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FRANCES FAY EVANS MARTIN 
Central Versus Peripheral Effects of Scopolamine on Performance in 
a Delayed Simple Discrimination Task · 
(Under the Direction of ·Jerry J. -·Buccafusco,. Ph. D.) 

As an_ amnestic agent, scopolamine hydrobromide (SHB) has 

been used as· a classic model for amnesia. While it is generally 

accepted that SHB affects stimulus discrimination, attention, and 

acquisition, a conflict exists ~s to whether the time-dependent 

process of retention is affected by scopolamine. Wis tar rats were 

trained in·a simple discrimination task with tone and light stimuli 

and with delays of increasing length interposed between the 

stimulus and ,the response. When the rats were well-trained, 4 

doses (5, 10, 25, and 50 µg/kg) of $HB and of scopolamine 

methylbromide (SMB), a quaternary analog that does not easily enter 

the CNS, were injected subcutaneously once or twice weekly before 

the daily session. With light as the stimulus, there were 

significant dose and delay effects .with both drugs and no 

difference in the effects of the two drugs except for a trend 

toward a greater effect of scopolamine hydrobromide on accuracy at 

the highest dose. 

INDEX WORDS: Meniory, discrimination, delayed response, modality 
effect, scopolamine hydrobromide, scopolamine methylbromide, 
muscarinic receptor upregulation 
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INTRODUCTION 

Over the years, a number of standardized tests have been 

developed to measure human learning and memory. This 

standardization allows results from different studies to be 

compared with more accuracy. However, this standardization of 

procedures and techniques is not yet present in the study of animal 

le~rning and memory. The variety of models, paradigms, and 

protocols being · used in animal studies makes it difficult to 

compare and to interpret results. 

Since the early 1900's, a number of behavioral paradigms for 

rodents have been developed to test memory - the passive avoidance 

task, the active avoidance task, the T Maze, the Y maze, the radial 

arm maze, the Morris water maze, delayed alternation tasks, and 

automated delayed repeated measures tasks. Of these, the delayed 

response and delayed paired comparison procedures most closely 

emulate the delayed-matching-to-sample tasks used in monkeys and 

avians. For this reason, a delayed response paradigm was chosen to 

extend the ongoing studies with primates in this laboratory to a 

. rodent model. 

With the delayed response paradigm, or delayed simple 

discrimination task, one stimulus precedes a variable length 

retention interval, after which the animal responds, usually by 

1 
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pressing a lever or key. In the delayed comparison paradigm (also 

known as delayed conditional discrimination), the variable 

retention interval is inserted between two stimuli which the animal 

must compare before making the appropriate response. (See 

Figure 1.) 

One advantage of the delayed simple discrimination paradigm is 

its simplicity - there is only one stimulus for the animal to 

remember over the retention interval. Acquisition for a delayed 

conditional discrimination task is slower, and retention is poorer 

for a delayed conditional discrimination task than for a delayed 

simple discrimination task [Honig and Dodd, 1983; Honig and 

Wasserman, 1981; Pontecorvo, 1985; Cohen et al, 1986]. Since some 

drugs affect discriminability as well as memory, the more complex 

delayed conditional discrimination task may not be suitable for 

testing the effects of those drugs on memory [Bartus, 1976]. In 

addition, the effect of proactive interference from previous trials 

has been found to be greater with the delayed conditional 

discrimination task than with the delayed simple discrimination 

task [Pontecorvo, 1985, Cohen et al, 1986]. 

A disadvantage of the delayed simple discrimination task is 

the tendency of the animal to position itself near the lever on 

which it anticipates making a response, in what has been called 

overt mediational strategies [Pontecorvo, 1985],. peripheral 

mediating responses [Pontecorvo, 1983] or nonmnemonic mediating 

strategies [Pontecorvo and Clissold, in press]. This type of 
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strategy can detract from the ability of a task to accurately 

measure memory processes. 

To prevent these norunnemonic mediating strategies, various 

distractor or alternative tasks have been employed, such as a nose

poke in the feed box [Kirk et al, 1988, Saghal, 1990], at a central 

panel [Dunnett, 1985], or in a nosepoke device on the wall opposite 

the levers [Heyser et al, 1993] during the retention interval or 

initiation of a trial by pressing a third lever on the wall 

opposite the response levers [Wallace, 1980]. 

Because of the large body of evidence that · implicates the 

cholinergic system in memory and cognitive processes [Bartus et 

al., 1985; Perry, 1986], scopolamine hydrobromide, a nonselective 

muscarinic antagonist that readily crosses the blood-brain barrier, 

was chosen as the drug to use to develop a model of amnesia for use 

in further drug studies. The hippocampus has been strongly 

implicated in memory formation [Zola-Morgan et al, 1989; Horel, 

1978; Kesner and Novak, 1982], and the effects of scopolamine have 

been compared to those of hippocamp·ectomy [Douglas and Isaacson, 

1966]. This may be due to the fact that most of the afferent input 

to the hippocampal formation is by cholinergic pathways [Lewis and 

Shute, 1967] via the ascending cholinergic reticular formation 

[Shute and Lewis, 1967]. 

Scopolamine also disrupts the theta wave~ of the hippocampus 

by an inhibitory effect on the burst firing of septal cells [Stumpf 

et al, 1962] and decreases the alpha index of the spontaneous EEG 

[Ostfeld and Arguette, 1962]. It has been proposed by Vertes 
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[ 1986] that theta rhythm, which is generated in the hippocampus via 

pacemaking input from the medial septal nuclei and diagonal band of 

Broca (Petesche et al, 1962; Andersen et al, 1979; Gongolak et al, 

1967], may function as a "natural tetanizer" to facilitate long

term potentiation (LTP). Although septal stimulation alone will 

not produce LTP, concurrent septal and perforant pathway 

stimulation will proquce LTP greater than that produced by 

stimulation of the perforant pathway alone (Robinson and Racine, 

1982]. Cholinergic input to the medial septal nucleus comes 

primarily from the pontis oralis nucleus of the reticular 

formation, stimulation of which will produce theta rhythm [Vertes, 

1980; Macadar et al, 1974]. Hippocampal theta activity has been 

associated with attentiveness and arousal [Kemp and Kaada, 1975], 

with discrimination learning [Elazar and Adey, 1967; Hirano et al, 

1970; John and Killam, 1960; Pickenhain and Klingberg, 1967], with 

tonic orienting behaviour [Grastyan et al, 1959], with voluntary 

movements [Vanderwolf, 1969], with programming of intended 

responses [ Crowne et al, 19 7 2 ] and with behavioral activation 

[ Arnolds et al, 19 8 0 ] • Meador and co-workers ( 19 91 ] found a 

responsivity of the human hippocampal EEG to behavioral activation 

that was uniform across all wave components. Although hippocampal 

theta waves may be detected by visual detection in the EEG of rats 

[Bremner, 1968, Gray, 1971; Vanderwolf, 1969], cats (Brown, 1968; 

Kem~ and Kaada, 1975, Bennett, 1970], rabbits (Green and Arduini, 

1954; Klemm, 1972], and dogs [Black and Young, 1972, Yoshi et al, 
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1966], spectral analysis is necessary to observe this activity in 

monkeys and humans [Meador et al, 1991; Arnold et al, 1980]. 

Rats in which theta activity had been eliminated by medial 

septal lesions were unable to use room cues to perform a spatial 

task in which they had been previously trained [Winson, 1978]. 

Acquisition of classical conditioning is slowed by medial septal 

lesions [Berry, 1979]. Impairment of performance of rats in a T

maze task was similar with nucleus basalis and medial septal 

lesions [Hepler et al, 1985]. 

The cognitive impairments produced by scopolamine have also 

been described as similar to those of Alzheimer's patients [Bartus 

et al, 1982], Korsakoff's patients [Crow and Grove-White, 1973], 

and aged humans [Drachman and Leavitt, 1974·1. 

To control for peripheral side effects, the quaternary 

scopolamine derivative, scopolamine methylbromide, which does not 

easily penetrate the central nervous system, was chosen. Most 

studies using scopolamine methylbromide as a control have reported 

no effect on accuracy in animal and human studies [Ksir, 1974; 

Cheal, 1981; Bohdanecky and Jarvik, 1967; Bohdanecky et al, 1967; 

Spencer et al, 1985; Beatty et al, 1985; Spangler et al, 1986; 

Viscardi et al, 1986; Evans, 1975; All)ern and Marriott, 1973; 

Peele, 1986; Drachman, 1977; Glick and Zimmerberg, 1972; Van Haaren 

and Van Hest, 1989; Drachman and Leavitt, 1974.] However, Van 

Hestand coworkers [1990] reported for the first time a significant 

disruption by dose and by delay interval duration by scopqlamine 

methylbromide in a delayed alternation task. The disruption by 



scopolamine hydrobromide .in 

significantly greater. Ksir, 

the same task, however, was 

1975, showed a slight effect of 

scopolamine methylbromide on error rate in a two-key go/no-go 

simultaneous brightness discrimination paradigm. Harvey et al, 

1983, found scopolamine hydrobromide to be about 20 times more 

effective than scopolamine methylbromide in slowing the acquisition 

of the classically conditioned nictitating membrane response in 

rabbits. In a study by Squire and coworkers [1971], scopolamine 

methylbromide was equipotent with scopolamine hydrobromide in 

reversal of an impairment of physostigmine in a shock-motivated T

maze task. These results were attributed to peripheral actions by 

all drugs involved. Atropine methylbromide has been shown to have 

an effect 10-20 times less than that of atropine sulfate in 

producing.high voltage patterns in EEG'S but only two-to-fourfold 

less activity in increasing the output of acetylcholine 

[ Szerb, 19 64] • In a study by Paul-David and coworkers [ 1959], 

atropine methylnitrate had a similar but much less potent and more 

delayed action in depressing act'ivation of the EEG in cats than 

atropine sulfate. 

Most of the effects that have been attributed to scopolamine 

methylbromide in memory tasks have been attributed to peripheral 

effects. Peripheral effects of scopolamine include changes in 

heart rate, dryness of the nasophyarngeal passages, inhibition of 

sweating, gastric distress, mydriasis, and cycloplegia. [Eger, 

1962; Domino and Corssen, 1967; Greenblatt and Shader,1973; 

_Herxheimer, 1958]. In a delayed matching to sample task -with 
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monkeys, Bohdanecky and coworkers [1967] found that scopolamine 

methylbromide affected response rate but not accuracy. In the Van 

Haaeren and Van Hest ( 1989] study, scopolamine methylbromide 

produced a greater decrease in trial initiations than scopolamine 

hydrobromide. It also produced more response failures than its 

tertiary counterpart in the Ksir [1975-] study. 

Although the belladonna alkaloids have been used for centuries 

for their euphoric and hallucinogenic effects and since 1874 as a 

treatment for Parkinsonism (Innes and Nickerson, 1965], the 

amnestic effects of scopolamine were first reported as a result of 

its use with morphine in a preanesthetic medication used in 

obstetrics and known commonly as "twilight sleep" (Gauss, 1906]. 

In 1922, a Texas physician first used scopolamine as an 

interrogatory drug in what became a short-lived practice curtailed 

by the drug' s toxic effects [Freedman, 19 6 0 ; •Geis , 19 61 ] • 

Because of its amnestic properties, scopolamine hydrobromide 

has been employed for a number of years to produce a model of 

amnesia in both animals and humans (see Spencer et al, 1983, and 

Hunter et al, 1977, for reviews). There has been considerable 

controversy in the literature as to the exact components of memory 

that are affected by scopolamine. • This is probably because the 

drug has multiple effects, both central and peripheral. 

Scopolamine has been shown to impair acquisition of new 

information in hu~ans (Caine et al, 1981; Ghoneim and Mewaldt, 

1977; Petersen, 1977], of classical conditioning in rabbits (Harvey 

et al, 198Y; Moore et al, 1976], of the radial arm maze task in 
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rats [Watts et al, 1981; Stevens, 1981], and of the passive 

avoidance task in mice [Calhoun and Smith, 1968] and in rats [Elrod 

and Buccafusco, 1988]. Its effects have also been interpreted as 

affecting attention [Cheal, 1981; Warburton and Brown, 1971, 

Godding et al, 1982; Ostfeld and Arguette, 1962; Okaichi and 

Jarrard, 1982, Dunne and Hartley, 1986]. An effect of 

disinhibition of suppressed responses has been proposed by 

Warburton and Groves [ 11969], Hoffman and Trowill [ 1979], and Rech 

[1968]. However, the disinhibition theory has been challenged on 

the basis that changes in discriminability, not response bias, are 

produced by scopolamine (Warburton and Brown, 1971; Milar, 1981). 

Effects on stimulus discrimination have been shown in simultaneous 

presentation of stimuli or at O sec delay intervals [Evans, 1975; 

Bartus and Johnson, _1976]. 

Although there is general agreement on scopolamine's 

impairment of acquisition, attention, and stimulus discrimination, 

there have been conflicting results from tests done to assess its 

effects on retention. In delayed paradigms, this is assessed by 

comparing the effect of scopolamine at short and long retention 

intervals. For an effect on retention to be demonstrated, a 

greater effect at the longer retention intervals, which have more 

memory load, must be present. Several studies have shown a delay

dependent effect of scopolamine on retention [Rupniak, 1991; 

Buresova and Bures, 1982; Penetar and McDonough, 1983; Pontecorvo 

et al, 1987; Pontecorvo et al, 1991; Peele, 1986]. The absence of 

a delay effect has been found by Heise and coworkers [1976], Ksir 
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[1974], Spencer and coworkers [1985], ~nd Robustelli and coworkers 

[1969]. 

In other paradigms, effects on retention have been measured by 

injecting the drug immediately after or at intervals after 

training. Intracerebroventricular (ICV) injection of 6 

anticholinergic drugs, including scopolamine hydrobromide, into the 

third ventricle has.been shown to cause a dose-related impairment 

when administered within 3 minutes after training on an active 

avoidance task in a T maze. Glick and Zimmerberg [1972] 

administered 10 mg/kg of scopolamine hydrobromide intraperitoneally 

to mice immediately after passive avoidance training and found 

retention to be impaired. However, administration of the same dose 

15 minutes before training had a significantly greater effect. 

Wiener and Deutsch .[1968] injected scopolamine bilaterally through 

intrahippocampal cannulae and found that injection 1-3 days after 

training would impair retention for a Y maze task. 

Components of retention have been evaluated in some human 

studies. Drachman [1977] concluded that storage and retrieval but 

not immediate recall were impaired. Beatty and Bierley [ 1986] 

concluded that scopolamine affects encoding·and retrieval but not 

storage. Crow and Grove-White [1973] inferred from their study in 

humans in which delayed but not immediate recall was affected, that 

storage was affected by scopolamine. Because immediate and delayed 

recall of material learned after injection of sciopolamine but not 

recall of material learned before scopolamine injection was 
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impaired, Ghoneim and Mewaldt [ 1977] concluded that the 

consolidation process must be affected in some way by scopolamine. 

Perhaps underlying the controversy regarding scopolamine' s 

effect on retention are the differences in the definitions of, the 

estimated time course of, and the techniques used to measure short

term memory itself •. The first published distinction between two 

types of memory, one temporary and one permanent, was William 

James ' categorization of primary and secondary memory [James, 

1910]. Later, Atkinson and Shiffrin [1968] categorized short-term 

and long-term memory in humans. (See Figure 3.) Baddely and 

Hitch [ 1974] described a similar categorization in animals as -

working (trial-specific) and reference (task-specific) memory • 

However, there may be species and task differences in these types 

of memory [Thomas, 1984]. 

Electroconvulsive shock treatment (ECS) has been employed to 

attempt to pinpoint the time course of the transfer of information 

from the short-term to the long-term stores in memory. Although 

Chorover and Schiller [ 1965] were unable to produce retrograde 

amnesia with ECS more than 10 seconds after the training trial, and 

Quatermain and co-workers [ 1965] concluded that ECS must be 

administered within 30 sec of the training trial to produce 

amnesia, Kopp and coworkers [1966] found a significant difference 

between T-maze performance of mice receiving ECS at 6 .hours after 

training and mice which did not receive ECS after training. 

Another method used to estimate the time course of short- and 

long-term memory is to· study the effect of protein synthesis 
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inhibitors on memory tasks. According to the protein synthesis 

theory [Katz and Halstead, 1950], consolidation of long-term memory 

is dependent on protein synthesis, which begins within 2-3 minutes 

of learning and continues over a course of hours or even days 

[Rozenzweig and Bennett, 1984; Chapouthier, 1983]. Using the 

protein inhibitor, anisomycin, Mizwnori et al [1985] found that 

working memory in the radial arm maze after delays of 15 minutes or 

more but not after a 2-minute delay was disrupted by pretrial ICV 

injection. They concluded that working memory in the radial arm 

maze contains both short-term and long-term components. This 

conclusion brings into question the comparability of results from 

working memory tests in delayed procedures in radial arm mazes 

after delays as long as 4 or 5 ·hours to those from delayed response 

and delayed comparison procedures in which delays_usually last from 

0 to 40 seconds. 

As with a number of other drugs, tolerance has been observed 

to develop to the behavioral and physiological effects of 

scopolamine. Friedman and coworkers [ 19 6 9 ] found that after 

withdrawal from periods of 5 days, 2 weeks, or 4 days of chronic 

conswnption of 130-200 mg/kg/day scopolamine in drinking water, an 

injection of 10 mg/kg of pilocarpine produced an exaggerated 

hypothermic response. This supersensitivity to pilocarpine was a~ 

its peak at 24 hours after withdrawal. They attributed a smaller 

response at 12 hours after withdrawal to the presence of resi.dual 

scopolamine. In addition, they found that with the same dosing 

regimen, an injection of the usually effective dose of 1 mg/kg of 
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scopolamine failed to block the hypothermia response. Tolerance to 

scopolamine and supersensitivity to pilocarpine followed the same 

time course. 

Chronic infusion of scopolamine in doses from 4. 8 mg/kg/day to 

24 mg/kg/day for 5 days and chronic injection of 5 mg/kg/day and 10 

mg/kg/day scopolamine for 10 days in mice were found by Marks and 

associates [1984] to produce a supersensitivity to oxotremorine

induced hypothermia and tremor 18 hours after withdrawal from 

scopolamine. They associated this supersensitivity with the 

significant upregulation of muscarinic receptors they found in the· 

mouse cortex and hippocampus with the same dosing regimen. 

Significant upregulation of muscarinic receptors has also been 

found·in rat cortex and striatum 48 hours after withdrawal from 

injection of 0.2 mg/kg/day and 2.0 mg/kg/day scopolamine for two 

weeks [Majocha and Baldessarini, 1980], in rat frontoparietal 

cortex 24 hours after withdrawal from 21 days' injection of 10 

mg/kg/day scopolamine [Vige and Briley, 1988], and in rat 

hippocampus 24 hours after withdrawal from 10 mg/kg scopolamine 

injected from 4 to 21 days, beginning at birth [Ben-Barak and 

Dudai, 1980]. The latter authors also found no upregulation after 

a single inje9tion of scopolamine and no difference in upregulation 

after 7 days of injections as compared to 30 days of injections. 

Tolerance to scopolamine's effects have also been noted in 

behavioral studies. Domer and Schueler [ 1960] observed that 

scopolamine had its greatest effect on memory in a T maze task t·he 

first time administered and had smaller effects when subsequently· 
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administered. Charney and Reynolds [1965] noted a gradual recovery 

from the initial decrease in rate of responding produced by chronic 

administration of scopolamine to rats before a fixed interval 

(FI1 ) task. Russell and colleagues [1986] associated the 

development of tolerance in the form of a partial recovery from the 

decrease in fixed ratio (FR5 ) responding produced by 25 days' 

injection of 1 mg/kg/day scopolamine with an upregulation of 

muscarinic receptors in the cortex, hippocampus, and striatum of a 

separate group of rats given the sam~ dosing regimen. 

There are a number of factors present in individual behavioral 

paradigms which could potentially affect the outcome·of behavioral 

tests. Among these· are the specific methodology of the task, 

methods of measurement used, dosing regimen, species differences, 

drug tolerance, and many more. One of the most salient factors in 

a behavioral paradigm designed to measure memory is whether the 

response elicited reflects the exercise of memory or whether the 

subject is able· to use a nonmnemonic mediating strategy to solve 

the problem. Therefore, the hypotheses of this study are that: 

(1) peripheral effects of a drug such as scopolamine, which has 

both central and peripheral effects, will be more prominent when 

rats can orient toward the correct response position and (2) at the 

doses and frequency given in this study, no significant· 

upregulation of muscarinic receptors will occur. 



Figure 1 • The two types of delayed 

discrimination tasks. In the simple 

discrimination task (or delayed response 

task), the retention interval is interposed 

between the stimulus and the response. In the 

conditional discrimination task (or delayed 

comparison task), the delay interval is 

interposed between a sample stimulus and a 

comparison stimulus. 
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Figure 2. Some of the major cholinergic 

pathways implicated in learning and memory 

(human brain used for illustration). The 

medial septal nucleus and the diagonal band of 

Broca project primarily to the hippocampus and 

the occipital cortex. The nucleus basalis of 

Meynert innervates primarily the prefrontal, 

frontal, and parietal cortices. In addition 

to driving the theta rhythm of the hippocampus 

via inputs (dotted lines) to the medial septal 

nucleus and the diagonal band of Broca, the 

reticular formation causes arousal of the 

entire neocortex. 



Cholinergic Pathways -Involved in 
Learning and Memory 

PARIETAL CORTEX 

FRONTAL CORTEX 

FORNIX 

MEDIAL 
SEPTAL 
NUCLEUS I l \: 'c > zc l 

NUCLEUS OF 
DIAGONAL BAND ----

BASAL 
NUCLEUS------

HIPPOCAMPUS ___ / 

PONS ___ _ 

RETICULAR 
FORMATION. 

MEDULLA __ 

'OCCIPITAL CORTEX 

CEREBELLUM 

\.. 

t-.i 
U1, 



Figure 3. A proposed model of learning and 

memory, based on the model proposed by 

Atkinson and -Shiffrin [ 1968 J. The terms 

short-term memory and long-term memory used in 

clinical studies are analagous but not 

necessarily identical to the terms working 

memory and reference memory used in animal 

studies. 
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MATERIALS AND METHODS 

Experiment 1 

Animals: 

28 male albino Wistar rats, 60-81 days old upon arrival,~ were 

obtained from Harlan Sprague-Dawley, Inc. Upon arrival, they were 

allowed to acclimate, then were food-restricted ·to and maintained 

at approximately 80% of their freely-fed weight with a daily 

feeding of standard rodent chow (Wayne Rodent Blox). Water was 

furnished ad · libi tum in the home cage. The rats were housed 

individually in stainless steel cages in a temperature-controlled 

room (25° C) with a 12-hour light/dark cycle (lights on at 7:00 

a. m.) 

Apparatus: 

Rats were trained in 3 operant chambers (11 x 11 1/2 x 12 

inches) with retractable levers centered on each side of the feed 

box, 140 mm center to center. Both the levers and the feed box 

were located 35 mm above the 5/8-inch mesh floor. Less than 5 g of 
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force was required to activate the levers. A 6.3-volt, 0.25 amp, 

11.34 lumen light and a 1900 Hz, 60-75 db Sonalert device were 

centered near the top of the front panel, with the Sonalert 10 mm 

from the top and the light 7 mm below the Sonalert. The duration 

of each stimulus was 3 sec. 

Each operant chamber was enclosed in a ventilated, sound-and

light attenuated cubicle. Located near the top of this cubicle 

was a 10-watt houselight, which remained on throughout the entire 

session. All sessions were controlled and recorded by a Zenith 

data systems computer interfaced with the 9perant chambers by means 

of a locally constructed interface box. 

T-raining Procedure : 

Rats were trained 5 days per week, Monday through Friday. 

They were first trained to lever press on a 30-trial continuous 

reinforcement schedule (45 mg pellets, Bioserv), then were trained 

to associate the light and tone stimuli with the correct-levers 

with a program that alternated a series of 10 light stimuli and a 

series of 10 tone stimuli. Next the rats were trained on a program 

in which 32 each of the light and tone stimuli were distributed 

randomly throughout 64 trials by means of a Gellerman series 

[Gellerman, 1933]. When the rats achieved mastery of this zero

delay condition, 3 additional delays, randomly distributed with the 

zero delay throughout each session for a total of 64 trials (32 for 

each stimulus and_l6 for each of the four delays), were interposed 
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between the stimulus and the insertion of the response levers into 

the operant chamber. As the rat progressed, the length of the 

delays was gradually increased, with the length of the short and 

medium delays being calculated from the length of the long delay. 

An average of approximately 30 sessions was required to achieve 

mastery of the zero-delay condition. Approximately 50 days, on 

average, were required to reach the delay set with 20 sec as the 

longest delay. Length of delays were the same for both stimuli. 

The time required to finish an individual session varied from 

approximately 18-19 minutes with a long delay of 20 sec up to 

approximately 32-33 minutes with a long delay of 50 sec. 

Experimental Protocol: 

After the rats had mastered delay sets with long delays of at 

least 20 sec, they were injected subcutaneously with physiological 

saline 30 minutes before the daily run until their baseline 

performance showed no effect from the daily injection. When stable 

baselines had been established, the rats were injected 

subcutaneously with one of four doses (5,_ 10, 25, and 50 µgfkg) of 

scopolamine hydrobromide (Sigma), with one of four doses (5, 10, 

25, and 50 µg/kg) scopolamine methylbromide (Sigma), with 50 ug/kg 

atropine sulfate, or with 50 ug/kg atropine methylbromide, with the 

salts being dissolved in physiological saline to a final injection 

volume of 1 ml/kg. The rats were randomly assigned to the tertiary 

and quaternary drug groups. Depending on baseline stability, there 
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were at least two control (saline) days between each drug 

injection. Each rat acted as its own control, with the previous 

one or two days' saline runs being used for baselines for each drug 

session. Only those rats with consistent baselines were included 

in each drug run. 

Analysis of Results: 

Analysis was done with a repeated measures analysis of 

variance using the Statistical Analysis System, General Linear 

Mqdels Procedure (SAS GLM) with calculated least squares means. 

Factors analyzed were drug, dose, and delay. The data was also 

analyzed for interactions between rat X drug, rat X dose, and rat 

X delay. Dependent variables analyzed were tone versus light 

stimuli and latencies for correct responses versus latencies for 

incorrect responses. Probability of p < 0. 05 was considered 

significant. 

Least squares means were calculated from data for 10 rats 

whose baselines were stable enough for them to be included in at 

least 4 of the possible doses (4 doses each of the. 2 drugs) of 

scopolamine. Preliminary analyses revealed that data from rats 

whose baseline stability did not meet this criterion produced a rat 

X delay interaction in the data with light as the stimulus 

[F(57,275)=1.46, p=0.0371]. Of these 10 rats, 9 rats also 

participated in the atropine study. 



Figure 4. Operant Chamber, as used in 

Experiment 1. The two retractable levers were 

available for response only at the end of the 

variable retention interval. A response on 

the left lever was correct for the auditory 

. stimulus, and a response on the right lever 

was correct for the visual stimulus. 
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Figure 5. Trial sequence used :for Experiment 

1. Each trial began with a light or tone 

stimulus of 3 sec duration, :followed by the 

variable length retention interval, at the end 

o:f which the retractable levers came out. 

Immediately after the rat responded, the 

levers were retracted and the 5 sec intertrial 

interval began. 
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Experiment 2 

Animals: 

Male albino Wistar rats, 54-56 days old upon arrival, were 

obtained from Harlan Sprague-Dawley, Inc. Upon arrival, the 

animals were provided water and standard rodent chow (Wayne Rodent 

Blox) ad libitum. The animals .were housed in stainless steel cages 

in a temperature-controlled room (25° C) with a 24-hour light/dark 

cycle (lights on at 7:00 a. m.). 

Drug Injections: 

Scopolamine hydrobromide · (Sigma) was dissolved in 

physiological saline to a final injection volume of 1 ml/kg. 

Saline and scopolamine hydrobromide (0.5 mg/kg and 1.0 mg/kg) were 

administered subcutaneously once daily for 7 consecutive days. 

Muscarinic Receptor Binding Assay: 

Rats were decapitated approximately 24 hours [Friedman et al, 

1969] after their last injection. The cortices were removed 
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rapidly, frozen immediately, then stored at -70° c. At the time of 

the binding assay, the cortices were thawed and homogenized in 

0.05 M Tris/HCl buffer at pH 7.4. The homogenates were washed by 

centrifugation at 17000 g for 15 minutes, then were resuspended in 

fresh Tris/HCl buffer to a concentration representing 1 mg protein 

per ml. Homogenate aliquots (50 µg protein) were incubated for 1 

hour, 30 minutes with tritiated methylscopolamine, ([ 3H]MS, 81.5 

Ci/nnnol, Dupont) in Tris/HCl buffer, with a final volume of 1 ml 

and with concentrations of [ 3H]MS ranging from 0.032 run to 2.2 run. 

100 µM atropine sulfate was used to control for nonspecific 

binding. Samples were filtered through glass fiber filters and the 

filters washed with four aliquots 0.05 M Tris/HCl buffer. Filters 

were then placed in Scintiverse scintillation fluid .and counted 

with a Beckman scintillation counter. Binding constants were 

determined by means of a nonlinear curve-fitting program 

(TableCurve). 

Analysis of Results: 

Comparisons of Bmax and Kd were made with one-way analyses of 

variance. A probability of p < 0.05 was considered significant. 



RESULTS 

Experiment 1 

Baseline data for the first experiment revealed a difference 

between the rats' response to the tone and light stimuli. When 

light was the stimulus, baseline accuracy showed a time-dependent 

decrement across delays from an average of 88.6% correct at the 0 

sec delay to an average of 62. 2% correct at the long delay. 

However, when tone was the stimulus, baseline accuracy was 

approximately the same across all delays. 

Because of significant rat X dose [F(22, 211)= 2.06, 

p=0.0075,] and rat X delay [F(27,211)=2.19, p=0.0023,] interactions 

in the baseline data for scopolamine with tone as the stimulus, it 

was not possible to make valid statistical inferences from the drug 

data in which tone was the stimulus. Except for a trend toward a 

significantly greater effect of scopolamine hydrobromide at the 50 

µg/kg dose [F(l,59)=2.90, p= 0.0954,] there was no difference in 

the effect of the salts on performance with light as the stimulus. 

There was a significant dose effect with both salts [F(3,211)=6.04, 

p=0.0006,] and a significant delay effect across the ~oses 

[F(J,211)=3.54, p=0.0160] and for the 50 µg/kg dose analyzed 
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separately [F(J,59)=4.81, p=0.0054]. 

In a followup analysis, in which the data for the fourth delay 

was omitted from the analysis, there was no delay effect across the 

doses with light as the stimulus [F(2, 158)=0.28, p=0.7550]. In 

addition, a separate followup analysis of the data for the first 3 

delays for the 50 µg/kg dose with light as the stimulus also showed 

no delay effect [F(2,44 )=0.07, p=0.9359]. However, the trend 

toward a significant drug effect at the 50 µg/kg dose was slightly 

greater [F(l,44)=3.38, p=0.0754]. 

Due to a significant rat X dose interaction in baseline 

latency data for correct choices [F(22,52)=231.06, p=0.001], valid 

statistical inferences could only be made for latency data for 

incorrect responses. There was a significant dose effect 

[F(J,52)=6.72, p=0.0010] for latency for incorrect responses. The 

50 µg/kg dose of both scopolamine hydrobromide and scopolamine 

methylbromide had a significant effect on latency for incorrect 

choices (p=0.0001 for both drugs). Of the other doses of the two 

drugs, the 10 µg/kg dose (p=0.0903) and the 25 µg dose (p=0.0768) 

of scopolamine methyl bromide showed a trend toward a significant 

effect. 

In the baseline data for atropine, there were no rat X drug or 

rat X delay interactions for trials where tone was the stimulus, 

but there was a rat X delay interaction [F(24,63)=2.95, p=0.0110] 

for trials in which light was the stimulus. Therefore, valid 

statistical inferences could be made only from the trials in which 
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tone was the stimulus. There was a trend toward a rat X drug 

interaction [F(6,63)=2s53, p=0.0590] with the tone data. 

Atropine methylbromide had a significantly greater effect than 

atropine sulfate on accuracy (F(l,63)=21.43, p=0.0001]. Although 

atropine methylbromide had a significant effect on accuracy 

(p=0. 0001), atropine sulfate did not (p=0. 4017). In addition, 

atropine methylbromide had a significant effect at all delays, 

whereas atropine sulfate did not. Neither drug had a significant 

effect on latency. 

Removing the data for the fourth delay from the analysts 

eliminated the trend toward a rat X drug interactio~ [F(6,47)=0.69, 

p=0.6598] from the tone data but did not remove the rat X delay 

interaction from the light baseline data [ F ( 16, 4 7) =4. 51, p=0. 0059] • 

Without the data for the fourth delay, there was still a difference 

between the two drugs [F(l,47)=15.34, p=0.0004]. Again, atropine 

· methylbromide had a significant ef feet at all delays, while 

atropine sulfate did not. 



Figure 6. When tone was the stimulus, no 

difference in performance across delays could 

be detected. With light as the stimulus, 

however, there was a delay effect (p=0.001), 

with accuracy decreasing as delay length 

increased. Squares represent least squares 

means; brackets denote standard errors of the 

means. 
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Figure 7. 

5 µg/kg 

All doses of both drugs. except the 

dose of scopolamine hydrobromide 

produced a significant decrement in 

performance. At the Sµg/kg dose of scopolamine 

· hydrobromide (SHB), th_ere was, however, a 

trend toward a significant effect (p=0.0918). 

At the 50 µg/kg dose, there was a trend toward 

a greater effect of scopolamine hydrobromide 

(p=0.0954) in decreasing performance than for 

the same dose of scoplamine methylbromide 

(SMB). 
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Figure 8. With light as the stimulus, there 

was a trend (p=0.0954) with the two higher 

doses toward a greater effect of scopolamine 

hydrobromide than of scopolamine methylbromide 

at the longest delay. 
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Figure 9. At the 50 µglkg dose, there was a_ 

trend toward a greater decrement in 

performance with scopolamine_ hydrobromide at 

Delays 2 and 3. While scopolamine 

hydrobromide had a significant effect at the 

first (p=O. Op69), second (p=O. 0005), and third 

(p=0.0005) delays, scopolamine methylbromide 

had a significant effect at only the first 

(p=0.0096) and third (p=0.0236) delays, with a 

trend (p=O. 0 781) toward significance at the 

second delay. Since baseline performance was 

slightly above chance (62.6 i) at the fourth 

delay, there may be a floor effect confounding 

the results at that delay. 
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Figure 10. Effects on latency for incorrect 

choices were significant only at the 50 µg/kg 

dose for both drugs (p=0.001) and approaching 

significance at the 10 µg/kg (p=0.0903) and 

25 µg/kg (p=0. 0 768) doses for scopolamine 

methylbromide. There was a trend toward a 

greater effect of scopolamine methylbromide on 

latency for incorrect choices at the two 

lowest doses, but the difference between the 

two salts narrowed across the doses until at 

the 50 µg/kg dose, scopolamine hydrobromide 

had an equal effect. 
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F:i.gure 11. With tone as 

atropine methylbrdmide had a 

the stimulus, 

significantly 

greater effect on accuracy than atropine 

sulfate {p=0.0001). Atropine sulfate had no 

significant effect on accuracy (p=0.4017). 
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RESULTS (continued): 

Experiment 2 

There was no signiflcant difference in Bmax between saline

injected rats and those injected with either 0.5 mg/kg scopolamine 

hydrobromide or 1.0 mg/kg scopolamine hydrobromide [F(2,17)=0.10, 

p=.9706]. Binding affinity (Kd) was also unchanged [F(2,17)=0.44, 

p=0.6524]. 



Figure 12. Chronic injections of doses of 

scopolamine hydrobromide 10 times and 20 times 

the highest dose used once or twice weekly in 

the behavioral tests failed to produce 

significant upregulation of muscarinic 

receptors (p=.9706). 
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DISCUSSION 

In a preliminary study designed to screen for the best dose of 

scopolamine to use as a model for amnesia in future drug tests in 

this laboratory, no difference was found at the doses used between 

the effects of scopolamine hydrobromide and scopolamine 

methylbromide. on accuracy or on latency in a delayed simple 

discrimination task, in which rats were well-trained. There was, 

however, a trend toward a greater impairment by scopolamine 

hydrobromide on accuracy at the highest dose given (50 µg/~g). 

Although both drugs produced a dose effect and a delay effect on 

accuracy, the delay effect may have been due to the much smaller 

effects of the drugs at the long delay, where there was a floor 

effect due to baseline performance of just above chance at this 

delay. This was confirmed by a followup analysis in which no delay 

effect was found when the data for the fourth delay was omitted 

from the delay analysis. 

Since the rats in t~is study had free access to the retracted 

levers during the retention interval and usually positioned 

themselves at the chosen lever until it was presented, it was 

hypothesized that the rats were using a nonmnemonic mediating 

strategy instead of memory to perform the task. This may ex~lain 

to some extent the ability of the peripherally-acting scopolamine 
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methylbromide to produce a significant decrease in accuracy in this 

task. 

There is only one other report in the literature of a 

significant memory impairment by scopolamine methylbromide [Hest et 

al, 1990]. In their study, a delayed alternation task, in which 

the potential for orienting during the delay interval existed, was 

used. Van Haaeren et al [1989] reported a decrease in response 

rate and accuracy with both scopolamine hydrobromide and 

scopolamine methylbromide on a Fixed-Consecutive-Number (FCN) 

schedule. However, they attributed the effect of both drugs on 

accuracy to a peripheral effect· on response rates. A slight effect 

of scopolamine methylbromide on error rate was also reported by 

Ksir [1975] with a go/no/go simultaneous discrimination task in 

which one of two keys was lit as a positive stimulus for one group 

of rats and as a negative stimulus for another group of rats. It 

is possible that orienting could have played some role in 

performance of this task. 

No other studies in which both scopolamine hydrobromide and 

scopolamine methylbromide have been used in behavioral paradigms 

have shown an impairment of acquisition, discrimination, or 

retention. Tasks used in these studies include classical 

conditioning [Harvey et al, 1983, Moore et al, 1976]; passive 

avoidance tasks [Meyers, 1965; Bohdanecky and Jarvik, 1967; Glick 

and Zimmerberg, 1972]; T mazes [Spangler et al, 1986; Squire, et 

al, 1971]; the radial arm maze [Hiraga and Iwasaki, 1984]; go/no/go 

tasks with responding on only one lever or bar [Viscardi and Heise, 
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1986; Milar, 1981]; and delayed matching to sample tasks [Evans, 

1975; Bohdahnecky et al, 1967]. 

Hest and coworkers reasoned that the presence of a delay 

effect indicated the presence of a memory component in the task: 

However, there was a delay effect for both scopolamine hydrobromide 

and scopolamine methylbromide in both their task and in the present 

study. It is possible that the delay effect seen in both studies 

is due not to the increasing memory load of the delays but to the 

taxing of the ability of the rat to maintain the mediating 

strategy. Therefore, the effect of the drug could conceivably be 

one of impairing the rats' ability to maintain the mediating 

strategy rather than one of impairing memory. 

Another possibility is that the delayed discrimination tasks 

may be more sensitive than other tasks to the peripheral effects of 

anticholinergics. Until anticholinergic drugs are available which 

are specific for central cholinergic receptors, central injections 

may be necessary to assess the effects of antichqlinergic drugs in 

these tasks. 

It is also possible that more of the multiple effects of 

scopolamine are peripherally mediated than previously suspected. 

Perhaps scopolamine's effects on attention and discrimination are 

mediated partially by peripheral actions. Or perhaps some 

peripheral endocrine effect could indirectly produce a component of 

sco~olamine's central effects. 

Although it is possible that some of the scopolamine 

~ethylbromide crossed the blood-brain barrier, it is not likely 
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that enough would have entered to produce a response equal to or 

greater than that of the tertiary analog. Most studies have found 

the central effects of tertiary anticholinergics to be 20-36 times 

more effective than those of their quaternary analogs [Paul-David 

et al, 1959; Szerb, 1964; Harvey et al, 1983; Freedman et al, 

1989] .One study reported that [ 3H]atropine sulfate entered the 

brain at a rate three times that of [ 3H]methylatropine sulfate 

[Witter et al, 1973]. However, van Hest et al [1990] reported that 

they could detect no scopolamine in brain tissue of rats injected 

30 minutes earlier with 1 mg/kg scopolamine methylbromide. 

Due to this inability to cross the blood-brain barrier easily, 

it is probable that scopolamine methylbromide produced most of its 

effects through peripheral mechanisms. A general feeling of 

malaise from tachycardia, nasopharyngeal dryness, and 

gastrointestinal distress could have caused the impairment of 

performance in the rats treated with scopolamine methylbromide. 

Dryness of the mouth could possibly have affected motivation for 

consuming reward pellets and therefore motivation for performing 

the task. 

It is unlikely that scopolamine hydrobromide exhibited only 

peripheral effects on performance of the task. In human studies, 

24 µg/kg scopolamime hydrobromide has been shown to produce 

delirium, accompanied by drowsiness, dizziness-, fatigue, 

lightheadedness, and blurred vision in the first 30 minutes to one 

hour, then restlessness, confusion, and disorientation after one 

hour, then hallucinations after 2 hours [Crowell and Ketchum, 1967; 
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Ketchum et al, 1973]. Ostfeld and Aruguete [1962] reported that 3 

out of 10 subjects given 8 mg (approximately 11.4 µg/kg) had 

hallucinations. At least the two highest doses given in this study 

corresponded to doses which would have caused profound central 

effects in humans. 

Alternatively, it is possible that much higher doses of 

scopolamine hydrobromide are required to produce central effects in 

rats than in humans. In that case, the existence of the 

nonmnemonic mediating strategy could conceivably have made it 

possible for peripheral effects . of scopolamine hydrobromide to 

produce impairment similar to that of scopolamine methylbromide of 

performance in the task. Only at higher doses, when a central 

effect accompanied the peripheral effects, would a differnce 

between the two drugs be seen. 

There is evidence in the literature that species differences 

in effective doses of anticholinergics may exist [Albanus et al, 

1968; Longo, 1966]. These differences may be partially due to the 

presence in rodents of atropine esterase, an enzyme .which 

hydrolyzes scopolamine and atropine [Szorady et al, 1970]. 

Additional evidence for the importance of peripheral effects 

in the impairment of this task by scopolamine comes from the 

results of the administration of 50 ug/kg of atropine. Consistent 

with previous studies [Domino and Corssen, 1967; Herxheimer, 1958], 

atropine had a smaller effect on accuracy than scopolamine. The 

greater effect of the quaternary atropine derivative is also 

~onsistent with previous reports of the peripheral effects of 
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qua~ernary anticholinergics being equal to or greater than those of 

their tertiary counterparts [Domino and Corssen, 1967, Herxheimer, 

1958]. 

Baseline data revealed a difference in the accuracy with which 

the rats responded when tone was the stimulus versus when light was 

the stimulus. This stimulus-modality -effect has been previously 

described with a symbolic delayed matching to sample task [Wallace 

et al, 1980] and with a delayed response task [van Hest et al, 

1989]. It has been suggested that the rat does not forget auditory 

stimuli as fast as it forgets visual stimuli [Wallace, 1980]. A 

similar modality effect has been observed with auditory and visual· 

stimuli in humans [Murdock and Walker, 1969] and color and line 

tilt in the pigeon [Farthing et al, 1977]. 

Cohen and coworkers [1986] found the auditory/visual stimulus 

modality effect to be present in a delayed matching to sample task 

but largely absent in a delayed response task for the same rat. 

This was interpreted both as evidence for mainly retrospection for 

the sample stimulus occurring in the DMTS task and mainly 

prospection of the response occurring in the delayed response task 

and as evidence that the auditory stimulus is easier for the rat to 

restrospect than the visual stimulus. When the interval between 

the sample and comparison stimuli were increased in a later study 

(Cohen et al, 1988), the modality effect was present, but when the 

interval between the comparison stimulus and the opportunity to 
~ . 

respond was increased, the modality effect was absent. However, 

our results and the study of van Hest and colleagues ( 1989) 
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indicate that the modality effect can also be present in a delayed 

response task. The presence of a modality effect in a delayed 

response·paradigm could be evidence of retrospection of the sample 

stimulus, or alternatively, it could be an artef~ct of the specific 

paradigm. For example, in the present study, it could also be due 

to the variability which produced the interactions in the data with 

tone as the stimulus. 

The results of the binding data indicate that doses 10 and 20 

times higher than the highest dose given in the behavioral study 

failed to cause significant upregulation of muscarinic receptors in 

the rat cortex. Therefore, it is. unlikely that development of. 

tolerance or receptor changes affected the results of the 

behavioral study. 

Since there is no direct evidence for a central effect of 

scopolamine hydrobromide on performance in the behavioral paradigm 

except at the highest dose given, it is concluded that, in this 

paradigm, the rats, by positioning themselves at the chosen lever 

during the delay interval, primarily used a nonmnemonic strategy to 

perform the task. Hence, the inability of this paradigm to 

distinguish between the central and peripheral effects of 

scopolamine. These results emphasize the importance of 

considering the possible peripheral effects of a drug such as 

scopolamine hydrobromide, which has both peripheral -and central 

effects, when interpreting results from behavioral studies. It 

also empha_sizes the importance of considering the effects of 
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nonmnemonic mediating strategies, overt and otherwise, on the 

outcome of memory studies in animals. 



SUMMARY 

1. Baseline data revealed a time-dependent decrement in accuracy 

when light was the stimulus but not when tone was the 

stimulus. 

2. There was a significant dose effect and a significant delay 

effect on performance by both scopolamine hydrobro~ide and 

scopolamine methylbromide.with light as the stimulus~ 

3. Except for a trend toward a significantly greater effect· of 

scopolamine hydrobromide at the highest dose, there was no 

difference in the effects of the two drugs on accuracy when 

light was the stimulus. 

4. Effects on latency for incorrect choices were significant only 

at the 50 µg/kg dose for both drugs and approaching 

significance at the 10 µg/kg and 25 µg/kg doses for 

scopolamine methylbromide. 

5. Although there was a dose effect on latency for incorrect 

choices, there was no difference between the two drugs except 

for a trend at the two lowest doses. 

6. There was a greater effect for the 50 ug/kg dose of 

scopolamine than for the 50 ug/kg·dose of atropine. 

44 
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7. For the 50 ug/kg dose of atropine, there was a greater effect 

for the quaternary analog. 

8. Chronic (7 days) injection of doses of scopolamine 

hydrobromide 10 and 20 times as high as the highest dose given 

in the behavioral study failed to produce significant 

upregulation of muscarinic receptors in the cerebral cortex .of 

the rat. 

9. There is no direct evidence for a central effect of 

scopolamine hydrobromide except at the highest dose given 

(SO µg/kg). 

10. These results emphasize the importance of considering possibl~ 

peripheral effects of drugs such as scopolamine hydrobromide, 

which has both peripheral and central effects, when 

interpreting results from behavioral studies, especially when 

nonmnemonic mediating strategies may be present. 
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