE EXEMPLIFYING

REFERENCES CITED ABOVE, SUGGEST THAT SUCH IS THE CASE,

THE RoLE OF NEUROHUMOURAL TRANSMISSION IN BEHAVIOURAL HABITUATION

OF THESE JUST DISCUSSED ACTIVE~SUPPRESSION BEHAVIOURS,
THE ONE CALLED HABITUATION IS OF PARTICULAR INTEREST IN REGARD
TO NEUROHUMOURAL TRANSMISSION .= PARTICULARLY CHOLINERGIC.
THORPE HAS DEFINED BEHAVIOURAL HABITUATION ASg
++ssLEARNING TO NOT RESPo&D TO STIMUL! WHICH TEND
TO BE WITHOUT SIGNIFICANCE [N THE LIFE OF THE
aniMAL (1956, P, 27).

‘GROSSMAN (1967) ATTRIBUTES THE FIRST OBSERVATIONS OF
BEHAVIOURAL HABITUATION TO PAviLov®s (1927) piscussioN OF THE
"ORIENTING REFLEX". THE PHENOMENUM WAS, HOWEVER, REPORTED AS
EARLY AS 1887 BY PECKHAM AND PECKHAM WHO NOTICED IT IN RELATION
TO SPIDERS RESPONDING TO SOUNDS FROM A TUNING FORK. DEFINITIVE
DESCRIPTION AND PARAMETRIC SPECIFICATION OF HABITUATION WAS
ACCOMPLISHED BY HUMPHRE Y (1933) usiNG SNAILS AS EXPERIMENTAL
SUBJECTS.

1T IS SIGNLFICANT TO NOTICE THAT THE DEFINITION OF THE
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TERM RECOGNIZES HABITUATION AS AN ACQUISITION PROCESS, NOT JUST
PASSIVE ADAPTATION OR FATIGUE. G@GROSSMAN MAKES THE DISTINCTION

PHYSIOLOGICALLY:

HABITUATION...DOES NOT REPRESENT A BREAKDOWN OF
RECEPTOR OR TRANSMITTER FUNCTION, RATHER THE
SENSORY MECHANISMS SEEM TO BE ACTIVELY INHIBITED
BY SOME CENTRAL PROCESS WHICH IS ITSELF SUBJECT
TO EXTINCTION OR *DISINHIBITION', THE ORGANISM
APPEARS TO LEARN NOT TO RESPOND OR NOT TO TRANS=-
MIT SENSORY INFORMATION WHICH HAS BEEN WITHOUT
SIGNIFICANCE OR CONSEQUENCE IN THE PAST...
HABITUATION MAY REPRESENT A SIMPLE LEARNING
PROCESS... (1967, pP. 641).

DEESE MAKES THE -SAME DISTINCTION, BUT IN TERMS OF COND!TIONING

VARIABLESY

[F THE INTENSITY OF THE STIMULUS IS INCREASED,
THE RESPONSE WILL REAPPEAR, ONLY TO DISAPPEAR
WITH FURTHER REPETITIONS. A PERJOD OF REST
WILL ALLOW THE RESPONSE TO RECOVER
SPONTANEOUSLY, BUT AS IN THE CASE OF THE
SPONTANEOUS RECOVERY OF EXTINCTION, REPEATED
EXPERIMENTAL SESSIONS WILL FINALLY CAUSE THE
BEHAVIOUR TO DISAPPEAR MORE OR LESS
PERMANENTLY. THIS LAST POINT IS ESPECIALLY
IMPORTANT BECAUSE 1T IS THIS WHICH
DIFFERENTIATES HABITUATION FROM SIMPLE
FATIGUE. (1958, p. 318).

AN ATTEMPT TO CONCEPTUALIZE A RELATIONSHIP BETWEEN
HAB1TUATION AND CENTRAL CHOLINERGIC TRANSMISS|ON HAS BEEN PUT
FORTH BY CARLTON (19668, 1968). BRIEFLY, HIS EXPERIMENTAL
EVALUATION (DESCRIBED LN DETAIL IN THE NEXT CHAPTER) INVOLVED
MEASURING THE LENGTH OF TIME A RAT EMPLOYED [N APPROACHING A
DRINKING TUBE AS A FUNCTION OF PREVIOUS (72 HOURS) EXPOSURE
(HABITUATION) OR NON-EXPOSURE TO THE CHAMBER IN WHICH THE TUBE

WAS CONTAINED, THE ANIMALS WERE DEPRIVED OF WATER 24 HOURS BEFORE
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TESTINGs. ANTICHOLINERGIC DRUGS ADMINISTERED JUST PRIOR TO THE
INITIAL EXPOSURE ATTENUATED THE SUBSEQUENT RAPID APPROACH TO THE
TUBE CHARACTERISTIC OF UNTREATED ANIMALS DURING THE SECOND
EXPOSURE. NON-EXPOSED SUBJECTS, COULD NOT BE DISTINGUISHED
(DRUG=TREATED FROM UNTREATED) ON THE BASIS OF APPROACH LATENCY.
] T WAS CONCLUDED THEREFROM THAT ANTICHOLINERGIC DRUGS DISRUPT
HAB I TUAT1ON.

THE RELATIONSHIP 1S SUGGESTED AS FOLLOWING FROM CARLTON'S
EARLIER (1963) CONTENTION THAT A CENTRAL CHOLINERGIC SYSTEM
EX{STS WHICH ANTAGONIZES A SECOND SYSTEM THAT FUNCT{ONS TO
ACTIVATE BEHAVIOUR, CARLTON OFFERS SEVERAL LINES OF EXPERIMENTAL
EVIDENCE [N SUPPORT OF HI!S HYPOTHESIS, HE REASONED THAT, IF THE
NOTION WERE CORRECT, INCREASED ACTIVAT!ON AND DECREASED
CHOLINERGIC ACTIVITY SHOULD PRODUCE QUALITATIVELY SIMILAR EFFECTS,
INDEED, HE HAD EARLIER FOUND (CARLTON AND DiDAMO, 1961) THAT
ATROPINE OR SCOPOLAMINE WAS SYNERGISTIC WITH THE EFFECT OF
AMPHETAMINE IN REGARD TO INCREASING RESPONSE RATES IN A CONTINUOUS
AVOIDANCE PROCEDURE (1T 1S ASSUMED BY CARLTON THAT THE ACTIVATING
SYSTEM 1S ADRENERG!C).' FURTHER, CARLTON CITES SiDMAN'S (1953)
FINDING THAT ATROPINE DISRUPTED CONTINUOUS AVOIDANCE RESPONDING}
l+E., IT PRODUCES EXCESSIVE PRE~APPROPRIATE RESPONDING, A "Ldss
OF INHIBITION®, HE ALSO DESCRIBED THE NUMEROUS FINDINGS (E.G.,
BrADY, 1959; HeEarsT, 1959; HERRNSTEIN, 1958) THAT RESPONDING
DURING EXTINCTION |S- PROLONGED FOLLOWING TREATMENT WITH

SCOPOLAMINE, AND BOREN AND NAVARRO's (1959) REPORT THAT
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SCOPOLAMINE FACILITATES ACQUISITION (PRESUMABLY BY INHIBITING
NON=~SIGN!FiCANT RESPONDING). ON THE BASIS OF SUCH FINDINGS

CARLTON CONCLUDED?:

THUS, LEVEL OF ACTIVATION COULD BE VIEWED AS
CONTROLLING THE TENDENCY FOR'ﬁEE RESPONSES
"TO OCCUR WHEREAS AN INHI{BITORY CHOLINERGIC
SYSTEM WOULD ACT TO ANTAGONIZE THIS ACTION
ON NON~RE!NFORCED RESPONSES, THE NET RESULT
OF THIS INTERACTION WOULD BE THAT CHANGES IN
ACTIVATION WOULD RESULT IN CHANGES IN THE
LIKELIHOOD OF OCCURRENCE OF ONLY A’EEH
RESPONSES, THOSE THAT WERE REINFORCED
(1963, p. 27).

THE EXPERIMENTAL EVIDENCE 1S CONSISTENT I[N SUPPORT OF THE
HYPOTHESIS, BUT THE CONCEPTUAL ASPECTS ARE LACKING IN SEVERAL
INSTANCES.

IT 1S POSSIBLE (AS WAS DISCUSSED IN DETAIL ABOVE) THAT
THE BEHAV{OUR DESIGNATED AS HABITUATION CAN BE CONSIDERED AS ONE
TYPE OF "SUPPRESSING ACTION" BEHAVIOUR SIMILAR TO EXTINCTION,
INHIBITION, ETC. [N FACT THE POINT 1S ESSENTIALLY WHAT LED
CARLTON TO A CONSIDERATION OF THE RELATION BETWEEN HABITUATION
AND CHOLINERGIC TRANSMISSION. YET, AFTER DOING SO, CARLTON THEN

TRIES TO LIMIT HIS DEFINITION OF HABITUATION, FOrR EXAMPLE, IN

COMPARING HABITUATION AND A TYPE OF EXTINCT!ION, HE SAYS:

.se.THERE SEEMS TO BE A RATHER THIN LINE BETWEEN
HABITUATION AND 'EXTINCTION OF FEAR'., IN BOTH
CASES AN ANIMAL COMES TO A NEW SITUATION WITH A
SET OF RESPONSES TO STIMULI., AS A CONSEQUENCE
OF EXPOSURE TO THESE STIMUL!, THE INITIAL
RESPONSES DISAPPEAR, A DISTINCTION CAN, HOWEVER,
BE MADE.

A RAT MAY DO ONE OF TWO ANTAGONIST!C THINGS
IN A NOVEL ENVIRONMENT. HE MAY SUPPRESS
BEHAVIOR (BECAUSE OF FEAR) OR HE MAY MOVE ABOUT
THE ENV!RONMENT AND THEREBY EXPLORE 1T, As A
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CONSEQUENCE OF THIS EXPLORATION, THE ANIMAL FINDS

THAT SOME STIMULI ARE NEI!THER BIOLOGICALLY

SIGNIFICANT THEMSELVES NOR CORRELATED WITH OTHERS

HAVING SUCH SIGNIFICANCE. THESE STIMULI THUS

LOSE THEIR INITIAL CONTROL OF BEHAVIOR, THE

ANIMAL NO LONGER EXPLORES THEM. [T 1S IN THIS

SENSE, RATHER THAN ONE HAVING TO DO WITH

SUPPRESSION DUE TO FEAR THAT | HAVE USED THE TERM

HABITUATION (1968, p. 14).
BoTH EXTINCTION OF FEAR" AND HABITUATION AS DEFINED BY CARLTON
DO, IN FACT, INVOLVE ACTIVE SUPPRESSION THUS, TOPOGRAPHICALLY,
THEY ARE NOT MUTUALLY EXCLUSIVE TYPES OF BEHAVIOUR. FEAR-INDUCED
SUPPRESSION OF BEHAVIOUR ("FREEZING") HAS BEEN ATTENUATED BY
ATROPINE IN A CAR siTuaTioN (PFEIFFER AND JENNY, 1957). THus,
THE "NON~BIOLOGICALLY SIGNIFICANT STIMULI" DO NOT LOSE THEIR,
®CONTROL OF BEHAVIOR", THEY SIMPLY SHIFT TO CONTROLLING THE
BEHAVIOUR OF NOT ATTENDING WHICH IS MOTORICALLY EXPRESSED AS
ACTIVITY OR INACTIVITY AS THE CASE MAY BE. BEHAVIOUR BEING A
DYNAMIC PROCESS CHARACTERISTICALLY DOES NOT OCCUR IN VACUO
(12E., IT ALWAYS HAS DETERMINANTS3 EVEN THE ETHOLOGICAL CONCEPT
oF MVACUUM ACTIVITY" IS NOT SO CONCEIVED; LORENZ, 1967).
CONSEQUENTLY, THE DISTINCTION BETWEEN NOT RESPONDING DUE TO FEAR
OR DUE TO HABITUATION IS NOT NECESSARY EXCEPT POSSIBLY FOR
OPERATIONAL SPECIFICATION.

CARLTON (1968) DEFINES ™B1OLOGICAL SIGNIFICANCE" IN THE
DARWINIAN SENSE OF THE TERM (GIVEN NEUROPHYSIOLOGICAL RELEVANCE
BY McLEAN, 1958); I.E., A STIMULUS HAS BIOLOGICAL SIGNIFICANCE IF
T FUNCTIONS IN EITHER SELF OR SPECIES PRESERVATION. THEREFORE,

I'T WOULD ONCE AGAIN FOLLOW THAT HABITUATED STIMULI DO NOT LOSE

CONTROL OVER BEHAVIOUR ONCE THEY ARE DETERMINED TO HAVE NO




24

"B1OLOGICAL SIGNIFICANCE", BUT RATHER THAT THE ORGANISM'S TOTAL
ENVIRONMENT ALWAYS HAS "BIOLOGICAL SIGNIFICANCE", AND THAT
"NOT RESPONDING" IN RELATION TO SOME OF THE STIMUL! THEREIN

g FACILITATES HOMEOSTATIC CONSERVAT!ION AND IS MORE EFFICIENT IN

GENERAL. SOJ AGAIN, THE ORGANISM ACTIVELY DOES NOT ATTEND TO
CERTAIN STIMULI, THUS THOSE STIMUL! DO CONTROL I TS BEHAVIOUR.

FURTHER EVIDENCE TO SUPPORT THE ACTIVE SUPPRESSION

INTERPRETATION COMES FROM NEUROPHYSIOLOGICAL CORRELATIONS

(THOMPSON AND SPENCER, 1966). |T SEEMS RATHER WELL ESTABLISHED

THAT THE CNS EXERTS CONSIDERABLE CONTROL OVER ITS SENSORY I[NPUT

PATHWAYS (GROSSMAN, 19673 HERNANDEZ-PEON, 19613 HERNANDEZ-PEON. &
BrRusT-CARMONA, 19613 klMBLE, 1965). A RECEPTOR INPUT IS SUBJECT
TO ENHANCING OR INHIBITING INFLUENCES AT SEVERAL POINTS ALONG THE

SENSORY PATHWAY, ALTHOUGH INHIBITION SEEMS TO BE THE MOST

CHARACTERISTIC ACTION ERADITIONALLY THE RETICULAR FORMATION WAS
CONSIDERED THE PRIMARY SOURCE OF SUCH MOD!FYING IMPULSES
(LivingsTON, 1959); HOWEVER, RECENT EVIDENCE SUGGESTS THAT
SEVERAL OTHER PROJECTION SYSTEMS ARE EQUALLY INVOLVED (MESCHERSKY

& ROZENSCHTEIN, 1969)].: THE FUNCTIONING OF THIS SYSTEM IS

ELECTROPHYSIOLOGICALLY CORRELATED TO BOTH THE TEMPORAL AND
SPAT!AL COURSE OF BEHAVIOURAL RESTRAINT, FOR EXAMPLE, AT VARIOUS
POINTS ALONG THE SENSORY PATHWAY, NEURAL ACTIVITY CAN BE OBSERVED

UNDERGOING VARIOUS DEGREES OF MODIFICATION IN ACCORDANCE WiTH

SIMULTANEOUSLY OCCURRING BEHAVIOURAL HABITUATION (GROSSMAN, 1967).

THE PROCESS, BOTH NEURALLY AND BEHAVIOURALLY, CAN BE TEMPORARILY
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REVERSED BY DISTRACTION (SUCH AS FOOTSHOCK OR STIMULATION OF THE
RETICULAR FORMATION), AND MOST EVIDENCE SUGGESTS THAT HABITUATION,
AND ITS CORRESPONDING NEURAL ACTIVITY, IS TOTALLY LOST I[F THE
HABITUATED STIMUL| ARE SUBSEQUENTLY UTILIZED IN CONDITIONING
(GRANT, HAKE, R1OPELLE & KosTLAN, 1951; GRANT, HAKE & SCHNEIDER,
1948; Susoski, DiLoLLo & GORMEZANO, 1964). CONSEQUENTLY,
CESSATION OF RESPONDING 1S CORRELATED WITH ONGOING NEURAL
ACTIVITY (INHIBITION) WHICH IN NO WAY APPEARS VACUOUS (l.E., IT
IS NOT A LACK OR ABSENCE OF ACTIVITY)., "NoT REsponDiNg" -
INCLUDING HABITUATLON = THEN, HAS AN ACTIVE NEURAL SUBSTRATE.
HOWEVER, IT IS STILL NOT CLEAR WHETHER THE [NHIBITORY ACTION IS
EXPRESSED AFFERENTLY OR EFFERENTLY.

FINALLY, THE WELL~ESTABLISHED BIPHASIC ACTION OF SEVERAL
NEUROHUMOURAL TRANSMITTERS, INCLUDING ACETYLCHOLINE, MAKE THE
POSTULATION OF TWO NEUROTRANSMITTER SYSTEMS INTERACTING TO REGULATE
ACTIVATION NON-PARSIMONIOUS. DIFFERENT CONCENTRATIONS OF THE
SAME NEUROHORMONE CAN, UNDER RELEVANT CONDITIONS, FUNCTION AS
ELTHﬁR AN INHIBITOR OR A FACILITATOR (E.G., THE MUSCARINIC AND
NICOTINIC ACTIONS OF ACETYLCHOLINE, BURN, 1963), THUS THE
POSTULATED BEHAV | OURAL=NEUROHUMOURAL INTERACTION COULD BE
COMPLETELY CHARACTERIZED BY THE DIFFERENTIAL ACTION OF ONLY ONE
sYSTEM (E.G,, CHOLINERGIC). THE BEHAVIOURAL CHANGES FOLLOWING
DOSAGE WITH MUSCARINIC ANTICHOLINERGICS, FOR EXAMPLE, COULD
CONCEIVABLY BE DUE TO A NICOTINIC ACTION (BOVET~N1TTi, 1966).

WiTH INCORPORATION OF THE ABOVE DISCUSSED CONSIDERATIONS,
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CARLTON's (1963) HYPOTHESIS AND HABITUATION MEASURE (1968) OFFERS A
PLAUSIBLE BASIS FOR ASSESSING THE VALIDITY OF BEHAVIOURAL
APPROACHES TO DEFINING THE ROLE OF ACETYLCHOLINE IN CNS
FUNCTIONING, AND CONVERSELY, THE ROLE OF ACETYLCHOLINE IN
BEHAV | OURAL PROCESSES, THESE MODIFICATIONS RENDER THE CONCEPT
ESSENTIALLY INDEPENDENT OF ANY LOCAL|ZAT{ON. FALLACY. HABITUATION
BECOMES MERELY REPRESENTATIVE (lwE,., THE BEHAVIOUR CHOSEN FOR
MEASUREMENT) OF ONE SIDE OF THE DICHOTOMY OF TOTAL POSS!BLE
BEHAVIOUR (1.E., BEHAVING ACTIVELY OR SUPPRESSING ACTION). [T CAN
THEN BE POSTULATED THAT THE LEVELS OF ACTIVATION ENCOMPASSED BY
THIS RANGE MAY VARY IN A SYSTEMATIC AND PREDICTABLE WAY WITH
CHANGES IN THE TOTAL LEVEL OF CHOLINERGIC ACTIVITY, KEEPING WITH
THE NEUROLOGICAL ANALOGY, A BIOCHEM|CAL "MASS ACT1ON" CONCEPT
(LASHLEY, 1947) HAS THUS BEEN INTRODUCED.,

CLARIFYING THE NOTION EXPERIMENTALLY REQUIRES A NUMBER OF
PARAMETRIC SPECIFICATIONS WHICH, CONSIDERED AS A TOTALLTY, SHOULD
REVEAL THE NATURE OF THE RELATIONSH!P, THE PARAMETRIC VARIAT[ONS
THAT REQUIRE SUCH ELABORATION CAN. BE SUBSUMED WITHIN FOUR GENERAL
cLAssEs: 1.) PHARMACOLOGICAL, 2.,) MOTIVATIONAL, 3.) STIMULUS
VARIABLES AND 4.,) RESPONSE CHARACTERISTICS. [N HIS STUDIES,
CARLTON (1968) PRESENTS EXPERIMENTAL ASSESSMENTS OR EXPLANATORY
ELABORATIONS OF A FEW RELEVANT POINTS, BUT MOST MAJOR ISSUES ARE
LEFT UNRESOLVED,

IN REGARD TO PHARMACOLOGICAL CONSIDERATIONS, CARLTON (1968)

WAS FIRST CONCERNED WiTH WHETHER THE EFFECT SIMPLY REFLECTED SOME
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IDIOSYNCRATIC CENTRAL OR PER!PHERAL ACTION OF SCOPOLAMINE; HE
CONCLUDED IT DOESN'T BECAUSE ATROP!INE HAS THE SAME EFFECT. THE
NON-EFFECTIVENESS OF METHYLSCOPOLAMINE WAS OFFERED AS SUFFICIENT
VERIFICATION THAT THE EFFECT OF THE NON~METHYLATED CONGENERS WAS
SPECIFICALLY CENTRAL. THE LACK OF EFFECT OF SODIUM PENTOBARBITAL
AND AMPHETAMINE WAS CONSIDERED ADEQUATE VERIF!CATION THAT THE
INCREASED APPROACH LATENCY WAS UNIQUE TO THE ANTICHOLINERG!C DRUGS
EMPLOYED., THESE ISSUES ARE OBVIOUS AND BASIC, BUT CARLTON'S
ATTEMPTED RESOLUTION IS FAR FROM ADEQUATE FOR AN UNCOMPROMISED
CONCLUS |ON THAT ATTENUATION OF HABITUATION IS DUE TO ATTENUATION
OF A CENTRAL CHOLINERGIC MECHANISM. PRIMARY TO ESTABLISHING THAT
A DRUG EFFECT (OF ANY KIND) 1S IN FACT DUE TO PHARMACOLOG!ICAL
ACTIONS OF A NON-ARTIFACTUAL NATURE INVOLVES THE GENERATION OF A
DOSE~EFFECT CURVE. BECAUSE OF THEIR NOTORIOUS BIPHASIC ACTIONS
(GoTH, 1968), THIS IS EXTREMELY IMPORTANT IN REGARD TO THE EFFECTS
OF CHOLINERGIC AGENTS. FOR EXAMPLE, MERRILL (1969) FOUND THAT LOW
AND HIGH DOSES OF ESERINE IMPAIRED PLACE LEARNING BY MICE WHILE
INTERMED {ATE DOSES HAD NO EFFECT. |IN THEIR RECENT D!SCUSSION OF
THE PROBLEMS [NVOLVED I[N ASSESSING CHOLINERGIC-BEHAVIOURAL
RELATIONSHIPS, WEISS AND HELLER EMPHASIZE THE POINT MOST STRONGLY?

THE EVALUATION OF DOSE~RESPONSE FUNCTIONS 1S [NDIS=

PENSABLE IN STUDIES OF DRUG-BEHAVIOR INTERACTIONS.

ALMOST EVERY PHARMACOLOGICAL ACTION MUST BE DEALT

WITH IN SUCH TERMS, OF COURSE, BUT IT IS MORE THAN

A CLICHE. [N STUDIES AIMED AT BEHAVIORAL MECHANISMS,

THERE ARE BOUND TO BE COMPLEX DOSE=BEHAVIOR

FUNCTIONS THAT, MOREOVER, CHANGE IN CHARACTER WITH

THE BEHAVIORAL PARAMETERS. |IT IS ALWAYS A GREAT

TEMPTATION TO AVOID THE TED!OUS SAMPLING OF A WIDE
RANGE OF DOSE LEVELS....UNFORTUNATELY, THERE ARE
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SIMPLY NO SHORTCUTS. PICKING JUST ONE.TREATMENT LEVEL,

ESPECIALLY FROM A NON-MONOTONIC FUNCTION, CAN EASILY

MISLEAD THE INVESTIGATOR, BECAUSE HIS INTERPRETATION

DEPENDS UPON THE POINT ON THE FUNCTION HE HAPPENS TO

cHoose (1969, p. 135),
THUS, ALL OF CARLTON'sS (1968) CONCLUSIONS ARE SERIOUSLY COMPROMISED
BY A DEFICIENCY IN REGARD TO THE FUNDAMENTAL POINT THAT HE OFFERS
NO DOSE-EFFECT DATA, ANY CONTENTIONS THAT DEVELOP FROM HIS
STUDIES MUST BE CONSIDERED IN THIS PERSPECTIVE., CONVERSELY,
STABLE MONOTONIC DOSE-EFFECT RELATIONSHIPS (OR THEIR LACK)
BETWEEN ‘HABITUATION AND TREATMENT WITH THE VARIOUS DRUGS WOULD
GREATLY SUBSTANTIATE CLAIMS RELEVANT TO SPECIFICITY OF ACTION.

EVEN DOSE~EFFECT CURVES ARE NOT SUFFICIENT EVIDENCE OF A

FUNCTIONAL RELATIONSHIP BETWEEN DRUG ACTION AND CHANGES IN AN
ORGANISM'S STATE (E.G., IN THE INSTANCE OF COMPETITLVE ANTAGON!ISM,
HALASZ, FORMANEK, & MARRAzz1, 1969), ADDITIONAL VERIFICATION CAN
BE OBTAINED FROM AN ASSESSMENT OF ANTAGONISM RELATIONSHIPS
(BouTHiLiT, 19673 BrowN, 1963, 1966a; DAvis, 1965; HEISE:& BOFE;
1962; JENNY & HEALY, 1959). [InsTEAD, CARLTON (1968) UTILIZES THE
CONTENTION THAT ANTAGONISTS SHOULD HAVE DIAMETRICALLY OPPOSITE
EFFECTS ON THE BEHAVIOUR, BEING MEASURED (i.E., IF ANTICHOLINERGIC
DRUGS DISRUPT A BEHAVIOUR, PARASYMPATHOMIMET!C AGENTS SHOULD
FACILITATE THAT BEHAVIOUR). THE HABITUATION TECHNIQUE OBVIOUSLY
DOES NOT LEND ITSELF TO AN ANALYSIS OF THIS TYPE, THEREFORE
CARLTON OFFERS RELATED, BUT CLRCUMSTANTIAL, DATA AS SUPPORT.

SPECIFICALLY HE USED WHITEHORSE's (1959) REPORT THAT PRE-TREATMENT

WITH ATROPINE RETARDS DISCRIMINATION LEARNING WHILE ESERINE
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FACILITATES [T, AND A FINDING BY RusseLL (1958) THAT AN ANTI-
CHOL INESTERASE AGENT FACILITATES LEARNING. AS POINTED OUT EARLIER,
HOWEVER, MERRILL (1969) FOUND THAT ESERINE IMPALIRS LEARNING. [N
ANY INSTANCE, CARLTON®'S MEASUREMENT OF HABITUATION DOES ALLOW A
DIRECT ASSESSMENT OF ANTAGONISTIC INTERACTIONS, [N ADDITION SUCH
AN APPROACH WOULD BE ESPECIALLY APPROPRIATE “TO MUSCARINIC ANTI-
CHOLINERGIC AGENTS SINCE IT HAS BEEN LONG ESTABLISHED (FRAZIER,
1870) THAT THEY ARE VERY SPECIFIC IN THEIR ANTAGONISM RELATION=
sHips (INNES & NicCKERSON, 1965). IF THE ANTICHO#!NERGICALLY-!NDUCED
ATTENUATION OF HABITUATION COULD BE SELECTIVELY ANTAGONIZED BY
PARASYMPATHOMIMETIC AGENTS, A COGENT ARGUMENT FOR EXISTANCE OF THE
POSTULATED ACTION WOULD BE ACCOMPLISHED.

A VERY IMPORTANT ASPECT. NOT CONSIDERED IN THE FORMULATION
OF CARLTON'S HYPOTHESIS INVOLVES THE PROFOUND EFFECT THAT MANY
ANTICHOL INERGIC SUBSTANCES HAVE ON THE INGESTLON OF FOOD AND WATER
(CicErRO & MyErs, 19685 CoHEN, 19663 GROSSMAN, 1967; ScHMIDT, MoAK &
yANMETER, 1958); 1.E., THE MOTIVATIONAL ASPECTS. THESE EFFECTS
COULD VERY POSS!{BLY ACCOUNT FOR MANY BEHAVIOURAL CHANGES PRESUMED
TO BE DIRECTLY AFFECTED BY VARIATIONS IN CHOLINERGIC LEVEL -
ESPECIALLY WHEN THE BEHAVIOUR BEING MEASURED S CONTINGENT ON
DEPRIVATION=INDUCED DRIVE (AS 1S CERTAINLY THE CASE WITH CARLTON®S
HABITUATION MEASURE). HOWEVER, IN GENERAL, THE RELEVANT EXPERI-

P

MENTAL EVIDENCE IS NOT CONDUCIVE TO AN EXPLANATION OF THE EFFECTS
IN TERMS OF INTERACTION WITH THE PERIPHERAL ACTIONS OF ANTI-

CHOLINERGIC DRUGS (_E.G., THE MYDRIATIC, ANTISPASMOTIC, HYPOTENS IVE
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OR ANTISI|ALAGOGUE EFFECTS OF THE TROPLC ACID ESTERS), THUS SUG-
GESTING POSSIBLE IMPLICATION OF THE CNS. [N FACT, THE EFFECT OF
ANTICHOL INERG!C DRUGS ON BEHAVIOUR IS QUITE OFTEN OPPOSITE TO
WHAT WOULD BE PREDICTED FROM THE CONCOMMITANT PERIPHERAL ACTIONS
(BoREN & NAVARRO, 1959). IN VIEW OF THE METHODOLOGICAL SIMPLICITY
THAT SUCH STUDLES ENTAIL (SUCH AS VARIATIONS IN DEPRIVATION TIMES,
VARIATIONS IN TYPE OF REINFORCEMENT, DETERMINATION OF CONSUMPTION
CURVES, ETC.), THEIR NON-CONSIDERATION REPRESENTS AN UNTENABLE
OMISSION AND NEGLECTS A STRONG LINE OF EVIDENCE FOR CLARIFYING
THE ASSOCIAT!ON BETWEEN THE ANTICHOLINERGIC ACTION AND THE CNS,
STIMULUS SPECIFICATION IS BASIC TO AN ANALYSIS OF ANY
BEHAVIOUR, INCLUDING HABITUATION (DEESE, 19583 FERSTER & SKINNER,
19575 Paviov, 1927), AND DRUG-BEHAVIOUR INTERACTIONS ARE
FUNDAMENTAL TO ANY PSYCHOPHARMACOLOGICAL EVALUATION (BRowWN, 1963;
1967; BrOWN & RicHARDS, 19663 GoLLUB & BRADY, 19653 KIERMAN, 1965;
PENICK & FISHER, 1965; SioMaN, 19533 Welss & LaTiEs, 1959).
DEMONSTRATION OF STIMULUS CONTROL (1.E., THE RESPONSE VARIES
SYSTEMAT!CALLY AND PREDICTABLY WITH VARATIONS OF A STIMULUS
PARAMETER) ALLOWS STIMULUS SPECIFICATION, AND DRUG-BEHAVIOUR
INTERACT ! ONS ARE SHOWN BY MODIFICATION OF AN ESTABLISHED DRUG
EFFECT AS A FUNCTION OF STIMULUS ALTERATIONS. (A CLASSIC EXAMPLE
(S THE AGGREGRATE TOXICITY EFFECT OF AMPHETAMINE, THIESSEN, 1964).
CARLTON'S ANALYS!S OF STIMULUS [NFLUENCE CENTRES ON THREE ASPECTSI
1.) MEMORY DEFICIT, 2.) DISSOCIATION, AND 3.) EMOTIONAL

CONTEXT.




THERE 1S CONSIDERABLE CLINICAL EVIDENCE TO SUGGEST THAT
ANTICHOL INERGIC DRUGS ARE AMNESIC AGENTS (INNES & NickeErson, 1965
SOME ANIMAL STUDIES SUPPORT THE CONTENTION, ({CARLTON & VOGEL,
1965), oTHERS DO NoT (E.G., HAMBURG, 1967, REPORTS THAT ANTI=
CHOL INESTERASES, NOT ANTICHOLINERGICS PRODUCE RETROGRADE
AMNES1A). CARLTON (1968) PRESENTS EVIDENCE WHICH ALLOWS HIM TO
CONCLUDE THAT ANTICHOLINERGICS DO NOT PRODUCE AMNESIA
(SCOPOLAMINE—TREATEb RATS EXPOSED TO AN AUDITORY STIMULUS
ASSOCIATED WITH FOOTSHOCK SHOWED EVIDENCE OF RETENTION IN TERMS
OF AVOIDANCE BEHAVIOUR 48 HOURS LATER), AND THEREFORE THE EFFECT
{N THE HABITUATION TEST |S NOT SIMPLY DUE TO AMNESIA.

[T HAS BEEN DEMONSTRATED THAT CONDIT!ONING EXPERIENCE
DURING THE COURSE OF A DRUG'S EFFECT DOES NOT "TRANSFER" TO
THE NON-DRUG STATE ~ |.E., THE CONDITIONING BECOMES DISSOCIATED
BETWEEN THE DRUG AND NON-DRUG STATES. (BELLEVILLE, 19643 CLARK,
BUTLER & RosNER, 1969; HeisTap, 19583 OverRTON, 19643 SAcHS,

WE INGARTEN, & KLEIN, 1966), 1T THUS APPEARS THAT THE DRUG EFFECT
ACTS AS A DISCRIMINATIVE STIMULUS FOR THE CONDITIONED BEHAVIOUR.
DBYIOUSLY THESE C{RCUMSTANCES OFFER A POSSIBLE EXPLANATION OF THE
EFFECT OBTAINED IN CARLTON'S HABITUATION CIRCUMSTANCES. HOWEVER,
CARLTON CONTENDS THAT THE OBTAINED EFFECT 1S NOT DISSOCIATION
BECAUSE NON-ANTICHOLINERGIC DRUGS (AMPHETAMINE, PENTOBARBI TAL)
ARE INEFFECTIVE. THE CONTENTION |S BASED ON THE ASSUMPTION THAT
DRUG EFFECTS = AT LEAST WHEN ACTING AS INTEROCEPTIVE DISCRIMINA=

TIVE STIMULI =~ ARE QUALITATIVELY AND QUANTITATIVELY IDENTICAL;

31
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SUCH AN ASSUMPT!ON 1S BOTH PHARMACOLOGICALLY AND PSYCHOPHYSICALLY
DUBIOUS.
FINALLY, CARLTON OFFERS EXPER!MENTATION DESIGNED TO SHOW

THAT SCOPOLAMINE DOES NOT INHIBIT THE EXTINCTION OF COND I TIONED

FEARe. THE DIFFICULTY IN ATTEMPTING TO MAKE A DISTINCTION BETWEEN
"EXTINCTION OF FEAR" AND HABITUATION HAS BEEN PREVIOUSLY DISCUSSED.

AS EXPECTED THE DIFFERENCE. CANNOT BE CLEARLY ESTABLISHED. CARLTON

HIMSELF STATES?Z

THERE 1S A FINAL QUALIFICATION., THIS EXPERIMENT
INVOLVED CONDITIONED FEAR, WHEREAS THE FEAR, IF
ANY, THAT COULD OPERATE IN OUR EARLIER STUDIES IS
OF THE UNCONDITIONED VARIETY. THUS, [F ONE IS TO
ACCEPT THE LACK OF EFFECT OF SCOPOLAMINE ON
EXTINCTION OF FEAR AS NOT AN [MPORTANT FACTOR IN
THE EARLIER WORK, |T MUST BE ASSUMED THAT RULES
ABOUT ONE KIND OF FEAR WILL APPLY TO THE OTHER.
THE BEST THAT ONE CAN SAY AT THIS POINT IS THAT
INTERPRETATION OF THE EFFECT OF SCOPOLAMINE IN
TERMS OF HABITUATION (AS | AM USING THE TERM)

S AT LEAST NOT CONTRADICTED BY THE LACK OF
EFFECT OF SCOPOLAMINE ON THE EXTINCTION OF
CONDITIONED FEAR (1968, pP. 16-17).

JUST AS IT IS PHARMACOLOGICALLY IMPRUDENT TO ASSIGN AN
EFFECT TO A DRUG ON THE BASIS OF ONE DOSE, IT IS BEHAVIOURALLY

INCAUTIOUS TO ASSUME AN EFFECT ON THE BASIS OF ONE RESPONSE

MEASURE. CARLTON (1968) EMPLOYED APPROACH TO THE DRINKING TUBE
AS THE ONLY MEASURE OF HABITUATION. THERE 1S, HOWEVER, AT LEAST
ONE ADDITIONAL CONSIDERATION INVOLVED IN THE UTILITY OF THIS

MEASURE » [T Is WELL ESTABLISHED THAT MOST TYPES OF ANTIi=

CHOLINERG!C DRUGS EFFECT INCREASES [N SPONTANEOUS OR GENERAL
MOTOR ACTIVITY (MEYERS, ROBERTS, RicIPUT! & DOMINO, 1964; L1PMAN,

SHURRAGER & ABoop, 1963; WAKELY & O‘SQLLiVAN, 1969). -SucH AN
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ACTION COULD HAVE PROFOUND INFLUENCES ON THE APPROACH LATENCY
MEASURE. DURING INITIAL EXPOSURE TO THE STIMULUS - THE
HABITUATING EXPERIENCE = INCREASED GENERAL ACTIVITY COULD RESULT

IN EITHER INCREASED HABITUATION, BECAUSE THE ORGANISM ENCOUNTERS

AND INVESTIGATES MORE OF THE RELEVANT ENVIRONMENT PER UNIT TIME,
OR DECREASED HABITUATION, BECAUSE OF DECREASED EXPOSURE PER UNIT

OF STIMULATION (I.E., LESS TIME TO ATTEND ANY ONE ASPECT). THE

FORMER ASSUMPTION, AND THE ONE COMPATIBLE WITH THE OBTAINED RESULTS,

INDEED SEEMS TO BE THE MOST PLAUSIBLE IN THAT THE EFFECT OF

BEHAV [ OURALLY STIMULATING DRUGS (AT DOSES THAT INCREASE GENERAL
ACTIVITY) SEEMS TO ALSO BE LARGELY FACILITATING IN RESPECT TO
ATTENDING (DoMINO, CALDWELL & HENKE, 19653 DovyLe, 1961; DUREMAN,
1962; GowLLus & BRrRADY, 1965; HEARST & WHALEN, 1963; HunT &
KRlVANEK; 19663 JARVIK, 1964; KOrRNETSKY, 1958; KosmaNn, 1964;
TaLLAND, 19663 WENzZEL & RUTHLEDGE, 1962). HOWEVER, 1T WOULD BE
IMPORTANT TO DIRECTLY EVALUATE THE LINTERACTION BETWEEN THE

HABI TUATION MEASURE AND THE ORGANISM'S GENERAL ONGOING ACTIVITY

LEVEL .

1T IS ALSO POSSIBLE THAT THE LATENCY RESPONSE I TSELF (S8

A DIRECT RESULT OF DRUG ACTION RATHER THAN PREVIOUS EXPOSURE
CONDITIONS. THERE 1S EVIDENCE THAT BOTH THE PERIPHERAL (INNES &

NiCKERSON, 1965) AND BEHAVIOURAL (BrowN, 1967) EFFECTS OF ATROPINE

AND SCOPOLAMINE ARE OF SUFFICIENT DURATION {up To 72 HOURS) TO
HAVE SUCH AN INFLUENCE. AN ANCILLARY RESPONSE MEASURE, SUCH AS

MOTOR ACTIVLITY, WOULD PROVIDE AN EVALUATIVE BASIS FOR ASSESSING
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THAT POSSIBILITY.

BY EMPLOYING ONLY ONE DOSE OF A STIMULANT (AMPHETAMI NE)
AND A DEPRESSANT (PENTOBARBITAL) DRUG TO DEMONSTRATE THEIR
COMPARATIVE LACK OF EFFECT ON HABITUATION, AND TO THEREBY
SUPPOSEDLY RULE OUT ANY POSSIBLE INTERACTION WITH GENERAL LEVELS
OF ACTIVITY, CARLTON HAS ONLY CONFOUNDED ANY CONCLUSIONS. BOTH
DRUGS ARE BEHAVIOURALLY BIPHASIC (N ACTION (I.E., EFFECT DOSE-~
DEPENDENT INCREASES OR DECREASES OF ACTIVITY) AND THOSE ACTIONS
DIFFER WITH DIFFERENT RESPONSE MEASURES (BROWN, 1963, 1966A;
GoLLUB & BRADY, 1965; Owen, 1960; SHARPLESS, 1965). THus,
CONSIDERABLE ADDIT!ONAL EVALUATION 1S NECESSARY TO ANY CONCLUSIONS
CONCERN|NG RESPONSE VARIABLES.

CONSEQUENTLY, AS WAS SUGGESTED ABOVE, |F EACH OF THE
PARAMETRIC ISSUES CAN BE RESOLVED, COLLECTIVE CONSIDERATION WOULD
ALLOW A GENERAL CONCLUSION REGARDING THE PROBABILITY OF THE
ANTICHOL INERGIC EFFECT ON BEHAVIOURAL SUPPRESSION BEING CENTRAL.
THE PURPOSE OF THE EXPERIMENTATION REPORTED IN THE FOLLOWING
SECTIONS [S TO LEND SUCH PARAMETR!C SPECIFICATION, THEREBY
ASSESSING THE EFFICACY OF CARLTON's (1963) HYpoTHESiS (AT LEAST

TO THE EXTENT OF THE CONCEPTUAL MODIFICATIONS DETAILED EARLIER).
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CHAPTER [

METHODS

THE GENERAL PROCEDURE FOR MEASURING APPROACH LATENCY

THE EXPERIMENTAL MANIPULATIONS TO BE DESCRIBED ALL
REPRESENT VARIATIONS OF, OR ARE DIRECTLY RELATED TO SOME ASPECT

OF THE METHOD DEVELOPED BY CARLTON (19668, 19683 CARLTON & VOLGEL,

1965). CONSEQUENTLY IT IS BENEFICIAL TO FIRST CONSIDER THE BASIC

TECHNIQUE PER SE.

—— ——

SUBJECTS

CF1 MALE ALBINO MICE WEIGHING 18-25 GRAMS WERE OBTAINED
FROM QUEBEC BREEDING FARMS. SINCE CARLTON USED ALBINO RATS, THIS
REPRESENTS A DEPARTURE FROM HIS TECHNIQUE. THE ANIMALS WERE HOUSED
IN CLEAR PLASTIC MOUSE CAGES (TEN PER CAGE) WITH AD LIBITUM ACCESS
TO PURINA MOUSE CHow AND WATER. THE CAGES WERE CLEANED DAILY AND
STORED IN THE SAMﬁ ROOM IN WHICH THE EXPERIMENTATION WAS CONDUCTED.

TEMPERATURE, HUMIDITY AND {LLUMINATION WERE NEARLY CONSTANT

(WITHIN THE RANGES SPECIFIED BELOW).

APPARATUS

THE EXPERIMENTAL CHAMBER WAS A sMALL (30.0 x 15.0 x

70.0 cMS.) NON=GLOSSY BLACK PLASTIC MICROBIOLOGICAL MOUSE CAGE.

35
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THE LiID AND FLOOR WERE éOMPOSED oF 18 GAUGE STAINLESS STEEL WIRE
MESH HAVING 1.27 CM. OPENINGS. THE WIRE FLOOR sTooD 1,0 CM. ABOVE
THE PLASTIC FLOOR. THE LID WAS TOTALLY REMOVABLE PROVIDING ACCESS
TO THE INTERIOR. A DRINKING TUBE APERTURE WAS SITUATED IN THE
CENTRE, 1.75 CM. ABOVE THE WIRE FLOOR, OF ONE OF THE 15 cM. LONG
SIDE WALLS.

THE STAINLESS STEEL DRINKING TUBE AND WIRE FLOOR WERE
WIRED TO A PULSE OPERATED DRINKOMETER WHICH, BY WAY OF CONVENTIONAL
ELECTROMECHAN]CAL RELAY APPARATUS, ACT!VATED APPROPRIATE RECORDING
DEVICES. |

DIM CHAMBER ILLUMINATION WAS PROVIDED BY A 1.25 x 1.75 cM.
SQUARE DIFFUSE WHITE LIGHT CENTRED 1.75 cM. ABOVE THE WIRE FLOOR
AND 4.29 CcM. TO THE RIGHT OF THE DRINKING TUBE, THE LIGHT SOURCE
WAS AN TEE MINIATURE READOUT (SERIES 350) empLoving Al (0.5 waTT)
BULBS.

FiGURE 1 PROVIDES A SCHEMATIC REPRESENTATION OF THE

APPARATUS.

OPERATIONS

A TYPICAL ASSESSMENT WAS CONDUCTED IN TWO PHASES. THE
BASIC SCHEME CAN BE FOLLOWED BY REFERENCE TO FiGURE 2. AS CAN BE
SEEN, THERE WERE TWO CONTROL GROUPS AND TWO TEST GROUPS. A GrOuUP
CONSISTED OF SiX ANIMALS, THUS UTILIZING 24 SUBJECTS FOR EACH
ASSESSMENT. ONE OF EACH OF THE TWO GROUPS WITHIN A CONDITION

WERE EXPOSED TO THE CHAMBER FOR 15 MINUTES AFTER TREATMENT WI!THOUT
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SIDE VIEW

Fig. | Schematic diagram of the apparatus used to measure approach latency. The light source
for chamber illumination is not represented as it would obscure the water bottle drinking o

tube.
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Fig. 2 The experimental parodigm employed in assessing the effects of drugs and prior
exposure on approach latency.
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THE DRINKING TUBE BEING PRESENT.2 THEREFORE IN THE FIRST PHASE TWO
GROUPS WERE DOSED WITH A DRUG. EACH MEMBER OF ONE OF THESE GROUPS
WAS INDIVIDUALLY PLACED IN THE RIGHT REAR CORNER OF THE CHAMBER
FOR 15 MINUTES} THE MEMBERS OF THE OTHER GROUP WERE IMMEDIATELY
RETURNED DIRECTLY TO THEIR HOME CAGE. THE CONTROL GROUPS, WHICH
CONSISTED OF SALINE TREATED SUBJECTS WERE IDENTICALLY HANDLED.

TREATMENTS WERE ADMINISTERED TEN MINUTES PRIOR TO THE
INITIAL EXPOSURE. THE NON-EXPOSED ANIMALS WERE TREATED AT THE
SAME TIME AS THE EXPOSED ANIMALS.

ASSESSMENTS WERE MADE AT VAR!IOUS TIMES OF THE DAY (N A
TOTALLY NON=SYSTEMATIC MANNER. ROOM TEMPERATURE AND HUMIDITY WERE
MAINTAINED CONSTANT AT 21°C (f 3°) AND 30% RELATIVE HUMIDITY
(f 10%). A 12 HOUR OFF=ON LIGHT CYCLE WAS IN EFFECT AT ALL TIMES
EXCEPT DURING EXPERIMENTAL SESSIONS WHICH WERE CONDUCTED WITH ONLY
CHAMBER ILLUMINATION, ROOM LIGHT WAS TOTALLY ARTIFICIAL,

THE SECOND PHASE BEGAN 48 HOURS LATER WITH THE INITIATION
OF WATER DEPRIVATION., AFTER 24 HOURS DEPRIVATION, ALL SUBJECTS,
BOTH PREVIOUSLY EXPOSED AND NOT PREVIOUSLY EXPOSED WERE AGAIN
PLACED IN THE RIGHT REAR CORNER OF THE CHAMBER, WHICH THEN
CONTAINED THE DRINKING TUBE., THE TIME FROM [NTRODUCTION INTO THE
CHAMBER UNTIL DRINKING BEHAVIOUR OCCURRED (CONTACT WITH THE TUBE)

WAS RECORDED (AND REFERRED TO AS LATENCY). ANIMALS THAT DID

2
As WiLL BE OBVIOUS, THIS IS SIMPLY A MEANS OF ELIMINATING
THE INFLUENCE OF ANY APPROACH LEARNING IN THE ESTIMATE OF
HABITUATION THAT WILL FOLLOW.
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NOT RESPOND WITHIN FIFTEEN MINUTES WERE REMOVED AND ASSIGNED A

LATENCY VALUE OF FIFTEEN MINUTES.
PHARMACOLOGICAL PROCEDURES

THE DRUGS EMPLOYED IN THE VARIOUS EXPERIMENTS ARE LISTED,
ALONG WITH RELEVANT ANCILLARY INFORMATION, IN TABLE . ‘Doas WERE
USUALLY ADMINISTERED INTRAPERITONHALLY (1.P.) AS SOLUTIONS IN
0.9% NACL AT A voLuMe oF O.1 cc pER 10 GMS. BODY WEIGHT. DOSAGE
WAS EQUILIBRATED TO MILLIGRAMS OF DRUG PER K!LOGRAM OF TOTAL BODY
WEIGHT. CONTROL ANIMALS RECEIVED SIMILAR VOLUMES oF 0.9% NACL
(HEREAFTER CALLED "SALINE™). THE EXCEPTION TO THIS PROCEDURE WAS
AN EXPERIMENT INVOLVING INTRACRANfAL DOSAGE WHICH WILL BE
DESCRIBED ELSEWHERE. ALL SOLUTIONS WERE PREPARED FROM POWDERED
SALTS IMMED|ATELY BEFORE DOSAGE BY APPROPRIATE ANALYTICAL
TECHNIQUES.

DOSAGE WAS ACCOMPLISHED WITH STANDARD 1.0 cC CAPACITY
HYPRODERMIC SYRINGES ATTACHED TO 5/8 INCH 27 GAUGE HYPODERMIC
NEEDLES (EXCEPT FOR THE INTRACRANIAL INJECTIONS FOR WHICH AN
0.1 cC MICROLITER SYRINGE WAS EMPLOYED).

As wAS INDICATED ABOVE, TEN MINUTE PRETREATMENT TIMES

WERE EMPLOYED FOR ALL DOSES OF DRUGS.
PARAMETRIC VARIATIONS

PHARMACOLOGICAL ASSESSMENT OF DRUG AND DOSAGE VARIATIONS

COMPATABILITY WITH CARLTON's (1966, 19685 CARLTON & VoOGEL,




TasLE 1

Drugs EMPLOYED IN THE VARIOUS EXPERIMENTS
AND THEIR RELEVANT CHARACTERISTICS

PHARMACOLOG!CAL CHEMICAL
GENER!C NAME PREPARAT!ON ActioN CHARACTERISTIC
ATROPINE SULFATE MUSCARINIC A TROPIC ACID
ANTICHOL INERGIC ESTER
SCOPOLAMINE HYDROBROMIDE MUSCARINIC A TROPIC ACID ;
: ANTICHOL INERGIC ESTER
METHYLATROP [NE SULFATE MUSCARIN!C A TROPIC ACID
ANTICHOL INERGIC ESTER

(poES NOT PASS
BLOOD=BRAIN BARRIER)

DITRAN HYDROCHLORIDE MUSCARINIC A GLYCOL!IC ACID
ANTICHOLINERGI!C
PSYCHOTOMETIC

HEM1CHOL INIUM BROMIDE NEUROMUSCUL AR BIS~HEMIACETAL

(HS) BLOCKING {
(PRESYNAPTICALLY) ‘

ESERINE SALICYLATE ANT | CHOL | N= ALKALOLD

(PHYSOSTIGMINE) ESTERASE

A4




TasLe 1 (coNTINUED)

PHARMACOLOGICAL
AcTION

CHEMICAL
CHARACTERISTIC

GENERIC NAME PREPARATION
D~AMPHETAMINE SULFATE
METHYLPHENIDATE HYDROCHLORIDE
TACRINE (THA) HYDROCHLOR I DE

SYMPATHOMIMETIC

CNS STIMULANT

. ANTIPSYCHOTO~

MIMETIC

PHENYL | SOPROP YL~
AM I NE

METHYLQ{=PHENYL=
2=PIPERIDINE

INDOLE ALKALOID

A ' . o
STRICTLY SPEAKING THE ACTION OF THESE DRUGS IS ANT!=MUSCARINIC ANTI|=CHOLINERGI!C.,

WITH CONVENTIONAL TERMINOLOGY, HOWEVER, THEY W!LL BE REFERRED TO HEREIN AS SIMPLY MUSCARINIC

ANTI=-CHOLINERGI!IC.

IN KEEP!NG
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1965) TECHNIQUE WAS ASSESSED BY EMPLOY!NG DRUGS AT DOSES
APPROXIMATING THOSE REPORTED BY HIM. SPECIFICALLY THESE WERE
SCOPOLAMINE (0.32 MG./KG.); ATROPINE (10,0 MG./KGo )3 METHYLATROPINE
(10.0 Ma./KG.); D-aMPHETAMINE' (1.0 Me./Ke.); AND CHLORPROMAZINE
(3.2 Me./ke.). IN ADDITION, DiTRAN (1.0 MG./KGe), ESERINE
(0.32 Ma./Kke.) aND HEMICHOLINIUM (0.5 Ma./KG.) WERE TESTED AT
THIS TIME. |

DOSE~EFFECT DETERMINATIONS WERE THEN ESTABLISHED FOR
SCOPOLAMINE, ATROPINE, METHYLATROPINE AND D~AMPHETAMINE. DoOSEs

EMPLOYED WERE AT 0,5 LOGTO INTERVALS AS OUTLINED IN TABLE 2.

TABLE 2

Drugs AND DoSE RANGES EMPLOYED IN APPROACH LATENCY EVALUATION

DRUGS Dost RANGE (Ma./Ka.)
SCOPOLAMINE 0.032 ~ 3.2
ATROP I NE 1.0 =~ 32.0
METHYLATROPINE 0.32 ~ 32.0
D~AMPHETAMI{ NE 0.32 =~ 10.0

ANTAGONISM STUDIES WERE CONDUCTED QSING THE COMBINATIONS
OUTLINED IN TABLE 3. THE AGONIST WAS ADMINISTERED SIMUTANEOUSLY
WITH THE ANTAGONIST. BOTH, THUS, HAD A 10 MINUTE PRETREATMENT
TIME,

IN ADDITION SCOPOLAMINE AND ESERINE WERE TESTED FOLLOWING
INTRACRANIAL INJECTIONS, DOSING WAS ACCOMPLISHED BY THE METHOD
oF HALEY & McCorMick (1957). A 27 GAUGE NEEDLE WAS PASSED

PERPEND I CULARLY THRU THE CRANIUM INTO THE BRAIN FROM A POINT
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2.0 MM TO EITHER SIDE OF THE MIDLINE PARALLEL TO THE ANTERIOR
BASES OF THE PINNA. INJECTIONS WERE IN A VOLUME OF 0.01 cc., WHICH
CONTAINED 0.0005 M. scopoLAMINE oR 0.0001 MG. ESERINE. A |
COMBINATION OF INTRACRANIALLY ADMINISTERED METHYLATROPINE

(0.001 MG.) AND INTRAPER!TONEALLY ADMINISTERED ESERINE

(0.1 MG./KG.) WAS ALSO EVALUATED.

TaBLE. 3

DRUG ANTAGONISM RELATIONSHIPS STUDIED IN
APPROACH LATENCY PROCEDURE

AcoNiST ANTAGONIST
DRUG Dose (Ma./ke.) Drua Dose (Me./Ka.)
SCOPOLAMI NE 0,32 ESERINE 0.1
SCOPOLAMINE 0.32 TACRINE 1.0
DI TRAN 1.0 TACRINE 1.0

MOT VAT IONAL INFLUENCES INVOLVING DEPRIVATION, TIME AND INCENTIVE

THE |INFLUENCE OF DEPRIVATION LEVEL WAS EVALUATED BY
ASSESSING THE LATENCY ATTENUATING EFFECT OF 10,0 MG./KG. ATROPINE
FOLLOWING 3, 6, AND 12 HOURS DEPRIVATION AS WELL AS THE UsuaL 24
HOURS. SCOPOLAMINE WAS SIMLLARLY TESTED AT A DOSE OF 0.32 MG./KG.

AS WELL AS AFTER 48 AND 72 HOURS DEPRIVATION,

THE INCENTIVE ASPECTS OF RE { NFORCEMENT WERE ASSESSED BY
EMPLOYI NG CARNATION CONDENSED MILK OR PUR!NA MOUSE CHOW IN PLACE
OF WATER. IN THE INSTANCE OF THE CONDENSED MILK, IT WAS
SUBST!TUTED IN PLACE OF CHOW AS THE ONLY AVAILABLE FOOD FOR FOUR

DAYS PRIOR TO TESTING, CHOW WAS TESTED BY PLACING A POWDERED




QUANTITY [N A SMALL WATCH GLASS UNDER THE APERTURE THROUGH WHICH
THE WATER TUBE WOULD ORDINARILY PROJECT. BOTH FOODS WERE TESTED,
FOLLOWING 24 HOURS DEPRIVATION, IN CONJUNCTION WITH SCOPOLAMINE
(0.32 Ma./KG.) AND ATROPINE (10. Ma./KG.). IN ADDITION,
EVALUAT!ONS FOLLOWING 48 AND 72 HOURS DEPRIVAT!ON WERE MADE WITH
0.32 Ma./KG. SCOPOLAMINE. WATER WAS ALSO TESTED WITH 48 AND 72
HOURS DEPRIVATION.

WATER CONSUMPTION FROM TIME OF DRUG OR SOLVENT INJECTION
UNTIL THE INSTIGATION OF DEPRIVATION WAS MEASURED BY RECORD!ING
THE WATER LEVEL IN T0.0 cC GRADUATED CYLINDERS AFFIXED WITH
DRINKING TUBES AT 3, 6, 12, AND 24 HOUR INTERVALS OVER EACH OF
TWO SUCCESSIVE DAYS. EACH SUBJECT WAS [SOLATED AND HAD ACCESS
ONLY TO ITS OWN INDIVIDUAL WATER TUBE. THE CYLINDERS WERE
REFILLED AFTER THE FIRST 24 HOUR PER!OD AND REMOVED AFTER THE
SECOND 24 HOUR PERIOD.

WATER CONSUMPTION DURING A 15 MINUTE EXPOSURE IN THE
PERIOD NORMALLY TERMINATED BY LATENCY RESPONDING WAS ASSESSED BY
EMPLOYING LICKING RATE (NUMBER OF L1CKS PER 15 MINUTES).
MEASUREMENT WAS ACCOMPLISHED BY RECORDING DRINKOMETER PULSES ON
AN ELECTROMAGNETLC COUNTER. THE DRUGS TESTED WERE SCOPOLAMINE
(0.32 ma./ke.), aTrOPINE (10.0 Ma./KG.), D-AMPHETAMINE (1.0 MG./
KG.), AND METHYLATROPINE (10.0 mMa./ke.).

A COMPARISON WAS MADE OF THE EFFECTS oF 0.32 MG./KG.
SCOPOLAMINE, WITH AND WITHOUT THE DRINKING TUBE BEING PRESENT

DURING THE INITIAL EXPOSURE.

45
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TESTS OF GENERALIZATION ACROSS STIMULUS CONDITIONS

THE COLOUR OF THE CHAMBER I[LLUMINAT!ON WAS VARIED BY
INTERSPERS ING KODAK WRATTEN FILTERS INTO THE CHAMBER ILLUMINATION.
THE SPECIFIC VARIATIONS EMPLOYED ARE DETAILED IN TAaBLE 4. No
CORRECTION WAS MADE FOR INTENSITY. TESTS WERE CONDUCTED WI!TH ONE
OF EACH OF THESE COLOURS BEING PRESENT EITHER DURING INI{TIAL
EXPOSURE OR DURING THE HABITUATION TEST IN SUBJECTS DOSED WITH

0.32 MG./KG. SCOPOLAMINE.,

TaBLE 4

CHARACTERISTICS oF FILTERS USED TO
VARY CHAMBER JLLUMINATION
(EasTMEN KoDAK CoO., 1965)

DOMINANT %
COLOUR FiLTER No. WAVELENGTH (MU) TRANSMITTANCE
RED 29F 632.7 ~11.0
YELLOW 4 569.6 87.7
BLUE 45 486.6 ' 2.8

FLICKERING WHITE LIGHT WAS ALSO TESTED IN GROUPS DOSED WITH
0.32 MG./KG. SCOPOLAMINE. THE FLICKER WAS PRESENT DURING INITIAL
EXPOSURE AND/OR DURING THE HABITUATION TEST. FLICKER WAS MAIN-
TAINED AT A RATE OF THREE FLASHES PER SECOND (FPS) BY
PARALLELING THE CHAMBER LIGHT CIRCUIT WITH THE EXTERNAL
SYNCRONIZATION OUTPUT. OF A PHYSIOLOGICAL STIMULATOR.

EXTRANEOUS AUDITORY STIMULATION WAS [NTRODUCED BY DIRECTING

THE OUTPUT OF A "wHITE™ NOISE GENERATOR (GERBRANDS, MopEL 455C,
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FREQUENCY SPECTRA 20-20,000 cps, 3ps powN AT 20 anp 20,000 cps.,
OPTIMUM LV RMS INTO 600 OHMS, CONTINOUSLY VARIABLE) THROUGH AN
8-0HM 3 INCH SPEAKER AFFIXED TO THE CENTRE OF THE TOP OF THE
CHAMBER. - THE NOISE WAS MAINTAINED AT A CONSTANT LEVEL

(68p8 +3 As READ ON ScALE B oF A BRUEL & KuAEr MobDEL 2203
SOUND-LEVEL METER) FOR SOME GROUPS AND "FLICKERED" FOR OTHERS
(ALTERNATELY OFF=ON AT A RATE OF TWO PER SECOND; SWITCHING WAS
ACCbMPLlSHED USING THE PHYSIOLOGICAL STIMULATOR AS DESCRIBED
ABOVE). THESE CONDITIONS WERE IMPOSED EITHER DURING INITIAL

EXPOSURE, DURING THE HABITUATION TEST, OR BOTH.

GENERAL ACTIVITY MEASUREMENT

THE SPONTANEOUS, RANDOM, GENERAL ACTIVITY OF INDIVI[DUAL
MICE WAS MEASURED BY MEANS OF A PHOTOCELL DEVICE (DAvis, 1967;
HALL, 1961; Jssac & RooT, 1956). A CADMIUM SULFIDE PHOTOCELL
(CLAIREX CL-3) WAS AFFIXED TO THE RIGHT SIDE OF THE PREVIOUSLY
DESCRIBED CHAMBER. |T WAS PLACED IN THE EXACT CENTRE 15.0 cM.
FROM EITHER END AND 1.75 CM. ABOVE THE FLOOR., DIRECTLY ,0PPOSITE,
ON THE LEFT SIDE, A SMALL LIGHT SOURCE (1.5 V. PENLIGHT) WAS
ATTACHED SUCH THAT |T FOCUSED DIRECTLY ON THE PHOTOCELL.
INTERRUPTIONS OF THE LIGHT BEAM WERE RECORDED, BY WAY OF
APPROPRIATE CIRCUITY, ON AN ELECTROMECHANICAL COUNTER. FIGURE 3
PRESENTS A SCHEMATIC REPRESENTATION OF THE APPARATUS.

ALL EXPERIMENTS WERE CONDUCTED WITH $!X SUBJECTS PER
TREATMENT. [EACH INDIVIDUAL ANIMAL WAS PLACED IN THE CHAMBER FOR

15 MINUTES WITH THE TOTAL NUMBER OF BEAM INTERRUPT!{ONS BEING
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RECORDED.
DOSE-EFFECT CURVES EMPLOYING THE DRUGS AND DOSES

(in 0.5 L0G, INTERVALS) LISTED IN TABLE 5 WERE ESTABLISHED WITH

10
A TEN MINUTE PRETREATMENT TIME. SIMILAR DETERMINATIONS WERE MADE
WITH A 72 HOUR PRETREATMENT TIME EMPLOYING MICE THAT HAD NOT BEEN
EXPOSED TO THE CHAMBER PREVIOUSLY, AND THOSE THAT HAD BEEN TESTED
AT TEN MINUTES (l.E., PREVIOUSLY EXPOSED)., A GROUP OF SALINE

TREATED CONTROL SUBJECTS WERE TESTED UNDER THE SAME PRETREATMENT

CONDITIONS [N CONJUNCTION WITH EACH DRUG.

TABLE B

.
4

Drugs AND DosE RANGES EMPLOYED IN
AcTIViTY EXPERIMENTS

DrRuGS ' Dose RANGE (Ma./ka.)
SCOPOLAMINE 0.1 - 3.2
ATROPINE 1.0 =~ 32.0
METHYLATROPINE 0.32 - 10.0
D=AMPHETAMI NE 0.32 - 10.0
METHYLPHENIDATE 0.32 -~ 10.0
DiTRAN 0.1 - 3.2

DOSE-EFFECT DATA FOR.ATROPINE AND METHYLATROPINE WERE
SIMILARLY OBTAINED EXCEPT ONLY THE TEN MINUTE PRETREATMENT TI{ME
WAS EMPLOYED AND THE DRUGS WERE ADMINISTERED INTRACRANIALLY BY
THE METHOD PREVIOUSLY DESCRIBED. THE DoéEs usep were 0.001,
0.003, anp 0.071 MmaG.

GROUPS OF MICE WERE ALSO TESTED FOLLOWING ELTHER 3, 6, 12,
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24, 48 or T2 HOUR DEPRIVATION OF EITHER WATER, CONDENSED MILK OR
LABORATORY CHOW. SEPARATE GROUPS WERE USED FOR EACH DETERMINATION
(1+E., NONE WERE PREVIOUSLY EXPOSED).

THE SCHEME (f.E., UTILIZATION OF EXPOSED, NON=EXPOSED

SALINE AND DRUG TREATED GROUPS) USED TO ASSESS APPROACH LATENCY

WAS REPEATED WITH 0.32 AND 1.0 MG./KG. SCOPOLAMINE. |NSTEAD OF
LATENCY, HOWEVER, ACTIVITY WAS RECORDED UNTIL INSTANT OF CONTACT

WITH THE DRINKING TUBE.
ANCJLLARY MEASUREMENTS

SYMPTOMATOLOGICAL ASSESSMENTS WERE ROUTINELY CARRIED OUT
ON EVERY MOUSE THAT WAS DOSED., THESE WERE ACCOMPLISHED BY A
QUALIFIED OBSERVER IN ACCORDANCE WI!TH ACCEPTED PHARMACOLOGICAL
METHODS (BASTIAN, 1967; BrowN & REMFRY, 1964). THE PRECISE NATURE

OF THE ASSESSMENTS MAY BE SEEN BY REFERENCE TO TABLE 27.




CHAPTER 111
RESULTS
PHARMACOLOGICAL PARAMETERS

THE INITIAL STUDIES WHICH REPLICATED CARLTON's (19668,
1968)VEXPERIMENTS RESULTED IN SCOPOLAMINE, ATROPINE OR DITRAN
TREATED PRIOR EXPOSED GROUPS RESPONDING NEARLY IDENTICAL TO
NON-EXPOSED SUBJECTS, |eE., THE HABITUATING INFLUENCE OF PRIOR
EXPOSURE WAS ABOLISHED, METHYLATROPINE, ESERINE, D~AMPHETAMINE,
CHLORPROMAZ INE AND HEMICHOLINIUM TREATED AND EXPOSED SUBJECTS
SHOWED THE RELATIVELY SHORT LATENCIES TYPICAL OF SALINE TREATED
PR1OR-EXPOSED ANIMALS. ExacT VALUES ARE SUMMARIZED IN TABLE 6.

SIGNIFICANCE WAS DETERMINEb BY EMPLO?ING A DOUBLE=
CLASSIFICATION (DRUG-EXPOSURE) ANALYSIS OF VARIANCE (SPENCE,
UNDERWOOD, DUNCAN & CoTTON, 1968), THE RESULTS OF WHICH ARE
SUMMARIZED IN TABLE 7. IN ALL INSTANCES, THERE WAS A SIGNIFICANT
(p =< 0,07) DIFFERENCE BETWEEN EXPOSED AND NON-EXPOSED GROUPS AND
BETWEEN SCOPOLAMINE, ATROPINE AND DITRAN TREATED AND SALINE
TREATED GROUPS. THESE DRUGS ALSO REVEALED A SIGNIFICANT INTER-
ACTION BETWEEN DRUG AND EXPOSURE TREATMENT. THAT THE S{GNIFICANT
F FOR INTERACTION WAS, IN FACT, PRIMARILY DUE TO THE MARKED
CHANGE IN THE SALINE EXPOSED GROUPS (OR ATTENUATION OF CHANGE IN

THE DRUG EXPOSED GROUPS) CAN BE CLEARLY SEEN FROM FIGURE 4.
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TABLE 6

MEaN APPROACH LATENCY VALuEs {0.01 Mins) For SELECTED DRUGS AND DoOSES

DosEe

N (Me./ka.) NoT EXPOSED EXPOSED .

DRrRuG | P SALINE Drua SALINE DruG EFFecT
ScoPOLAMINE* 0.32 136.6 142.9 28.2 137.0 +
ATROPINE¥* 10.0 133.8 159.1 24.6 132.8 +
METHYLATROPINE¥* 10.0 128.0 121.5 25.6 25.6 -
DiTRAN 1.0 129.0 128.1 20,3 129.4 +
ESERINE 0.32 129.3 130.4 20.3 25.8 -
D-AMPHETAMINE¥ 1.0 132.6 127.0 28,1 25.7 -
CHLORPROMAZ | NE* 3.2 142.4 139.1 26.3 28.3 -
HEMICHOL INIUM 0.5 128.9 131.3 27.4 31.9 -

A. *INDICATES DRUGS EMPLOYED IN CARLTON's {19668, 1968) sTuDIES, ‘

B. +INDICATES THAT DRUG-TREATED EXPOSED VALUES ARE NOT SIGNIFICANTLY DIFFERENT FROM THE :
NON-EXPOSED VALUES} = INDICATES THAT DRUG-TREATED EXPOSED VALUES ARE NOT
SIGNIFICANTLY DIFFERENT FROM THE SALINE~TREATED EXPOSED VALUES.

2s




TaBLe 7

AnALYSis oF VArRlANCE FOR DRrRuG AND EXPOSURE
GrouPSs EMPLOYING APPROACH LATENCY MEASURE

53

Dose/Druc SOURCE . DF MS F¥
0.32. Me./Ka. Drua (A) 1 157.91 25.46
SCOPOLAMINE Exposure (B) [ 141.76 22.86

INTERACTION(AXB) 1 269,55 43.48
10.0 Ma./Ka. Druc (A) 1 328.12 43,91
ATROPINE Exposure (B) 1 281.63 35.24
' INTERACTION(AXB) [ 174.21 28.96
10.0 MG./KG." Drua (A) 1 2.00 0.08
METHYLATROP I NE ExPoSURE (B) 1 580.60 53.79
INTERACTION(AXB) 1 19.97 1.32
1.0 MG./Kaa Drua (A) 1 342.1 40.22
D1 TRAN ExposUuRE (B) 1 365.8 38.91
INTERACT!ON({AXB) 1 297.6 32.11
0.32 ma./ka. Drua (A) 1 0.92 0.01
ESERINE Exposure (B) 1 189.76 23.91
INTERACT 1 ON(AXB) 1 8.15 0,92
1.0 mMa./Ka. Drua {A) 1 4,10 1.01
D~AMPHETAMI NE ExPOSURE (B) 1 219.12 34.27
INTERACT !t ON(AXB) 1 2.35 0,06
3.2 Ma./ka. Druac (A) 1 1.24 0.15
CHLORPROMAZ I NE Exposure (B) 1 145.17 21.21
INTERACT 1 ON(AXB) 1 1.15 0.01
0.5 Ma./KaG. Drua (A) 1 1.64 0.19
HEMICHOL INIUM Exposure (B) 1 115,82 14.83
INTERACTION(AXB) 1 17.90 0.67

*For 1 anp 20 DF, FO.O5 = 4.5; FO.O1 = 8.10,
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TABLE 8 PRESENTS A SUMMARY OF DOSE-EFFECT DATA FOR
SCOPOLAMINE, ATROPINE, METHYLATROPINE AND D-AMPHETAMINE. T cAN
BE SEEN THEREFROM THAT THE LATENCY ATTENUATING EFFECT OF PRIOR

EXPOSURE WAS NOT A CONTINUOUS FUNCTION OF DOSE AT THE I[INERVALS

EMPLOYED. THE EFFECT WAS TOTALLY PRESENT AT A SPECIFIC DOSE
{LEVEL BELOW WHICH IT DID NOT OCCUR IN ANY MAGNITUPE AND ABOVE

WHICH IT OCCURRED AT FULL EFFECT (HIGHER DOSES DID NOT INCREASE

THE EFFECT); l+E., AN "ALL OR NONE" EFFECT WAS OBTAINED WITH THE

DOSE INTERVALS EMPLOYED,

THE RESULTS OF THE ANTAGONISM STUDIES ARE SUMMARIZED [N
TABLE 9, [N EVERY INSTANCE, ANTAGONISM OF THE DRUG-INDUCED
ATTENUATION OF THE PRIOR EXPOSURE INDUCED DIMINUTION OF APPROACH
LATENCY WAS ACCOMPLISHED, BOTH THE INTRAPERITIONEAL AND
(NTRACRANIAL ROUTES RESULTED IN ANTAGONISM FOR COMBINATIONS OF
SCOPOLAMINE AND ESERINE. THE EFFECT PRODUCED BY INTRACRANIALLY
ADMINISTERED METHYLATROPINE WAS ANTAGONIZED BY INTRAPERITONEALLY

ADMINISTERED ESERINE. TACRINE WAS EFFECTIVE IN ANTAGONIZING THE

EFFECT OF EITHER SCOPOLAMINE OR DITRAN.

INTRACRANIAL INJECTIONS OF SCOPOLAMINE OR ATROPINE WERE

SIMILARLY EFFECTIVE (lN RELATION TO THE INTRAPERITONEAL ROUTE)
AS REGARDS INHIBITING THE LATENCY ATTENUATING EFFECTS OF PREVIOUS

EXPOSURE. METHYLATROPINE IN CONTRAST TO ITS EFFECT INTRA-

4
i
i
7
3]
i

PERITONALLY, WAS ACTIVE WHEN ADMINISTERED INTRACRANIALLY. SPECIFIC

VALUES ARE PRESENTED IN TaBLe 10.




TABLE 8

MEAN APPROACH LATENCY VALUuEs (0.01 Mins) For VARIOUS DoSES oF SEVERAL DRuas

Dosk DIFFERENCE
(MG./ka.) NoT EXPOSED EXPOSED EXPOSED
DrRUG | ePe SALINE DruG SALINE . Drua SALINE & DRrug

ScopoL~ 0.032 135.2 126.7 41,6 31,7 -9.9
AMINE 0.1 132.6 134.1 34.7 5806 A ~4.1
0.32% : 136.6 142.9 28,2 137.0 +118.8

1.0 130.1 131.5 34.6 133.8 +99,2

3.2 145,2 136.6 27.4 125.7 +98.3

ATROPINE 1.0 131.2 135.0 30.0 27.7 -2,3
3.2 127.0 136.2 27.0 29.6 -2.6

10.0% 133.8 159.1 24.6 132.8 +108.2

32.0 139.5 138.9 32.9 139.5 +106.6

METHYL- 0.32 140,3 138.4 26,5 32.3 +5,8
ATROP I NE 1.0 137.1 135.1 34.6 30.6 -4.0
3.2 135.5 141.8 30.9 34.2 +3,3

10.0% 128.0 121.5 25.6 25.6 0.0

32.0 124.6 120,7 25.8 '28.9 +3,.1

D~AMPHE T~ 0.32 139.8 132.1 34.1 27.5 -6.6
AMINE 1.0% 132.6 127.0 -28.1 25.7 -2.4
3.2 128.7 133.9 25.0 31.6 +6.6

10.0 124 .1 120.7 37.0 25.7 -11.3
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TaBLE 9

~ THE ANTAGONISTIC RELATIONSHIP BETWEEN SCOPOLAMINE OR DITRAN %
AND ESERINE OR TACRINE AS MEASURED BY APPROACH LATENCIES
'(MEAN PER GROUP IN 0.01 MiNs)

AGONIST ANTAGONIST .
Dosk DosE Not ExposeD ExposeD c ;
DRUG (Ma./Ka.) DrRuG {Ma./ka.) SALINE DRUG SALINE  DRrua EFFECT
ScopoL- 0.32 ESERINE 0.1 139.1  141.6 43.2 35.5 +
AM I NE [oP. P,
ScoproL- . O.OOg5A ESERINE O.OOQTA 144,2 133.8 27.4 38.0 + :
AM I NE |oCe 1.Ca j
ScopoL~ 0.32 TACRINE 1.0 140.,2 128.9 37.1 35,9 +
AM I NE [oPs  1.P.
METHYL~ o.oog:A ESERINE 0.1 136.3 132,71 30.2 30.3 +
ATROP I NE [ '+Ca [oPs '
DiTRAN 1.0 TACRINE 1.0 116.9 127.6 33.7 38.5 +
loPa LeP. ;

A. DOSAGE VALUES ARE I[N TOTAL MG., NOT MG./KG.
B leCs = INTRACRANIAL INJECTION.
Coe -+ = ANTAGONISM; =~ = NO ANTAGONISM,

LS
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TasLe 10

MeaN APPROACH LATENCY VALUES (0.01 MiNs) FoLLowine
INTRACRANIAL |NJECT!IONS OF SCOPOLAMINE, ATROPINE
AND METHYLATROPINE

DosE NoT EXPOSED EXPOSED
Drua (Ma.) SALINE DruG SALINE DRrRUG
SCOPOLAMINE 0.0005 128.9 134 .1 34.2 133.2
ATROPINE 0.001 140.3 133.9 32.9 134.6

METHYLATROPINE 0.001 132.6 134.9 40,0 136.8
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MOTIVAT] ONAL PARAMETERS

THERE APPEARED TO BE AN INTERACTION BETWEEN LENGTH OF

WATER DEPRIVATION ANP THE APPROACH LATENCY OF ALL ANIMALS

IRRESPECTIVE OF TREATMENT. THE LATENCY VALUES WERE [NVERSELY
RELATED TO DEPRIVATION TIME - AS DEPRIVATION TIME |NCREASED
LATENCY DECREASED. |T CAN BE SEEN FROM TABLE 11, HOWEVER, THAT

THE EFFECT IS COMMON TO ALL GROUPS, NOT JUST SPECIFIC TO THE DRUG

TREATED SUBJECTS.

CONDENSED MILK WAS AS EFFECTIVE A REINFORCER AS WATER
WHILE LABORATORY CHOW WAS INEFFECTIVE EVEN AFTER INCREASED
DEPRIVATION. THE DATA RELEVANT TO THESE FIND|NGS ARE PRESENTED
IN TaBLE 12. THERE WERE NO QUANTITATIVE DIFFERENCES IN WATER
CONSUMPTION BETWEEN ANY OF THE GROUPS DURING THE 48 HOURS FROM
[NJECTION OF SCOPOLAMINE OR ATROPINE TO INITIATION OF DEPRIVATION.
TAaBLE 13 PRESENTS MEAN TOTAL AMOUNT OF WATER CONSUMED BY THE
VARIOUS GROUPS DURING THIS PERIOD) TABLE 14 SUMMARLIZES AN

ANALYS!S OF VARIANCE FOR THESE DATA.

WHEN THE DATA WERE CONSIDERED IN TERMS OF TIME INTERVALS,

HOWEVER, A QUALITATIVE DISTINCTION BETWEEN DRUG AND SALINE TREATED

ANIMALS BECAME EVIDENT. EXAMINATION OF THE CUMULATIVE VALUES [N
TABLE 15 AND THE GRAPHIC DEPICTION OF DISCRETE VALUES IN FIGURE 5

SHOWS THAT THE WATER CONSUMPTION OF DRUGGED ANIMALS |NCREASED

VERY MARKEDLY FOR THE FIRST SIX HOURS FOLLOWING DOSAGE THEN
DECREASED MARKEDLY FOR THE NEXT 18 HOURS. ONLY IN THE SECOND 24

HOURS DID THE CONSUMPTION VALUES OF THE DRUGGED SUBJECTS BECOME




TaBLE 11

MEAN APPROACH LATENCY VALUES (0.01 MINs) FoLLOWING DOSAGE WITH SCOPOLAMILNE
oR ATROPINE AND VARIOuS HOURS oF WATER DEPRIVATION

: Dosk DEPRIVATION NoT ExPOSED ExposED
DRrRUG (Me./ke. ) (Hours) SALINE - DRuG SALINE DrUG
"SCOPOLAMINE -0.32 3.0 1309.4 1291.5 1470.8 1196.0
6.0 1368.5 1279.4 1500.0 1149.2
12.0 1333.7 1249.6 943.9 1317.5
24,0 156.6 142.9 18.2 137.0
48.0 91.6 108,0 16.2 108.6
72.0 88.5 91.8 1.3 102.9
ATROPINE 10.0 3.0 1335.3 1206.5 1136.6 1130.0
6.0 1363.3 1338.4 1245,2 1257.4
12,0 1316.4 1298.3 1121.,8 1338.6
24.0 133.8 159,1 24,6 132.8

09




TasLe 12

MEAN APPROACH LATENCY VALUES (0.O1 MiNs) FOR Foob REINFORCEMENT FOLLOWING
DOSAGE WITH SCOPOLAMINE OR ATROPINE AND VARILOUS HOURS OF DEPRIVATION

p TyPE OF DEPRIVATION NoT EXPOSED ExPosSED

DruG (Ma./Ke.) Foob (Hours) SALINE DRUG SALINE Drua :

SCOPOLAMINE 0.32 MiILK 24 132.3 133.8 23.9 130.2

48 112.2 107.3 15.5 111.9

12 103.9 112.1 11.8 107.2

CHow 24 133.1 131.8 25.3 40.3

48 116.3 118.5 12.0 13.6

12 106.9 62.9 19.8 11.2

ATROPINE 10.0 MiLk 24 131.8 136.9 30.1 130.3

CHow 24 125,.6 134.5 30.2 35.1

19
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TasLeE 13

MEAN VoLUME oF WATER ConsuMeED (cc/$s) BY EACH EXPERIMENTAL
Grour DURING PERIOD BETWEEN DRuG DOSAGE AND
INITIATION OF DEPRIVATION PERIOD

Dosk NoT EXPOSED EXPOSED
DrUG (Me./Ke.) SALINE DRrRUG SALINE . DRUG
SCOPOLAMINE 0.32 16.3 14.0 15,9 13.7
ATROP I NE 10,0 18.7 16.0 19.0 16.0
TaBLE 14

ANALYS1S OF VARIANCE FOR DRuUG AND EXPOSURE GROUPS
EMpLOYING WATER CONSUMPTION MEASURE

DosE/DRUG SOURCE DF MS F¥
0.32 Ma./Ka. Druc (A) 1 0 0.0
SCOPOLAMINE Exposure (B) 1 0 0.0

INTERACTION (AXB) 1 19 0.05
10.0 MG./KGs Druc (A) 1 0 0.0
ATROP I NE ExposURE (B) 1 0 0.0
INTERACTION (AXB) 1 17 0.04

* For 1 anD 20 DF, Fd 05 = 4.35; Fy o7 = 8-10




TaBLE 15

"MEAN VoLUME OF WATER CONSUMED (cc/Ss).AT VArRious TIMES DURING PERIOD
BETWEEN DRuG DosAGE AND INi{TIATION OF DEPRIVATION PERIOD
(CuMULATIVE OVER SuccEssIVE 24 Hour PER1ODS)

g S Y T T e i,

TiME FRrROM
Dosk INITIAL EXPOSURE NoT ExPoOSED
DRUG (me./ka.) (Hours) SALINE DruUG

SCOPOLAMINE 0.32 3.0 0.3 0.8 0.0 1.1
6.0 1.8 5.3 2.7 5.5

12.0 6.8 6.1 6.1 6.6

24,0 9.4 6.5 8.7 7.6

3.0 0.0 0.1 0.1 0.3

6.0 1.7 1.9 1.7 1.6

12.0 3.9 4.3 3.9 4.2

24.0 71 7.5 7.3 6.3

ATROPINE 10,0 3.0 0.07 0.9 0.03 1.0
6.0 2.0 5.8 2.0 6.2

12.0 5.9 6.0 5.9 6.3

24.0 9.6 7.3 9.6 8.1
3.0 0.06 0.0 0.03 0.02

6.0 2.4 2.9 2.1 2.5

12.0 5.6 5.6 5.7 4.8

24.0 9.1 c.8 9.4 7.9

€9
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SIMILAR TO THOSE OF THE SALINE TREATED ANIMALS.
THE AMOUNT OF WATER CONSUMED, AS MEASURED BY RATE OF LICKING
OF THE WATER TUBE DURING THE 15 MINUTE SECOND EXPOSURE PERIOD, WAS
SIGNIFICANTLY GREATER (P < 0.05) FOR PREVIOUSLY EXPOSED SUBJECTS
TREATED WITH SALINE RELATIVE TO NON-EXPOSED ANIMALS IN ALL
EXPERIMENTS., PRIOR EXPOSED SCOPROLAMINE AND ATROPINE TREATED
SUBJECTS, HOWEVER, MAINTAINED CONSUMPTION LEVELS MORE COMPARABLE TO
NON-EXPOSED ANIMALS LIKEWISE DOSED (THE T~RATIO BETWEEN THE MEANS
WAS NON~SIGNIFICANT IN THE INSTANCE OF BOTHVDRUGS). THE DATA IN
TERMS OF NUMBER OF LICKS ARE SUMMARIZED IN TABLE 16 WiTH
APPROPRIATE STATISTICAL ANALYSIS IN TABLE 17,
THE PRESENCE OF THE DRINKING TUBE DURING THE FIRST
EXPOSURE HAD NO EFFECT ON DRUG MODIFIED APPROACH LATENCIES
(TaBLE 18). THE MEAN VALUES FOR BOTH ATROPINE AND SCOPOLAMINE
WERE NOT SIGNIFICANTLY DIFFERENT (T~RATIO) FROM THOSE OBTALNED

WITH THE USUAL PROCEDURE (TABLE 6).
STIMULUS PARAMETERS

CHAMBER ILLUMINATION MAINTAINED AT SPECIFIED WAVELENGTHS
DURING EITHER ONLY fHE INITIAL OR ONLY THE SECOND EXPOSURE DID
NOT ALTER THE EFFECT OF SCOPOLAMINE ON APPROACH LATENCY, TABLE 19
SUMMARLZES THE RESULTS OF THESE EXPERIMENTS, NONE OF THE MEAN
VALUE IN TABLE 19 WERE SIGNIFICANTLY DIFFERENT (T=RATIO) FROM

THE IR COUNTERPARTS IN THE INITIAL EVALUATION OF SCOPOLAMINE

(TaBLE 6).




TaBLE 16

MEAN NUMBER OF LICKS ON DRINKING Tust PER 15.0 MinuTES FoLLOWING Dosace WiTH SEVERAL Druas

T-RATI0 BETWEEN
DrRuc TREATED

DosE NoT EXPOSED ExpPOSED ExPoseED AND Non~

DruG : (Mc./ka.) SALINE DrRuG SALINE DruG ExPoSED GROUPS¥
ScopPoL~

AMINE 0,32 1600 1482 2468 1594 0.04
ATROP ] NE 10.0 1379 1462 2691 1394 0.04
D~AMPHET- :

AMINE 1.0 1338 1886 3497 2449 2.46
METHYL=

ATROP!INE 10.0 1677 1571 2568 1832 2.41
* For 10 DF, T = 2.233 T = 3.17

0.05

0.01

99
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TasLE 17

ANALYS1IS OF VARIANCE FOR DRUG AND EXPOSURE GROUPS
EMPLOYING LICKING RATE MEASURE

Dosk/DRua SOURCE DF MS F*
0.32 Ma./kKa. Druc (A) 1 1120938 4,60
SCOPOLAMINE Exposure (B) 1 1579062 5,08
INTERACTION (AXB) 1 1011584 3.27
10.0 MG./ke. " Drua (4) 1 1091763 5,01
ATROPINE Exposure (B) 1 1825336 4,99
JNTERACTION (AXB) 1 998321 2.26
1.0 MG./Ke. Drua (A) 1 884100 2,07
D-AMPHETAMI NE Exposure (B) 1 1763821 5.31
INTERACTION {AXB) 1 1000101 3.10
10.0 me./xa. Drua (A) 1 962101 2.42 :
METHYLATROP I NE ExPOSURE (B) [ 1499999 4,91 f
INTERACTLION (AXB) 1 1101720 3.31 i
*¥ For 1 anp 20 oF, FO.OS = 4,35; FO.O1 = 8,10
TaBLE 18

MEAN APPROACH LATENCIES (0.01 Mins) FoLLowiNg DOSAGE WITH
SCOPOLAMINE AND ATROPINE WITH DRINKING TUBE PRESENT
DURING INITIAL EXPOSURE PERIOD

DosE
(MG./KG.) NoT EXPOSED EXPOSED
Druc | P, SALINE DRUG SALINE DruG
SCOPOLAMINE 0.32 131.4 133.6 29.9 126.0

ATROPINE 10.0 130.3 145.5 27.5 150.9




TaBLE 19

EFFECT OF COLOURED JLLUMINATION ON MEAN APPROACH

LATENCY VaLUEs (0.01 Mins) FOLLOWING A

Dose oF 0.32 MG./KG. SCOPOLAMINE

68

STIMULL
VALUES STIMULI PRESENT NoT EXPOSED ExrPoOSED
(Mu) DURING: SALINE DRUG SALINE DrRUG
632,7 INITIAL EXPOSURE 135.4 134.9 27.7 133.0
SECOND EXPOSURE 133.6 138.3 25.2 134.4
569.6 INITIAL EXPOSURE 139,2 140.3 28.8 134.0
SECOND EXPOSURE 136,3 130.4 29.2 132,4
486.6 INITIAL EXPOSURE 138.5 137.5 33,7 133.3
SECOND EXPOSURE 133.,5 129.3 34,9 133.4
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As THE DATA IN TABLE 20 INDICATE, INTERMITTENT INTER-
RUPTION OF CHAMBER ILLUMINATION ONLY DURING THE SECOND EXPOSURE
DISRUPTED THE EFFECT OF SCOPOLAMINE ON APPROACH LATENCY. HOWEVER,
ALL OTHER VALUES WERE SIMILARLY ELEVATED WITH THE EXROSED GRoups'
LATENCIES BEING HIGHER THAN THE NON-EXPROSED WHEN THE BLINKING
LIGHT WAS PRESENT ONLY DURING INITIAL EXPOSURE OR DURING BOTH

EXPOSURES, THE DRUG EFFECT WAS UNALTERED,

TaBLE 20

EFFECT OF INTERMITTANT ILLUMINATION (3.0 FLASHES PER SECOND)
ON SCOPOLAMINE-MOD1FIED ARPROACH LATENCY VALUES (0.0T Mins)

STiMUuL]l PRESENT NoT EXPOSED EXposSED
DURINGS SALINE DruUG SALINE DruG
INITIAL EXPOSURE LATENCY 129.6 131.9 32,4 130.,4
T~RAT1O%* 0,63 2.01 0,04 0.64
SECOND EXPOSURE LATENCY 213.,2 231.6 160.1 167.5
T=-RATLO% 7.62 8.71 9,12 10.81
BoTH EXPOSURES LATENCY 130.7 133.6 30,3 133.0
T-RAT1 0% 0,07 1.94 0.02 0.01

* COMPARISON BETWEEN PRESENT VALUES AND THOSE FROM INITIAL
EVALUATION OF SCOPOLAMINE (TABLE 6.). For 10 DF, Ty oz = 2»23;

TO.O] = 3‘171

INTRODUCTION OF "WHITE NOISE" ONLY DURING THE SECOND
EXPOSURE WAS‘ALSO DISRUPTIVE TO THE EFFECT OF SCOPOLAMINE ON
APPROACH LATENCY. THE PRESENCE OF THE SOUND ONLY DURING THE
INITIAL EXPOSURE OR DURING BOTH EXPOSURES DID NOT ALTER THE

DRUG~EFFECT. THERE WAS NO OBSERVABLE DIFFERENCE IN THESE ACTIONS
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BETWEEN CONSTANT AND INTERMITTENTLY PRESENTED NOISE, DATA RELEVANT

TO THOSE FINDINGS ARE PRESENTED IN TaBrLg 21,
RESPONSE PARAMETERS

TABLE 22 PRESENTS A SUMMARY OF THE DOSE~EFFECT DATA AS
MEASURED AT VARIOUS TIMES POST~ADMINISTRATION BY THE PHOTbBEAM
INTERRUPTION TECHNIQUE OF ASSESSING GENERAL ACTIVITY.

FoLLOWING A TEN MINUTE PRETREATMENT TIME, WITH THE
EXCEPTION OF METHYLATROPINE AND D-AMPHETAMINE, ALL DRUGS, RELATIVE
TO SALINE TREATMENT, EFFECTEDP INCREASES IN ACTIVITY AS DOSAGE WAS
INCREASED. THE VARIABILITY ALSO TENDED TO BE GREATER AT EFFECTIVE
POSE LEVELS. METHYLATROPINE AND D-AMPHETAMINE WERE BIPHASIC IN
ACTION IN THAT LOWER DOSES INCREASED ACTIVITY, HIGHER DOSES WERE
INEFFECTIVE OR DECREASED ACTIVITY RELATIVE TO SALINE. SCOPOLAMINE,
ATROPINE AND DITRAN WERE STILL EFFECTIVE AFTER 72 HOURS, BUT TO A
LESSER EXTENT THAN AFTER TEN MINUTES. ALSO, PREVIOUSLY EXPOSED
SUBJECTS TENDED TO BE LESS ACTIVE AT 72 HOURS THAN ANIMALS NAIVE
TO THE CHAMBER. THE;E RELATIONSHIPS ARE GRAPHICALLY REPRESENTED
iN FIGURE 6.

TABLE 23 PRESENTS PHOTOBEAM INTERRUPTION VALUES FOR
SEVERAL DOSES OF SCOPOLAMINE WHEN THE VALUES WERE USED AS THE
MEASURE [N PLACE OF APPROACH LATENCY IN THE DRINKING TUBE
PROCEDURE, |T APPEARS THAT THESE VALUES, AS WITH APPROACH
LATENCY, REFLECT THE ATTENUATING EFFECT OF THE DRUG, ALSO, As

WITH DOSE-EFFECT MEASURED BY APPROACH LATENCY (TABLE 8), THE MOTOR




TaBLE 21

EFFECT oF VARIoUS CONDiITIONS oF "WHITE NoisE"™ ON SCOPOLAMINE g
- Mop1FIED APPROACH LATENCY VALUEs (0.0T Mins)

"WHiTE Nolsg" S$TIMULUS PRESENT NéT EXPOSED EXPOSED :
STATE DUurING SALINE DrRUG SALINE Druc :
CONSTANT INITIAL EXPOSURE LATENCY 134.1 136,0 33.8 133.1
: T=~RATIO¥ 0.01 0.0 0.05 1.62
SECOND EXPOSURE LATENCY 182.6 195.5 161.8 178.3 ?
T-RATIO¥* 5.43 5,81 8.76 8.93 §
BoTH EXpOSURES  LATENCY 143,3 137.5 31.9 130.5 o
T~RATI 0% 1.01 0.03 0,02 0.68 §
[NTERMITTENT INITIAL EXPOSURE LATENCY 131.7 130.7 . 28.2 128,1
T~RATI1O¥% 0.08 1.16 0.0 1.06
SECOND EXPOSURE LATENCY 227.9 227.6 159.7 197.3 g
T=RAT! 0¥ 9.76 12.01 8,73 7.93 3
BOoTH EXPOSURES LATENCY 138.1 133.9 30.3 137.1 j
T-RATIO¥ 0.06 0.91 0.01 0.0

% COMPARISON BETWEEN PRESENT VALUES AND THOSE FROM INITIAL EVALUATION OF SCOPOLAMINE (TABLE 6). ;
For 10 oF, T0.05 = 2,233 To.01 = 3.17.

1L
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TaBLE 22

MEAN AND STANDARD DEVIATION FOR NUMBER OF
PHOTOBEAM INTERRUPTIONS PER 15 MINUTES
FoLLowING VAR!IOus DosEes
oF SEVERAL DruGgs¥*

PRETREATMENT TIME

Dose 10,0 MINUTES 72. HoOurs
DruUG (Ma./ka.) ExposeD  NoT EXPOSED

SCOPOLAMINE 0.1 126 126 139
(84.0) (72.8) (96.6)

0.32 200 134 339

(54.7) (43.8) (125,3)

1.0 360 159 292

(119.86) (38.08) (175.8)

3.2 383 191 329

(263.2) (74.]6) (]65.5)

SALINE 121 102 127
(38.08) (27.5) (31.05)

ATROPINE 1.0 133 118 158
| (55.3) (54.9) (49.4)

3.2 215 201 197

(68.6) (131.9) (81.0)

10.0 318 232 287

(101.5) (109.0) (108.2)

32.0 318 318 343

(62.9) (130.8) (143.5)

SALINE 134 17 131

(29.6) (55.1) (28.6)

METHYLATROP I NE 0,32 160 146 125
(54.6) (39.1) (43.9)

1.0 146 139 129

(55.5) (41.4) (79.2)

3.2 215 142 136

(74.4) (28.9) (23.6)

10.0 141 140 140

(20.6) (38.6) (38.6)

SALINE 153 119 141

(62.8) (48.4) (22.2)
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TABLE 22 {CONTINUED)

PRETREATMENT TIME

DosE 10.0 MiNUTES 72. HOURS
DRUG (ma./Ke.) EXPOSED NoT EXPOSED

DITRAN 0.1 149 124 139
(22.0) (15.2) (25.9)

0.32 260 207 211
(73.8) (109.1) (109.5)

1.0 314 193 / 219
(124.9) (119.1) - {108.86)

3.2 429 282 303
(20.5) (54.6) (96.0)

SALINE 148 107 141
(25.6) (12.6) (21.0)

D-AMPHE TAMLNE 0,32 141 106 ' 143
(29.7) (48.8) (30.5)

1.0 221 126 129
(13.7) (28.4) (17.3)

3.2 341 110 142
(40.7) (10.5) (25.8)

10.0 131 118 144
, (178.6) (10.5) (36.6)

SALINE 125 111 130
(85.9)  (6.4) (22.3)

METHYLPHENIDATE 0,32 132 112 129
(52.1) (6.8) (12.3)

1.0 139 114 141
(28.3) (21.1) (10.1)

3.2 299 100 129
(66.6) (39.9) (19.4)

10.0 390 107 141
‘ (134.5) (17.0) (7.4)

SALINE 134 105 137
(13.8) (29.6) (24.3)

¥§.D."s ARE IN PARENTHESIS,
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"COUNTS" /15 MINS.

"COUNTS"/15 MINS.

“COUNTS"/15 MINS.
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DOSE (mg/ kg)

n "~ L] 13 L ¥ L] ¥
400l  SCOPOLAMINE ' 400 DITRAN -
- - ‘,5 -
z
300} 4 = 300 .
0
- 1 _\ h
200} {1 £ 200 .
= .
o]
1 3 J
{ g
100 L L L : 100
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FIGURE 6 DOSE EFFECT CURVES FOR GENERAL ACTIVITY AT VARIOUS TIMES FOLLOWING SCOPOLAMlNE,
ATROPINE , ME THYLATROPINE, DITRAN, d - AMPHETAMINE , AND ME THYL PHENIDATE, ALL

ADMINISTERED INTRAPERITONEALLY.




ACTIVITY VALUES SHOW AN ™ALL OR NONE" EFFECT.

VARIANCE, SUMMARIZED IN TABLE 24, FURTHER VERIFIES THAT THE

ACTIVITY MEASURE

[BS]

SIMILAR TO APRROACH LATENCY.

MEAN NUMBER OF ‘PHOTOBEAM INTERRUPTIONS UNTIL DRINKING

TaBLE 23

AN ANALYSIS OF

SENSITIVE TO THE DRUG EFFECT IN A MANNEKR

TuBe APPROACH FOR SEVERAL DOSES OF SCOPOLAMINE

Dosk
(ma./ka.)

Not EXPOSED

SALINE Drua

ExpoSED
SALI'NE

- 00
L

ow—
N

29
34
32

27

8
6

ANALYSIS OF VARIANCE FOR DRUG AND EXPOSURE BGROUPS

TasLE 24

EMPLOYING PHOTOBEAM MOTOR ACTIVITY MEASURE

DoseE oF

SCOPOLAMINE

SOURCE

MS

0.1

0,32

1.0

% For 1 anp 20 bF, F

. Druc (A)

Exposure (B)
INTERACTION (AXB)

Druc (A)
Exposure (B)
INTERACTION (AXB)

Drua (A)
Exposure (B)
INTERACTION (AXB)

0.05 = 4355 F

0.01

4862
81

6456

6670
3127

7291
6830
2481
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THERE APPEARED TO BE A DIRECT LINEAR RELATIONSHiP BETWEEN
LEVEL OF DEPRIVATION AND ACTIVITY LEVEL ~ AS THE FORMER WAS
INCREASED, THE LATTER INCREASED. TABLE 25 SHOWS THE EFFECT IN

A TERMS OF EACH OF THREE REINFORCERS.

TaBLE 25

MEAN AND STANDARD DEVIATION FOR PHOTOBEAM |NTERRUPT!ONS
AT VAR1oUS DERIVATION LEVELS FOR WATER,
CONDENSED MILK AND LABORATORY CHow¥*

DERRIVATION RE I NFORCER

LEnGTH (HouRrs) WATER MiLk CHow

3.0 142 ' 94 17

(50.9) (66.9) (58.1)

6.0 168 139 153

(18.4) (26.4) (31.4)

12.0 157 197 202

| (50.3) (58.5) (22.1)
i 24.0 224 225 225
: | (48.3) (75.8) (72.7)
‘ 48.0 228 279 305
? (69.4) (112.7) (71.6)
| , 72.0 266 269 309
| (86.3) (63.6) (51.2)

%8 .,D,7s ARE IN PARENTHESIS.

THE EFFECT OF INTRACRANIALLY ADMINISTERED ATROPINE AND
METHYLATROP INE ON MOTOR ACTIVITY IS PRESENTED IN TABLE 26. THE

DRUGS APPEARED TO MARKEDLY INCREASE ACTI!VITY WITH THE HIGHER DOSE

LEVELS IN MUCH THE SAME WAY THEY AFFECTED SUCH CHANGES FOLLOWING

INTRAPERI TONEAL INJECTION.
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TaBLE 26

MEAN AND STANDARD DEVIATION FOR NUMBER OF PHOTOBEAM
INTERRUPTIONS PER 15 MINUTES FOLLOWING |NTRACRANIAL
Doses oF ATROPINE AND METHYLATROP{NEX

Doske
(M. ) ATROPINE DrRUG METHYLATROP | NE
0,001 126 131
(51.1) (51.4)
0.003 178 212
(58.4) (56.7)
0.01 272 290
(146.3) (38.1)
SALINE 116 133
(70.2) (64.3)

* §,D,'s ARE IN PARENTHESIS,

ANCILLARY DATA

THE PRIMARY FINDINGS, OUTSIDE OF THOSE DESCRIBED ABOVE,
INVOLVED THE GENERAL EFFECTS OF MANY OF THE DRUGS. THESE ARE

DETALLED IN TABLE 27.
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TaBLE 27

SYMPTOMATOLOGICAL SUMMARY OF THE EFFECTS OF THE
DrRuGs EMPLOYED IN THE VARiOuS EXPERIMENTS

1 _ ) Dask
f , DruG (Ma./ke. ) - ErrFecTs¥
SCOPOLAMINE 0.032 SL, MYDRIASIS
0.1 SL., MYDRIASIS
0.32 MOD, MYDRIASIS
1.0 MKD. MYDRIASIS

SL. TACHYPNEA
SL, INC, MOTOR ACTIVITY
3.2 MKD. MYDRIASIS
SL. TACHYPNEA
MOD, INC. MOTOR ACTIVITY

ATROPINE 1.0 MOD. MYDRIASI]S

! 3.2 MKD. MYDRIASIS

] 10.0 MKD. MYDRIASIS
32.0 SL. INCe MOTOR ACTIVITY

METHYLATROPINE 1.0 MOD. MYDRIASIS

3.2 MOD. MYDRLAS!S

10.0 MOD. MYDRIASIS

32.0 MOD. MYDRIASIS

| D1 TRAN ' 0.1 MOD. MYDRIASIS
‘ 0.32 MOD, MYDRLASIS
SL, TACHYPNEA

1 ' SL. INC. MOTOR ACTIVITY
1.0 MKD. MYDRIASIS

MOD., TACHYPNEA

MOD. INCo MOTOR ACTIVITY
3.2 MKD. MYDRLASIS

MOD., TACHYPNEA

MOD, INC. MOTOR ACTIVITY

: CHLORPROMAZ | NE 3.2 MKD. DEC., MOTOR ACTIVITY
g SL, DYSPNEA
' L0SS OF PINNAL,
MYOTAT|C REFLEXES
MOD, PTOSIS
| MOD, HYPOTONIA
? SL, HYPOTHERMIA
; SL, INC. DEFECATION &
MICTURATION
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TABLE 27 (CONTINUED)

Doske
DRUG (mMe./ka.) EFFECTS*

ESERINE 0.32 SL. TACHYPNEA
MOD. FASICULATION
MOD. DEC. MOTOR ACTIVITY
MOD, INC,. DEFECATION &
MICTURATION
MOD. TACTILE HYPERSENSITIVITY
SlL. HYPOTONIA '

HEMICHOLINIUM 0.5 SL, DEC. MOTOR ACTIVITY
SL. TACHYPNEA

0.32 NO OBSERVABLE EFFECTS
1.0 SL. INC, MOTOR ACTIVITY
3.2 SL. INC., MOTOR ACTIVITY
0.0 MOD, !NC., MOTOR ACTIVITY
SL, TACHYPNEA

METHYPHEN!DATE

D-AMPHE TAMINE 0,32 SL. TACHYPNEA

SL. PJLOERECTION

SL. TACTILE HYPERSENSITIVITY
1.0 MODa INC. MOTOR ACTIVITY

SL., TACHYPNEA

MOD, TACTILE HYPERSENSITIVITY
3.2 MKD, INC. MOTOR ACTIVITY

MOD. TACHYPNEA

SL., TACHYCARDIA

MKDa. TACTILE HYPERSENSITIVITY
10.0 MKD, INC. MOTOR ACTIVITY

MOD, DEC,., MOTOR ACTIVITY

MOD. TACHYPNEA

MOD, TACHYCARDIA

SL, TACTILE HYPERSENSITIVITY

STRAUB TAIL

TACRINE 1.0 NO OBSERVABLE EFFECTS
¥ sL. = SLIGHT

MOD, = MODERATE

MKD, = MARKED

INC, = INCREASED

DEC. = DECREASED




CHAPTER IV
DISCUSSION
PHARMACOLOGICAL CONSIDERATIONS

THE METHOD FOR MEASURING APPROACH LATENCY AS A FUNCTION OF
PRIOR EXPOSURE UTILIZED IN THE PRESENT STUDIES SEEMED TO BE EQUIVA-
LENT TO THE TECHNIQUE DESCRIBED BY CARLTON (1966B, 1968; CARLTON &
VoGEL, 1966) IN THAT IT WAS SELECTIVELY SENSITIVE TO THE ACTION OF
SEVERAL DRUGS KNOWN TO HAVE POTENT MUSCARINIC ANTICHOLINERGIC
PROPERTIES., SPECIFICALLY, SUFFICIENT INTRAPERITONEAL DOSES OF
SCOPOLAMINE, ATROPINE AND DITRAN CLEARLY AND MARKEDLY INHIBITED THE
LATENCY ATTENUATING (OR, IN CARLTON'S TERMS, HABITUATION) EFFECT OF
PREY1OUS EXPOSURE TO THE CHAMBER.

METHYLATROPINE WAS THE ONE MUSCARINIC ANTICHOLINERGIC DRUG
TESTED THAT PROVED INEFFECTIVE IN ALTERING THE EFFECT OF PRIOR
EXPOSURE ON LATENCY. THE LACK OF ACTIVITY, HOWEVER, ONLY OCCURRED
"WITH INTRAPERITONEAL DOSAGE, THE DRUG WAS EFFECTIVE, IDENTICALLY
TO THE OTHERS, WHEN 1T WAS ADMINISTERED INTRACRANIALLY, THEREBY
LENDING CREDENCE TO THE AFOREMENTIONED GENERALLY ACCEPTED
CONTENTION (E.G., THOMPSON & SCHUSTER, 1968) THAT IT DOES NOT
EXERT A BEHAY1OURALLY REFLECTED ACTION ON CNS TISSUES BECAUSE IT
DOES NOT PASS THE SO~CALLED BLOOD BRAIN BARRIER (BAKAY, 19563

MILLERN & HeEss, 1958). 0BVIOUSLY, INJECTING DRUGS DIRECTLY INTO

80
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THE BRAIN DOES NOT MITIGATE THEIR ACTING PERIPHERALLY, As FELDBERG

POINTS OUTS

THERE IS NO DOUBT THAT SUBSTANCES INJECTED INTRA-

VENTRICULARLY OR PERFUSED THROUGH THE CEREBRAL

VENTRICLES CAN BE ABSORBED INTO THE BLOOD STREAM

(1963, p. 30).
HOWEVER, SINCE METHYLATROPINE WAS BEHAVIOURALLY INACTIVE WHEN
ADMINISTERED SYSTEMICALLY, IT WOULD SEEM THE ONLY CONCLUSION
POSSIBLE S THAT THE DRUG DOES, IN FACT, ACT WITHIN THE CNS WHEN
PREVENTING THE PRIOR EXPOSURE INDUCED DECREASE IN LATENCY,

THE POINT 1S FURTHER EMPHASIZED BY THE GENERAL ACTIVITY
DATA (TABLE 26) WHICH PRESENT SIMILAR CIRCUMSTANCES; l. E.,
INTRACRANIALLY ADMINISTERED METHYLATROPINE INCREASED ACTIVITY IN
A MANNER CHARACTERISTIC OF OTHER MUSCARINIC ANTICHOLINERGICS WHILE
INTRAPER| TONEAL DOSAGE WAS RELATIVELY INEFFECTIVE. INTERESTINGLY,
THE 3.2 MG./KG., 1,Pa., DOSE OF METHYLATROPINE DID INDUCE A MODERATE
ACTIVITY INCREASE.. A SIMILAR FINDING WAS REPORTED BY MEYERS ET AL.
(1964) usineg A pose oF 2.1 MG./KG. IN THEIR STUDY, HIGHER DOSES
{up TO 16.8 MG./KG.) WERE EITHER INEFFECTIVE OR SLIGHTLY DEPRESSED
ACTIVITY. THAT EFFECT WAS NOT OBSERVED IN THE PRESENT ACTIVITY
EXPERIMENTS, BUT 1T HAS LONG BEEN ESTABLISHED FOR VARIOUS
MUSCARINIC ANTICHOLINERGICS (MACHT, 1924).
THESE BIPHASIC ACTIONS OF SYSTEMICALLY ADMINISTERED
METHYLATROPINE MAY BE A FUNCTI{ON OF THE COMPLEX TEMPORAL
» 3

PERIPHERAL~CENTRAL RELATIONSHIPS REPORTED WITH SEVERAL TROPIC

AciD ESTERS (HERXHEIMER, 19583 OSTFELD, MACHNE & UNNA, 1960). For

EXAMPLE, OSTFELD ET AL. (1960) USING HUMAN SUBJECTS, FOUND THAT

s
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THE PERIPHERAL EFFECTS OF A GIVEN DOSE OF ATROPINE WERE MAXIMAL AT
TWO HOURS, DISAPPEARING AFTER FOUR HOURS, WHEREAS ELECTROENCEPHALO-
GRAPHIC ACTIVITY AND BEHAVIOURAL EFFECTS WERE MAXI{MAL AT FOUR HOURS
DISAPPEARING AFTER TEN HoURs. ON THE ASSUMPTION THAT THESE
RELATiONSHIPS VARY WITH DOSE, THE ISSUE COULD BE RESOLVED BY
SYSTEMATIC MULTIPARAMETIC TIME~COURSE-DOSE EVALUATIONS OF
METHYLATROP I NE,

ALSO AS REPORTED BY CARLTON (1968), CHLORPROMAZINE AND
D~AMPHETAMINE WERE INEFFECTIVE IN THE PRESENT STUDIES [N REGARD TO
ALTERING THE INFLUENCE OF PREVIOUS EXPER{ENCE ON APPROACH LATENCY,
AS WAS POINTED oUT, CARLTON (1968) USEB'THAT FINDING TOz 1.)
CONCLUDE THAT GENERAL CNS DEPRESSION OR STIMULATION 1S NOT A
CONTINGENT CONDiITION RELEVANT TO MODIFICATION OF APPROACH LATENCY
AND 2,) TO INDICATE THAT ALTERATION.OF MOTOR ACTIVITY HAS NO
DIRECT EFFECT ON APPROACH LATENCY., THE FACT THAT ALL DOSES OF
D~AMPHETAMINE TESTED IN THE PRESENT EXPERIMENTS WERE NON=ACTIVE
IN AFFECTING ANY ASPECT OF THE APPROACH LATENCY MEASURE WHILE
ALSO HAVING MODERATE TO MARKED BIPHASIC EFFECTS ON MOTOR ACTIVITY,
CLEARLY SUPPORTS THE LATTER CONTENTIONj [.E., THE CHANGES IN
APPROACH LATENCY ARE NOT A FUNCTION OF MOTOR ACTIVITY PER SE.

HOWEVER, THE FORMER CONTENTION SUFFERS FROM AN IMPORTANT
SEMANT!C VAGUENESS =~ ONE THAT 1S UNFORTUNATELY QUITE COMMON IN
PSYCHOPHARMACOLOGICAL D!SCOURSE., COMMENTING ON THE SAME 1SSUE IN
A PAPER BY COOk AND KELLEHER (1962), MARRAZZI, ADAPTING A

JACKSONIAN (1888) TENET TO CONTEMPORARY PSYCHOPHARMACOLOGY, SAIDZ
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| SUGGEST THAT IT 1S IMPROPER TO CLASSIFY A DRUG
AS A STIMULANT OR A DEPRESSANT ON THE BASIS OF
BEHAV{ORAL ACTION. THOSE TERMS ORIGINATED IN AN
ANALYS|S OF EFFECTS ON CELLS = IN THIS CASE ON
CELLS IN THE NERVOUS SYSTEM - AND THE ONLY THING
THAT CAN HAPPEN [S THAT THEY CAN BE EITHER
STIMULATED OR DEPRESSED, T 1S NOT CORRECT 7O
BELIEVE THAT INHIBITION OF THE NERVOUS SYSTEM
_ALWAYS RESULTS IN DECREASED ACTIVITY BECAUSE
THIS DYSINHIBITION OR RELEASE FROM INHIBITION
RESULTS IN INCREASED ACTIVITY. LIKEW!ISE,
EXCITATION OF THE NERVOUS SYSTEM DOES NOT ALWAYS
RESULT IN INCREASED BEHAVIORAL ACTIVITY...
(1962, p. 335).
IN EFFECT, THE POINT CANNOT BE DEFINITIVELY RESOLVED SINCE CARLTON
DID NOT SPECIFY WHAT IS BEING STIMULATED AND/OR DEPRESSED. [N ANY
INSTANCE PRESENT NOTIONS REGARDING THE SITE AND MODE OF ACTION OF
"CHLORPROMAZINE AND THE AMPHETAMINES ARE NOT CONCLUSIVE ENOUGH TO
ALLOW SUCH SPECIFICATION (JARVIK, 1965; Weiss & LATIEs, 1962).
STILL, SOME RELEVANT FACTS ARE AVAILABLE. [T WILL BE
RECALLED CARLTON (1963) POSTULATED THE EXISTENCE OF AN
ANTAGONISTIC ADRENERGIC ACTIVATING SYSTEM AND DEMONSTRATED THAT
AMPHETAMINE IS SYNERGISTIC WITH ATROPINE (CARLTON & Dipamo, 1961).
IT couLD, THEREFORE, BE POSTULATED THAT D~AMPHETAMINE WOULD INHIBIT
PRIOR EXPERIENCE INCREASED DRINKING TUBE APPROACH BEHAVIOUR,
CONYERSELY, AMONG |TS MANY ACTIONS, CHLORPROMAZINE |S A POTENT
CA-ADRENERGIC BLOCKING AGENT (AHLQUIsST, 1966; SLY & HEIMLICcK, 19663
THOENE, HURLIMANN & HAEFELY, 1965). THEREFORE IT COULD CONCEIVABLY
PREVENT EXPRESSION OF THE ADRENERGIC ACTIVATING SYSTEM WHICH WOULD
BE BEHAVIOURLY REFLECTED BY FACILITATION OF PREVIOUS EXPOSURE

INDUCED DECREASES IN APPROACH LATENCY. IN EFFECT, THEN,

QfAMPHETAMlNE SHOULD ACT SIMILARLY TO THE MUSCARINIC
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ANTICHOLINERGICS, CHLORPROMAZINE, SIMILARLY TO WHAT WOULD BE
EXPECTED FROM PARASYMPATHOMIMETIC AGENTS. PUT ANOTHER WAY, ON
THE BASIS OF THEIR ESTABLISHED ACTION, D-AMPHETAMINE BY

STIMULATING THE ADRENERGIC SYSTEM WOULD BE EXPECTED TO DEPRESS

APPROACH LATENCY, CHLORPROMAZINE BY DEPRESSING THE ADRENERGIC
SYSTEM TO STIMULATE APPROACH LATENCY, THE TERM ~ [NOLOGI!ICAL

AMBIGUITY 1S, THUS, EVIDENT,

0orF COURSE, THE FAILURE OF THE DRUGS TO MANIFEST ANY EFFECT

MAKES THE MATTER TOTALLY SRECULATIVE. IN FACT, THE ABSENCE OF

THESE POSTULATED EFFECTS CASTS SOME DOUBT ON THE EXISTENCE OF AN
ADRENERG!C COMPONENT IN THE SCHEME. THE ISSUE WOULD HAVE TO BE
RESOLVED BY A DETAILED ANALYS!S OF THE ADRENERGIC MECHANi{SM (SUCH
CONSIDERATIONS AS [TS RELATIVE ©f AND & COMPONENTS, THE SPECIFIC

? - RELATIVE CONTENT OF VARIOUS CATECHOLAMINES, ETC.), HOW IT

INTERACTS WITH THE CHOLINERGIC MECHANISM (ARE THEY MUTUALLY
ANTAGONISTIC, BIPHASIC, ETC.) AND HOW THESE FACTORS ARE REFLECTED
BEHAV | OURALLY. PRIMARY, OF COURSE, WOULD BE DOSE~EFFECT DATA ON

CHLORPROMAZ{NE IN THE INSTANCE OF APPROACH LATENCY.

IF THE CHANGES IN THE EFFECT OF PRIOR EXPOSURE ON APPROACH

LATENCY ARE DIRECTLY RELATED TO CHOLINERG!C ACTIVITY, THEN
PARASYMPATHOMIMET!C DRUGS WOULD BE EXPECTED TO FACILITATE THE

BEHAVIOUR JUST OPPOSITE TO THE WAY THAT MUSCARINIC ANTICHOL!INERGIC

SUBSTANCES INHIBIT IT. AS WAS POINTED OUT EARLIER, CARLTON (1968)
OFFERED EVIDENCE TO THIS EFFECT AS A MAJOR PROPOSITION IN SUPPORT

OF HIS NOT!ON. THE ASSESSMENT OF ESERINE DESCRIBED I[N TH1S REPORT
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FAILED TO SHOW ANY SUCH FACILITATION, HOWEVER, SINCE THE ANTAGONISM
STUDLIES MOST CLEARLY INDICATED INVOLVEMENT OF ESERINE, THE FA!LURE
TO DEMONSTRATE ENHANCEMENT OF THE PRIOR EXPOSURE EFFECT COULD

SIMPLY BE A REFLECTION OF THE INSENSITIVITY OF THE METHOD TO

CHANGES OF THAT TYPE (E.G., PERHAPS THE APPROACH LATENCY VALUES

N

FOR UNAFFECTED ANIMALS REPRESENTS A PHYSICAL MAX[MUM).

ESERINE QUITE EFFECTIVELY ANTAGON!ZED THE EFFECT OF

SCOPOLAMINE BY EITHER OF TWO ROUTES OF ADMINISTRATI!ON. TACRINE,

LIKEWISE, WAS AN EFFICACIOUS ANTAGONIST OF EITHER SCOPOLAMINE OR

DITRAN. THESE DATA ARE HIGHLY SUGGESTIVE IN REGARD TO THE NOTION
THAT CHOLINERGIC CHANGES OCCUR SIMULTANEOUSLY WITH EXTEROENVIRON-
MENTAL EXPERIENTIAL CONDITIONS, [N FACT, THEY DEMONSTRATE THAT
VARYING THE ONGOING CHOLINERGIC ACTIVITY WiLL RESULT IN
PREDICTABLE CHANGES [N BEHAVIOUR. THAT, OF COURSE, IS CARLTON'S

(1963) MosT BASIC CONTENTION, THE ANTAGONISM DATA, THEN, DO NOT

N ANY WAY ELABORATE ON THE NOTION, BUT RATHER, SIMPLY ENHANCE (TS
PHARMACOLOGICAL CREDENCE.
HeMicHoLINIUM (H~3) 1S PRESENTLY BELIEVED TO MANIFEST ITS

ACTION OF [NHIBITING ACETYLCHOLINE RE-SYNTHESIS BY RENDERING THE

NEURAL MEMBRANE IMPERMEABLE TO CHOLINE (BURN, 1963; CHaNa & RAND,
1960; ELMQuIST & QuasTEL, 1965; EccLEs, 19643 Lona, EvANs & Wong,

19673 MAcINTOSH, BIRKS & SASTRY, 19563 SCHUELER, 1960). THis 1s

IN CONTRAST TO MUSCARINIC ANTICHOLINERGICS WHICH ARE SAILID TO ACT
BY COMPETING WITH ACETYLCHOLINE AT RECEPTOR SITES (lNNES.&

NICKERSON, 1965). HOWEVER, IN BOTH INSTANCES THE FINAL RESULT

8
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IS THE SAME - NON=ACTIVATION OF THE POST<SYNAPTIC MEMBRANE (DURELL,
GARLAND & FRIEDEL, 1969), 1,E., BLOCKAGE OF TRANSMISSION. THUS, ON
THE BASIS OF CARLTON'S (1963) HYPOTHESIS, THE BEHAVIOURAL RESULT
FOLLOWING ADMINISTRATION OF EITHER HEMICHOLINIUM OR A MUSCARINIC
ANTICHOLINERGIC AéENT COULD BE THE SAME. THE RESULTS OF THE
PRESENT EXPERIMENTATION DO NOT REVEAL ANY EFFECT OF HEMICHOLINIUM
ON .PRIOR EXPERIENCE MOD!F!ED APPROACH LATENCY,

IT SHOULD BE POINTED OUT IMMEDIATELY THAT THE DATA |NVOLVE
ONLY ONE DOSE OF HEMICHOLINIUM = AN APPARENT VIOLATION OF SOUND
PHARMACOLOGICAL PROCEDURE AS DISCUSSED EARLIER. THE DRUG, HOWEVER,
HAS AN EXTREMELY LIMITED POTENCY RANGE BETWEEN LETHAL AND INACTIVE
DOSE LEVELS (BARNES & ELTHERINGTON, 19653 MARSHALL & Lona, 1959;
SCHUELER, 1960) AND THERE IS NO EVIDENCE OF ANY BIPHASIC ACTION
(ELmavuisT & QuUASTEL, 19653 ScHUELER, 1960). IN ADDITION, BECAUSE
OF |TS MODE OF ACTION, HEMICHOLINIUM WOULD BE EXPECTED TO MANIFEST
{TS EFFECT ONLY IN ACETYLCHOLINE DEPLETED TISSUES, WHETHER THERE
WAS SUFFICIENT PRIOR ACTIVITY TO INDUCE SUCH DEPLETION CANNOT BE
DETERMINED FROM THE PRESENT EXPERIMENTS,

MORE PRECISELY, THEN, USING A DOSE OF HEMICHOLINIUM THAT
WOULD HAVE A REASONABLE PROBABILITY OF SHOWING AN EFFECT, NONE
WAS OBSERVED. |T WOULD THUS SEEM THAT, CONTRARY TO CARLTON'S
(1963) BELIEF, DEACTIVATION OF CHOLINERGIC TRANSMISSION, IN
ITSELF, 1S NOT THE SIGNIFICANT PHYSIOLOGICAL SUBSTRATE IN REGARD
TO MODIFYING THE INFLUENCE OF EXPERIENCE, EVIDENCE EXISTS

(BovET-NiTT!, 1966) WHICH INDICATES THAT NICOTINE FACILITATES
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BEHAVIOUR IN A MANNER SIMILAR TO MUSCARINIC ANTICHOLINERGIC DRUGS
(As DISCUSSED IN THE [NTRODUCTION). FROM THAT, IT COULD BE
POSTULATED THAT PERHAPS ACETYLCHOLINE REFLECTS A MUSCARINIiC-
NICOTINIC ACTION AT THE BEHAVIOURAL LEVEL SIMILAR TO THAT SEEN IN
PERIPHERAL VASCULAR ACTIVITY (Burn, 1963). IN THE PRESENCE OF
ATROPINE, INCREASED LEVELS OF ACETYLCHOLINE AFFECT BLOOD PRESSURE
IN A MANNER SIMILAR TO THAT FOLLOWING INJECTIONS OF NiCOTINE.
HOWEVER, SINCE THE NICOTINIC EFFECT IS THOUGHT TO INVOLVE
ADRENERGIC MECHANISMS, ITS POSTULATION DOES NOT TOTALLY COMPROMISE
CARLTON'sS (1963) CONCEPT OF A DUAL CHOLINERG!C~ADRENERGIC
MECHANISM. THE NOTION IS COMPLICATED BY RECENT EVIDENCE SUGGESTING
THAT HEMICHOLINIUM MAY HAVE NONCHOLINERGIC ACTIONS IN THAT SOME

OF ITS EFFECTS ON AXONAL CONDUCTiON CANNOT BE AﬁTAGONlZED BY
cHoLINES (FRAZIER, NARAHASH!I & MoORE, 1969).

CONCERN{NG FURTHER THE PROBLEM OF METHODOLOGICAL
INSENSITIVITY MENTIONED ABOVE, THE DOSE~EFFECT DATA ALSO REVEAL
POSSIBLE INADEQUACIES. THE ACTIVE DRUGS DO NOT EXPRESS GRADUATED
DOSE~EFFECT RELATIONSHIPS IN THEIR ATTENUATING EFFECT ON PRIOR
EXPOSURE, BUT INSTEAD SHOW TOTAL INHIBITION ONCE A SPECIFIC DOSE
LEVEL (A fHRESHOLD?) HAS BEEN EXCEEDED, THAT THESE DRUGS DO HAVE

. GRADUATED EFFECTS ON BEHAVIOUR IS EVIDENT FROM CONS{DERATION OF
THE DOSE~EFFECT VALUES WHEN GENERAL ACT!VITY WAS MEASURED
(FiGURE 6). FURTHERMORE, ALL BEHAVIOURS OF THE TYPE UNDER
CONSIDERATION = EXTINCTION, HABITUATION OR WHATEVER - SHOW A

GRADUATED COURSE OF DEVELOPMENT THAT WOULD MOST LIKELY BE
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PARALLELED BY A SPATIALLY OR TEMPORALLY NON~SALTATORY PHYS|OLOGICAL
MECHANISM, TO CONCEIVE OTHERWISE WOULD BE CONTRARY TO EVERY KNOWN
FACT CONCERNING NEURAL ACTIVITY CORRELATES (E.G., PFAFFMANN, 1959).
AGAIN, IT MUST BE CONCLUDED THAT THE MEASURE {S SIMPLY INSENSITIVE
TO SMALL CHANGES.

THE PHARMACOLOGICAL MANIPULATIONS DESCRIBED HEREIN HAVE
SERVED TO CLARIFY FOUR SIGNIFICANT POINTS: 1.) THE METHYLATROPINE
DATA SEEM TO INDICATE THAT THE DRUG ACTIONS ASSOCIATED W!TH CHANGES
IN THE INFLUENCE OF PRIOR EXPOSURE ON APPROACH LATENCY DO OCCUR
WITHIN THE CNS, 2.) THE DOSE~EFFECT AND ANTAGONISM DATA
(ESPECIALLY THE LATTER) SUGGEST THAT THE ACTION IS = SPECIFIC TO
DRUGS CHARACTERIZED AS MUSCARINIC ANTICHOLINERGIC AGENTS, BUT
3.) THE ACTION - AS SUGGESTED BY THE HEMICHOLINIUM DATA - IS NOT
SIMPLY A MATTER OF CHOLINERGIC BLOCKADE, AND 4.) THERE ARE REASONS
TO DOUBT THE EXISTANCE OF AN ANTAGONISTIC ADRENERGIC SYSTEM.

FUTURE RESEARCH TO ELABORATE THESE CONCLUSIONS MIGHT
INCLUDE STUDIES OF OTHER DRUGS REPORTED TO HAVE ANTICHOLINERGIC
ACTIVITY (E+G., MORPHINE; PATON, 1957) OR DRUGS KNOWN TO INTERFERE
WITH CENTRAL SYNAPTIC TRANSMISSION (E.G., DIPHENYLHYDANTOINj
WooDBURY, 1955 - THIS DRUG HAS RECENTLY BEEN REPORTED AS
FACILITATING HABITUATION TO A CLICKING NOISE BY AGED RATS}
GORDON, 1969). IN ADDITION, AN EVALUATION OF THE EFFECTS OF
HEMICHOLINIUM IN CHOLINERGICALLY DEPLETED MICE WOULD BE OF INTEREST
AS WELL AS A CONSIDERATION OF NICOTEN|C AGENTS AND VARIOUS

CATECHOLAMINES = BOTH IN TERMS OF DOSE-EFFECT AND ANTAGONISTIC
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SYNERGISTIC RELATIONSHIPS,
MOT|VAT!| ONAL ASPECTS

WHILE THERE |S LITTLE DOUBT THAT DRUG EFFECTS ARE
MOD I FIABLE BY, OR INTERACT WITH, AN ORGANISM'S APPETITIVE STATE
(BROWN & RiCHARDS, 19663 CoLE, 1963; 1965, GviLvs, 19665 HiLL,
BELLEVILLE & WIKLER, 19573 HoLMEs, CARTER & FuJimoTo, 1958;
MEGINNLSS,.19673 ScHMiDpT, 1958), THERE 1S CONSIDERABLE CONFUS!ION
AS TO THE MECHANISMS INVOLVED IN THE RELATIONSHIP. [NTEREST IN
THE INTERACTION WAS INTENSIFIED BY REVELATION OF THE NOW
WELL~-KNOWN ANOREXIC ACTIONS OF THE AMPHETAMINES (HarriS, JvY &
SEARLE, 1947).

THE CONFUSION OVER THE EFFECT OF DRUGS ON FOOD AND WATER
CONSUMPTION (AND, PERHAPS EVEN MORE IMPORTANT, THE EFFECTS OF
CONSUMPTiON ON DRUG ACTION) STEMS PRIMARILY FROM THE FACT THAT
APPETITIVE BEHAVIOUR INVOLVES NUMEROUS VARIABLES. FOR EXAMPLE,
IN DISCUSSING FOOD MOTIVATION, STELLAR POINTS OUTZ

v+e»HUNGER AND FEEDING ARE UNDER MULTIFACTOR
CONTROL. MANY SENSORY FACTORS, BOTH LEARNED
AND UNLEARNED, CONTRIBUTE IN AN ADDITLVE WAY
TO THE AROUSAL OF HUNGER AND TO THE DEVELOP-
MENT OF SATIATION; TASTE, SMELL, GASTRIC
CONTRACTIONS AND GASTRLC DISTENTION TO NAME
SOME MAJOR ONES., ADDED TO THESE ARE POWER-
FUL INFLUENCES FROM THE [NTERNAL ENVIRONMENT,
INCLUD I NG -BOTH OSMOTIC AND SPECIFIC CHEMICAL
CHANGES. THE SECOND MAIN POINT 1S THAT ALL
OF THESE FACTORS ARE INTEGRATED LN THE
CENTRAL NERVOUS SYSTEM, PARTICULARLY IN THE
HYPOTHALAMUS WHERE THERE ARE BOTH EXCITATORY
AND INHLBITORY MECHANISMS CONTROLLING FOOD
INTAKE AND HUNGER MOTIVATLON (1967,

pp. 105-106).
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STILL ANOTHER CONFOUNDING FACTOR INVOLVES THE COMPLEX
INTERACTIONS BETWEEN VAR!OUS MOTIVATION STATES (E.G., BETWEEN
FOOD AND WATER). THESE HAVE AN ESPECIALLY PROFOUND SIGNIFICANCE
BECAUSE TYPICALLY ONE REINFORCER [S UTILIZED IN A DEPRIVATION
SCHEDULE WITHOUT REGARD FOR CONCOMITANT INFLUENCES RELEVANT TO
THE OTHER (BINDRA, 19683 DeLL, 1958; GLICKMAN & ScHiFF, 1967;
HuLL, 1933; PLISKOFF & TOLLOVER, 1960; VERPLANCK & HAYEs, 1953).
THE POINT 1S COGENTLY MADE BY VERPLANCK & HAYES:

FooD AND WATER INTAKE,..ARE INTERDEPENDENT TO A
H1GH DEGREE, EXPER!MENTAL DEPRIVATION .OF ONE
IS ASSOCIATED WITH A LARGE DROP I[N THE INTAKE
OF THE OTHER THAT MAY BE CONSIDERED A
*SsELF~1MPOSED' DEPRIVATION (1953, P, 332).

YET A THIRD CONSIDERATION INVOLVES THE RELATIONSHIP BETWEEN
DRUG-STIMULUS INTERACTIONS (DISCUSSED IN DETAIL BELOW) AND
MOTIVATIONAL STATE. BRrown (1965), Brown & RicHARDs (1966), AND
HiLL ET AL, (1957) HAVE DEMONSTRATED THAT REINFORCING INFLUENCES
CAN BE MARKEDLY ALTERED BY MAN!PULATIONS OF DRUG~STIMULUS
VARIABLES. FOR EXAMPLE, BROWN & RiCHARDS (1966) MAINTAINED
" NORMAL™ FOOD=REINFORCED RESPONDING IN PIGEONS TREATED WITH
ANOREXIC DOSES OF VARIOUS AMPHETAMINES BY INTRODUCING "ALTRUISTIC"
SOCIAL OPPORTUNITIES.

AS MIGHT BE EXPECTED, IT HAS BEEN SUGGESTED THAT
DRUG-MOTIVATIONAL INTERACTIONS COULD BE ASSESSED BY EMPLOYING

MULT | PARAMETRIC ANALYSES, SEVERAL YEARS AGO MILLER OFFERED THE

NOTION THATZ
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IN STUDYING THE EFFECTS OF DRUGS ON MOTIVATION IT IS

DESIRABLE TO USE A NUMBER OF TECHNIQUES THAT ARE AS

DIVERSE AS POSSIBLE IN ORDER TO AVOID MISLEADING

GENERAL 1ZATIONS FROM EFFECTS THAT ARE SPECIFIC TO

THE PARTICULAR INDICATOR USED...l] BELIEVE THAT IT IS

«««DESIRABLE THAT THEY ARE..,DIVERSE IN THAT THEY DO

NOT DEPEND ON THE SAME RESPONSE AND, HENCE, CAN i
ASSURE US AGAINST BEING MISLED BY EFFECTS THAT ARE :
SPECIFIC TO THAT REsponse (1956, p. 318).

SUCH APPROACHES WERE GENERALLY UNFRUITFUL, SERVING ONLY TO FURTHER

EMPHAS | ZE THE CONFOUND|NG INFLUENCES ALREADY ELABORATED (MILLER &

BARRY, 1960). THE DIFFICULTIES WITH THE APPROACH WERE

SUMMARLZED BY DEWS AND MORSE:

THE DEPENDENCE OF HUNGER ON NUMBER OF HOURS OF
DEPRIVATION WAS STUDIED USING A VARIETY OF
YMEASURES OF HUNGER'...THIRST WAS SIMILARLY
MEASURED, »» THE FUNCT!ONAL DEPENDENCIES FOUND
DIFFERED RADICALLY ACCORDING TO WHICH METHOD
OF MEASUREMENT WAS USED, AND SO DID THE
EFFECTS OF AMPHETAMINE. NO METHOD IS GIVEN
FOR COMBINING THESE CONTRADICTING RESULTS TO
OBTAIN A CLEAR *MEASURE? OF THE EFFECT OF
AMPHETAMINE ON HUNGER OR THIRST PER SE,..lT
SHOULD BE EMPHASIZED THAT THE MEASURES ARE [N
CONFLICT ONLY IN.SO FAR AS THEY ARE REGARDED
AS MEASURES OF HYPOTHETICAL UNITARY VARIABLES
HUNGER OR THIRST} OTHERWISE THEY SIMPLY GIVE
VALUABLE INFORMATION ON AN [NTERESTING
situation (1961, pp. 164-165).

THE DATA FROM THE STUDIES DESCRIBED IN THIS REPORT

CONCERNING THE INFLUENCE OF DEPRIVATION LEVEL ON DRUG-AFFECTED
MODIFICATIONS OF PREVIOUS EXPERIENCE [NDICATE A VERY DISTINCT

INTERACTION BOTH QUANTITATIVELY AND QUALITATIVELY. JUST AS WAS

SEEN WITH DRUG DOSES, INCREASING DEPRIVATION ALSO REACHED A
SPECIFIED LEVEL (ALWAYS 24 HOURS) BEFORE PRIOR EXPOSURE CHANGED
APPROACH LATENCIES WERE SIGNIFICANTLY INFLUENCED, AND THE DRUG

EFFECT REVEALED. BUT, UNLIKE DOSE LEVELS, ONCE |INFLUENCED, THE
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VALUES ASSUMED AN INVERSE RELATIONSHIP (1.E., AS DEPRIVATION
INCREASED, LATENCY WAS DECREASED).S THE FACT THAT THE DRUGS HAVE
NO OBSERVABLE |NFLUENCE BELOW THE OPTIMAL DEPRIVAT|ON LEVEL
INDICATES A DIRECT AND DEFINITE RELATIONSHIP BETWEEN THE EFFICACY
OF THE DRUGS AND THE MOTIVAT!ONAL STATE OF THE ANIMAL. AGAIN, AS
WITH THE DOSE=EFFECT FINDINGS, THE ABRUPT ONSET OF DEPRIVATION
INFLUENCES MAY REFLECT METHODOLOGICAL INSENSITIVITY BECAUSE THE
GENERAL ACTIVITY DATA REVEALED A GRADUATED RELATIONSHIP BETWEEN
MAGNITUDE OF DEPRIVATION AND LEVEL OF BEHAVIOUR (TABLE 25).

ALsSO OF SIGNIFICANCE WAS THE OBSERVATION THAT THE ANTI-
CHOLINERGIC DRUGS MAN{FESTED THEIR ATTENUATION OF PRIOR EXPOSURE
ONLY WITH THE LIQUID REINFORCERS WATER AND MILK. AT NO LEVEL OF
DEPRIVATION UP TO THREE DAYS (FAR IN EXCESS OF WHAT 1S USUALLY
NECESSARY FOR FOOD TO BECOME REINFORCING - FERSTER & SKINNER, 1957)
DID DRY CHOW RESULT IN APPROACH LATENCIES TYPICAL OF THOSE OBSERVED
WITH WATER. PERHAPS THAT IS NOT TO BE UNEXPECTED SINCE IT HAS
BEEN PREV|OUSLY DEMONSTRATED THAT THE VOLUME OF FOOD CONSUMED
DOES NOT CONTINUE TO INCREASE WITH PERIODS OF DEPRIVATION OVER 24
HOURS = IN FACT, IT MAY ACTUALLY DECREASE (MiLLER, 1956). OTHER
REPORTS (Moss, 1924; WARDEN, 1931) HAVE [(MPLIED THAT UNCOND | T1 ONED

APPROACH RESPONSES TO FOOD REACHED A MAXIMUM AFTER 72 HOURS

B,IT IS INTERESTING TO NOTICE THAT SOME OF THE VALUES DO
GO BELOW THE MORE TYPI!CAL LEVELS THUS INDICATING THAT THE EARLIER
SPECULATED PHYSICAL MAXIMUM [S NOT A POSSIBLE REASON FOR ESERINE'S .
INACTIVITY.
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DEPRIVATION AND THEN DECREASED. CONVERSELY, THE MILLER (1956)
STUDY SHOWED THAT CONDIT!ONED RESPONSES CONTINGENT ON FOOD

RE I NFORCEMENT CONTINUE TO INCREASE WITH INCREASING DEPRIVATION.
EXPRESSED SLIGHTLY DIFFERENT, DEPRIVATION MAY AFFECT A DECLINE IN
THE UNCONDITIONED OR CONSUMMATORY BEHAVIOURS AND AN INCREASE iN
THE CONDITIONED OR APPETITIVE COMPONENTS (TiINBERGEN, 1951), WiTH
THAT ASSUMPTION, IT COULD BE CONCLUDED THAT THE APPROACH BEHAVIOUR
OBSERVED IN THESE STUDIES IS AN UNCONDITIONED CONSUMMATORY ACT
laEa, NOT A LEARNED RESPONSE. THE LACK OF ANY APPARENT INFLUENCE
BY THE DRINKING TUBE'S BEING PRESENT DURING THE INIT|AL EXPOSURE
FURTHER VERIFIES THIS CONTENTION (TABLE 18).

[N THE DRY CHOW STUDIES, THE DIFFERENCE BETWEEN PRIOR
EXPOSURE AND NON-EXPOSURE WAS MAINTAINED AND THERE WAS, AS
INDICATED ABOVE, A DEFINITE DI{MINUTION OF ALL VALUES AS DEPRIVATION
WAS INCREASED. IN EFFECT, THE PATTERN OF VALUES WAS IDENTICAL TO
THOSE OBTAINED WITH NON=ACTIVE DRUGS WHEN WATER REINFORCEMENT WAS
EMPLOYED. THUS, THE DRUG EFFECT WAS TOTALLY REVERSED BY
QUALITATIVELY CHANGING THE MOTIVATION CONDITIONS,

DEFIN|TION OF THE MECHANISMS INVOLVED IN THE INTERACTION
WOULD NECESSITATE A SYSTEMAT!C EVALUATION OF INGESTIONAL INFLUENCES
(E.G., "DRY-MOUTH" DUE TO ANTISALIAGOGUE EFFECTS, DECREASED GUT
MOTILITY DUE TO ANTISPASMODIC EFFECTS, ETC.), INTRAMODALITY
RELATIONSHIPS (E.G., MAINTENANCE OF WATER INTAKE IN RELATION TO
DRY CHOW), AND DRUG-BEHAVIOUR INTERACTIONS (E.G., COULD ENVIRON-

MENTAL CONDITJONS, SAY SOCIAL, BE CREATED IN WHICH THE DRUG EFFECT
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WOULD OCCUR WITH DRY CHOW?) HOWEVER, ONE EVIDENT POSSIBILITY CAN BE
DERIVED FROM THE CONSIDERATION OF AN ESTABLISHED EFFECT OF CHO-
LINERGIC SUBSTANCES ON CONSUMMATION. GROSSMAN, (1960, 1962, 1964)

AND. OTHERS (E.G., CIRCERO & MYERs, 1968; Coury, 19673 EPSTEIN,

19603 FisHER & Coury, 1962; KHAVARI, HEEBINK & TRAUPMAN, 1968;
MiLLER, 19655 MYERs & CICERO, 1968) HAVE FOUND THAT CHOLINERGIC

AGENTS, APPLIED DIRECTLY TO DISCRETE BRAIN AREAS, INITIATE DRINKING

BEHAVIOUR WHILE ADRENERGIC COMPOUNDS INSTIGATE THE EATING OF FOOD.

] T WOULD FOLLOW, THEN, THAT BLLOCKING OF THE CHOLINERGIC SYSTEM BY

INJECTION OF AN ANTICHOLINERGIC DRUG WOULD DECREASE DRINKING

(LEviTT & FisHER, 19663 WEISS & STRONGMAN, 1969) WHICH, IN THE
PRESENT STUD{ES WOULD BE REFLECTED AS AN INCREASED APPROACH
LATENCY ON THE PART OF PRIOR EXPOSED ANIMALS, HAMILTON AND

GROSSMAN (1969) HAVE SHOWN THAT DIRECT INJECTIONS OF ANTICHOL!INERGIC

AGENTS INTO VARIOUS AREAS OF CAT'S BRAINS AFFECTED ACQUISTION OF
AVOIDANCE BEHAVIOUR IN THE SAME MANNER AS SYSTEMIC TREATMENTS.

|T wouLD BE OF INTEREST TO TEST ANIMALS IN THE PRESENT PARADI]GM

FOLLOWING APPLICATION OF RELEVANT AUTONOMIC AGENTS TO APPROPRIATE

CONSUMMATORY-ASSOCIATED BRAIN AREAS,

ONE POTENTIAL DIFFICULTY WITH THiS INTERPRETATION CONCERNS
THE DURATION OF ACTION OF THE DRUGS INVOLVED. THE GENERAL ACTIVITY

DATA IN TABLE 24 AND FIGURE 6 SHOW THAT ATROPINE, SCOPOLAMINE,

AND DITRAN DID MAINTAIN AN EFFECT FOR AT LEAST THE 72 HOURS THAT
WOULD BE NECESSARY. I[N ADDITION, BROWN (1967) OFFERS DATA WHICH

INDICATED THAT ATROPINE AFFECTED INCREASES IN WATER REINFORCED
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LEVER PRESSING BY MONKEYS FOR MORE THAN 36 HOURS POST-ADMINIS~
TRATION.

CONVERSELY, AD-LI1BITUM WATER CONSUMPTION BY MICE DOSED
WiTH SCOPOLAMINE OR ATROPINE, AS DESCRIBED HERE[N, REVEALED NO
DIFFERENCES FROM SALINE-TREATED ANIMALS AFTER THE FIRST 24 HOURS
(TasLE 15, F1GURE 5). DRUG-TREATED PRIOR-EXPOSED SUBJECTS DID
CONSUME LESS WATER DURING THE SECOND EXPOSURE PERIOD (ATTAINING
LEVELS NOT SIGNIFICANTLY DIFFERENT FROM NON=PRIOR EXPOSED ANIMALS)
BUT, OF COURSE, THEY ALSO TOOK LONGER TO l&lT[ATE DRINKING.
COMPARATIVE SATIATION CURVES WOULD BE OF VALUE TO CLARIFICATION
OF THIS POINT.

NONETHELESS, THE FACT REMAINS THAT THESE FINDINGS SERIOUSLY
LIMIT ANY GENERALITIES CONCERNING ANTICHOLINERGIC MODIFICATION OF
PRIOR EXPERIENCE BY IMPLICATING THE ANIMAL®S NUTRITIONAL CONDITION
IN THE EXPRESSION OF THE DRUG'S ACTION. |T IS THUS NOT FEASIBLE
TO'CONSJDER A GENERAL ACTIVATING~DEACTIVATING SYSTEM ONLY IN TERMS

OF RELATIVE ADRENERGIC~CHOLINERGIC ACTIVITY.
THE DRUG-STIMULUS INTERACTION PROBLEM

EXPERIME&TAL VERIFICATION OF THE FACT THAT ENVIRONMENTAL
CONTINGENCIES CAN ALTER THE EFFECT OF A DRUG LONG PROCEEDED ITS
DELINEATION AS A PRIMARY PROBLEM FOR PSYCHOPHARMACOLOGICAL
CONSIDERATION. IN 1940, GUNN AND GURD REPORTED THAT THE EFFECTS
OF THE AMPHETAMINES WERE MARKEDLY ENHANCED IN MICE MAINTAINED UNDER

CONDITIONS OF SOCIAL AGGREGATION AS OPPOSED TO THOSE KEPT
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ISOLATED. THE FINDING HAS BEEN EXTENSIVELY REPLICATED (SEE REVIEW
BY THIESSEN, 1964), SHOWN TO BE ANTAGON!ZABLE BY CNS DEPRESSANT
DRUGS (LASAGNA & MCCANN, 1957), REPRODUCABLE IN OTHER SPECIES

(ZaLts & KAPLAN, 1966), AND SUBJECTED TO DETAILED PARAMETRIC

EVALUATION (E.G., CHERNOV, FURNESS, PARTYKA & PLUMMER, 1966;
HARD INGE & PETERSON, 1964; MoorE, SAwDY & ScHAuL, 1965; SwiNYARD,
CLARK, M!YAHARA & WoLF, 1967; WELcH & WELcH, 1966).

NONETHELESS, A THEORETICAL STRUCTURE RELEVANT TO THE
FINDINGS WAS NOT PROVIDED UNTIL 1956 BY SIDMAN WHO CALLED SUCH
RELATIONSHIPS DRUG-BEHAVIOUR INTERACTIONS. HE DELIMITED THE
NOTION QUILTE CLEARLYZ

IN RECENT YEARS,..|T HAS BECOME EVIDENT THAT A
HI THERTO~NEGLECTED SET OF VARIABLES CONTRIBUTES
POWERFULLY TO THE UNCERTAIN CONSEQUENCES OF

DRUG ADMINISTRAT!ION., THESE VARIABLES, BROADLY
DESCRIBED, ARE THE RELATIONS BETWEEN BEHAVIOR
AND 1TS CONTROLLING ENVIRONMENT. DRUG EFFECTS
ARE DEPENDENT NOT ONLY ON THE PHYSIOLOGICAL
STATE OF THE ORGANISM, BUT ALSO ON THE
ENVIRONMENTAL CONTINGENCIES THAT ARE MAIN-
TALNING ITS BEHAVIOR AT THE TIME (1956, p. 282).

BROWN UTILIZED THE CONCEPT IN AN ANALYSIS OF DRUG EFFECTS ON
VISION AND BROADENED ITS EXPLANATORY UTILITY. HE POINTED oOUTE

THE RELATIONSHIP BETWEEN THE BEHAVIOR OF AN
ORGANISM AND THE STIMULUS CONDITIONS UNDER
WHICH IT OCCURS CAN INTERACT WITH DRUGS
FROM EITHER OR BOTH ASPECTS, THAT IS, IT
CAN AFFECT RESPONDING, HAVE 1TS EFFECT
MOD{FIED BY STIMULUS CIlRCUMSTANCES, OR
BOTH. THE FORMER IS THE MOST OBVIOUS AND
COMMONLY MEASURED VARIABLE IN DRUG
EXPERIMENTATION, THE SECOND IS SOMEWHAT
LESS OBVIOUS AND EMPHASIZED BUT MORE
SIGNIFICANT... (1967, P. 295).
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THOMPSON AND SCHUSTER, ALSO RECOGNIZING THE SIGNIFICANCE OF
DRUG-BEHAVIOUR INTERACTIONS, SAY:

ANALYZING THE MECHANISMS BY WHICH DRUGS AFFECT
BEHAVIOR WOULD BE IMMEASURABLY EASIER IF
ORGANISMS COULD BE ISOLATED FROM THEIR
ENVIRONMENTS, HOWEVER, IN THE WORLD OF [NTACT
BEHAVING ANIMALS, THE ORGANISM AND TS
ENVIRONMENT ARE |NSEPARABLY [NTERDEPENDENT}
AND IT IS INEVITABLE THAT THE EFFECTS OF DRUGS
ADMINISTERED TO INTACT ANIMALS WILL BE
MODIFIED BY ENVIRONMENTAL CONDITLONS.

ALTHOUGH THE IMPORTANCE OF ENVIRONMENTAL
INFLUENCES SHOULD BE OBV10US, |NADEQUATE
CONSIDERATION OF SUCH FACTORS IS ONE OF THE
COMMONEST WEAKNESSES OF DRUG-BEHAV|OR

RESEARCH (1968, p. 158).

THE IMPORTANCE OF THE CONCEPT CANNOT BE OVERSTRESSED., ANY
DRUG EFFECT ON BEHAVIOUR - INCLUDING PLACEBO EFFECTS (BEECHER,
1955; FRANKENHAEUSER, JARPE, SVAN & WrRANGSJo, 1963) - CAN ONLY BE
FULLY INTERPRETED IN THE CONTEXT OF DRUG~BEHAVIOUR INTERACTION
CONSIDERATIONS, UNFORTUNATELY THE CONCEPT, WHEN HEEDED AT ALL,
IS USUALLY CONSIDERED ONLY FROM A METHODOLOGICAL PERSPECTIVE.
CONCERNING THAT POINT, GOLLUB AND BRADY SAYZ

SUCH REFERENCE HAS USUALLY SERVED TO [NDICATE THAT
YpARADOXICALY DRUG EFFECTS MAY NOT BE QUITE SO
PUZZLING WHEN ENVIRONMENTAL COND|TIONS AND OTHER
CRITICAL EXPERIMENTAL DETAILS ARE CAREFULLY
SPECIFIED AND CONSIDERED. THE IMPORTANCE OF THE
DRUG-BEHAVIOR INTERACTION CONCEPT, HOWEVER, GOES
BEYOND SIMPLY ACCOUNTING FOR INCONSISTANCIES IN
THE PSYCHOPHARMACOLOGICAL LITERATURE. FIRST IT
WOULD SEEM TO LIMIT THE EXTENT TO WHICH DRUG
EFFECTS ARE SPECIFIABLE UNDER THE RUBRIC OF SUCH
BROAD PHARMACOLOGICAL CLASSES AS 'STIMULANTS®,
YDEPRESSANTS', 'TRANQUILIZERS', AND THE LIKE,
DESPITE THE APPARENT JUSTIFICATION FOR SUCH
CLASSIFICATIONS ON CLINICAL OR EVEN PHYS10O-
LOGICAL GROUNDS, SECOND, A CONSIDERED EVALUATION
OF THE DRUG-BEHAYIOR INTERACTION CONCEPT WOULD
SEEM TO RAISE SERIOUS QUESTIONS CONCERNING THE
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EFFICACY OF PSYCHOPHARMACOLOGICAL APPROACHES WHICH
EMPHASIZE A SEARCH FOR DRUGS EXPECTED TO HAVE
SELECTED EFFECTS UPON SUCH INADEQUATELY SPECIFIED
PSYCHOLOGICAL PROCESSES AS *FEAR', "ANXIETY',
tconFLICT', AND THE LIKE (1965, p. 252).

THE LAST POINT WOULD CERTAINLY INCLUDE THE NOTION OF "HABITUATlON"

BEING SELECTIVELY INHIBITED BY ANTICHOL{NERGIC DRUGS,

IN REGARD TO BOTH VISUAL AND AUDITORY STIMULUS MODALITIES,
THE EXPERIMENTS DEéCRlBED IN THE PRESENT STUDY REVEALED A
MEASURABLE INFLUENCE ONLY WHEN INTERMITTENT STIMULATION WAS

UTILIZED. THAT WOULD BE EXPECTED SINCE BOTH FLICKERING LIGHT AND

SOUND STIMULATION ARE SENSITIVE BEHAVIOURAL INDICATORS (GOTTLIEB &
SIMMER, 19693 HARRISON & ABELSON, 1959; HENDRICKS, 19663 TARAVELLA,
CLARK, PAUTLER & SCHWARTZ, 1957) INCLUDING THE REVELATION OF DRUG
EFFECTS THEREON (PAUTLER & CLARK, 19673 TURNER, 1965), IN
ADDITION, FLICKERING ILLUMINATION HAS BEEN FOUND TO BE RESISTANT
TO HABITUATION., PLERON (1965) anp Paviov (1927) RERORTED THAT
ORLENTING REFLEXES COULD BE MAINTAINED LONGER UNDER CONDIT!ONS OF
INTERMITTENT STIMULATION.

FLICKERING ST!MUL! PRESENTED ONLY DURING THE SECOND

EXPOSURE WERE APPARENTLY DISRUPTING IN THAT THEY NEGATED THE

USUAL EFFECT OF SCOPOLAMINE ~ IN FACT, THE LATENCIES FOR ALL
GROUPS WERE ELEVATED. A DIFFERENCE BETWEEN PRIOR EXPOSED AND

NON=EXPOSED ANIMALS WAS MAINTALNED, BUT NOT BETWEEN PRIOR EXPOSED

DRUG AND SALINE TREATED SUBJECTS ~ THE DIFFERENCE THAT 1S TAKEN
AS THE INDICATOR OF DRUG ACTION, THUS A RATHER OBVIOUS AND

DEFINITE DRUG-BEHAVIOUR INTERACTION WAS REVEALED, THE COND!ITIONS
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OF THE FIRST EXPOSURE, HOWEVER, WERE APPARENTLY NOT SO SPECIFIC
THAT ABSENCE OF FLICKER PRESENT THEREIN IMPAIRED PERFORMANCE DURING
THE SECOND EXPOSURE, |T WOULD THUS SEEM THAT PRESENCE AND ABSENCE
OF STIMULATION ARE ALSO QUALITATIVELY DISTINCT (HARRISON & ABELSON,
1959) -~ AN INTERESTING NOTION FOR FUTURE EXPERIMENTATION.

EVEN MORE SIGNLFICANTLY, WHEN THE INTERMITTENT STIMULATION
WAS PRESENT DURING BOTH EXPOSURES, THE DRUG EFFECT OCCURRED IN A
TYPICAL MANNER. FROM THAT, THEN, IT WOULD SEEM THAT SPECIFIED
STIMULUS CONDITIONS DURING INITIAL EXPOSURE CAN INDEED INFLUENCE
THE CONSEQUENCE OF THE SECOND ﬁXPOSURE. AGAIN, A DRUG-BEHAV!IOUR
INTERACTION.

THAT THE ANTICHOLINERGIC EFFECT CAN BE MODIFIED BY
MANIPULATION OF ENVIRONMENTAL ASPECTS 1S INCOMPATIBLE WITH
CARLTON's (1963) HYPOTHESIS IN THE SENSE THAT EXOGENOUS STIMULATION
ALTERS THE EFFICACY OF THE ORGANISM'S BIOCHEMICAL STATE =~ 1.E.,

THE DATA SUGGEST THAT THE CHOLINERGICALLY MEDIATED BEHAVIOUR WiLL
NOT INEVITABLY EXPRESS ITSELF ONCE AN OPTIMAL QUANTITY OF
ACETYLCHOLINE 1S PRESENT AT THE RELEVANT RECEPTOR SITE. THERE IS
NO TOTALLY PREDICTABLE UNITARY RELATIONSHIP SIMPLY BECAUSE OTHER
FACTORS, NOT THE LEAST OF WHICH ARE EXTEROCEPTIVE CONDITIONS, WILL
INFLUENCE THE BEHAVIOURAL EXPRESSION OF THE BIOCHEMICAL ACTIVITY,

| T REMAINS FOR FUTURE RESEARCH TO SPECIFY THOSE CONDITIONS.
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THE SUPERIORITY OF GENERAL MOTOR ACTIVITY AS A MEASURE
OF THE INFLUENCE OF PREVIOUS EXPERIENCE

THE TERMINOLOGY USED TO DESIGNATE MEASURE OF THE APPARENTLY
RANDOM MOVEMENT OF AN ANIMAL ABOUT A SPACE [S OBJECTIVELY VAGUE AND
AMBI1GIOUS. IN AN ATTEMPT AT CLARITY, MUNN OFFERS A DESCRIPTION AND
DEFINITION THAT HAS THE VIRTUE OF FUNCTIONAL UTILITY IF NOT
OBJECTIVE ACCURACYZ

THE RAT, IN COMMON WITH OTHER ANIMALS, DISPLAYS A
VARIETY OF ACTIVITIES WHICH APPEAR TO DEPEND MORE
UPON INTERNAL PHYSIOLOGICAL CONDITIONS THAN UPON
THE STIMULATING PROPERTIES OF THE EXTERNAL
ENVIRONMENT,,.MUCH OF THIS INTERNALLY REGULATED
BEHAVIOR 1S...WITHOUT THE KIND OF SPECIFIC
DIRECTION THAT WE OBSERVE WHEN AN ANIMAL RUNS
TOWARD FOOD, TOWARD WATER, OR TOWARD A SEXUAL
PARTNER. WHAT THE ANIMAL DOES 1S RUN AROUND

IN ITS CAGE OR RUN IN A REVOLVING DRUM

(1959, p. 52).

HE THEN GOES ON TO SAY:

TWo TERMS HAVE BEEN USED TO DESIGNATE THIS...
ACTIVITY. ONE OF THESE S SPONTANEOUS
ACTIVITY, AND THE OTHER, GENERAL ACTIVITY.
THE FIRST TERM INVOLVES THE ASSUMPTION THAT
NO EXTERNAL STIMULATION, OR AT LEAST NO
EXPERIMENTALLY VARIED EXTERNAL STIMULATION
IS RESPONSIBLE FOR ELICITING OR REGULATING
THE BEHAVIOR. |T HAS ALSO BEEN USED TO
MEAN THAT THE STIMULUS FOR THE ACTIVITY IS
UNKNOWN. THE SECOND TERM MAKES NO
ASSUMPTIONS ABOUT STIMULATION AND BEING
JUST AS DESCRIPTIVE AS THE FIRST, IT IS TO
BE PREFERRED (1950, p. 52).

IN EFFECT, THEN, THE TERM GENERAL ACTIVITY IS SIMPLY
DESCRIPTIVE OF WHATEVER METHOD OF MEASUREMENT 18 EMPLOYED. THOSE
MEASURES ARE NUMEROUS AND ALMOST AS OLD AS ANIMAL PSYCHOLOGY

| TSELF. THE FIRST.TECHNIQUE SO DESCRIBED WAS THE ACTIVITY OR
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RUNNING WHEEL FOR RATS (SLONAKER, 1908; STEWART, 1898). SIiNCE THEN
THERE HAVE BEEN REPORTS CONCERNING VARIOUS STABILIMETRIC OR
"J1GGLE" CAGES - ELTHER TAMBOUR MOUNTED (RicHTER, 1927) ©OR
CANTJLEVER SUSPENDED {CHAPPEL, GRANT, ARCHIBLAD & PAQuETTE, 1957),
TILT=OR TURN=TABLES (GRIFFITH & FARRIS, 1942), ELECTRICAL SHORTING
BY CONTACT WITH METAL PLATES (KnoLL, 1961), INTERRUPTION OF A
PHOTOBEAM = THE SO~CALLED "LfGHf Box" (SPENCER, 1929; SIEGEL & HAND,
1950), pepoMETERS (LIDDELL, ]925}-CURT13, 1937), ELECTRICAL FLUX
(nDucTION (GLOW & CHAMBERS, 1960) AND DISRUPTION OF ULTRASONIC
SOUND WAVES (Peacock, Hobge & THoMAs, 1966) To MENTION A FEW.
DETAILED REVIEWS OF THE METHODS HAVE BEEN COMPILED BY REED (1947)
AND HarL (1961).

GENERAL ACTIVITY MEASUREMENTS HAVE FOUND WIDESPREAD
UTILITY IN THE MEASUREMENT OF 5Rue EFFECTS (E.G., CHAPPEL ET AL,
19573 Davis, 1957; Dews, 19533 EveretT, 19613 KnoLL, 1961;
LIPMAN ET AL, 1963), EVEN TO THE EXTENT OF ATTEMPTING TO ESTABLISH
THE ONTOGENET!C DEVELOPMENTAL RATE OF THE ADRENERGIC-CHOLINERGI|C
ACTIVATION sysTEMs (CAMPBELL, LYTLE & FiBiGeER, 1969). Nort
UNEXPECTEDLY, THE&E HAS BEEN SOME CONFUSION IN REGARD TO THE ACTION
OF A GIVEN DRUG., TO TAKE MORPHINE AS AN EXAMPLE, SOME STUD!ES HAVE
REPORTED THAT |IT DECREASED ACTIVITY {CoLLINs, 19653 HiLL, PESCOR,
BELLEVILLE & WIKLER, 19573 SimMoN & Eppy, 1935), OTHERS THAT IT
INCREASED ACTIVITY (BEACH, 1957; JoEL & ETTINGER, 19265 MACHT &
MorA, 1920). THERE IS NO EVIDENCE TO SUGGEST THAT THE TECHNIQUES

THEMSELVES (ALLOWING FOR PHARMACOLOGI!CAL AND SPECIES~SPECIFIC
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DIFFERENCES) WOULD PRODUCE DIFFERENT RESULTS. ON THE CONTRARY,
Issac AND Root (1956) USED A VARIETY OF METHODS, INCLUDING
OBSERVER RATINGS, PHOTOBEAM INTERRUPTION, AND TWO STABLIOMETRIC
DEVICES, TO ASSESS THE EFFECT OF X=RADIATION ON THE ACTIVITY OF
MONKEYS. THEY FOUND VERY HIGH INTERCORRELATIONS (RELIABILITY
COEFFICIENTS BETWEEN +0.79 AND +0,99) AMONG ALL THE MEASURES.
SIMILAR FINDINGS IN REGARD TO THE EFFECT OF MORPHINE ON RAT
ACTIVITY HAVE BEEN REPORTED BY BROWN AND MEGlNNlSSE(lN PRESS )
USING PHOTOBEAM INTERRUPTION, A STABLIOMETRIC CAGE, AN ACTIVITY
WHEEL, AN ULTRASONIC DEVICE, AND LEVER PRESS!ING.

HOWEVER, THE LATTER STUDY ALSO REVEALED A PROFOUND
DIFFERENCE IN REGARD TO MOTIVATIONAL CONTINGENCIES, 1.E., MORPHINE
DECREASED OR INCREASED ACTIVITY DEPENDENT ON WHETHER THE BEHAVIOUR
WAS CONTINGENT UPON POSITIVE OR NEGATIVE REINFORCEMENT. THE
NON=EXPERIMENTALLY REINFORCED S|TUATION UNIVERSALLY REVEALED
DECREASED ACTIVITY CHARACTERISTIC OF POSITIVE REINFORCEMENT. |T
HAS BEEN SUGGESTED THAT CURIOSITY OR EXPLORATORY BEHAV]OUR
(BERLYNE, 1966) AND. ACTIVITY ITSELF (HUNDT & PREMACK, 1963) ARE
POSITIVELY REINFORCING.

THE FACT REMAINS THAT, WHATEVER THEIR CONTINGENCIES,
GENERAL ACTIVITY MEASURES ARE EXTREMELY SENSITIVE, REPLICABLE,
AND MEANJNGFUL TECHNIQUES FOR ASSESSING DRUG ACTION. THE RESULTS
OF THE STUDIES REPORTED HEREIN VERIFY THiS CONTENTION. |N EVERY
INSTANCE, THE GENERAL ACTIVITY MEASURE PRODUCED DATA THAT ALLOWED

CONCLUSIONS |DENTICAL TO THOSE OBTAINED FROM THE APPROACH LATENCY
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DATA. IN THE INSTANCE OF DOSE-EFFECTS, GENERAL ACTIVITY WAS MORE
SENSITIVE THAN APPROACH LATENCY TO THE EFFECT OF LOWER DOSES, AND,
[N THE INSTANCE OF DEPRIVATION LEVELS, MORE SENSITIVE TO SHORTER
DEPRIVATION TIMES. MOST SIGNIFICANTLY, THE TECHNIQUE WAS ENTIRELY
REVEALING OF THE lNFLUENCéS OR PRIOR EXPERIENCE WITHIN A LESS
COMPLEX METHODOLOGICAL CIRCUMSTANCE. IN FACT, USE OF THE ACTIVITY
MEASURE IN PLACE OF APPROACH LATENCY WITHIN THE SAME PARADI|GM
RESULTED IN AN MALL~OR-NONE"™ EFFECT IDENTICAL TO THAT OBTAINED
WITH APPROACH LATENCY. IN CONTRAST, WATTERS AND BLock (1969)
REPORTED THAT SCOPOLAMINE (1.0 MG./KG.) INCREASED GENERAL ACTIVITY
BUT DID NOT AFFECT THE COURSE OF HABITUATION, [T IS POSSIBLE THAT
THE TIME SPANS INVOLVED IN THE PRESENT STUDIES MAY HAVE BEEN SO
SLIGHT AS TO PRECLUDE FULL EXPRESSION OF THE ACTIVITY EFFECT. THE
POINT COULD BE CLARIFIED BY TIME~DISTRIBUTION STUDIES OF GENERAL
ACTIVITY., |T WOULD SEEM, THOUGH, THAT GENERAL ACTIVITY OFFERS A
MORE SENSITIVE AND VERSATILE METHOD FOR ASSESSING THE BEHAVIOUR

RELEVANT TO CARLTON's (1963) HYPOTHESIS.
SOME CONCLUSIONS AND AN ALTERNATIVE HYPOTHESIS

UsING THE EFFECT OF VAR!OUS DRUGS ON EXPERIENCE MODIFIED
APPROACH LATENCIES AND GENERAL ACTIVITY AS BEHAVY | OURAL MEASURES,

I'T HAS BEEN ASCERTAINED THAT?

1.) DRUGS THAT ABOLISH PRIOR EXPOSURE |NDUCED DECREASES
IN APPROACH LATENCY SEEM TO DO SO IN CONJUNCTION WITH ACTIONS

WETHIN THE CNS. ATTENUATION OF PREVIOUS EXPERIENCE INFLUENCES
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WAS AN ACTION SPECIFIC TO MUSCARINIC ANTICHOLINERGIC DRUGS, BUT
DID NOT SEEM TO BE SIMPLY DUE TO ATTENUATION OF CHOLINERGIC
ACTIVITY.

2.) THE DRUG EFFECT COULD BE MODIFIED BY MANIPULATION OF
THE ANIMAL®S NUTRITIONAL CONTINGENCIES {SUCH AS LEVEL OF DEPRIVA-
TION AND/OR QUALITY OF REINFORCEMENT). THE MODIFICATION APPEARED
TO BE RELATED TO THE CONSUMMATORY ASPECT OF BEHAVIOUR,

3.) IN FACT, THE DRUG EFFECT COULD ALSO BE MODIFIED BY
ENVIRONMENTAL CHANGES OF A SENSORY NATURE. THE EFFECTIVENESS OF
THE DRUGS WAS HIGHLY DEPENDENT ON THE ENVIRONMENTAL CIRCUMSTANCES
UNDER WHICH THE ANIMAL*S PERFORMANCE WAS ASSESSED.

4,) AND, IT WOULD SEEM THAT GENERAL ACTIVITY IS AS
ACCURATE AN INDICATOR OF THE ABOVE DESCRIBED EFFECTS AS THE
APPROACH LATENCY MEASURE. THE TECHNIQUE IS METHODOLOGICALLY
SIMPLER AND MORE SENSITIVE.TO TREATMENTS.

WITHOUT QUESTION, THE RESULTS OF THESE STUDIES VERY
SE&IOUSLY coMpROMISE CARLTON®'S (1963) HYPOTHESIS. THEY ILLUSTRATE
THE OBVIOUS DIFFICULTY IN CARLTON’s ATTEMPT TO DESCRIBE A
SIMPLISTIC UNITARY RELATIONSHIP BETWEEN THE ACTIVITY OF TWO

BlOCHEMICAL SYSTEMS AND A SPECIFIC INSTANCE OF BEHAVIOUR. As was

POINTED OUT PREVIOUSLY, THE NOTION WAS COMPROMISED FROM THE

INSTANT OF ITS INCEPTION BECAUSE |T WAS BASED UPON FALLACIOUS
PRESUMPTIONS, THE DATA FROM THE PRESENT STUDIES HAVE MORE THAN
AMPLY HIGHL!GHTED THE SHORTCOMINGS OF THE ATTEMPT TO BIOCHEMICALLY

LOCALI1ZE A SPECIFIC BEHAVIOUR,
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SUPERFICLALLY, THE NOTION APPEARED VIABLE BECAUSE OF ITS
SECOND SHORTCOMING = LACK OF METHODOLOGICAL VERSATILITY OR
INABILITY TO MANIPULATE AND ACCOUNT FOR MANY OF THE PARAMETRIC
CONTINGENCIES., WHAT SEEMED TO BE DESIRABLE PARSIMONY WAS, IN
FACT, ABSENCE OF A BROAD ANALYTICAL BAS!sS, THIS WAS ESPECIALLY
EVIDENT IN RELATION TO LACK OF CONSIDERATION FOR THE MOTIVATIONAL
CONTINGENCIES AND THEIR PROFOUND I[NTERACTION WITH THE DRUG EFFECTS.
MoORE GENERALLY, EMPLOYMENT OF THE GENERAL ACTIVITY MEASURE
REVEALED THE RELATIVE INSENSITIVITY OF APPROACH LATENCY AS A
MEASURE OF THE INFLUENCE OF PRIOR EXPERIENCE,

lF ALL FACTORS ARE TAKEN [NTO CONSIDERATION ~ WHEN THE
TOTAL ORGANiSM [S CONSIDERED N A TOTAL ENVIRONMENT (THEREBY NOT
NECESSI[TATING ANY SEVERE CONCEPTUALIZATION OF DRUG ACTION OR
STRICT DEFINITION OF BEHAVIOUR), IT BECOMES POSSIBLE TO OFFER A
HYPOTHETICAL CONSTRUCT WHICH COVERS THE CIRCUMSTANCES REVEALED BY
THE EXPERIMENTS REPORTED HERE !N, IN GENERAL TERMS, THE FOLLOWING

SCHEME MAY BE PROPOSED}

NEURAL ACTIVITY X INTERNAL STATE X EXTROENVIRON-
HUMORAL NUTRIT1ONAL MENTAL CONDITIONS
ELECTRO-= GLANDULAR REINFORCEMENT

CHEMICAL ANATOMICAL EXTEROCEPTIVE
TacTiviTY" STIMULI
LEVEL

= BEHAVIOUR

AND, APPLYING THE GENERAL CONSTRUCT TO THE CIRCUMSTANCES OF THE

PRESENT EXPERIMENTSZ
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DEPRESSED MUSCARINIC X DEPRLVATION X DRINKING TUBE IN
ACTION OF ACETYLCHOLINE OF WATER DEFINED EXTERO-
(OPERATIONAL CEPTIVE CiRCUM=
DEFINITION OF STANCES (A CHAMBER,
"THirRsT") PREV | OUS EXPOSURE,
ETC.)

= SUPPRESSED APPROACH TO DRINKING TUBE.
THE MULTIPLICATION SIGN IS USED TO EMPHASIZE THE INTERACTION
BETWEEN THE VARIOUS CONDITIONS, THAT IS, IT SUGGESTS THAT tF ANY
ONE OF THE FACTORS WERE ABSENT, THE BEHAVIOURAL RESULT WOULD NOT
OCCUR} ZERO TIMES ANY VALUE 1S ZERO. OF COURSE, SOME OF THE
FACTORS ARE, OF PRESENT NECESSITY, VAGUELY DEFINED SINCE MUCH
MORE PARAMETRIC SPECIFICATION IS NEEDED. EMPLOYMENT OF THE
GENERAL ACTIVITY MEASURE WILL ALLOW SUCH SPECIFICATION TO PROCEED
MORE EFFICACIOUSLY AND THE ALTERNATE HYPOTHES!S OFFERS A CONCEPTUAL
FRAMEWORK WITHIN WHICH SYSTEMATIC DEFINITION CAN PROCEED. EQUALLY
IMPORTANT THE ABOVE HYPOTHESIS IS [NDEPENDENT OF ANY NOTION
ATTEMPTING TO DEFINE BEHAVIOUR [N TERMS OF A LOCALIZED
PHYS{OLOGICAL MECHANISM WHILE AT THE SAME TIME GIVING THE
PHYSIOLOGICAL ASPECTS FULL CONSIDERATION. THE CONSTRUCT SIMPLY
STATES THE CONDITIONS UNDER WHICH A PARTICULAR INSTANCE OF
BEHAVIOUR MAY OCCUR. THE CIRCUMSTANCES ARE MADE COMPATIBLE WITH
THE IDEAL SO APTLY EXPRESSED BY BANNISTERZ

seeslT 1S NOT USEFUL TO TALK OF PHYSIOLOGICAL EVENTS

OR PSYCHOLOGICAL EVENTS BUT ONLY OF PHYSIOLOGICAL

AND PSYCHOLOGICAL MODES OF CONSTRUING EVENTS.,.THUS

T DOES NOT MAKE SENSE TO ASK QUESTIONS LIKE, 'ARE

PHYS|OLOGICAL AND PSYCHOLOGICAL EVENTS RELATED?!
ONLY QUESTIONS SUCH AS, 'CAN PHYSIOLOGICAL AND
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PSYCHOLOGICAL CONSTRUCTS BE, FOR PURPOSES OF SCIENTIFIC
EXPLANATION, USEFULLY RELATED?' ARE APPROPRIATE
(1968, p. 229).

IT Is TO BE HOPED THAT UTILIZATION OF SUCH CONCEPTIONS WILL ALLOW

PSYCHOCHEMICAL RESEARCH TO MOVE FROM THE PREPARADIGMAT!C STAGE

(MANDELL & SPOONER, 1968) INTO A POSITION OF DEVELOPING

MEANINGFUL CONSTRUCTS WHICH CAN RELATE TO BEHAVIOURAL ANALYSIS,
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