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Abstract
Rationale Traditionally, the non-selective muscarinic antago-
nist scopolamine has been used to induce episodic memory
impairments as found in Alzheimer’s disease (AD). However,
it also impairs attention and induces drowsiness. Muscarinic
antagonists more selective for the M1 receptor might, there-
fore, be preferred.
Objectives We examined the effects of the M1 antagonist
biperiden on cognitive functions in order to test the specificity
of this drug on memory performance. Additionally, we
assessed whether the selective serotonin re-uptake inhibitor
citalopram can reverse a possible biperiden-induced
impairment.
Methods The study was conducted according to a double-
blind, placebo-controlled, four-way cross-over design.
Sixteen volunteers received biperiden (2 mg), citalopram
(20 mg), a combination of the two, or a placebo in
counterbalanced order with a washout of at least 4 days.
Cognitive tests (verbal memory, continuous recognition mem-
ory, spatial memory, choice reaction) were performed 4 and
1 h after treatment with citalopram and biperiden, respectively.
Results Biperiden impaired memory performance in the ver-
bal learning task, the continuous recognition memory test, and
the spatial memory task. Effects on attention and side effects,
as measured using the choice reaction time test and

questionnaires respectively, could be neglected. Citalopram
did not affect any of the memory or attention measures taken.
Most importantly, citalopram was also unable to reverse the
biperiden-induced memory impairments.
Conclusions Our results, thus, show that the M1 antagonist
biperiden may serve as a translational model to induce epi-
sodic memory deficits as seen in AD. However, the interactive
influence of acetylcholine and serotonin on memory could not
be confirmed.

Keywords Attention . Biperiden . Citalopram .Memory
(consolidation) . M1 antagonist . SSRI

Introduction

One of the earliest symptoms in Alzheimer’s disease (AD) is
episodic memory impairment. Current treatment for these
symptoms is mainly focused on increasing cholinergic neuro-
transmission and with less focus on the glutamate system
(Lleo et al. 2006). However, the effectiveness of current drugs
such as donepezil, galantamine, rivastigmine, and memantine
on memory performance has been shown to be rather limited
(Lee et al. 2007; Schwarz et al. 2012). Next to acetylcholine
(ACh), other neurotransmitters are dysregulated in AD as well
(Rodriguez et al. 2012; Xu et al. 2012). Therefore, investigat-
ing the role of other neurotransmitter systems such as seroto-
nin (5-HT), which is abnormal in patients with AD (Rodriguez
et al. 2012; Trillo et al. 2013), may be valuable. It was
frequently shown that 5-HT manipulations affect memory
performance in healthy volunteers (e.g., Harmer et al. 2002;
Kuypers and Ramaekers 2005; Sambeth et al. 2007). This
likely relates to the memory and other cognitive impairments
seen in depression (for overview, see Rock et al. 2014) and to
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those induced in participants with a family history of depres-
sion (e.g., Evers et al. 2009; Klaassen et al. 2002). Due to the
fact that 5-HT is dysfunctional in AD and depression, it was
proposed that the 5-HT system could play a role in mediating
ACh-related cognitive deficits (Seyedabadi et al. 2014;
Steckler and Sahgal 1995; Toda et al. 2010). Assessing the
interactions of 5-HTwith ACh may eventually lead to a better
insight into the interaction of ACh and 5-HT in memory
processing by assessing whether possible ACh-induced mem-
ory impairment could indeed be reversed by increasing 5-HT
levels in the brain.

In order to develop effective medication to treat memory
symptoms in AD patients, it is important to have a goodmodel
to mimic episodic memory deficits, especially those seen
during acquisition, as they are seen in AD. Scopolamine, a
muscarinic antagonist, has long been used as such a model
(Klinkenberg and Blokland 2010). However, due to its wide-
spread effects on attention and several side effects (such as
drowsiness), scopolamine may only partially explain the im-
pairments found in terms of real episodic memory effects
(Klinkenberg and Blokland 2010). This may partially be
related to the non-selective binding of scopolamine to all five
muscarinic receptors (i.e., M1–M5) both in the body and the
brain. Cognitive functions such as learning and memory have
often been attributed to the M1 receptor. The M1 receptor is
widely expressed in brain structures related to memory, name-
ly the cerebral cortex, hippocampus, striatum, and thalamus
(Langmead et al. 2008). Therefore, a more selective M1
antagonist may be preferable as a pharmacological mod-
el for episodic memory impairments seen in AD than
scopolamine is.

Recently, it was shown that the muscarinic M1 antagonist
biperiden is capable of disrupting short-term memory perfor-
mance, but not sensorimotor responding, food motivation, or
attention in rats (Klinkenberg and Blokland 2011). These
results are in line with the idea that biperiden is more specific
in its effects on memory. Some studies in humans have been
performed using M1 antagonists as well. Using a healthy
elderly population, Wezenberg et al. (2005) demonstrated
impairments in verbal memory, visuospatial processes, and
motor learning, but not visual memory after 2 mg of biperiden
administered 1 h prior to the learning phase. Effects of
biperiden on working memory were equivocal, and there were
no indications of “sedation,” which was measured using a
simple and a choice reaction time test. In line with these
findings, Nakra et al. (1992) reported memory deficits after
the muscarinic M1 antagonist trihexyphenidyl (2 mg) when
administered before learning. Deficits were found on imme-
diate and delayed recall of verbal and visual material in
healthy elderly participants. General orientation, attention-
concentration, and learning of word associations were shown
to be unaffected. In a pilot study, Pomara et al. (2004) dem-
onstrated an association between memory impairments

induced by trihexyphenidyl (1, 2 mg) and the APOE-ε4 allele,
which is a major genetic risk factor for AD. Specifically, total
immediate recall scores as assessed with the Buschke
Selective Reminding Task were affected by trihexyphenidyl
in both the ε4 and non-ε4 carriers. Delayed recall was only
impaired in the ε4 carriers, mainly 2.5 and 5 h after drug
intake. The authors concluded that ε4 carriers are more vul-
nerable to events which impact the cholinergic system, as they
recover more slowly as compared to non-ε4 carriers.

In sum, previous findings using M1 antagonists have re-
vealed that the impairments found after acute treatment with
such a substance are more specifically related to (episodic)
memory than what was generally found after scopolamine.
However, more studies in humans, including healthy young
volunteers, are needed to test the robustness ofM1 antagonists
as a model of episodic memory deficits. Further, the profile of
the cognitive impairments after M1 blockade requires further
studies. Therefore, in the current study, we examined the
effects of biperiden on various types of memory, on attention,
and on the side effect profile after biperiden intake. We ex-
pected that biperiden, administered 1 h before the acquisition
phase, would induce lower immediate and delayed recall
scores, and lower recognition scores on a verbal memory test.
In addition, we anticipated that biperiden would not affect
psychomotor performance/attention in a choice reaction time
task and would not induce side effects on a self-report
questionnaire.

It has long been known that, on the anatomical level, ACh
and 5-HT interact (Cassel and Jeltsch 1995; Steckler and
Sahgal 1995). Among others, there are serotonergic projec-
tions from the dorsal raphe (the site responsible for 5-HT
release) to the basal forebrain (major cholinergic output region
of the brain). Another additional important connection lies in
the hippocampus, a structure highly important for memory;
serotonergic neurons innervate cholinergic neurons in this
brain area. Since the M1 receptor is largely present in the
hippocampus and as this is one of the most important brain
structures involved in memory (Langmead et al. 2008), an
interaction between the cholinergic and serotonergic system
on memory could be expected.

Experimental findings in animals (Cassel and Jeltsch 1995;
Decker and McGaugh 1991; Stancampiano et al. 1999;
Steckler and Sahgal 1995) and humans (Garcia-Alloza, et al.
2005; Little, et al. 1995) indeed suggest that ACh and 5-HT
interact in their effect on cognitive functions. However, the
exact nature of the ACh and 5-HT interaction related to
cognition is still not entirely clear, nor is the interactive role
in their effect on declarative memory. Lieben et al. (2005)
recently were one of the first to examine the effects of 5-HT
and ACh on object recognition memory in rats. They showed
that a 5-HT6 antagonist was able to reverse a memory deficit
caused by scopolamine (see also Woolley et al. 2003).
Egashira et al. (2006) found similar results using a spatial
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memory test in rats. The selective serotonin re-uptake inhib-
itor (SSRI) citalopram was able to reverse a scopolamine-
induced memory impairment.

In the current study, we assessed whether a memory im-
pairment induced by biperiden could be reversed using the
SSRI citalopram. We chose citalopram because it previously
has improved memory consolidation in healthy young volun-
teers when administered IV 45 min prior to the start of
memory encoding (Harmer et al. 2002) and because it showed
promising results in the animal study of Egashira et al. (2006).
As noted above, we expected biperiden to impair both imme-
diate and delayed recall on a verbal learning task. Based on the
animal findings, we hypothesized citalopram to reverse this
impairment. No effects on the attention task were expected
regarding either of the treatments, as attention was not affected
by either biperiden (i.e., the sedation measures in Wezenberg
et al. 2005) or citalopram (Harmer et al. 2002) in previous
research.

Methods

Participants

Sixteen (seven males, nine females; mean age of 23.4 years
(SD=3.2, range=19–31)) right-handed healthy volunteers
were recruited from the University of Helsinki through email
advertisements. Participants had a body mass index of 18.5 to
30. They filled out a medical questionnaire before participa-
tion. Exclusion criteria were past or current psychiatric, neu-
rological, cardiac, gastrointestinal, hematological, hepatic,
pulmonary, or renal illness; pregnancy; lactation; excessive
alcohol consumption (intake of more than 20 glasses per
week); use of any medication other than oral contraceptives;
having a first-degree relative with a current or past psychiatric
disorder; and presence of other deficits that could be expected
to influence performance. All subjects gave a signed informed
consent before inclusion and were financially rewarded for
their participation. The study was approved by the National
Research Ethics Council of Finland, based in Helsinki.

Treatment and study design

Biperiden (Akineton®, instant release) is a muscarinic M1
antagonist approved for the treatment of Parkinson symptoms
which develop due to use of first-generation antipsychotics
(e.g., Ogino et al. 2011). It has about 10-fold higher affinity for
M1 as compared to M2–M5 receptors and it is thus the most
selective M1 antagonist available for use in human partici-
pants (Bolden et al. 1992; Katayama et al. 1990). Peak plasma
concentrations are reached around 1–2 h after a single dose
administration followed by a rapid initial decline to values
around 12 % of the peak values at 6 h after intake (Hollman

et al. 1984, 1987). The most common side effects of biperiden
on the central nervous system are drowsiness, vertigo, head-
ache, and dizziness. Peripheral side effects consist of blurred
vision, mydriasis, dry mouth, impaired sweating, abdominal
discomfort, and obstipation (e.g., Mintzer and Burns 2000;
Peters 1989; Tune et al. 1992). We chose for a dose of 2 mg as
this lies well within the range of the therapeutically recom-
mended doses for biperiden (1–4 mg). Moreover, oral treat-
ment with 2 mg biperiden has been shown to impair cognitive
performance in healthy elderly (Wezenberg et al. 2005).

Citalopram (Cipramil®) is a selective serotonin reuptake
inhibitor, which increases the general serotonin levels in the
brain. It does so by inhibiting the reuptake of 5-HT into the
pre-synapse, which causes increased 5-HT levels in the syn-
apse. Citalopram peaks in the plasma about 4 h after a single
does and it has a terminal half-life of around 33–35 h (Kragh
Sorensen et al. 1981; Milne and Goa 1991; van Harten 1993).
The most common side effects are fatigue, drowsiness, dry
mouth, increased sweating, trembling, headache, dizziness,
sleep disturbances, cardiac arrhythmia, blood pressure chang-
es, nausea, diarrhea, and sexual dysfunctions in both males
and females. We chose for a dose of 20 mg as this lies well
within the range of the therapeutically recommended doses for
citalopram (10–40 mg).

Both biperiden and citalopramwere purchased and labelled
by Yliopiston Pharmacy in Helsinki according to local
guidelines.

The study was conducted according to a double-blind,
placebo-controlled, four-way cross-over design. The order of
treatments (biperiden, citalopram, a combination, or placebo)
was balanced over four test days and separated by a washout
period of at least 4 days.

Procedure

After enrolment in the study, the participants first performed a
training session, in which they were familiarized to the pro-
cedure and practiced all attention and memory tests.

Participants were not allowed to use any psychoactive
medication within 5 days before drug intake. The volunteers
where asked to abstain from alcohol on a testing day and 24 h
before testing. They were also not allowed to smoke and were
requested not to consume any caffeine-, theine- or aspartame-
containing beverages on a testing day. Participants were
instructed to arrive at the laboratory well-rested. Female par-
ticipants were tested in the follicular phase of the menstrual
cycle.

Upon arrival, participants filled in the questionnaires (see
below). Subsequently, they were given a capsule containing
either a placebo or 20 mg citalopram. During the ensuing 3 h,
the participants remained at the specially equipped laboratory
room, where they could read or play board games. One hour
before testing, another capsule was given containing either a
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placebo or 2 mg biperiden. They were provided lunch imme-
diately afterwards: this was done in order to reduce the
chances of participants developing any side effects due to
biperiden intake. Lunch consisted of a can of caffeine-free
soda, a cup of theine free tea, or a glass of water, and one to
three slices of bread and cheese, ham, or jam. Next, they were
prepared for the EEG and MEG measurements. Four hours
after the first treatment, the assessments started (see below).
First, participants performed the immediate recall of a verbal
learning task (VLT), followed by a continuous recognition
memory paradigm (CRMT), an immediate recognition of a
spatial memory test (SMT), and a choice reaction time test
(CRT). After the CRT, delayed recall and recognition of the
VLT was performed (the VRT), which was followed by a
delayed recognition of the SMT. The total duration of testing
was around 1.5 h, after which the participants were asked to
fill out the questionnaires again.

Questionnaires

The profile of mood states (POMS) (McNair et al. 1971) is a
self-evaluation scale for short, alternating states. The POMS
consists of 72 adjectives comprising five bipolar mood factors
related to anger, depression, fatigue, tension, and vigor. Next
to each adjective was a five-point scale. In this way, the
participant could indicate in what amount these items were
appropriate to his/her mood.

For each of the six mood factors, the mean score was
calculated. This score was compared between the baseline
(upon arrival in the lab) and the test (after the assessments),
to examine whether the treatments changed mood.

Neurovegetative effects, using 31 items such as headache,
nausea, and sleepiness, were registered. Next to each adjective
was a five-point scale in order for participants to indicate in
what amount they experienced these symptoms.

Verbal learning task

This task is an adapted version of Rey’s Auditory Verbal
Learning Test (Lezak 1995) and is one of the mostly used
memory paradigms in psychopharmacology. The VLT was
used to measure declarative memory (Riedel et al. 1999).
The test consisted of a list of 30 monosyllabic English words
that were presented on a computer screen (stimulus presenta-
tion time was 1,000 ms and inter-stimulus interval 2,000 ms).
This presentation was repeated three times using the same
sequence of words, each time followed by immediate free
recall of all remembered words. Forty-five minutes after im-
mediate free recall of the final series, participants were sub-
jected to a delayed recall test and a yes/no recognition test
(VRT). During the latter, 60 words were presented: 30 of
which were previously presented and another 30 that were
new. The words remained on the screen for 1,500 ms. Another

1,500 ms elapsed before the next words appeared on the
screen. After presentation of each word, the participant had
to respond as fast as possible to indicate recognition of the
word by pressing a button with the right index finger for “old”
and by pressing a button with the right ring finger for “new”
stimuli.

Outcome measures were number of correctly recalled
words during each of the three immediate recall trials and
number of correctly recalled words during delayed recall tests.
The behavioral-dependent measures of the recognition test
were median reaction time, measured in milliseconds and
the number of correctly recognized old and new words.

In each of the assessments, a different word list was pre-
sented. The lists were comparable with regard to level of
abstraction and affective tone of the words. All participants
received the same practice list. The order of the four parallel
lists used for testing was balanced across assessments.

Continuous recognition memory task

This task assesses recognition memory and can be seen as a
model of time-dependent forgetting. In the task, a series of
pictures (black and white line drawings) were presented on a
computer screen with a duration of 800 ms and an inter-
stimulus interval of 3,000 ms. The task started by randomly
presenting four control pictures ten times each. Next, the
experimental pictures were shown. Sixty pictures were repeat-
ed once in the series, divided into three sets. A set of 20
pictures reoccurred either 2, 4, or 11 pictures after the first
occurrence of the picture (see also Curran et al. 1998; Van
Strien et al. 2007). The control pictures that were shown in the
very beginning were used as fillers. The participants’ task was
to rate each of the pictures as “old’ or “new” by pressing a
button with the right index and right ring finger, respectively,
according to whether they were presented for the first time or
whether it was a repetition.

The outcome measures were the number of correct detec-
tions, misses, and false alarms. Furthermore, the reaction
times were assessed.

Spatial memory test

The SMT is a spatial memory task (based on the object
relocation test (Kessels et al. 1999; Sambeth et al. 2009) that
consisted of two parts: immediate and delayed recognition.
The immediate recognition comprised six trials in which ten
pictures (total of 60 pictures) were presented one by one on a
computer screen (encoding phase) with a duration of 2,000 ms
and inter-stimulus interval of 1,000 ms. The participants had
to remember the location of the pictures. After each trial, the
objects disappeared from the screen and reappeared one by
one in the middle of the screen (repetition phase) for 2,000 ms,
followed by the presentation of a “1” and a “2” in different
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locations (relocation phase) for 1,200 ms. The participants had
to determine whether the picture had been presented on the
location indicated by 1 or 2 consecutively for each picture by
pressing a button with right index finger for “1” and right ring
finger for “2.” During the delayed recognition procedure
45 min after the initial presentation of the pictures, the partic-
ipant had to decide again what the location of the pictures had
been. Different versions of this test were balanced over test
days.

The measures used were the reaction time and the number
of correct responses.

Choice reaction time task

This task assesses general alertness, motor speed, and atten-
tion and was used to assess whether the drugs administered in
the current experiment affected attention/vigilance.
Participants were presented with an arrow that was either
shown on the left or on the right side of the screen. There
were two kinds of arrows: one pointing to the left (left arrow),
the other pointing to the right (right arrow). If the participant
saw the left arrow, he/she had to press a button with the right
index finger. If the right arrow is presented, the participant had
to press a button with the right ring finger. Both arrows were
presented either on the left or on the right side of the screen.
Therefore, there were four stimulus sets: (1) left arrow pre-
sented on the left side (i.e., congruent left), (2) left arrow
presented on the right side (incongruent left), (3) right arrow
presented on the right side (congruent right), and (4) right
arrow presented on the left side (incongruent right). Forty
stimuli of each category were presented. The duration of
stimulus presentation was 600 ms, followed by an inter-
stimulus interval of randomly 2,000–3,000 ms.

Outcome measures were reaction time and number of
commission errors for each of the four stimulus types.

Data analysis

Data were analyzed using a repeated-measures analysis of
variance (ANOVA). The treatments biperiden (biperiden or
placebo) and citalopram (citalopram or placebo) were used as
separate within-subject factor. Separate analyses were per-
formed for accuracy and reaction times.

For the VLT, the following additional within-subjects fac-
tors were used: trial (1–3) was added for the immediate recall
and stimulus type (old vs. new) was used for the recognition
test. For the CRMT, delay (number of items between encoding
and recognition, thus 1, 3, or 10) and stimulus type (old vs.
new) were additionally used for analysis. With regard to the
SMT, the additional with-subjects factor was delay (immedi-
ate vs. delayed recognition). For the CRT, congruency (con-
gruent vs. incongruent) and arrow (pointing to right vs. to left)
were additional within-subjects factors.

Adverse effects and the mood scales were also analyzed
using an ANOVA. For this analysis, differences between
effects at test vs. at baseline were taken into account. The
level of significance was set at 0.05 throughout and post-hoc
testing was performed with a least significant difference
(LSD) test.

Results

Missing data

Two participants had issues pressing buttons with their right
ring finger during memory paradigms and the responses were
not always recorded. Therefore, the data of those two partic-
ipants were excluded from all analyses in which responses had
to bemade by button press. In the CRT task, nomissing values
were seen and all participants were included. Additionally, the
data were scrutinized for outliers.

VLT

Results for all 16 participants were analyzed. Recall signifi-
cantly increased from trial 1 to trial 2 to trial 3 during encoding
(F(2,30)=635.63, p<0.001). Additionally, a main effect of
biperiden was found for the immediate recall (F(1,15)=
22.66, p<0.001). Participants significantly recalled fewer
words after biperiden than after placebo or citalopram (see
the total recall of the three trials in Fig. 1a and Table 1).
Citalopram did not affect immediate recall (F(2,30)=0.36,
n.s.) nor did we find any significant interactions between drug
treatments (F values <1.31).

As for the delayed recall, the same effect was found.
Participants recalled fewer words after biperiden (F(1,15)=
24.29, p<0.001) but no main effect of citalopram or interac-
tion between the two treatments was found (F values <0.15),
see Fig. 1b and Table 1.

VRT

In addition to the two subjects that did not press the response
button reliably, two participants were detected as outliers.
Therefore, the analysis was performed on 12 participants only.
The median reaction time in the recognition paradigm did not
change after any of the treatments, nor was any significant
interaction found. However, participants responded faster to
old than to new words (F(1,11)=17.10, p<0.003). With re-
gard to the correct detections of old and new words, partici-
pants recognized fewer old and new words after biperiden as
compared to placebo (F(1,11)=7.77, p<0.036), see Table 1.
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CRMT

One outlier was detected and, therefore, analysis was per-
formed on 13 participants. Accuracy was higher for new than
for old stimuli (F(1,12)=4.92, p<0.048). Additionally,
biperiden impaired accuracy on this test as compared to pla-
cebo (F(1,12)=7.44, p<0.019), see Table 1. No other main
effects or interactions were found related to accuracy for this
paradigm (F values <2.08).

With regard to the reaction times, participants responded
faster to old than to new stimuli (F(1,12)=12.92, p<0.005).
Biperiden slowed reaction times as compared to placebo
(F(1,12)=4.98, p<0.047). None of the other main or interac-
tion effects reached significance (F values <2.79).

SMT

Biperiden impaired accuracy during the SMT as compared to
placebo (F(1,13)=4.75, p<0.049). Furthermore, there was a
main effect of delay (immediate vs. delayed recognition)
(F(1,13)=57.75, p<0.001), indicating that participants per-
formed much better during immediate than during delayed
recognition. Also, a significant interaction between citalopram
and delay was found (F(1,13)=6.49, p<0.025). Post-hoc
analysis for each of the two delays separately did not show
any significant effects of citalopram. But this analysis showed
that the biperiden impairment found was mainly due to the
delayed recognition rather than immediate (p<0.045 for de-
layed vs. p<0.149 for immediate), see Fig. 2 and Table 1.

Fig. 1 a Total number of words
recalled during the three
immediate recall trials after each
of the four treatments; b number
of words recalled during delayed
recall after each of the four
treatments. For both immediate
and delayed recall, biperiden
impaired memory performance,
which was not reversed by
citalopram in the combined
treatment condition

Table 1 Mean scores (standard errors, SE) for the outcome variables of the verbal learning task, verbal recognition task, continuous recognition
memory test, spatial memory task, and choice reaction time task

Placebo Biperiden Citalopram Combination

Verbal learning task (VLT)

Immediate recall: mean recall per trial 17.83 (1.05) 13.90 (0.58)** 17.71 (0.78) 14.60 (0.98)**

Delayed recall 20.31 (1.57) 15.19 (0.91)** 19.56 (1.39) 15.25 (1.50)**

Verbal recognition task (VRT)

Number of words correctly recognized (average of old
and new words)

27.25 (0.72) 25.42 (1.13)* 26.38 (1.07) 25.75 (0.94)*

Median reaction time for correct responses to old and
new stimuli (in ms)

747 (42) 800 (44) 759 (35) 797 (39)

Continuous recognition memory test (CRMT)

Correct responses (average of old/new and delay 1/3/10) 17.97 (0.84) 16.50 (1.21)* 17.89 (0.89) 16.72 (1.12)*

Reaction time for correct responses (in ms) 739 (32) 798 (43)* 712 (36) 777 (33)*

Spatial memory task (SMT)

Correct responses for immediate recognition 47.43 (1.67) 47.07 (1.81) 50.50 (1.55) 47.71 (2.21)

Correct responses for delayed recognition 45.43 (1.17) 42.14 (1.61)* 44.21 (1.73) 41.21 (2.35)*

Mean reaction time for correct responses (in ms) during
immediate and delayed recognition

757 (32) 785 (32) 713 (35) 828 (36)

Choice reaction time test (CRT)

Commission errors 0.92 (0.27) 3.68 (1.61) 1.36 (0.51) 2.85 (1.22)

Reaction time for correct responses (in ms) 519 (25) 530 (23) 526 (33) 552 (32)

*p<0.05; **p<0.001 (Of note, asterisks are shown for both biperiden and combination because they together reflect the main effect of biperiden)
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Neither treatment, nor delay, affected reaction time (Fs<
3.30).

CRT

Data from one participant was excluded because (s)he was an
outlier. Therefore, results from 15 volunteers were analyzed.
With regard to the commission errors, no significant main or
interaction effects regarding any of the treatments were found,
although biperiden marginally impaired performance
(F(1,14)=4.251, p<0.059), see Table 1. The participants
made less mistakes to congruent than to incongruent trials,
F(1,14)=9.02, p<0.01 (main effect of congruency), which
was caused mainly by the arrows pointing to the left
(F(1,14)=7.69, p<0.016; interaction between congruency
and arrow type).

Neither of the treatments affected reaction times during this
test nor was any significant interaction with treatment found
(F values <2.26). A main effect of congruency was found
(F(1,14)=15.56, p<0.002). Participants responded faster to
congruent than incongruent stimuli. Additionally, the factor
arrow reached significance (F(1,14)=14.35, p<0.003) which
was caused by the fact that participants responded quicker to
arrows pointing to the right as compared to arrows pointing to
the left (thus when pressing a button with their right as
compared to their left hand).

Mood scale and neurovegetative effects

Tension was marginally decreased after biperiden treatment as
compared to placebo (F(1,15)=4.202, p<0.059), see Table 2.
An interaction was found between biperiden and citalopram
regarding the factor aggression (F(1,15)=6.106, p<0.027).
This effect was caused by the fact that biperiden and
citalopram treatment alone seemed to decrease aggression to
some extent, whereas this decrease was absent in the com-
bined treatment condition. For the factor fatigue, a similar
interaction was found (F(1,15)=5.581, p<0.033). Whereas

both biperiden and citalopram when administered alone
slightly reduced fatigue as compared to placebo, the combined
treatment did not reveal such an effect.

As for the neurovegetative effects (see the most common
ones in Table 2), participants reported a significant increase in
having a dry mouth after biperiden as compared to placebo
(F(1,15)=8.14, p<0.013). Neither of the other aspects was
affected by any of the treatments, nor were interactions be-
tween biperiden and citalopram found.

Discussion

In this study, we examined the effects of biperiden on cogni-
tive functions in order to test the specificity of this drug on

Fig. 2 a Total number of pictures
correctly located during the
immediate recognition trials after
each of the four treatments; b
number of pictures correctly
located during delayed
recognition after each of the four
treatments. It can be seen that
biperiden impaired performance
in the delayed recognition phase

Table 2 Mean difference scores as change from baseline (standard
errors, SE) for the questionnaire data. Negative numbers indicate a
decrease and positive numbers indicate an increase in the feeling

Placebo Biperiden Citalopram Combination

Profile of mood states

Depression 1.69 (1.50) 1.19 (1.40) 1.56 (0.58) 2.06 (1.22)

Tension 0.56 (0.55) −0.94 (0.80) 1.00 (0.52) 0.19 (0.64)

Aggression −0.25 (0.39) −0.37 (0.22) −0.63 (3.97) 0.37 (0.52)

Fatigue 1.94 (0.64) 1.19 (0.44) 0.56 (0.45) 1.81 (0.66)

Vigor 2.94 (1.11) 3.56 (0.97) 2.06 (0.93) 4.06 (1.10)

Neurovegetative effects

Dry mouth 0.31 (0.20) 0.75 (0.23) 0.13 (0.20) 1.06 (0.32)

Sleepiness 0.81 (0.23) 0.44 (0.26) 0.25 (0.21) 0.75 (0.32)

Nausea −0.06 (0.11) 0.13 (0.09) 0.19 (0.16) 0.44 (0.29)

Headache 0.37 (0.22) 0.00 (0.16) 0.00 (0.09) 0.00 (0.13)

Dizziness 0.37 (0.18) 0.31 (0.12) 0.44 (0.16) 0.50 (0.22)

Fatigue 0.25 (0.14) 0.37 (0.16) 0.25 (0.14) 0.31 (0.15)

Drowsiness 0.38 (0.20) 0.31 (0.18) 0.44 (0.23) 0.56 (0.18)
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memory performance. Additionally, considering the interac-
tions between ACh and 5-HT that have been shown on cog-
nition in animal work, we assessed to which extent the SSRI
citalopram can reverse this impairment. We showed that
biperiden indeed impaired memory performance in different
tasks, whereas the effects on attention and side effects could
be neglected. Citalopram did not affect any of the memory or
attention measures taken. Most importantly, citalopram was
also unable to reverse the biperiden-induced memory impair-
ments we found.

Our findings regarding the biperiden-induced memory im-
pairment are in line with those found in the literature on
memory-impairing effects of muscarinic antagonists in
humans (e.g., Atri et al. 2004; Bishop et al. 1996; Broks
et al. 1988; Crow et al. 1975; Drachman and Leavitt 1974;
Frith et al. 1984; Green et al. 2005; Kamboj and Curran 2006;
Kopelman and Corn 1988; Mintzer and Griffiths 2003, 2005,
2007; Nakra et al. 1992; Pomara et al. 2004; Rasch et al. 2006;
Robbins et al. 1997; Sherman et al. 2003; Snyder et al. 2005;
Sperling et al. 2002; van Ruitenbeek et al. 2008; Wezenberg
et al. 2005). Specifically, the current results successfully rep-
licated the findings of Wezenberg et al. (2005) who also
showed impairments in immediate and delayed recall and
recognition of verbal material in elderly volunteers.
Additionally, cognition-impairing effects of muscarinic M1
antagonists generally do not seem to be specific for any
particular memory system or sensory modality, as they have
been found to influence not only verbal but also visual, spatial,
short-term, and working memory, exactly what we found in
this experiment as well (e.g., Nakra et al. 1992; Wezenberg
et al. 2005).

The role of the muscarinic M1 receptor in attention is
unclear at present. For instance, Wezenberg et al. (2005)
reported that 2 mg of biperiden impaired movement time in
a motor learning task, which was interpreted as an attentional
effect rather than a slowing of psychomotor performance. In
addition, biperiden also appeared to disrupt visuospatial pro-
cesses, but these effects were not as strong and robust relative
to those in the memory tasks. In contrast, Nakra et al. (1992)
reported no effect of the muscarinic M1 antagonist
trihexyphenidyl (2 mg) on attention-concentration measures
in the Wechsler Memory Scale. In line with the latter finding,
we recently reported a lack of effects of biperiden on accuracy
performance in a visual target detection task assessing
learned irrelevance processes (Klinkenberg et al. 2012).
In the current study, a marginally significant increase in
commission errors was found during the attentional CRT
test. This might imply a minor role for the M1 receptor
in attention. But, this effect is relatively small as com-
pared to the effect on memory performance, which was af-
fected in each single memory test used in the current study.
Taken together, the M1 receptor does not appear to play a
major role in attentional processes.

In the current study, we only found minor evidence of
psychomotor slowing after biperiden. Response times were
slowed after biperiden in the CRMT and a non-significant
increase in RT could also be seen during the SMT (see
Table 1). Response times, on the other hand, were not even
slightly affected in the VRT or CRT test. This rather indicates
that memory-related thinking time was increased and not
psychomotor functioning per se. In line with this,
Wezenberg et al. (2005) reported increased RTs in a short-
term memory test, which could have been a mnemonic effect.
A recent study by our lab which investigated the effects of
biperiden on learned irrelevance showed that RTs were in-
creased after biperiden relative to placebo (Klinkenberg et al.
2012). It is unclear whether this effect is due to blockade of
central or peripheral muscarinic M1 receptors; i.e., whether
biperiden induced a global decrease in task performance and/
or psychomotor slowing.

The side effects we observed in this experiment were very
mild. Whereas scopolamine has often led to drowsiness and
fatigue, dizziness, a dry mouth, and to a lesser extent also
discontentedness (e.g., Curran et al. 1998; Kamboj and Curran
2006; Lenz et al. 2012), we only showed that participants had
a dry mouth after biperiden intake. Additionally, both
biperiden and citalopram even slightly reduced aggression
and fatigue. Our results are in correspondence to previous
work in which also no significant side effects of M1 antago-
nists were seen (Nakra et al. 1992; Klinkenberg et al. 2012).
Interestingly, no correlations were found between the memory
and “neurovegetative” measures (data not shown). This again
supports a relatively specific effect of biperiden on memory
performance and strengthens our notion that a M1 receptor
antagonist has a better side effect profile as compared to
scopolamine.

Next to assessing the efficacy of biperiden as a model to
induce memory impairments as seen in AD, we examined the
relationship between ACh and 5-HT in their role in memory.
First of all, 5-HT is suggested to contribute to cognitive
impairments seen in AD (for review, see Rodriguez et al.
2012), probably because ACh and 5-HT neurons interact in
structures relevant for learning and memory, such as the
hippocampus (e.g., Jeltsch-David et al. 2008; Steckler and
Sahgal 1995). Therefore, Little et al. (1995) assessed the
effects of m-chlorophenylpiperazine (m-CPP), a 5-HT mixed
agonist/antagonist that has affinity for various 5-HT receptors,
on scopolamine-induced memory impairment in healthy
young volunteers. They found that cognitive impairments
due to scopolamine were partly increased by m-CPP treat-
ment, indicating that ACh and 5-HT centrally interact, rather
than only peripherally. Brooks et al. (1998), however, failed to
show the same finding when administering both scopolamine
and m-CPP, although scopolamine did impair memory perfor-
mance. Garcia-Alloza et al. (2005) on the other hand showed
that an imbalance between the ACh and 5-HT system seen
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postmortem significantly correlated with a final mini mental
state examination for cognitive impairment in patients with
AD, thus presenting evidence for an interaction between ACh
and 5-HT in their effect on memory, at least in AD. In the
current study, the only interactions we found between
biperiden and citalopram were related to the mood question-
naire. Decrements in aggression and fatigue, found after single
manipulations with biperiden and citalopram, were reversed
after combined treatment. However, citalopram was not able
to reverse any of the memory impairments we found after
biperiden treatment.

The lack of an interaction between the cholinergic and
serotonergic treatments with regard to cognition could be
explained by various factors. First of all, the citalopram dose
used, 20 mg orally, might have been too low to improve
memory. A dose of 10 mg administered IV, which causes
faster absorption as compared to our oral administration, has
however been shown to improve delayed recall in a verbal
learning task (Harmer et al. 2002). Additionally, we did see
interactions on some of the more “behavioral” measures,
namely the aggression and fatigue scales. Therefore, these
findings suggest a central effect of citalopram in the present
study. Another aspect may be that behavioral responses such
as accuracy and reaction times are not sensitive enough to pick
up the interactive effects biperiden and citalopram may have.
Future research should, therefore, also focus on measures
more sensitive to detect pharmacological changes, namely
imaging studies such as fMRI or EEG/MEG, to study the
interaction between ACh and 5-HT. Finally, it could be argued
that the interaction between biperiden and citalopram cannot
be found with the tests used in the present study. This does not
exclude that ACh and 5-HT interact in their effect on memory.
Rather, it is possible that serotonergic manipulations more
specific to certain 5-HT receptor types should be administered
in combination with biperiden to reveal the interactions that
are in place, a procedure that is more similar to the animal
work that previously was done (e.g., Lieben et al. 2005).
Conversely, the selectivity for the M1 receptor of biperiden
may also be related to the lack of interaction between the
citalopram and biperiden in the current study, even though
the M1 receptor is largely present in the hippocampus and is
one of the most important memory areas in the brain
(Langmead et al. 2008).

In sum, biperiden is capable of impairing memory rather
selectively, i.e., without inducing peripheral side effects which
could adversely affect performance and without clear effects
on attention. Muscarinic M1 antagonists might, therefore,
serve as a translational model for inducing selective episodic
mnemonic deficits as seen in neuropsychiatric disorders, par-
ticularly AD. Interactions between biperiden and citalopram
were not found, which indicates that ACh and 5-HT either do
not interact in their effects on cognition, or that our measures
were not sensitive enough to pick up the effects.
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