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A two-lever simultaneous visual discrimination task was used to study the effects on performance in Long-Evans rats of the
muscarinic antagonists scopolamine (0.0125, 0.05, 0.2 and 0.8 mg/kg s.c.), the M, antagonist pirenzepine, the M, antagonist
AF-DX 116, the M, antagonist UH-AH 37 (each 3.2, 10, 32 pg/rat, i.c.v.) and the cholinergic depleting agent, hemicholinium-3

W 0.04, 0.2, 1.0 and 5.0 ug/rat i.c.v.). Scopolamine dose-dependently decreased accuracy, increased the number of trials on

which the rats failed to respond, and significantly lengthened latency to respond Only the highest doses of hemicholinium-3,
pirenzepine and AF-DX 116 reduced accuracy and increased errors of omission as well as response latency. UH-AH 37
reduced overall task performance at 10 and 32 ug, suggesting that antagonism of both M; and other muscarinic receptors
(including M,) had a greater effect on performance than selective antagonism of the M, or M, receptors. These data indicate
that the dlsruptlve effects of cholinergic antagonism on attentionally demanding tasks are strengthened by activity at multlple
subtypes of the receptor.
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INTRODUCTION

Age-related memory deficits, especially those found in

Alzheimer’s disease, have been attributed to loss of cho-
linergic function (Davies and Maloney, 1976; Coyle et
al., 1983; Perry, 1986). Accordingly, the effects on learn-
ing and memory of substances which induce cholinergic
hypofunctlon have been extens;vely investigated both in
humans and animals (for reviews see Kopelman (1986),
Hagan and Morris (1988)). The muscarinic receptor an-

tagomst scopolamme has been w1dely used to induce

amnestic effects in many species from rat to human
(Hagan and Morris, 1988; Rupniak et al, 1990; Rusted
et al., 1991). However, at certain doses of scopolamme
discriminability rather than memory is disturbed (War-

al, 1988). Indeed, a broad range. of non-specific effects
on for example vigilance or attention, have been proposed
as pOSSlble confoundmg factors for the putative direct
effects on memory (Andrews et al., 1992; Dunnett et al,
1991 Rupmak et al, 1991)
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~ and brainstem nuclei (Messer et al,

At least five different subtypes of muscarinic choliner-
gic receptors can be identified within the central nervous

~ system (Levey, 1993). The M;, M, and Mj receptors have

received the most attention from pharmacologists,

and consequently little is known about My and M5 recep-

tors. The postsynaptic M, receptors are primarily located

..in the cerebral cortex and hippocampus (Mash et al,

1985; Araujo et al, 1988; Levey, 1993), whereas M,
receptors,”\representing a class of autoreceptors, can be
found in the cerebral cortex, various midbrain regions
1989; Levey,
1993). Lastly, the M; receptors are located in the hippo-

. campus as well as in other structures, but are less com-
burton and Brown, 1971; Ksir and Slifer, 1982; Kirk er
. M, or M, receptors. Research into cholinergic based

mon in the central nervous system (CNS) than either the

treatments for Alzheimer’s disease has concentrated on

~ the M, receptor, because this subtype appears to be pre-
. served during the progression of the disease (Mash et al.,
. 1985 ArauJo etal, 1988) However, the exact role for the
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muscarinic subtypes m cognitive performance is sml lar-
gely unclear.

Studies on the effects of specific muscarinic antago-
nists on cognitive performance are rare and studies on
discriminability even rarer. Most studies have been con-
fined to the effects of the intracerebroventricular (i.c.v.)
administration of the M, antagonist pirenzepine in spatial
learning tasks (Hagan er ql., 1987; Hunter and Roberts,
1988; Messer eral.; 1990: Sala er al., 1991). Andrews et
al (1994) recently studied the effects of pirenzeping, AF-
DX 116 and UH-AH 37 after i.c.v. administration in.a
delayed matching to position (DMTP) task and found
clear differences in the effects of these selective ligands.
The M, receptor antagonist pirenzepine disrupted accu-
racy in a delay-, but not dose-related manner. After in-
jection of pirenzepine into the hippocampus, Messer et al.
(1990) also found a decrease in performance on a repre-
sentational memory (non-matching-to-sample; T-maze)

task. Less agreement exists about the consequences of

antagonising the: M, receptor. ‘Andrews er al. (1994)
found no disruptions after central injection of the mus-
carinic M, antagonist AF-DX 116. However, other stu-
dies reported a decrease in representational memory
performance after hippocampal injection of AF-DX 116
(Messeretal., 1990) To date, only one study used the M,
antagonist UH-AH 37: in a delayed matching to position
task UH-AH 37 was found to disrupt performance se-
verely even in the zero delay condition (Andrews et al.,
1994).

An alternative method of inducing cholinergic hypo-
function is to deplete the cholinergic neurons of acetyl-
choline. To this end, i.c.v. injections of hemicholinium-3
(HC3), a high-affinity choline uptake blocker (Russell
and Macni, 1978), have been used to induce a reversible
cholinergic depletion. Although at high dosages beha-
vioural disruptions have been reported (Freeman er al.,
1975: Jenden et al., 1977), low doses of HC3 can induce
cognitive deficits without accompanying motor distur-
bances (Ridley er al., 1984, 1987; Hagan ef al.. 1989;
Muit et al., 1992; Andrews ef al.; 1994).

Given the knowledge that a generalised cholinergic
blockade results in many non-specific, and probably
non-cognitive, disruptive effects on behaviour, it is im-
portant to determine the effects on performance of cho-
linergic depletion as well as of antagonising cholinergic
receptors. Therefore, the present experiment investigated
the contribution of the muscarinic cholinergic system to
task performance, by general and selective antagonism as
well as by cholinergic depletion. The compounds used
were chosen because their effects in a DMTP. task are
known and provide a reference for effects on delay-de-
pendent and delay-independent performance. An operant
two-lever visual discrimination task was chosen, as a
similar task has proven useful in elucidating the effects
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of psychoactive drugs and lesions on performance (An-

~ drews and Sahgal, 1984; Andrews and Holtzman, 1988&;
. Evenden et al., 1989). These experiments help to estab-

lish whether blockade of a particular muscarinic subtype
can disrupt visual discrimination in a similar manner to
that repeatedly observed after general muscarinic block-
ade (e.g. Andrews et al., 1992), cholinergic lesions (eg
Dunnett er al., 1991) or cholinergic depletlon (e g. Muir

et al; 1992).

MATERIALS AND METHODS

Subjects and surgery

Subjects were male Long- -Evans rats ( supphed by HAR-

 LAN, Zeist), weighing approximately 275 g at the begin-

ning of the experiment. Rats were individually housed in
standard Makrolon cages and maintained on a 12:12 h
light : dark cycle, with lights on at 08.00 h. A restricted
feeding schedule (down to 90% of free-feeding weight)
was introduced three days before fraining, but access to
tap water was free at all times. After training the animals
to criterion (see below) animals were allowed to free-feed

~ for three days before surgery. Each rat was implanted
. under anaesthesia (Nembuital, 60 mg/kg i.p.) with a stain-

less steel guide cannula (Organon B.V,, The Netherlands),
aimed at the right lateral ventricle: coordinates from
Bregma, AP= — 0.8 mm, Lat= — 1.5 mm,

~ HV =3.0 mm (Paxinos and Watson, 1982). Lc.v. injec-

tions of dye histologically verified correct cannula posi-
tioning post mortem. Food depnvatlon was remstated one
week after surgery.

Apparatus

. Eight operant chambérs (L 27 x W 25 x H 24 cm),

equipped with two retractable levers, a centrally placed
food tray and pellet dispenser (delivering 45 mg pellets),
red house light, and two cue light displays above the
levers, were connected to Skinner Box Controllers and
controlled by an Apple Macintosh SE 30. Boxes, con-
trollers and software were developed by the Electronic
and Computer Engineering Department and the Mechan-
ical Engineering Department of the Psychological Lab-
oratory, University of Nijmegen. The cue light consisted
of 64 green LEDs (PD 1167, Siemens), tagether formmg
a 254 mm square hght

Visual dlscnmma’non leamlng ~
Rats were initially trained to press the levers on an FRI

_ schedule of food reinforcement using an autoshaping

schedule. Subsequently, both levers were permanently
available i in the chamber; when a cue light was presemed,
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\ the rat was requlred to press the lever dlrect y under the
stimulus i m order to obtain a food pellet and progress to
 the next trial. As soon as this task had been adequately
. mastered, training on the discrimination proper started. In
_ the discrimination task, each trial began with the presen-
( tatu:m of a light over one of the two levers, while at the
same time both levers were mserted nto the chamber.
Upon pressing the correct lever both levers were Wlth-
drawn, the cue light was switched off, the tray light was
_ illuminated and a food pellet delivered. The next trial
-~ followed after a vanable interval of 5 s mean duration
(range 3. 565 s). If the rat failed to respond within 5 s or
~ responded on the incorrect lever, the cue light was extin-
. guished, the levers were withdrawn and no food pellet
 was delwered In these cases the next trial began after a
~ variable time-out interval of mean 10 s duration (7.5—
12.5 s). Each session consisted of 100 tnals in which
. the stimulus (left or right) occurred 50 times in a random
. order; the order of presentation of the stimuli was given
ina dlf’ferent random pattem each day. Each animal re-
ceived one session a day, five days a week. Overa penod

. of four weeks the cue light duration was reduced in a

step-wise manner from 5.0 s to 0.3 s to prevent ceiling
effects in accuracy scores; 1f the rat responded correctly
on at least 70% of all responses in one session, the sti-

. mulus duration was halved for the next session. The ani-

mals reached criterion when they completed three
successwe sessions usmg the final parameters with a
minimum of 75% correct responses Animals were then
implanted with a cannula during a two-week penod of
surgery and recovery; thereafter, all animals were re-
trained to the pre-operation ¢ cnterlon Parameters used for
the final trammg sessxon were also used for the drug
testmg session. - %

Drug testmg ‘
Separate groups of rats were used to study each dose of
. each drug in one-session studies. Rats were randomised

pnor to testing and the overall accuracy of the different

_ groups evaluated for each expenment the baseline per-
. formance of each group was eqmvalent on the n'almng

day immediately before testing. At least one week of
drug-free training was allowed before further injection of
- [F(3,30)=8.80, p < 0.01]. Post hoc testing revealed a
 decrease in accuracy and an increase in response latencies
~ at 10 and 32 ug UH-AH 37. The highest dose also in-
~ creased the number of missed trials (Fig. 1, bottom panel).

compounds Scopolamme {placebo 0.0125,0.05,0.2 and
. 08 mg/kg, 1n3eet10n volume 1 ml/kg, n= 8/group) was
injected s.c. (neck) 30 min prior to test. HC3 (placebo,
0.04, 0.02, 1.0 and 5.0 pg/rat in 5 ul of merlys vehicle;
n = 8/group) was infused into the ventricle over 30 s,
60 min pnor to test, usmg a CMA rmcropump The same
method was used to inject rats i.c.v. with plrenzepme and
_the structural analogues AF-DX 116 or UH-AH 37 (doses
. 00, 3 2,10 and 32 pg, in 5 ul merlys over 30 s, n= 10/
' gmup) 1rnmed1ately before testmg

- Data analysis Ll ~

~ Accuracy as measured by percentage correct responding
- (cal nlated as the number of trials correct/number of
trials on which a response occurred x 100) errors of
~ omission (missed trials), and response latency were ana-
~ lysed using a one-factor independent groups analysis of
_ variance, followr:d, when significance was achieved, by
 Scheffe F post hoc testing. Rats which responded on
. fewer than ten trials were excluded from the analysis in
. order to prevent an extreme bias in the calculation of the
_errors of commission. ‘

ESULTS L _\

P|renzeplne .
A significant drug effect was found for the percentage
 correct responses [F(3,36) =4.56, p < 0.01], for latency
. to respond [F(3.36)=
trials [F(3,36) = 6.60, p < 0.01]. Post hoc testing revealed

11.23, p<0.01}; and for missed

a decrease in percentage COl’I‘CCt and an mcrease lIl Ic-

~ sponse latency and missed trials only at the hxghest dose
\ (F1g 1, top panel) S .

~ AF-DX 116 ~ ;

~ Five rats injected with the highest dose (32 ug) were
 discarded because they responded on fewer than ten
‘ 'mals A 51gn1ﬁcant drug effect was found for all para-
_ meters: the percentage correct responses [F(3 31) 6.26,

 p<001], latency to respond [F(3.31)=4.67, p<0.01]
~ and missed trials [F(3,31)=4.59, p <0.01]. Post hoc
- testmg revealed that only the highest dose decreased ac-
. curacy, and increased response 1atenc1es and fallures to
" respond (Flg 1, middle panel)

 UH-AH 37 - L
~ Five rats, which received the highest dose (32 ug), and

one rat injected with 10 ug were discarded for failing to

. respond on the mmlmally required number of trials. A

sngmﬁcant drug effect was found for percentage correct
responses  [F(3,30)=6.49, p<O0. 01] missed  trials
[F(3,30)=7.54, p<001] and latency to respond

~ Scopolamine
. Scopolamine
[F4,34)= 144, p <0.01], and increased the number
~ of missed tnals [F(4,34) =34.5, p < 0.01] and response

dose-dependently\‘\‘ decreased dccu‘racy‘
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Percentage  Missed ﬁ _Latency to
Correct . Trials _ Respond (secs)

0 32 10 32
Pirenzepine  (Dose ug/rat)

Percentage : . Missed : ; Latency to
. Correct : . Trials  Respond (secs)

AF-DX 116 (Dose ugjrat)

Percentagek ‘ Missed Latency to
Correct ‘ . Trials . Respond (secs)

UH- AH 37 (Dose ug/rat)

FIG. 1. Effects of the My antagomst ptrenzepme the M antagonist AF-DX 116 and the M3 antago«
‘nist UH-AH 37 on visual discrimination performance in the rat. Doses (in Hg per rat icv) are
represented on the horizontal axis. Left panels: effects on accuracy as measured by percentage
‘correct responses: centre panels: mean number of missed trials from a session of 100 trials; right
‘panels: mean latency to respond in seconds. Values are means and standard dev;at:ons indicates

a significant difference from vehicle (0). : : . :
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FIG. 2. Effects of scopolamme and hemicholinium-3 (HC3) on visual discrimination performance in
the rat. Doses (scopolamine: ma/kg; HC3: ug/kg i.c:v.) are represented on the horizontal axis. Left
panels: accuracy, as measured by percentage correct responses; centre panels: mean number of
missed trials from a session of 100 trials; right panels: mean latency to respond in seconds. Values

are means and standard deviations; *

latencies [F(4,34) = 28.9, p < 0.01] (Fig. 2, upper panel).
All but one rat from the 0.05 mg/kg scopolamine group
responded adequately, this rat was removed from the ana-

lysis. .

Hemicholinium-3

HC3 decreased correct responding [F(4,35)=10.9,

increased  failures to  respond

p<001], and ! failt \
p<001] and response

[F@435)=15.1,

only the highest dose (5 ug) had effects on any aspect of

performance (Fig. 2, lower panel). All rats responded

adequately foilowmg HC3 admxmstratmn

indicates

latencies
[F(4,35) =25. 2, p<0.01]. Post hoc testing showed that

a significant difference from vehicle (0).

N\ o A

DISCUSSION

The highest doses of all compounds enhanced errors of
commission (decreased accuracy) and errors of omission
(missed trials), as well as increased the latency to re-
spond. In general, the effects of each compound were
similar in pattern, a]though the magmtude differed con-
siderably between compounds. No compound unambigu-
ously disrupted accuracy without affecting 1atency to

respond or trials completed. In the concentrations given,
scopolamine and UH-AH 37 induced the most severe

effects on all aspects of performance plrenzepme and

HC3 the weakest. . 3

Several studies have mdlcated effects ef plrenzepme on

spatial learning tasks and although effective doses differ
between studxes the general pattem of results is smnlar (
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accuracy. is affected before speed or frequency of re-
sponding (e.g. Andrews ef al., 1994; Bymaster et al.,
1993: Hagan ef al, 1987). An earlier study had shown
that pirenzepine was able to disrupt performance in the
DMTP task at a 10-fold lower dose without correspond-
ing effects on ability to respond (Andrews ef af., 1994). It
should be noted that the effects of pirenzepine in both this
and the DMTP study are small and indicate some caution
in-ascribing a major role for M; receptors in memory and
attention without substantially more data than is available
at the current time:

The effects of AF-DX 116 were surprising; apart from
greater M, activity in vitro, AF-DX 116 13 rather less
potent at other muscarinic receptors than the other ana-
logues tested (Doods er al., 1994). To date, M, antago-
nists have been reported to have no effect or a facilitating
effect on mnemonic performance in rats (Andrews ef al.,
1994; Doods ef al., 1993); there are no comparable stu-
dies on visual attention or discrimination. Messer et al.
(1990) reported a decrement in performance following
intrahippocampal injections of AF-DX 116 in their repre-
sentational memory task. In the same experiment, piren-
zepine was observed to disrupt memory. at lower doses
and the difference between the effective doses of the two
compounds appeared to reflect relative potencies at the
M, receptor. A similar explanation is not possible here:
the effect of AF-DX 116 was greater than that of piren-
zepine, and contrasts strongly with results obtained using
similar doses and strain of rats in a DMTP task (Andrews
et al; 1994). It seems unlikely that AF-DX 116 could
exert a large and selective effect on visual discrimination
performance without causing some decrements in com-
plex and demanding procedures such as DMTP. Thus,
there is no immediately convincing explanation for these
large discrepancies and. further research is required to
evaluate all the possibilities.

Of the three antagonists tested i.c.v,; UH-AH 37 had
the most potent effects on performance. The differences
between pirenzepine and its close structural analogue
UH-AH 37 are potentially the most interesting. Pirenze-
pine had only a small effect on accuracy at the highest
dose, whereas UH-AH 37 had a greater effect on accu-
racy at both 10 and 32 yug doses and suppressed respond-
ing more than all other compounds apart from
scopolamine.

The present data are consistent with a previous study
involving DMTP, indicating a more potent disruption of
performance by UH-AH 37 than by pirenzepine (An-
drews et al.; 1994). A number of studies have indicated
that in functional assays pirenzepine and UH-AH 37 dif-
fer mostly in their effects on M, mediated responses
(Hagan et al, 1988; Kilbinger er al, 1991; Wess er ul,
1991; Ten Berge et al.; 1993; Doods ez al.. 1994). Never-
theless, other differences between pirenzepine and UH-
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AH 37 in both binding and functional essays, reflecting
activity at other muscarinic subtypes, have also been re-
ported (Eberlein ez al., 1989; Wess et al., 1991: Bognar et
al, 1992: Doods et al., 1994). Therefore, it is debatable
whether the difference between the effects of UH-AH 37
and pirenzepine can be solely attributed to the differences
in activity at M; and M, receptors. UH-AH 37 also shows
high affinity for M, receptors (Doods et al, 1994) and
despite the fact that these receptors are much more pre-
valent in the brain than M; (but not M) receptors (Levey,
1993), little is known concerning their pharmacology. To
resolve the question as to the relative importance of M,
receptors in performance in the visual discrimination task
requires the use of a more selective M, antagonist than
pirenzepine and a more selective M, antagonist than UH-
AH 37,

The effects of all compounds apart from scopolamine
can be assumed to be strictly centrally mediated. Despite
the possible involvement of peripheral cholinergic recep-
tor antagonism in the action of scopolamine, the simila-
rities in effects to the other compounds indicate a strong
influence of central muscarinic receptors on performance.
Dissociating the peripheral and central effects of scopo-
lamine has proven to difficult: qualitatively similar effects
of methyl scopolamine and scopolamine on operant per-
formance are often reported: e.g. Andrews et al, 1992;
Dunnett er al, 1989; Hudzik and Wenger, 1993 (see
Moore et al (1992) for a discussion). However, the great-
er suppression of overall responding in the scopolamine-

treated animals may be due to the additional antagonism
of peripheral cholinergic receptors. Accordingly, it is of
interest that scopolamine significantly affected frequency
to respond at a lower dose than accuracy, whereas UH-
AH 37 had a significant effect on accuracy at a lower dose
than on tnals completed.

Although HC3 has been available for more than 30
years, the number of studies involving complex beha-
viours remains small. In studies to date the active dose
range appears to be 1-5 ug per rat i.c.v; doses higher
than this do not have any greater effects on acetylcholine
levels in the brain (Freeman et ol 1979). Within this
range, effects are seen on acquisition of a lever press
(Andrews, unpublished observations), on spatial memory
as measured in the swim maze, and in DMTP tasks (Ha-
gan et al., 1989, Andrews et al., 1994), and on aspects of
visual attention as measured here and in a senal reaction
time task (Muir er al, 1992). Earlier studies using mon-
keys have suggested a separation of mnemonic and per-
ceptual or motor effects (Ridley et o/, 1984, 1987). The
effects here and in the earlier DMTP study (Andrews et
al, 1994) may indicate that, although the effects on at
tentional and perceptual factors are close, they are per-
haps separable: 1 and 5 pg HC3 had similar effects on
DMTP but only 5 ug had any effect on the current task.
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Interestingly, a recent study has indicated that attentional
tasks involving visual discrimination, such as the five-
choice serial reaction time task, may be less sensitive to

HC3 than DMTP (Kirkby er al., 1994). However, other

(faet\or,sy\« such as minor strain differences in the response to
HC3 may account for some of the small differences be-
tween the studxes mentioned above (see also Andrews et
al., 1995) The advantages of HC3 over systemically
admmxstered antagonists such as scopolamine remain:
central act1v1ty only; and as the effect is one of choliner-
gxc deﬁc1ency and not receptor blockade, receptors can be
Vstimulated dn’ectly w1thout first competing with a high
afﬁmty antagomst

 To summarise, in agreement w1th preV1ous studles
these data indicate an 1mportant role for the cholinergic
system in attentional processes (Dunnett et al, 1991;

Rupniak er al, 1991; Mulr et al, 1992) Iti 18 noteworthy
that no compound had an effect on accuracy 1ndependent
of changes in other aspects of performance With the
exception of AF-DX 116, the relative dlsruptlve effects

* Araujo DM, Lapchak PA, Robitaille Y, Gauthier S and Quirion

R (1988) Differential alteration of various cholinergic mar-
 kers in cortical and subcortical regions of human brain in
A]zhelmers disease. Journal of Neurochemistry, 50, 1914—
1923, \

Bognar IT, Altes U, Beinhauer C, Kessler [ and Fuder H (1992)

A muscarinic receptor different from the M, M, My and M,
subtypes mediates the contraction of the rabbit iris sphincter.
- Naunyn-Schmiedeberg s Archives of Pharmacology, 345,
611-618.

¢ Bymaster FP, Heath I Hendlx JC and Shannon HC (1993)‘

* Comparative behavioral and neurochemical activities of cho-
linergic antagonists in rats. Journal of Pharmacology and :
 Experimental Therapeutics, 267, 16-24. :

. Coyle JT, Price DL and Delong MR (1983) Alzheimer’s dtsease 2

a disorder of cortical cho]mergxc mnervatlon Saence 219,
lig4-i190 :
Davies P and Maloney AJ (1976) Selective loss of central
. cholinergic neurons in Alzheimer’s disease. Lancet, ii, 1403,

Doods HN, Quirion R, Mihm G, Engel W, Rudolf K, Entzeroth.

of the compounds tested were broadly in line with the

effects observed in an earlier experxment usmg a DMTP
task (Andrews et al, 1994). The effects of pirenzepine
‘were relatively small \‘and occurred at doses higher than
rrequired to disrupt DMTP performance, suggesting some
functional selectivity in its cognitive effects. UH-AH 37
induced more potent disruptive effects on visual discri-
mination performance than pirenzepine, a result consis-
tent with a previous study mvolvmg DMTP (AJ’ drews et
al., 1994) . : .
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