EXPERIMENTAL STUDIES

Effect of Anxiolytics on Cognitive Flexibility in
Problem Solving
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Objective: Our purpose is to examine the effect of different classes
of anxiolytics on cognitive flexibility.

Background: Situational stressors and anxiety impede perfor-
mance on “creativity” tests requiring cognitive flexibility. Noradren-
ergic agents have been shown to modulate cognitive flexibility as as-
sessed by performance on anagrams. To determine whether these
findings on noradrenergic modulation of cognitive flexibility are spe-
cific to the noradrenergic system or are a nonspecific anxiety effect,
we compared the effects of propranolol, lorazepam, and placebo on
the anagram task.

Methods: Subjects attended 3 test sessions. Prior to each session,
subjects were given 1 of the 3 drugs. As in previous research, the
natural log of the solution latency of each test item was summed for
each test session and compared across drug conditions.

Results: For subjects able to solve the anagrams, solution times after
propranolol, but not lorazepam, were significantly lower than after
placebo.

Conclusions: Therefore, this suggests that the phenomenon of nor-
adrenergic modulation of cognitive flexibility does not result from a
nonspecific anxiolytic effect, but rather is specific to the noradrener-
gic system.
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I t has been proposed that 2 types of intelligence, fluid intelli-
gence and crystallized intelligence, are used to solve prob-
lems." Crystallized intelligence includes declarative knowl-
edge such as naming the president of the United States. How-
ever, many problems cannot be solved by knowledge alone.
Fluid intelligence, such as trial and error approaches and cog-
nitive flexibility, is used for complex problem solving when
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knowledge alone will not suffice. As one moves from the ini-
tial problem to a solution, various actions can be taken. At
times, the most dominant option may not be the most optimal
step toward the solution. Cognitive flexibility, a form of fluid
intelligence, allows one to inhibit strong response preferences
to consider the alternative solutions.?

Converging evidence has suggested that the noradrener-
gic system may modulate cognitive flexibility. Cognitive flex-
ibility is known to decline in the face of situational stressors,’
and such stressors are associated with an increase in activity of
the noradrenergic system.*> Research involving adolescents
with known stress-induced cognitive impairment has demon-
strated that treatment with beta-adrenergic antagonists, such as
propranolol, resulted in significantly improved scores on the
Scholastic Aptitude Test (SAT).® This finding suggests that in
certain individuals, the noradrenergic system plays a role in
stress-related modulation of performance in some types of
problem solving.

More recent research has demonstrated a direct role of
the catecholamine neurotransmitter systems in modulation of
cognition. In a priming experiment, administration of L-dopa,
which is converted into both dopamine and norepinephrine,
resulted in restriction of the semantic network.” Normal vol-
unteers were asked to press a button as soon as they knew
whether a string of letters formed a meaningful word or a non-
word. After placebo, subjects could quickly recognize mean-
ingful words if they were either directly or indirectly related to
the prime word as compared with a slower response to an un-
related word. After taking L-dopa, the quick response only oc-
curred with the directly related words and not with the indi-
rectly related words. Therefore, the activation of the catechol-
amine neurotransmitter system results in restriction or
narrowing of the semantic network. The semantic network is a
large-scale neuronal network, which may resemble other
large-scale networks such as the “network of possible solu-
tions” that must be searched in problem-solving tasks involv-
ing cognitive flexibility.

Further research examined possible effects of the norad-
renergic system on cognitive flexibility in problem-solving
tasks.” Subjects performed various types of problem solving
tasks 45 minutes after taking propranolol (a beta-adrenergic
blocker), placebo, or ephedrine (a beta-adrenergic agonist).
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Among subjects best able to perform this task, the time taken to
solve anagrams (word unscrambling tasks) was significantly
longer when the noradrenergic system was activated (ephed-
rine) than when it was suppressed (propranolol).” The in-
creased time taken to solve such a problem during increased
activity of the noradrenergic system suggested that activation
of the noradrenergic system resulted in decreased cognitive
flexibility in problem solving. This effect on cognitive flexibil-
ity may relate to what has been observed with the effect of
situational stress on cognitive flexibility.>

Recent research has demonstrated both phasic and tonic
changes in the activity of the noradrenergic locus coeruleus
corresponding to changes in attentional performance in mon-
keys.® Pharmacologic modulation of cognitive flexibility may
act through a related mechanism by altering the tonic activity
of the noradrenergic neurons.

To determine whether noradrenergic modulation of cog-
nitive flexibility is a centrally or peripherally mediated phe-
nomenon, a comparison was made among the effects of pro-
pranolol (a peripheral and central beta-blocker), nadolol (a pe-
ripheral beta-blocker), and placebo on performance of the
anagram task. Anagram solution times after propranolol were
significantly lower than after nadolol. This suggests that the
modulatory influence of the noradrenergic system on cognitive
flexibility is mediated exclusively by a central nervous system
mechanism rather by the central nervous system response to
feedback from the peripheral nervous system.’ Norepineph-
rine may influence this central-only mechanism by modulating
the signal-to-noise ratio within the cortex.'”

This study compares the effects of a peripheral and cen-
tral beta-blocker (propranolol) on cognitive flexibility to other
anxiety modulating drugs not directed at the noradrenergic
system. Benzodiazepines, which interact with the GABA re-
ceptor complex and are commonly used as anxiolytics, were
used to test whether the effect is due to any form of modulation
on anxiety/arousal or whether it is specific to the noradrenergic
system. Our hypothesis is that modulation of cognitive flex-
ibility is specific to the noradrenergic system. With this hy-
pothesis, we would predict that propranolol would demon-
strate a benefit, whereas the benzodiazepine would not dem-
onstrate an effect. Otherwise, if cognitive flexibility can be
augmented by a general reduction of anxiety, then both pro-
pranolol and lorazepam would have a beneficial effect on cog-
nitive flexibility.

EXPERIMENTAL DESIGN AND METHODS

The study protocol was approved by the Ohio State Uni-
versity Institutional Review Board. All subjects were recruited
for the anxiolytic study from the campus area via flyers and
mass e-mails within the medical center. Twenty-one normal
subjects were included in this study. Subjects were screened
for medical contradictions to beta-blockers and benzodiaz-
epines and were excluded if they were taking beta-blockers,

94

were not native English speakers, or had a known history of
any verbal learning disability, such as dyslexia. All subjects
signed a written informed consent prior to participating in the
study. Subjects participated in 3 test sessions, each 1 week
apart. Prior to each test session, the subject’s blood pressure
was recorded. They then received oral lorazepam (120 minutes
prior) (GABAergic anxiolytic), 40 mg oral propranolol (60
minutes prior) (central and peripheral beta-adrenergic
blocker), or placebo (60 minutes prior) in a double-blinded
manner (the examiner knew the time delay after drug admin-
istration before testing, but not the name of the drug).

A pilot study using a 2-mg dose of lorazepam was per-
formed based on previous research examining the cognitive
effects of anxiolytics.'! The 3 subjects to take this dose (Table
1) complained of excessive fatigue and inability to concentrate
on completing the task. The data from these 3 subjects were
analyzed separately. For the remaining 18 subjects (Table 1),
the dose of lorazepam was | mg.

Each subject received all 3 drugs (1 mg lorazepam, pla-
cebo, and 40 mg propranolol) by the end of the 3 test sessions.
The order of drug administration and test administration was
counterbalanced across equal numbers of male and female
subjects to account for differences in test difficulty and im-
provements with practice over time.

Immediately prior to the testing session, the blood pres-
sure was measured again. Subjects were also asked to rank
their level of anxiety on a scale of 1 to 9, 1 reflecting no anxiety
and 9 representing a high anxiety level. This anxiety ranking
served to determine if the subjects consciously experienced
significantly different levels of anxiety depending on which
drug they received.

Test sessions consisted of 15 anagram tests, 6 each of 5-
and 6-letter words and 3 7-letter words (Table 2).° The time
taken to complete each anagram was recorded. As with our
previous work, >’ subjects were allowed a maximum of 2 min-
utes to complete each anagram. Failure to complete an ana-
gram within the 2 minutes was recorded as 2 minutes. This
maximum allowable time was chosen to ensure that all sub-
jects would be able to attempt all of the anagrams within each
test session during the peak phase of drug action, and not get
stuck on 1 test item.

Comparisons were made between propranolol and pla-
cebo, propranolol and lorazepam, and lorazepam and placebo
on the natural logarithms of time to complete the anagrams
using a 2-tailed t test, as in previous research.”

TABLE 1. Demographics of Subject Population

Lorazepam Sample
Dose Size Male/Female Age (Mean = SD)
1 mg 18 9/9 244421y
2 mg 3 2/1 23.0+0.0
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TABLE 2. Anagram Test Sets

Anagram Test 1 Anagram Test 2 Anagram Test 3

5-letter Words 5-letter Words 5-letter Words

IRBCK SLAGS ZAZPI
NYOME NEHOY TMOEL
OSEOG ITAPO OPNHE
AADLS THETE MOBOR
EKRCE NECFE NHBTU
HTRSI EIYDL GLAEE

6-letter Words 6-letter Words 6-letter Words
ROYEMM WOERLF PPLEUR
NHDLEA CERCOS IARTGU
GERUBR KSTBEA KPNNIA
SRREEA OPCILE NNIEAC
NECICS CNLPIE SNIIOV
ATESTE AOGRNE RBELRA

7-letter Words 7-letter Words 7-letter Words
ORYCTAF DUNTERH KNECIHC
LETKLIS WEEJYLR ILOADHY
CLEHIVE LEGLOCE NENTAAN

RESULTS

The logarithmic scores of the 3 subjects receiving the
2-mg dose of lorazepam revealed subjects receiving the loraz-
epam took a significantly longer amount of time to complete
the anagrams compared with placebo (48.2 + 3.8 SD for lor-
azepam, 38.2 £ 4.5 SD for placebo, t(2)=8.495, P = 0.0135).
These results are consistent with the subjects’ reports of an
inability to concentrate on the task at the 2-mg dosage.

Several subjects had difficulty performing the anagrams.
To avoid a floor effect, only those subjects who could solve

more than 80% of the anagrams were included. As with our
previous research, the times to complete the anagram tasks
were adjusted for test order and drug order, and the natural
logarithms of these scores were compared among drug condi-
tions>: Due to the learning effect and the possibility of varia-
tion in difficulty among each test, scores were divided by co-
factors derived from the relative difficulty of each test and the
order of testing. Subjects receiving propranolol solved the ana-
grams in a significantly shorter period of time than after taking
the placebo (Table 3). A trend toward propranolol completion
times being shorter than those of lorazepam was also observed.
No significant difference between placebo and lorazepam
completion times was found. No difference existed in numbers
of failed anagrams among drug conditions (Table 3). Perse-
verations were rare for all conditions.

There was no significant difference in anxiety ratings
between the 2 anxiolytic drugs (Table 3). However, a signifi-
cant anxiolytic effect was not achieved by either drug, perhaps
due to the lack of significant anxiety at baseline. As expected,
subjects’ mean arterial pressures (diastolic pressure +
1/3[systolic pressure — diastolic pressure]) tended to be lower
after receiving propranolol compared with placebo (Table 3).

DISCUSSION

The goal of this study was to determine whether the
modulation of cognitive flexibility is specific to the noradren-
ergic system or whether such effects can be observed with
other anxiolytics, such as the GABA receptor complex modu-
lators, the benzodiazepines. Cognitive flexibility, as measured
by the time required to solve anagrams, was enhanced after
subjects received a beta-adrenergic blocker compared with
placebo. This finding supports previous research suggesting
the modulatory role of the noradrenergic system in cognitive
flexibility.? In contrast, no significant difference in scores was

TABLE 3. Summary of Results for 1-mg Lorazepam Dose

Sum of Latency

(natural log) Sum Unsolved Anxiety Score
Avg. Across Subjects Avg. Across Subjects Avg. Across Subjects Average MAP
Drug (Mean = SD) (Mean + SD) (Mean + SD) (Mean + SD)
Lorazepam 1 mg 36.6 7.9 1.9+1.6 3.0+£1.7 87.9+72
Placebo 383+6.5 1.7+1.1 28+1.8 90.5+5.8
Propranolol 40 mg 33.5+5.6 1.3+1.2 3.6+22 87.8+4.4
Lorazepam vs. placebo t(13)=1.097 t(13) =0.385 t(13)=0.479 t(13)=1.726
P=0.292 P=0.706 P=0.640 P=0.108
Propranolol vs. placebo t(13)=2.815 t(13)=0.877 t(13)=1.674 t(13) =2.051
P=0.015 P=0.396 P=0.118 P=0.061
Lorazepam vs. propranolol t(13)=1.819 t(13) =1.385 t(13)=1.014 t(13)=0.070
P=10.092 P=0.189 P=0.329 P=0.945
MAP, mean arterial pressure.
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found between the placebo and the benzodiazepines. Propran-
olol also tended to improve anagram-solving times compared
with the benzodiazepines. Such a finding supports the hypoth-
esis that the modulation of cognitive flexibility is specific to
the noradrenergic system. Furthermore, there was no differ-
ence between propranolol and lorazepam in anxiety ratings,
although comparisons to placebo suggest that there was a lack
of significant anxiety at baseline such that neither drug could
yield an anxiolytic effect. However, the higher dose of loraz-
epam resulted in poor performance. This suggests against our
findings being secondary to an inadequate anxiolytic dose of
lorazepam. Therefore, the previous research supporting a cen-
tral noradrenergic mechanism of modulating cognitive flex-
ibility>” appears not to be generalized to other anxiolytics.
However, due to the small sample size, these findings would
need to be confirmed by a larger study before a firm conclusion
can be made. Furthermore, the possibility must also be consid-
ered that the soporific effects of lorazepam may interfere with
any potential problem-solving benefit, allowing propranolol to
appear to be relatively beneficial.

This mechanism may occur through modulation of the
signal-to-noise ratio within the cortex by the noradrenergic
system.'® Primate research does reveal alterations in cognitive
performance associated with changes in activity of the norad-
renergic locus coeruleus.® In the case of anagrams, the in-
creased “noise” in the state of low noradrenergic tone may be
beneficial to problem solving by allowing broader access to the
lexical-semantic network.

Understanding the mechanism by which stressors and
the noradrenergic system affect cognitive flexibility may lead
to a further understanding of the mechanism of treatment of
test anxiety as well as understanding the mechanisms that in-
fluence “creativity.” The anagram task has long been consid-
ered a method of assessing “creativity”'*~'* and has been used
to assess learned helplessness.'> The anagram task has also
been widely used in studies of anxiety, demonstrating a decre-
ment in performance in anxious subjects,'®'® and has further-
more been proposed as a marker for anxiety.'® As described
above, propranolol has shown a beneficial effect on scores on
the SAT in adolescents with stress-induced cognitive impair-
ment.® Perhaps this benefit arises not only from an anxiolytic
effect, but also from augmented access to networks in problem
solving due to modulation of the noradrenergic system. Fur-
thermore, propranolol has demonstrated efficacy in stress-
induced impairment in performance on other tasks, including
public speaking.?’!

Developmental conditions such as autism are also asso-
ciated with impairments in cognitive flexibility** and are
known to benefit from drugs that decrease the activity of the
noradrenergic system.?> 2 Perhaps better understanding of
this process can help optimize treatment of autism. Our find-
ings also relate to the treatment of the spectrum of attention
deficit disorders. Some studies had suggested that stimulant
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therapy might impair cognitive flexibility in attention deficit
disorder.?” However, more recent studies have not revealed
this finding and have even shown improvements in cognitive
flexibility with stimulants.”®*° Reexamination of this issue
may be fruitful with our testing paradigm. Furthermore, the
upregulation of the noradrenergic system occurring during co-
caine and opiate withdrawal®>* % may be responsible for an
impairment of cognitive flexibility, leading to maladaptive be-
havior and relapse during the withdrawal process. Therefore, a
clearer understanding of the cognitive processes affected by
the activation of the noradrenergic system may eventually lead
to a pharmacotherapeutic treatment to help patients improve
their cognitive flexibility during the drug withdrawal process,
leading to a higher percentage of successful withdrawals. Nor-
adrenergic modulation of cognitive flexibility is also important
in our understanding of how problem-solving tasks are carried
out by normal individuals.

Whereas the neural mechanisms underlying noradrener-
gic modulation of cognitive flexibility are not fully under-
stood, the influence of the frontal lobes may be implied due to
their roles in strategy shifting in problem solving.* Future re-
search is also needed to determine the range of cognitive tasks
affected by the noradrenergic system and to further examine
the pharmacology as well as the neuroanatomical substrate of
this process.
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