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Abstract
Raffaele, Kathleen C., Annamaria Berardi, P. Pearse Morris, Sanjay Asthana, James V.
Haxby, Stanley I. Rapoport, and Timothy T. Soncrant: Effects of Acute Infusion of the
Muscarinic Cholinergic Agonist Arecoline on Verbal Memory and Visuo-spatial Function in
Dementia of the Alzheimer Type.

Prog. Neuro-Psychopharmacol. & Biol. Psychiat. 1991, 15(5): 643-648.

1. Treatment of patients with dementia of the Alzheimer type (DAT) with arecoline, a
muscarinic cholinergic receptor agonist, reportedly improves performance on a picture
recognition memory task, but not on other memory measures. To examine further
possible performance improvements following arecoline treatment, patients with DAT
were treated with a 30 min intravenous infusion of arecoline (5 mg).

2, Psychometric testing was done at five time points (two before and three following the
infusion). Patients were tested on a memory task (Buschke selective reminding) and
a test of visuo-spatial performance (figure copying).

3. No net change from baseline was seen in mean scores following arecoline infusion.
However, the changes in performance on the two tasks were correlated (p<0.02) over
subjects at 10 min but not at 1.5 or 5.5 hr following the infusion.

4. This result suggests that although individual patients vary in their response to a
given dose of arecoline, their responses are consistent across types of tasks. Thus
the lack of a mean drug effect may be due to individual differences in response
rather than to a lack of response.
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Abbreviatjons: Alzheimer’s disease (AD), dementia of the Alzheimer type (DAT).
Introduction

The central nervous system undergoes degenerative changes in individuals suffering from
Alzheimer’s disease (AD). In particular, markers of cholinergic nerve function
(particularly the enzyme choline acetyltransferase) decrease during AD (Burchinsky, 1984;
McGeer, 1984; DeKosky et al., 1985; Roth 1986). The demonstration of changes in other
cholinergic markers (e.g. cholinergic receptors or acetylcholinesterase) with AD is
controversial (Burchinsky, 1984; McGeer, 1984; DeKosky, 1985; Collerton, 1986).

Because of the apparent association between decreased cholinergic function and AD,
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there have been many attempts to treat AD with pharmacologic cholinergic enhancement.
Two methods have been attempted: 1) increasing the levels of acetylcholine in the brain
by administering the precursors choline or lecithin (Wettstein, 1983; Becker and
Giacobini, 1988) or by administering cholinesterase inhibitors such as physostigmine or
tetrahydroaminoacridine (Christie et al., 1981; Brinkman and Gershon, 1983; Wettstein,
1983; Muramoto et al., 1984; Becker and Gilacobini, 1988), and 2) directly stimulating
cholinergic receptors with cholinergic agonists such as RS-86 or arecoline (Christie et
al., 1981; Brinkman and Gershon, 1983; Bruno et al., 1986; Hollander et al., 1987;
Mouradian et al., 1988; Tariot et al., 1988). In the only two studies of arecoline in
dementia of the Alzheimer Type (DAT), acute infusions of drug were administered, and
changes in performance were measured using picture recognition (Christie et al., 1981),
or verbal memory, picture recognition, and serial naming (Tariot et al., 1988). Both

studies found small improvements in picture recognition in DAT patients.

The current study, part of an ongoing investigation of the effects of arecoline on
cognitive performance in patients with DAT, assessed performance on verbal memory and
visuo-spatial construction tasks after administration of a single intravenous dose of

arecoline to DAT patients.

Subjects

Subjects were 15 patients, ten men and five women, diagnosed with possible or probable
Alzheimer’'s disease, according to NINCDS/ADRDA criteria (McKhann et al., 1984). Their
ages ranged from 50 to 82 years (mean age 66.1 + 10.3 (s.d.) years). All patients had
mild to moderate dementia [Mini-Mental State Examination scores (Folstein et al., 1975)
ranged from 17 to 28, mean 22.6 + 3.1 (s.d.)]. All were screened for illness other than
DAT and were medication-free. For all patients, consent to participate in this

investigation was obtained both from the patient and from a concerned relative.
Dru nist o

Arecoline hydrobromide (Regis Chemical Co., Morton Grove, IL) S5 mg in normal saline
(prepared as 100 ml sterile saline solution) was administered as a continuous intravenous
infusion over 30 min. One hour prior to the start of the infusion, methscopolamine
bromide (The Upjohn Co., Kalamazoo, MI) 2.5 mg was given orally. Methscopolamine, a
muscarinic receptor antagonist that does not enter the brain, was administered to block

peripheral autonomic actions of arecoline.
Cognitiv st

Cognitive testing was conducted at five time points, two before and three after

arecoline infusion. Pre-testing was conducted on the day before arecoline and on the
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morning of the infusion (following methscopolamine administration). Post-testing was
conducted at 10 min, 1.5 h, and 5.5 h following the end of the infusion.

Two cognitive tests were administered at each testing session: figure copying (Haxby
et al., 1985) and Buschke selective reminding (Buschke, 1973). On figure copying, 3 to
5 figures were copied by the patient, using the same figures at each testing session.
Figures were selected to have a difficulty level appropriate for each individual patient.
For each figure, a patient’s 5 attempts to copy it (one from each testing session) were
ranked from 1 to 5 by three blinded raters, according to how closely it matched the
template figure. On selective reminding, the patient attempted to learn a list of 8
words over 6 trials; after trial 1, the patient was reminded only of those words which
were not recalled on the previous trial. Alternate forms of this test were used for each
testing session. The selective reminding task was scored according to the number of
words recalled by the patient: total recall represents the sum of the words correctly

recalled by the patient in each of 6 trials (maximum score = 48).
Data Analysis

Analysis of Variance (one-way ANOVA with repeated measures) was used to determine
whether there was a difference in performance within subjects across the time points
following the infusion. Pearson’s linear correlation coefficient was used to determine
whether there was an assoclation between change in performance on the two different

tests, across subjects.

Table 1

Responses to Arecoline Infusion

Mean Change from Baseline Score

(Iime after end of Arecolipe infusion)
Measure Baseline 10 min 1.5h 5.5 h

Selective Reminding 24.5 + 8.7 -1.8 + 5.1 -1.3+7.1 -1.0 £ 3.4
(total recall,
words recalled)
Figure Copying 3.1 +£0.4 -0.4 + 1.0 -0.2 £+ 0.8 -0.1 +0.9
(drawing rank)

Mean + S§.D. for 11 patients. No significant change (p>0.05, ANOVA).
Range for selective reminding, 5-36.5; range for figure copying, 2.7-4.3.
Resulcts

There was no difference between scores of the two pre-testing sessions; consequently,

the average of these scores was used as baseline for comparison. Mean performance did
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not differ across test sessions on either cognitive test (one-way ANOVA with repeated
measures: Selective reminding, F=0.67, p=0.59; figure copying, F=1.53, p=0.22; see Table
1). A significant correlation was found, however, for changes in performance on the two
tests at 10 min post infusion as compared to baseline (r=0.60, p<0.02, Fig. 1). Patients
whose figure copying performance was improved at 10 min also had improved performance on
the selective reminding task; patlents whose figure copying performance had declined
showed impaired performance on the selective reminding task. There was no significant
correlation between changes in performance on the two tasks at 1.5 or 5.5 hours after

arecoline (r=0.10 and r=0.20, respectively).

r=0.60, p <002 ]
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Fig 1. Correlation between changes in visuo-spatial construction (figure copying) and
in verbal memory (selective reminding). Each point represents an individual patient.

Discussion

These results confirm marked individual variation in response to cholinergic drugs in
DAT patients (Brinkman and Gershon, 1983; Mohs et al., 1985; Becker and Glacobini, 1988;
Sherman et al., 1988). The correlation following drug infusion between performance for
two different tasks, visuo-spatial construction and verbal memory, implies that the
effect of drug administration, which varies among individuals, 1is mnot random. In
addition, changes in performance on non-memory tasks following arecoline infusion show
the importance of examining cognitive functions apart from memory when evaluating drug

effectiveness in DAT patients.

The reason for the high degree of between subject variation in response to cholinergic
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drugs is not apparent. Variance may reflect differences in pharmacokinetics (leading to
different brain drug concentrations), or differences in intrinsic neuronal response. It
may be important to evaluate each patient on a range of drug doses, in order to optimize

the chance of finding a dose to which an individual subject will respond.

Conclusjons

Individuals with dementia of the Alzheimer type vary in their response to cholinergic
drug infusion. In spite of pronounced inter-subject variability, the direction of drug
response (i.e. improvement or impairment) for an individual subject is consistent for
different tasks. This consistency supports the conclusion that inter-subject variability
in response to arecoline is not random, but is due to some characteristic of the
individual subject.
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