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ABSTRACT

(x Few studies have been conducted on the effects of
analgesic compounds on the beha;ior elicited by stimulation
of brain ‘structures implicéted in\gfin mechanisms. It was
the main purpose” of the pieéent ipvestigation to use'the |
tethnique of intracranial aversive stimulation 'in order to
determine whether brain éreas ﬁhich ?lay different func-
tional roles in central pain mechanisms have a different
pharmacologlcal senslt1v1ty to analge51c agents. The ‘
_aver51ve thresho%ds of rats with electrodes permanently
implanted .intoc one of the;a.llow1ng areas: 'medlodorsaL{
ventrodorsal or parafascicular - paraventricular thalamic
-nuclei, dorsél‘hippocampus. antéfior or lateral hypothalamus,
dorsal mideain, medial lemniscus aor optic tract, we{é
determlned oDy means of a tltration sche ule in. a two-way

<

shuttle-box. Dose-rQSponse g%rves for ‘the depressant
Yy

LY

effecﬁs of five narcotic analgetics, morphlne, heroin,

fentanyl, pfopoxyphene;‘tilidine and. of the phénothiébing

derivative, Iévoﬁepromazipe, on the escape response elicited -
by suprathrEShdld stimulgtton of these areas ;ere obtaiﬁeq&g

o

xThe 1ntenslty of stimulation used was always a condtant

functlon of the aver81ve thréshold determlned for each .

. )
' animal prior to each drug trial., In this manner, the .effects

[
-

iv
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of the analgeticc were studied against a behavioral responée
which was similar for all animals. When the effects of each
drug in upe various brain areﬁc were compared, it was found
that -each narcotic analgetic was'associated with a family of
parallel dose~response curvés whereas levomepromazine produced
two sets of parallel_dose;responsg qurves. The ;hifts ih thé
parallel dose-response curveg obtained with each druo
therefore Provided an estimate of the differential;seqsitivity
of the b:éin‘areas to the effects of Erat purticular drug.
There was some:commonality cf‘oction among all of the
cnalgetics investigated. On the basis of the:differentiai
sensitivity'ekhibited by thé various brain areas, it was

1

concluded that analge51a of theaﬂorphlne type involves,
first an alterutlon-ln the integrating activities of the
nonfspécific, associational-and specific-sensory thalamic
nucleir second, an infffence upon the structures of the

limbic system; third, an action upon the pérceptual and

behavioral responseé'med;aped by the dorxsal midbrain; and,

»

fourth, an impairment of sensory imoulse trafismission within

the main. éomesthetic conduction pa;hway. The obseruation~

that the thalamic nuclgi were the most sensitive’ to ‘the
effects of the analgetlcs suggests that theseﬁinugs

influence both the sensory and behay;oral components of pain-~’
at the thalamic 1eve1,"ﬁowever, both within the Opiate

glass of compounds and between this group of drugs and the

phenothlazine derlvative, some dissimilaritie among the

v o v




acgions‘of the dr‘gs were aleo observed. This difference
in drug action reflected the extent with which each drug
'ipfluences the two components, sensery perception and ‘
behaviore; reacdtion,, of pain. ' Neuroanatomical correlates
were obtaineé which were consistent with the findings
that - heroin and morphine predominantly }nfluence the
. reaction componert while fentanyl hae a proportionately. .
greater effectrupon the perce?tual mechanisms.‘ This study
- also yielded results epnsistegrrwith the hypothesis that
heroin may not only act following a conversion to morphine.

It was concluded that most of the ane}gesic actions of

. propoxyphene are medlated by the thalamuc nuclexﬁbgﬁ that

it also can 31gn1f1cantLy affect the behaV1ora response

+

to pain mediated by limbic structures 1? given in
sufficfbntly large doses. Since very ﬁigh, toxic, doees of
tilidine were requlred to produce a depress1on of the

escape response, no 'definite conclusxons GOuld be made with

v

respect to the sites involved in thé Analge91c actlon_of
thietcompqund.- It w;s concluded rhat,the phenothiazine
ferivative produces an analgesia similar to that of
‘morphine but medieugd by receptor sites which are different
from those df. the opiates. It is suggested that tﬁe .
‘téchnique employed in the present study may serve as a

basis for the design of other relevant approaches in studies

on the central actions of analgesic compounds.

I3
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INTRODUCTION AND PURPOSE OF PRESENT INVESTIGATION

\

<

The majo% drawba%k of many of the investigatipns B
dealing with the site of action of the vpiates lies in
their implicit assumption that responses to no#ioué stimuli
can be explained in é;iely thsiological terms. Pain,
however, represents the result of at least three neuro- J
psycbological processeé: (1) a sensory-discriﬁin?tive ] {.,
process whereby stimuli are localized in space, time. and )
along an intensi£y continuum; (2) a motivational-affective
component which provides the powerful driQe and unpleasant

5

‘affect that ‘trigger the organism's protective mechanisms;

and (3) cognitive influences sucﬁ as anxiety, anticipation

or memorf of past experiences (Melzack and Wall, 1965, "
l1968; Casey and Melzac%, 1967; Mel:zack, 1513). That pain

. o »
is comprised of both gensory and affective dimensions was

’

clear to Sherrington as early as 1906 (cit. C ef and
Melzack, 1967) wﬁén he st;ted that "the mi r;rély,
probably never, percedves é%y object with béolute indif-
ference, th&t is, without '%eeling'.. affective tone is an
'attribute of all senéation.‘ Despite this observatiom,
historical, emphasis on néuroph&aiological_tecﬁhiques has

stressed the sensory mechanisms of pain and virtually

ignored the contributions of motimational and cognitive

processes. /mhese latter factors may, in fact, play the
- o




')

[y ' ’ %
predominant'role in the gepesis of paip (Beecher, 1959).

4

- , r J . R
only anesthetized, immobilized or decerebratetanimals in
. )
which the responses to noxious stimuli may be affected by

"the drugs or sungery. Interactions between the analgetic °

¢
studied and the paralyzing or anesthetic agents are also

likely to occur. The potentiation.of the depressant effects
of -morphine by anesthetic agents, such as the barbiturates,

is well known and & possible central antagonism between

morphine and; curare-like compounds has also been suggested

(Wikler, 1950, pg. 468; Routtenberg and Kramis, 1968).

With the adveqt of techniques for probing the Qrain~
with'chronig, indwelling electrodéé1 and more sophisticated ™
psychological testigg methods for the objectivé“measurement
of motivatioﬂz the opportunity arose for correlating the
effects of the nafﬁotic énalgetics with behavioural
responses évoked by difect'stimulafion of brain gfrusfures
involved in the transmission or elaboration ofrnociceptigg
sens&iions. The work of Delgado, Rogerts and Miller (1954)
clearly demonstrated that’electrical stimulation of'certﬁih
rostral brain étem structures, like peripherally adminis- ‘
tered pain, can motivate the learning ané‘.rpforménce of

escape and avoidance habits. Since then a number of

reports have appeared in the literature which indicate that

[

g

]

lFollowing the pioneer work of W. R. Hess (see "The Functional
Organization of the Diencephalon", Grune & Stratton, New

" York, 1957).

¥

Many of the investigations were also limited to ~



. -
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13 . 13 T [} L3 -

. \glmllar behavioural responses can be elicited from struc-

' turee,lyiﬁg‘at all levels of the neuraxis (Olds and Olds,
» 1963): for example, in the medulla, the Gasserian ganglion

{Delgado, Rdsvold and Looney, 1956; Weitzman and Ross, 1962)

and the nucleus giéanto-cellularis (Casey, ld71_a:e}f”fﬁ/

Lds

- the mesencephalon, certaln tectal/(Spiegel, Kletzkln and

Szekely, 1954 ,Da&qado, et al 1954; Splegai and WYCIS, '

]
, i --1961; Valensteln, 1966) and tegmentg; areas (Delgado,
@ W

S ~

1955; Abrahams, Hilton and Zbrozyna, 1960 Valensteln, 1966),’

\ . the gerlaqueductql gray (Delgado, 1955; Delgado, et al., ’
1956) and the me@iél lemniscus (Spiegel, et al., 1954;
Roberts, 1998a); in theﬂdlencephalon, the hypothalamus '
(Roberts, 1958a and b; Ab:ahams, et al., 1960; Wasman and
Flynn, 1962) and the posteroventral (Delgado, 1955;
Delgad;'et ;1., 1956; Robertsg, 1962; Benton and Mefgerd,-
1967), mediodorsal (Roberts, 1962) and center median
(Benton and Mefferd, 1967) nuclei of the thklamﬁs, in the ‘

telepcephalon, the fornix (Delgado, 1955), hlppocampus

. ’ (Delgado, T!Bﬁ\land amygdaloxd areas (Delgado et al., 1956;

] yﬂiiton and Zbrezyna, 1963). Electrlcal stlmulation of all =

of these structures produces strong averuﬁve erve'and~ |

- . . :

‘ behaviour typical of responses to naturally-occurring

painful stimuli. .
\ ‘ ’ . ) /’J
o With the use of a titration schedule, an objective
T, 'y .
method is providgd whereby the animal cap_communicate to ,




-

the observer-the level of stimulus intensity ‘it is willing LA

to tolerate before and after the adffinistration of anal-

.~ ‘

getics, ,in a manner akin*® the verbal ‘reporting of the -
bd&n experience .in man (Wefg and Laties, 1958, 1964;

Wéitgman @nd Ross, 1962; Ross, 1966). . .

L4

The technlque con51sts of training the subject to

make a response which' reduces the intensity of an aversive

" stimulus in small steps. _When the subject stops responding,

the intensity rises irfsmall‘ increments until the subject

—~

again responds, thus cohpleting a cygle in which the sub-

ject aajusts the in%eneity arcund a value”whichccén be
- ' ¢ .
described as an aversive threshold. This technigue there-
— . . ) o ¢
fore provides a neurophysioloqical-tool for the direct
e

Astudy of the effect ‘of narcotlc analgetlcs on aver51ve

systems within- the. braln. Slnce it is llkely that .the

contrlbutlon of structures mediating pain varies along
the neuraxls, it id 1oglcal to _assume that aif‘en't anatomi- ‘
cal sites wo:ld have different‘pharmecolqgical sensitivi—l
ties tc-the narcotic'analgeticés. It is the aim of the
present investigaé%on to study the effects of\different
analgetics on the ave;sive responding -elicited by electxical
stimulation of varioge brain ereas implicated in the genésis

of pain with the titration technique to see whether such’

differential éepsitiviey does, indeed, exist. It is hoped

-that the data to be.presented will yield additional infor-
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mation concerning:the central site of action of the anal-

g?tic compounds and that the results of this study, in

"context with' those obtained by other methods, will assist

ig our achieving a clearer underétandiﬁg of the basis of

actioh of the narcotic analgetics. To date,.only one such
, \ .

study has begp repor;ed (Vernier, Boren and Knapp, IQGIiJ

L

n\‘

P




HISTORICAL REVIEW OF STUDIES ON THE  SITE OF ACTION
OF THE NARCOTIC ANALGETICS .

A great deal of research has been done on the site
of action of the narcotic analgetics and this has been
extensively reviewed by a number of investigators (Krueger,

Eddy and Sunwalt, 1941; Wikler, 1950, 1958; Domino, 1962,

.1968; Martin, .1963; Winter, 1965; Valdman, 1967). However,

it is as yet impossible to relate the many facts which have
been uncovered (many of whichﬂéppear incongruous) into a ,
single cohesive theory of drug action. The results have
been as various a8 the invéstigatqgs. The field is
. bedeviled by the necessity of frequentdy having to use
non-physiological doses in order to produce visible effects,'
by intra- as well aé intefgpecies variation, by the use of
innumerable kinds of anesthet}cs and animal - preparations
(spinal, decerebrate, decortidite, ett.), by the unavail-
ability of a gingle speéific nd@}ceptive stimulus, and, |
most important, by the uncertainty as toyfhe course of the
paiﬁ pathwaxs-aﬁd the implications arising from ‘the "
L > ; .
reciprocal excit;tory and inhibitory naéuré of central )
somesthetic imnervation. It is.important that these
factors always be kept in mind wh;n"iurveying the proposed

-

neural mechanisms of action of the analgetic compounds.

In order to localize the supraspinal site of action




of the narcotic analgetics, investigators have commonly
employed one of’EﬁE”%ollowing three techniques: (1)
Investigation of the influence of analgetics on the

direct or evoked excitability of nervous structures
involved ih the transmission and elaboration of pain.

" (2) Comparigon of the effects of morphine“before and

after sectioning, partial removal.or lesioning of various
parts of the central nervous system. (3) Ihtroduction of
the drug directly into some particula;_éite of the central
nervoﬁs system vig inplanted'micro-cannulae, with or with-
eut concomitant localization of drug c6ncentratioq by

autoradiographic techniques.

l .
’ Another line of approach which has a direct bearing

on this'p}oblenlﬁs a study of the effects of analgeFics on
the aversive behaviour elicited by electrical stimulation

\ .
of central nervous system structures implicated iﬂgpain
processes. At present, however, bnly‘one group of
researchers (Vernier, et al., 1961) has used this technigue .
in an attempt to identify the central site of action of
the narcotic analéetics,' The results obtained by these
four avenues of research and the conclpsions made with

respect to the central sites of action of the marcotic

analgetics are discussed in the following sections.
: ~.

<,
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1. Electrophysiological techniques . ;

[

Studies on potentials evoked by tooth pulp stimulatign

Regardless of the type of stimulus applied to the
toeth, be it heat, cold, touch, pressure, chemical or
electrical, it is interpreted centrally as pain, provided

the stimuli are of sufficient intensity and confined to

¢ é

the pulp cavity. For this reason, the afferent system of
dental stlmulation has generdlly become togbe accepted as
a relatively pure noc1cept1ve system, comparable to

pathological pain in tPat deep nécxceptors are primarily

N . ”~ -3
involved. Dagailed quantitative studies of the somato-

motor reaction threshold to tooth pulp stlmulatldn in

- Pt

A}

animals indicated that the behaviour evoked by dental

stimulation was a paln response and not merely a 31mple
reflex reactlon (Radouco-Thomas, Nbsal and Radouco-Thomas,P
1962) while verbal reports gf pain have,beeneobtained in
man.under similar experimental conditiQﬁ% (Heng-Chin énq‘

¢ . ¥

Domino, 1961).

-

k)

Electrlcal 1mpulses evoked; by suprathreshold tooth
pulp stimulation we>“found to be transmltted aleng at
least five distinct neural routes (Kerr, Haugen and

Melzack, 1955): (1) a short-latency, dominantlyicontra-

-

~ lateral E;Ujection of the trigeminal lemniscus; (2) a

short-latency, bilateral trigemino-bulbo-thalamic path&ay;

(3) a secondary bilateral trigeminal pathway of medium
. : . R )
) .
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-

. df%morphine at a given site. Potentia&s were u

|

latency in the ascending}portion of .the central tegmertal
fascicufhé; (4)*a medium latency, bilateral projection
pa?hway asoending in the ixtermedio-iaterai area of the’

central gray; and (5) a long latency, bilateral pathway
w

yithin the central core of reticplated cells,

Heng~Chin and Domino (1961) found that morphine. in

doses‘of 1 to 3 mj/kg, given intravencusly, had no signifi- .

z

cant effect on ‘e short la,tency components of the cortical

L

- evoked potential recorded in the’ primary. afferent pathway

(contralateral medial lemniscus,'nucleus ventralis postexo-
L)

medalis and caronol gyru51 of dogs from_single shock stimu-

lation of the tooth pulp but reduced the longer latency

negative components of. the secondary pathwa%f These effects

of morphine were nonspecific, however. ‘A similar effect was

seen on the longer latency components of the potentials

'S,

evoked by stimuiation of the median-nerve, which subserVves

malnly touch and proprloceptlon, while large doses of pento-
3

barbltal (20 to 30 mg/kg) produced the same phenomenon.
P" ‘ ’ «’
The actions of morphine opn the secondary Qathways in

thefd%eﬂQthalon, midbrein and medﬁllarY‘reticular forma-

tion were too complgx and variablecfor‘sﬁe authors'to make

+

any conclusive gene%alizafions yith'respect to tSe effects
8 elly//

. ' R ' ’ )
enhanced in the areas gurrounding the central gray (although

v

areas within the central gray were characteristically
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f

- dépressed), iﬂ-many of the diencephaiic nuclei and in ﬁost
‘'of the medullary retlcuiar areas but oécas1onally they . Y
. were depressed or- remalned unaffected. The responses 1nf .;v
some thalamlc nus;el, however, partlcularly in' the centra-
® _1is lateralis, centralis medialis and medialts dorsalis,
tended to be suppressed‘in the majority ef cas?s,j'The__ /
effects of nalorphine were equally varlable, but, in general,

(WY

aptagonlzed the eﬁfects of morphlne.

In contrast, Mizoguchi ({964§-fodhd some short
latency responses in the ipsileteral spinal nucleus of
: ,
the trigeﬁinal nerve and the contralateral nucleus
* ventralis posterior of the thalamus which were seiectively
blocked by morphlne (2 to 6 mg/kg iv. ) Wheh the spinal
bnucleus of the trlgemlnal nerve 1tself was stimulated, tﬁe
potentlals evoked in_the nucleus ventralls posterior of
o _the thalamusVand,the.cerebral éortex were also depressed.
’ .On’the’othe{ hand,,the short-latency potentials evoked in
the main-seﬁsory nucleus of t@e trigeminal nerve by-
gstimulation of theuteoth puip or gingiva were unaffected
by the same doses of motph;ne, ;s were the potentlals _ b
e11c1ted ln-the nucleus ventralls posterlor medialis and

ol ’//c6§ona1 gyrus in respbnse’to stlmu;atlon of the main

sensory nucleus itself. Thus Mizoéﬁ&hi concluded that the

.I". . ! .
ﬁajor site of action of morphine was the nucleus of the

'spinal tract of the trigeminal nerve. This .site was not
, . e .

-

~
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affected by 20 mg/kg doses of pentobarbital..

[y

On recording single unit discharges.in:both the
- . [ 4
nucleus sensorius superioy and the nucleus tractus

spinalis n. trigemini in-the spinal cat, Sasa. (1969)

- found that similar doses of morphine (1-8 mg/kg iv.)

depressed the firing rate of only relafively long-latency
neurQns in-both nuclei® Hoyéver, the drug was shown to p
have some qiffegent;él~effécts upon the two nuclei:

morphine increased the spontaneous djscharge of the

¢

neurones in the nucleus sensorius superior but decreased

the spontaneous firing rate of thgse in the nucleus
- L /

tractus spinalis.

Wwhil}€ mest investigators limited their study to
the effects &f morphine alone or in comparison with other

-~

.strong analgetics, Mitchell and co-workers (Straw and

"~ Mitchel, 1964; Nekamura and Mitchell, 1971) compared the

' .

- effects’of morphine with other nonanalgesic central

’

. nervous system depressants. Upon potentials evoked both by
noxious (tooth pulp) and.by npn-noxious (éingiﬁél) stimu-
lation. "These authors felt, aﬁd-quite rightly so, thatj
if tﬁese'effects on eVoked"potentiais have any relevance

to morpﬂine énalggsiaL then there shoulé be a qualitétive_

and/or quantitative difference in these responses depend-

ing upon whether or not the compound in question possesses

analgesic properties and the stimulus applied -is a npﬁ}oﬁs
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one.

Mitchell and' his associates recorded- potentials
—— —in the nucleus ventro-posteromedialis apd caudal portion
of the spinal trigeminal tract (prif&iy short-latency
pathwa;;), :n the periaqueductal gray mafker and central
tegmentallfascibulus-(médium latency secondafyrﬁéthwaysz
‘and in the dorsal And ventral feémentum of the mesence-

s

phalic :e;icular formation {true secondary long-latency
pathways)rln cats immobil%zed witp gallamine trie- -
“thiodide. The agéﬁts sﬁudied/giithese investigators were
morphing (1-4 mg/kg), nalorphine 2-8 mg/kg), pentazocCine
{2-8 m;/kg), pentobarbital (2.5-10 mg/kg) and chlorpro-

mazine (1-4 mg/kg) and given intravenously. C

TheareSPOnses in the primary and central tegmental
pathways were depressed by chlorpromazine and pentobar-

bital but were not affected by the narcotic analgetics.
t

o, All drugs,; except for chlorpromazine and the lower ses
]
~ of nalor%?ine,'depressed:evoked potentials in the’central

<

gray. These results afe in agreement with those of
; 3

™
Heng-Ching apd Domino (1961), and with the .observation of

- Haugen~ and Melzack'(1957l that an analgesic mixture of

. / : ‘
nitrous oxide and oxygen (4:1) consistently depressed the

central gray response to tooth pulp stimulation.

’

Mitqhéll,and colleagues also found the effects/pfv
i o
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morphine on the reticular formation to bé“élghly complex

v

and dependeht upon é%ectrode location. All doses of al&i
drugs except the lowest agse of nalorphine depressed the
potentials evoked in\ihe doréal and ventral mesencephalic
tegmentum. The effects of morphine were not dose-related
and ‘both the responses to ;oxious and to non-noxious
stimulation were suppressed Pentobarbital élso signifi-
cantly depressed beth types of résponses but in a dose-
related manner. Qplorpromazine had no effect on the
:response elicited by gingival stimulation (non-noxious)
but depressed that by tooth pulp stimulation (noxious).
Mitchell and Killam (1964), on the other hand, observed
no effect of morphine, in doses up to 2 mg/kg, on the
evoked potential to tooth pulp stimulation in the aersai
tegmentum lateral to.the periaqueductal gra§.' Thié.area
was, however, more medially and caudally located than the

one studied by Mitchell and: co-workers.

Except for the similarity in the effects of"

morﬁhine on the primary pathways and central gray, thé

4

investigations of Mitchell and colleagues showed depres-

sant effects of morphine in areas where Heng-Chin and
5

[

Domino (1961) found enhancement. With regard to the
effects of morpﬁine on the mesencephalic'reqicular forma-

tion, Schimmerl and Stumpf (1958) found neither an

he

enhancement nor a'buppression of the spontaneous activity

4
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of neurons within the red nucleus ¢f rabbits in doses up

to 120 mg/kg iQ. That v;riability in electrode position
is éf crucial importénce in studying the effects of
mofphine on the reticular formation was clearly demon-
strated by Valdman (1962) who showed that morphine can
haVﬁ/iggﬁéagkdepressant,afécilitatoryor no efgect at
all, depending upon the morphological peculiarity ofuthe
particular structure within the reticular formation that
is being activated. Collectively, therefore, these data
suggest that the action of morphine isivery highly

localized to specific regions of the reticular formation,

in contrast to that of the barbiturates which depress all

reticglar responses, regardless of area.

The relevance of;many of the investigations cited
above with:respect_fa analgesic meéhanisms is open to
guestion. Although an almost purély nociceptive afferent
system is being stimulated, nonanalgesic agents were often
equally or even more efﬁective:than morphine in plockiﬂg
responses thought to be_specific fot péin. Cdﬁ@p:Séiy,
morphine occasionally exertéd’an effect on responses not
ordinarily implicated in pain procésses,(e.g.,:depression
of evoked responses withiq;theovisual sy;tem) while leaving

those associated with pain mechanisms intacfy (Mitchell and

Killam, 1964). The above data, therefore, do not allow

one to make any definite conclusiohs with respect to the
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central site or sites mediating the antinociceptive

actions of morphine-like compounds. e

Thé most recent studies concerned with the effects
of narcotic analgetics on the potentials evoked by tooth
pulp stimulation at various levels of the central nervous
system (Schmidt and Ruthrich, 1972; Ruthrich, Schmidt and
Matthies, 1972) are perhaps the most valid 51nce they
alone were done on unanesthetlzed, unrestralned animals.

e

The nagcotlc analgetics (mOrphlne, s-fo mg/kg, hydromor- :

"phine, 1-10 mg/kg, hydrocodone, 5-10 mg/kg and pethidine,

- 10 mg/kg), givén sdbcutaneously to rabbits, were shown to

p:odﬁce a dose-dependent depreésion of the amplitude of

the priﬁary potential as well as a delay in the latency

of the response in all the brain areas studied (trigeminal
- N

nerve, ventrolateral thalamus, sensorimotor cortex and -

dorsal hippocampus). ?

in these investigations, only the depression of the

negative wave component of the primary potential was

'cofrelated with the raise in threshold for the jawiopening

1

reflex; no relationship was found between the influence

s ?

upon the surface-positive wave of the primary potential

and the stimulus intensity necessary to elicit the jaw

reflex. This correlation was specific for the analgeties.

Other compounds, such as pentobarbital, pernocton, urethaneu

and chlorpromazine, which also raised the threshold of the

<D
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motor reaction to tooth pulp stimulation, did not show

.

such a relationship. Nalorphine selectively antagonized

!

the changes:- in potentials caused by the narcotic analgetics.

~ The authors felt that the differential action of the anal-

getics on the negative component of the primary potential
was indicative of an action on inhibitory interneurones¢?y
The inhibitory effects of morphine were greater at low
frequency of stimuléiion than at high and the greatest
effect was observed in,the’tfigemina; hucleus. In any
event} their data is strongly in favour of. the suggestion
that morphine acts not at a single site but at many levels

along the neuraxis.

From the above discussion it may be concluded that

the neural mechanisms of morphine analgesia of tooth pulp'

" pain are complex. It ‘*does not appear.that a simple

depression or blockade of single afferent impulsés arising
from the peripheral tooth pain receptors can explain the;/r—=
aﬁalgesic aption of morphine. Ear;i?r experiments seemed °
to indicate .that the primary afferent tracts were resistant
to the actions of morphine but latef studies, perhaps
because of an increasing emphasis on more sophis;icated
electrophysiological techniques and a decline in the use

of anesthetic aQE curare-like agehts, have implicated

these pathways (particularly the nuclei of the trigeminal

nerve) as a possible central site of action of morphine as -

-

L)
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The effects of the®arcotic analgetics on the
secondary pathways are variable. The question arises
whether these discrepanc%es could be explained entirely
on the basis of drug dosage, species variability and

position of stimulating and recording electrodes.

It is interesting to note, in this respect, that

" the intraqérterial or intraperitoneal/injection of brady-
-

kinin, which is also considered to be a purely nociceptive
stimulus (Lim, 1967, 1966; Conéeiller, WYon-Maillard;
Hamann agd Besson, 1972), produced a markéd and selective
increase.in the activity of neurons in the dorsal horn

of the spinal cord (Satoh, Nakamura and rakagi, 1971),
particﬁlarly of those located in lamina V of Rexed'(ﬁesson,
Conseiller, Hamann and Maillard, 1972) and in the extra-
lemniscal pain pathways (medullary and midbrain reticula;
formation, centromedian-parafa;cibularﬂcomplex, dorso-

medial and posterior nuclei of tﬁé thalamus and nucleus

of the posterior commissure) of the cat and rabbit (le,

.Krauthamer, Guzman and Fulp, 1969; Krauthamer, L1m, Guzman

and Fulp, 1970; Conseiller, et al., 1972). Little or no
change in the firing frequency was~BBBerved from the

. I
nleones in the ventral posterolateral nucleus of the

th‘%amﬁs. Small doses of morphlne (1 -2 mg/kg iv.} com-

\
‘pletely-abollshed these effects of bzadyklnln (Lim, et al.,

b

-
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o
1969; Krauthamer, et al., 1970).

‘Studzeg on potentzals evoked by stimulation of somatic
and visceral nerue ‘afferents .

o
The effects of the narcotic analgetics of the

potentials ev ked at different levels of the CNS by stimu-

lation of exteroceptive and enteroceptive nerve afferents

is another commonly employed metQ:d for the assessment of B\

L}

the site of action of these compdunds. Their validity

with respect to analgetic mechanisms, however, is less
. 17}
clear cut, for Shese technigques cannot differentiate

between botenti 1stelicited by pain from those-produced

. R
by the stimulatjon of other cutaneous sensory modalities.
T

The most frequently quoted studies utilizing thlS
11ne of investigation are those of Fujita, Tasuhara and
Oglu (1953), Fujita, Tasuhara, Tamamoto and Ogiu (1954),

Sinitsin (1961,°1964) and McKenzie and Beechey (1962).

t
1

The first of these investigations {Fujita, gﬁ al.;
1953, 1954) comprises an exhaustive study coﬁpering the

effects of narcotics, analgetics and hypnotics on the.-,

-»{

potentials evoked in various parts of the central nervous

system by d4timulation of somatic (spiatic;andwradial) and
>
visceral (phrenic, inferior cardiac, vagﬁs) nerves, as

<

well as on potentials evoked by stimulation of structures S

within the brain. “These experiments were carried out in
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barbiturate anesthetized cats and rabbits. The parameters
investigated consisted of primary responses (effects
relatea to the conduction along spécific'afferent patbwagé,
i.e., the lemniscal system), secondary responses originat--
ing through the complicated polysynapgic pathways (nOn—'
specific extralemniscal s;stem),‘suppréssion of spontaneous
activity, after-discharge and the absolute reﬁractory .
périod. The authors satisfied themselves that these
responses were, in most cases, related to pain mechanisms.
For the present, Fhe disgussion will be confined to the

results’gf the evoked potential stu&ies; the other actions

"of the narcotic analgetics will be described in the follow-

" ing section. .y

In their first. study, Fujita and co-workers (1953)

"reported that large doses of morphlne (10 mg/kg iv.’)

depressed, but did not abollsh, the secondary response
evoked in both sides of the cortex by sciatic¢ or radial

(é‘hatic) nervé stimulation, wheréas siﬁilar doses had no

’ effecb on the primary somesthetlc cortical response. These

effects on "somatic nerve stlmulatlon wege confirmed by
Valdman, 196%). In contrast to the relative lack of
effects on somatic nerve stimulation, lo&er doses of mor-
phine (6 mg/kg iv.) coﬁbletely suppressed the primary and
secondary cortical evoked potentials to_splanchnic nerve

(visceral) stimulation. Furthermore, the visceral
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potentials evéked in the thalamus, medial lemniscus and

.medulla were abolished at the same time as éhe cortical
botentials. When trecording electrodes were:placed at

“various levels of the spinal cord (i.e., 1in ipsilateral
spinothalamic tract from Té to Ty} this same dose of ,
morphine (6 mg/kg iv.) blocked the responses to splanchnié///f;7
but not to sciatic, stimulation at all locations. Since'
morphine did not affect the action potentials recorded

ffom the dorsal roots, the authors concluded tﬁét morphine
séiectively depresses the afferent pathways for visceral
pain aé the‘level of th? spinal cord beyond the first
order neuron. This conclusion was supported by a subse-
squent study (Fujita, ets al., 1954), where it wads shown .
that morphine (6 mg/kg iv.) had the same effect on the
afferesﬁ pathway of other visceral nerves (phrenic,

inferior cardiac) except for that of the vagus, which
‘appeared to be blocked only at the medullary level (Fuiita;

et al., 1953).

-

However, since the somatic nerves carry only\a\smai-
ler proportion of pain(fibers relative to the visceral
afferents, the absé;;e of an effect of narcotic analgetics
‘on somatic evoked potentlals may, in ®act, reflect their
lack of én éffect on sensory modalities other than pain

sensation. Fujita and co-workérs (1954) showed that this

'wés indeed the case. Thus, the potentials evoked in the



. spinal cord.”

~

contralateral medial lemniscus by ipsilateral stimulation

of the~sciatic nerve was &ompletely suppressed by small
doses of morphine (6 mg/kq?iv.) when the dofsolatéral
region of the spinal cord on the same side as ghe sciatic
nerve was ablated. This prbcedure.eliminated the unérossed,
tactile and mechanosensitive division of the sciatic

‘ N

afferent pathway, but left the crossed, pain and tempera-
’ - B e

‘ture component intact. Similar effects were observed

following jipsilateral splanchﬁic or phrenic nerve stimyl?—
tion. These authors also showed that evoked potentiais

from other sources of tactlle stimulation were not altered_

’;ven by latge doses of morphlne (15 mg/kg). It was there—

fore concluded that one of the principal sites of.action
of the ftarcotic analgetics is on the synapses between
receptor. neurones and connector neurones of pain afferents

N

{visceral and somatic), most of them being located in the

At the midbrain level, morphine (6 mg/kg) depressgd
the coréicgl.fesponse to repetifiye, but not to‘s}ngle \ ,
shock . stimulation (8. cpg) of the medial 1emniscu§, whereas - ,
larger doses of morphine (8 mg/kg) had llttle effect ‘on”
the somesthetic (sciatic)’ potent1a1 recorded in thel medial
midbrain reticular formation (Fujita, et al., 1954). It
was therefore concluded that morphine‘and related analgetics

inhibit the conduction of repetitive\impulses in' the lateral
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‘specific sensory pathway to the cortex, But do nbt impair
- oo i

- impulse transmission within the medial fmultisynaptic

.

'pathwayj The responses'evoked in the posterior. hypothala-

mus by stimulation of the medial lemniscus were also i

inhibited by morphine (6 mg/kg). . . . Lo

Similaf results with respect t@ sensory nerve

]

»stlmulatlon were obtained. by Satoh, Yamatsu and Takagi
(1970) These authors recorded the potentlals elxcrted

in the cerebral tex, ventral posterol ral nucreus

—

Fa

of the thalamus, midbrain retlcular formatlon and- ventro—

lateral funiculus of the»sp;nal_cord by scidtic or

splanchnlc nerve stlmulatlon. The experiments with evoked
’potentlals were carried out 1n cats anesthetlzed with a

barbiturate or 1mmob111zed by curare—ilke agents.

{
Morph?ne (8 mg/kg) :suppressed the'potentlals eyoked at

all levels of the neuroaxis'to‘splenchnic herve stimdﬁa;
tion;" ;’SAbtentials evoked by s¢iatic nerve ggtimulation were
suppressed only‘in‘enimals with unilateral transaction of
the half of the spinal cord 1psrlateral te the stlmulated
S}de. Nalorphine and a new morphlne antagonist, RAM-302,
reversed the affects of morphlne 1n~a11‘cases. In addi-
tion, although the antagonists theeselves did not affect
evoked potentials in the anesthetized cat,‘eveh vhen doses

were *raised to 20‘and‘303mg/k§, 4-5 mg/kg of RAM~302 and

5-10 mg/kg of nalorphine suppressed potentials in the
¢ y .

‘o
)
B
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spinal cord gnd thélémus evoked by splanchnic nerve stimu-
lation in the ur;anesthetj?zed‘-preparation. Thesé authors
suééeéted that the antagonistic actions of RAM-302 and .-
dhlorphine.occugred at the levej of the spinal cord, while .
‘their inhibition of e'{'roked‘responses per se might l;e

' mediated through a fa¢ilatory a®tion on the midbrain

‘feticular formation which forms inhibitory connections (;
E) -

. " with the spinal afferent pathways. It was speculated that .,

these latter effeqpé of the narcotic antagonists might be
[y .

.

related to the analyesic properties of these compounds.

kowever, the authors warned that no definite conclusions .

could be made in this respect until a more specific pain
P g v
response is found. . T _ * .

& - - —_
i

o ) Magsumura, Takaori and Inoki (1959),,ﬁsing bag-‘

' _ "biturate~anesthetized, decegebrate and spinal cats,

partially confirmed and extended these,observétions with
- 4

morphine alone and in combination with”methamphetamine.
Th%y were able to show that morphine and methamphetamine

depressed the corticai'hnd dorsal funicular spinal cord

LY

potential due to splanchnic nerve stimulation. .

The main triticism of the work of Fujita, gﬁjg&. q
(1953, 1954) is that, apart from inducin® enggthesia with

barbiturates, which have been shown to ‘profoundly influence
/ L]

the functioning of brajnstem afferent systems, even at N

(%

subanesthetic doses (Killam, Killam and Shaw, 1957), the




doses of morphine used (6-8 mg/kg) were w;ll above those
required for analgesia. The effects 5n evoked potentials
reported may therefore not be related to analgesia but to
side effects. For these reas;pg, McKenzie and Beechey
(1962) were careful to correlate the effects of morphine
and péthidine~op the midbrain-evoked potentials to supra-

&

maximal, %ingle shock tibial nerve iyimulation with anal-
gesic aoses of t;esg.compounds in cats immobilized with
gallamine.. Since iightly-réstrained, conscious dogs acted
as if in pain under slmllar condltlons of stlmulatlon, the
authors felt that they were geallng with a mixed sensory
stlmulus which was interpreted as;pain. In. these studies,
poteﬁtials were evoked in large areas of thé midbraig:
medial lemniscus;qpaialeﬁniscal area, spino-bulbothalamic
tract,-central gray, central tegmental fasciculus, dorsal

and ventral tegmentum, superior colllculus, "red nucleus

and perlrubral areas.

McKenzie and Beechey (1955) found that both morphine
and peth%dine, in low doses giving.fise\to analgesia ;ith
minimal.qigé effects (1-2 mg/kg and 2-4_mg/kg iv, respec-
tively) pf;féféntially‘depressed the respanses evoked in

éhe lateralrand ventral regions of the midbrain. The

¢ o

-lateral mesen?éphalic areas most sensitive to the analgetics

. /
were regions contiguous with the medial lemniszs complex

on its lateral and medial aspects. The morphine sensitive
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ventro~lateral region was located yentrel to the red

nucleus and. contains fibers agcendieg to gubthalamic,

hypothalamic and septal areas. Higher doses of morphine

(4-6 mg/kg iv.) were necessa td depress the reéponses
.. ) rgcorded from the medial lemgiscus itself. The authors’
felt that at least part of morphine's effects on lemniscal
responses, especially at the higher doses, mey have been "
through an indirect action on the more sensitive para- - . '
lemniscal neurones. StruCtures lying in the medial core

of the mesendephalic reticular formation, usually subsumed

under “reticular arousal system”, were not gene?ally '
‘affected until higher doses (4-6 mg/kg) were given. Of
’fhese areas, the red nucleus and perirubral areas were
the most resistant, wheieas the central gray was the most

sensitive to the effects of morphine. The least consis-

tent action of morphine was that on the areas ¢lassed as

L
Ty
s

- spinothalamic and spino-bulbo-thalamic tracts. Doses of -

2 to 4 mg/kg depressed the responses in only half of the
animals. At 6 mg/kg, depression of response amplitude

| ' w1thout block, or complete/block, occurred for recordlng d

locations in medial -and lateral sectors respectively.

MeKenzie and Beechey found the actions of pethidine

to be essentially the same as those of morphine except for

A its effects on the deep tectal regponseé in the superior

colliculus. These responses were depressed by morphine "

.
. » .
3 .
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(2 mg/kg) whereas they remained unaffected by even the’
hlghest dose (7 mg/kg)  of pethidine used. Since bilateral
ventrobasal thalamic responses were not depressed by
analgesxc doses of morphlne, the depre551on by morphine

of splnothalamlc responses’' at mldbraln levels were felt

by these authors to be due, ;t least in patt, to morphlne s

effect upon the more sensitive tectopetal pathways which -

overlap the spinothalamic fibers in th%& region.

Since the actions of anesthetic subetances (nitrous
é;ide, diethyl ether and pentoearbital) re in direct
contrast, anatomically, to those of morpﬁine and pethidine,
McKenzie and Beechey concluded that the depressxon of
perlpheral midbrain areas was related to the analge51c
effect of the opioids, whereas the depression of the
medially located pathways of "the ascending reticular éyStem
was relatedgto their narcotic effect. Fujita, et él.
(1953, 1954) and McKenzie and Beechef \(1962) therefore
reached the same eonclﬁsioﬁs, namely, that morphine and its
derivatives exér; their enelgesic action through an inhi-
bition"of the lateral, specific pashﬁays subserving's

discriminative sensory function. .,

The results of McKenzie and~Beechey (1962) are also
in general agreement with the tooth pulp data obtained by
Mitchell and co—workers (Straw and Mltchell, 1964; Makamura

b

arid Mitchell, 197I). On the other hand, they are contrary
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to those of Heng-Chin and Domino (1§61), who, except for
a depression of responses in the ceﬂE;gl gray, observed :
an enhancement of the response amplitudes in the midbrain

reticular formation following morphine (1-2 mg/kg iv.).

Sinitsin (1961, 1964) testing the specificity of v
analgetics on afferent sensory input corrobofated\the Uw
earliér glinical and experimental observations that tlgy
drugf selectively-ﬁepress pain read}ions withoﬁf affecting
cohsciousness or other somesthetic moéalities (Wikler,
1950), but,his conclusibns contradigt those of Fujita,
g/_gi. (1953, 1954) and McKenzie and Beechey (1962).
' Sinitsin studied the influence of Garious narcotic anal;
getics on potentials evoked in specific and non—specifi%
péthways by sciatic nerve, auditory, ;isual and subcorti-
cal stimulation in é;;s immobilized with succ1ny1chollne.
Evoked potentlals were recorded in the somesthetlc I and
11, qudltory I and II, and visual I and II specific pro-

jection areas of the cortex, in the moptor coqtek, in

frontal and parietal associative areas, inthe specific

\ L]

relay, associative and nonspécific nuclei of the thalamus,
in the specific projeéiion system of the medial lemniscus,

and in the midbrain reticular formation.

Sinitsin showed that analgesic doses (1-3 mg/Kg iv.)
of morphine, trimeperidine and methadone did'nbt'affect

potentials evoked by sciatic, auditory or visual stimulation

/
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in the appropriate primary sensory -areas of the cortex,
specifié thalamic nuclei or medial lemniscus. Larger
doses of morphine (5-10 mg/kg), however, enhanced the
'fpiimary cortical response in most sensory areas (gxcept
-fo; a depression of. the auditory and somatic evoked poten-
tials in areas VisI and Vis$II) and )n the motor cortex.
Although small doses of the anaigetics greatly poteﬁfiated
{(in the associative cortex), slightly enhancéd, or did

not effect (in the brainstem association areas) associ-
ative responses to acoustic and photic stimuli, somesthetic
’ pbtéﬂ!ials were markedly‘depféssed.in all association
areas. The deéression of somatic responses was less pro-

. 3

nounced in the diffuse thalamic nuclei than in the

associative nuclei of the thalamus.-

In contrast to the observations of Mckenzie and
Beechey k1962), Sinitsin foun@ that the response to
somatié stimulation in the midbrain reticular formation
was only élightly reduced. Although morphine and its
derivatives did not decrease the gfima;y response %n
cortical area SI to electrical stimulation of the ML,
these agents did depress the association response recorded
ffom the parietal iobe.'UOnly tﬁe loné-latency sensori-
motor cortical coﬁbonenb in response to sﬁjmulation of the
associative ?nd diffuse thalamic nuclei was depressed by

these analgetics. From these 'data, Sinitsin concluded that




the morphine group of analgetics do not fully depress

the associative and reticular structures of the brain
) P 4
but that they selectively block the connections of the

A

classital afferent'pathways with the associative and
non~-specific projection systems of the brain, especially

those concerned with somesthetic stimuli.

I ad

However, the ndrcotic an;Iyetics do not always
i i
have the same effect upon somesthetic evoked poteﬁ?&als.

Millan and Besson (1964), for instance, have demonstrated
éhat morphine depresses the responses evoked in the

centge median aéd sensory cortex (area SI) by stimulation
of somatic afferents in high spinélvor-gallamine.nmmobi— “
lized cats whereas its synthetic derivatives, meperidine:

o« ]

fentanyl and: phenoperidine enhanced them.

) rf
Domino (1968)

has extended these evoked poténtial

studies to human subjecfs. He found tnat'progressive
destruction of the centre median and ventral postero-
lateral nuclei of the thalamus ;educed the size of the

late negative component of the potential evoked in the
somesthetic cortex to median nerve stimulation; meperidine,
in ihtravenou; doséémbf 50-100‘mg, had similar éffects |

suggesting a depressant action on both specific Lnd

diffuse thalamic nuclei.
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Studies on-the electrical activity evoked by
stimulation of structures within the central
nervous gystem

4

The EEG synchronization produced by low frequency
stimulation of the diffuse thalamic nuc}ei‘is character-
ized by a wide d%spe;sion of long-latency negative.wavés
across much of the gortex whicﬁ tend tp grow or "recruit"
with each.sucqgediné stimulus. . Since the recruiting
response occurs foilowieg stimufagion almost anywhere
within the non=specific ﬁhalamic;projecéigh'System, .
elicitationT:$ cortical recr;itment phenomena pas become
the éaradigm éf nOn-specific thalamic nuclear activity.
In humans, such synchronlzed EEG activity is accompanled
by a loss of awareness oﬁ;’and in attention to, Speclﬁlc
sensory st1mul§ (Sklnner and L1ndsley$~1967)¢ An effect
of the.narcotic analgetics on suéh'néurophygioloéical
phenomena iﬁy‘ﬁherefore be related to their analgesic
mechanism of aétion. In the following paragraphs, ghe
effects of the narcotic anlgetics én these and other
cortical responses ‘elicited by stimulation of various

structures within the central nervous system will be

examined in the light of such a prOposalf'

During their study on the influence ‘of analgetics
on the various components of the lateral and medial
afferent pain pathways,Fujita, et al. (}954) noted that

morphine (6 mg/kg) did not ‘alter the cortical response

G
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to single shock stimulation of.tne medial lemniscus but
greatly reduced the cortical pd;entials upon repetitive
etimulation‘(e Hz) of .the same structure; on the other
hand, these drugs had no significant effect on the- .
cortical responses follewing ﬁepetitive stimulation of

the nucleus ventralis posterior leferalis of tﬂe thala-

Bus. These results were taken to indicate that morphine

]

*and related drugs prolong the refractéfy‘period of the

neurons synapsing in- this nucleus. "It is interesting

that, according to the data of Carroll and Lim (1960),

El

this nucleus is necessary for the development of the

. B - -
‘entire complex of the pain response in rats receiving

nociceptive electrical stimuli to the tail. Matsumura,
et al. (1959) and  Satoh, et al. (1970) confirmed the
fact that the augmenting response recorded from the
sensory cortex to repetltlve stlmulatlon of the medial

lemnlscus is depressed by 6 mg/kg of morphlne.

]
Fujita, et al. (1954Yfalso.noted that morphineu
in doses vab mg/kgliv., decreased the cortical recruit-

ing respofise elicited by repeated stimulation (10 Hz) of

" the nucleus centralis lateralis and centre median, but

enhanced the cortical response to repetitive stiﬁu;atioh
of the nucleus ventralis anterior in amytel.anesthetized
cats. A depression of recruitment from stimulation of

the centre median was also reported by Matsumura, et al.
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_Taminar system was obtained by Gangloff and Monnier
. R . e \
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(1959) in the high spinal cat. This‘suppression of, the

1ntra1am1nal thalamic nuclei was thought to be Telated

&>

to the reduction in consciousneSS'produced‘by*the

narcotic analgetics, rather than towtheir primary anal-

gesic action. The observation of Fujita, et al. (1954) '

that very large doses of morphine (200 mg/kg), given -

-~

intraperitoneally, produces EEG responses similar to

§ , :
the\Feanl thalamic structures supports this suggestion.

*

those elicited by repetitive stimuclation.(7-20 Hz) of
= ] o

—

\ In contrast to the above findings, an enhancement'

of recruitment due to stimulation of the thalamic intra-
(1957) with large doses of morphine\120-40 mg/kg iv,)

and levorphanol (10 mg/kg iv.) in unanesthetized rabbits.
Slmllar results were obtained by Heng-Chln and Domino
{1961) with much smaller doses of morph;ne (1-2 mg/kg iv.)
in dogs 1mmob;llzed wlth decamethonium. Gangloff and
Monnjer (1957) were able to distinguish bifween the

action of analgetics and phenothiazine trgnquillizérs on

the basis of their effects on the reticular formation

) and 1ntra1am1nar thalamic systems. ACcéfding to these

authors, the narcotic ana19381c agonlsts and antagonlsts

4

aﬁﬁ upoqurain structures which are functionally. antago-

\ I“ I3 ’ M : .
nistic; thé agonists activate the medial thalamic system

and depress the midbrain reticular formations, qhéréas
L2 X
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the antagonists stimulate the ascending reticulaé\{s:?a-
tion; phenothiazine tranquillizers do not affect the

reticular formation but suppress the thalamic system.

The doses of morphine used by Gangloff and Monnier
(1957) greatly exceeded the maximum analgesic.intravenous
dose required for the rabbit (2.5 mg/kg, Radouco-Thomas

et al., 1962). These experiments were, therefore repeated,

-

]

and confirmed, by Monnier and co-workers (Monnier, Nosal
and Radouco-Thomas, 1962, 1963; Monnier and Nosal,‘1968)
in'unAnesthetizéd rabbits with smaller, an;igesic dose
levels of pethidine. They observed that pethidine, at
doses which markedly increased the threshold of the
nociceptive reaction to electrodental stimulation (5-10 /
mg/kg iv.), transitorily (30 miputes) increased the
amplitude of the cortical recruiting, response elicited
by.low;frequency (3 Hz)y stimulation of the unspeéific
medio-central thalamus and concomitantly depressed the
cortical arousal reaction to high frequency stimulation
(150 Hz) of the midbrain reticﬁlar system and postgro-

ventral hypothalamus.

On the contrary, the antipyretic analgetics
) ¥ (aminopyrine, acetophenetidin, acetylsalicylic acid),
at doses which also raised the nociceptive threshold

]
(though much less markedly than pethidine), either facili-

{

~tated the arousal reaction and inhibited the unspecific
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thalamic system or failed to altef these responses.
Thus, the depression of the £eticular and“*hypothalamic
e activating systems and the simultaneous stimulation of
the medial thalamic proﬁections could not be related to
. analgesia per se. The authors therefore concluded that
the effects of the narcotic analgetics on these systems

were a reflection of their hypnotic rather than their

analgesic action. - e

A

Howéver, in view of the well-documented evidence
that'éhese neurophysiological mechanisms play a signifi-
cant role in central pain processes (Melzack and Wall,
1965, 1968; Lim, 1966; Albe-Fessaf¢, 1968) and. of the 2
fact that the narcotic and antipyretic analgetics have
ﬁ.different mechanism of action,' this concluéioﬁ is not
necessarily justified. Therefore, while recognizing
that there may be other varieties of analgesia, it would
not be unreasonable to agsume that these neurophysio-
logical mechanisms, and the effecfs of narcotic analgetics
thereon, are related to some of the processes invblved in

LY .

analgesia, at least of the morphine type.

These workers (Monnier, et al., 1962, 1963), like
Fujita, et al. (1953, 1954), also reported that the
somesthetic cortical responses elicited by low freque"hc(’
repetitive stimulation (3-Hz} of tﬁe specific postero- A

ventro~lateral thalamus was not altered by the narxeotic
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analgetics. At the same_time, however, the potentials
evoked in the somesthe;ié?cortex by stimulation of
dental "pain" receptors Qere éﬁppressed. Their data
was therefore takenf%sIsupportive»evidence_tha£ the
narcotic analgetics -act preferentially upon unspecific
polysynaptic than upon specific oligesynaptic afferent

systems.

3

o
While it appears likely that the narcotic anal-

getics have some action on the unspecific thalamic

#

nuclei, it must be pointed out. that. not all ihyestigators
dpserved an effect of morphine on cortical recruiting
responses {Deneau and Takaori, cit. Domino, 1962; Straw

and Mitchell, 1964; Mizoguchi and Mitchell, 1969). The
\ .
v -

precise site and mechanism whereby the’® narcotic anal-

getics exert the effects described above therefore remain

\

to be elucidated. ‘
< ‘ ] '

In view of the evidence which firmly establishes:

the importance of limbic structures ih ceritral pain
mechanisms (belgado, 1955; Delgado,-gg al., 1956; Akert,
1961; Brady, 1961; Spiegel\and Wycis, 1961; Melzack and
Wall, 1965, 1968; Runnels-and Thompson, 1969; Poncy,

Bernard and Chernov, 1972; Melzack, 1973) and of the

.suggestion made by a‘number of authors that the analgesic

drugs exert their principal, if not entire, effect upon

the behavioural reaction to pdin (Wikler, 1958; Beecher,
] v
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1959; Soulairac, Gottesmann and Charpentier, 1967;

-

Charpentier, 1968), it is not unlikely that certain
limbic structures play a role in the antinociceptive
action of the narcotic analgetics. Studies prior to
1950 that have dealt with the effects of the narcotic
analgetics on the limbic system have been extensively
reviewed by Wikler (1950). The electr?thsiblogical
investigations on the limbic actions of~the narcotic
analgetics that have been done:during the _past two

decades are described in the following pages.

Monnier, et al. (1962) found, as did Gangloff

and Monnier (1957), that the hippocaméo—cortical pro-
jections were stimulated by the narcotic analgetics. .
Electrical excitation of the hippbcampus, under morphine
(20 mg/kg iv.), produced an increased response reactivity
in the sensorimotor and, parietal-occipital cortex, in
the diffusely projecting thalamic nuclei, in the hippo-
campus itself and in the midbrain reticular formation;
h@gppocampal afterdischarge was hnaltered} In view of
the fact that the rhinencephalon plays an inhibitory role

in affettive behavior, the activation of this rgaion of

the brain by the narcotic analgeticg'was considered to

be related to the anti-anxiety ef%ects of these compounds. -

However, as noted previously,_the doses used by

these investigators were far in excess of the maximal
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o analgesic dose f!quired for the rabbit. An entirely °
different view ¢as presented by Soulairac, et al. (1967)
who investigated the effects of varidus narcotic anal-
getics (morphine, 8-20 mg/kg, pethidine, QO—XO mg/kg, \
dextromoramide, 1-¢ mg/kg, given intraperitoneally) -on N
\ + hippocampal activity in dﬁanesthetized rats. According
to these authors, the narcotic analgetics produced the
’ high voltage, "%piking" aétivity within the hippocampus

that was observed by Monnger and co-workers only at

i

. - » \
the other hand, smaller, §:a1gesic doses of these co

toxic doses which also inQuced'epileptic seéizures. §:>>
A A J
ﬁbunds (8 mg/kg of morphine, 20 mg/kg of Qgthidine,,l
mg/kg of dextromoramide) inhibited -- rather than - , .
étimuiated -- the hippocampal syﬁchrop%zation elicited
by a painful shock to the tail of rats with chronic,
indwelling elect;pdes; the cortical arousal reaction was  *
much less depressed .than_the hippodémbal respohse, while/

effécts on the reticular forgation of the upper brain .

séem were minimal. Furthermore, hippocampal arougal

[

Q(syhchronization) was associated only with the complex "

affective component (crying, biting of electrodes) of
the pain response evoked by suprathreshold intensities A

of stimulation; stimuli at, or just above, the threshold

?

level produced a.startle or, escape reaction, but did not

©  alter the neural activity éf the hipﬁocampus. It was

o . [ ) .
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therefore' concluded that ahalgetics such. as morphine
alter the emotional reaction to pain by reducing the

"affective vigilance" mediated by rhinencepbalic struc-

~
T

tures.

These findings are ,consistent with those of
McKenzie (1964) who demonstrated that'morphine (2 mé/kg
iv.) and pethidiqe (4 mg/kg iv.) dep{eésed or inhibited
somatic evoked potentials in ;ﬁe hipﬁséampus of the cat,

_but did not mbdify"thg pote;tials eligited/at the level
of tﬂé'éortex. .in subsequent stgdies,.Mon ier, et al.
(1963) agd yonnf2r and No§a1 (1968)Valsdﬂ;eporteé'that
low doses of pethidine (1-10 mg/kg‘i;.y'did not alter

\jhe potentials evoked- in the“cortex by low frequencf

(3 Hz) stimulation of the hippocampus.

>

In agreement with the results ogtained by Sinitsin
. <

(1964)  and McKepzie (1964), Nakamura and Mitchell (1972)
found:that morphine reduced the sensory input into limbic
structures, without altering the bioelectrical trans-

fdssion‘yithin these ;reas; Ip their investigétion,
performed ;n haiothane ahesthetized cats, morphipe, ipnt
doses of 2-4 mg/kg iv:, dgpressed“tﬁe entorhinal responses
evoked by étiﬁul&tion.of’the'radia; nerve or sencephalic

reticular formation but not those recorded from pathways

within the limbic system (éeptum to hippaqcampus, hippo-
v L'M . , '“ ) .

v .
: ; LY
.- »




R W

39

> 3 . 3
campus to septum and en%orginal cortex, entorhinal
cortex to hippocampus, and pyriform cortex to entorhinal.
cortex). McKenQie (1964) alsp reported no~significant
changé in the hippocampal activity following septal

stimulation after 2 mg/kg morphine or 4 mg/kg meperidine

in the cat.

Morphine, in a dose of 6 mg/kg, was aléovshown to
abolish the pétentials elicited in the posterior hypotha-
lamus by. stimulation of the medial lemniscus KFujita,
et él., 1954f. These results are iﬁ agreement with those
of Deneau and Takaori (cit. Domino, 1962) who demon-

étrated that morphine increased the threshold of the

~postérior hypothalamus for arousal and startle in the

monkey . ther'investigators have reporfed a direct
| -

depressant effegt of morphine (3-5 mg/kg iv.) on the

’
" firing ftrequency of single cells in the anterior

QXpothalamus in urethane anesthetized rats (Eidelberg
and Bond, 1972) while Wikler A1950) has extensively °

reviewed the mixed depressaﬁf and stimulant effects of
morphine upon the hypothalamus. _ ’
g e - -
. Cumulatively, the data presented above stropgly
implicéte the’limbic siftem as one pf thg centralbgites
of actio;of the narcotic analgetics. Th;s view is ™
supported by thqﬁrecent.iﬁ;:stigation of Hillef, Pearson

and Simon (1973) in which it was demonstrated that most,

R

\/(
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of the areas within the human brain which exhibited the

highest level bf stereospecific opiate binding were

. components of, or associated with, the limbic system.

In this and the previous segtions, the actions
of morphine on afferent pathways have beeﬁ emphasized.
It should be noﬁed, however, that morphine and related
d&ﬁgs aléo exert an effect on the descendingvpatﬂwayf
within the brain stem. Fujita, et al. (1954), for
ex;mple, have demonstrated thgt morphine abolishes the
corticofugal projection responses produced in the irntra-
laminar nuclei and midbrain reticular fdrmation by
st}ychnization or high frequency (100 Hz) electrical
stimulation of the cortex; .These results have beén cén—
firmed éy Gangloff and Monnier (1957) and by Valdman
(1967). |

L]
2

Studies on pain-induced EEG activation

The relative effectiveness of the narcotic anal-
¢ .

getics in suppressing the pain-induced electrical

oy

3 .
excitability of the warious functional brain structures

is another common approach used in an attempt to localize

the site of action of these compounds. ¥arious afferent
. .

activation (EEG desynchronization). In the barbiturate

anesthetized animal, the order of effectiveness in

40

, . ,
"stimuli have differential effects in producing neocortical
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eliciting the EEG arousal reaction is nociception, pro-
prioception, auditory and visual stimulation (Gellhorn,

1953, cit. Domino, 196&).

Fujita, et al. (1953) have shown that the suﬁpres—
§ion of spontaneous corﬁical activity produced by
stimulation of the sciatic nerve; midbrain ret}cular
formation or medial thalamic nuclei is abolished by
small doses of morphine (6 mg/kg iv.) in the cat and
rabbit. Small doses of'barbiturate: (2 mg/kg) inhibited
the response to stimulation of the sciatic nerve and

mesencephalic reticular system but not that to stimula-

-tion of the medial thalamus. Since the spontaneous

cerebral activity which was abolished by large doses of

- barbiturates reappeared following the administration of
i .

morphine, while arousal signs were not observed in animals,
it was concluded that morphine stimulated the medial
thalamic nuclei, but did not ;ffect the reticular struc-
tures. The authors suggested that'this effect of

morphine might be the mechanism whereby theﬂnardotic
analgetics exert their selective inhibition'&f pain

perception. * A

' Silveétrinijqu ibﬁgo (1956) have congifmed
earlier reports (Wikler, 1950) that mo;phine selectively
depresses EEG arousal to painfulustimuli. These authors
noted that morphine, at doses of 5-10 mg/kg iv., blocks

-

¢




tion, the threshold to excitation of the anteromedial

thalamus was elevated, .but not that to stimulation of
the mesenceéh lic reticular formation. This was in
direct contrast to The action of other narcotic drugs,
such as scopolanine and pentobarbital, which blocked’

EEG activation tp non-painful stimbli more .than to noci-
. .

ception and which produced an increase in the threshold }

‘for excitation at \both the thalamic and mesencephalic
levels. Silvertrini and Longo therefore concluded that
morphine produced a|specific blockade of EEG activation

to nociceptive stimALi at the thalamic level.

b
-

Radouco-Thomag and co-worke;s~(1962) extended

« these studies by recording, in consciéus rébbits, the
activating response not only from the corEex, but also
from various other subcortiéal structures as well. %he
chgracgeristic cerebral 'activity after morphine-«an.
alteratiqn of alegt (1owqyoitage, fast frequency) and
drowsy (spindles 12-14 Hz) stafes-—ﬁas also typical of .
recordings(from the rhinen?gghalon, Epe medial and ventro-
lateral tiZlamus and the midbrain reticular formation.

Morphine,
/

[

t a dose of 2.5 mg/kg iv., tMe maximal anal-
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ge§ic dose for the rabbit, selectively blocked the
reaction to tooth pulp stimulation, only slightly reduced *
the arousal reaction produced by auditory stimulation and

did not alter the EEG activation due to stimulation of . ~

the midbrain reticular formation.

Although Killam i1962) found no evidence for a
selective action of mdrphine on the re;icular formation,
Vq}dmén (1967) reported that different Qnalgetics sup- -
pressed the EEG activation in reébonse to various .
afferent stimuli to varying degrees. Promedol, “a
meperidine derivative, and,phenadone (methadope), in
doses of 1-2 mg/ké, strongly and eqqally suppressed EEG
activation to soﬁhd, light ‘and painful stimuli. Morphine’,
in doses of 2-3 mg/kg bloéied at first the reaction to
1ight{ and t@eh to pain (5-6 mg/kg), while only slightly
decreasing EEG arousal to sound.  Low doses of all of
these andlgetics (1-2 mg/kg), however, sﬁppressed com-
pletely the actiVatioh reaction to enteroceptive excita-
tion, supporting the conclusioﬂs of Fujita, et al. (1954)
that morphine and gglated narcotics act preferentlally

at the second or thlrd order neuroneés for visceral paln.

Albus and Herz &1972), although they too found-
that dnalgesic doses of morphine equally‘inhibited the
“x% / -
EEG activation produced by nociceptive and non-nociceptive

stimuli, believe t se effects of morphine:to,ﬁé mediated
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by structures ik the vicinity of the fourth ventricle.
They 'also postulated that the EEG synchronizatidn observed
aféer the systemic administration of morphine is nof due
to a direct action upon‘the reticular core of the btain-
stem, but rather, is thé;résult of a selective inhibition

of the activating mechanisms originating in the medial

hypothalamus and midline thalamic nuclei. .

From the above discussion, it becomes obvious that

’

‘ -
the relationship between the analgesic action of morphine

and its effect on pain-induced EEG arousal-ié§ unclear. It
is difficult to quantify a self-regenerative reaction such
as EEG activatibn and to gquat;itpe‘igtensity of the /'

different sfimuli with resbect to thgif capacity to elicit

such a reaction. Many of the reported discrepancies in

the actions of morphine may be related to diffetences in

-

«

techniques, species, doses and the intensities of the
sensory mOdélities'emgloyed. The EEG ig se§§itive to
enviFonmental and homeosﬁafic'hhhnges;hsénmﬁéh so: thgt
artefacts are often considered bart of ‘the effect. 'High
doses of the narcotic analgetics, for instance, produce
:egpirat;ry and cardiovascular effects which, in éhemf‘
selves, affect the EEG; the neuromuscular blocking agents,

alone, can cause EEG synchronization due to reduced pro-

priocepgive drive. The exact néurophysiological mechanism
L

whereby morphine produces alterations in the EEG (impediment
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of summation.capadity,, prolongation of positive after- ]
dischaxnge, etc.) still'remains to be elucidsted. The |
complete explanation must await more information on bsth
the brain systems 1nvolved and the specific actions of

morphine on these systems. . :

2. Neurosurgical Studies

A comparison of the effects of the analgetics
before and after the selective destruction of'séecific
brain structures ot by sectioning the neuraxis at variots
levels also provides information, albeit of a cruder type[

regarding the site of action of these compounds.
. € )

The reports of Irwin, et al. (1951) and Bonnycastle,
EE'El-'(1953) have 1nd1cqted that analgetics are capable
of raising the threshold to radiant heat stimmlation of

the tail in both acute and chronic spinal rats. The

response of the spinal anima1~was undistinguishable'from

‘that of the 1ntact rat except that the potency of the

analgetlcs was reduced by about 70% after spinal tran-
section. Since the tail flick response used by these
investigators is a spinal reflsxz physioloéisally resem-
bling the nociceptive flexot and crossed-extensor reflexes,

the locus of the depressant action of the narcotic

/analgeticslin the spinal 'tord was considered to be the .

it
+

internuncial neuron system. The larger doses necessary:

[
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to depress the tail flick response in the spinal animal

could not be explained entire€ly on the basis of the

.release of spinal cord centers from tonic central

inhibitory control, thus requiring higher concentrations

- of the drug to oﬁérride these effects., It was therefore

14

concluded that the analgetics augmented the- supraspinal.

_ inhibitory mechanisms, in addition to having a direct

"influence upon“%he spinal cord interneurones. -This

" assumption was later proved to be correct by the electro-

physiological studies of Jurna (1966).

An actual stimulatory action of morphine on’the

bulbar inhibitory area of the cat was demonstrated by

Takagi, Matsumura, Yanai and Ogiu (1955). After ipsilateral

destruction of the bulbar inhibitory area of the brainstem,
morphine (7-14 mg/kg;;v.) enhanced both mono- and polysynap-
tic discharges whereas, after destruction of the ipsilateral
facilatory areas, morphine completely diminished polysynap-
tic resﬁonse. It was concluded that morphine had stimulant
actions on both the bulbar inhibitory and facilitatory

areas but that the action on the inhibitory system was

L]

predominant. .

)
-~ -

~

Since vocalization is the result of the recruitment
of higher CNS' processes, the animal's cry or squeal is
considered to be a better indication of the perception of

pajin than the reflex regponges. In an attémpt to disso-

@ : . (T

J T
!
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ciate the reflex responses from those motivated by the

perception of pain, Carroll and Lim (1960) sectioned the
neuraxis of rats at millimeter intervals from the rostral
spinal cord to the tip of the frontal pole. They demon-
strated that the intact animal responds te increasing
intensities of'electric shock to the tail first, with a
somatic motor resprse (0.3 ¢ 0.2 volts), then with
vocalization during fhe stimulation in addition to the
motor response, (0.6 * 0.3 volts) and finally with
vocalization after the stimulation (1.2 + 0.7 volts);
morphine blocked these responses in the reverse order.
;Ehusvocalizationafter-discharge, which required the
participation of the highest centers, was selectively
blocked with the lowest dose of the drug and remained
blocked even when the stimuius was raised to four times
‘the threshold value. Rats with cortical ablations abéve
the dlencephallc 1eve1, or with brain transections rostral
to the thalamus, dev1ated l&ftle from Abrmal. Wlth
transection of the braln between the thalamuS/and mid-
brain, vocallzatlon af‘r-dlscharge was abolisfied and, o
with transection caudal to the medulla, vocalization
during nociception was also eliminated. Noting the
similarity of the~effedfs of'deécénd'ng transections of‘
the neuraxis and of increasingdosed}

of morphine on both

the nociceptive and postural responses, the authors
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attributed morphine analgesia as being due.to the blockade
L 4

of first, the synapses in the thalamus (presumably in the

nucleus ventralis posterolateralis) ‘and later,.in the

brainstem and spinal internuncialfg

Although Hoffmgisﬁer.(1968) was able to distinguish
between the analgesic and non-analgesic tranquilizers on
the basis of théir effects on thjse two types of vocaliza-
tion in the rat, a receqt report (Weller and Sulman, 1970)
raises the question of whether even this typé of respoafe
&s relevant to ﬂhalgesia.‘ In this stﬁdy, vocalization to
electric stimulation of the tail in mice was unmodified
following decortication and neural transection dowP to
the pons. It therefore appears, at least in the mouse
tail‘Fhock test, that the inh%bition of vocalization
results from pharmacological actions which are only ton-

/

tingently associated with .analgesia. However, the potency
of';trong narcotic analgetics (i.e. morphine and methadones
was reduced by about 75% following transection of the brain
caudal to the ante;ior commissu;;. Thé activity of less
potent analgetics (codeine) and of the phenothiazine tran-
quilizer analgetic (methotrimeprazine) -was unaltered. It’
was therefore cOnc;uded, fn agréemeht with Carroll and Lim

(1960) , that the integrity of the thalamus or its connec-

tions with higher structures is essential for the full

-

effect of the strong narcotic anhalgetics.
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Studying the reactions of rats to painful electric

stimulation via electrodes implanted at the base of the

_ tail, Charpentier (1968), like Carroll and Lim (1960),

- upon frontal-thalamic-limbic circuifé. On the other hand,

flight reactions. The rhinencephalic areas, mediating

postulated that the sequence of reactions observed with

1ncrea51ng inteps\pAes of s¥mulation were mediated by

different lev s of the neuraxis, becomlng progre551vely

more complexf;nd integrate§ as the stimulus intensity was

raised. He demonstrated Eﬁe; the narcotic analgetics

(morphine, pethidine, dextromoramide) as well as atropiee,
amphetamine, and lesions in the anterior thalamic nuclei,"a
amygdaloid nucleus and'frontel eorﬁ!x-seléctively reduced ya
the more comple#.affective-and co-ordinated reactions ///
(vocdalization and biting of the electrodes) whereas |
acetylsalicylic acid, imipramine, gserine, dibel:xamine and
lesions of the mesencephalic reticular formation prefer--

entially diminished the simpler, non-specific, startle and’

vocalization, and the cort}cal and diencephalo-cortical
connectlons, which are responsxble for the spatio-temporal
analysis resulting in the biting of the electrodes, were o
therefore excited only by strong nociceptive stimuli and

selectively depressed by the narcotic analgetics.

These neurosurgical techniques therefore support

the.view }hat the narcotic analgetics act preferentially

[
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Wikler, Norrell and Miller (1972) found that bilateral
lesions in tke cingulum, dorsomedial thalamic nucleus,

amygdaloid complex, ventral hippocampus and septum had no

L 4
effect ‘'on the development of tolerance to the analgesic

effects of mOrphine in rats, or on the abstinence syndrome
consequent to its withdrawal. It therefore appéars that
the neural sites involved in the development of toterance
and physical dependgncé are subcortical, perhaps aﬁﬁ£he
hypothaiamic level (Kerr and Pozuelo, 1971; Wei, 1973).
Thus, while analgesic and addictive mechanisms ma§tshare
many neuronal substrates in common,they are not, by any

meaps, identical. ) ' 4
. *

- ¥
3. Drug Localization Studies

L
Although morphine is considered to be the protatype
for the narcotic analgetics, its low lipid solubility
forms a blood-brain barrier which does not exist for the
majority of compounds in this class §Way, 1967; Cube;
Teschemapher, Herz and Hess, 1978; Herz and Teschemacher,
1971; pldend%ff, Hyman, Braun and Oldendorf, 1972).
Direct introduction of drués'into the cﬁs obviakes the
pharmacokinetés differences'due to variations.?% chemical
structure and thus provides a mpre accurate estimate of

the actual efficacy of the drugs at active central receptor

sites (Herz and Teschemacher, 1971). To demarcate tpe sitg

v
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of action, substances Il solution or crystalline form
were applied to discrete areas of the brain by microin-

jection or introduced into segregated parts of the

- .

. veptricular system.

&

2
Most of the experiments performed with the 'micro-
injection techniqué point to the periventricular gray
mdtter of the third ventricle (belonging mainly to the

hypothalamus and anterior thalamus as the main site of

?

the antinoéicepbive action of morphine "(Tsou and Jang,
1964; Lotti, Lomax énd George, 1965; Foster, Jenden and
Lomax, 1967; Herz, Métys, Schondorf and Hoppe, 1968;
Buxbaum, Yarbrough and Carter, L971).but the relative
importance of the Qarious thaIﬁﬂEc:nuclei and mesence-
phalic retiéglar férmapion remains aﬁbiguous. Tsou and
. * ’ Yang (1964) for instance, obtained énly an incomplete
blockade of éﬁe n;ciceptive response when'morphine was
injected into the’periaqueductaligraf or mediodorsal.
gjr thqlémic nycieus and no analgesia after injection into tﬁe_
. 7 minrai? retic?lé? fdrmatioﬁ; whereas Herz, et al. (1968) .
& observed a strohg«gnalgesic effeél from these afeas. The
‘ former alsé repoxted no analgesiaffollowing injectioﬂ into

;

of the thalamu's and .

'

the ventral posteromedial nucleus

-dorso-médial region of the medial genYculate body. Data ..

- L obtained by Buxbaum, et glL (Ié?i) dre’ in general agreement

with those 6f Tsou;and,.Jang (1964) , but indicate that the
o .

\

[ 4
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nucleus ventral posterolateralis and reticulgris of the

-

thélamgs should ‘also be considered as possible sites of

N a

action. The analgesic site was not 1oc%%;zed,to any

< 3

specific structure in the experiments of Lotti, et al.

(1965), for he noted‘analgesia following microinjection

™

" of morphine into all of the thalamic and hypothalamic

areas tested. The.periventr%cular‘hypothalami: region is
also considered to be the s;te through which merphine
exerts)its hypothermic (Lott{} et ali, 1965; Fd@ter? et
al., 1967) and some ofvits enoocrinete%fects (Geotge and

4

Way, 1959). . ,
. - 4 C ‘\\:\* - ) L

In contrast to the impprtance placed upon the

hypothalamus by the orevious'}nbestigators, Wei,'Lou.and

Way (1972), u51ng a dlfferent approach fgund that sevdre

abstlnence syndromes were prec1p1tated in morphlne-

dependent rats when the narcotic antagonlst, naloxone,

. was injected info the medial thalamus and rostral portlons !

of\the‘midbrain but not uhep applied tp‘tegmental or

‘chypothalamic areas: Pérhaps) as has been pointed out

preV1ously, the mechanlsms of dependencecand analge51a
¢1nVolve d&ffereut neural structures, but - their observatlons

are also contradxctory to'those‘of Kerr and Pozuelo (197fk

who noted that°destruction of'the ventromedial nucleus of

the hygothalamus markeé}y reduCed the withdrawal syndrome.

The discrepancy in the results mlght "be - due to the fact

f
.
. .
. e L ® /
B o . . r PR
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caudate, as well as application directly onto the somato-

Teschemacher, Albus and ziegrgqnsberger;.?972;1A1bus,

*system and’ intracerebrally, point to structures’ lying in
4

. thé v101n1ty of the fossa rhomb01des/;nd, according to.

53

v

-~

Wei, et al. (1972) applied their chemicals in crystalline

rather-than liquid form. Despite first impressions in

favor of the appllcatlon of crystals, the spread of
material is actually gr??tgr than when applled in liquid

form and the results, are”far less reproducible (ﬁoutten-

A\

berg, 1972). 2 _

All reports concurred, however, that.injection of

morphine into the hippocampué, septum, olfactory bulbs or

sensory cortex or sub-arachnoidally to the spinal cord, did

" ]

not have any appreciable‘antingficeptiye effect. However,

the degfgeuof7diffusion from the site of injection limits
the accuracy of such IOCalizationﬂtechniques.* a

v
k4

s The rostral site of the antinociéeptive action of

morphine implied by the above investigators .is in &irect
contra§£ to thé findings of Herz gnd his co-workess (Hefz,
Albus, Mgtys, Schubert and T;schgmacher, 1970; Herz,
Schott .and Herz, 1970; Herz and Teschemacher, 1971; -
Vigouret, et al., 1973° Tescﬁemacher, et 53', 1973). Thelr
experiments in rabblts, w1th morphine injected both 1ntra—

ventrlcularlyﬁlnto restricted partsg .of the ventrl‘plar
« al n

*

autoradlographlc technlques (Schubert Teéﬁhemacher,
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Kreutzberg and Heraza, lg70), at a depth of 1 to 2 mm frém
the ventricular wall as tﬁ; site of action of morphine.
Even with the use of very high doses, only a minimal
-inhibition of the nocidéptive response was obtaihed when
the énalgetics_(morﬁh}ne ;nd fenfhnyl),weré restricted to
the third' ventricle, whereas the rgsﬁbnse was unaltered

By

when the drugs were limited to the lateral ventricles.
Supporéive evidengz was obtained by obéervatioﬁs that the
narcotic analgesic antagqQnists, nalorphine aﬂd levalorphan, )
were most effective in either antagoniziné the antinocicep-
tive action of morphine (Albus, et al., 1970; Vigouret, |

et al., 1973; Teschemache;, et al., 1973) 6f in precipi-

tating the abstinence syndroﬁe in morphine-dependeﬁt _ . ‘
rabbits (Herz, et al., 1972) when they had access to

'sﬁructures in the immediate surroun&ings of the fourth
ventricle. A similar caudal site of action for the

h&perglycéemic effect of morphine has recently been

reported by Feldberg and Shaligram (1972). N
H a

Herz; et al., (1970) consider }ﬁe extralemniscal - .
neurone.ghains ascending from the pars decendens‘of the :
trigeminal nucleus (their nociceptive resgponse wép'the
licking reaction to electrical stimulation of the‘tooth
pulp) as.the fost.likely site of action of morphine but
effects on‘the efferent péfts of the reflex arc, sﬁéﬁ~as

the hypoglossus nucleus, and the possibility thht morphine

£




O

,

might be acting through mechanisms coming from outside the -

reflex pathway could not definitely be excluded.
-«
An interesting phenomenon arose out of the work of

Herz and colleagues: whereas the peak antinociceptive
effect usually occurd within 30 minutes following intra-
peritoneal or subcutaneous injection of analgesic doses
of morphine, the maximum effect was not observed until 60

minutes after intraventricular injectionh; such differences

were not observed with fentanyl, the peak effect occurring

within a matter of minutes regardless of the route of
administration. The authors felt that the large differ-
eﬁce in the lipid solubility of the two compounds ade-
guately explained this phenomenon. . In connection with
these observations, it is surprising to note that brady-
iinin, a potent algesic agent when applied peripherally,
mimics many of the actions of morphine when injected
intraventricularly (Ribeiro, Corrado and Graeff, lg?Ia
Ribeiro and Rocha E. Silva, 1973). The antinocfbep%ive“
action of bradykinin was also localized to the periven-
tricular structures. What is more ihteresting, however,

-«

is that the onset and duration of the central analgesic

" effect of bradykinin was similar to that of fentanyl. The

effplanation by Herz and colleagues that the delayed onset
with morphine and rapid start with fentanyl is due to
differences in lipid solubility does not account for the

N




. or conversely, that a low concentration of the drug

56

quick onset after bradykinin for it, like morphine, is
also spaéingly soluble in lipidé. Perhaps, then, the
differences in the onset of action betweeﬁ morphine and
fenta;yl, might actuall§ reflect dissimilar Eites of

A

action rather than differénces in the physico-chemical -
A :

properties of the two'é;mpounds.
¢ . L
Such studies as these make the interpretation of

intraventricular injection techniques hard to follow and
justifies the clinically more felevant route of adminis-

tration (subcutaneous) employed in the present study.

Investigation on the selective distd!%ution of the

narcotic analgetics within the central nervous sytem

* (as determined by autoradiographic techniques) in an .

“attempt to correlate the ph sioloéicéf disposition with
the pharmacological responge alsp have provided littlen
information concerning the central site of action of
these compounds. " Such studies‘are cnglicated qy the fact

that the drug may be very highly conceritr&ted in an arg?
which plays no funétional role in its mechanism of. action
1

€

. ‘ ! k ¢ .
within a particular area does not necessarily exclude it
as a possible site of action for the area may either be’

very sensitive to the drug or part of a critical circuit
/ . * [
of neurones responsible for the drug's effects.

/ : | . o

K]




With the exception thht‘morphine tended to have
a highe; affinity for gray matter, most investigators
have also found littlé tendency for analgetics to 1localize
in any particular area of the CNS, in either the non-
tolerant (Miller.and'Elliot, 1955; Chernov aﬁd Woods,
1965; Lomax, 1966) or tolerant animals’ (Mule and Woods,
1962). To avoid the more general labelling consequent to
parenteral administration, Adler (1964) injected radio-
actibe morphine and codeine intraventricularly in mice,
and reported a localization of radioactivity in the hypo-

Izl

thalamic and pontile areas and in the hippocampus. ' In
accordance wit; these results, Schubert, et al. (1970)
also found a high concentration of morphine in the
hypothalamus and ﬁippocampus in the rabbit but there was

no-evidence for a specific localization as could be found

after the application of noradrenaline.

-

However, according to Cube,ggtgla (1950), the
concentration of the narcotic analgetics (including
morphine) found in the various areas of the b?ﬁin.follow—
ing intraventricﬁlar injection differs by no more than a
factor of two. %he differential distribution of morphine
may therefore-be attributed to its different physico-

" chemical properéies rather than éroviding evidence for

binding to specific receptor sites. Because of its
S

hydroﬁhilic nature, morphine tends to remain in the plasma
[/ "

- ' »

(‘\
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fluid compartment and diffusion i(io brain tissue, which
contains very little or no extracelluiz} fluid space, 1is

greatly hindered. This factor, together with the greater
vascular density of the gray matter and the exceedingly

faster circulation rate in comparison with white matter,

. most likely play a major role in the differential distri-

bution of morphine.

4, Behavioural Studf%s-

In the study of the action of analgetics'it is

important to recognize that the response to pain consists

*

of learned reflex and behavioural reactions which are

integrated at all levels of the nervous system (Melzack

and Scott, 1957; Beecher, 1959; Charpentier, 1968). This

»

factor has not always received due consideration for, in
many of the investigations cited above, the relationship
bétween the response measured and pain is not always
clear. Moreover, the literature on the effects of e
na;cotic analgetics on the behaviour elicited by stimula-
£i€? of brain structures implicated in pain mechanisms,

particularly as it relaées'po the pgobiem of délipeating

the central site of action of these compounds, is not

large.

All of the investigations that have dealt with the

effects of analgetics on operant behaviour maintained by

>



s N | 59

L

intracranial aversive stimula£ion (Boren and Malis, 1961;
Vernier, et gl.,.1961; Weitzman andARoss, 1962; Halpern
and Alleva, 1964; Ross, 1966) were based upon a "titration
schedule" first described by Weiss and Laties in 1958.
This technique, which is similar to the one used in the
present study, consists of an arrangement whereby incre-

.ments®in the intensity of an aversive stimulus are-auto-

matically programmed. and decrements in intensity follow

la

designated responses (bar-preasing) of the subject. By
continually recérding the stiﬁulus inténsity, the i -
thresﬂpld level of shock necessary to,maintain lever
pressing can be determined. Such operant control pro- -
cedures provide an quective, quantitative'aséessmen; of
. an animal's behavioural éé;ponse to pain*and have shown
a sensitivity supefior to that of‘th; more conventional

algesimetric techniques (Weiss and Laties, 1961, 1964;

McConnell, 1962; Malis, 1962, 1964).

Most investigations, however, have been confined to
an examination of the effects of ﬁarcotic analgetics on ‘
the behaviour elicited by the stimulatioh of onl;*one
brain structure. The area most commonly explored in these
studies ‘'was either the trjgeminal (Gasserian) ganglion
(Weitzm;n and Ross, “1962; galpern and Alleva, 1964; Ross,

\ 1966) or the midbrain,reticular formation adjacent to the

lateral spinothalamic tract (Boren and'Malis, 1961) . Only




oné>study has, as yet, been repdrted in which the effects
of naréotic analgetics on the aversive thresholds elicited
by the electrical stimulation of various brain structures
involved in pain mechanism were compared’ (Vernier, ég al.,
1961) . In this study, electrodes- were Ehronically
implanted in the ventralis postero-laterallé, ventralis
postero-medialis and center median nuclei of the thalamus,
in the midbrain reticular formation and in £he trigeminal .
~ ganglion of Rhesus monkeys. Evidence of a differentiaz%&*
¢ . nuclear sensitivity to the narcotic analgetics (morphiﬁe
and aﬁileridine) was noted, with the ventralis postero-
lateralis nucleus of the thalamus and the trigeminal
, ganglion being the most affected and the centre megian
‘nucleus of the thalamus being the least éffeéted. The
above studies&thefefére suggest that, undef behavioural
operant conditions, thé narcotic ana}getics preferentially

suppress the specific sensory-discriminative pain pathways

over those ®f the non-specific extra-lemniscal system.

SUMMARY OF HISTORICAL REVIEW
. _AND SCOPE OF THESIS  °

(-]
In the above discussion, three basic meth¢ds have
v _ been employed in an attempt to differentiate the thion of
the opiates .at various levels of the central nervous

s system; (1) electrophysiological investigations of afferent

N
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and efferent pathways, (2) transection of the ne;rax;s
and/or electrolytic lesions at various levels of inte-
gration;.and (3) drug localization by autoradiographic
techniques or direct application of the drug into discrete

regions of the central nervous system.

With all three techniques, there appeared to be an
equal number of investigators favoring a selective depres-
sion of the primary sensory-discriminative (lemniscal)
pathway: by the qarcotic analgetics as there were authors
upholding the view that these drugs preferentially
inhibited structures belonging to the motivétional—
affective (extra-lemniscal) pathway. Others found no
evidence for a select}ve inhibitory action of morphine on
either pathway, nor was suppression of pain pathways

'

s . . .
always” characteristic of analgesic compounds.

There are a number of rea®ons which would aécount
for the many conflicting views in the literature dealing
with thelcen£ral gsite of "action of the narcotic analgetics;
the most important of these are summarized in the follow- o

ing paragraphs. - ’

Sectfoning of the cerebrospinal axis or ablation qf
structures at various levels of the central nervous system
involves drastic surgical procedures which undoubtedly

alters the activity ‘of the remaining brain structures.




Remembering that the halance of tonic inhibitory and

excitatory inflﬁéﬁéés varies at different levels of the
neuraxis, it is quite likely that, with neurosurgical
techniques, mechanisms are activated wﬁich are of minor
importancé‘in the intact animal; There are alternative
ways of impairing;function and, depending upon the time
allowed for recovery, alternate ways of restoring function.

A distorted view of the presumed site of action might thus

be obtained.

The intracranial: chemical injection technique was.
at first thought to provide a degree of localization com-
parable to that;of electrical stimdlation of the brain
{Lomax, 1966) but, in a recent review, Routtenberg (1972).,.
clearly demonstrated that the behavioural effects induced

by the microinjection of a drug into a particular brain

area are not necessarily related to an action of the

¢

chemical at that point. The possibility of the spread of
the drug‘to some more distant site, either through the
ventricula; system or cerebral vasculature o; along axona%
fibers, has not always been sufficiently considered in
such experiments. Factors, sﬁch &5 the size ofgthe
cannula, implantation-microinjection interval, vehicular
form (crystal or liquid), pH, osmdlality and volume, as

well as the rate and number of injections per animal, also

play an important role with respect to the amount of brain
_/—.

- - P N




microinjection technijues are use

tissue damage incurred, the pathological response to the
presence of a foreign substance, the degree of spread of

the chemical and, ulﬁimatély, the type \of beha%ioural

reliable con%lgpions

concerning the central s action of the narcotic

- 2

analgetics cannot be made.

- The results obtained by researchers using auto-

&

sradiographic techniques have also proved to be inconclu-

sive. It is Qell known that the number of grains seen is
a direct function of the length of exposure, 'the develop-
ment time and the thickness of the emulsion coating, all

of which varied with the’individual investigators. Other
factors are of significahce, the most important of which

is that ﬁigh concentratigﬁs o¢ radioactivity probably

represent, in a large part, drug association with non-
specific receptors. The relative specificity of the 14C

and 3H;;Label

Tyt

L

role. In the l?tter case, subst;ﬁces, espepially highly
lipophilic ones such as fentanyl, may diffuse so rapidly
that, at the time of sampling, the\ﬁénetration front has
already reached the maximum>pgint and is'incgﬁé process
of withdrawal; the trﬁe penetration front would therefore

lie somewhere beyond the actual point of highest radio-

|

/ .,;3 -

v3

v

and diffusion factors also play a determining

b4
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activity It is therefore 11kely that autoradlographlc

‘ r]
technlques provide, at best, only a crude estlmate of

| the specific site of action of the applied drug.

Elegtrophysiological techniques remain among the

. )
most aecurate and reliable, although, théy too, are not
without drawbacks. Perhaps the greatest oversimplifica-

tion In this field Jis the commonly néld belief that
electrical stimulation of a nerve or brain "center"

' a ?
closely resembles normal neuronal stimulation, which is

far from being the case. Although stimulus parameters
. . . L . R L

may be independentlyvcontrolled and monitored with great
accuracy, -the-innumerable comblnatlons that are p0551b1e

,and ‘that have been used by dlfferent 1nvest1gators makes
comparlson of the data difficult. It is a well estab- .

. 5 > .
*lished fact that entlr%}y dlfferent effects can be

obtalned by electrical stlmulation of the same preparatlon
1f just one of the stimulus parameters is altered. Then

too, electrcphysiological methods -are beset by difficuities
such as temporary ef;ecté of the operation, Qatying states

of”the prepard@{on, stimulation artifacts, destruction of 9
- ¢ . S " }
brain tissue, formatfbn of scar tissue and pathological
reactions in chronic studies, and distal effects-dge,to
.t L 4 -

spread of current or activation of polysynaptic mechanisms.

3

The importance of remote responses should ge emphasized

becausé the explored part of the brain is only a small
\ y - \

L}




fraction of a large mass of functionally active neurones
) .

with varying thresholds.

' Observations concerning the central site of action
v ' i

of %he narcotic analgetics have also been complicated by ' .
- 4 ; o
<. marked intra- and interspecies variation, not only in

terms of drug responses, but also in the anatomy of the

pain patnways.and brein complexity. 'Furthermore, it was //,,1

o
-
»

‘not always clear whether the effects described were

related to pharmacologicai or toxicological amounts- of-

't o,

drug and dose-response paramgters were.rare} determinai.)

- ) " Thus, in view of the non-physiological nature and
limitations of each investigational procedure and of the
complex 1nteractlon, both anatomlcally and functlonally,

between the many somponents ‘of the central nervous system -

.

b ~ involved .in sensory transmissicn®, it %s likely that a
) ‘ . 3 )
consideration of thefgata from all of the methods out-

¢ - .

lined an#e would comé nearer to explaining what goes on,
. Y N ‘ ‘ )

in the intact, normally functioning brain than the appbe-

! ! PN v ’ | ® N,
.

P

catioh bf-any one technigque. Collectively, the information

7

- . presented in ‘the foregoing sections snppogts the concept
. /. . R ’ s s ‘ . . "
. that afferent 1nformat10n signalling pain ascends %the

bralnstem in multiple pathways and- that analgesra may be,
. Yot 1
! effected thﬂgugh an actionion any one of these components.
v A ]
! . . It ig therefore not" likely that any: one structure of .the

brain 1s respon31ble for medratlng the ant1noc1cept1ve ’




""'"w——-i\ .
actions of thes:narcotic analgetlcs, but rather,\that the

- »

' analgesia obRaLned with these compounds is the result of
4 .
- comblned actlon at many dlfferent sttes throughout the - -

central nervous system., ) '

In' the present stﬁdy, a modification of éhe titra-
3 T tiqn:techniq\e (sée;part 4 of'previoua éecpion) was used
gaé’examiné ;he effééts of various analgesic agents on the .
a;cap! reaction ;licited by ‘the ?lectficaﬂ stimdlation.of ' ’
a number of diﬁféreﬁt brai; areas whith have been}impli— | a

. ~cated in central pain)meéhaniSms. The technique 'used in

this study therefore represents a coﬁbihaﬁién of electro-
~physiplogical ahd béhavioural methods. ° : ) ST .
{ T ‘ <

T “ay
Py ]

» .
Althoughkthe-techniqﬁgﬂpf exploring the brain of

. | SN
_gonscious, freely moving animals with chronic,’ implanted
) v / . v '&' ‘ ' . .
S eléctrodeS‘shares many of the limitations of electro= \
- . ) .~ . ! "M :

-

physiological methods, such as the problem of stimulusﬂ‘
. parameters (Mickie, 1961) and distant effects, its

€ -
advantages are-many: (l)‘with thefuse of the titration

- schedule, the expexlmeﬁta{ design- is freed from the bias
~of the'inVestigator; adding to the analyéis of the data
a greater dééree of objectivity--a quality which is
‘difficult*tg attain in, the asseasment of pain in both man
and animafa; (3) the stimulus characteristics can be

- accurately monitored and variables due to tissue impedance

can therefore be taken into‘acéount; (3) although some
"y a 1 -

-

P |

\
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trauma as a result of electrode insertion is inevitabie,

the present day materials, used for electrode construction

N

are well tolerated by the animal and pathological reactions

are minimal; (Delgado, '1961); (4) repedted stimulations

.

over long periods of time do not produce pérmanent anato-
mical or flnctional modifications (Delgado, 1961); control

measurements can therefore be .repeatedly determined and

»

© different doses of the samejdrug as %911 as different drugs

can be studied in the same anlma1 cousequently, both the

within and between treatment Varlabl%}ty is greatly

 Feduced; (5)- modifications of behaviour may be studied at

the moment .a cerebral structure is stimulated; and (6) the
lack of adjunctive ﬁedlcatlon dnd bodily restraints allow
for g more normal display of overt behavioural respmes.
As Huxley (1952) noted: "Captiviity cages miqde as well as
bodies and rigid experimental procedures limit the range
of performanee, while freedom liberetes the creafuresi -

capacities'and permits the observer %o study their fullest

' developments". | - ' .

S The brain areas explored in the present investiga-

- ! ‘

tion consisted of the ventrodorsal,‘dorsomedial, para-

fascicular and véntral anterior nuclei of the thalamus,
caudate nucleys, dorsal and ventral hippocampus, fimbria

hippocampi,'aﬁterior amyédaloiGQarea, anterior and lateral -’

r."

hypothalamus, medial lemniscus, oi@ic tract and 'a rsa

! )
/ ‘4

E

L] - Id
.
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midbrain reg}on containing the dorsolateral central gray
. ' [

}and its suprajacent étructureé (deep:layers of thg
superior colliculus). An_abﬂndant literatufe attests to
the' importance of ihalamis, limbic (hippocampus, amygdala,
hypothalamus and dorsal m;ébrain area) and caudate struc-
tures in tﬁe transmission and/or elaboration of the neural
.responses to pain (see Historical Review and also Yoss,
1953; Melzack, Séotler and %ivingston, 1958; Sweet, 1959;
Poggid and Mountcastle, 1960; Melzack, 1961; Mark, Ervin
and Takovlev, 1962; Bowsher and -Albe-Fessard, £962; Perl,
;965; Rubinstein agd Delgado, 1963; Albe-Fessard and
Krauthamer,.i964; Mehler, 1§é6; Sutin, 1966; Kuypers and
Lawrence, 1967; Hassler,,1968; Passquant, 1968; Poirier,
Bouvieg; Olivier and Boucher,l1968; Runnels and’Thdmpson,
1969; Westner, 1971; Wilburn and Ke/sner, 1972; Sinnamon -
aﬁd Schwa;tzbaum,‘9973; Keene, 1973). However, little is
known about the relative importance of these structures in
the analgesic actio@f morphine-like compounds.

N

Basic té our‘uﬁderstanding of the role played by
variouéébr%in areas in the mode of action of analgesic
drugé is the observation that there are two coﬁpbnents
involved in the pain response; first, é[épnscioug percep-
tion of the pain as a specif*c Lénsatipﬁ without any
appreciable emotional involvement, and, second, the
—Teagtion to pain with a concomitant change in behaviour

and affect which may or may not be\gglatgd to,the nature

i3 ‘V




or intensity of the stimulus (Wikler, 1955} Beecher, 1959).
Behavioural and physiological studies give reason to
believe that the two comppnenfs‘bf the pain response are

® . .
served by at least two distinct conduction systems with

quite different charactg#istics. Thus, it has been
Eroposea that glfe specific, paucisynaptic neo-spiggthalamic
system provides the neurological basis of the sensory;
discriminative dimension of pain wh%le the diffuse,
multisynaptic paleo-spino-reticulo-thalamic.pathways
subserve the motivational drive and unpleasan£ affect
that érigger the.organism into actign (Melzack and Wall,
1965, '1968; Casey and Melzack, 1967; Melzack,.l973).
These two systems projéc£ to different regions of the
brain: ~ the former to the sdmatosens&ry ég?qs of the
thalamus and‘cérebral cortex, the latter to various areas
of the brainstem reticular formation, limbic systém and
medial thalamic nuclei (Poirier, et 31., 1968).
‘ !
W}th the "exception of the caudate nucleus and
optic t%%ct, the brain structures investigated in this

study are thereforg a part of either the neo—spinothélamic

(ventrodorsal nucleus of the thalamus, medial lemniscus

above the level of the midbrain) ormpéleo~spir0*reticulo—

thalamic (dorsomedial, parafascicular and ventral anterior
nuclei of the thalamus, hippotampus, amygdala, hypothala-.

mus and mesencephalic reticular formation) pathways. In
, . L . X
view of thegcommoq}theld belief that analgésic drugs of

[




the morphine type\éxez{/:;eir principalr if not entireky
effect upon the reaction component of p%iﬁ, (Wikler, 1958;
Beeéher, 1959) the mgjor question of tthﬁresent étudy was
to what extent morphine-like drugs qffebt, differentially
or non—dﬂfferentially, the escape respoﬁses elicited by

the electrical stimulation of brain structures subserving

these two different modalities of pain.

In this study, five narcotic analgetics (morphine,
heroin, fentanyl, propoxyphene and tilidine) and one
phenothiazine derivative (levomepromazine) were tested

for their effects on disparate ag@rsive brain stimulation.

Morphine, a paturdlly occurring phenanthrene
alkaloid of opium is the prototype for all narcotic
analgetics and is the standard reference substance by

which other analgesic drugs are judged. In animals,;ihe

analgesic potency of morphine varies with the species and
4
algesimetric.techniqug/emﬁi;;;d. For the rat, using the

of’administ;atiog/ ED;, values ranging

subcutaneous rou
from 0.8 o 5.4 mg/kg have been reported (Eddy, Friebel,
Hahp—and Hélbach, 1968). The majog arawback limiting the
usefulness of morphine as an an?lgetic is the development

of tolerance, physical and psychic dependence (ie.,

70

addiction) that follows repé;ted’administration'ofxthe drug.

: g
Heroin (di-0-acetylmorphiiie), ‘a ge@i-sydthet;c

4

derivative of morphine, is approximately three times as



%

potent and analgetic as morpﬁine in both man and animals
(May and Sargent, 1965). The current crisis in heroin
~ 9

abuse “tendg to reinforce the coﬁmonly-heid belief that it

, is more euphorigenic than morphipe. .Heroin was, therefore,
| . / .

* included in the present study in order to determine
. , ¢ '. .
whether the more intractable addiction to heroin is the

result of a d;fferential acti;n of heroin on central :
nervoui systei‘strucfures or whethér, as has been suggested ‘\ s
by some investigators (Oldendorf, Hyman, Braun and
Oldendqrf,?1972), it is megély due to differences in the

- pharmacokinetie properties of these compounds..

Fentanyl (Sublimaze) is a highly potent synthetic
analgetic structurally related to both” the diphenylpropyl-
amines (methadone family) and the “4-phenylpiperidines

¢

{meperidine family). In animals, fentanyl is approximately
B
. . / ‘ .
125 to 400 times as potent an analgetic as morphine (Janssen,

& Niemegeers and Dony, 1963; Gardocki and Yelnosky, -1964;

¥

>

Blane, 1967). On the basis of his stpdies'on the verbal

)

. . reports of pain induced by applying increasing émpunts of

. 3

pressure to the tibial nerve of_huQ?n subjects, rrison
. (1970) has postuiaped that the narcotic analgetics used ih
_ neuroleptanalgesia (egq., phéﬁopér}dine, fentanyl) influence
/ mainly the perceptual mechanisms 6f paiﬂ whereas those

more commonly used in the clinic (eg., morphine, heroin)
‘ e
act mostly upon the affectjve experience of pain. It was.

]

therefore of interest to compare the mode of action of

. S .
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fentanyl,'on the one hand, with that of heroin or morphine,
aon the other, by the present technique in order to see
‘g;‘ whether the brain structures sabserving these two aspects
| of the‘pain experience exhibit a differepttal sensitivity

-

to the effects of these drugs.

Propoxyphene, generally marketled as dextropropoxy-

, ' phene (Darvon), the dextroro:fry isomer of this compound,
) e

ak narcotic analgetics with

»

a very low addiction liability. Although structurally

and tilidine (Vaioron) are w

related to .the potent narcotic\gnalgetic, methadone,
propoxyphene is only 0.1 to 0.4 times as potent an
. analéetic as mor@hine when given subcutaneously to rats
(Eddy, Friebel, Hahn and HalBach, 1969). Tilidine (Valoron)
is & recently synthesized meperidine derivative whose

£ A .

analgésic*potency, when administered subcutaneously in

rats, is approximately 0.02 times that of morphine (Herrmann,
1970; Herrmann, Steinbrécher and Heldt, 1970) . "§@lthough |
prdpoxyp ne is a weak narcotic analgetic, it retains many L
of the afverse side effects of the more potent opioids.
o Tilidine, on the other hand, is-apparently devoid- of tgpée
~ side effects and appearé to have, a spectfum of activity inphi

1s'different from that of the other narcotic analgetics
(Harrmann, et al., 1970). Theselzompounds were, the;efore,
tncluded ig the present study in order to determine whether

tﬁéir low potency and addiction liability, as well as the

! o . ' v g
different pharmacological profile of tilidine, is related .
- ’ * A ‘
4 /’
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to a differential effect, or lack of effect, upon brain

structures involved in the genesis of pain.

The phenothiazine derivative, levomépromazine
[(methotrimeprazine, Nozinan) was also included in thé
predent investiga£ioﬁ in order to determine whether the
effects of the nércotic analgetics, as a whole,‘could‘be
differentiated from the effects of an analgesic drug which o
d/ddgs not belong to the opiate class of compounds. A

number of studies (Courvoisier and Leau, 1959; Maxwell, e

<

.

Pélmer‘and Ryall, 1961; Bloomfield, Simard-Savoie, Bernier ‘ !
y \
and Tetreault, 1964; Beaver, Wallkenstein, Hpude and |Rogers,

1966) have shown that levomepromaiine’possesses potent
¢

analgesic properties in both man -(one-half to two-thirds

as effective an analgetic as ﬁorphinef.and animals (1-7
* 4
timed the analgesic potency of morphine). Its most
L}

1

valuable attribute lies in the complete abseﬂce of addiction
il o e .
liability. However, it should bhe noted that levomepromazine

-

was not found to be an effective analgetic in all animal ¢
algesimetric assays, even when very ﬁ!;h dose levels were

/ : used (Ja%ssen, et al., lé%éfﬁBlane, 1967) .

Thus it was hoped. that an investigation of analgesic

drugs with such widely different pharmacological profiles

i

by the présent technique would lead tn a better understanding

of .not only the mode of action of‘morphine~1ike compounds,
. . N . / , .
but also of the neyrdl structures related to the mechanigm &

of anaig;sia and addiction.
- ‘ -

»




MATERIALS AND METHODS

Subjects

The expé}iments were performed with male albino
rats, of a specific pathogen-free Sprague—Déwley strain
(Biobreeding, 6ttawa) and weighing between 250 angé 350
grams at the start of the study. The rats were housed
in individual cages located in env;ronmentally cqntfolled
(20°C, twélvé héur light-dark cycle) animal quartérs.\
They were maintained on an ad lib food {Purina rat chow)

and water ucheduletgbroughout the entire study.
;/ /\

Apparatus ‘

-

¥
Th& apparatus employed was designed specificbl%& .
for the purpose of this experimeént and built by Mr.;U.
Klaase of the Department of Pharmacof?gy, University oi

Westerh Ontario. .

Fhe two way sﬁuttle-apparatus was constructed of
stainlessastéel rods, 3 mm‘in diameter, imbedded in
plexigldss,uand spaced 1 cﬁ apart.centér to center., The
metallic grid floor consisted of two halbes, each 29 cm
long by 18 cm wide. The outer ;q cm edges were binged .
while the cof;erondinq»inner edges of each half éf the‘
flédr rested upon a.central axis which was connected te

a SPDT microswitch located to one side of the grid floor.

o

“ C 4




75

1

Movements of the animal béck and forth across the two

halves of tﬁe grid tilted theacentral axié and activated
the microswitch, which in turn, operated the appropriate
control and recording devices.. A rectangular plexiglass

hood, 55 cm long, 17 cm wide and i9 cm high, with a 2 by
‘ 5

38 ¢cm slit along the fop, restricted the animal to the
érid floor.

The shuttle apparétus was housed in a wooden box,
a
76 cm long, 51 cm wide and 58 cm high, which was limed
wieh an insulating layer of foam rubber and aspenite,

except for the floor, which was constructed of formica in
v

order to facilitate cleaning. The inside dimensions of
o .
the wooden box were 65 x 40 x 4Acm.

For foot stimulation, grid shock was scrambled
through a twelve-relay, two-posigion consecutive trigger-
‘ing de&icé. 'qu.intracranial stimulation, the rat was
aﬁtached via male leadg’(3034.018" - 362 receiver cords,
Plastic Products Co., Roanoke, Virginia) and bdhnecting L4

. \ o ! ..
plugs to a four\channel, meﬂEury-pooquommutatOr (Model

N k4

_MC4, Scientific Prototype Manufacturing Co., N.Y., N.Y.)

fastenéq to the roof of the wooden box, in order({o allow

L

free movement of the animal.

I
-

Several of these wooden boxe8, each containing a

o -
- shuttle, aparatus, were housed in a larger, sound-proofed

chamber equipped with two shielded 60-watt lights and



£~ P

exhaust fan. This chamber, also fully shielded, was

located in a room adjoining the one containing the stimu-

lating and recording apparatus. ‘

The shock source con;isted of an AC stimulator
whose circuitry is outlined in Figure 1. The output (60
Hertz sine wave) of a variable transformer (supefior type -
lOé, T2, Figure“l) is fed into a second, nonvariable, step
up teansformer (Hammond 112-1:3.5, T3, Figure 1) and then
via relay } to various resistors (R3-R5, R7, R10-29,

Figure 1) before reaching the]animal.

Ten second shock intervals were alternated with

randsmized rest periods ranging from 3 to 10 seconds and
(A; \{\ B
were regulated by a.Lehigh Valley Electronic (L.V.E.)

“timer and Gerband clock respecpively;_the timers triggered
each other and also a Hunter timer which controlled the
length of time @&n electgic motor (M, F;gﬁée ) was driven.
If the fat responded to the stimulus‘by crossing to the
opposite sidé of the grid during the interval'oflf%ock,
relay 2 (;}gure‘l) activated leads 5 and“% which}, in turp,
negatively polérized the motor, causing it to run backwards.
If the rat did not respond to the shock,. the subsgéuent

[l

activation of leads 1 and 2 by relay 2 reversed the polarity

Fs

@f the motor which then ran forwards. Since the motor
: 4

regulated the variable transformers through’which the

stimulus output had to pass before reaching the animal, its ,

s
¥




Figure 1

Ee B
Circuitry’ of Automatic Stimulator
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excursions, either forward or backward, led to a step-

wise increase or decrease in the intensity of the gtimulus.

. .., .. 3 .a
\ . - .The size"of the incremermt or decrement in shock . .

. ' \ . . { i .
intensity were requlated by a Hunter timer and the posi-

Ty . .
. tion 'of a-multiplier switch (S7, Figure 1) which were

A ’

operated manually. The total number of steps between zero
™ and maximum current intensity was inversely proportional ‘35
: ' ' ) ) r

to -the pulse duration setting of the Hunter -timer. This
? A ~ A

latter parametef was qually adjusted to such-a value so

that maxi%\m current levels were attained-in twepty-five"

‘'equal sﬁgps. If the ﬁultiplier switch was at position 4,

\ for examp;e/

' »
the stimulusﬂintensity varied between 0 to
, magimum, of 100 [A, with a step size of 4 uA. The cuypfent

'being delivereg to the’animgl was éontipuously m

‘acrossYa¥s0 KQ resistor ‘placed*in series w

" i

milliéﬁbere'recorQer. The resistors wifhin the circuitry .

iy . \ ) ) R . " v 3
were of a large anough denomination ﬁB make any variations

‘ \ . , ' ) o

ih the tissue inpedance of the rat negligibde. The total e

5

+ . current delivered 'to th\;igimal at any particular instant

cou%g therefore be direotly Setflermiped from the recorder

y . . Y] T : ) . . '
tracings. A bloc}g dlagraﬂ of the apparatus is shown in - *
] b ’ R , A - !
Figure: 2. . . :
i : (e} .
4 3 Fd
‘ . 4 ’
. & -\\ '
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Fiéure 2 .

Block diagram of apparatus. ’
L.V.E.: Leighigh-Valley Electronics
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o
Electrode placement and localization

Rats were chronically implamted with bipolar,
Nichrome electrodes (Plastic Products Co., Roanoke, Va.)f

-254) in diameter, and insulatéd with Formvar except for

A

the cross-section:of\the tips. The femdle amphenol conped-

tor of the electrode was firmly affixed to the skull by

P -
» means of cranioplagtic cement. Four stainless steel

jeweller's screws, positioned around the electrode and
screwed to a depth ‘:)f 1 mm i;uto the bbne, served to anchor
the cement. Béfore insertion, electrodes were tested with
an ohmmeter to check for defects in the insulation. Prior
to electrode implantation, the animals were anesthetized
w1th a mlxture of phencyclidine (50 mg/kg) -and dlazepam
(10 mg/kg) . Supplementary doses of chloral hydrate (30-60
ég) were edminiStered when necessary. At least two weeks
were allowed for recdvery from surgery. A §§stem of stereo-
taxic coordinates similar to those described by Olds and
Olés (1963) was employed.
_ s .

Follbwing the coﬁpletion of tte experiment, animals o

were anesthetlzed with nembutal (loo/mg/kg) and- perfused

1
1ntracard1ally with physiologlcal sallne followed by 10%

- RS}
buffered formalln,(pH 7.0-7.1). Each brain was then ,

dissected from the cranium and stored in,the fixative for
at least five days. Frozen sections,'parallellto the
frontal plane were 'taken at 50u end'stained with cresyl .
. ]

: )
violet according to the method of Kluever and Barrera (1953)

-~

/
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for the localization of the electrode tracts. The deepest

. . . n

point of penetration was taken to be the area s®imulated by -
the electrode tip.

Measurement of the responee 2

For both seripheral and céptré& stimulation, the animal's
aversive threshold was determined by means of a titration
schéqule (Fiéuré 3) whereby the intensity of the stimulus
decreased in step;ise fashion if the rat responded to the
stimulus by crossihg to the qpposite half of the grid filoor
during the shock interval, or‘increased in similar steps if
it did not respond. .In the Absencé of a respbnse, £he
stimulus intensity rose in small increments until a reséonse
was once again elipited, thus completing ihe'cycle, or until
a ceiling level of stimulation was reéched. To limit the
contribution of stimulus spread, a ceiling of 100 pA was
used as the criterium of effectiveness for central stimulas
tion. Any rat noé responding to an intracranial stimulation
of 100 uA was eliminated from the experiment. For peripheral
_stimulation éﬁoot shock)7'the maximum stimulus intensgity wused

’

‘was 2.0 mA} beyond which damage to the foot pads was

A

occasionally observed. . ‘
0 . ]

Prior to each drug trial, animals were accustomed
to the titration schedule for a perioé of 5 to 10 minutes,
éhen removed from the suttle~box, injected with sallne-and
_tested for a further 30 minutes. The performance of

the animal during the last fifteen minutes, of this interval

L )




Figuré 3

Flow chart for automatic
determination of aversive
threshold: + ma-sign

o indicates a stepwise in-

B crease in current intensity; .
~ ma sign indicates a step-
wise decrease in current
intensity.
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{ ‘ L
was used as the control value. The aversive threshold

was determined by averaging the peak intensities with

: h the animal allowed itself to be stimulated over a-

period of fifteen minutes. o / e

>
v +

In order to study the escape response of rats to

fixed intensities of stimulation,'the current level was “

) r

raised to the de51red value (as determlned by the readlng ‘
on the mllllampere recorder) and the pulse duration of -
the .Hunter timer set to zero. The total number of .elec-

tric shocks presented to the animal the number and é

-

- ) _ latency of the escape responses and the amount of crossing
4 - ‘ . R
© fQuring the rest periods were recorded by an Fsterline—Angus

vent recorder. All imvestigations concerning the effects
. -
-’ [ 3

of drugs on central aversive stimulation employ®d the . = -

escape reSponse to fixed soprathreshold intensities of
‘ ] .
~'stimulation.

* L s

-

Once_the control threshold for each animal had been
- obtained, the cugrenﬁiwas"raised to approximately twice

this value and maiptained at this level so that each’

-

stimulus evoked escape responses of fairly short 1atency. .
L &7 —.‘~ . . 1: .
¢ Each rat was thén'subjected to a fifteen-minute control ‘

: a:‘ , beriod under saline and the mean and stardard deviation of . g
R " the response latencies determaned Since the low doges of ‘
- ’ /.

. - the analgetlcs sent few rats to the long cut-off time oﬁ -

10 seconds, reaction times greater than two'’ stsndard -
*

1 '. ’ . - 4
\ )
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deviations !rom the control mean response 1atency were con-

sidered to be indicative of analgesia. .Drug effects were 2

therefore expressed as the .number of stimuli elieiting an R

\ A
escape response latency of less than, or equal, to the upper
N /

v

95% confidence limit of the control mean.response latency in
‘terms of the percentage of the total number of shocks pre-
sented to the animal over a flfteen-mlnute 1nterva1 during

the time of peak drug action (Flgure 4) _All anlmalsreceléed
i

+ all three dose levels of each drug administered by random

allocation. The percent analgesic effect was converted to

probits and probit;log dose regression lines were calculateds .

r

by an IBM 7400 computer using a probit analysis program based .
on Finney's (1952) nethods. Tests for the parallelish of
fhe;dose-response curves -and the calculaﬁ}on of relative

potencies was also done with the aid of a compyter program.

’
+

»

Determination of psychophysical ‘response functions

Because of the nature of the threshold procedure,

" low 1evels of shock, which are discrimihable but not in

-

themselves aver31ve, ‘might come to occupy the status of
1
warnlng signals for the hlgher amplltudes (Boren and Malis, -

-1961; Wels and Laties, 1963). 1In ‘order to estimate the .

degree to which condltloned aVerslve stimuli 1nf1uenCed

the thresholds being measured “the frequency of tﬁe escape

'responseo(u31ng, in this case, the end-poiht of 10 seconds) '
as a function of stimulus intensity was determined for ten

‘rats in the fodt shock situation. The rate of responding
;o

« o /

E
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Figqure 4

.An exémple calcuiatidn of the percent

escape response before and after drug’

administration. Although the animal
jumped 6 out of 7 times after drug
administration, the percent response
calculated was only 3 out of 7, or ®©
43%, since, ‘in 3 of the jumps, the
animal exceeded the response latency
chosen as the cut-eoff time (mean
control response latency + 2 standard
deviations) for th‘*‘halgesic effect.

v ‘ : *

i
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at fixed levels of current was measured over fi#teen
w M
. < 7 -
minute intervals, with stimulus .intensitiee ranging from
zero milliamperes to values where animals responded to

every shock. - »

Since preliminary studies revealed fhat the amount
of escape behaviour’generated at a particulér fixed level
of current depended upoh the order in which the stimulus
intensitie; were present;d (animals tended to respond only
at much higher values if an ascending se}ies w;s used and /)

-~

vice versa), threshold determinations were alternated with
3

each response rate trial,and the order of presentation of

the fixed stimulus inten;ities was randdmized. With this

. v -~
type of procedure, low intensity levels which might have

-served as warning signals during the threshold measurements
would be incapable of motivating a response gince they wvere
no longer being reinforced by the Erufy aversive stimuli.

Drugs studied ; : ' . (\

The salts of the following compounds were investi-

s .

gated:

morphine hydrochlgride - Br%tishADrﬁg'Houses Ltd.

fentanyl citrate - McNeil Laboratories |
diacetylm;rphine hydrochloride - géﬁiqnél Dfug and Chemical .
: o. V.

Al

dextroprépoxyphene hydrochloride - Merck-Frosst Laboratories

tilidine hydrochlorjde - Warner-Lambert Laboratories:‘”



levomepromazine hydrochloride - Poulenc Ltd.

Al

The structural formulae of these drugs and their

corresponding molecular weights are shown in Figure 5.

ES
[

All drugs except for levomepromazine were diséolved in
. S .
- physiological saline and administered subcutaneously in
volumes of 1.1 to 0.5 mg/kg. The pH of the drug solutions:

was adjusted as close as possible to neutrality with 0.1 N
NaOH. All drug solutions'were prepared just prior to edch
: 5 ‘ . | -

drug trial. Levomepromazine (methotrimeprazine) was.

obtained in GOMhe§cially prepared ampoules, in a concentra-
tion of 5 mg/ml and injected intraperitoneally. All doses

o N , .
presented in‘this paper are in terms of the salts of these

compéunds. , Equivalent volumes °§ saline were injected

v

during the control trials.

Determinat?on'af the temporal features of the drug effect

'3

In order to determine the onset and duration of drug
activity, response (percent escdpe at suprathreshold intensi- -
ties ofstimlatlon, cut-off time of“x + 28D) duratlon curves:

.
were obtained for each compound nsing‘?nimalsswith chronic-,
ally 1mplanted electfodes. Since the temporal features, of
drug effect were smmllar regardless of the locatlon of the
electrode, the ;blues were grouped and the mean response
plotted against time. ther the cbntroi escape“latency'for
each rat had been obtalned, the aqlmal was remoVed from the

apparatus, medicated aqg,lmmedlately replaced. The escape ’,

response for three dose levels was determined at fifteen

J
¢
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minute intervals from the time of dinjection until the

response had returned to at least 60% of the control value.

. Estim&tion of,dose-responae curves

4

E

For the estlmatlon of dose -response curves, a protocol
aa .
; similar to the one descrlbed above was used, except that the

animal was returned to its home cage after medrcatlon and

R 'replaced in the shuttle-box only at the time of onset pf

ot
- : ?

» . ﬁeak drug action. Drug effects were monitored at fifteen

hY

~

minute intervals forié‘period,of ﬁé to one hour after this:

-~

time. The max imum change in.response, irrespective of the -
) “ b

')
v -

time intervalfin’which it"occurred, was used. "Dose-response
curves- consisted of three logarithmically-spaced doses with .
each dose level representing the mean eecape response of rawﬁ'
at'leeschseth animals. At least one to two wéeks-inter-
vened between drug admlnlstratlon to any one an1ma1 1n

° order to’ avoid any tolerance effects. It spould be noted

that, in these studies, the analgesic actlon of the drugs

“ © is expressed in terms af the dose causlpg a 50% reduction

PR ”

_iﬂ the escgpe responses 8g seven or more aﬁimais rather thgn
in the more usual terms of the dose producing a desired

- ;effeot in 50% of tpe total population of animals investi-
gated. .Tﬁis velueﬁ whtch i's analogous to thq’EDso

o determination, will be referred to as the analgesic dose

- 50, or ADSO' in the present investigation.

w,
L34 -
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Test for motor defiéig ( c

pogcurrent with the estimation of dose—responsé
éurves, rats underwent the rotating drum test as des-
cribed by Cgl&ier, Hall and Fieller (1949) to énsure'that
a lack of‘rggﬁgﬁse was a true'indicatioh,of antinocicep-

‘tion and not due to a motor inéﬁfgiciency.

i

x
Tail flick assay '

7

'\}a

£ For purpdses of comparison, the analgesic properties

Qs
¥

of morphine, heroin and levomepromazine were'a1£3\dg;er7w
~ '

. . mined by one of the more conventional algesimetric tech-
niques. The D'Amour-Smith tes®, as modified by Davies,
-4

Raventos and Waipole (1946) was used. In this method, whicH

is considered to be highly specific for the opiate anal-

getics, the complete inhibition of the rat tail flick

reflex in response to radiant heat stimulation is the

-
ol

criterion of the analgesic effect. To control the dtration

1

»

of stimulation, so that tissue damage will not occur, the

normal reaction/ time for each rat in an experimental group -
. - . / B ) /‘J
was determined/three times at twenty minute intervals or

T~
- .y

~ -
LS

until the last two readings did not differ‘significantly}—~'y

TN
v

Three experimental groups (one group per dose level} .. 1

we'.lsed, each consisting of five to sevea animals.

Saline was then injected and the mean respohse and standard

deviation of the group calculated., The stimulys intensity.

/ [ 4 / !

/ l L] «




was suck that nifmal reaction times varied from 3 to 5
seconds. After drug administration, the anlmals were

tested at 1/4, 1/2, 1 and 2 hour intervals. The analgesic

’ 1 .
effect was scored as the relative number of rats having

a responée time greater than two standard deviations above
the contrpl response time. The percent analgesic effect

; \ ‘
was converted to probits and probit-log dose regression
lines calculated as described previously. 4 ‘

AN
&

-
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RESULTS

‘Histology . :
The brain areas investiéated, their coordinates

(baséq upon. those of 0Olds and>01ds, 1963), the numﬁer

of rats implanted per area and the mean aversive thres-

hold andfescape latency obtained from édbh of; these

regions_ -are listéd in Table 1. Figures 6 to 10 are.

schem;tical diagrams of transverse sections of the

brain stem taken from ‘the atlas of Kbnig and Klippel

(1963) which show the location of the brain areas from

whfch aversive tﬁ;esholds and escape responses were

obtained. Each of thesé figures represents the trans-

verse plane in which the majority of electfodeé

implanted in each brain area were found. For all areas, %

the rostro-caudal extent with which electrode placements

deviated from theseﬁblanes never excee@ed 0.5 mm.

° ’
’

The brain areas from which aversive thresholds’
and escape responding were obtained and which were subse-
] quently employeg‘in the evaluatiqn of the effects of
analgetics on centrally-elicited aversive behaviour
consisted of the anterigr h}}ﬁothalqmus an® optic tract
(Figure §6), mediodorsal ﬂucleus of the thalanfis and the
‘lateral hypothalamus (Figure 7), garafascicular-paraven-

tricular complex and ventral nucleus. pars dorsalis,of the
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thalémus (Figure 8), dorsal hippocampus, (subiculum) and

medial lemniséus (Figure 9) and the dorsal mesencephalic |
~reticular formatid% (Fiqure 10). 4n all céées,_the |
hbstimulus ;;tensities reqﬁired to elicit thé& aversive
‘bgpaviour'were of the same order of magnitude as those
reporsed by other! investigators using‘similar'experi-
mental techhiques (Delgado, et al., 1954, 1956; Delgado,
1955; Olds and Olds, 1963; Valenstein, 1966). Brain _
areas from which aversive thresholds and/or escape reac-
tions could not be obtained but from which ipsilateral
circling or’céinging was eliclted in responge to the |
electrical stimulus,inc;uded the anterior amfgdaloid
aiea,.caudate nucleus, ventral anterior nucleus af the

[ 2 -
thalamus, fimbria hippocampi and the ventral hippocampus. .

The relative anatomicaﬁ?positiong of all"the brain
‘areas invesfigated‘in the present study are depicted in
. a composite saéittal section of the brqin shown in Figure
11. Figure 12 shows photomicrographs taken af represen-
tative histological se¢tions in which the electrode tract
was lotated in either the mediodorsal nucleus of the
thalamus (top), dorsal hippocampus (middle) or dorsal

mesencephalic reticular formation (bottom) .

Distribution of aversive thresholde

In order to ensure that the behavidural responses

obtained with this type of experimental apparatus pro-




Figure 6
Transverse section showing the locations
(hatched areas) of electrodeslimplanted
in the anterior hypothalamus and optic
fpact (after Konig* and Klippel, 1963,
plate No. 26). Abbrevijations of areas
listed in glossary of abbreviatdons.

Figure 7 -
& ) . .
Transverse section showing the locations
(hatched areas) of electrodesl implanted .
in the mediodorsal nucleus of the
thalamus and l3teral hypothalamus (after
K8nig and Kiippel, 1963, plate No. 35).
Abbreviations of aréas listed in
glossary of abbreviations.

> -

IS ]

L d ¢

‘}The number of électrodes implanted into each brain area
is ingicated in Table 1. .

il /

» -VS L ' .
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Figure 8

&

Transverse section showing the locations
(Hatched areas) of electrodeélimplanted
in the parafascicular-paraventricular
compléx and ventrodbrsal ndcleus of ‘the
.thalamus (after ‘K8nig and Klippel, 1963,
plate No. 39). Abbreviations of areas
1listéd in glossary of abbreviations.

k3

o~y -

Figure 9 =

Transverse section showing the locations
(hatched areas) 6f electrodesl implanted
in the dorsal hippocampus and medial
lemniscus (after Kénig and Klippel,
1963, plate No. 44). Abbreviations of
areas Iisted in glossary of abbrevia-
‘tions. . .

-

‘—'*-—l

- ’

L4

The number of electrodes implanted into each brain area
is indicated ‘in Table 1.

-t
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Figure 10

Transverse section showing the locations
(hatched area) of electrodes implanted
in the dorsal mesencephalic reticular =
formation (after Konig and Klippel, 1963,
late No. 50). The number of electrodes
implanted into this brain area is indi- ©
cated in Table 1. Abbreviations of fareas
listed in glossary of abbreviations.

Figure 11

Composite s§¢gita1 section depicting
the brain areas stimulated in the
present study. Abbreviations of
v -areas listed in glossary of -abbreviations.
. / . i -
] -
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E ~ Figure 12

Photomicrographs O0f representative
histological sections in which the * .
electrode tract was located in r - ]
either the mediodorsal nucleus of - .
the thalamus (top), dorsal '
hippocampus (middle) or dorsal . ] .

- meséncephalic reticular formation
(bottom)}. The deepest point of
penetration was taken to be the area
stimulated by the electrode tip.

[ Y
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. vides meaningful étatistical'data, the aversive threshblds

.4 ~

of 80 naive and 48 Jgtabjlized" rats were determined in

‘the foot shock situat}zz;_ The latter dgroup 'was igeluded

since it was found, as | id- others (§h5klee,‘f957), that

° rats’with_p;eviodé shuttle-box: experience consistently

attained lower thresholds than rats without prior exposure

5] ’

to; the experimenéal_apparatus. As is common with most /
L s &) ’

biological phenomena, the distributions of the aversiye

thresholds were fouﬁd to be normal for both groups, and
’éligﬁtly skewed to the right (Figure 13). Some of the

. : more importght characteristics of the two normal frequency

*

distributions. were as follows:

[ ks .
N.. Mean SD Mode  Median Skew

¢ Naive rats 80 .603 .14( .560 .587 + ,29

Stabilized rats 48 .434%} .07  .331 337+ .17
. ) : ’

?he stabilized rats pfoduced a narrower, ere symmetrical
”Erequency distribution, but, in both cases, the skew was '
ihsignificant. 1M se data therefore indicated that the'_ 
assumptions of normality and’ homogeneity required for theA

usg of parametric statistics”ﬁe&e'justified.
‘Eacape'performance - shock ihtenaity functione

The functional relationship between escape per-
formance and shock intensity for ten "stabilized" rats

,was found to be typically sigmoid (Figure 14). As has

1Significantly different from the mean of the raive rats (P<0.01).

-~

O




Figure 13. : 9

Distribution of the aversive thresholds to
foot-shock of 80 naive and 48 "stabilized"
rats. "Stabilized" rats are those animals
which have had prior shuttle-box experience .
and whose threshold values had attained
steady®baseline levels. .
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Figure 14 .
Functional relationship between percent
escape response (abscissa) dand shock

intensity (ordinate) for 10 "stabilized"
rats, / )
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A

N

beéﬁ thorpﬁghly &emons;rated by other investigators
(Dinsmoor and Winograd, 1958; Boren, Sidman and Herrn-
stein, 1959; Hutchinson, Azrin and Renfrew, 1968; Domjan
and Rowell, 1969), the rates of responding‘were roughiy
proportional to the level of current and approached 1005
responding astptot;cally as thg-stimulus intehsity )
neared one milliampere. The current levels generating a

»
consistent escape response were, on the average, 2.2

times the threshold valués.

The results of an‘analysis of variance of these
data shgwed that the percent response was significantly
related to shock intensity (P<0.0l1). A trend analysis
within these da£a by orfhogonal'polynomial comparisons
indicated that the. functional relationship between
response frequency and current level contained a signifi-
cant linear component (P<0.01), with the.F‘valué fér the
residual variance after extraction of this linear

component being less than 1.

Because éhe electrical stimulatién is gradually
increased from zerd to some maximal valﬁé, thé'titration
technique arranges that low-level stimuli, not“in thém-
selves aversive, are presented before thé:really aversive
leveis are reached. If the low-f;véi stimuli are dis-

criminable, they might well come to occupy the status of

warning signals which precede the truly aversive stimulus

\

\ , ‘ N

\
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(Boren andyualis, é961). One would therefore exgegt'

the animal to resp&nd to the warning signals rather thap
waiting for the shock to appear, in a manner similar to *
a cond}tioned avoidance procedure. For this reason,
thresholds were quantified in two ways, one Eaking into
account the low stimulus intensities (average median
current) and one in which only the highest stimulus
intensities which elicited a response (average peak
current) were considered. These threshg{d values were
superiméosed on the response rate-shock intensity curves
shown in Figure 14. The solid line arrows represent the
threshold values measured in terms of the average peak

. current observed over a fifteen-minute interval (a peak
being defined when the current had p;ebiously risen by

at least three steps and wﬁen the animal then drove the
current down three.steps or moré), whereas the’broken..
arrows indicate the threshold values when expressed in
terms of the average median current (avgrage of thelpeaks
and valiéys:bf the threshold traé¢ing) obtained over the
same time périod’(FfEure 14). The corresbonding rates of
responding;at these two threshold values Ere indicated by

the circle# nd squares respectively (Figufe 14).

JII ' ‘ \

same frequency as would be expectéd if,}he Btimulus
‘ - \ -~ /

v




) ‘
intensities were fixed at this level, i.e., the response

rate lay directly upon thi escape performance-shock
lntensity gontinuuﬁ. This was taken as evidence that,

at these thresholds, animals wefe responding to stimuiﬁs
lﬁtensities that were aversive to them. On the other
hand, when thresholds were quantified in terls of average
median current, the response rates were much higher than
would be expecéed from the escape performance-~shock

intensity curves, indicating'that, at these values, the

respfnse was 8ue, in a large part, to conditioned av01d-

ance. Hence, for the purpose of t;\¥ gtudy, thresholds

were always measured in terms of average peak current,
"and this value was doubled when the effects of"%hq nar-
P

cotic analgetics on Cenérally—elicited escape were

evaluated.
Endpoint for analgesia

In the eValuatlon of escape responses follow1ng
drug admlnlstratlon, several endpoints were investlgated
. as criteria for analgesia in order to dgterm1ne which
would ;leld the’best dose-reéponsg data. This study was
conducted with fentanyl in rats Qith electrodes chroni-

cally implanted in the hippocampus. Tnp‘dose—response

curved generated by the following five criteria:’

- -
« »

{1) escape latencies less than, or equalyto, the mean

control response latency, (2) escape latencies less than,

M
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”»

or equal to, the mean control response latency plus one
or (3) two standard deviations of the mean, (4) escapé
latencies less than, or equal to, the longest response

‘latency observed over a fifteen-minute control period, .

v

and (5) escape latencies equal to, or less than, the .

duration/cf“thg\shock interval (10 seconds), 4are showgain

—

Figurg/{s, lines A to E, respectively.

As one might expect, the selection of different

- criteria of drug effectiveness led to different BDSO
values, with tlie longer response latencies &iélding the
T - o ,
higher abéo'valﬁep. ‘0f the various endpoints used,
. <

nuttbers (3) ané‘(S) yielded liqear“doseJiesponse curves

—

Fm,,

when the percentages of escape:responses -were plotted ‘

. ' againsi log-dose on probit paper. Héwever, the dose

Cam

required to completely é%élish the escape response using
.the latter as the criterium induced “lead.pipe rigidity"
¢ 'in over 50% of the anim#ls (line F, Figure 15), whereas

- complete inhibition of escdpe, with the former as the

t
I 4

endpoint, pccurred:aﬁ.dose leVElg"hich produqéd adverse

side effects in only 10% of tﬁe.gnimalg. .This suggested
e that some qf the rats allowed to go to a cut off time of

10 seconds (the dgrétion of the shéck period) may have

¢ failed to escape because they had been temporarily

| §

//“

incapacitated in their performance of the motor response. >

The ADSO value obtained with response latencies less than,




. 4 Figure 15

Dose-response curves obtained by using
"various functions of the control
response latency as the end-point for
analgesia. The different criteria of
analgesic effectiveness used were:
escape latencies less than, or equal
to, tfe mean control response latency
(line A), escape latencies less than,
or equal to, 'the mean tontrol response
latency plus one (line B) or ftwo (line
C) standard deviations of the mean,}
escape latencies less than, or equal
to, the longest response latency
observed over a fifteen-minute control
" period (line D), -and escape latencies
less than, or equal to, the duration
of the shock interval (ten seconds,
line E). Line F indicates theg,. percent
of animals (right-hand abscisda)
showing "lead-pipe" rigidity at the
higher dose levels.

f

g

£n
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N

or equal to, the upper limilt of the 95% confidence inter-
val of the control mean response latency thereforé pro-
¥ided the best criterium for expressing the dose required

to induce analgesia uncomblicated by untoward side effects.
eReproducibility of the aversive behaviour

Once the threshold values had become -stabilized, —

5 .
they remained constant and relatively characteristic for

each brain area for periods up to several months (Table 2). a
Sincé escape responding was always studied at stimulus -
intensities tyice that'of the threshold valuesg, these too

remained stable over long periods of time (Table 2).
Temporal features of the drug effect

‘ Quite often the magnitude of a drug effect is
measured at a uniform,é;igidly pre-set time interval after
drug adm;Bistration which may not necessarily coincide
with £h§ time of the peak eféect. The intenéity measured
may then be an intensi;;ﬁof,effect reached énywhere éuring

the rise to, or fall from, the peak effect of the dose

examined. Unless ED5'0 values are determined at the time
] B .

of peak effect, they are virtually meaninglesg as a
measure of potency of the drug, particularly when they . !

are to be compared to the ED_.., of other compounds in a

50
reléiﬁve,potency analysis (Loewe, 1952). The time-effect

curves for the varioug analgetics were therefore deter-

0 mined in pilot 'éxperi.ments and are shown ig} Figure 16.

. ¢
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. w ~ - TABLE 2 120
An example, for each -brain area, of the sversive
““thresholds and escapa latencies obtained from
the same rat at monthly intetvals
for a period of six months.
; v
AREA £
, AVERSIVE THRESHOLDS (uA)-~ . ™ B
WC 25 3 28 3@ 26, 31 047
AHA 30 26 24 28 35 20 29+ 35
LH s 21 17 12 16 419, 17 + 2.9 ,
DMB .18 o1 2 19 % 19 + 4.1
ML 18 .23 27 19 24 2 22 & 3.1
oT ‘ 7 © 13 &16’ ‘ g 12 9 - 111 3.1
PVE 50 48 53 - 55 59 48  .5231 39
. MD 48 50 44 3P 46 a1, 45 +*3.8 .
VD 3 39 45 41 49 36 41+ 49
. ESCAPE LATENCIES (mm)1 .
Q A HPC 16 17 13 15 1.0 19 - 15+029
" AHA 18 22 20 14 16 3 1.7  0.32
LH (39 33 41 35 42 38 38 ?19.31'
oMBE . .'14 09 08 11 10 1 112 047 ’
ML 23923 19 24 17 19 . 21%026 )
oT 29 33 25 20 23 27 - 26 0.4y ]
PVF 14 09 15 09 12 13 1.2 + 0.23°
MD . 27 21 29 27, 18° 22 - 241037
VD 16 . 17 22 16 24 25 2.0+ 0.39 !
’ - 1 ’ ) ‘

1 mm represents 1.5 seconds ’ 3

Fl




Figure 16

Time-effect curves for fentanyl,
heroin, morphine, levomepromazine,
propoxyphene and tilidine.: Each

point represents the mean reéponse
of 10 animals.




ESCAPE RESPONSE "

PERCENT

O

20—

60—

80—

v

FENTANYL -
0.08 mg/kg

Q04 mg/kg

0.02 mg/kg

o2

20~

40—

60~

80—

100

1
15 30 45 60 75 ‘90
MORPHINE
0.0 mgkg ¥

PROPOXYPHENE
", 80 mging

30 60 90 120 150 180 210 240

s ‘3‘0 4r5 0'0 "TS ’[0

PP

P
108, 120

Ry

TIME

&
0=
207

, 40—
60~

80—

80—

80—

100

A=

€0

(min)

HEROIN .

0.8 g skg

1
15

U 1
30745 60 75 90

4

la

T .
10% 120

-

LEVOMEPROMAZINE

5.0 mg/kg

125 mg/kg

| | 1 !
60 90 120 130 180 210 240

TILIDINE

v

/
300 mgikg K

r£1

LI
‘30 60 90 120 1&0 180 210 240"

T
3



. Y23

NS
The response-duration pafameters of these compounds at

doses near the 8D 0 value are, presented in Table 3.

A

5

Tablé 3

The response~duration parameters of the varzous

analgetice at»doaea approximately the ADSO value.
, Dose Percent Times (mif)
Drug mg/kg  Responsg Peak Duration
i Morphine 5.0 35 ;} . 30-60 240
Y . 4\. . ’ﬁ
Fentadyl s .04 25 15, 90 (
S Herdin 0~ 4 0 ‘ 30 120 .
Levomebfoﬁazine - 2.5 41 . 60-90 - 240 '! e
Propoxyphene 36 40" " 45-60 120
Tilidine 175 ° 6l . 60-90 2p~

- ‘ » . 7 4
The time-effect curves for mo;phhne,.levomegro- A
mazine, propoxyphene'and tilidine were roughly similar;
. the first SLgnlflcant effects were observed at ADSO

E\ )
( ' levels w1th1n 30 mlnutes after subcutaneous injection,

-

- the peak effects between 30 and 90 minutes and the last

{ !

significant effects at approx1mately 4 hours’ after
administration. Propoxyphene tended to be sOmewhat
shorter actlng (2 hours) than the other three compounds.

Heroin endcfehtanyl were faster and shorter’ actlng at

.

. BDSO levels than ﬁdrphine. At higher dose levels, how~

ever, the duration of action 9£ these drugs increased’

b

oonsiderably. T ©
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Effectes of analgetics on cenfrally-elicitéd escape

Table 4 lists the dose-response parameters, and
: -

the results of‘the‘relative potency analysis of these
data, Ipr the effects of fentanyl, heroin, mbrphine:
levomeﬁfomaz;né, propoxyphené and tilidine on the escape
response elicited by digbarate aversive brain stimulatio;.
These data are depicted in graphical form in Figure 17.

For all drugs, a differential sensitivity of the brain

areas was noted. ’ -

v"
’

The dgée-response curves obtai?ed with each qar—
cotic gPalgetic in the vanious‘bnain areas diq no; diffef
significantly fromopardileli§;/(P>0.05), as was the case
when the dose-response curves obtained~Qith the different
narcotic analgetics in .any dne,brain area were %ompéréa
(P>.03). Levomepfomazine, on tﬂe other hand, ﬁfgﬁuced
two families of parallélﬁdose-response'curves — one with
a shallow slope (areas MD, HPC) 1H and’ OT) and one with
a -very steep sldpe (areas VD, DMB and ML) — neither of
which was parallel to the corresponding dose-response
curves obtaingd with thg narcotic analgetics. Since theq
spedific opiate antagonist, pgloxone‘(ldamg/kg sc.),/
ahtégonized the effects of the narcotic analdetiés but .
not those of lgyomepromazine, these results‘may be taken

to indicate that the narcotic analgetics act ét‘receptor

oo »
sitbés, or have mechanisms of action, which differ'from

«

/ o




TABLE 4

Dose-response parameters of the vanious analgetics

in the different arsas of the bratin

125

. ML

a_b,cd e ADéO values significantly differerft from each other, P < 0.05

common slope = 2.0 + 0.08

-

\

FENTANYL

Brain  ADs0 95 Percent S.E. of  No.of"  Relative
Area ‘(mg/kg) Fiducial Limits Slope. Slope Trials Activity
VD 0.018 0.014-0.022 2.1 0.22 21 1.00a
MD "  0.022 0.018-0.026 2.1 0.23 21 0.82a
PVF 0.023 0.014-.0.032 - 2.1 0.40 18 o788

0.042 0.035-0.048 2.2 0.31 21 0.43b
LH 0.052 0.049.0.056 1.9 0.20 21 0.35¢
HPC  0.063 0.061-0.066 2.3 0.18 27 0.29d
DMB  0.073 0.071-0.076 2.0 . @‘ 0.18 30 - 0.25¢

common slope = 2.1 & 0.09(
. HEROIN

Brain ADSO 95 I;ercent S.E. of No. of Relative
Area (mg/kg) Fiducial Limits  Siope Slope Trials Activity
MD 0.21 0.17-0.25 1.9 0,24 21 1.008
VD 0.23 0.18-0.28 18 0.29 24 0.882
LH 0.24 0.20-0.27 1.9 0.23 24 0.782
HPC 0.30 0.27-0.33 2.0 0.2? 27 0.70b
DMB 075 0.65-0.85 2.2 0.42 24 - 0.28¢
AHA  1.12 1.08-1.17 2.0 0.26 15 0.19d
ML 1.18 1.12-1.25 2.0 0.32 21 0.18d

¢



TABLE 4: Continued

3, b, ¢, d ADgy significantly different from each other, P < 0.06 )

common slope = 4.5 ¢+ 0.45

. MORPHINE
Brain  ADsp 95 Percent " S.E. of No. of Relative
Area (Mg/kg) Fiducial Limits Slope Slope Trials  Activity
MD 30 2.63.4 2.6 0.24 " 21 1.002
PVF 3.2 2.6-3.8 26 - 029 15 0.942
LH 3.4 3.03.9 26 0.26 24 .0.88a
VD 3.6 3.2-3.9 2.6 0.21 21 083
HPC 4.8 4.05.6 2.7 0.39 24 0.63b
oT 5.6 5.2-6.1 27 0.25 15 0.54b
" DMB 7.1 6280 28 . 041 27 0.42¢
* AHA 8.8 8.10.4 27 - 032 15  0,34d
ML 9.0 - 8694 2.4 0.24 18 0.33d

common slope = 2.6 + 0.11
LEVOMEPROMAZINE .
i i L R
MD 1.2 0816 14 . 0.23 15 1.002
HPC 2.0 1,625 12 0.25 15 0.60b
LH 2.2 - 1.43.1 1.2 0.39 15 0.85b
oT 3.6 3.33.8 1.6 0.13 15 0.33b
common slope = 1.3 + 0.156

VD 5.2 3964 38 10,52 15 1.008
DMB 5.8 4373 5.1 - 0.85 15 0.902
ML 7.5 5.890.3 4.7 0.70 15 0608




]

' TABLE 4: Continued : .

PROPOXYPHENE . =

ADS0 95 Percent . - S.E. of

127

Brain ‘ No.of Relative
Area (mg/kg)  Fiducial Limits Slope ~  Slope Trials  Activity
MD 247 71 29365 2.3 0.47 24 1.008
VD 284 . 204363 21, 0:38 24 0:87a
LH 571 .-.49.8645 2.1 035, 21 043b
HPC 61.4 57.2656 22 0.24 24 0.40b
DMB 715- 675755 2.2 0.24 21 0.8s¢
AHA 284 7§.¢8:§.3 21 022 15 .03
ML 81.8 733803 25 0.39 21, .. 0.30d
common slope = 2.2 t 0.12 \
| TILIDINE '
Brain ADsgg 95 Percent " S.E. of No.of -‘ﬂé;ati\}‘e
Area (mg/kg) Fiducial Cimits -Slope =~ _ Slope Trials  Activity
VD 158.5 151.4165.6 2.1 » 033 26 1.008
MD 3666 358.4-374.7 19 0.36 2 0.43b~
PVF  469.9 450.8479.9 1.9 042 24 0.34¢
LH 4816 47014930 1.8 046 b1 0.33¢
HPC  603.9 590.2-617.5 1.9 0.59 21.. 0.26d
DMB  632.1 o 6153-648.8 2.0 0.68 21 0.25d

comfnon slope = 1.9 + 0.29

a, b, ¢, d ADgq significantly different from each ether, P < 0.05

)



Figure 17
Dose-response curves for the various
analgetics in the different areas of the
brain. AHA, ahterior hypothalamus; DMB,
dorsal midbrain; HPC, dorsal hippocampus;
LH, lateral hypothalamus, MD, mediodorsal
nucleus of 'thalamus; ML, medial lemniscus;
OT, optic tract; PVF, parafascicular-
paraventricular complex of thalamus; VD,
ventrodorsal nucléus of thalamus. If the
AD5q values obtained for a particular drug
in different areas .8f the brain were not
founrd to be ngnlflcantly different
(P>0.05), the ‘dose-response curves for
these areas wéfe drawn as a single line
with a slope equal to the common slope
derived from_relative potency ana1y31s.

‘' The family of dese-response curves’

asspciated -with each drug therefore indi~-
cates statistically different., AD5g values
at'the 5% level. The shifts in the

parallel lines thus provides an estimate

- of the dlfferenglal sensitivity (P<0.05)

of the various brain areas to the effects
of that particular drug.
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that of the phenothiazine tranquilizers.

»

L

& The- sensitivity of the various brain areas to the
effects of the different analgetics may be summarized as

follows:
>

Fentanyl:
VD = MD = PVF < ML < LH < HPC < DMB

*

Heroin:
CMD = VD = LH < HPC < DMB < AHA = ML

Morphine:
MD = PVF = LH = VD < HPC = OT < DMB < AHA = ML

Propoxyphene:
' MD = VD < LH = HPC < DMB < AHA = ML

Pilidine:
VD < MD < PVF = LH < HPC = DMB
Levomepromazine?
(1) <HPC=LH < OT
(2) VO =DMB = ML ’
where VD = ventrodorsal nucleus, MD = mediodorsal nucleus,

PVF = parafascicular-paraventricular complex, LH = lateral

dorsal mid-

! - hypothalamus,.HPC'= dorsal hippbcampus, DMB

brain area, AHA:-= anterior hypothalamuk, ML, = medial
lemniscus, and OT = optic tract. 'The equal sién in the
above summary signifies statiéticallj'similar (P>0.05)
ADso.values whereas the < sign indicates that the BDSO
valueé for the preeé&ing structure(s) we;e significantly
less than (P<0.05) those\bbgained for the area(s) follow-

¢ ing ﬁhis sign, as detérmined by the relative potency assay.

The uselof the §D50 as an estimate of the differential

sensitivity of the various brain areas to the effects of
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a4
the analgetics (i.e., "relative activity", Table 4) is

4

valid sirnce no significant differences were observed

i_\
* among the corresapnding slope functions.
The areas most sensitive to the effects of fentanyl
were the mediodorsal, ventrodorsal and parafascicular-

a

paraventr}cular nuclei.bf the thalamus; the ADSO values
from thes; three areas did not differ significaptly
(P>0.05). The medial lemniscus was next in the declining
order of sensitivity, followedoby,‘in turn, the lateral
hypothalamus and dorsal’ hippocampus. Least affeqted by

fentanyl were the reticular structures of the dorsal

" midbrain area.

Morphine and heroin showed similar profiles of

«d ) R
! activity which were, however, different from that.%f
* fentanyl. The thalamic nuclei as well as the lateral

hypothalamus were the most sensitive to the effects of , N

’ -~

»

morphine and heroin. The anterior hypothalamus and’
medial lemniscus were the least affected by these drugs,
while the hippocampus and optic tract (in the case of

cal A Y

- -»
morphine) exhibited @&n intermediate sensitivity.

The activity profile of propoxypheﬁe was similar

rto that of morphine or heroin, except that the limbié -

structures (lateral hypothalamus and hippocampus) were
less sensitive to the effects of this compound. As with -

morphine or heroin, the mediodorsal and ventrodorsal

‘ ‘./\‘/
'

A
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.
&h , nuclei were the most sensitive to‘the effects of propoxy-“
h phene. The lateral hypothalamus and hippoéampus were
next in the q@Ereasing order of sensitivity, followed by,
first, the dorsal midbréin area and second, the anterior

hypothalamus and medial lemniscus. -

The activity profile of tilidine differed from
that of the other narcotic analgetics in that only one
area — the ventrodorsal nucleus of the thalamus — was’
most affected by‘the drug. This was followed by a
signifiéﬁntiy lesser effect on the mééiodorsal nucleus.
Thé remaining grouPs of areas in which tilidine was.

. equally active but significantly less effective were, in
the decrgas{ng order of sensitivity, (a) fhe parafascicu-
lar nucleus and lateral hypothalamus and (b) thevﬁippo-’
campus and dorsal midbrain area. However, it should be
noted that very high doses of tilidine had "to be used in
order -to produce an effect‘and that any effects off
tilidine beyond those on the mediodorsal nucleus occur;ed

3 at dose levels exceeding the LDSO value (400 mg/kg sg.f
reported for tilidine in rats (Herrmann, l§70). The"
results-obtained‘with tilidine are therefore likelyvto be
more a reflection of its toxic effects rather than an
indica:ion of its analgesic action.'_AOWever{ even at

very high dose levels, no deaths consequent to the

administration of this drug were ever observed in the
v : | |
AN
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£

\

¢ present study.

-

'As has been mentioned greviously, two sets of
parallel dose response curves were obtained with
levomepromazine, one with a shallow slope, the other
with a very séeep slope. The first group consisted of
the dose-response curves obtained from the mediodorsal

4

nucleus of the thalamus, the dorsal hippocampus, the

gy
lateral hypothalamus and the optic tract. Within this “

family of dose-response curves, the AD50 valueswfram the
" hippocampus and.lateral hypothalamus were stat%sffcally
simitar (P>.05) and intermediate b#tween those from the
7mediodorsa1'nuc1eus (significantly greater, P<.05) and
optic tract (significantly léss, P<.05). The set of
steep dose—rqsﬁonse curves were obtained from stimulation
of the ventr;dorsal nucleus of the thalamus, the medial
lemniscus and the meséﬁcephalic areas; the ADSO values
from these three areas did not differ significantly from
each o;her,gt the 5% level. None of the dose-response
curves obtained wigh levomepromazine were parallel to
those of the narcotic analgetics when the slopes of these

lines were compared according to brain area (P<0.05).
. &

Figure 18 is representative of the type of dose-
G
résponse, curves that were obtained for the various
narcotic analgetics in each of the brain areas; the

example, in this case, is the mediodorsal nucleus of the

N—\



Figure 18 <i

Representative dose-response curves
obtained with the various rtarcotic
analgetics from the mediodorsal
nucleus of the thalamus.

A
-
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v ] .
thalamus. Since the dose~-response curves for the . ¢
different narcotic analgetics in each brain area were .
parallel, relaZiie potencies (using. morphine as the |
standard) ‘could be calculgted. These values are-shown .
in Table 5. The relative potency of each compound did

not’ vary greatly from one brain area to another. The

mean of these values was’therefore determined for each

“compound and ws as follows: fentanyl, 132; heroin, 12;

propoxyphene, 0.MN); tilidine, 0.0l1. Except for heroin,
these values are of the same order of magnitude as those

‘reported by other investigators (Table 6).

@

-

In the present study, the relative potency

obtained for herpin was aéproximately three times éreater
than what. would be)predicted gn the basis of other animal
studies. Herver, tﬁe relative §&EEncy estimates of other
ﬁhnegtigators,”pariicularly those obtained in clipjical
studies, should be'iﬁterprééed with caution since it is
not aldays clear whéthef complete dose-response curves

had been-constructed and tests of linearity and/ﬂérallelism'

N it

conducted. ' v

c’Figuré 19 summarizes'thélrﬁgative potengy and

relative activity of\the narcotig analgetics in the various
8 . ‘ .

braie areas that was dbtained in the presé\nt study.
. For pufposes of compa?ison, the analgesic activities

: : "
of heroin, morphine and levomepromazine were also evaluated
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. Figure 19 -

Summary of the relative potency and relative .
activity of the narcotic analgetics in the
various brain areas. Relative potency values
for the different narcotic analgetics in gach
of the brain areas were calculated using the
activity of morphine as 1.0. Relative
activity values for each drug in -the various
brain areas were calculated as fractions of
the BDgp value obtained from the brain area
which was most sensitive to the effects of
that particular drug. AHA, anterior hypo-
thalamus, DMB, dorsal midbrain; HPC, dorsal
hippocampus;LH, lateral hypothalamus; MD,

Lo mediodorsal nucleus of the thalamus; ML,
medial lemniscus; OT, optic tract; PVF, para-
. fagscicular-paraventricular complex of the
thalamus; VD, ventrodorsal nucleus of the
thalamus. -

¢
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4

by the rat tail-flick technique (Davies, et al., 1946).
The results of this qséay are shown in Table 7. For each
drug, tHe dose—reéponse curves obtained by this method
Jere much shallower than those produced by centraifstimu—
latioh (P<0.05). In ocontrast to the doﬁe-responsé;curves
obtained by brain stimulation, the dose-response curve for
levomepromazine was found to be parallel (P>0.05) ko that
of heroin or morphine when determined by the rat tail-
- Fo

flick method.

Q- ) ) \,f‘
: Table 7 '

Dose-response paramesers obtained for heroin,morphine ang
levomepromasine (LMPZ) by the rat tail-flick method.

. ED 95 Percent .
50 Fiducial S.E. of No. of Relative
Drug (mg/kg) Limits Slope. Slope Rats Potency

Morphine 4.1 1.5-6.6 1.0 0.68 15 1.0
Heroin 0.31 0.13-0.50 1.2 0.54 15 13-
tMPZ 11.6  6.0-16.1 0.7 0.89 15-© 0.4 .

- L3

common -slope ='1:0 ¢ 0.71

However, since the fiducial limits about the
regression lines oBtained with this technique were very

large as compared to those obtained with central stimula-

' tion, a parallelism of the dose-response curves was

indicated which QrdinaPily might not have been the case.

This view is supported by the observation that in the rat
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tail-flick assay, as in the case of central stimulation,

naldkone (10 mg/kg sc.) antagonized the effects of the

3

narcotic analgetics but not those'of,levomepromazine.

A

Moreover, it is questionable whether.the effects
of 1ev6mepromazine on the rat tail-flick reséonse is an
accurate measure of its analgesic properties. In this
aésay, levoﬁeprémzine produced a very shallow dose;response

curve with an extremely high ED_, value. Similar doses

50

were found by other investigators (Gowdey, et al., 1960),
/

to produce a large degree of motor 1ncbord1natlon in rats,
and it 1;’, 'quite poss:.ble that the anlmals failed to
respond because they were temporarllyb1ncapac1tated When
the behavxour of the anlmals was obs rved, it was noted
that, followlng 1evomepromazlne,'a "humping” of the’ tall
,occurred, even at very high doses khereas after h1gh
adqses,of mogphipe on'heroin, the animal kept its tail in
place, without any movément whats eVer.t'Hencg, only when
the”criterion of-analgésia - n ly,;compléte removal of

-

the tail from the source of the oxious stimulus — was

strictly applied did both types pf drugs show analgesia.
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DISCUSSION ’

The salient features of the present study may be

summarized as fol;ows: .t

4

(a) The relatlvg potency of-the varzous narcotlc ‘

an;lgeﬁxcs 1nvestlgated in thls study, morphine, heroin, . -
fentanyl, propoxyphene and t;lld;wg, and of. the phenothi- '
azine derivative, levomepromazine, in @epfessing the
escape response elicited by aversive.ﬁréin stimulation
agreed well with thése reportedvﬁy other invéstigators
using more convention;l animal algesimetric techniques.

R

This su?éests that the response parameter being measured

of int acrénial aversive stimulaticn ;é‘cohparable to

those /employed in the more classiéalvalgesimetric;procedufes
in‘ at reproducible measurements of the relative analgesic
potehcy bf the different~compounds tested were obtained.
However, although brain structures are stimulated

di‘éctly in this technique, whereas class%cal algesimetric
tqZhniqnes involve excitation of peripheral receptors, it
is of interest the method did not provide ;ny significant
advantage over the more:conventional procedures in terms ]
of sensitivity to drug effects when the absolute potencies
of these drugs were compared 0n>the other hand, the slope

functions of the dose-response curves- obtained in this
<

'étudy with the tall-fllck assay were always significantly

143
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less than those obtained with the same drug when central

stimulation was employed. Thﬁg, while the intracranial

stimulation techniques may nét be more sensitive torthe

absolute amounts of- drug required to attenuate pain-

related behavior, it does appear to be superior to the
quOEF commoniyvused algesimetric methods in so far as
detécting the ;ffects of smaller changes in doeq\interval
are concerned.

(b). Brain areas whiéh play different functional
roles in the modulation of the sensory and behavioral
response to pain displayed a differential sehgitivity to
the effects of the analgesic agents. There existed some
commonality of action among all of the analgetics
investigated in the present study. Broadly speaking, the
thalamic nuclei (mediodorsal, ventrodorsal and parafascicular
- paravgytricular complex) were the most sensitive to tﬁe
effects of the analgesic com%oundé, whereas the anterior
hypothalamus and medial f;mniscus tended to be the least/
éffected by these drugs; the lateral hfpothalamus;
hippocampus and dorsal midbfain area\usuélly exhibited an
intermediate sengitivity. Intermediate’dosés of both
morphine and levomepromazine also depressed the escape
‘response elicited by stimulation of the optic tfaéf, an

. area of the brain which is not ordinarily asséciatéd with

central pain mechapisﬁs. On the basis of this similarity

of action, the drugs investigated in the present study may

.
4
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be considered to form a pharmacological class of'compounds

whose common properties deserve further study.

On.the other hand, both within the opiate class of
compounds and between this group of -drugs taken as a whole ‘
and the phenothiazin® derivative, some striking dissmimi- ‘
larities among the actions of the drugs were also o6bserved.
This differencq in drug action may be related to thﬁ extent
with which each of these drugs influences the two componedss
(sensory perception and behavioral reaction) of the pain

response. & - |
(c) For the narcotic-.analgetics, both the intra-
-and inter-drugBdifferences in the values of the slope
functiens of the dose-response curves obtained from the
different rééigps of the brain were not statistically .
gsignificant. Thﬁs, eéch narcotié'analgetic was associated
with a family of paralle]l dose-respongse curves, the shifts /‘
in the parallel lines providing an estimate of the
differe;tial sensitivity of thé various brain areas to the

o

effects of that particular drug.

Levdmepromazine produced two sets of ‘parallel
dose-response curves, one in which the gaopssAof thellines
were significantly shallower (areas MD, LH, HPC aﬂd oT) .
and one where the slopes of the dose-response*curves were
signlflcantly steeper (areas VD, ML angd DMB) than those of

the corresponding dose—response curves obtained with the

narcotic analggtlcs. Again, the shift in the parallel
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r

-

dose-responsge curves in each group érovided a“z:e of
the selective effects of levomepromazine on the different ‘
structures of the grain and reflected its relative
activity on the pérceptual gnd behavioral components of
the\p;in response, Furthérmore, the shallower slopes of
the dose-response obtained with levgmepromazine in the
medial thalamus and limbic system may partly explain why

AN .

these two classes of compounds -- the narco€KC'analgetids

. - AN
and the phenothiazines -- so closely resemble each other
in their behaviorqi{effects, yet are poles apart in terms -

of their addiction \liability.

Before proceeding with a more det;iled analysis of »
the latter two aspects of the present study, a number of
questions which may conceivébly have arisen from the
preceding discussion should perhaps be considered initially,
}n order to place the discussion of . these results in a
° more proper perspective., These questions will, therefore,
be dealt with in” the following éages and are, in their
order of presentation:’ (a). What is meant by the terms
"stimulation” and "depression" as uéed in the context of
the present study? * {b) Can it be assumed that the
response elicited by the electrical stimulation of any one
area in the intact brain of conscious animals is the’
direct consequence of a stimulus-indﬁggd alteration in

neural activity which is confined to ‘that sigé”alone or

are more distal structures also inyolved? (c)* Is’othgr'};~ -
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centrally-elicited escape response a reflection of an

actual perception of pain or is it merely the result of
internal cues which are not aversive and inéno way related
to pain? And finally, (d) What are the inherent advantages
or disadvahtages in the nature of the response parameter

and apparatus employed in the present investigation which

might reinforce, or detract from, the conclusions which

will be made on the basis of the results obtained in this

study?

(a) Definition of terms: Since either an
activation or an inhibition of central nervous system;;“'
structures can be elicited by electrical stimulation of
the brain, the terJ "stimulation" in_this study, is used
only in the descriptive sense to refer to the application
of an electrical current to a region of'the brain withoﬁt
reference. to the underlying mechanisms (such as depression
or excitation of inhibitory or facilitatory systems) con-
sequent to such a procedure. Simila;ily, when morﬁhinewy
is said to suppress or enhance the activity of a particular
brain structure, it should be rékembered that this could

be due to an inhibition of facilitatory mechanisms or to an

excitation of inhibitory heurons and vice versa.

ir
(k) Effective radius of stimulating current:
”

Basic to the consideration of the effect of electrical
stimulation on a complex network is the question of which

neuronal units are activated when an electric current is
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passed through a reéion of the gentral nervequs system.

’

Indeed, one of the major difficulties inherent in stimula-
tion studies of the 'inpe brain is fhat no oné area of.
the central nervous can be stimulated without
altering the neuronal/activity of numerous other cerebral

structures. Furthermore, it seems unlikély’tha; many

]

topographical regions of the brain arenéufficienﬁly
homogenebus in-structure or unitary in function to result

in a single alteration of the integrative processés

.

mediated by an-aréa in response to élstimulating electrode.
Thus, in considexing thé results of the'present sFudy, it
is important to remember that the aversive behaviour '
elicited by stimulation of a brain area is a compound

-respohse, with other étructurgs also contributing to the
bl . . - » *“"l,

behaviour observed. - ¢ . :

e 9 .
In the present study, it-has been éssumgd that the .

‘response measured was mediated primarily by the site being
stimulategir This view is substantiated by a number of

investigators. Valenstein (1966) has reviewed several
) ’

lines of egideﬁce which indicate ‘that the heural field

activated by bibolar electrodes of the type used in this’

-

.investigation is restricted to a relatively small spherical

region around the Plectrode tips and does not ipvolve

-~ [

massive activation of large brain areas, even with very
I . ) - » 3 ‘ : .
high intefisities of stimulation. Recent studies of effective

7

-

current radius with monopolar stimuiétign (Stoney, Thompson

*

4

n“’j,
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and Asanuma,‘l968;-q$ﬁ9nt and Ranck, 1969) also supportv

this assumptioﬁ, espeg_i»a.‘l-!y wh_el? it is considered that

x(g

the radial extent of effective stimulating cilrrent is -

e

greater when moponolar,‘rather:than bipolar eiectrodee are®’
used. These studies provide ‘a useful basis for estimating
tHe{oietribution of stimu;ating c&irent in the‘%resent
experiménts; en effective radius of lese 'than 200y was
incicatéd for low threshold areas (14-15u§) whereas leseJ’
than 400u would apply toe°sites requlrxng up to lOOuA of .
current intensity. Allow1ng for dlfierences in stlmulus

*

parameters, stimulation of most of the aver51ve areas in
H
the present study should not excite even the largestb \\

,1owest—threshold flbers 400uy away; hlgher threshofa ) '

.elements are likely to be unaffected beyond 200y.

L}

<«

- Also relevant %o this issde was the finding that, in
this investigation, signjficantly different thresholds

\ wére obtained from areas that’were only onefmillimeter -
apart (for example, the.thresholds from the parafascicular -
t paraventrlcular complex as compared to those from the
]

medlodorsal or the ventrodorsal nucleus) and that the

- .t
analgeties 'differen,tially.aafected such closely inter-
connected areas as the garious structures of the.limbic system

, r )

or the ventrodorsal thalamic nucleus and mgdial Ithijcus;

- Je) Relationshlp of centra;ly-eerLted'escape to
pain; Direct stﬁulatlon of the brain is a hmghly unhatural

way of.elicitin

behaviour and the prgperties~of~shock-

. g ., .
¢ < , *

-
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motivated behaviour must therefore be interpreted with

~
s

caution. In particular, one can never be certain of the

signifiEapce of such stimuli so far as the sensory

experience gf the animMal is concerned, Although there cén

be . no direct verification that theustlmulég;on of brain

structures eliciting ah escape respohse induces a mental

. : : . gl
awareness akin Eg\the pain experience in man, a number of

observations may be brought to bear upon this point.

First, the effect of central stimulation is
1mmedlately generalized so that it results in behaviour
wh;ch had previously been assoc1ated with somatlc pain.

In thg present study, eleptrlcal gtlmulatlon of he bralp,
like péribherally applied shock, motivated rapid learning%
éf a complicated operativévﬁask in order\:o terminate the
stimulus. In the ‘cognitive avoidance theory, such a K
stimulus is therefore-considered to be aversive or-nog}ous

”

to ﬁhe/ﬁnlmal (Roberts, x1958). This is further éupported
by ; number of 1%Y?stlgatlons (Delgado, gsngl:, 1954; .
Roberts, 1962) which ‘have demonstrated, in carefully
controlledéstudies; that such stimuli are capable of

producing the motivationdl drives and negative affect that

are characteristic of pain.

. ‘Second, it should be nofed, that’'a stimulus-bdund
& & .
motor effect alone fails to elicit escape. In the presgent

study, stlmulatlon of "the caudate nucleus, anterxor

)
amygdaloid area, or anterigr ventral thalamlc nuclei ellcited

s

]
. '
e e L M . i P PPN

4

[ QI
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B

circling and/or cr}nging but had littlelhotivational effect/
for ﬁo%‘even prolonged: response shaping lég to the
acquisition ok an escape response, The autongmic reséonses—
evoked at some sites may also be aversive but this could

not be tested sincé autonomic acti@ity was not moniﬁéred

in these studies. Sidefhoff, Elster ana‘Schneidermaﬂ (19}2);
however, have found that electrical stimgﬁg}ion of brgin
areas with both appetit?ve (self-simulation) and aversive
properties elicited conditioned cardiovascular,responses N
which were the same in both direction and magnitude, -
ind;catihg thaththe autonomic cpanges ag;cciated-with
intracranial stimulation are not necessarily related to

the motivational properties of the stimﬁlus.m‘Furthermore,
these effects wére observed only after high intensities of
stimulation (100 t@500uA). Lower stimulus intensities,

such as those émployed?in the present study, did not
producefclassical cogditioning of the heart raée even

-

though a reliabﬁe unconditioned response was always obtained.
. o . .

One may therefore assume that, in the pregent study, the -
aversive properties of central stimulation are not

attributable to any changez in autonomic activity.
Q‘P

! ~

Third, at sites eliciting escape, vocalization,

urination, defecation, piloerection, biting of the

- electrodes leads and other reacﬁions-suggestiVe of pain

_were frequently observed in ghis study. This is consonant

with the pain behav;oi produced by peripheral noxious

. $

+

o~
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stimulation at intensities sufficient to elicit escape.

The qbove\obéérvations attest to the unpleasant, if
not noxious, nature of the central stimuli used to elicit
egpape responding in the preseﬂ% study. One may, therefore,
cénclude that the stimulation of the brain structures
investigated in this study possessed a distinc; aversive

quality which was related to pain.

\In closing, it should be noted that, with the

N
exeeption of the lateral hypothalamus,.stimulation of the

v

] brain areas investigated in the,pregggt study is aversive
from its onset and remains so throughout the periea of
stimulation (Roberts, 1958b; Miller, 196}). A curiosity
of lateraiEhypoé;alamus.stimulation is that it motivates
escape but hot avoidance responding (Bower and Miller,
1958; Miller, 1961). In order to explain this epparently
paradoxical behaVior, it was bostulated that stimulation
at this site with the same stimulus intensity can produce
’ dualzrewarding and punishing effects; namely, the onset

" of the stimulation is rewardipg, ite continuation reverses
the si;n“of reinforcement to.motiv§§e escape, and its
termination reinforces escape (Roberts, 1958b; Mendelson and

-

Freed, 1973). An animal thus stimulated will learn one

task to initiate stimulation and another to tunnéghe stimulus
off. Unfortunately, the r#ts used in the present stddy were
not testea for avoidance conditioning, but the obeervation

that the rat's stimulated in the lateral hypothalamus showed

N
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]

staf&stically significaht (P<0.0l1l) longer response latencies
than those with electrodes implanted in the other cerebral
structures is an indication that similar effects were also

operative in the present investigation.

(d) Advantages and disadvantages inherent in the
- I

present experimental procedure: A common feature of t@i)
investigations which have &ealt with the effects of 4 :
analgetics on operant behaviour maintained by a&ersive_
intracranial stimulation (Boren and Malis, 1961; vernier,
et. al., 1961; Weitzman and Ross, 1962; Halpern and Alleva,
%1964; Ross, 1966) is that they all measured the effects
of these drugs on the aversive threshold. In the present
study, hoqgver, the escape response to suprathreshold brain
stimulation was chosen as the.mpst appropriate experimental
response parameter for fhe iniE}al evaluation of the . ‘o
analgesic activity ofjsuch compounds., This was done for
the following reasons:
(1) An abundant literature on both the c¥inical
and experimental assessment of the narcotic analgetics
indicates that these drugs relieve pain- primarily by
modifying the reaction component while leaving the'

perception of the sensation rélative;y unaltered (Wikler,
é 1958 Beecher, 1959). In other words, the opiat;es do not

appear to affect the sensory nmodality of pain as much as

they influence the psychological factors involved in pain

perception., Since the reaction component becomes increasingly

“ £
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dominant as stimulus intensities are raised, the‘behavioral
response at suprathreshold imtensities, with its propor-
tionétely laxger péychological compoﬂént (Geifand, 1964),
is therefore likely to be more sensitive to the analgesic
action of the opiates than the behavior maintained by

.,

thresheld levels of stimulation.

(2) In humans, th% results obtained by experimental
- measurements of thé-effec@g of mgrphine on the pain*
threshold are inconsistent, while studies in both man and
animals have shown that firmer conc%usions are tenable when
stimuli which constantly evoke unequivocal and unalloyed

pain'ﬁre used (Beecher, 1959). f

(3) A difficulty inherent in the titration technigque

is that the responses are confounded by conditiéned

’,

avoidance behavior (Boren and Malis, 1961). Since in
paradigms of this sort the stimulus intensity increases more

or less insidiously’ from nonaversive td aversive levels,

£

themselves not aversive, come tq occupy

Vo
L

lower stimulus intensities,' which are dis’riminab;e but in
{i? status of
conditioning stimﬁli which precede the higher, aversive,
shock levels. Under these conditiong, a great deal ¢f
respondiné (66 i 80%) occurs'at stimulus intenéitieb‘which 9
are essentially nonaversive. The threshélds thus obtained

are therefore mainly the reflection of an animal's reaction -

. J
to the anticipation of pain (conditioned avoidance) rather

than to the pain experience itself. Obviously the/use of N

e {T;Ix,___a____.____;.
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! ¢ ) '
suprathr%shold-stimuli (where each stimulus is aversé;e)
circumvents this difficulty and ensures that the

behavioral responée measured is directly related to pain.

"The present method also differs:from the more‘ 3
usual brocedures (Weiss and Laties, 1958, 1961, 1964;
Boren and Malis, 1961) in that responding terminates the
electric stimulus instead of causing a deéfement in the
intensity of a continuous shock. This golification
consideraBly reduced the amount of conditioned reSpéndingL,
probably by placing the beh;viour more under the control )
of the immediate conseguence of escaping the shock rather
than the more distant consequence of avoiding future

stimulation. Thus, in the present study, when animals |
were stimulated at current intensities held constant at

*

their predetermined threshold values (thereby eliminating "

the effectiveness of these stimuli 'to act as warhning

signals) ﬁhe rates of responding averaged around the 50%

level. These response rates ceorresponded closely with those
predicted by the functional relationship between shock.
intensity and escape ﬂe;formance. .Using the same procedure,
Boren and Malis)k1961) observed a response rate ofxbﬁly \“
20~34% (ie., iﬂ their technique, approximately 30% of the
responding ;t thresﬁgld levels.was due.to conditioned
avoi&hnce). The aversive thresholds obtained b& the

’

present method may therefore be considered to be a direct

function of the intensity of pain experienced by the animal.

»
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Al;hough narcotic analgetics were not evaluated in -
bterms of their effects on the aversive threshold, the
determin;tion of these response parameters formed an
integral part of this study.' Because of the varying

sensitivities of neural structures to electrical stihulation,

an arbitrarily chosen suprathreshold level of stimulation

S

does not necessarily pro@uce a st}mulus intensity that
is felt egually by all animals. A valid comparison between
the behavioral responses of such animals therefore cannot

¥ be made. However, a common béseline is provided if the
stimulus level employed is a constant function of the
animal's aversive tﬂreshold. More importantly, this value
represents an objective stimulus intensity which has been

determined by the animal itself. ' Coa
' ' %

Since pilot studies had indicated that, in the foot
shaock situation, the meah current value which tonsistently
evoked escape responding was 2.2 times the threshold value,
all animals with indwelling electrodes were stimulated "at
intensities which4ﬁere 2.2 times their aversive threshold.
The épplication of foot shock data to brain stimulation is g;
valid for it has beenldemonstrated thAt both peripherally
and”intracranially induced pain conform to Stevens' power

law (Kestenbaum, Deutsch and Caons 1973).

N

Also, the gensitivity of neural tissue varies over
’ . \

time so that the maintenance of a constant current level

throughout the experiment is no assurance that the effects’
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of the stimulus are remaining constant (Szeligo and
. e

Colavita, 1972). Con§equently the threshold valui? were

determined for all animals prior to each drug trial and

the suprathreshold stimulus adjusted accordingly. In this
jig%‘ay, a constant monitoring of (and the subsequent correction

for) any fluctuations in neural sensitivity is obtained.

- .!
In the present study, therefore, the effects of analgesic

agents were always studied against a behavioral response
intensity which was the same for all animals, regardless
of their sensitivity to the stimulus. The comparison made

between such animals are thus valid.

<

All of the above considerations reinforce the view
that the effects of the-ranalgetics on intracranial aversive
stimulation as Qetermined by the response parameter used

d&n the present study are related to their analgesic
mechanism of action. The cenclusions drawn from.the results
oBtained in this inves igatioﬁ regarding' the cerebral

QZ ‘structures involved in e antinociceptive action of the

various analgesic agents tested are therefore tenable.

However, it may be argued that the nature of the
apparatus employes in the present study may be a source .
of confusion in the intepretatién of the results. A two-
way shu£t1e7box was used in this invesfigation, since
- pilot’experimen?s with leve£ pressing in a Skinner box b
lead to difficulties, such as bar-holding, which resulted
in an indefinite postponement 6f stimulus. Even when the

N .

. \ ‘ R
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lever was automatically returned to the "up" position once
a response had been made, the animals continued to lean

on the lever, making it difficult to ascertain whether
thefresponse to the subsequent stimulus was merély due to
the weight of the animal resting on the bar or a true
beﬁavioral reaction. Similar difficulties had been

encountered by other investigators (Dinsmoor and Hughes,

1956). ’

In the shuttle-box situation, there is no "safe"
versus "dangerous" area; the subject receives an aversive
stimulus on either side of the cage. For this reason, an
animal, may develop a passive avoidance tendency for either

one side of the cage or thé other (Vanderwolf, 1963).
Ee
Since passive avoidance response develops fairly rapidly

and completely, this type of behavior could clearly
interfere with the performance of an active escape response’.
Thus, "an inherent disadvantage of the shuttle-box technique
is that some measure of behavioral conflict is always

present. To what extent this factor may modify the

/

conclusions reaPhed in the present study cannot be stated

until the identical experiment has been repeated in an

-

apparatus where such paéhive avoidance responses do not

4

occur.

L d

R .
, This factor may possibly explain why the present

method was not more sensitive to the effects of the

analgesic agents, on a milligram basis, than the more
-




. 159

conventional algesimetric procedures, whereas other
investigators, using intracranial aversive stimulation and
bar-pressing as the experimental parameter, have reported
evidence of the analgesiq action of morphine in doses as

19y as 0.25 mg/kg im. (Halpern and Alleva, 1964). ;g may
be gpeculated that in order to overcéme the inithal .

avoidance response tendencies in the shuttle-box situation,

the intensities of noxious stimulation which elicit an

_ escape response have to be higher than what would ordinarily -

be required. Since it is a well known.fact that the
greater the intensWty of pain, the larger the dose of
morphine required to abolish it, it would not be unrgason;“
able to assume that this is the reason why larger doses

of analgetics were needed in order to suppress escape

responding in the shuttle-box.

The above consideration also argues in favour of the
view that the behavioralfconflict incurred in the shuttle-
box is not a significant operative factor at higher

intensities of stimulation since, implicit in the fore-

going paragraph, is the assumption that as the stimulus

" increases in its aversiveness, the more the escape response

CF

predominates over the passive avoidance tendency. Sincev
the effects of the ana;getics~were always tested at
supréthreshdld intenéities of stimulation, it does not
seem likely that this factor would greatly modify the

results obtained in the present sfudy.

!‘4 e
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However, it should be noted that stimulation of

certain areas, notably the fimbria hippocampi, ventral
hippocampus, anterior amygdaloidal area, caudate nucleus
anA,the ventral anterior nucleus of the thalamus failed
to elicit escape responding in the shuttle-box even though
they were reported‘torbe highly efficacio%g in establishing
an escape response (lever-pressing) in the Skinneg box
(0Olds and 0lds, 1963). The reason why escape res
is obtainea in the shuttle-box when certain aversive
are stimuiated, but not others, is not cle;r. It ﬁay be
related fo the fact that all of the sites which féiled
to elicﬂt escape responding ?re'%ssociated with brain
areas which mediate avoidance behavior (ﬁrsin, 1965;
Buchwaid and Hull, 1967; Winocur and Mills, 1969; Van

j

Hoeserf, Willson, MacDougall and Mitchell, 1972). It is"

cdnceivable, therefore, that the effects of stimulation

! »

of these structures enhance the response inhibitions’
pro@ﬁced in the shuttle-box, thereby causing an ?ﬁpairment
of/éscape responding which not even higher intensities of
stimulation can overcome., Whatever thevexplanation may
be, the failure of the shyttle-box tecﬁniquegto detect the:
aversive properties of certain brain structu?es by the

commonly employed behavioral criteria.suggests that the

.shuttle-box may not be the mosilappropriate apparatus to

use if studies of drug effects on centrally-elicited

“aversive behavior are to be complete.

e
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In returning to the discussion of the results of the

N\

- present study, those obtained with morphine and its semi-
synthetic congener, heroin, jill be dealt with.ﬁirst. Most
of the studies on the central actions of analgestic agents
have been done with morphine; Hence, more is known about
the central effects of th%s df%g than any other analgetic.

No data is available in fhe literature concerning the central
site of action of heroin. However,‘in view of the similar
profiles of activity exhibited by hreroin and morphine, both
in the clinic¢ and in the present study, it would not be

unreasonable to assume that many of the effects reported for

. [4
morphine are equally applicable to herbin.

Nevertheless, it should be noted that, while the
differential gentral effects of heroin and morphine obtained
in this study resembled each r6ther closelyt they were ﬁot
identical. The difference in the érofiles of activity for
heroin and morphine was that the hippogamﬁus-tended &0 be.
more sensitive whereaé the dorsal midbrain area, anterior
hfpothéihmus.and medial lemniscus’were less sensitive. to

the effects of héroin than to morphine. This difference in

the action of these twh drygs mayégé taken as evidence that

- A
the analgesic action of heroin is mediatéd by a drug- '
receptor interaction with the heroin molecule itself, and/or
with its monoacetyl derivatives, and not through é prigr e

’ ¢

conversion to morphine, as has,been suggested by some

investigators (May and Sargegf, 1965) Way, 1967).

.
hed

2 ’ LA




specific sensory, associational and nonspecific projection

The central effects ofcmoriﬁine and heroin will be

discussed in terns of the folldwing:three levels of

<

activity: (1) ¢thalamic action; (2) limbic action; andv

(}) mesencephalic action.

(1) Thalamic action.

'

In the present gtudy, it was found that marphipe and
heroin“were most effective 'in suppressing the escape

behavior evoked hy stimulation of the veqtrodorsal,

&

mediodorsal and parafasciculér-perabentricular‘thalamic
nuclei. (Although these sites are .respresentative of three

fnnctionally distinct systeqs within the -thalarus -- the

&

v

systems respect}vely —- the areas did not- show a’differen-'

/

t1a1 sen31t1v1ty to the effects of these two drugs.

'\ -

" ‘The relation of the"abovekthree sites to_pain maym‘

. Y Lo g L < n

be briefly summarised ag follows: the ventrodorsal
- * $ .

npcleus forms part of the thalamic'component of the &

specific, pauc1synapt1c, neospinothalamic Qathway for pain,

which relays dlrectly received somesthetid&%ensory

& at -

'1nformation from the splnal cord to the primary sensory
tatg AL .
‘areas of the somatosensory coxrtex w1th little delay qr

T

o
modification;,the mediodorsal nucleus, which receives

., g . s Lo
multisensory ihput from both the specific and nonspecific

thalamic nuclei, and‘its.prp}ections %o‘cortical association
vy © LY
arede are important for the elabq;ation and’ 1ntegration of
v,
the affectivegtone of the various. #“Sensory inputs, theb

.
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parafasc1cu1ar-paraventrlcular complex’ belongs to, the SRR

nonspec1f1c thalamic system whiehpcompglses the rostral
exten51on of the’ dlffuse, multlsynaptlc, paleosp1noret1culo~.
thalamic division of the %aln péthway. Because of the
capac1ty of the nonspec1f1c thalamic system to exert a

; dual control, one inhibitory,’ the Other eXc1tatory, over
electrocortical. act1v1ty (Sklnner and Llndsley, 1967), the
nonslec1f1c thalamlc nuolel a;e partlcplgily important in .
the neural mechanlsms underly;ng selective perceptlon.

Since. these nuclel prOJect iffusely'by multisYnaptie . /

predominantly ‘to the~assoc1at pnal cortices (Chambers, et al.,

_1971), they also play a role in modlfyzng the behavxoral

: (1 - 4 Ns
response to paln (AQbe-Fessard 1§68) ’ . S g
) o . ;
Thus, it may be concluded from the resuits.of'the'fn
‘present’study that. the thalaﬁus represents a major site &
" ) O

fo; medlatlng the ahalge81c effects of her01n and morphlne

and that this actlon may  be effected through either one .

~

" of the following mechanlsmszﬁ (1) by 1ncrea91ng the.\

threshold of pain perceptlon through an actloF on the
specific thalamic senSory»nuclel, (2) by éecreaSLng\the

emot10nal rebponse to pa1n through an action an the

. . ;

assoc1atlonal and nbnspeciflc systems of the thalamus;

aqg (3) bg.decreaslng the attentlon pald\to pa1nfu1 stimuli

% 4
athrough :an, action on the nonspecific thalamfb system.

There isanuabuhdant ev1dence in the lit¥rature which
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k) ' . ~
, supports each of the points made in the above statement.
However, no study.has been reported in the literature in
which all these three actions of morphine were observed in

the same investigation. : . ' , .

/ ‘ ~ Evidence in support of the conclusions made in the
present study comes from intracerebral fnjection studies,
where it*has been shown that strong antinociceptive effects

) N .
are produced when morphine is injected directly into.eicner

v the ventrobasal thalamus (Buxbaum, et al., 1968),

dorsomedial nucleus (Herz, et al., 1968) or nonspecific

thalamic system }Tsou and Jepg, 1964; Lotti, et al., 1965;

anbaum; et al., 1971).

« - 7 *
* .- The medial thalamic nuclei have also been implicated

B ) as the likely site of egiion whereby morphine decreases
brain arousal to nociceptive stimulation (Fujita, et al.,
1953; Silvestrini and Longo, 1965; Gangloff and Monnier,

-:5 . 1957; Radouco-Thomas, et al.,, 1962; Monnie;l et il.}‘1962, .

| 'o 1963; Valdman, 1967; Monnier and Nosal,’l&PS). The -
enhancement of the,cortlcal recru1ting response (which <is
’ e11c1ted by low- frequency stlmulatlon of the nonspecific

thalamic system) that ;as ‘observed by a number of
inveetigators (Gangloff and Mcnniet, 1957; Heng-Chin and
Dominoj'&961; Morinier, et al., 1962,_1963; Yaldman, 1967;

Monrier and Nosal, 1968) with morphine-like compounds supports

v

the proposal made in the present study that morphlne : (r
¢
decreases the attention paid to noc1cept1ve stlmull by an ,
- »
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action on the nonspecific puclei of thesthalamus. In

e 14

[ - ej
humans., the EEG synchrony produced by low frequency stim-
ulation of these structures is accompanied by a loss of
*
awateness of, agd inattention to, specific sensory stimuli

) &
(Skinner and Lindsley, 1967).

However, these'bbservations'can not be directly
compared to the results of the presentistudy,»since, in
this investigasion, the nonspecific thalamic system was *
stimulated at fairly hiqﬁ frequency rates (60 Hz). There
is no data available in the lgte;ature which has dealt
with the effects of morphiqe 6n,the résponses elicited by
high frequency stimulation of this system. Howéver, the
observation that morphine elevates the threshold to-
nociceéti&evstimulatién in the anteromedial thalamus
(Silvestrini and Longo,. 1956) is consistent with the
depressant effects of morphine that were obsei‘éd in this
;tudy. Domine (1968) has also shown that the naii?tic
anaigetics_have a depressaqt action on the nonsbgcific

3

thalamic system in humans.

/ = /’ - }
The wonclusions made in the present study with

regpeﬁt to the effects of morphine on the mediodorsal

’

nucléﬁs are corrobprated by a number of behavioral studies.
In ﬁhese investigations it was shown that morphine exgrtj:

" its greatest inhibitigygactisn on the complex affective
'respgneéé to pain mediated by tﬁ% thalamus (Hoffmeister,

+
‘e

1968) or the diencephalocortical projection systems




Ses

(Charpentier, 1968); simpler; reflex nociceptive responses
mediated by rhombencephalic structures were either not
affected (Chafpentier, 1968) or sqppreésed only at higher

dose levels (Hoffmeister, 1968).

-~

Inﬂfhis respect, it shou;d also be noted that
removai of the frontal cortex or severing of the
thalamocortical pathways in patiénts receiving prefrontal
lobotomies for the relief of intractable pain results in a

L

total retrograde degenq;atiop of the dorsomedial nucleus

(Rose and Woolsey, 1348) ané in a.clear dissbci&tion of

the emogional from the perceptual, response to pain (Barber,

1959). Since morphine produces a somewhat similar psychic

disregard for pain (Wikler, 1956, J1958), it has long been

speculated that the analgesic action of the opiateslmay be ¥

related to a depréssion of impulse transmission in‘the

dorsomedial hucleu§‘(Wikler, 1950, 1958; Chambers, et al.,

1971).\ The results of the present study substantiate this

view. ' . {
A number of electrephysiological studies have also

shown that morphine depressgs the el:ctrical activity

evoked in the rionspecific and the associational thalamic

nuclei by vario' s noxious stimuli to the same degree

(Fujita, et al., 1953; Heng-Chin and Domino, 1961; Lim,

et al., 1969; Krauthamef, et gl;, 1970). These studies

aré éonsisteni with the conclusions of ;he présen£ study :

: 4
that morphine and heroin exert an equal action upon the

hY
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nonspecific and associational systems of the t&3£9mus.

Qne study which is not in agreément with this view
is that of Sinitsin (1964). 1In testing the effects of
.various opiates, this author reported that the fesponﬁes
to som&tic nerve stimulation were de?ressed more markedly
in the associational nuclei than in the nonspecific “
thalamic system,ﬂ However, the relevancy of this observa-
tion to pain mechanisms i§ guestionable, since the stimulus
intensities employed (4 - 6 V) were much leés than those
required to elicit pain reactions in animals (50 V,
McKenzile and Beechey, 1962) or verbal reports or aversive
sensations in man (éo - 100 VvV, Domino, 1968) under similar "b“

‘experimental conditions.

On the other hand, with the exééptiog of Fujita,
et-al., 1953, 1954), mahy of the above investigators
(Sinitsin, 1964; Lim, et al.,; 1969; Krauthamer, et al.,
1970), as well as others7who have used comparable
electrophysiological techniques (McKenzié and Bee?hey,
1962; Straw and Mitchell, 1964), have féiled to fiind an

“> |
effect of morphine on the potentials evoked in ventrobasal

Y >

thalamus. On occasién, it was e%en reported that morphine
ctually enhanced the potehtialsvékgked in thisfregion of
the thalamus at a time when the reﬁponses in tﬂé associn
ational or nonspecific¢ thalamic nuclei wefe depressed : g

(Heng—Chin and Domino, 1961; Sinitsin, 1964).  These

results dre contrary to those obtained in the present
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investigation. There are several reasons which may account '

for this discrepéncy: _ -

(1) Since it has been shown tﬁat morphine prefer-
entially depresses the responses.to'repetitive as opposed
to single shock‘stimulation (Fujita, et al., 1954; . '
Matsumura, g’g gl.,'1959; Jurna, *1965; Valdman, 1967;
satoh, et al., 1970), the use of single shock stimulation -
by many of the investigators who studied the effects of
horphine on ventrobasal thdlamic evoked potential .
(McKenzie and Beechey, 1962; Straw and Mitchel}, 1964;
Sinitsin, 1964) may, therefore: account for the |lack of
an effect of morphine on these responses. f%is would not
be applicable to single shock studies on potentials evoked
in the associational and nonspecific thalamic systems
sinze, by virtue of the diffuse,.multisynaptic nature‘bf \ ¢
- ;; the systems to which .they belong, a sipgle'stimplus i%
capabls,q{‘exciting reverberating circuits, thereby
"~ producing effects whfch.are analogous to repetitive.
stimulationh. An effec; of Tb?ghine on these strucéures
) w?pld therefore be more clearly and bore consistently

cbserved by these investigators.’ This would not be the ¢
. .

case in the present study, since all brain areas.

. - e
. investigated were stimulated repetitively.
(2) Unlike the present study, all the above
. investigations were performed in anesthetized or immobilized 1

-

. B . : ¢ .
animals. ‘Since the neurones of the ventrobasal thalamus o

. - . W




169

are entirely dependent upon somesthetic impulses for their

activation, they are relatively gquiescent dué to the lack

of input associated with“anesyhetic or paralying agents.
[«¥4

Hence, when a large volley arrives as a resulg of the
v /\\,

artificial electric stimulation of the neospinothalamie

pathway,»many neurons are receptive to excitatiog at th

Jame instant.\ajnder these circumstances, therefore, it

ié possible th dos;; of morphine larger than commonly

used would be required before a depressant action on these

responses would be observed. On the other hand, the

nonspecific and associational thalamic® nuclei receive a

continuous input from the reticular structures of the

brain, whose éctivity is Qonstantf; being re-activated, <

at all leyels.of the neuraxis, by sensory impulses not only

from the somesthetic system, but from other sénsory

modalities ‘as well.

(3) If one assumes that the paleospinothalamic
diviéion of the pain péthwgy and/or cdrtex maintain a
tonic inhibitory influence on the sématosensory‘reyay'
nuclei, as has beeq suggested by a number of authors
(Bowsher and Albe-Fessard, 1962; Skinner and Lindsley,
1967; Hassler, 1968), morphine's enhancement of the
pofentials evokéd in the véntrébasal‘complex may représent
a "release‘phenomepon? due tﬁ the primary erression of
thalam;c‘or corticaél inhibitb;y centers. it.has'already ' ;

been noted that this enhancenent occurs concomitantly with

; n ‘ , \
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a depression of potentials evoked in'the nonspecific or
associational thalamic nuclei (Heng-Chin and Domino, 1961;
Sinitsin, 1964) and Fujita, et al. {1954), as well as
Gangloff and Monnier (1957), have shown that mbrph}ne also
‘has a depressant effec£ on corticofuqal pathways. Thus, in
the present study, the possibility must be considered that
the\sffects of morphine on the escape response elicited by
stimulstionwgf the ventrﬁfgﬁsal nucleus ﬁay be through an
indirggt action on the more medial thalamic nuclei. It has

| been suggested that the nonspecific thalamic nuelei influencé

| the specific relay nuclei via intrathalamic neurones, differ-
entially inhibiting or exciting them in opder,to‘pr6v1de ’

/thrésholds appropriate to the d%gree of,attention required in

any given sense mode (Skinner and Lindsley, 1967).

Despite these difficulé&es, there have been a numbér
of electrophysiological invespigatigns in which a'specific.
effect of mof%hine in depressing-ventrobasal thalamic re-
sponses was ;bserved (Fujita, et al., 1953, 1954; Mizoguchi,
w 1964; Schmidt and Ruthrich, 1972; .Ruthrich, g_f:_ al., 1972). @
Moreover, investigators who have xtudied th effects of
descegding,seriai transections of the neuraxis on morphine

. . [ _ .
analgesia (Carroll and Lim, 1960; Cahn and Herold, 1968) have

attributed the actions of morphing as being due to the
blockade of firét, the synapses in the thalamus (presumed

to be in the nucleus ventralis posterolateralis), and,
- ° - - v

later, in the lower brain steq/structures.. Furthermore,



Vernier, et al. (1961), who measured the effects of

morphine and anileridine on the self-determined intracranial
aversive threshold, also reported that the ventral
posterolateral nUCieus‘;hs the area most affected bylfhese
drugs. Th;se observations, theréfore, support the
conclusion of the preéent study ﬁhat the ventrobasal

\/ “ o
- thalamus represents a main central site mediating the

. :
analgesic actions of morphine and heroin.

It should be pointed out, however, that Vernief,
et al. (1961) reported the centre median (which belongs to
the same group/pf thalamic nuclei as the parafascicular
complex) as being the least sensitive-fo the e¥fects of
the opiates. This is in contrast to the present #finding
that the ventrodorsal nucleus_and pzragasc%gular-
paraventricular complex were equally affected by morphine.
This discrepancy in results is quite likely due to the
dif}er@nt characteristics of the rgsponse parameters
employed. As has been poin%ed out previously[(see
.Histofical R&xiew and alsJ'Manning gnd Vierck, 1973), the
perceptual componentlof thd pain respéhse (ie., the
detection of the pain threshold) is.mediatéd primarily by
the neospinothalamic pathway ( of which the ventrobasal
nuclei a}e d part), whereas the baleo;pinothalamic;system
(which pjojects to the assoqiafional and nonspecific

thalamic nuclei) becomes involved when pain becomes

¢ intolerable and a large affective component is present, .

+




. 172
-
ie., at suprathreshold intensities of stimulation. Since

Vernier, et al. (l961)vstudied the effects of morphine on

the aversive threshold, the intensities of stimulation

- N !

used were not sufficiently high 'enough for the medial

thalamic nuclei to contribute significantly to the pain
response being measured. Hence, a lesser effect of
morphine on these structures than those obtained in the

present study would be expected to be observed.

Thus, the results of Vernier, et al. (1961), taken
together with those obtained by various other lines of
experimental approach, strongly support the conclusions of
the presént study that the specifié sensory, associational
and nonspecific thalamic nuclei are ampng the areas fifst
FB become involved in mediating the analgesiE'actions of

L 4

morphine and heroin. --

(2)' Limbic action,

&

‘Pot mucﬁ is known about the diffefential effects of
the narcgtic analgetics upon the structures'on the limbic ‘
system. In the present study it was fand'that the lateral
hypothalamus was as_sensitivg to the effects of morphineﬂghd
heroin as were the thalamic nuclei. This was followed by

) a slightly léss, though statistically significant, effect
upon hippocampué. On the qther hand, the anterior hypo:
thalamic area (aS'wgll'as the medial lemniscus) was fqpnd

| ]
to bé the least affected by these compounds. .
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N
The hippocampus and hypothalam¥s play an important

rolg_in.the mechanisms of emotion and motivational

beﬁavior; the@former serves mainly as a modulatory influence
on these activities, whereas the latter is critical in the
control of these processes (Leaton, 1971; Chambers, et al.,
1971). Thus: it may be concluded from the results of the
present study fﬁat, in addition to alterigg the inteérative
functions of the various thalamic nuclei, one of the first
effects of morphine which contribute to its anaigesic
activity is an attenuation of the emotional respdnse to

pain by an acti§n upon hypothalamic.structureéffa slightly
less'important,‘thbugh still significant, effect of morphine
is an alteration of these behavioral responses through an

action upon the modulatory activities of the hippocampus.
. \/’ o ~J4°

The differential effect of heroin and morphiEe on
the two regions of the hypothalamus may be taken as an
indication that the narcotic analgetics affect aggressive

behavior (essentially under the control of the more
k4

posteriorif%gions of the hypothalamus) more so than
defénsive reactibhs (regulated by the more anterior regiqps
of the hypothalamus). This is supported by the fact that

the "personality profilés" of narcotic addicts consist

o /

mainly of individuals who "prefer to handle... anxieties

and conflicts passivel*,‘by avoidance rather than aggressive
. . Al > /
acts," and further .../ "opiates seem to suppress the
‘ a ‘ ST 4
sources of these -anxieties, thus permitting the 'user of
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narcotics to make a passive adaptation to his inner
' £
\

tensions" (Jaffe, 1965, p. 287). /

R

The inclusion of the lateral hypothalamus among
the areas most sensitive to the effects of morphine and -

heroin (this effect was not observed with any of the other

*

analgetics tested) and the lesser effect exerted by these
drugs on the medial lémniscus might account for the
élinical observations that these analgetics influence
predominantly the reaction component of the pain experience

(Wikler, 1958; Beecher, 1959; Morrison, 1970).

Since, in the present study, it was found that the
hippocampus tended to be more sensitive to heroin than
morpfine iié, the differences between the doses required
to depress the responses. elicited by’sg}mulation of the
lateral hypothalaﬁus or thalamic nuclei and the hippocampus
were not as great yith heroin as they were with morphine),
one would expect heroin to have a greater effect on the
affective component of pain than morphine. This is borne
out by the greater potency of heroin as a clinical |

’

analgetic and the more intractable addiction in heroin
‘ ¥

abuse. This observation also suggests  that heroin possesses
greater euéhorogenic propérties than morphine and that )
the mo;eiintractable'adqgctidﬂ to heroin is a reflgcﬁion

of this differential acg}on’of heroin on limbic structures

and not, as hag been suggested by some investigators

- (Oldendorf, et al., 1972), merely due to differences in the

- / .
' T
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lipophilic properties of these compounds.

Investigat;ops whicﬁ havéQShown that the opiates
depress: (a) the somatosensory input into hypothalamic
(Fujita, et al., 1954; Deneau and Takaori, cit. Domino,
19.62) and hippocampal y(McKenzie, {964; ‘Nakamura and
Mitchell, 1972) struaéurés; (b) the EEG arousal respbnsg
mediated by hypothalamic activating mechanisms (Moﬁgier,' .
et al., 1962; Albus-and Heéz, 1872); {¢) hypothalamic
neuronal activity (Eidelberg and Bond, 1972); ;?d (d):'

hippocampal aroisal elicited by nociceptive stimulation

s

(Soulairac, et al., 1967) suppogé the ;dnelusions of the
present study "that the hypothaﬂgmus and hippocampus play

an important role in the antinociceptive mechanism of

action of heroin and morphine.n‘Furthermore, therstuaies PR
‘reviewed by Wikler (1950) gné those of‘éeorge_and Way (1955)
and Lotti, gEigl. (1869) strongly implicate=the hypo=— :
thalamus as;a main site whereby,morphiné exerts, not only
its analgesic action, but also its effecté on endocrine

systems and body “temperature. .

However, differential effects of the narcotjc
analgetics on the limbic system, such as those oﬂserved in
this study were noflstressed By other investigators. From
the graphs ?ublished in the study of‘Charpentiep (1958), the
diencephalocortical projections responsible for the complex
bghavioural Yesponse to nociceptive stimuli appeared to be
moré sensitive to the effects of mqrphine than the emotional

{l

/s
N
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v | ' S » .
' behaviour medlated gg rhr‘ﬁncephallc system. Qn the other

.

hand, Cahn and Herold (1968) reported a -reverse order for
the sehsitivity of these structures yhereas the reeults of
“Hoffmeister (1968) indiceted that' the responges mediated
"’ by the thalamo:hypdthalomo-rhinencephalic\system were

equally affected by qpréhine; None of the above investi-
3 y T

gators differentiited between the.effects of morphine on

hypothalamic and hippocampal structures as did this study.

Although morphine was found tb be localized in both

the hypothalamﬁs and hippocampus folio&ing the intrave-

N A .7

ntrlcul 1n3ect10n of ralethlve morphlne (Adler, 1964
Schubert l., 970), only the’ dlrect 1n§ect1&n of

morphlne 1nto hypothalamus produced strong antinoci--

A

ceptive effects “tfsou and.ﬁang, 1964 Lo!tl, et al., 1965;

Foster, et al., 1967 Herz, et gl.,‘l970; Buxbaum, et al.,

-

1971); no &@nalgesia was observedmaheﬁ*morphine was’appiied
dlrectLy to the dorsal hlppocampus ¥Bﬁxbaﬂm,vet al., 1971; .
Herz, et al , 1970). Thys, as far is 1ntracerebral

>1n3ect1pn technéques are concerned the hippocaqpus is not ‘

- an-importaht site’ for the antinociceptive action of morphine. \
N [ 3 « 2 .

4 !

~An explanatlon for this ‘discrepancy in results is

f

not immediately clear and requires further iivestlgailon.
It may be due to differences in‘;he oharaétenistics of the

respénse parameter being measured- (ie., in the neural
- . ‘ , , . - b D
., mechanisms which mediate a particular nociceptive response) -

and that structures which maiﬁlylhdve a modulatory influence .
| ' . [i - ) Hi §
|/ ‘ - - 4
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effects of these drués.

i : . ' | - . 1779

" : T4
on pain-related behavior (eg., the hippocampus) ard less
affected by the direct ihjection of morphine than thgse

g .
which are primarily concerned in the control.of such

bghaVior ‘(eg., the hypothalamus). However, iecent studies

o

on the stereospecific binding of op%pfés in both human and

r

monkey brains (Hil}er, et al.; 197Q:‘Kuhar, Pert and

Snyder, 1973) havg,shown the greatest degree of binding to

L

occur within. the structures of the limbic system and

medial thalamus. These obseyvations theréfore s xt the

L]

¢onclusion O0f the present study that thalamic and limpic
o

structures contribute s{gnificantly to the analgesic

“~

mechanism of action of the opiates.

(3) Mesencephalic action. =~ = .-

In the preéent-study; the dorsal midbrain area

kdorsolateral central grayvand"deep layers of the superior

-
/

.colliculus) .was found to be significantly less sensitive

to heéroin and morphine than the limbic structures. -This

2d &

was followed by a significantly lesser effect on the

medial leﬁniscus,owhicthas the area most resjstent t9 the
. J

" Because of the close relationship:of the dorsal
midbrain area to the mesencephalic retigular formation and
limbic system tMEizack, 1973), this area also plays a role

in the mechanisms’ of sensory perception and béhaviour.

Furthermore, the ¢bservations that the central gray

w7
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represents 4a major conduction ‘pathway for the transmission

of pain impulses (Melzack, 1961, 1973) and that the
mesencephalic tectum may function as a relay station along
an ascendihg pathway for pain impulses en route to the
hypothalamus (Spiegei, et al., 1954; Spjegel and Wycis,
1961) clearly implicates this area in central pain k
mechanisms. . It has bee; suggested that the tectum . g
mesenceépali represents the lowest level of the neuraxis
where’the integration and conscious perception of pain -
could occuf (Walke;} cit. Passohant, 196§)L, From £he
results of the present study, it may therefore bé concluded

’ o7

that a depression of the\beffepygal and behavioral responses

to pain mediated by ghe'éorsal midbrain area is less

_important to the analgesic mechanism of action of morphine
eand heroin than a supgressionréf t@dse ﬁedi::Ld by thélamic.
and limbic strucfu;es. Moreover, an impairment of sensory
impulse transmisgién within the mg}n somésthetic conduction
ﬁathway, thetﬁedial lemniscus, appears to be the Least~[

contributing'factor/in morphine analgesia..

The results of investigators who have used
elébérophysiological techniques to"dete}mine the effects
of morphine on the mesencephalic structures were highl&
va?iable: either a facilitatory (Heng-Chin aﬂd Domino, °
1961), a depressant kHeng-Chin and Domino, 1961; McKenzie

and Beechey, 1962; Sinitsin, 1964; Straw and Mitchell,

- 2

1964; Nakamura and Mitchell, 1971f, or no effect,%Schimmerl
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3
and Stumpf, 1958; Mitchell .and Killam 1964) on the
electrital aétivity (spontaneous or evoked) of the
meséncephalic reticular neurones'was opsefved following
morphine. In many cases these effects of ﬁorphine couid
not be Qpecifiqally relateéyio its analgesic mechanism of
action. For instance, morphine was found ﬁo‘blo¢k'the |
response# to both noxious and non*hoxious stimuli whilg
nonanalgetic drugs, such as chlorpromazine or pentobarbital,
were éﬂten equally or even more effective than morphipe in
blocking .responses fhought.tolbe specifically related to
pain (Heng;Chin and Domino, 1961; Straw and Mitchell, 1964;
Nakamura and Mitchell, 1971). On occasion, morphine was
even -shown to exert an effect on respons;s not ordinarily
implicated in pain processes (eg., depression of ayoked
'responses within the visual system) while leaving those

that were concerned with the transmission of pain idtact

(Mitchell and Killam, 1964).

However, there have been some stu;ies-reported in
the literature wﬁiéh,havé'shown that low doses of morphine
selectively suppresgs the responses evoked in the medial
lemniscus (Fujifa, et 51., 1953, i954; Satoh; et al., 1970).

”

and deep layers of the superior colliculus (KcKenzie and
A 4}

bl

Beechey, 1962) by nociceptive stimulation.: This is in
agreement with the observations of the present study that
morphine, can-also inhibit the escape responses elicited by

gtimulation of the dorsal, midbrain and'medial lehniscus.

-~

\
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There lS some controversy as to whether the

mesencephalic reticular formation ami the nonspec1f1c

thalamic nuclei are equally serisitive to the effects of

horbhine (Gangloff and Monnier, 1957; Monnier, et al.,

1962; 1963;‘Monnier e?d Nosal, 1968);gr whether the

diencephalic or rhinencephalic systems are affected bj‘

doses of morphine which have only a slight effect on, or

.do no¥ alter, mesencephalic reticular activity (Silvestrini

" and Longo, 1956; Radoucb-Thomas, et al.f 1962; SirMitsin,

[

. }1964 Soulairac, et al., 2967- Charpentler, 1968). However,

the consensus of most lnyestlgators (Krueger, et al.,,l941

Carroll and Lim, LQGQ, Hoffmelster, 19680 .is that increasing
e

doses of morphine are requlred to block the responses

mediated by succeedingly lower levels of the brainstem.

This view is in general agreement with the rank order in

the sensitivitylof the brain areas that was observed in

a

the p}eSent study.

In geoeral, the conclus¥ons made in this study with
respect to .the different1a1 effects of heroin and ‘morphine
are a1§5 applxcable to the other analgesic compounds
tested. However, some dissimilarities in the central

actions of thege drugs did exist. -The manner in which

the effects of the other:analgesic agents investigated in

the the present study differed from those of hexoin or

morphiﬁe will be discussed for -each drug in the following

. pages.
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{ (a) Fentanyl- N

u .
Although it has“ﬁé:iaéuggested that the narcotic

analgetics exert their p¥incipal, if not entire, effect

" upon thébreaction ¢omponent‘of pain (Wiklery X958;

Beecher,- 1959),, it would be an over51mp11f1catlon to
X
ascribe all of the narcotlc—lnduced analgesia fo such a

i mechanism of actlon. IThls ;s trug particularly in view
of the existence of neurolept&hglgesia in whicK conscious
patiedgé undergo major surgery wiéh combinétions of
butyrophenones and meperidine derivatlves as the sole
ariesthe;cic agents (daffe, 1965; Morrison, 1970). Slnvi
droperidol (the neuroleptlc commonly used in comblnatlon
~ with fentanyl) has no analgesrc actxv;ty of its own
(ordy, et &l., 1970), a erressant effect on theaperceptual
‘mechanisms of pain wopld be a more reasonable explanation .
to accoun£ for the“profound §nalgééia éroduged by the
‘F‘anal?étics used in neuroleptanalgesia. This hépothesis
Qas’;ésted b§ Morrison (1970) who found that this was
\i}deea the case; all the analgetics used in ‘
-neuroleptana}geéia (eg.q phenpperié@ne, fentanyl)
influenced méiﬁly the percebtual meéhgnisms of pain, whereas
the clinically used analgetics geg;, md:pgine,_he;pin) had

a greater effect on the affective equ;iénpe 6f\§ain.
) R \. *

[ ¥l ‘\ * -
This difference in the mechanism of action of these:
two types .of analgetics was reflected in the profiles of
© activity obtained for fentanyl and*ﬁorghine (or heroin) in

L 4 ‘ X \ R

¢ - «
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the present study. The escape respohses elicited by
‘stimulation of the ventrodorsal nucleus were “depressed by
doses pf fentanyl which uere—coneistenly lower (though
hotrsignificantly different) than thosé required to
suppress the responses eyoked by,stimulation of theu
. mediodorsal‘or parafaecicular-paraVEntricular\nucLeiydthe :
reverse was cobserved with.morphine. However} the most _
str;king differennenbetween the central actions of ' ‘
fentanyl qpd morphlne was that the medial 1emnlscus was
next to the thalamrb nuclei in the order of decreasing
sensitivity ¢é° the effects of tentanyl, whereas this area

*

was the least affected by morph}he. Furthermﬁie, when ‘the

relative activity of these two drugs in FheLya ious areas

of the brain were compared it was found that the'limbic
structures (hypothalamus and hippocampus) were approxi-

mately only half as ‘sensitive to the effects of fentanyl (

than to morphlne. These resdﬁtS/support the observatlon of : R
Q,‘“ . ‘

Morrison (1970) that the’ neuroleptanalge81§i predominantly s
1nf1uence the perceptual mechanisms of pain. From the data
obtained in thrs study, it-may be concluded that this action:
is due to the relatively greater and lesser -effects exerted
‘by&fentanyl upon the specific somatoseﬂegry pathway and ‘Qﬁ

limbic system respectively.

From the study of Freeman and Ingvar {1967), it
- )
appears that fegtanyl has an excltatory action on the -

mesencephalic reticular syqtem which masks a less intensive
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depressant action on cortico-thalamic patﬁways.' This
- observation is in agreement with the present findings that

‘ »
fentanyl has a depressant action on thalamic systems and

that the dorsal midbrain area was the least sensitive to
the effeets of‘ttis drugi In the present study,- toxic

symptoms were becoming manifest at the doses of fentanyl
which were required to suppress the responses to dorsal
midbrain stimulation. Thus, the effects of fentanyl on

L ) - . \
this region of the brain may partly reflect toxic efifcts'
~

which interfered with the performance ‘'of the escape

» -~ . v ‘ ’ . \ \
y repponse .and may not be entirely related to its analgesiec @ |
S f‘)___ ”n . -
<\ mechanism of actign. . - - ’ R
' M . . 9 . . d v

On the other haﬁd, the present findinés are at
}.variance'with those of Hers,‘gs al. (1970) who used ‘the
method of injecting drugs“into restricted parts of the
' ventricular ssystem of rabbits. ,TheseQuthors felt trlxatjthe‘
"most(ef£Ective gites for the auti-nociqeptive’action of |
fent5ﬁ§l (and morphine) were- located in the fossa rhomboides
) and.surroundlng regions. ~Diencephalic and midbrain ’
structures were . considered to be: of minor importdnce in the <
, v 'actions of the analgetics. The doses of fentanyl injected
. correspond to those used 1n the prbsent study when body &
weight. and the greater. eifectiveness of nhslnttavex‘{tricular

routs ob administrstion are taken into‘account.

" . o J

~ (" [} i

One cannot explain this‘discrepancy 1n resulﬁs«oﬁ theY,J'

basis that different noc1ceptive responses (lickiqq reaction
‘. . ,
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tb toq;h,pulp stimulation as compared\to the‘escape
(response) were used or by a lack of diffusion to effective
'receptor sites.‘ According to Hoffmeister 11969), the
licking'réactioh'in rabbits is mediated exclusively by
‘thalamic strﬁétures and Schubert, et al. (1970) have showﬂ
that fentanyl rapidly penetratés into periventricular
séructurgs folibwin@‘intraventr;cular injection. At

- present, therefore, it is difficult to reconcile the

results of this study with those of Herz and.hisd%o—workers.

r

(b) "Propoxyphene.

The'brofile of activity obtained with propoxyphene

resembled that of. morphine except that the hypothalamus

/ 4 N

and hippocampus were found to be much less sensitive to
the effects of ﬁhis'drug when the relative activities of
morphine ahd,propoxyphene‘;p these two areas of tﬁé bf%in"
wereé compared. , The lesser éfﬁect‘qf prqpoxypﬁgne on

. %imbic structufgs may be partly responsible for th? lowe;,;
adéiction liability of.this compound. °This view i& '
supported by Hoffmeister (ciﬁ. E&Qy, et al. iseé{, who
demonffrated that qéxphine has a muéh'pregter effel& upon
tﬁe electrical activityi(sponﬁﬁnéousfcr evoked)_of\the
rhinenéephalic structures than propoxyphene and related

Aéhes; differential effects to the differenced in the

euphorigenic potency of these two compounds.

It should be mentipned,-howe#er, that, except for the

t
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thalamic nuclei, the doses which suppressed the escape

’ responses ellclted by stimulation of the remaining brain

areas exceeded the mlnlmal dose required to produce
conwulsions in the rat.  Thus, ‘it may be concluded that

most of the analgesic actions of propoxyphene are mediated
¢ .

" by thalamic structures. Nevertheless, the fact fhet the

‘pypothalaqus dnd hippocampus were next to the thalamic

»

nuclei in the declining order of sensitivity, suggests that
propoxyphene_can‘also sigdificantlyiaéfect the behaviorel
;esponses to pain mediated by the limbic.system, if given
in sufficiently large doses, In‘this respect, it should

be noted that addlctlon to propoxyphene can, and does,

- [§ [ g
occur following khe administration of h1gh doses in man

-(Halpern, l973‘and that this t:o_mpound also shows evidence

of some addiction liability in animals (Eddy$ et al., 1969).

L4 -
R )

(¢)" Tilidine:

The profile of activity of tilidine-was unique among

'

" the narcotic analge;ics in that the venffodqrsal nucleus

was the only area fouhd to be the most sensitive to the
effects of this compound. These results suggest -that the
main ectiod'of tilidine is on the:specifie somatosewsory
pathway, at least at the‘thalamié level. In this respect/

it resembles fentanyl, whlch is also a meperidine derivative.

Tilidine was signifiocantly less efigctive in .the

mediodorsal and parqfaac1cular—paraventricular nuclei of

- . . 1 hd ..Rff

- T



the thaiaﬁus, with. the formex being more seﬁsitive,to the P&
effects of tﬁis\drﬁg than xhe 1att§;. However, it must be
poinhted out that very hig oses of tiiidine ﬁad to be

uséd to p;oduce an effect, and that any effectd of tilidine

beyond those on éhe mediodorsal nucleus occurred at dose

levels exceeding t:he;LD50 value (400 “mg/k'g sc.) reported

for this compound in rats (Herrmann, et al., 1970). The
results~obtained wifh tilidine;are, therefore, likely to‘

A

be more a reflection.of its texic effects than an

indication 'of its analgesic actién. Thus, on the basis
of the present study, no definite ¢onclusions with respect
Fovﬁhe sites and mechanisms inyolved in the analgesic,

. action of tilidine can be made. . =
;

-

(d) Levomepromazine. , v R
. ) . J\ b
.. From an analysis of the dosé ponse curves obtained

"in the present study, one would predict that levomepromazine,

b

like morphine, influences primarily thé reaction component °

+to pain. At low doses this aeéion;is mediated by the >

by

' _mediodorsal nucleus, but, with increasing doses, thé.
‘ippoéampus and hypothalamus also betome in‘volvéd.‘- This:
¢ ' " view is supported by Hofﬁmeistef (1968) whg‘h;é shqynﬂthat . .
. both mérphing and levomepromazine exert their greatest
inhibitory effect on pain‘feactioné mediated by the
thaiémo-hypoth;1amo—rhinencéphaiic system. Morea%cr, the 4 N

* analgesic activity of these compbundsiappéared to be .

¢
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‘ e
specifically related to a thalamic site,, w@ reas their /
v : " anti-anxiety effécté were associated wijjh an action on )\

~

i

\ ‘the limbic structures. ‘
Oh the other hand, Weller and Sulman (1970), ih

studying the effec;s of serial neuralhtransectioh'on the
analgesic potency of various compounds, have concluded

that the integrity'of the thalamus and/or its connections

.

with higher structures are necessary for the full
analgesic effect of morphine but not for that of : /)
Jevomepromazine. These results are-con;rafy to those ¢

)

. obtained in the present study.
The observations of Weller and Sulman (1970, do not
necessarily preclude the importance of Fhe thalamus in the

X \‘analgesic‘activity ofvlevomepfbmazine.' fhe vocal respohse
measured by Weller and Sulman was shown~by these authors’
to be mediated by the medulla. Thus, if one assumes that

- o
levomepromazine inhibits this' response by & direction
. I action on the medullary centers (and the depressant effects
¥ * "

- of the phenothiazines on bulbar regions are well-known)
whereas morphine acts mainly iﬁdirectly thrBugh'an effect

T on the thalamus, then the results observed by Weller and
. . . . ] ;
- v Sulman may be accounted for, without having to exclude a

Y possible thalamic stie of action for levémepromazine. -

Furthermore, since the vocal response was found to be

mediated at the medullar§ level, the iuthors;éuggested ’

that its-inHibition by drugs may be the result of

B
<
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»

pharmacologicai actions which are only continéently
. - | | 'y
associated with analgesia.

-

On the basis of the dose-response curves obtained

with levomepromazine in the. ventrodorsal nucleus, medial Q°

S C
lemniscis and dorsal midbrain, one would postulate that

levomepromazine also, impairs the perception of pain.
Howeveryathese effects of levomepromazine déccurred at dose

s \

levels which were beginning to show some of the sedative
and cataleptic side effects of levomepromazine (Gowdey,

- 0 .
etyal., 1960Y¥. . Beyond this level, even slight increments
~ v i

in dose result in a maxked increase in the severity of the

side effects. Thus, the effects of 1evomépromazine on

ventrodorsal nucleus, mediai lemniscus and dorsal midbféin
' (A

”

area must be consideréd as being primari1§ due to toxic

effects which interfered with the performance of the

»

escape response. . .

The most striking feature of the present study was

that. the slopes of the dose-résponse curves ‘obtained with

9

levomepromazine were significantly different from those
pre9uced by thi narcotic analgetics,in the same brain area,
whereas the dose-response curves obtained with the different
narcotic analgetics in each &f thefbrain areas investigated
were all found tévbe parallel. “Tﬁese results are consisteéht
with the iypothesis that narcoL;c analgetics act at the

same receptor sites throughout the qentrat nervous sysggm

(Grumbach and Chernov, 1965), which are, however, different

J

3

SN

ugereite-_L
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from those mediating the actlons ofz}evomeproma21ne ,

o

(Maxwell, et ial., 1961; Wellee—aﬁé/Sulman,‘l970 Kuromi,

Satoh and Takagl, 1972),
o ).v:.’ ’ . 9
Although the differential segpsitivities of the .~
various areas mediating affective behaviour (mediodorsal ol

=

nucleus, lateral hypothalamﬁs, ané'hippocampus) were very |
similar for heroin, morphine and levomepromazine, theg

slopés of the dose-response CUrves”produded by levomepromazine

~

were only half as steepr%s those obtained with heroin &r
morphine in these areasgy, Thus, if the intensity cf-affec

(instead of egcape respondixrg) wére.plot#ed against doé?

rd

and gssgming that'tﬁese two parameters canform to a lihear

log~1log relatlonshlp (Charpentler, 1968), one canbdsee that

the alteratlon in affect: produoﬁd by levomepromaZLne, both

[}

1n.absolute terms~anﬁ in the degree to which the.pafamgter

is changed bf ideﬁtiéal shifts in doses, wGulQ Be hugﬁ less
than that produced b? morag%%s,; Such a-factor would
greatly reduce the reinforclng effects obtained by an "”

individual consequent to drug- admlnlstratlon. Thesé

v

§
observations may therefore partly account for. the fact that
n M ‘ -
the narcotic analgetics and thé phenothlaZLnes resemble

—

, each- otﬂer closely in their behav1oura1 efﬂécts and yet are
so far apart (the former comprlslng the most. addlcting
drugs and the latter the least addicting drugs) in terms;

R - - o

of theit addiction liability.
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In the present study, intermediate doses of both
. < >
morphine and levomepromazine were also found to depress,

m

,in a,dose dependent - manner, the escapel¢espons€ elicited

+

by stLMhIQtlon of the opglc tract. This area is not
°c

ordlnarlly ‘implicated in central paln processes. These
results, however,--do not necessar11y~1mply that the drugs
are nonspecific in ‘their effects upon varrous sensory . ®
system. As Olds and 0lds (1963) have p01nted out, a

strong negativ6>affect is probably'ettached to .excessive

'stimulation of any sensory modality.t\Levpmeprdhazine'and

morphine may therefore not have 'been judicious)choices ‘
for investigating the effects of analgetics onooptic tract

stimulation, since bbth drugs ;elieve:paiﬁ primarily by .-

’

altering the affective component. Had an analgetlc which

acts mainly on perceptual mechanisms been usedﬂlrt is' ' o

likely that a clearer separation of efflts would have o

been obtained. i )

{
This view is suppof¥ted bx the éact ‘that the dose-

esponse curve for leggmeprOma21ne 1n “the optic tract
‘_‘

,belonged to the same family of curves which contained the -

.exhibited by this area.' in the case of.morphine, the

medlodorsal nucleus,alateral hypothalamus and hippocampus

and ranked last in terms of the differential sensltivf%y
..

l}. e

Y

dose-response curvenfor optic tract stimulation was,parallel

L

to those from the other areas; the‘gensitivity of the'optic

tract r.ted between that of the hippccampusﬁand dorsal



T 191

midbrain area. It may thereforé be concluded that the
effects of morphine and levomepromazine on optic tragt

stimulation were mediated through an indirect action on

c‘ﬂ‘\'ﬁf . ’

structures responsible for the creation and modulation of

affective behavior. s

N

. {‘}
¢ -

If we are to accept the concept that the main actiom

-

of morphine is upon behaviour (Dews, 1969), and, considering

_that the response to pain ig a complex, learn;H behavioural
"reaction "involving the whol® of the nervous system and

- psyche" (Charpentjer, 1968), then only studies which use

o

behavioural response meagures as an index of drug action

. tsuch as the present inves;igatiody'can'prqvide any

relevant information about the central agtions of morphine.

«

Ho&evarj a single measure of behaviour will usuall§ not be &
\ .
. ) {
adeguate enough to differentiate the acjion of morphine

from that of other drugs. It is necéséary, therefore; ’

that studies on the béhavioufal effects of morphine include’
N, : %,

* a spectrum. of behavioural criteria in a variety of species

s ' : '
so that the effects én fundamental ‘components of behaviour

can be deduced. This is the, line of approach that future
. N '
research on the neuropharmacology of analgesic compounds

4

-shoula take if“a'cléaggr understanding of the neurologicald

mechanisms underlying the fundamental mode of action of

these drugs is to be obtained.

N



- ’
SUMMARY AND CONCLUSIONS - ;

In a sefies of 360 rats, bipolar, Nichrome electrodes,

diameter énd insulated with Fornvar except for

-~

cated in central pain mechanisms. ,The stereotaxic
inates of ‘the brain arees chosen for in6gstigation
. the ventrodorsal, dorsomedial; parafascicula; -
paraventriéular and ventral anterior nuclei of the -
thalamus, dorsal and veq}ral hippocampus, fimbr}a
hippocampi, anteriorwamygdaloid area, caudate nucleus;'
.anterior and 1atera; hypothalamus, dorsal midbrann and
medial lemniscus - porreeponded to those described by‘
Olde and Olds (1963) as being the most efficaciousrin
establishing an escape response. Electrodes.were alse
implanted in the optie tract in order to include a
‘sensory system unrelated to pain mechanisms. All ‘

electrode placements were verified histologically.

Rats were placed in a two—way shuttle-box and tested for
escape responding using a 60 Hz current delivered from

an AC stimulator built specifically for the purpoie of

N : )
‘ the present investigation. In order to ensure a

minimal épread of currenﬁ, rats not responding to a .

id )
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o (.-.

current intensity of 100 uA were eliminated from the-

experi'xnent"

3. Stimulation of a number of areas, notably the ventral
N hippocampus, fimbria hippocampi, anterior amygdaloid
area, caudate nucleus and ventral anterior nucleus of

the thalamus, did not elicit escape responding, even’

7
thou§h prolonged response shaping and higher intensities
of stimulation were tried. This may be due‘to the
v ' \ conflict of behaviour incurred in the shuttle-box
n
&

situation and the role these areas ‘play in pass%§9
’ ']

v+ avoiance behaviour.

4. Stlmulatlon of the remaining sites motivated rapld )
learning of the escape response. The aversive thresholds
of rats with electrodes implanted in these regions of
the brain were degermined by means of a titration

“schedﬁie wheréby the intensity of thé stimulus decreased
in a stepwise fashion ;fAthe animal responded to the
s;imulus by crosging to the opposite half of the caée
during the shock intérval,or,iﬂcreased in similar

b4

steps if it did not respond.

o

5. The effects<mEanumber of analgesic drugs - morphine,
heroin, fentanyl, propoxyphene, tllidine and
levomepromaﬁine - on the escape response to suprathreéhqld
gtimulation of the areas eliciting aversive thresholds
werelthen,tested. The intensities of stimulation usedh ‘

were always a constant function of the aversive threshold




194

,(2.2 times that of théﬁgvgrsiye threshold) determined
for each animal prior to each drug tr¥al. In this

-

manner, the effects of the analgesic agents—ﬁgre

always studied against:a behavioural response which

was similar for all animals. )

6. ~Et was found that the technique of intracranial aversive
:stimulatibn was comparable to those employed in the
'smtg classical algesimetric procedures in that re-
producible measurements -of the relative analgesic
° potency ofvthe different compounds were obtainedl
Comparative studie; with the rat-tail-flick assay

indicated that, while the intfaéranial stimulation

.  technique used in the present study was not more

sensitive to the absolute amoungs of drug required to
attenuate pain-related behaviéur,tit was superior to
the more commonly used algesimetric methods in so fqg

as detecting the effects of smaller‘chénges in dose

interval are concerned. _ . -

p
7. The results of the present study indicaté that brain
areas which play different funqsioﬁal role§ ;n the
omodulatioyfi of éhe sensory and behavioural reigonse to
pain have a different pharmacological sensitivity to
analgesic agents. When the ;;fects of each drug in
the various braim-areas were coﬁ;ared, it was found

that each narcotic anajlgetic was ‘associated with a
N . | 4

’ "
family of parallel dose-response curves whereas the
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N : , \

- phenothiazine deriva;ive,,1evoggproﬁazine, pgoduced two

sets of parallel dose-response curvés. The shifts in

the parallel dose-response curves obtained J&th.each
. * - : \

compound therefore provided an estimate of the differ-
\}/J\ b ' -

_‘ential sensitivity of the various brain areas to the

effects -of that particular drug. : ' .

e Y

The slopes of the dose-response curves obtained with
levoméprdﬁazine were significantly different from those
produced by the narcotic analgetics in the corresponding
brain areas, whereas ﬁhe dose-response curves'obtained
Qith the ‘different narcotic analgetics in each of the
brain areas investigated were all found to be parallel.
Furthermore, the ‘spegific nar;;tic #n;ggonist, naléxone,
blocked the effeété of tﬁe narcotic énalgeiicq but not
those of levomepromazine. These results are consistent/’
with the hypothesis that narcotic anelge%ics act at the
same r;ceptor sites throughout the cent;gl nervous p
systemlwhich-are, however, different from.£hose ﬁediatiﬁg

the actions of the phenothiazine derivative, lévomepromaziﬁe.
) !

There existed some commonality of action amon§ all o%
-— . : . P -

~

the analgetics investigated in the present study. '
Broadly speaking, the thalamic nuclei ;mediodorsal,
ven:rodorsal and é&raﬁasﬁfZGIar - pafavent;icul;; complex)
were the most sensitive to the effects of the analgesic -

compounds, whereas the anterior hypothalamus and medial

lemniscus tended to be the least affééted by these drugs

.
\ﬂ/
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the lateral hypothalamus, hippocampus and' dorsal ‘- \
midbraip ared usually exhibited an intermediate
.sensitivity.® Intermediate qPSéé of both mqrphine and

. . , 1 : . . .
y ‘ : levmepromazine were also found to depress the escape

Pl #3

o ;;L;esponse elicited by stimulation of the optic tract, an

) _area of theybrain which is not ordinarily associated

L2 " with central pain hechahisms: This similarity 6?‘ |
“actions suggests that the drugé‘investiqéted in the

present study‘%orm a pharmacological class of compounds . '

whose common properties deserve further study.
- , o .
10.. On the béasis of the differential sensitivity exhibited
= . by the various brain areas to the effects of the o

(4 - . .
analgesic drugs tested in the present investigation, it

was concluded tfist analgesia of the morphine ty‘pe . ‘
involves f@rst, an alterg;ionfin the integrating

activities of the non-specific (selective perception),
agssociational (eﬁotional béhavib:) and specific

somatosensory (sensory awareness) thalamic nucleij;

* second, an influehce upon the structu;es\éontrOIIing —~ .
(hypothalamus) or modulating (hippocampus) emotional
behaQior: third, an action upon the perceptuﬁl and .,
behavioral requrfsés mediated by the dorsal midﬁrain; ‘
and, fourth, an impairment of(sensory impulse trans;-

mission within the maig somesthetic conduction pathway‘

(medial lemniscus). The observation that the thalamic r

nuclei were the most sensitive to the effects of the.

’
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13.
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~

haJioral components of pain’at the

analgetlcs ‘suggests. that these drugs 1nf1usnce‘both the .
'sensory and 94?

L3 N - »

' ;halamlc level. . : - ' NG

[}

* ) .
On the other hand, both within the opiate class of

compounds™ and between this group of drugs as a whole and
. ‘. ¥ -

1 " >

" ‘the phenOthiezine derivative, some striking dissimi-

k)

larities among the acéions\of the_drugs were also

'_observed.'rThis difference in drug action reflecteq

«
the’extent with whlch each drug 1nfluences the “two
1SN

componeqts, sensory perceptlon and behavroural reaction

-
o, .

¢ ¥

of the pain response. )

The greeter sﬁnsitivity-of the lAtéral h¥potha1amus and
p
hippocampus to herorn and morgpﬂne may account for the

proportionately 1arger 1nf1uence that these drugs have .
Py

¥

upon- ‘the reaction component of paln and may‘be related

to thefr high addrction 11ab111ty.

While the differential-.central effects of her01n and
morphlne obtained in thxs study resembled each other
generally, they were not entirely identical The
hrpp&campus tended to be more sensitive while the L
dorﬂal nidbr;ln, anterior hypothalamus and medial & ‘
lemniscus were less sensitive to herofm;than morphine.

From these results it was concluded that heroin )m&

have a grester effect upon the behavioqral comgonent

' sof pain than morphine and that, contrary to theé commonly

* A

A

| 3
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this drug on the structures of the limbic system suggests\

- or morphines

- ) 198
7

accepted.theory, the anal ic action of heroin is

mediated by -a more effi cious'drug-receptor interaction

w1th the heroin molecule 1t§elf and not solely through

>
& »

’ »
prlor conver51on to morphine,

-

The greater effectlyenésstof fentanyl on-the specific L.

somatoseﬁso;y'pathway (ie., ventrodorsal nucleus of the

k4

thalamus and medial }emnisous)'éhd the' lesser efféct of

.
4
LN

that it, like the other analgesio agepte used in - -

neurolepténalge?ia,*has a proportionately greater influerice -
. i - :

upon the ge;qeptu&l’mechenisms of pain than either heroin
[ 3 ) ) . : ) . ~

=

With the exception of the;ﬁhalaﬁic nuclei, the doees

- of propoxyphene reéquired—to suppress the escepe responses

ellclted by stzmulation of the remaining brain areas \L}/;
approached toxic levels. It was therefore concluded that

most of the analgesié actionb of proé‘oxyphene are mediated ‘
i o ’ P
by thalamlc structures. Nevertheless, the fact that the

hypothalamus and hippocampue ranked next to theathalamic

nuclei 1n the declinlng order of sénsitiv1ty suggests (\

that propoxyghene can also slgnifiCantly affect.:he
A

behavioral responses to pain medTated by the limbic - B ‘

system if. §given in sufficient}y large doses. 'ﬁ

Tilidine exh&bited a profile of’ &ctivity which was

- different from that ot thejtemaining narcotic analgetics. -
. : ' '

o
-
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ﬁHoweVer, since very high doses of‘fhis coméoﬁnd hed to |
f : ' be used to produce an eﬁfectyvno definite conclusions |
with respect to the:sites and mechanisms.ihvolved in -
- , the analgesic¢ action of tilidine could be made. *
: . 1
A7. The differentialisepsitivity of the b;ain‘arees meoiatipg

affective behaﬁiour‘(mediodorsal nucleus of the thalamus,

a
4

lateral hypothalamus=and dorsal hippocaﬁbus) to -the

o

effects of levomeproma21ne were 31m11ar to those observed
for heroin or‘morphme However, the slope fux’ic'tlons of .
" the dose-response curves produced by’ levomePromqgine

-r

were sxgnxflcantly léss than those" obtained with the

narcotic aalgetics .in.these ‘areas. Moregser; as

7 .. -

statedr above, naloxone blocked the Pctions'of te:Bopiates

.but not those of levoéepromazine and.it was the;efore

. conc}udea\that the'phenothiazine,derivative produces an'
analgesia similar\to that of morph{he but mediated by

) receptofﬁsites(which are different from those of the

riarcotic analgetics.” These observations may explain

why. the phenothiazine tranquilizers resemble each other ,

%closéiyiin their behaqioutal effeofs-desp;teﬂbeing'gt

‘the ‘opposite extremés in-terms of their’ addiction

- liability. ”

18. Aithough both, morphirie and levomepromazine also depressed
the escape response'eligited by optic tract -atimulation,
it was concluded that this data did not ﬁecesse;ily

FS
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imply asmonselective mechanism of action for these

compounds.

Undoubtedly, a great many parallels in the effects of
u

analgesic agents on centrallyJelicited aversive behaviour

_must be eétab;ished,before any definifé conclusions

concerning‘%hé fundamental ‘mode of actions of these

\éompouhds can be made: Nevertheless, it is suggeéted

. £hat the experimental t;dhniques employed :in the present
— .

_study may serve as a basis for the design of other

' relevant approaches in studies on the central, actions

of analgesic compounds.’
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