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Abstract

CHOLINERGIC INVOLVEMENT IN PAIN INHIBITION

by

Ellen Sperber 

Advisor: Professor Richard Bodnar

Acetylcholine and its  receptor agonists increase pain 

thresholds and may be important in the mediation of opioid 

and non-opioid forms of pain inhibition. The present 

study assessed the effect of muscarinic receptor 

antagonists, scopolamine (0.001-10.0 mg/kg) and 

methylscopolamine <1.0-10.0 mg/kg) upon analgesia induced 

by cold-water swims (CWS), 2-deoxy—D-glucose <2DG> 

glucoprivation, forepaw (FPS) and hindpaw (HPS) footshock, 

pilocarpine, D-ala-D-leu-enkephalin (DADL), beta-endorphin 

(BEND) or morphine. Scopolamine and methyl scopolamine 

significantly reduced CWS analgesia on the jump test 30 

min after the swim and eliminated this effect 60 min 

following the swim. In contrast, both muscarinic receptor 

agonists potentiated CWS analgesia on the ta i1 -flick  test 

and increased CWS hypothermia effects and these were 

correlated. Scopolamine and methyl scopolamine increased 

the duration of 2DG analgesia, particularly on the 

jump—test. However, both muscarinic receptor antagonists
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reduced 2DG hyperphagia in a dose-dependent manner. This 

effect Mas correlated with the ab ility  of scopolamine and 

methylscopolamine to reduce basal food intake. In 

contrast to their mediation of the neurohormonal analgesic 

responses of CWS and 2DGf neither scopolamine nor 

methylscopolamine altered neurally mediated FPS or HPS 

analgesia. Scopolamine, but not methyl scopolamine, 

eliminated pilocarpine analgesia on the Jump test and 

ta il- f lic k  test indicating differences in cholinergic 

mediation of CWS analgesia relative to this muscarinic 

receptor agonist. Scopolamine and methylscopolamine 

effects upon analgesic and other stress responses could 

not be attributed to shifts in baseline Jump thresholds, 

ta il- f lic k  latencies or core body temperature changes. 

Despite the postulated synergy between cholinergic and 

opiate agonists, scopolamine potentiated DADL and 

morphine, but not BEND analgesia on the jump test. These 

results indicate that the cholinergic system mediates pain 

inhibition independently of the endogenous opiate system. 

The different patterns of reductions in CWS and 

pilocarpine analgesia by muscarinic antagonists suggest 

peripheral and central cholinergic influences. That some 

analgesic responses are reduced while others are 

potentiated by muscarinic receptor antagonism provides 

further evidence for heterogeneity in pain inhibition and 

possible collateral inhibition exerted between systems.
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Research conducted ovtr the paat fifteen yaars has 

astablishad tha axistanca of multipia pain inhibitory 

systams in rodants. Soma of thasa appaar to ba madiatad 

by tha andoganous opioids whila othars appaar to act in— 

dapandantly of tha opioid systam. A principal tool by 

which differant pain inhibitory systams can ba activatad 

is to expose an animal to acuta anvironmantal strassors 

(saa raviaws: Bodnar, Kally, Brutus 8c 01 usman| Watkins It 

Mayor, 1982). Basad upon tha typa of strassor amployad, 

ona can ganarata difforant profilas of analgasic re— 

ponsas. Though considarabla rosaarch has putativaly 

involvad tha naurotransmittar acatylcholina <ACh) in opi­

oid forms of pain inhibition, l i t t la  is known of its  

intaraction with tha strass—ralatad activation of pain 

inhibitory systams. Sinca tha mucarinic racaptor has baon 

implicatad primarily in cholinergic mediation of pain 

inhibition, tha present study employed tha potent muscar­

inic receptor antagonist, scopolamine, to determine i f  i t  

altered the different analgesic responses of rats follow­

ing acute exposure to cold-water swims (CWS), 2-deoxy-D- 

glucose (2DG) glucoprivation or two forms of inescapable 

footshock (IFS). Analysis of analgasic alterations across 

multiple pain tests and across the dose— and time—response 

curves of the tertiary (scopolamine) and quaternary 

(methylscopolamine) forms of the muscarinic receptor an­

tagonist were performed. Alterations in the analgesic
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stress responses were compered with the effects of 

scopolamine and methylscopolamine upon a) other stress- 

related responses, b) analgesia induced by the muscarinic 

receptor agonist <pilocarpine), c) basal pain thresholds 

and d) analgesia induced by the opiate mu receptor ag­

onist, morphine, the opiate delta receptor agonist,

D-ala—d—leu-enkephalin (DADL) and the opiate epsilon re­

ceptor agonist, beta-endorphin (BEND). The following 

sections review evidence for a) the existence of an opioid 

mediated pain inhibitory system, b) interactions between 

opiate and cholinergic analgesic systems, c) the existence 

of multiple pain inhibitory systems activated by environ­

mental stressors and d) a rationale for the present series 

of experiments.

A. An Opioid Pain Inhibitory System

Following the formulation of the gate control theory 

of pain (Melzack Sc Wall, 1965), subsequent research has 

focused on that aspect of the theory which suggested the 

existence of centrifugal influences from the brain to the 

spinal cord specifically designed to inhibit pain. This 

was confirmed by in itia l observations that either morphine 

microinjections into or electrical stimulation of discrete 

subcortical areas induced analgesia (Reynolds, 1969J Tsou 

Sc Jang, 1964). Both morphine microinjection analgesia
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(MMA) and stimulation-produced-analgesia (SPA) w«r« found 

to ba allcltad fro* midline aubcortical structures, in­

cluding tha midbrain dorsal rapha nuclaus and tha 

periaquaductal gray (PAG), tha hypothalamic and pontina 

parivantrlcular gray araas, tha madullary nuclaus rapha 

magnus (NRM), tha nuclaus raticularis gigantocallularis 

(NRGC) and tha vantral thalamus (saa reviews! Oabhart, 

19821 Mayer & Prica, 1976| Massing <t Lytla, 1977) Yaksh It 

Rudy, 1978).

Savaral othar slm ilaritias between MMA and 8PA suggast 

thay activata a common pain inhibitory system. First, 

summation of subanalgasic morphine doses and subanalgasic 

stimulation currant producad analgasia (Kally, Such, 

Brutus, Glusman tt Bodnar, 19781 Samanin tt Valzalli, 1971). 

Sacond, SPA and MMA rasult in tolaranca with rapaatad 

stimulations (Jacquet Si Lajtha, 19751 Mayar St Hay as, 19751 

Sassle, Dubnar, Graanwood tt Lucian, 1975) and partial 

cross—tolaranca davalopad with thasa two manipulations 

(Mayar tt Hayas, 1975). Third, lasions placad in aithar tha 

NRM or tha dorsolataral funiculus (tha dascanding projec­

tion to tha dorsal horn of tha spinal cord), disrupted 

both forms of analgasia (Basbaum, Mori ay, O’ Keefe tt 

Clanton, 1977} Dostrovsky tt Deakin, 19771 Rhodes, 19791 

Samamin, Ghezzi, Mauron tt V alzalli, 1973). Fourth, both 

MMA and SPA are decreased following either depletion of 

serotonin or dopamine or receptor blockade and are in—

3



creased following norepinephrine depletion (Akil Sc 

Liebeskind, 1975) Akil Si Mayer, 19721 Hughes et a l. ,

1977) Tenen, 1968) Vogt, 1974) Yaksh St Rudy, 1978).

Fifth, the analgesic responses following MMA and 8RA 

elicited from the PAQ produced excitation of units in the 

NRM and inhibition of nociceptive units in the substantia 

gelatinosa of the dorsal horn of the spinal cord 

(Behbeheni St Pomeroy, 1978) Fields St Anderson, 1978) 

Oliveras, Besson, Quilbaud St Liebeskind, 1974). Further, 

this inhibition of nociceptive input by MMA and 8PA was 

selective in that non-nociceptive units in the dorsal horn 

were not affected • (Fields St Basbaum, 1978) LeBars, 

Menetrey, Conseiller Sc Besson, 1979) Liebeskind, Guilbaud, 

Besson Sc Oliveras, 1973) Lovick St Wolstencroft, 1979) 

Oliveras et a l. ,  1974) Satoh St Takagi, 1971) W illis, Haber 

Sc Martin, 1977). Finally, endogenous opioid peptides and 

opiate receptors were found in high concentrations in 

areas which elicited MMA and 8PA (Atweh Sc Kuhar, 1977a,

Sar et a l. ,  1978) Mayer Sc Price, 1976) Watson et a l. ,

1978) Yaksh Sc Rudy, 1978).

The latter findings suggest a physiological substrate 

through which MMA and SPA exert their analgesic effects 

with morphine activating opiate receptors and electrical 

stimulation producing release of endogenous opioids.

These data are further supported by the observation that 

three types of opioid peptides, the endorphins, the en-
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ktphilint and tha dynorphins (an  raviaw: Akil at a l .y 

19S4) alao a lic it  analgaaia. Low doaaa of BEND admin— 

iatarad intracarabrovantricularly (ICV) inducad analgaaia 

(Bloom at a l. ,  19761 Jacquat 8c Marks, 19761 Ronai,

8zakaly, Graf, Dunai-Kovaca ti Bajuaz, 1976| Sagal, Brown#, 

Bloom, Ling St Gui Hainan, 1977) and highar ICV doaaa of tha 

ankaphalina producad a mild tranaiant analgaaia (Baluzzi, 

Grant, Garaky, Sarantakia, Wiaa St Stain, 1976| Graf, 

Szakaly, Ronai, Dunai-Kovaca St Bajuaz, 1976). In 

contraat, anti-aara raiaad againat aithar mat—ankaphalin 

or BEND producad hyparalgaaia (Bodnar, Nilavar, Wallaca, 

Badillo-liartinaz St Zimmarman, 1984). Dynorphin-ralatad 

paptidaa typically alicitad analgaaia only aftar intra- 

thacal injactiona into tha aubarachnoid apaca of tha 

aplnal cord (Baabaum, Jacknow, Mulcahy St Lavina, 19831 

Goldatain, 1979) Han St Xla, 19821 Piary, Lahti, Schroadar, 

Einapar St Barsuhn, 1982). Rapaatad administration of 

aithar andorphina or ankaphalina raaultad in tolaranca and 

croaa-tolaranca with aach othar (Huidobro—Toro St Way,

1980) or with morphina (Szakaly, Ronai, Dunai—Kovacs, 

Miglacy, Bajuaz St Graf, 1977| Van Raa, DaWiad, Bradbury, 

Hulma, Smytha St Snail, 19761 Wai St Loh, 1976).

I t  should ba notad that tha analgasic effacts a lic ­

itad by opiataa or opioid paptidaa ara not antiraly homo— 

ganaous. For instanca, opiata racaptors hava baan local— 

izad in tha spinal cord (Atwah St Kuhar, 1977c) and appaar
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to mediate analgesia -following intrathecal injections (see 

review: Yaksh, 1981). JTiis opiate spinal systee interacts 

with, but is not to tally  dependent upon, supraspinal opi­

ate systems (Yeung 8c Rudy, 1980a,b ) .  Furthermore, the 

different groups of opioid peptides have been hypothesised 

to interact with different sub-populations of opiate re­

ceptors: mu, delta, kappa, sigma and epsilon (Herz et a l.,  

19801 Lord et a l. ,  19771 Martin et a l. ,  1976). Various 

opioid peptides and- opiate receptor subtypes appear to be 

differentially  distributed in spinal and supraspinal 

structures (see review: Akil et a l. ,  1984). In this regad, 

interactions among opiate and opioid agents sometimes 

produce unexpected results. For example, while simul­

taneous administration of BEND and morphine result in a 

potentiation of analgesic affects, simultaneous adminis­

tration of enkephalins and morphine produce an attenuation 

of analgesic responses Huidobro-Toro, 1980). These data 

indicate that different opioid subsystems mediating pain 

inhibition exist. Based on such data, Fields and Basbaum 

(1978) proposed the existence of an opioid pain inhibitory 

system which was dependent upon descending bulbo—spinal 

pathways which received input from the PAG and other mid- 

brain and pontine nuclei (Basbaum 8c Fields, 1984). An 

integral component of this system is the medullary midline 

cells of the NRM and NRGC which are directly activated by 

spinal input or indirectly activated through opioid-medi­
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ated excitation from the PAG. In turn, these medullary 

units descend through the D L F  to the dorsal horn and in­

hibit nociceptive-specific cells. Basbaum and Fields 

(1984) implicated two neurotransmitters, serotonin and 

norepinephrine in the mediation of these spinal effects 

(see also Yaksh, 1901). However, additional research (see 

below) has suggested that supraspinal opiate analgesia can 

also interact with the cholinergic system.

r  * ;  • f

B. Acetylcholine and Analgesic Processes

Choiinergic agonists produce analgesia in humans 

(Floodmark Sc Wrammer, 19451 Pellanda, 1933) and animals 

(Davis, Pollock Sc Stone, 1932)- across a wide variety of 

pain tests (Chen, 19509 Hendershot Sc Forsaith, 19591 Herz, 

19629 Jacob Sc Barthelemy, 19659 Leslie, 19699 Metys, 

Wagner, Metsova Sc Herz, 1969). T a il-flick  latencies, a 

measure of spinally—mediated noxious thermal reactivity 

(D*Amour Sc Smith, 19419 Grossman et a l. ,  1982), were ele­

vated fallowing administration of either cholinesterase 

inhibitors (e.g. physostigmine), muscarinic receptor 

agonists (e.g. pilocarpine), nicotinic receptor agonists 

( i.e . nicotine) or ACh itse lf (Battacharayer Sc Nayak,

19709 Bhargava Sc Way, 19729 Calcutt Sc Spence, 19729 Dayton 

Sc Barratt, 1973J Harris, Dewey Sc Howes, 19689 Harris, 

Dewey, Hawes, Kennedy Sc Pars, 19691 Ireson, 19709 Paalzow
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8c Paalzow, 1 9 7 5 )  Padi go Sc Dewey, 1 9 8 1 1 Romano 8c King,

1 9 8 0 1  Sahlay 8c Barnaton, 1 9 7 9 ) .  Furthermore, both chol- 

inargic racaptor agonista and ACh producad analgasia on 

tha writhing tast, a measure of raactivity to noKious 

viscaral stimuli (Daway, Chau-Phan, Cocolas, 1 9 7 6 )  Irason, 

1 9 7 0 1  Parkas 8c Pika, 1 9 6 9 1  Padigo, Daway Sc Harris, 1 9 7 9 ) ,  

tha hot-plata tast (Mattila, Ahtaa, 8c Saarinvaara, 1 9 6 8 1  

Plauvry Sc Tobias, 1 9 7 1 )  Romano Sc King, 1 9 8 1 1  Van Eick S t 

Bock, 1 9 7 1 )  and tha jump tast (King Sc Romano, 1 9 8 0 1  Part,

1 9 7 9 )  in a mannar similar to morphina. Muscarinic racap- 

tor antagonists, particularly scopolamine and atropina, 

blockad analgasia inducad by cholinergic' racaptor agonists 

(Dayton 8c Garratt, 1 9 7 3 |  Irason, 1 9 7 0 1  King Sc Romano,

19811 Padigo at a l. ,  1979| 8ahlay Sc Banston, 1979) .

Mora racantly, studies hava focusad upon tha machanism 

of action betwaen acatylcholina and morphina inducad an­

algasia. While morphina analgasia was potantiated by 

simultaneous adminstration of aithar ACh (Padigo at a l■,

1975) or chol inomimatics (Bhargava 8c Way, 19721 Calcutt 8c 

Spenca, 19721 Howas at a l., 19691 Irason, 1970) Kakkola Sc 

Ahtaa, 19771 Plauvry Sc Tobias, 19711 Takamori, Tulunay, 8c 

Yano, 1979), cholinargic analgasia was potantiatad by 

prior administration of opiates (Romano 8c King, 1976).

Lika morphina, ACh and cholinomimatics davalopad tolaranca 

following rapaatad administrations (Dayton 8c Garratt,

19731 Howas at a l. , 19691 L ittla  8c Raas, 19741 Padigo 8c

8



Dewey, 19811 Pert, 1975).

I-f th« cholinergic and opiate analgesic- systems inter­

act physiologically with one another, i t  would be expected 

that cholinergic and opiate receptor antagonists would 

block the other type of analgesia, in addition, cross- 

tolerance should develop between the analgesic effects. 

Data supporting this hypothesis have not been entirely 

consistent. Some studies reported that cholinergic re­

ceptor antagonists partially  attenuated eorphine analgesia 

(Romano 8c King, 1970) Takemori et a l. ,  1975) and opiate 

receptor antagonists partially  blocked'cholinergic anal­

gesia (Harris et a l. ,  1968) Howes et a l. ,  19091 Lewis, 

Cannon 8c Liebeskind, 1981| Pedigo 8c Dewey, 19811 'Rambadran 

8c Jacobs, 1978) Romano 8c King, 1981) while others have 

failed to observe opiate antagonism of or by cholinergic 

analgesia (Dayton 8c Barrett, 19731 Irason, 19701 Kakkola 8c 

Ahtee, 19771 Plauvry 8c Tobias, 1971). However, s t i l l  

others have found a potentiation of morphine analgesia 

fallowing cholinergic antagonists (Lewis, Cannon 8c 

Liebeskind, 1981). Repeated administration of cholinergic 

racaptor agonists producad only partial cross—tolerance 

with morphina analgesia (Padigo 8c Dewey, 1981) while 

morphine-tolerant monkeys displayed normal cholinergic 

analgesia (Pert 8c Maxey, 1975). Finally, analgasic 

cross-tolerance between morphine and ACh fa ils  to occur in 

rats (L ittle  8c Rees, 1974$ Howes et a l.,  1969). Thus,

9



while cholinergic and opiate agents each produca analgaaia 

and potantiata aach other's analgaaic effects, i t  ia not 

claar whethar tha 1attar actiona ara tha raault of acti­

vation of common pain-inhibitory machaniama.

C. Multiple Pain Inhibitory Syatama

Tha hataroganeity of opioid forma of pain inhibition 

and tha apparant hataroganaity of cholinergic and opiata 

forma of pain inhibition corraapond with othar avidanca 

aupporting tha hataroganaity of pain inhibitory procaaaaa. 

For inatancap decreases in analgaaia inducad by acupunc- 

tura, but not hypnoaia occur following pratraatmant■with 

opiata racaptor antagoniata (aaa raviaw: Mayar Sc Prica, 

1976). Naloxone, an opiata racaptor antagoniatp raducad 

SPA alicitad from vantral but not doraal PAG aitaa (Akil 

et a l., 19761 Cannon et a l. ,  1983) Oliveras at a l. ,  1977) 

Part at a l . ,  1976) Prieto et a l. ,  1983) Yaksh at a l. ,

1976). Moreover, racaptor antagonists of vasopressin and 

opiates failed to black each others analgesia (Berkowitz Sc 

Sherman, 1962) Barntson Sc Berson, 1980) Kordower Sc Bodnar, 

1984). Furthermore, neurotensin analgesia ia neither 

cross—tolerant with morphina nor reversed by naloxone 

(Clineachmidt at a l. ,  1977) Osbahr et a l. ,  1981).

Tha primary focus of the present study involves tha 

hataroganaoua pain inhibitory processes activated by acute

10



exposure to savaral environmental s trm o rs  or stress—in­

duced analgasia, SIA, (aaa raviawi Amir* at a l.,  1980! 

Bodnar at a l. ,  1980c! Terman at al ■, 1984! Watkins tt 

Mayar, 1982) ■ Different stressors or different parameters 

of tha same stressor can e lic it  analgasia that exhibit 

independent physiological or pharmacological profiles. 

Differences in stress-related analgesic responses are 

observed following a) opiate receptor antagonists or 

morphine tolerance, b) manipulations of the hypothalamo— 

hypophyseal—adrenal axis or c> physiological and pharma­

cological manipulations of central nervous system 

processes. In this regard, Watkins and Mayer (1982) 

classified stress-related analgesic responses as either: 

opioid—neural, opioid—neurohormonal, nonopioid-neural, or 

nonopioid- neurohormonal. A stress—related analgesic 

response representative of each category was chosen to 

assess cholinergic mediation and a review of the under­

lying mechanisms of each follows: cold-water swims (CWS: 

nonopioid-neurohormonal), 2-deoxy-D-glucose (2DB: opioid- 

neurohormonal), inescapable shock delivered to the 

forepaws (FPS: opioid-neural) and inescapable shock 

delivered to the hindpaws (HPS: neural-nonopioid).

1. Cold-Water Swim (CWS) Analgesia

Acute exposure to CWS (2-15°C for 3.5 min) produces
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analgnii -for up to 120 min ms msasursd by ssvsrml noci- 

csptivs tssts (Bodnar, 01usman, Brutus, Bpiaggia *  Kmlly, 

1979| Bodnar, Kslly, 8piaggia & 61usman, 1978). On ths 

othsr hand, rats axposad to swims at warmar tamparaturas 

(2B-35 C )  fa il to display analgasia (Bodnar at a l. ,  1978c, 

Bodnar Sc Sikorszky, 1983). Rapaatad axposura to C W S  ovar 

14 days rasults in adaptation of tha analgasic, but not 

tha hypotharmic rasponsas (Bodnar at a l. ,  1978d) suggest- 

ing that tha analgasic rasponsa is spacific to tha swim's 

strassful consaquancas and not maraly a function of aithar 

watar immarsion, hypotharmia, dampnass, forcad axarcisa or 

fatigua.

C W S  analgasia has baan catagorizad as nonopiold-nauro- 

hormonal for tha following raasonsi First, C W S - analgasia 

and morphina analgasiarfailad to davalop cross tolaranca 

(Bodnar, Kally, Stainer Sc Olusman, 1978). Second, nalox­

one (1—20 mg/kg) although capable of eliminating morphine 

analgasia (Yaksh Sc Rudy, 1978), failed to significantly 

altar CWS analgasia (Bodnar, Kally, Spiaggia, Ehrenberg Sc 

Glusman, 197B). Third, the putative anti—enkaphalinase, 

D-phenylalanine, increased morphine analgesia, and 

decreased CWS analgesia (Bodnar, Lattner Sc Wallace, 1980). 

Pretreatment with tha irreversible high-affinity opiata 

racaptor antagonist, naloxazona (Pasternak at a l.,  1980), 

decreased morphina analgesia and increased CWS analgesia 

(Kirchgessner, Bodnar Sc Pasternak, 1982). These data
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indicate that CWS analgesia appears to act independently 

of opioid mechanisms for the expression of its  analgesic 

response and may in the course of its  activation* inhibit 

opioid processes through a proposed process of collateral 

inhibition (see review: Bodnar* 19B4).

A neurohormonal component of CW8 analgesia is also 

evident in that hypophysectomy decreased CWS analgesia 

(Bodnar et a l.* 1979) and adrenalectomy potentiated CW8 

analgesia (Glusman* Bodnar* Mansour Sc Kelly* 1980)- A 

role for the adrenocortical system in CWS analgesia has 

been postulated since posterior lobectomy failed to alter 

CWS analgesia (Glusman* Bodnar, Kelly* Serio, Stern Sc 

Zimmerman, 1979) thereby suggesting that the anterior lobe 

of the pituitary gland was responsible for the effect. 

Second* adrenal demedullation and peripheral catecholamine 

depletion failed to alter CWS analgesia (Bodnar*

Sharpless* Kordower* Potegal 8c Barr* 1982) suggesting that 

the adrenal cortex was responsible for the effect. Third* 

stimulation of glucocorticoids with dexamethasone de­

creased CWS analgesia (Marek et a l.* 1982) and acted to 

inhibit subsequent release of adrenocorticotrophic hormone 

from the anterior lobe of the pituitary gland (Krieger St 

Liotta* 1979). Finally, corticosteroid synthesis inhibi­

tion with metyrapone increased CWS analgesia (liousa et 

a l■* 1981). Whether the hormonal component of CWS anal­

gesia in it ia lly  triggers and/or subsequently maintains the
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response is not yet known. However, i t  appears that the 

hormonal component of CWS analgesia is dependent upon the 

integrity of the hypothalamo-hypophyseal axis (Krieger It 

Liotta, 1979) for its  expression since destruction of the 

medial basal hypothalamus following neonatal administra­

tion of monosodium glutamate (MSB :01neyf 1969) decreased 

CWS analgesia (Badi1lo-Martinez et a l. ,  1984bI Bodnar et 

a l.,  1980a). Again, CWS analgesia and morphiqe analgesia 

dissociate since hypophysectomy increased morphine anal­

gesia (Bodnar et a l. ,  1979a| Holaday, Law, Loh It L i,

1978). ,

Evidence for' a neural component in the mediation of 

CWS analgesia is derived largely from neuropharmacological 

manipulations. A role for norepinephrine in CWS analgesia 

is supported by its  potentiation following pretreatment 

with either the noradrenergic receptor stimulant, cloni— 

dine (Bodnar, Merrigan It Sperber, 1983) or the noradren­

ergic reuptake inhibitor, desipramine (Bodnar, Mann, It 

Stone, 1985), and its  reduction following lesions placed 

in the noradrenergic locus coeruleus (Bodnar et a l.,  

19B0d). Reciprocal effects upon systemic morphine anal­

gesia occur fallowing noradrenergic manipulations (see 

review: Yaksh It Rudy, 1978). A role for dopamine in CWS 

analgesia is supported by its  reduction fallowing the 

dopamine receptor agonist, apomorphine (Bodnar et a l. ,
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1980b) and it«  potantiation following neuroleptics (Bodnar 

Sc Nicotera, 1982).

While decreases in serotonin levels attenuate morphine 

analgesia (see review: Messing & Lytle, 1977), inhibition 

of serotoinin synthesis with parachlorophenylalanine 

(PCPA: Bodnar, Kordower, Wallace Sc Tamir, 1981) or lesions 

placed in the serotinergic dorsal raphe nucleus (Brutus, 

Kelly, Glusman Sc Bodnar, 1979) failed to alter CWS anal­

gesia. A role for vasopressin in CWS analgesia is sup­

ported by its  reduction in vasopressin—deficient (Valtin, 

1962) Brattleboro rats (Bodnar, Zimmerman, Nilaver, 

Mansour, Thomas, Kelly Sc Glusman, 1980) and in rats with 

lesions placed in the hypothalamic paraventricular nucleus 

(Bodnar, Truesdell Sc Nilaver, 1986).

2. 2-Deoxy-D-Glucose (2DQ) Analgesia

Acute administration of 2D8 induces analgesia (Bodnar, 

Kelly, Brutus, Mansour Sc Glusman, 1978), in addition to 

hyperphagia, glucoprivation, hyperglycemia, peripheral 

sympatho-medullary and pituitary—adrenal discharge (Brown, 

1962) Himsworth, 1970) Wick, Drury, Nakada Sc Wolfe, 1997). 

2DG analgesia displayed adaptation with repeated admini­

stration and exhibited both cross-tolerance and synergy 

with morphine analgesia (Bodnar, Kelly Sc Glusman, 1979) 

Spiaggia et a l. ,  1979). Yet 2DG analgesia was not affec­
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ted by n«loxon* prctrutm nt <1—20 mg/kg) suggesting that 

the opiate and 206 interaction does not occur at the level 

of the opiate receptor (Bodnar et a l. , 1979b)> Like mor­

phine analgesia, 206 analgesia was potentiated by hypo- 

physectomy (Bodnar, Kelly, Mansour Sc Glusman, 1979) and 

was also increased in MSG-treated rats (Badi1lo-Martinez 

et a l. ,  1984), indicating that 2DG and CWS analgesia are 

differentially  affected by hormonal manipulations. How­

ever, 2DG and CWS analgesia displayed fu ll and reciprocal 

cross-tolerance and both were potentiated by dopamine 

receptor antagonists (Bodnar tc Ni cot era, 1982), decreased 

by dopamine receptor stimulation (Bodnar, Kelly, Brutus, 

Sreenman Sc Glusman, 1980) and were unaffected by PCPA 

(Bodnar et a l. ,  1981a). Like morphine analgesia, lesions 

placed in the PAG reduced 2DG analgesia (Brutus et a l.,  

1979f see review: Yaksh Sc Rudy, 1978).

3. Inescapable Footshock (IFS) Induced Analgesia

Acute exposure to IFS e lic its  an analgesic response 

which lasts from a few minutes to several hours depending 

upon the parameters employed (Madden, Akil, Patrick Sc 

Barchas, 1977). In contrast, acute exposure to equivalent 

amounts of escapable footshock elicited l i t t l e  or no 

analgesia (Jackson, Maier Sc Coon, 1979J Maier, Drugan Sc 

Grau, 1982). Like CWS and 20G analgesia, repeated expo-
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sura to IFS r« u lts  in adaptation of tha anaigasic 

raaponsas (Madden at a l . f 1977| Mah, Suisaa 8c Ania man,

1960). Thraa different XF8 procaduras hava daaonatratad 

that opioid—fliadiatad and nonopioid—madiatad analgasia can 

ba alicitad dapanding upon tha specific parameters of IFS. 

First, naloxona pratraatmant or morphina tolaranca raducad 

prolongad intarmittant footahock analgesia, but failad to 

affact briaf continuoua footahock analgaaia (Lewis,

Cannon, 8c Liebeakind, 19801 Lewis, Sharman St Liebskind,

1961). Second, analgaaia inducad by 60 or 80 but not by 

20 tailshocks, waa raducad by opiata racaptor antagoniata 

(6rau at a l. ,  1961). Third, ahock dalivarad to tha fore— 

paws (forepaw ahock: FPS) but not to tha hindpaws 

(hindpaw: HPS) alicitad analgaaia that waa dapandant upon 

opioid procaaaaa (Watkins 8c Mayar, 19821 Watkina, Coballi, 

Faria, Acato 8c liayar, 19B2). Howavar, ainca tha f ira t  two 

procedures appear to ba dependant upon neurohormonal pro— 

caaaaa for thair analgaaic affact (Lewia at a l. ,  1981, 

19B2) MacLennan, Drugan, Hyaon, Maier, Madden 8c Barchaa, 

1982), thia aaction and the aubaaquant experimenta w ill 

focua upon tha neural aubatrata mediating FPS and HPS 

analgaaia.

FPS, but not HPS analgaaia, appaara to ba opioid—med­

iated ainca i t  ia croaa-tolarant with morphine (Watkina Sc 

Mayar, 1982) and ia dacraaaad by either peripheral or 

central naloxona pratraatmant (Coballi, Watkina 8c Mayar,
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19801 Watkina it May or, 1982). Neither FPS nor HPS anal- 

geaia appear to poseae horeonal componenta since hypophy- 

aectomy or deKaeethasone pretreateent -fail to alter either 

reaponae (Watkina, Cobelli, Newsome & Mayer, 1982b). 

Furthermore, adrenal and sympatho-medul 1 ary -function do 

not appear to be involved in FPS or HPS analgaaia since 

neither -form of analgesia is affected by adrenalectomy or 

inhibition of sympathetic noradrenergic release (Watkins 

et a l. ,  1982b).

Both FPS and HPS analgesia have neural componenta 

which differ from each other. Although doraal lateral 

funiculus (DLF) lesions and spinal transactions disrupt 

both forms of footshock analgesia, HPS analgesia appears 

to act through an lntraspinal component (Watkin et a l. ,  

19B4b) while intrathecal naloxone pretreatment blocks FPS 

analgesia (Watkins it Mayer, 1982). The medullary raphe 

nuclei appear to be the origin of the spinal influences 

mediating FPS analgesia! HPS analgesia is only partially  

mediated by this pathway (Watkins, Johannessan, Kinscheck 

Sc Mayar, 19B4c). Neither form of footshock analgesia is 

affected by PAG lesions or decerebration suggesting that 

midbrain and forebrain structures are not involved in 

mediating forepaw or hindpaw footshock analgesia (Watkins, 

Kinscheck & Mayer, 1984b).
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Rational*

Tha prasant ex pari manta axamined tha rola of tha mus­

carinic racaptor in 81A through tha usa of scopolamina and 

mathylscopolamina. Pravious raiaarch has astablishad a 

rola for ACh in different typas of 8IA. Romano and King 

(1980) found that hamicholiniurn and cholinargic racaptor 

antagonists, stropins, hamicholiniurn and bancytazin* 

attanuatad CWS analgasia (a nonopoiod analgasia) on tha 

ta i1 -flick  and jump tasts, while only bancytazin* blocked 

CWS analgasia on the hot-plate test. Scopolamine raducad 

analgesia induced by opioid-mediated prolonged intermit­

tent footshock, but not analgasia induced by non-' 

opioid-mediated brief continuous footshock (Lewis at a l.,  

19801 1981). Finally, scopolamine also blocked tha 

opioid-sansitiva affects of another form of prolonged IFS 

analgasia (MacLennan et a l. ,  1983).

Tha f irs t  experiment examined tha effects of scopol­

amine and mathylscopolamina upon analgasia alicitad by 

four stressors with different pharmacological and physio­

logical profiles: CWS (nonopioid-neurohormonal), 2DG 

(opioid-naurohormonal), FPS (opioid—neural) and HPS (non— 

opoid-naural). In tha assessment of CWS and 2DS analgas­

ia, two pain tasts were employed: the spinally-mediated 

ta il- f lic k  test (D' Amour Sc Smith, 19411 Grossman at a l. ,
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1982) and tha supraspinally-mediated jump test (Evans,

1961). Sines IFS produces hyperalgesia on the jump test 

as a result o-f sensitization (Kelly, 1982), only the 

ta il- f lic k  test was employed to assess ZF8 analgesia.

The -first experiment also examined the effects of 

scopolamine and methylscopolamine upon other stress re­

sponses following CWB and 2DO since muscarinic receptor 

manipulations may also alter other physiological stress 

responses (e.g., hypothermia and hyperphagia) through its  

parasympathetic actions (Carlson, 1981). These controls 

examined the possibility that any muscarinic-mediated 

changes in 8ZA could be due to epiphenomenological alter­

ations in other stress-related responses and not the 

direct result of modifications in endogenous pain 

inhibitory systems.

CWS hypothermia was examined because i t  displays both 

sim ilarities and differences with CWS analgesia. CWS 

analgesia, but not CWS hypothermia, was reduced following 

repeated exposure to CWS (Bodnar et a l. ,  1978d), in hypo- 

physectomized animals (Bodnar et a l. ,  1979c) and in ani­

mals pretreated with D-phenylalanine (Bodnar et a l.,  

1980d) and was increased following desipramine (Bodnar et 

a l. ,  1985). In contrast, both CWS analgesia and CWS 

hypothermia were reduced in MSG-treated rats 

(Badi1lo-Martinez et a l. ,  1984) and increased in cloni— 

dine-treated rats (Bodnar et a l. ,  1983b).
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Dissociations between 2DG analgesia and 2DG 

hypsrphagia Hava also been obssrvsd. 2DG analgesia, but 

not 2DG hypsrphagia was dacrsassd following ropsatsd pre- 

treatment with sithsr 2DQ or fliorphins (Bodnar st a l. ,  

197Gbj Bodnar st a l. ,  1979b| Bodnar, Kramsr, Simons, 

Kirchgessner & Sealisi, 1983). 2DS hypsrphagia, but not 

analgasia was dacrsassd following sithsr naloxone prs— 

trsatmsnt (Bodnar st a l., 1979b), lasions placad in tha 

latsral hypothalamus or zona incsrta (Bodnar st a l . , 

1983a), hypophyssctomy (Bodnar st a l. ,  1979a) or nsonatal 

MSG trsatmsnt (Badi1lo-Martinaz st a l. ,  1982).

Tsrtiary cholinsrgic compounds (s.g. scopolamins) ars 

abls to cross tha blood-brain-barrier and thsrsfors havs 

both cantral and pariphsral offsets in contrast to quar— 

tsrnary cholinsrgic compounds (s.g. msthylscopolamins) 

which typically do not havs accsss to ths brain and havs 

only pariphsral sffacts. By comparing ths offsets of 

tertiary and quartsrnary cholinsrgic agents, i t  is 

possible to determine the relative potency of centrally 

and peri- phsrally acting drugs. Scopolamine was selected 

because a comparison of sixteen cholinsrgic antagonists 

(Parkas, 196S) revealed that ths pariphsral activity of 

scopolamins was similar to other muscarinic agents while 

its  central activity was ten times greater than other 

muscarinic agents.

Since i t  was important to havs a standard with which
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to compare scopolanin*' •  affect on SI A, tha sacond ax par— 

iaant axaalnad tha analgesic propartias of tha muscarinic 

racaptor agonist, pilocarpina and tha ab ility  of scopola- 

(iiina and mathylscopolamina to block pilocarpina-inducad 

analgasia. Furthermore, manipulation of tha muscarinic 

racaptor may concaivably produca changas in analgasic 

rasponsas to strass by maraly shifting basalina pain 

thrasholds. Moraovar, a similar shift in basalina food 

intaka or cor* tamparatura by aithar scopolamina or math- 

scopolamina could influence 2DO hyparphagia and CWS 

hypotharmia. Therefore, tha affacts of scopolamina and 

mathy1scopolamina upon basalina measures of ta i l—flic k  

latencies, Jump thrasholds, food intake and core body 

temperatures ware examined in tha third experiment.

Tha heterogeneity of the opioid receptor subtypes into 

mul, mu2, kappa, delta, epsilon and sigma has been 

characterized by their selective sensitivity to different 

opiate drugs and behavioral responses (Lord at a l. ,  19771 

Martin at a l. ,  1976| Pasternak, 1980). While tha mul 

racaptor is believed to ba tha primary mediator of supra­

spinal analgasia (Pasternak at a l., 1980), DADL and BEND 

appear selective for delta and epsilon receptors in tha 

spinal cord (Atweh & Kuhar, 1977a,b,c| Schmauss 6 Yaksh, 

1984). Since tha interaction of tha different opiate 

receptors with tha cholinergic system has not been char— 

actarizad and since different endogenous opioids have
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different behavioral characteristics from morphine (see 

review: Akil et « l .y 1984), the fourth experiment examined 

scopolamine's effects upon analgesia induced by various 

opoioid drugs including morphine, OADL and BEND analgesia.
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General Method

Subject** Adult male Sprague Dawley rat* (3—12 mo) 

were bred in the animal colony at Queens College. The 

colony was originally derived -from rat* obtained from the 

Charles River Breeding Laboratories. Animals were housed 

two to a cage (23 cm k 26 cm m 20 cm) and maintained on a 

12h light: 12h dark cycle with -food (Purina Rat Chow) and 

water available ad libitum.

Drugs: Scopolamine hydrobromide (Sigma), scopolamine

methyl nitrate (Sigma), 2-deony—D-glucose (Sigma), pilo­

carpine hydrochloride (Sigma), morphine sulfate (Pennick) 

and naloxone hydrochloride (Endo Laboratories) were a ll 

dissolved in normal physiological saline in injection 

volumes of 1 ml/kg body weight. The drugs were a ll ad- 

miistered intraperitoneally (IP) with the exception of 

morphine which was administered subcutaneously (SC). 

D-ala-D-leu enkephalin and beta-endorphin (Peninsula Lab­

oratories) were dissolved in normal physiological saline 

and ware injected intracerebroventricularly (ICV) in a 5 

ul volume at the rate of 1 ul/15 sec. A 28 gauge internal 

cannula, connected to a microsyringe (Hamilton) by PE-50 

tubing (Clay Adams) was used to infuse the DADL and BEND 

into the lateral ventricle.



Surgery: Thosa rata racaiving XCV injactiona (Exper-

imant 4) wara anasthasizad with chiorpromazine hydro— 

chlorida <3 mg/ml normal saline/kg body weight, IP) fol — 

lowad 15 min latar by ketamine hydrochlorida <95 mg/ml 

atarila  watar/kg body weight, IH). A 22 gauga guida can­

nula (Plaatic Producta) waa ataraotaxically (Kopf) im­

planted into tha le ft lateral ventricle. Tha inciaor bar 

waa aat at +5 mm and tha atereotaxic coordinatea wara 0.5 

mm anterior to tha bregma suture, 1.3 mm lateral to tha 

mid-aagittal autura and 3.6 mm from tha top of tha akul1. 

Tha cannula waa anchored to three atainlaaa ataal jewelers 

screws with dental acrylic. Behavioral tasting began tan 

days after recovery from surgery.

Histology: Upon completion of tha behavioral tasting 

thoaa animals racaiving cannulaa (Experiment 4) ware 

anasthasizad with sodium pentobarbitol <100 mg/2 ml, IP) 

and decapitated. Tha brains were extracted and fixed in 

10% formalin for one weak. Tha brains wara than coronally 

sectioned through tha lateral ventricle and visually in­

spected for accurate cannula placement. Only those ani­

mals with correct placements ware included in tha data 

analysis.

Core Body Temperature: Core body temperature was

determined by inserting a rectal probe of a digital ther—
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m o m e t a r  (Bailey Instrument) until a stable reading (within 

0.1 C) waa achieved.

Tail Flick Test: Tail -flick latanciea wara measured

by a radiant haat source (1ITC Company). Tha haat source 

waa applied 2—5 cm from tha tip , of tha doraal surface, of 

tha ra t’ s ta i l .  Tha onset of tha haat stimulus initiated  

an electronic timer (in sac) which was terminated whan 

tha rat moved its  ta il and exposed a photocell. Latencies 

of the response were accurate to the nearest 0.01 sec. Zf 

the animal failed to respond, the tr ia l was terminated 

after 6 sec (Experiments 1—3) or 10 sec (Experiment 4) to 

avoid tissue damage. Blocks of three tr ia ls  were admini­

stered with in tertria l intervals of 10 sec.

Jump Test: Electric shacks were delivered by a 60 Hz

constant current shock generator (BRB/LVE) through a grid 

scrambler (Campden Instruments) to a 30 cm X 24 cm floor 

composed of 16 grids. Shock thresholds were determined 

according to an ascending method of limits procedure 

(Evans, 1961). The ascending component of the method of 

lim its was employed to prevent the animal from receiving 

supra—threshold shock since such exposure can alter 

thresholds on subsequent pain tests (e.g. ta il- f l ic k  test: 

Kelly, 1982). The jump threshold was defined in mA as the 

lowest of two consecutive intensities that elicited
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simultaneous withdrawal of ths hindpaws -from ths grid 

floor* Each of ths six tr ia ls  waa initiated with a 300 

msec duration footshock delivered at a current intensity 

of 0.1 mA. Subsequent shocks were delivered at 10 sec 

intervals and were increased in increments of 0.05 mA 

steps until the jump threshold was obtained. Following 

each t r ia l ,  tha current intensity was reset to 0.1 mA 

until six tr ia ls  were completed. The purpose of a static 

starting point in the Jump threshold determinations was to 

insure consistency with other experiments. I t  also mimics 

the activation of heat delivered to the ta il or feet with 

the ta il- f l ic k  and hot-plate tests, respectively. Previ­

ous work in our laboratory has repeatedly shown that the 

use of a static starting point does not result in learning 

due to errors of anticipation. The ta il- f l ic k  test pre- 

caeded the jump test to minimize carry-over effects from 

one pain test to another (Kelly, 1982). Group assignment 

was determined by matching animals an the basis of their 

baseline jump thresholds.

Food Intake: Animals were adapted to individual

cages with food and water ad libitum 12-16 hrs prior to 

ingestion testing. Testing began at 1 to 4 hrs into the 

light cycle when fresh food pellets (30—40 g: Purina Rat 

Chaw) ware placed in each cage. After 6 hrs, total food 

consumption was measured by calculating the amount of
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remaining -food and adjusting -for spillage. Group assign­

ment mss determined by matching animals on the basis of 

their body weight.

Footshock: Electrical shock was continuously deli­

vered at 1.6 mA -for 90 sec (see Watkins & Mayer, 1982). In 

the FPS condition, a shoelace was tied around the rats 

lower torso, anterior to its  hip so that the caudal end of 

the body was raised from the grids. In the HPS condition, 

a shoelace was tied around the upper torso above the chest 

so that the rostral part of the body was raised during 

shock exposure.

Statistical Analysis: A split-p lot ANOVA (Kirk,

1968) was employed to analyze the main effect of the d if­

ferent drugs over time on each dependent measure (jump 

thresholds, ta il- f l ic k  latencies, body temperature and 

food intake) and the interaction between and among these 

variables. In a ll experiments Dunnett test (Keppel, 1973) 

were performed on the experimental scores at each test 

time with the two control groups. The f irs t series of 

comparisons employed the vehicle no—manipulation condition 

in order to determine whether an analgesic effect was 

present or not. The second series of Dunnett tests com­

pared the vehicle-manipulation condition with a ll 

experimental drug treatments to determine whether the
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analgasic condition Mas affected by scopolamins and 

msthy1scopolami ns.



Experiment IA: Muscarinic Receptor Antagonists and CWS

Analgesia

Method

Ninety-four rats, matched for baseline Jump thresh­

olds were divided into the fallowing groups: vehicle 

(n>8), vehicle (n—6)a, scopolamine at doses of 0.001 

(n-6>a, 0.01 (n-B), 0.05 (n»6)a, 0.1 (n-8), 0.5 (n-6)a,

1.0 (n-8), and 10 mg/kg (n-8), methylscopolamine at doses 

of 0.01 0.1 (n>6)a, 1.0 <n«B> and 10.0 mg/kg

<n«8). A 3.5 min swim at a water temperature of 2°C fo l­

lowed each injection by 5 min. An additional group (n>8) 

received a vehicle injection and no swim to serve as a 

no-stress control group. Core body temperatures, t a i l -  

flick  latencies and Jump thresholds were assessed prior to 

the injection and 30, 60, and 120 min after either the CWS 

or the no swim condition.

Results

CWS Analgesia (Jump Thresholds): Two separate anal­

yses were performed (see *  above) on the dose—response

a Examination of the data suggested that i t  was necessary 

to test additional drug doseages to provide a fu ller 

dose-response curve. Therefore, these additional groups 

(a) were tasted and analyzed separately.
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■functions involving: 1) the 0.01, 0.1, 1.0 and 10 mg/kg 

doses of scopolamina and thm 1.0 and 10.0 mg/kg of 

mathlscopolaminm and 21 tha 0.001, 0.05 and 0.5 mg/kg 

dosas of scopolamine and the 0.01 and 0.1 mg/kg doses of 

mathylscopolamina. In tha f irs t  analysis, significant 

differences in jump thrasholds wara observed across test 

times <F<3,1681-8.24, p<.0001) and for tha interaction 

between drug conditions and test times (F(21,168)"1.86, 

p<.0161. An analysis of the second group of animals 

revealed significant differences among groups 

(F(6,371-3.09, p<.015) and across test times 

(F(3, 11D-5.68, p<.00091. Table 1 presents the dose- 

response effects of the original doses of scopolamine and 

methylscopolamine upon CWS analgesia on the jump test. 

Table 2 displays the dose—response effects of the addi­

tional groups of scopolamine and methylscopolamine (see *  

on p. 271. For illustrative purposes, Table 1 (in appen­

dix! shows the combined dose-response effects of a ll the 

doses of scopolamine and methylscopolamine. The results 

demonstrate two major overall effects: a) an elimination
i

of CWS analgesia by scopolamine and methylscopolamine 60 

min after the swim and b) a less consistent dose—dependent 

reduction in CWS analgesia by scopolamine and methyl— 

scopolamine 30 min after the swim.

Vehicle—treated rats displayed CWS analgesia on the 

jump test for up to 120 min following the swim. Rats
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Tabla 1
Scopolamina and mothylscopolamlnm affacts upon cold-watar 
swim (CW8) analgasia as maasurad by tha Jump tast (mA).

DOSE
(mg/kg)

CONDITION

BL

POST-SWIM

30

(min)

60 120

Control

0 No Swim Maan .306 .281 .305 .312
SEN .012 .015 .016 .028

0 CWS Maan .291 .463+ .399+ .390+
SEM .037 .040 .045 .040

Scopolamina

0.01 CWS Maan .304 .333* .365 .313
SEM .023 .066 .047 .043

0.1 CWS Maan .297 .274+* .301* . 30S
SEM .016 .024 .029 .013

1.0 CWS Maan .309 .382 .325 .306
SEM .014 .037 .033 .024

10.0 CWS Maan .306 .384+ .306* .335
SEM .029 .044 .033 .020

Mathy1scopolami na

1.0 CWS Maan .304 .328* .333 .346
SEM .026 .043 .047 .035

10.0 CWS Maan .307 .423+ .345 .331
SEM .014 .066 .023 .023

Significantly highar (Ounnatt comparison, p<.05) than 0/No 
Swim Condition (+> or lowar than tha 0/CW8 Condition <*).

BL«basali na 
SEM-standard arror
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treated with a ll but tha lowaat doaa of acopolamina (0.001 

mg/kg) failed to display CMS analgasia 60 min after tha 

swim. Rats traatad with a ll but tha 0.1 mg/kg dose of 

mathylscopolamina failed to display CWS analgesia 60 min 

after tha swim. Tha 0.1 and 10.0 mg/kg dosas of scopol­

amine significantly increased tha magnitude of CWS anal­

gesia at 60 min after tha swim. Figure 1 illustrates the 

degree of CWS analgesia as a percent increase above the 

Jump threshold values of vehicle-pretrested and un­

stressed rats. The right panel of Figure 1 illustrates  

the elimination of CWS analgesia by representative doses 

of scopolamine and methylscopolamine at 60 min after the 

swim. These data suggest that scopolamine and methyl— 

scopolamine pretreatment are reducing the duration of CWS 

analgesia on the jump test.

In assessing CWS analgesia on the jump test 30 min 

following the swim relative to vehic1e-treated rats, 

significant reductions were observed following the 0.001f 

0.01, 0.05, 0.1 and 0.5 mg/kg doses of scopolamine. In 

contrast, the 1.0 and 10.0 mg/kg doses of scopolamine 

failed to affect CWS analgesia on the jump test at this 

interval. Significant reductions in CWS analgesia were 

observed at 30 min following the swim in rats pretreated 

with the 0.01 and 1.0 mg/kg doses of methylscopolamine.

Yet the 0.1 and 10.0 mg/kg doses of methylscopolamine 

failed to affect the analgesic response at this interval.
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Table 2
The effect of additional doses of scopolamine and 
methyscopolamine pretreateent upon cold-water swim <CW8> 
analqeela a i eeaeured by the jump temt (mA) .

DOSE CONDITION POST-SWIM (min)
(mg/kg)

BL 30 60 120

Control

0 CWS
(n—6)

Mean
SEM

.335

.029
.421 + 
.048

.379+

.035
.415+
.023

Scopolamine

0.001 CWS
(n-6>

Mean
SEM

.334

.024
.351
.039

.486+

.079
.432+
.051

0.05 CWS
(n-6)

Mean
SEM

.343

.017
.365
.024

.321

.025
.378
.021

0.5 CW8
(n-6)

Mean
SEM

.304

.029
.311
.022

.302

.027
.311
.039

Methylscopolami ne

0.01 CW8
(n-6)

Mean
SEM

. 268 

.085
.347
.040

.304

.037
.372
.038

0. 1 CW8
(n*»6)

Mean
SEM

.317

.034
. 43B+ 
.063

.374

.057
.434+
.048

Significantly higher (Dunnett comparison, p<.05) than 0/No 
Swim Condition (+) or lower than the 0/CWS Condition (*) .

BL«baseline 
SEM~standard error
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The magnitude of the CWS effect was significantly grsatsr 

for ths 0.1 mg/kg doss of scopolamins at 30 and 60 min and 

for ths 1.0 mg/kg doss of msthylscopolamins at 30 min.

Ths ls ft pansl of Figurs 1 illustrates this effect for 

some rsprsssntativs dosss of scopolamins and methylscool— 

amine. Thsss data indicate that scopolamine and methyl-  

scopolamine reduce the duration and not the magnitude of 

CWS analgesia on the jump test.

CWS Analgesia (Tail--Flick Latencies): Again, two 

separate analyses were performed (see *  p.27) on the 

dose-response function involving: 1) the 0.01, 0.1, 1.0 

and 10 mg/kg doses of scopolamine and the 1.0 and 10.0 

mg/kg doses of methylscopolamine and 2) the 0.001, 0.05 

and 0.5 mg/kg doses of scopolamine and the 0.01 and 0.1 

mg/kg doses of methylscopolamine. In the f irs t  analysis, 

significant differences in ta il- f l ic k  latencies were 

observed among groups (F<7,56) >11.41, p<.0001), across 

test times (F(3,168)>186.41, p<.0001> and for the inter­

action between groups and times (F(21,168)>4.51, p<.0001). 

In the second analysis, significant differences were 

observed among groups (F(6,37)>36.41, p<.0001), across 

test times (F(3,111)-130.96, p<0001) and for the inter­

action between groups and test times (F(3,111)>4.53, 

p<.0001). Table 3 presents the dose-response effects of 

the original doses of scopolamine and methylscopolamine
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Figure 1. Pvrcmt incrust in jump thrasholds <<nA) st 30 
and 60 nin -Fallowing cold—water swims (2°C -for 3.5 mini. 
Groups o-f sight rats each recsivsd either vehicle (0), 
scopolamine (8) at doses o-f 0.01, 0.1, 1.0 or 10.0 mg/kg 
(IP) or methylscopolamine (M) at doses of 1.0 or 10.0 mg/kg 
(IP) 5 min before the swim. The values were calculated as 
the percentage above the jump threshold o-f the 
vehicle-treated and unstressed rata (see Table 1). While 8 
and M attenuated CWS analgesia in an irregular manner at 30 
min a-fter the swims, a ll doses eliminated CWS analgesia at 
60 min -following the swim. Significant differences from 
the 0/CW8 condition (*) or the 0/no swim condition ( ♦ ) .
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Table 3
Scopolamine and methylscopolamine effects upon cold-water 
awlm (CWS) analgesia a» measured by the ta i l—flick teat 
(sec).

DOSE CONDITION POST-SWIM (rnin)
(mg/kg)

BL 30 60 120

Control

0 No Swim Mean 2.30 2.39 2.42 2.34
SEM . 121 .354 .116 . 174

0 CWS ' Mean 2.37 4.63+ 3. 69+ 2.95
SEM .228 .213 .209 . 182

Scopolami ne

0.01 CWS Mean 2.36 5. 10+ 4.36+ 3.56+
SEM . 0BB . 191 .259 . 177

0.1 CWS Mean 2.77 5. 10+ 3.66+ 3. 14+
SEM .114 .232 .252 .223

1.0 CWS Mean 2.39 4.83+ 3.86+ 3.33+
SEM . 146 .209 . 193 . 124

10.0 CWS Mean 2.32 4.73+ 3.48+ 3.11 +
SEM . 104 .204 . 135 .119

Methylscopolami ne

1.0 CWS Mean 2.68 4.93+ 4. 12+
SEM . 161 .309 .402

10.0 CWS Mean 2.32 5.25+ 4.43+*
SEM .212 .273 .309

3.90+*
.386

4.01+*
.384

Significantly higher (Dunnett comparison, p<.05> than 0/No 
Swim Condition (+) or lower than the 0/CWS Condition <*>.

BL*baseli ne
SEM=5t andarrl prrnr
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(sea * p. 27) upon CWS analgesia on the ta i1 -flick  test. 

Table 4 displays the dose-response effects of the addi­

tional doses of scopolamine and methylscopolamine (see * 

p.27). For illustrative purposes, Table 2 (in appendix) 

shows the combined dose—response effects of a ll doses of 

scopolamine and methylscopolamine. Vehicle-treated rats 

displayed CWS analgesia on the ta i l—flick  test for up to 

120 min following the swim. Rats pretreated with a ll 

doses of scopolamine (0.001 to 10.0 mg/kg) and methyl— 

scopolamine (0.01 to 10.0 mg/kg) also displayed an anal­

gesic response for up to 120 min after the swim. Methyl— 

scopolamine pretreatment significantly increased the mag­

nitude of CWS analgesia on the ta i l—flick  test at 60 min 

(10 mg/kg) and 120 min (1 and 10 mg/kg) fallowing the swim 

relative to its  time—matched vehicle control. Thus, test 

specific effects are observed for muscarinic receptor 

modulation of CWS analgesia: scopolamine and methyl-  

scopolamine reduce CWS anlgesia on the jump test but not 

on the ta i l—flick  test.

CWS Hypothermia (Core Body Temperature): Two sepa­

rate analyses were performed (see * p.27) on the 

dose-response functions involving: 1) the 0.01, 0.1, 1.0 

and 10.0 mg/kg doses of scopolamine and the 1.0 and 10.0 

mg/kg doses of methylscopolamine and 2) the 0.001, 0.05 

and 0.5 mg/kg doses of scopolamine and the 0.01 and 0.1
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The effect of additional dotw of wopolawiir and 
eetnyitcopolieine pretreet—nt upon coiJ^ater twiw (CW8>
anaiQesia a* meat■ured by the ta i l—flic k  test (sec).

DOSE CONDITION 
(mg/kg)

POST-SWIM (min)

BL 30 60 120

Control

0 CWS
(n«6>

Mean
SEM

2.98 
. 123

5.65+ 
. 191

4.60+
.236

3.93+
.212

Scopolamine

0.001 CWS
<n«6>

Mean
SEM

3.62
.340

5.81 + 
. 101

4.75+
.25B

4.25+
.100

0.09 CWS 
<n-6>

Mean
SEM

3.23
.322

5.B8+ 
. 182

4.51+
.411

4.51+ 
. 198

0.5 CW8
<n«6>

Mean
SEM

3.31 
. 160

5.80+ 
. 130

4.85+
.265

4.52+
.529

Methylscopolami ne

0.01 CWS
<n-6>

Mean
SEM

3.05
.231

5.75+ 
. 139

4.47+
.366

4.01 + 
.337

0.1 CW8
<n«6)

Mean
SEM

2.38
.248

5.72+ 
. 163

4.60+ 
. 169

3.93+
.246

Significantly higher <Dunnett comparison, p<.05> than 0/No 
Swim Condition <+) or lower than the 0/CWS Condition <*).

B L » b a s e l i  n e  
SEM^standard error
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mg/kg doses of msthyl scopol amine. In the f irs t analysis, 

significant differences in core body temperature were 

observed among groups (F(7,56)—4.84, p<.0001), across test 

times (F(3,168)—236.77, p<.0001> and for the interaction 

between groups and test times (F<21,168)"S.44, p<.0001).

In the second analysis, significant differences were 

observed among groups <F<6,37)*11.73, p<.0001), across 

test times (F<3,116)-235.29, p<.0001> and for the inter­

action between groups and test times (F(18,111)—7.78, 

p<.0001). Table 5 presents the dose-response effects of 

the original doses of scopolamine and methylscopolamine 

(see * p.27) upon CWS hypothermia. Table 6 displays the 

dose-response effects of the additional doses of scopola­

mine and methylscopolamine (see * p .27) upon CWS hypo­

thermia. For illustrative purposes, Table 3 (in appendix) 

presents the combined effects of a ll doses of scopolamine 

and methylscopolamine upon CWS hypothermia. Vehicle- 

treated rats displayed CWS hypothermia for up to 30 and 60 

min following the swim. Rats trpated with several low 

doses of scopolamine (0.001, 0.01, 0.05 and 0.5 mg/kg) and 

methylscopolamine (0.01 mg/kg) demonstrated CWS 

hypothermia which lasted for up to 120 min. Indeed, 

significant increases in the magnitude of CWS hypothermia 

were observed following scopolamine at doses of 0.01 mg/kg 

(30—120 min) and 1 mg/kg <30—60 min) and methylscopolamine 

at a dose of 10 mg/kg (60 min). These data indicate that



8copol«»in« and methyl■copolamine affacti upon cold-water
■Mia (cm) nypotnarmia T  .-----

DOSE CONDITION 
(mg/kg)

BL

POST-SWIM

30

<min)

60 120

Control

0 No Swi m Mean 36.7 36.3 36.7 36.7
SEM .285 .604 .284 .349

0 CWS Maan 37.3 29.9+ 34.6 35.9
SEM .133 .767 .564 .409

Scopol ami no 

0.01 CWS Maan 37. 1 27.3+* 31.2+* 33.8*
SEM .228 1.38 1.37 1.11

0.1 CWS Maan 36.8 29.0+* 34.1 + 35.6
SEM .239 .854 1.00 .656

1.0 CWS Maan 36.9 27.6+* 32.6+* 35.3
SEM .334 .575 .918 .515

10.0 CWS Maan 36.7 30. 1 + 33.4+ 35.9
SEM .424 1.35 .930 .374

Mathy1acopolami na 

1.0 CW8 Maan 37.6 30.7+ 34.3+ 35.8
SEM .176 .755 .699 .783

10.0 CW8 Maan 37.2 28.6+ 32.7+* 35.0
SEM .254 1.22 1.08 .602

Significantly highar (Dunnett comparison, p<.05> than 0/No
Swim Condition (+) or lottar than tha 0/CWS Condition <*>.
BLHsaselina 
SEM^etandard arror
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Tha affact of additional dosas of scopolamina and 
mathyiacopoxaaina pratr64g<Mtfll tS I 'd -U m fr  "Vitim (CWS)
hypotharmia as maasurad by cora Dody tamparatura.

DOSE CONDITION 
(mg/kg)

POST-BWIM (min)

BL 30 60 120

Control

0 CWS 
(n-6)

Maan
SEM

36.7
.161

28.8+
1.07

32.4+
1.05

35.1
.448

Scopolamina

0.001 CWS
(n-6)

Maan
SEM

36.7
.280

26.8+
.317

31.7+
.672

35.3+
.523

0.0S CWS
(n-6)

Maan
SEM

37.0
.343

27.9+
.767

32.3
.289

34.5+
.204

0.5 CWS
(n-6)

Maan
SEM

35.4
1.88

28.0+
.611

31.9+
.743

33.9+
.642

Mathy1scopolami na

0.01 CWS
(n-6)

Maan
SEM

36.7
.249

27.8+
1.11

31.9+
.762

34.6+
.645

0.1 CWS
(n—6)

Maan
SEM

36.7
.072

28.9+
.782

33.3+
.535

35.3
.431

Significantly highar (Dunnatt comparison, p<.05) than 0/No 
Swim Condition (+) or lowar than tha 0/CW8 Condition (*>.

BL-basalina 
SEM—standard arror
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soma doBv* of scopolamina and mathylscopolamina potenti—. ff > .

atad tha magnitude aniT t&irati'on of CWS hypotharmi a. To 

assass whether altarations of ona rasponsa maasura (anal- 

gasia) Mara ralatad to altarations in a sacond rasponsa 

maasura (hypotharmia>, a sarias of corralations (Paarson 

r) Mara parformad between CWS hypotharmia and CWS analge­

sia on tha t a i l—flick  and jump tests. Significant cor­

relations aara observed between CWS hypotharmia and CWS 

analgesia on tha ta i l—flick  test following pretreatment 

aith scopolamine (0.01, 0.1, 1.0 and 10.0 mg/kg) and 

methylscopolamine (1.0 and 10.0 mg/kg)f 30 min after tha 

saim (r(6)*.926,p<.01). Folloaing pretreatment aith 

scopolamine (0.001, 0.05, 0.5 mg/kg) and methylscopolamine 

(0.01 and 0.1 mg/kg>, significant correlations aara ob­

served 30 min after tha saim (r(4)-.983, p<.01), 60 min 

after tha saim (r(4)*.956f p<.01) and 120 min after tha 

swim (r(4)»".89B, p<.02). These data indicate tha potant— 

iations in CWS analgesia observed on tha ta il- f l ic k  test 

are related to the potentiating hypothermic effects of 

scopolamine and methylscopolamine pretreatment. This is 

in contrast to the lack of significant correlations be— 

taeen CWS hypothermia and CWS analgesia on tha jump test 

following scopolamine and methylscopolamine pretreatment.



Experiment IB: Muscarinic Receptor Antagonists and 2DQ 

Analgesia

Method

Sixty-four rats matched for baseline jump thresholds 

were assigned to equal groups of B rats each: vehicle, 

scopolamine at doses of 0.01, 0.1, 1.0 and 10.0 mg/kg and 

methylscopolamine at doses of 1.0 and 10.0 mg/kg. Fol­

lowing assessment of baseline ta il- f l ic k  latencies and 

jump thresholds, each rat received their respective drug 

treatment (e.g. scopolamine or methylscopolamine), 5 min 

prior to a 600 mg/kg dose of 2DO administered in two suc­

cessive injections <300 mg/ml normal saline/kg body 

weight, ip ). An additional group of S animals received 

only vehicle injections. T a il-flick  latencies and jump 

thresholds were assessed at 30, 60 and 120 min after the 

last injection.

After seven to ten days, a ll rats were reassigned to 

one of the eight treatments and matched according to their 

body weights. Each rat received their respective drug 

treatment 5 min prior to a 600 mg/kg dose of 2DO adminis­

tered in two successive injections. Food intake was 

measured 6 hr after the last injection.

Results

2DO Analgesia (Jump Thresholds): Table 7 presents the
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Table 7
Scopolamine and methylscopolamine affecti upon 2DG 
analgesia as meaeured by the jump teet (mfl).

DOSE CONDITION POST—2DG (min)
(mg/kg)

BL 30 60 120

Control

0 Vehicle Mean
SEM

.287

.020
.294
.013

.320

.009
.289
.014

0 2DG Mean
SEM

.290

.021
■ 438+ 
.036

.437+

.042
.354
.036

Scopolamine

0.01 2DO Mean
SEM

.281

.021
.415+
.060

.424+

.029
.374
.033

0.1 2DG Mean
SEM

.307

.011
.447+
.038

.408+

.033
.365
.028

1.0 2DG Mean
SEM

.305

.020
.533+* 
.049

. 444+ 

.056
.397+
.032

10.0 2DG Mean
SEM

.307

.014
.409+
.026

.431+

.046
.373
.306

Methylscopolami ne

1.0 2DG Mean
SEM

.294

.022
■ 466+ 
.068

. 444+ 

.033
.444+* 
.035

10.0 2DG Mean
SEM

.302

.014
.484+
.045

.457+

.041
.494+* 
.042

Signi-fleantly higher (Dunnett comparison, p<.05> than 0/No
Swim Condition <+) or lower than the 0/CWS Condition (»).

BL*baseline
SEIvf=S'tcindarrf prror
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significant differences in jump thresholds -following 2DG 

among groups <F<7,56)*2.40, p<.032>, across tmst times 

<F(3,168)“46.54, p<.001) and for the interaction between 

groups and test times <F<21,168)-1.82, p<.021>. Vehicle- 

treated rats displayed 2DG analgesia on the jump test for 

up to 60 min after the injection. Rats pretreated with 

all doses of scopolamine displayed analgesia for up to 60 

min. The 1.0 mg/kg dose of scopolamine and a ll the 

methylscopolamine-treated rats displayed analgesia for up 

to 120 min after the 2DG injection. These doses of 

methylscopolamine also significantly potentiated the mag­

nitude of the 2DG analgesia. Thus, methylscopolamine 

pretreatment appeared to prolong the duration of 2DG 

analgesia on the jump test. These results are in marked 

contrast to the reduction of CWS analgesia following 

scopolamine and methylscopolamine pretreatment on the jump 

test.

2DG Analgesia (Tail—Flick Latencies): Table 8 

presents the significant differences observed following 

2DG on the ta il- f l ic k  test among groups <F(7,56)*2.47, 

p<.0258), across test times <F<3,168)—19.04, p<.0001) and 

for the interaction between groups and test times 

(F(21,168)"1.92, p<.013). Vehicle-treated rats displayed 

analgesia an the ta il- f lic k  test 60 min and 120 min after 

the 2D8 injection. In contrast, a ll groups of rats except

4-7



Table 8
Scopolamine and methylscopolamine effects upon 2DB 
analommia am measured by thm ta il- f l ic k  test (w c).

DOSE
(mg/kg)

CONDITION POST—2D8 <min>

BL 30 60 120

Control

0 Vehicle Mean
SEM

2.39 
. 183

2.18 
. 141

2.21 
. 110

2.23 
. 138

0 2D6 Mean
SEM

2.41
.112

3.02
.546

3.68+
.424

3.41+
.344

Scopolamine

0.01 2D6 Mean
SEM

2.17 
.112

3.20
.536

2.91
.396

2.55 
. 158

0.1 2D6 Mean
SEM

2.26 
. 160

3.81 + 
.522

4.36+
.451

3.48+
.216

1.0 2DS Mean
SEM

2.34 
. 194

4.47+*
.514

3.44+
.468

2.97+
.268

10.0 2D6 Mean
SEM

2.58
.063

3.82+
.778

3.12 
.572

3.02
.307

Methylscopolami ne

1.0 2D6 Mean
SEM

2.52 
. 166

4.84+* 
.518

3.60+
.354

3.05+
.335

10.0 2DG Mean
SEM

2.59 
. 166

3. 10
.536

3.58+
.708

3.15
.441

Significantly highmr <Dunnett comparison, p<.05> thaneither 0/Vehicle Condition < + ) or 0/2DS Condition <*).
BL^baseline 
SEM=standard error
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th* loNMt doi* o-f scopolamine (0.01 mg/kg) and tha 

highest dose of methylscopolamine (10*0 mg/kg) displayed 

2D6 analgesia at 30 min. Rats treated with a ll but the 

0.1 mg/kg dose of scopolamine and the 1.0 mg/kg dose of 

methylscopolamine failed to display analgesia at 120 min. 

The latter two doses of scopolamine and methylscopolamine 

elicited analgesia across the entire time course. Pre- 

treatment with the 1.0 mg/kg dose of either scopolamine or 

methylscopolamine significantly potentiated 2DG analgesia 

30 min after injection while the highest dose of either 

scopolamine or methylscopolamine (10.0 mg/kg) failed to 

exert any appreciable effect. The lack of any clear con­

sistent pattern by muscarinic receptor antagonists upon 

2DG analgesia on the ta il- f l ic k  test precludes any defin­

itive  statement concerning mechanism of action.

2DG Hyperphagia: Table 9 presents the significant

dose—dependent reduction in 2DB hyperphagia following 

scopolamine and methyl scopolamine, (F(7,56)-12.61, 

p<.0001>. Vehicle—treated rats demonstrated significant 

increases in food intake following 2DG relative to un­

stressed rats. Similarly, rats pretreated with low doses 

of scoptflamine (0.01 and 0.1 mg/kg) displayed 2DG hyper— 

phagia comprable to that of the vehicle—treated animals.

In contrast, higher doses of either scopolamine (1.0 and

10.0 mg/kg) or methylscopolamine (1.0 and 10.0 mg/kg)
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Table 9
Scopolamine and methylmcopolamine effect* upon 2DG 
hyperphaQia a« eeaaured by food intake <q>.

DOSE
(mg/kg)

INTAKE
<g>

Control

0 Vehicle Mean 4.00
SEM .622

0 2D0 Mean 9.97+
SEM .659

Scopolamine

0.01 2DG Mean 10.11+
SEM 1.56

0.1 2DG Mean 8.99+
SEM .594

1.0 2DG Mean 6.14
SEM .864

10.0 2DB Mean 4.17
SEM .669

Methylacopolami ne

1.0 2DG Mean 5.50
SEM .962

10.0 2DG Mean 3.02
SEM .677

Significantly higher (Dunnett compariaon, p<.05) than0/Vehicle Condition <+>.
SEM*atandard error
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aliminatad 2DG hypirphagia and alicitad -food intakas 

similar to that 6-f' unstrassad control rats.
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Experiment 1C: Muscarinic Receptor Antagonism and FPS/HPB

Analgesia

Method

Sixty-four rats matched -for baseline ta i l- f l ic k  la­

tencies were assigned to equal groups of eight rats each: 

vehicle* scopolamine at doses of 0.01, 0.1, 1.0 mg/kg and

10.0 mg/kg and methylscopolamine at doses of 1.0 and 10.0 

mg/kg. All rats ware tested in three different shock 

conditions (FPS, no shock and HPS). Following measurement 

of pretreatment ta il- f l ic k  latencies which consisted of 

the average of three tr ia ls  at 10 sec intervals, each rat 

received their appropriate drug treatment. Five minutes 

later, they were exposed to FPS. An additional group of 

eight animals were not exposed to footshock. Ta il-flick  

latencies were assessed 0, 1, 2, 4, 6, 8, 10, 12, 14, 16, 

18 and 20 min after shock. Six to nine days later, each 

animal received the same treatment except that no shock 

was delivered. Fallowing another six to nine day inter— 

val, rats were treated identically with the exception that 

HPS was administered in lieu of FPS.

Results

FPS Analgesia: Table 4 <in appendix) presents the

significant differences in ta i l- f l ic k  latencies following 

FPS across test times (F(14,184)■34.57, p<.0001) and for
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the interaction between groups and test times 

<F<14,784)-1.54, p<.0012>. Vehicle-pretreated rats dis­

played FPS analgesia only when tested at 0 and 1 min after 

FPS. The two lowest doses (0.01 and 0.1 mg/kg) of scop­

olamine extended FPS analgesia for up to 8 min while the 

0.1 and 1.0 mg/kg doses of scopolamine potentiated the 

analgesia at 1 and 2 min after FPS. While the 1.0 and

10.0 mg/kg doses of scopolamine failed to extend FPS 

analgesia, the same doses of methylscopolamine elicited  

analgesia at 6 min after FPS. These data indicate that 

low doses of scopolamine tended to increase the duration 

of FPS while higher doses of both scopolamine and methyl— 

scopolamine had l i t t le  effect upon this form of analgesia.

No Shock Condition: While significant differences

were observed across test times (F(14,784)—4.07, p<.0001), 

the main condition variable or any interactions were not 

found to be significant. Thus, mere re-exposure to the 

shock enviroment in the absence of shock was not found to 

produce analgesia.

HPS Analgesia: Table 5 (in appendix) presents the

significant differences in ta il- f l ic k  latencies following 

HPS among groups (F(7,56)—5.52, p<.0001), across test 

times (F(14,784)-41.97, p<.0000) and for the interaction 

between groups and test times (F(98,784)-2.06, p<.0001).
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Vehicle-treated rats displayed analgesia for up to 10 min 

following HPS. HPS analgesia was present in rats pre­

treated with scopolamine at doses of 0.01 mg/kg (16 min), 

0.1 mg/kg (20 min) and 10.0 mg/kg (6 min) and methyl— 

scopolamine at doses of of 1.0 mg/kg (8 min) and 10.0 

mg/kg (16 min). The 0.1 mg/kg (14 min) and 1.0 mg/kg (16 

min) doses of scopolamine significantly but transitorily  

potentiated HPS analgesia. Like FPS analgesia, i t  appears 

that muscarinic receptor antagonism had l i t t l e  consistent 

effect upon HPS analgesia.
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Experiment 2: Muecerinic Receptor Antagonists and

Pilocarpine Analgesia

Method

Forty—two rats matched for baseline Jump thresholds 

were assigned to equal groups of 6 rats each: vehicle, 

scopolamine at doses of 0.01, 0.1, 1.0 and 10 mg/kg and 

methylscopolamine at doses of 1.0 and 10.0 mg/kg. Fol­

lowing baseline ta il- f l ic k  and Jump threshold assessments, 

each rat received their appropriate drug treatment and 5 

min later were administered a 10 mg/kg injection of pilo­

carpine. T a il-flic k  and flinch Jump thresholds were 

assessed at 30, 60 and 120 min after pilocarpine 

treatment.

Results

Pilocarpine Analgesia (Jump Thresholds): Table 10

presents the significant differences in Jump thresholds 

following pilocarpine among groups <F<7,40)-2.26, 

p<.0409), across test times (F(3,120)-15.87, p<.0001> and 

for the interaction between groups and test times 

(F(21,120)-2.56, p<.0007). Vehicle-treated rats displayed 

pilocarpine analgesia on the Jump test at 30 min after 

injection. While animals pretreated with the lowest dose 

of scopolamine (0.01 mg/kg) displayed normal pilocarpine 

analgesia, rats pretreated with the higher doses of
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Table 10
Scopolamine and methylscooolamine wffacti upon pilocarpine 
(PILQ, 10 mg/kq, IP) analqeeia as meaeured by the Jump 
teet < m A ) . ' --------------------

DOSE CONDITION POST-INJECTION (min)
(mg/kg>

-----------------------------------------------------------------BL_________30_________60_________120

Control

0 Vehicle Mean .338 .346 .329 .344
SEM .016 .014 .022 .015

0 PILO Mean .338 ■ 468+ .432 .373
SEM .016 .026 .018 .013

Scopolami ne

0.01 PILO Mean .281 .491+ .333 .311
SEM .019 .115 .039 .032

0. 1 PILO Mean .271 .446 .407 .357
SEM .022 .028 .032 .040

1.0 PILO Mean .285 .337* .319 .327
SEM .027 .042 .045 .034

10.0 PILO Mean .311 .250* .310 .353
SEM .024 .019 .025 .029

Methylscopolami ne

1.0 PILO Mean .307 .471 + .474+ .469+
SEM .020 .057 .057 .053

10.0 PILO Mean .313 .426 .422 .399
SEM .027 .057 .046 .043

Significantly higher (Dunnett comparison, p<.0S> than the
0/Vehicle condition <+> or lower than the 0/PILO condition
( * ) .
BL*baseline
SEM=^tandard prrnr
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scopolamine (1.0 and 10.0 mg/kg) failad to exhibit an 

analgasic effect -following pilocarpina. Indeed, tha 

highar dosas of scopolamine significantly raducad Jump 

thrasholds ralativa to vahicle pratreatmant. Rats pre- 

traatad with tha 1.0 mg/kg dosa of mathylscopolamina con— 

tinuad to display pilocarpina analgasia across tha tima 

coursa whila tha 10 mg/kg dosa of mathylscopolamina a ll — 

minatad tha analgasic affact of pilocarpina. Figura 2 

illustratas tha dagraa of pilocarpina analgasia in aach 

experimental condition as a parcant incraasa abova tha 

jump thrasholds of vahicla—traamant. Thasa data indicata 

that scopolamina, but not mathylscopolamina, produca a 

dosa—dapandant dacraasa in pilocarpina analgasia on tha 

jump tast. Xn contrast, mathylscopolamina—traatad rats 

(1.0 mg/kg) prolongad tha analgasic affact in comparison 

to tha vahicla-traatad rats. This corrasponds with a 

proposed central action for pilocarpina analgasia and 

differs from tha reductions observed for CWS analgesia 

(Figure 1).

Pilocarpina Analgasia (Tail-Flick Latencies): Table 

11 presents tha significant differences in ta il- f l ic k  

latencies following pilocarpine among groups 

(F(7,40)-6.26, p<.0001) and test times (F(21,120)-3.83, 

p<.0001). Vehicle—pretreated rats displayed pilocarpine 

analgesia on the ta il- f lic k  test for up to 120 min. Rats
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Figure 2. Percent increase in jump thresholds (mA> st 30 
and 60 min following pilocarpine (10.0 mg/kg, IP). Groups 
of six rats each received either vehicle (0), scopolamine 
(8) at doses of 0.01, 0.1, 1.0 or 10.0 mg/kg (IP) or
methylscopolamine (H) at doses of 1.0 or 10.0 mg/kg (IP) 5 
min before pilocarpine pretreatment. The values were 
calculated as the percentage above the Jump threshold of 
the vehicle-treated and unstressed rats (see Table 9). In 
contrast to CWS analgesia, pilocarpine analgesia was 
decreased in a dose-dependent manner by S but not M 
pretreatment. Significant differences form the 0/PILO 
condition (*) or the 0/vehicle condition ( ♦  ).
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Tablt 11. Scopolaminw and methylscopolamine effects upon
pilocarpina (PILO. 10 mo/ka. IP) analaesi a as measured bv
the ta i l- f l ic k  test (sec) a

DOSE CONDITION POST-INJECTION (min)
(mg/kg>

BL 30 60 120

Control

0 Vehicle Mean 2.64 2.43 2.66 2.82
SEM .267 .338 .200 .357

0 PILO Mean 2.63 5.53+ 5. 08+ 4.00+
SEN .267 .363 .246 .208

Scopolami ne

0.01 PILO Mean 2.95 5.10+ 4.23+ 3.70
SEM .231 .431 .312 .208

0. PILO Mean 2.S7 4.87+ 4.06+ 3.74
SEM .145 .345 .567 .239

1.0 PILO Mean .2.93 2.99* 3.06* 3.27
SEM . 182 .223 .230 .272

10.0 PILO Mean 2.99 3.40* 2.90* 3.50
SEM .165 .313 .222 .175

Methylscopolami na

1.0 PILO Mean 3.08 4.98+ 4.41+ 4. 13+
SEM .285 .409 .437 .438

10.0 PILO Mean 2.97 4.22+ 4.20+ 3.96+
SEM .216 .575 .408 .342

Significantly higher (Dunnett comparison, p<.05) than the
0/Vehicle condition <+> or lowtr than ths 0/PILO condition
<*>.
BL-baseline 
SEM*standard error
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pr*trNt«d with tha lowar d o M i of scopolamina (0.01 and 

0.1 mg/kg> displayed pilocarpina analagasia -for up to 60 

min. In contrast, tha highar dosas of scopolamine (1.0 

and 10.0 mg/kg) completely eliminated tha analgasic effect 

of pilocarpina. Rats pretreated with methylscopolamine 

(1.0 and 10.0 mg/kg) displayed pilocarpine analgesia 

across the time course. These data indicate that scopol— 

amine, but not methylscopolamine, reduces pilocarpine 

analgesia in a dose-related manner and contrasts with the 

observed potentiation on the ta il- f l ic k  test following CWS 

end 2D0 analgesia.
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Experiment 3: Muscarinic Receptor Antagonists and Basal 

Thresholds

Method

Forty-two rats matched for baseline Jump thresholds 

were assigned to equal groups o-f 8 rats each: vehicle, 

scopolamine at doses o-f 0.01, 0.1, 1.0 and 10.0 mg/kg and 

methyl scopol amine at doses o-f 1.0 and 10.0 mg/kg. Fal­

lowing determination o-F baseline core body temperatures, 

ta il- f lic k  latencies and Jump thresholds, each rat re­

ceived their respective drug injection. These measures 

were reassessed 30, 60 and 120 min later. After 7-10 

days, a ll rats were matched according to their body weight 

and were reassigned to one of the drug groups. Food 

intake was then assessed six hrs after injection.

Results

Jump Thresholds: Table 12 presents the effect of 

scopolamine and methylscopolamine on basal jump thresh­

olds. A significant interaction was observed between 

groups and test times <F<18,105)*p<.0017). Rats pre­

treated with vehicle and a ll doses of scopolamine (ex­

cluding the 1.0 mg/kg dose at 30 min and the 10.0 mg/kg 

dose at 60 min) and methylscopolamine displayed consistent 

jump thresholds for up to 120 min and failed to d iffer 

from each other. These data taken together with the data

62



Table 12
Scopolamine and methylscopolamine effect* upon besel jump 
thresholds (mA>. " -----------------------------------------------

DOSE POST-INJECTION (min)
(mg/kg)

BL 30 60 120

Control

0 Mean .2S0 .281 .264 .294
SEM .026 .020 .016 .01S

Scopol ami ne

0.01 Mean .334 .315 .343 .306
SEM .033 .029 .032 .032

0.1 Mean .268 .267+ .343 .332
SEM .017 .022 .027 .026

1.0 Mean .295 .226+ .242 .264
SEM .021 .029 .042 .031

10.0 Mean .278 .233 .221+ .263
SEM .024 .025 .028 .027

Methylacopolamine

1.0 Mean .205 .329 .322 .333
SEM .015 .019 .025 . 02S

10.0 Mean .274 .325 .301 .303
SEM .014 .026 .027 .034

Significantly lower (Dunnett comparison, p<.0S> than the 
Vehicle condition (+>.

BL ■ baseline
8EM ■ standard error
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on scopolamine and methylscopolamine action upon CWS, 206 

and pilocarpine analgesia indicates that the drugs had an 

effect on analgesia and was not the result of baseline 

shifts in jump thresholds.

Tai1-Flick Latencies: Table 13 presents the failure  

of scopolamine and methylscopolamine to alter basal 

ta il- f lic k  latencies. Significant differences were not 

observed between groups (F(6t3S)al>19) and across test 

times <F(30t 105)-1.19). These data indicate scopolamine 

and methylscopolamine effects upon CW8, 206 and pilocar— 

pine analgesia were not the result of baseline shifts in 

basal ta i1 -flick  latencies.

Core Body Temperatures: Table 14 presents the signi­

ficant differences in core body temperatures in scopol­

amine and methylscopolamine treated rats across test times 

(F(3,84)“1.17, p<.0004). Scopolamine and methylscopola­

mine pretreatment failed to alter basal core body temper— 

atures and indicate that their effectiveness in potenti­

ating CWS hypothermia was not the result of baseline 

shifts in core body temperature.

Food intake: Table 15 presents the significant d if­

ferences in food intake among groups <F(6f35)*5.47, 

p<.0004>. While low doses of scopolamine <0.01 and 0.1
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Tabla 13
Scopol tuinw «nd — thvl mcopol ami n« ■f'facti upon ba»il 
tail — flick l a t n c i M  ( n e ) .

DOSE
<mg/kg>

BL

POST-INJECTION 

30 60

(mln)

120

Control

0 Maan 3.09 3.20 2.92 2.84
SEN .208 .358 . 1B1 .334

Scopolamina

0.01 Maan 3.21 3. 78 3.50 3.55+
SEM .262 .297 .244 .280

0.1 Maan 3.13 3.04 3.23 3.07
SEM .237 .125 .159 . 100

1.0 Maan 2.91 2.66 2.59 3.15
SEM . 196 .294 .266 .241

10.0 Maan 3.32 2.89 3.08 3.72+
SEM .219 .258 .355 .331

Mathy1scopolami nm

1.0 Maan 3.45 3.46 3.50 3.77+
SEM .460 .330 .281 .578

10.0 Maan 3.20 3.49 3.54 3.34
SEM .308 .278 .287 .379

Significantly highar (Dunnatt comparison, p<.05> than tha 
Vahicla condition (+).

BL*basali na 
SEM^standard arror
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Tabla 14
whWKW4Bin*M« WIU MWfciIr4 K o p u i  W 4  n «  V T T K C V  UPCTTI D A M 1  C O r#
body taaparature C®C) .

DOSE
(mg/kg)

BL

POST-INJECTION (min)

30 60 120

Control

0 Mean 36.74 36.88 36.70 36.84
SEM .425 .347 .239 .223

Scopolamine

0.01 Mean 36.26 36.20 36.36 36.02+
SEM .460 .303 .136 .363

0.1 Mean 36.38 36.46 36.30 36.44
SEM . 120 .163 .141 .269

1.0 Mean 37.76 37.38 37.12 36.52
SEM .664 .649 .486 .558

10.0 Mean 36.72 36.48 36.26 36.52
SEM .321 .563 .306 .332

Methylscopolami ne

1 . 0 Mean 36.52 36.32 36.28 36.08
SEM .218 .128 . 193 .275

1 0 .0 Mean 37.04 36.44 36.54 36.24
SEM .353 .344 . 180 .267

Significantly higher or 1owar <Dunnatt comparison, p<.05>
l * K j i f f i  K m  t i a h 4 # • !  m  * * n p % f l4 4> 4 i  a . \than tha Vehicle condition (+J,

BL"baselina 
SEM-standard error
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Table IS
Scopol amine and methyl scopolamine effects upon baeal 
■feeding (q).   — -----------

DOSE INTAKE
(mg/kg) (g)

Control

Vehicle Mean
SEM

3.93
.696

Scopolamine

0.01 Mean 3.02
SEM .771

0.1 Mean 2.37
SEM .427

1.0 Mean . 982+
SEM .292

10.0 Mean 1.08+
SEM .209

Methylscopolami ne

1.0 Mean .931+
SEM .379

10.0 Mean .987+
SEM .201

Significantly lower (Dunnatt comparison, p<.05> than the 0 
mg/kg dose (vehicle) condition (+>.

SEM^standard error
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mg/kg) elicited similar intake to vehicle pretreatment, 

rats pretreated with higher doses of scopolamine and 

methylscopolamine (1.0 and 10.0 mg/kg) displayed s ign ifi­

cant decreases in -food intake. This dose-dependent sup­

pression of food intake is similar to the effects of 

scopolamine and methylscopolamine pretreatment upon 2D0 

hyperphagia. Correlations were performed to determine 

whether the dose—dependent decreases in 2DO hyperphagia 

following pretreatment with scopolamine and methylscopol-  

amine were associated with the corresponding dose—depend­

ent decreases in basal food intake. A significant cor­

relation between reductions in 2DB hyperphagia and basal 

food intake following pretreatment of scopolamine and 

methylscopolamine was observed ( r (35)“.897, p<.0001).
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Experimant 4: Muscarinic Racaptor Antagainists and Opioid 

Analgasia

Method

Eight cannulatad rats, matched post-oparativaly -for 

baseline jump thresholds, received three conditions at one 

week intervals in a counterbalanced order: vehicle (1 ml 

normal saline kg body weight, IP) /  vehicle <S ug normal 

saline, ICV), vehicle (1 ml normal saline kg body weight)

/  DADL (40 ug, ICV), and scopolamine <10 mg/kg, IP) /  DADL 

(40 ug, ICV). A second and third group o-f eight rats each 

were exposed to an identical paradigm except that either 

BEND (1 ug, ICV) or morphine <5 mg/kg, SC) was admin­

istered in lieu of DADL. The third group of rats also 

received naloxone (5 mg/kg, SC) /  morphine (5 mg/kg, SC).

A 5 min delay separated the two injections in a ll condi­

tions. Jump thresholds were assessed at 15, 30, 45 and 60 

min following the last injection in the f irs t  and second 

groups and at 30, 60, 90 and 120 min following the last 

injection in the third group.

Results

Scopolamine and DADL Analgesia: Table 16 presents the

effect of scopolamine pretreatment upon DADL analgesia on 

the jump test. Significant differences were observed 

among groups <F<4,28)“6.84, p<.0006) and for the interac—
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Table 16
The effect of scopolamine <8COP. 10 ma/ko. IP) 
pretreatment upon D-ala-D-leu enkephalin (DADL. 40 uo/ul. 
ICV) analqeeia at measured bv the jump teat (MA)~

CONDITION POST-INJECTION (min)

PRE 15 30 43 60

Vehicle/
Vehicle

Mean
SEM

.327

.019
.327
.020

.339

.014
.316
.016

.317

.012

Vehicle/
DADL

Mean
SEM

.291

.009
.408+
.045

.394+

.023
.302
.011

.300

.012

SCOP/
DADL

Mean
SEM

.340

.012
.439+
.036

839 &
 

■ 
■

.416+*

.043
.397+* 
.037

Significantly higher <Dunnett comparison, p<.05) than the 
Vehicle/Vehicle Condition <+> or the Vehicle/DADL 
condition <*>.

PRE*preinjaction 
SEM^standard error
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tion bBtwnn groups and tast times (F<8,56)“2.37, p<.029>. 

DADL significantly incrsasad Jump thrasholds for up to 30 

min after injection. Scopolamine pretreatment s ignifi­

cantly potentiated the duration of DADL analgesia for the 

entire 60 min time course.

Scopolamine and BEND Analgesia: Table 17 presents the

effect of scopolamine upon BEND analgesia on the Jump 

test. Significant differences were observed among groups 

(F (2,14) *»26.76, p<.0001), across test times (F<4,28)“8.69, 

p<.0001) and for the interaction between groups and test 

times (F(8,56)“3.97, p<.0009>. Both BEND and scopolamine 

paired with BEND produced analgesia across the 60 min time 

course. Scopolamine pretreatment failed to alter the 

magnitude of BEND analgesia.

Scopolamine and Morphine Analgesia: Table 18 pre­

sents the effect of scopolamine pretreatment on morphine 

analgesia on the Jump test. Significant differences were 

observed among groups <F<3,21>*16.78, p<.0001), across 

test times <F(4,28)-26.88, p<.0001> and for the interac­

tion between groups and test times <F<2,84>*9.43, 

p<.0001). Both morphine and scopolamine paired with mor­

phine produced analgesia across the 120 min time course. 

Scopolamine pretreatment signficantly potentiated morphine 

analgesia for up to 90 min after injection. Naloxone
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Tabla 17
Tha t f f tc t  o-f acopolaaina (SCOP, 10 wq/kq, IP> pra- 
trta tw n t upon bata-andorphin (BEND. 1 uq/ u1. ICV) 
analqaaia am aaaaurad by tha jump taat <HA).

CONDITION POST-INJECTION (min)

PRE 15 30 45 60

Vahicla/
Vahicla

Maan
SEM

.273

.008
.262
.015

.260

.009
.287
.011

.284

.006

Vahicla/
B-END

Maan
SEM

.319

.016
.393+
.011

.401+

.022
.362+
.028

.330+

.020

8C0P/
B-END

Maan
SEM

.292

.012
.361+
.017

.384+

.027
.373+
.025

.350+

.029

Significantly highar (Dunnatt coiipariion, p<.05) than tha 
Vahicla/Vahicla Condition <+> or tha Vahicla/B-END 
condition <#).

PRE»prainjaction 
SEM-standard arror
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Tab la 18
Tha a-ffact o f  icopol««lni (SCOP, 10 ag/kg, IP) and 
m lom w  (NAL. 3 mg/kg .  8C> pr«t—t —nt upon «brphAn»
\iw ni w mu/ î wi wwr auiv*u«a*« msaaui n  uy viiw jum|i

(mA) .

CONDITION POST-INJECTION (ain)

PRE 30 60 90 120

Vahicla/
Vahicla

Maan
8EM

.279

.011
.292
.013

.310

.011
.306
.012

.306

.018

Vahicla/ 
Morphina

Maan
SEM

.312

.024
.598+
.045

.564+

.036
.470+
.025

.412+

.024

SCOP/ 
Morphina

Maan
SEM

.306

.020
.704+*
.079

.708+*

.093
.644+* 
. 102

.456+

.089

NAL/
Morphina

Maan - 
SEM

.301

.013
.310*
.013

.300*

.009
.315*
.011

.304*

.010

81 gnl-fIcantly highar (Dunnatt coapariaon, p<.05) than tha 
Vahicla/Vahicla condition (+) or tha Vahicla/Horphina 
condition <*>.

PRE*prainj act i on 
SEM>atandard arror
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eliminated morphine analgesia across the time course. 

These data indicate the differential effects of the muse 

arinic receptor anatagonist, scopolamine upon opioid 

analgesia by potentiating morphine and DADL analgesia 

while having no affect on BEND analgesia.
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Di scussi on

The results o-f the prnant study are summarized in 

Table 6 (in appendix). In general, pretreatment with 

■copolamina and methylscopolamina, two muscarinic racaptor 

antagonists, d ifferentia lly  affect strass—inducad analge— 

sia, dapanding upon tha particular strassor and pain tast 

aaployad. Scopolamina also differentia lly  affactad opioid 

analgasia dapanding upon which opioid or opiata was ad- 

ministarad. Thasa a-f-facts can ba examined diractly by 

comparing tha graatar potancy o-f tha cantrally activa 

(scopolamina) with tha paripharally activa <mathylscopol-  

amina) muscarinic racaptor antagonist and thair ab ility  to 

block analgasia inducad by a muscarinic racaptor agonist, 

pilocarpina, in a dosa dapandant mannar. Furtharmora, tha 

obsarvad changas in tha analgasic rasponsas to strass and 

opioids by muscarinic racaptor antagonism cannot be at­

tributed to baseline shifts in reactivity.

In assessing tha role of tha muscarinic racaptor in 

stress-induced analgasia, four stressors with different 

physiological and pharmacological analgasic profiles ware 

employed: CWS (nonopioid-neurohormonal>, 2DQ (opioid— 

naurohormonal), FPS (opioid-naural) and HPS (nonopioid- 

neural). Of thasa, scopolamina and methylscopolamina 

axartad the most profound affects upon CWS analgesia in a 

test-specific mannar. Both muscarinic antagonists at—
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tenuated CWS analgasia on ths jump test and potentiated 

CWS analgasia on tha ta i1—flick tast. Whila vahicla 

traatad rats displayad CWS analgasia on tha Jump tast for 

up to 120 min following tha swim, scopolamina and methyl-  

scopolamina pratraatmant raducad CWS analgasia 30 min 

following tha swim and significantly raducad this rasponsa 

at 60  min aftar tha swim. Sinca a claar dosa rasponsa 

ralationship failad to amarga for tha lattar effect, i t  

would appaar that tha strongast statamant that can ba mada 

is that tha muscarinic racaptor is important for tha 

maintainanca of CWS analgasia on tha jump tast. Tha 

raductions obsarvad for CWS and pilocarpina analgasia on 

tha Jump tast fallowing muscarinic antagonism appaar to 

diffar in that tha la ttar rasponsa displays M claar dosa 

rasponsa affact and is influancad mora by scopolamina 

which has both cantral' and paripharal actions than by 

mathylscopolamina which has only paripharal action. This 

is in kaaping with suggastions of a cantral moda of action 

for pilocarpina analgasia Houser, 1976| Housar Sc Van Hart,

1974). In contrast, tha similar actions of scopolamina 

and mathylscopolamina upon CWS analgasia on tha jump tast 

suggast madiation through a paripharal cholinargic mech- 

anism. Such a supposistion coincides with data indicating 

a naurohormanal substrata for CWS analgasia as measured by 

tha jump test. The hypothalamo-hypophysial axis is im­

plicated since destruction of eithar the medial-basal



hypothalamus (Badillo-Martinez * t  a l. ,  1984* Bodnar at 

a l■, 1980a) or the pituitary gland (Bodnar st a l. ,  1979a) 

decreases CWS analgesia. This neurohormonal componsnt 

appaars to be msdiated through ths adranocortical systam 

sinca a) postarior lobactomy fa ils  to affact CWS analgasia 

(Slusman, Bodnar, Kelly, Sirio, Starn & Zimmarman, 1979), 

b) adranalactomy (61usman at a l■, 1980* Marak at a l. ,

1982) but not adranal damadullation (Bodnar at a l. ,  1982) 

potantiatas CWS analgasia and c) carticostarioid activa­

tion and inhibition, raspactivaly, dacraasa and incraasa 

CWS analgasia (Marak at a l. ,  1982* Mousa at a l■, 1981,

1983). In this ragard, cholinastarasa inhibitors incraasa 

corticostarona (Kolta & Soliman, 1981) and adrenocortico- 

trophic hormona (Civan, Loab, WishoM, Wolf son Sc Manln, 

1980) aa wall as affacting tha hypothalamo-pituitary axis 

(Ruiz, daGallarita, Fanjul Sc Maitas, 1981).

Whila scopolamina and mathylscopolamina pratraatmant 

dacraasa CWS analgasia on tha Jump tast, they have tha 

opposite affact on the ta i l- f l ic k  tast and appaar to pro­

duce small transient potentiations. Tha appearance of 

test-specific affects can be tha result of several fac­

tors. First, tha analgesic time course following CWS 

varies as a function of the pain tast with optimal anal­

gesia occurring at 30 min for tha Jump tast and at 30-180 

min for tha ta i l- f l ic k  test (Bodnar at a l■, 1978d). Dif­

ferences between the two tests have also bean observed
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-following repeated exposure to CWS. Chronic exposure to 

CWS -for 14 consecutive days eliminates CWS analgesia on 

the jump test while only reducing CWS analgesia on the 

ta i l—flick test (Bodnar et a l. ,  1978dj Bodnar and 

Komisurafc, 1984). However, a main -factor for this dis­

crepancy between pain tests may be attributed to the pos­

sible influence of CWS hypothermia upon CWS analgesia on 

the ta il- f l ic k  test. The potentiation in CWS analgesia on 

the ta il- f l ic k  test and the potentiation in CWS hypother­

mia by muscarinic receptor antagonism were signficantly 

correlated. This also parallels the proximal to distal 

recovery of vasodilation with the ta il being one of the 

last structures to experience normal thermoregulation 

following CWS. Therefore, the data suggest that the 

potentiation of CW8 analgesia on the ta il- f l ic k  test by 

muscarinic receptor antagonism is an epiphenomenon of 

similar changes in CWS hypothermia and not the result of 

specific changes in pain inhibition. In contrast, the 

reduction in CW8 analgesia on the jump test by scopolamine 

and methylscopolamine did not correlate with hypothermic 

changes providing further evidence that the former effects 

were the result of alterations in an endogenous analgesic 

system.

Scopolamine and methylscopolamine pretreatment d if­

ferentially altered CWS and 2D8 analgesia on the jump 

test. Despite the development of complete and reciprocal
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analgesic cross tolerance (Spiaggia et a l. ,  1979) and 

their similar modulation by the dopaminergic system 

(Bodnar et a l. , 1980b| Bodnar and Nicotera, 1982) 2DG and 

CWS analgesia often display opposite effects. Both mus­

carinic receptor anatagonists correspondingly reduced CWS 

analgesia and potentiated 2D8 analgesia suggesting that 

peripheral cholinergic mechanisms may modulate these re­

sponses. In addition, since the potentiation of 200 an­

algesia by scopolamine and methylscopolamine occurred at 

120 min after the stressor, i t  Mould appear that cholin­

ergic modulation involves the maintainance rather than the 

in itiation of the response. This dichotomy between CWS 

and 2DO analgesia also occurs following manipulations of 

the hypothalamo-hypophysial axis in that both medial-basal 

hypothalamic damage (Badillo—Martinez et a l. ,  1984) and 

hypophysectomy (Bodnar et a l. ,  1979a) potentiate 2DO an­

algesia. Further, while pretreatment with the noradren­

ergic reuptake inhibitor, desipramine, potentiates CWS 

analgesia, i t  reduces 2DO analgesia (Bodnar et a l. ,  198S, 

1986).

Our laboratory has proposed a mechanism by which a 

given physiological or pharmacological manipulation is 

able to potentiate one analgesic response and reduce 

another. The process of collateral inhibition hypothesis 

postulates that the two manipulations are activating dis­

tinct pain inhibitory systems such that excitation of one
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results in the inhibition o-f the other (Kirchgessner et 

a l.,  1982). Thet is, act i vet ion o-f one system by a given 

stressor (e.g. CWS) inhibits the activation o-f a second 

system, precluding simultaneous activation o-f a ll systems 

during stress and thereby allowing the alternative (and 

less relevant) systems to be held in reserve. I f  the 

cholinergic system is involved in the maintainance of the 

pain inhibitory system activated by CWS and also inhibits 

that system by 2DG, i t  would be expected that cholinergic 

antagonism would reduce CWS analgesia directly and poten­

tia te  2DG analgesia through disinhibition. This rela­

tionship has also been observed for CWS and morphine 

analgesia. Anti-enkephalinases potentiate morphine anal­

gesia while reducing CWS analgesia (Bodnar et a l. ,  1982), 

while irreversible opiate receptor antagonists reduce 

morphine analgesia and potentiate CWS (Kirchgessner et 

a l. ,  1982). Since 2D6 analgesia is partially  mediated by 

an opiate mechanism (Bodnar et a l. ,  1979bJ Spiaggia et 

a l., 1979) and since both 2DG and morphine analgesia are 

potentiated by scopolamine, this collateral inhibition may 

be working through the opiate component of 2DG analgesia. 

Finally, this hypothesis may explain the opposite effects 

upon CWS and 2DG analgesia following the aforementioned 

medial-basal hypothalamic damage and hypophysectomy.

While the effects upon 2DG analgesia following mus­

carinic antagonism appeared not to be the result of

80



effects of scopolamine and methylscopolamine upon basal 

pain thresholds* a different pattern emerged for 2D0 

hyperphagia. The reductions induced by scopolamine and 

methylscopolamine upon basal food intake and 2DG hyper— 

phagia showed strong significant correlations suggesting 

that they are mediated through the same mechanism. Since 

scopolamine and methylscopolamine were equally effective 

in reducing both responses* i t  would appear that these 

effects could be most parsimoniously attributed to block­

ade of peripheral parasympathetic responses. This disso­

ciation between the analgesic and hyperphagic response to 

2DB is not novel'(see review: Bodnar et a l.* 1986).

Indeed* the only instance in which both responses are 

reduced is in the aging process (Kramer* Sperber & Bodnar, 

19B5).

The effects of scopolamine and methylscopolamine upon 

footshock analgesia in the present study again demonstrate 

the importance of parametric consideration in describing 

pharmacological and physiological profiles of shock anal­

gesia. In contrast to the inability of muscarinic recep­

tor antagonism to appreciably affect FP8 or HP8 anale- 

sia* in the present study* scopolamine reduced analgesia 

induced by prolonged* intermittent footshock but not 

brief* continuous footshock (Lewis et a l. * 1983). Fur— 

thermore* scopolamine signficantly reduced analgesia in­

duced by brief re-exposure to inescapable shock (MacLennan
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• t  a l. ,  1982)■ I t  is interesting to note that both of the 

la tter forms of muecarlnic-sensitive analgesia also 

possess hormonal components (Lewis et a l. ,  1980, 19821 

MacLennan et a l. ,  1983). However, the possibility that a 

common linking mechanism can be attributed to the muscar­

inic effect upon these forms of footshock analgesia and 

CWS analgesia is questionable given that a) methylscopol- 

amine is active in the la tter types, but not in the former 

types of analgesia and b) opiate antagonism is effective 

in the former, but not in the latter types of analgesia 

(see reviews: Bodnar et a l■, 1984, 1986) Terman et a l■, 

1984).

While low doses of scopolamine were found to tran­

siently potentiate HP8 analgesia in the present study, 

Watkins and co-workers (1984) found that equivalent doses 

of scopolamine attenuated HP8 analgesia. One possible 

reason for this discrepancy may be the injection-test 

interval between the two studies, 30 min (Watkins et a l■,

1984) vs S min (the present study). Second, the magnitude 

and duration of HP8 analgesia in the present study was 

less than that reported previously (Watkins et a l. 1984) 

despite the fact that identical shock parameters were 

used. Other laboratories (Cannon et a l. ,  1902I Terman et 

a l., 1984} Urea et a l. ,  1985) have .demonstrated that re l­

atively small changes in shock parameters can alter the 

pharmacological profile of the subsequent analgesic re­
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spans*. I t  is concsivsbls that different levels of shock 

may havs baan adainistarad by tha different aquipaant 

<shock generator, scraablor or tast box). Daspita tha 

differences between our laboratory and Watkins, i t  is 

s t i l l  claar that muscarinic racaptor antagonism exerts 

differential effects upon strass inducad analgasia that 

varies as a -function of tha stressor and tha pain tast.

All of thasa affects appear not to be madiate through 

cantral cholinorgic mechanisms as they do not display the 

dose-dependent reduction by scopolamina as observed for 

pilocarpina analgesia on both pain tests. Furthermore, 

they do not show the greater efficacy of scopolamina over 

mathylscopolamina in exarting such affects.

Prior research using synergistic interactions 

suggested that analgasia inducad by opiates and cholino— 

mimetics interact. However, subsequent' studies questioned 

this hypothesis since cholinergic or opiate receptor 

antagonists only partially or failed to attenuate the 

other form of analgesia (Calcutt Sc Spence, 1 9 7 2 1  Ireson, 

1 9 7 0 1  Ramabradan Sc Jacob, 1 9 7 0 J  Tobias, 1 9 7 1 ) .  Despite 

the development of analgasia tolerance by both agents, 

opiate and cholinergic agonists failed to develop an 

analgesic cross-tolerance (Howes at a l. ,  1 9 6 6 1  L itt le  Sc 

Raes, 1 9 7 4 )  Pedigo Sc Dewey, 1 9 8 1 1  Part Sc Maxey, 1 9 7 5 ) .  

Indeed some studies have reported potentiation of opiate 

analgesia by cholinergic receptor antagonists on the
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ta il- f lic k  (Lawis at a l. ,  1983) and shock titration  (Part 

Si Max ay v 1973) tasta. Tha ab ility  of scopol aaina to po- 

tantiata DADL and aorphina analgasia, but not BEND anal — 

gasia on tha Jump tast is in agreamant with tha lattar 

studias. This potantiation cannot ba attributad to shifts 

in basalina thrasolds by scopolamina nor can thay ba ax— 

plainad in tarns of any nonspacific affact sinca scopola- 

mina salactivaly blockad morphina and DADL analgasia but 

not BEND analgasia. Tha ab ility  of naloxona to aliminata 

morphina analgasia confirmad tha opiata affact.

Scopolamina's diffarantial affacts on opiata and opi­

oid analgasia confirms othar avidanca that tha opiata pain 

inhibitory systam is  not a singla homoganaous machanism 

(a.g. Yakshp 1981) Yang and Rudyp 1980a,b). I t  would 

appaar that diffarant groups of opioid paptidas intaract 

with tha diffarant opiata racaptor subtypas (mu, daltaf 

kappa and apsilon). Thasa opioid paptidas and racaptors 

ara diffarantially distributad in spinal and supraspinal 

structuras (Atwah Sc Kuhar, 1977a,b,c) and may madiata 

diffarant forms of analgasia. For instanca, tha mul ra— 

captors appaar to madiata supraspinal analgasia 

(Pastarnak, 1981* Pastarnak at a l. ,  1980, 1981* Zhang Sc 

Pastarnak, 1981) whila dalta and kappa madiata spinal 

analgasia (Schmauss Sc Yaksh, 1984).

Tha prasant resaarch suggasts that cholinargic anal­

gasia is not mediatad through an opioid pain inhibitory
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system. Biochemical studies demonstrate differences in 

stereoselectivity, pA2 values and the slope of modified 

Schild plots for morphine antagonists (naloxone and pent­

azocine). Inhibition of ACh and morphine suggest opiate 

receptor antagonism varies as a function of whether the 

analgesia was produced by ACh or morphine. In addition, 

the anatomical pathways mediating ACh and morphine anal­

gesia appear to be distinct. While opiate antinociception 

appears to involve the DLF, NRM and PAS (Yaksh St Rudy, 

19701 Mayer Sc Price, 1976) Messing Sc Lytle, 1977) Gebhart, 

1982) this does not appear to be the case for cholinergic 

analgesia. Microinjections of either ACh into the PAG 

(Metys et a l. ,  1969) or carbachol into the NRM (Brodie Sc 

Proudfit, 1982) produce analgesia. While cells in the NRM 

are excited by iontophoretically applied ACh and are in­

hibited by scopolamine, these responses do not affect 

neurons in the PAG, nor does stimulation of the DLF or PAG 

affect cells in the NRM which are sensitive to ACh or 

scopolamine (Couch, 1970J Bradely Sc Dray, 1974) Behbehani, 

1982). Therefore, while ACh acts through the muscarinic 

receptor as an excitatory neurotransmitter in the NRM, its  

effects are independent of opioid—mediated PAG stimula­

tion. Furthermore, while opiate receptor density is 

greatest in the vicinity of the PAG, only a small number 

of muscarinic receptors and low densities of cholinergic 

neurons or CAT levels have been detected (Wamsley et a l.,
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19811 Kuhar Sc Yamamura, 1976V Kimura, McGaar, Pang,

McGaar, 1981I Kuhar at a l. ,  1981). 8copolaalna fa ils  to 

affact local glucosa matabolism in aithar tha PAG or van— 

tral brainstam (Wainborg, Grasnbarg, Waldo, Sylvsst Sc 

Raivich, 1979). Thus, whila soma cholinargic analgasia is 

madlatad by soma of tha sama structuras (NRM and PAG) 

which ara involvad in morphina analgasia, tha nauronal 

pools appaar to ba indapandant of ana anothar (Chau Sc 

Daway, 1981). Thara appaars to ba an araa in tha brain in 

which carbachol (a cholinomimatic) can a lic it  analgasia 

whila naithar morphina nor naloxona axart affacts 

(Katayama at al.-, 1962, 19B4). This araa is locatad 

adjscant to tha dorsolataral brachium conjunct!vm and tha 

parabrachlal nuclaus in tha raticular formation and has 

numarous muscarinic, nicotinic and opiata racaptors 

(Warns lay at a l, .  19Bly Sagal, Dudai Sc Amstsrdam, 1978V 

Paarson st a l. ,  1980). Lasions placad in tha DLF par— 

t ia lly  block carbachol analgasia alicitad from this tag— 

mantal arsa (Hayas at a l. ,  1984). This is not madiatad 

through a dtract connaction sinca horsaradish paroxidasa 

(HRP) studios indicata that cholinsrgic naurons of tha 

dorsolataral brachium conjunct!vm do not projact diractly 

through tha DLF (Hayss at a l. ,  1984). Thus, i t  scans that 

cholinargic analgasia may ba madiatad through a polysyn­

aptic pathway including tha parabrachial nuclaus which 

possassas raciprocal projactions with brainstam nuclai
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involved in descending bulbo—spinel pain inhibition as the 

nucleus raphe dorsalis and magnus (Morgane, Forbea It 

Pasquier, 1974) Taber-Pi erct, Foote Sc Hobeson, 1976)

Beitz, 1982) Bobillier, Seguin, PettiJean, Salvert, Touret 

t c  Jouvet, 1976) and the PAG (Sakai, Touret, Sal vert, Leger 

Sc Jouvet, 1977). In addition, local glucose utilization  

in the parabrachial nucleus increases -following PAG stim­

ulation at intensities associated with analgesia (Beitz Sc 

Buggy, 1982).

Having established the existence o-f a separate chol­

inergic component of pain inhibition, the link between 

cholinergic antinociception and other neurotransmitters 

will be examined. Serotonin has been implicated in the 

mediation of pain inhibition (see reviews: Mayer Sc Price, 

1 9 7 6 1  Messing Sc Lytle, 1 9 7 7 ) .  ACh and serotonin have been 

observed to interact such that physostigmine increases 

serotonin turnover (Reid, 1 9 7 0 J  Bar beau, Haubrich Sc Reid, 

1 9 7 2 )  while ACh and cholinomimetics stimulate serotonin 

release (Ascher, Glowinski, Tave Sc Taxi, 1 9 6 8 )  and de­

crease the serotonin metabolite, 5HIAA during analgesia 

(Paalzow Sc Paalzow, 1 9 7 5 ) .  Raphe lesions decrease ACh 

activity in the cortex (Garau, Mula Sc Pepeu, 1 9 7 5 ) .  

Physostigmine and tremorine induced analgesia are atten­

uated by reductions of serotonin activity following re- 

serpine (monoaminergic storeage depletor), PCPA (inhibitor 

of tryptophan hydroxylase), methysergide (serotonin re-
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ceptor blocker) and 5 ,6-dihydroxytrytamine (serotonin 

neurotoxin) (Koe 8c Weissman, 1966s Baumgarten, Bjorland, 

Lachenmeyer, Novin 8c Stenevi, 1971} Pleuvry 8c Tobias,

1971J Bhattacharva 8c Nayak, 1978). In contrast, 5 —hy­

droxy tryptophan (serotonin percursor) potentiated physo— 

stigcnine analgesia (Pleuvry 8c Tobias, 1971). However, 

serotonin's involvement in cholinergic analgesia is s t i l l  

in question since oxytremorine induced analgesia was not 

effected by 5-hydroxytyrtophan, PCPA, al pha-methyl tyro­

sine, 1 -tryptophan and L S D — 2 5  (Pleuvry 8c Tobias, 19711 

Paalzow 8c Paalzow, 1975). I t  should be noted that while 

serotonin depletion reduces opiate analgesia, serotonin 

stimulation has the opposite effect and -fails to a-f-fect 

CWS analgesia (Bodnar et a l. ,  1981a| Brutus et a l., 19791 

Messing <c Lytle, 1977).

A catecholaminergic component in cholinergic analgesia 

has been postulated since dopamine and noradrenergic me­

tabolism are affected by cholinergic agonists (Corodi et 

a l., 19671 Nose 8c Takemoto, 1974). However, the role of 

catecholamines in ACh antinociception is not firmly es­

tablished. Increases in catecholamine levels by phenoxy— 

benzamine or L—Dopa pretreatment either increased, de­

creased, or failed to affect physostigmine and oxotremor- 

ine analgesia (Pleuvry 8c Tobias, 19711 Paalzow 8c Paalzow,

1975). Decreases in catecholamine activity by either 

reserpine, AMPT or NE synthesis inhibitors (H44/68 and
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diethyldithiocarbamate) either potantiatad or raducad 

physoatigmlna and oxotremorine analgarnia (Paalzow & 

Paalzowp 1975) Plauvry & Tobias, 1971).

Tha pravioua pharmacological, biochamical and anatom­

ical avidanca aaam to indicate tha presence of a non­

opioid cholinergically activated pain inhibitory system.

If  such a system exists, this alternative cholinergic 

mechanism should have its  own functional significance.

Tha cholinergic system has long been established to be an 

integral part of learning and memory processes. Increased 

levels of ACh fac ilita te  learning and memory tasks in 

animals and humans while lowered ACh levels have been 

associated with learning and memory impairments (Drachman, 

19701 Ferris, 1980f Meyers, 19651 Suits Sc Isaacson, 19701 

White, 1972). The cholinergic system has also been asso­

ciated with attentional mechanisms since cholinergic re­

ceptor blockers increase d istract!b ility  and decrease 

habituation (Carlton & Vogel, 1965). Furthermore, Ach is 

found in abundance in limbic structures as the hippocam­

pus, amygdala and the septohippocampal pathway (Lewis it 

Shuts, 1965), a ll of which are associated with learning, 

memory and attentional processes. In fact, these areas 

have been observed to be involved in cholinergic analge­

sia. Low doses of carbachol in the septal nucleus produce 

analgesia and this effect is eliminated by the cholinergic 

receptor antagonist atropine (Metys et a l. ,  1969). I t  is
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thvrcfora possible that tha cholinergic mediation of an­

algesia is related to its  involvement in learning ,̂ memory 

and attentional processes. Thus, cholinergic agents may 

alter an animal’ s attentional processes to a stressor or 

the memory of the stressful event and may be different 

than that following analgesia induced by opiates. I f  

changes occur in how the animal perceives the stressful 

stimuius then the stressful consequences of the stimulus 

may also be altered. This is highly speculative but fur­

ther research may amplify the interactions among the pre­

viously described sensory-discrimnative, motivational- 

affective and cognitive aspects of pain (Melsack <t Casey, 

1967) and the endogenous systems that exert inhibitory 

control over such responses.

In conclusion, the present studies replicate some 

previously established findings regarding the cholinergic 

system and pain inhibition. For instance, the cholinergic 

agonist, pilocarpine, was found to produce an analgesic 

state that could be blocked by scopolamine but not 

methylscopolamine. In addition, i t  was demonstrated that 

while scopolamine alone had no affect on basal pain 

thresholds i t  did affect analgesia induced by various 

stressors. Although scopolamine was found to interact 

with morphine analgeisa, anatomical, biochemical and 

physiological evidence suggests that the two are mediated 

by independent pain inhibitory systems. Along these
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lines, scopolamine, in contrast to morphine, appears to 

have a greater affect on the duration of an analgesic 

response following a stressor as CW8. Thus, i t  is pos­

sible that cholinergic pain inhibition is a secondary 

system to that of the opiate system. However, the precise 

mechanism by which acetylcholine is involved in pain is 

s t i l l  unclear. Most of scopolamine's affect on stress- 

induced analgesia can be accounted for by the drugs peri­

pheral activity. Therefore, perhaps i f  scopolamine were 

administered centrally, particularly in areas of the 

septohippocampal pathway, parabrachial nucleus or adjacent 

to the brachium conjunct!vm, in addition to the NRM and 

PAG, i t  would have a greater affect on analgesic pro­

cesses. In addition, as i t  has already been established 

that there are more than one type of muscarinic receptors 

(Ml and M2, see Birdsall, Burgen fit Hulme, 19781 Hammer, 

Berrie, Birdsall, Burgen fit Hulme, 1980) perhaps future 

research employing an M2 receptor anatagonist (as piren— 

zepine) would be found to have greater effect on stress- 

induced analgesia or opiate analgesia than scopolamine 

which has less specific activity at these receptors. 

Finally, the discovery of a potent analgesic agent without 

any of the side effects of morphine (as addiction) would 

be beneficial. To this end, anti-AChEI have been employed 

clinically to potentiate morphine analgesia at lower 

doses. However, future research is s t i l l  necessary to



determine a potent analgesic without any adverse sid 

effects.
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Table 1
The effect of a ll doiti of ■copol ami ne and methyl-  
scopolamine pretreatment upon cold-water swim (CMS) 
analgesia as measured by the jump teat <wft).

DOSE CONDITION POST-SWIM (rnin)
(mg/kg)

BL 30 60 120

Control

0 No Swim Mean .306 .281 .305 .312
<n«S> SEM .012 .015 .016 .028

0 CWS Mean .291 . 463+ .399+ .390+
<n-8> SEM .037 .040 .045 .044

0 CWS Mean .335 .421 + .379+ .415+
<n-6> SEM .029 .048 .035 .023

Scopolamine

0.001 CWS Mean .334 .351 .486+ .432+
(n—6) SEM .024 .039 .079 .051

0.01 CWS Mean .304 .353* .365 .313
<n»B> SEM .023 .066 .047 .043

0.05 CWS Mean .343 .365 .321 .378
<n-6> SEM .017 .024 .025 .021

0.1 CWS Mean .297 .274* .301* .308
(n»8> SEM .016 .024 .029 .013

0.5 CWS Mean .304 .311 .302 .311
<n-6) SEM .029 .022 .027 .039

1.0 CWS Mean .309 .382+ .325 .308
<n«8> SEM .014 .037 .033 .024

10.0 CWS Mean .306 .384+ .306 .335
(n-8) SEM .029 .044 .033 .023
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Table 1 (continued)

Methylscopolami ne

0.01 CWS Mean .268 .347 .304 .372
(n«6) SEM .085 .040 .037 .038

0.1 CWS Mean .317 .438+ .374 .434+
(n-6) SEM .034 .063 .057 .048

1.0 CWS Mean .304 .328* .333 .346
(n-B) SEM .026 .043 .047 .035

10.0 CWS Mean .307 .423+ .345 .331
(n-8) SEM .014 .066 .025 .023

Significantly higher (Dunnett comparison, p<.05) than 0/No 
Swim Condition <+) or lower than the 0/CWS Condition (*>.

BL-baseline 
SEM-standard error



Tabla 2
Tht affwct of a ll do—i  of mcopolaaina and
mathy1 mcopolamint pratraitaant upon cold—Matar twin (CW8)
analgarnia as nwaiauraci by tha t a il—flick  t amt (mac).

DOSE
(mg/kg)

CONDITION

BL

POST-SWIM

30

(min)

60 120

Control

0 No Swim Maan 2.30 2.39 2.42 2.34
(n-8) SEM .121 .354 .116 . 174

0 CWS Maan 2.37 4.63+ 3.69+ 2.95
(n-0) SEM .228 .213 .209 . 182

0 CWS Maan 2.98 5.65+ 4.60+ 3.93+
(n-6> SEM .123 . 191 .236 .212

Scopolanina

0.001 CWS Maan 3.62 5.61+ 4.75+ 4.25+
(n-6) SEM .340 . 101 .258 . 108

0.01 CWS Maan 2.36 5.10+ 4.36+ 3.56+
(n-8) SEM .068 . 191 .259 . 177

0.05 CWS Maan 3.23 5.88+ 4.51+ 4.51+
(n-6) SEM .322 . 182 .411 . 198

0.1 CWS Maan 2.77 5.10+ 3.66+ 3.14+
(n-S) SEM .114 .232 .252 .223

0.5 CWS Maan 3.31 5.80+ 4.85+ 4.52+
(n—6) SEM . 160 .130 .265 .529

1.0 CWS Maan 2.39 4.83+ 3.86+ 3.33+
(n-8) SEM .146 .209 . 193 . 124

10.0 CW8 Maan 2.32 4.73+ 3.48+ 3.11 +
(n—8) SEM . 104 .204 . 135 .119
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Table 2 (continued)

Methylscopolanine

0.01 CWS Mean 3.05 5.75+ 4.47+ 4.01 +
<n-6> SEM .231 . 139 .366 .337

0.1 CWS Mean 2.38 5.72+ 4.60+ 3.93+
<n"6> SEM .248 . 163 . 169 .246

1.0 CWS Mean 2.68 4.93+ 4. 12+ 3.90+*
(n-8) SEM .161 .309 .402 .388

10.0 CWS Mean 2.32 5.25+ 4.43+* 4.01+*
(n-8) SEM .212 .273 .309 .384

Significantly higher (Dunnett comparison, p<.05) than 0/No 
Swim Condition <+> or lower than the 0/CN8 Condition («).

BL-baseline 
SEM-standard error
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Table 3
The effect of a ll doeee of ecopolaaine and
methyl mcopolawine pretreateent upon cold-water wiw (CW8)
hypothermia ae eeamured by~core body temper ature.

DOSE CONDITION POST-SWIM (min)
(mg/kg)

BL 30 60 120

Control

0 No 8wim Mean 36.7 36.3 36.7 36.7
(n-8) SEM .285 .604 .284 .349

0 CWS Mean 37.3 29.9+ 34.6 35.9
(n-8) SEM . 133 .767 .564 .409

0 CWS Mean 36.7 28.8+ 32.4+ 35.1
(n-6) SEM . 161 1.07 1.05 .448

Scopolaaine

0.001 CWS Mean 36.7 26.8+ 31.7+ 35.3+
<n—6) SEM .280 .317 .672 .523

0.01 CWS Mean 37.1 27.3+* 31.2+* 33.8+*
(n-8) SEM .228 1.38 1.37 1.11

0.0S CW8 Mean 37.0 27.9+ 32.3 34.5+
(n-6) SEM .343 .767 .289 .204

0.1 CWS Mean 36.8 29.0+* 34.1+ 35.6
(n-8) SEM .239 .854 1.00 .656

0.5 CWS Mean 35.4 28.0+ 31.9+ 33.9+
(n-6) SEM 1.8B .611 .743 .642

1.0 CWS Mean 36.9 27.6+* 32.6+* 35.3
(n-8) SEM .334 .575 .918 .515

10.0 CWS Mean 36.7 30.1+ 33.4+ 35.9
(n-B) SEM .424 1.35 .930 .374
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Table 3 (continued)

Methylecopolaeine

0.01 CWS Mean 36.7 27.8+ 31.9+ 34.6+
(n-6) SEM .249 1.11 .762 .645

0.1 CWS Mean 36.7 28.9+ 33.3+ 35.3
(n-6) SEM .072 .782 .535 .431

1.0 CWS Mean 37.6 30.7+ 34.3+ 35.8
(n—B> SEM . 176 .753 .699 .783

10.0 CWS Mean 37.2 28.6+ 32.7+* 35.0

3 1 m SEM . 254 1.22 1.08 .602

Significantly higher (Dunnett comparison, p<.05) than 0/No 
Seim Condition (+) or lower than the 0/CW8 Condition <*>.

BL-baseli ne 
SEM-atandard error



Tabla 4
E ffw t of scopolamina and methylscopolamina upon forepaw 
footshock <FPB> analgesia n  m iiu r t l by the ta i1 -flick  
teetfsec) .

DOSE CONDITION POST-SHOCK Cmin)
(mg/kg)

BL 0 1 2 4

Control 

0 No FPS Maan 3.0S 3.24 2. 67 2.72 2. 78
SEM .711 .345 . 151 .135 .207

0 FP8 Maan 3.03 6.41 + 5.08+ 4.06 4. 18
SEM .263 .942 .512 .479 .426

Scopolamine

0.01 FPS Maan
SEN

0.10 FPS Mean
SEN

1.0 FPS Maan
SEH

10.0 FPS Maan
SEM

Methylscopolami na

1.0 FPS Mean 3.04 S. 24 6.09 4.62 4.09
SEM . 141 .866 1.01 .490 .608

10.0 FPS Maan 2.99 7.20 5.31 4.69 3.78
SEM .341 .940 1.05 .821 .489

Significantly highar (Dunnatt comparison, p<.05> than
aithar tha 0/No Shock condition <+> or tha 0/8hockcondition (*).
BL»baseli na 
SEM*standard arror

2.99
.230

6.53+
1.03

5.74+
.810

5.58
1.01

5. 15 
1.04

3.14
.267

7.84
1.08

6.94
1.05

6.68
1.16

4.60
.844

3.04
1.21

8.36
.691

5.24
.794

4.97
.827

3.87
.221

3. 19 
.263

6.82
.909

4.96
.667

4.33
.851

4.25
.264
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Tabla 4 (continued)

DOSE
(mg/kg)

CONDITION POST-SHOCK tain)

6 8 10 12

Control

0 No FPS Maan
SEM

2.70 
. 198

2. 66 
.172

3.03
.341

2.60 
. 151

0 FPS Maan
SEM

4.02
.432

3.51
.390

3.90
.461

3.85
.415

Scopolamina

0.01 FPS Maan
SEM

4. 65 
.895

4.66
.832

4.41
.051

4.13
.290

0.10 FPS Maan
SEM

4.78
.709

5.03
.095

4.20
.607

3.85
.632

1.0 FPB Maan
SEM

3.47
.221

3.06
.531

4.06
.452

3.93
.094

10.0 FPS Maan
SEM

3.S2
.493

4. 10 
.651

3.00
.410

4.13
.689

Mathy1scopolami na

1.0 FPS Maan
SEM

5.29
.790

3.91
.445

4.18 
.866

4.23
.741

10.0 FPS Maan
SEM

4.60
.855

3.04
.444

3.51
.431

3.50
.513
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Tabic 4 (continued)

DOSE
(mg/kg)

CONDITION

14

POST-SHOCK (min)

16 18 20

Control

0 No FPS Mean
SEM

3.68
.939

2.87
.214

3.73
.910

3. 11 
.315

0 FPS Mean
SEM

3. 30 
.480

3.34
.377

3.36
.426

3.23
.374

Scopolamine

0.01 FPS Mean
SEM

4.74
.837

3.58
.266

3.66
.205

3.63
.346

0.10 FPS Mean
SEM

3.25 
. 192

3.63
.563

3.67
.497

2.98
.327

1.0 FPS Mean
SEM

3.54
.335

3.95
.518

3. 12 
.239

2.87 
. 167

10.0 FPS Mean
SEM

3.33
.634

3.50
.287

3.42
.590

3.28
.435

Methylscopolami ne

1.0 FPS Mean
SEM

3.91
.263

3.51
.314

3.67
.444

3.31
.341

10.0 FPS Mean
SEM

4.63
.8 8 8

3.26
.477

3.84
.548

3.21
.380
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Tabl« 5
Effect of scopolamine and wthylscopolamine on hindpaw 
footshock (HPS) analgesia as measured by the ta il-? Iick  
teet (mec>.

DOSE CONDITION POST-SHOCK <min)
(mg/kg)

BL 0 1 2 4

Control

0 No HPS Mean
SEM

3.23
.329

3.25
.231

2.92
.344

3.12 
.324

3.24 
. 185

0 HPS Mean
SEM

3.33
2.64

8.99+
.529

7.46+
.840

7.34+
1.01

7.43+
.693

Scopolamine

0.01 HPS Mean
SEM

3.37
.271

9.63+
.257

8. 18+ 
.744

7.03+
.879

6.07+
.889

0.10 HPS Mean
SEM

2.93
.282

9.47+
.532

8.27+
.868

7.45+
1.11

6. 19+ 
.987

1.0 HPS Mean
SEM

3.34
.357

9.47+
.527

8.93+
.826

8.30+
.047

7.94+
1.02

10.0 HPS Mean
SEM

3. 15 
.216

9.99+
.014

6.91 + 
.767

7.81 + 
.971

6.47+ 
1. 10

Methylscopolami ne

1.0 HPS Mean
SEM

3.01
.262

9.32+
.501

6.59+
1.03

5.39+
.801

3.93
.481

10.0 HPS Mean
SEM

3.89
.475

8.74+
.799

7.63+
1.03

6.41+
.935

4.44
.051

Significantly higher <Dunnett comparison, p<.03> thaneither the 0/No Shock condition <+> or lower or higher
than the 0/Shock condition (a).
BL—baseli ne 
SEM—standard error

103



Table 5 (continued)

DOSE
(mg/kg)

CONDITION

6

POST-SHOCK (mln>

8 10 12

Control

0 No HPS Mean
SEM

3.20
.260

3. 16 
.355

3.37
.233

2.89 
.234

0 HPS Mean
SEM

6.22+ 
1.03

5. 86+ 
1.04

6.11+ 
.720

6.55
.860

Scopolamine

0.01 HPS Mean
SEM

7.25+
.738

6. 73+ 
.958

6.74+
.794

7.24-
.763

0.10 HPS Mean
SEM

5.89+
1.13

5.99+ 
1. 18

6.23+
1.11

5.62
1.18

1.0 HPS Mean
SEM

S. 07+ 
.794

6.56+
1.15

6.01+ 
1. 14

6.79-
1.14

10.0 HPS Mean
SEM

6.21 + 
1.11

5.15 
.803

4.65
.691

4.24
.487

Methylecopolami ne

1.0 HPS Mean
SEM

4.42
.707

5.80+
.916

3.62*
.650

6.30
1.22

10.0 HP8 Mean
SEM

5.57+
.857

4.54
.664

5.74+
.836

4.61
.629
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Tabla 5 (continued)

DOSE
<mg/kg)

CONDITION POST-SHOCK (min)

14 16 18 20

Control

0 No HPS Maan
SEM

3.91
.354

3.49
.250

3.52
.226

3.47 
. 152

0 HPS Mman
SEM

6.56
.60S

5.74
.299

6.32
.924

6. 12 
.S03

Scopolamino

0.01 HPS Mman
SEM

6.57+
.873

5.42+
.734

4.73
.399

5.09
.733

0.10 HPS Maan
SEM

8.03+* 
1.03

4.52
.808

6.58+
1.05

3.61- 
8. 13

1.0 HPS Maan
SEM

6.49+
1.20

6.47+*
.933

5.89
.937

6.18-
1.20

10.0 HPS Moan
SEM

5.46
.596

4.70
.634

4.24
.721

3.93
.363

Mathy 1 scopol ami ns

1.0 HPS Maan
SEM

4.28
.573

4.40
.936

4.03
.626

3.95
.549

10.0 HPS Moan
SEM

5.60+
1.20

4.79+
1.22

4.84
1.27

4.62
1.03
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Table 6
Summary of the effects of scopolamine and
mathy1scopolamina on various stressors at damonatratad by 
di fCerent behavioral measures.

type of 
analgeaia

drug treatment bahavi
measur

oral reaulta

Expariment 1A 
CWS 
CWS 
CW8

SCOP and METHYL 
SCOP and METHYL 
SCOP and METHYL

FJ
TF
CT

decrease
i ncraaaa 
increase

Experiment
2DQ
2DG
2D0

IB
SCOP and METHYL 
SCOP and METHYL 
SCOP and METHYL

FJ
TF
FI

increase
no effect 
decrease

Experiment 1C 
FPS 
HPS

8C0P and METHYL 
SCOP and METHYL

TF
TF

no effect 
no effect

Experiment 2 
PILO 
PILO 
PILO 
PILO

SCOP
METHYL
SCOP
METHYL

FJ
FJ
TF
TF

decrease
no effect 
decrease
no effect

Experiment.3 
BL 
BL 
BL 
BL

SCOP and METHYL 
SCOP and METHYL 
SCOP and METHYL 
SCOP and METHYL

FJ
TF
CT
FI

no effect 
no effect 
no effect 
decrease

Experiment 4
DADL SCOP
BEND SCOP
MOP SCOP

FJ
FJ
FJ

i ncrease
no effect 
increase

BEND-beta-endorphin 
BL*baseline
CT-core body temperature 
CWS-cold-water seim 
DADL“D—ala—D—1eu—enkephali n 
FI"food intake 
FJ«flinch jump thresholds

FPS“forepaw footshock 
HPS-hindpaw footshock 
METHYL«methy1scopolami ne 
MOR—morphi ne 
PILO“pilocarpine 
SCOP-scopolami ne 
TF-ta il-flick  test 
2DQ"2-deoxy-D-glucose
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