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ABSTRACT

Context: The cognitive and psychomotor functions may become impaired in patients of anxiety disorders due to anxiety itself or as
side-effects of antianxiety drugs. It is desirable for the drug to have a minimal effect on cognition

Obijective: To evaluate effects of single dose of Alprazolam, Escitalopram and Venlafaxine on psychomotor performance in healthy
volunteers.

Study Design: Randomized, prospective, open label, single dose, crossover study

Methods and Material: A total of 22 volunteers were included to administer single dose of Escitalopram 20 mg, Alprazolam 0.5 mg
and Venlafaxine 37.5 mg. Parameters were tested at 0, 2 and 4 hours after drug administration. A wash out period of 21 days was
given. Test used were- 6 digit cancellation test, digit symbol substitution test, critical flicker fusion test, arithmatic ability test, digit
span test, hand steadiness test, visual analogue scale and mean reaction time. Statistical analysis used: Repeated measures ANOVA
and One way ANOVA was used for statistical analysis.

Results: Escitalopram significantly improved the scores of objective and subjective tests at the end of 2 and 4 hours as compared to
baseline, whereas Alprazolam significantly deteriorated the scores. Venlafaxine did not show significant change in scores as compared
to baseline.

Conclusions: Escitalopram had improved whereas Alprazolam significantly deteriorated psychomotor performance. Venlafaxine had
neutral effect on psychomotor performance

Keywords: Antianxiety drugs, Escitalopram, Alprazolam, Venlafaxine, psychomotor performance

INTRODUCTION

Anxiety is defined as “A state of intense have minimal or no effect on cognitive

apprehension, uncertainty and fear resulting from the
anticipation of a threatening event or situation, often
to a degree that normal physical and psychological
functioning is disrupted”. psychomotor performance
results from the coordination of sensory and motor
system through integrative and organizational process
of brain and central nervous system. Central, sensory
and motor components of psychomotor performance
can be evaluated by standard validated battery of
psychomotor function tests.

Patient of anxiety has an impaired information-
processing ability, when compared with age and
gender-matched controls. @ Antianxiety drugs should

abilities.Among antianxiety drugs, Benzodiazepines
are considered as the standard drug category and
Alprazolam is the most frequently used
benzodiazepine for the treatment of anic disorder and
anxiety. ! Main problems associated with the
clinical use of benzodiazepine as an anxiolytic are
drowsiness, dizziness, impairment of psychomotor
and cognitive functioning. ¥ Currently, the evidence
base for pharmacological treatment of anxiety
disorders is greatest for selective serotonin reuptake
inhibitors (SSRIs) and serotonin-norepinephrine
reuptake inhibitors (SNRIs), because they are
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relatively safe, lack the potential for dependence and
abuse and can also improve cognitive function. ]

It is desirable that antianxiety drug should have
greater efficacy, lesser behavioural toxicity with
minimum or no Eotential for developing tolerance
and dependence™ Study by Drabant S et al'™® had
shown that single dose of Alprazolam impaired
psychomotor performance. A study by Paul MA et al.
reported that Citalopram and Escitalopram had no
impact on psychomotor performance. % However,
results of another study demonstrated that Citalopram
improved psychomotor performance.*” According to
previous study, Venlafaxine which is a SNRIfailed
to impair psychomotor performance™?

Since antianxiety drugs have to be used on chronic
basis, it is important to evaluate their effects on
cognitive and psychomotor function. Single dose
study in healthy volunteers gives us preliminary idea
about the level of cognitive and psychomotor
impairment due to the study drug. Very few studies
have reported head to head comparison between
SSRIs, SNRIs and benzodiazepines for their effects
on psychomotor performance. Hence this study was
carried out to evaluate and compare acute effects of

single dose of Alprazolam, Escitalopram&
Venlafaxine at 0 hr, 2 hr& 4 hr interval on
psychomotor  performance using battery of

psychomotor function tests in healthy volunteers.
Secondary objective was to evaluate and compare
side effects profile of these drugs.

MATERIALS AND METHODS

This was a randomized, prospective, open label,
single dose, crossover study in 22 healthy volunteers.
Study was carried out from January 2016 to July
2017 in the Department of Pharmacology of a tertiary
care teaching institute after taking approval from the
institutional ethics committee. (IEC Registration No.
856)

Healthy volunteers of either gender with age 18-52
years with minimum education upto secondary
school certificate (SSC) and ready to give written
informed consent were included in the study. Written
informed consent were taken from participants after
explaining nature of the study. Participants having
history of bleeding disorders, hypertension, smoking,
alcoholism, seizures, allergy, hypersensitivity or
reaction to any medication, h/o receiving chronic
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medication for any type of illness, h/o decreased
visual acuity without correction, Pregnant and
lactating women were excluded.This study was
registered in the Clinical Trial Registry of India
(CTRI1/2017/10/010301)

Depending on history given by the participant and
general as well as systemic examination, participants
fulfilling the inclusion criteria were enrolled in the
study.Eligible participants were randomly allocated
into the following three treatment groups using
simple random number table and were given single
oral dose of Alprazolam (0.5 mg) ! or Escitalopram
(20 mg)"™® or Venlafaxine (37.5 mg). ™ The
parameters were tested at 0, 2 and 4 hours. Once all
tests are over, participants were allowed for lunch
with advice to take rest for that day and not to engage
in any mechanical work for the day. If necessary, the
participants were escorted to their place. After a wash
out period of 21 days, the participants were again
called and the same procedure was repeated for the
second drug and similarly for the third drug
respectively. Volunteers were asked to note down
any side-effects experienced after study drug
administration.

Assessment of psychomotor functions were done
using following tests.!****!

A) OBJECTIVE MEASURES
1. Sensory component:

Test for
(6DCT) [1¢]

Participants were given a sheet of 300 randomized
digits. Six target digits were given on the top of each
sheet. Participants were instructed to cancel as many
target digits as possible in 2 minutes. The number of
correct cancellations was scored.

perception: Six-digit cancellation test

Test of Recognition: Digit symbol substitution test
(DSST) 1]

Participants were provided with a sheet of 200 boxes
in 20 rows and 10 columns. Randomized digits (0-9)
were arranged.Participants were given 2 minutes for
substituting corresponding symbol.

Test for central integration: Critical flicker fusion test
(CFFT) I8

It is a reliable psychometric test as there is no
learning curve effect. This test was assessed by
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critical flicker fusion apparatus. Frequency of light
used was 5 to 50 Hz.

Test for central processing: Arithmetic ability test
(AAT) 119

Participants were asked to solve mathematical
problems involving addition, subtraction,
multiplication and division (4 of each) in 2 minutes.
Two points were awarded for multiplication and
division, while one point for subtraction and addition.
Score was given depending on number of correct
problems solved.

Ell'glst for Memory and learning: Digit span test (DST)

This test was used to study short term memory.The
participants were asked to write down a nine digit
sequence after 10 seconds of hearing it. Five such
different sequences were repeated and the score was
given on number of correct number placements in
each sequence.

2. Motor component:
Test for steadiness: Hand Steadiness Test (HST) [**!

The hand steadiness was tested on the steadiness
tester. Performance index was calculated as product
of error recorded by the instrument and time taken to
complete the test.

3. Sensory-motor performance:

Reaction Time: The test was performed on Reaction
time application (Google version 8.3.01) from
android mobile (4.4.4 version) operating systems
which helped in the assessment of simple visual
reaction time.

B) SUBJECTIVE MEASURES

Visual analogue scale (VAS): VAS for sedation,
alertness and concentration was used. The volunteers
were asked to indicate the state of their current
feeling by marking on a 100 mm horizontal line. Any
change in position of the mark on each scale at 2
hours and 4 hours from baseline was considered as
shift to right or left by mm.

o Extremely sleepy - Wide awake

e Inability to concentrate - Ability to
concentrate
e Dull - Alert
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Statistical analysis

Sample size was calculated as 22 based on CFFT
score as primary efficacy variable with level of
significance (a) 5%, power 80%, significant
difference in score of 1.2 & SD of 1.8, considering
10% dropout rate.(20) Sample size was calculated
using PS:Power and Sample Size Calculation
software version 3.0.43.

Graph pad prism version 5.01 was used for statistical
analysis. Repeated measures ANOVA followed by
post hoc Tukey’s test was used to compare the
difference in mean score from baseline & One way
ANOVA followed by Tukey’s test was used for inter-
drug comparison. Chi square test was used for
analysis of adverse events P < 0.05 was considered as
statistically significant. There was no conflict of
interest in this study.

RESULTS

Thirty healthy volunteers were screened for
participation in the study. Out of these, 22 healthy
volunteers satisfied the inclusion criteria and were
enrolled in the study. Among 22 participants, M:F
ratio was 9:13 with mean age 26.95+7.5 years.
Majority of participants were graduate (68.18%)
followed by HSC holders (27.28%) and SSC holders
(4.54%).

In various psychomotor performance tests (6DCT,
DSST, CFFT, AAT, DST, HST) statistically
significant difference in the scores was observed at
the end of 2" and 4™ hour in Escitalopram and
Alprazolam group when compared with baseline. The
difference was not statistically significant in
Venlafaxine group when compared with baseline
suggesting that Venlafaxine do not affect
psychomotor performance.[Table 1]

Inter-drug comparison of Escitalopram, Alprazolam
and Venlafaxine at 2 and 4 hours on psychomotor
performance is as shown in Table 2. Intergroup
comparison of Escitalopram, Alprazolam &
Venlafaxine showed that Escitalopram significantly
increased CFF threshold whereas Alprazolam
significantly reduced CFF threshold when compared
with each other.

Table 3 demonstrate effect of these drugs on mean (o
raction time. Escitalopram significantly improved N
mean reaction time at the end of 4hrs whereas CY)
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alprazolam deteriorated mean reaction time at the end

of 2 & 4hrs significantly.

Table 1: Effect of Escitalopram, Alprazolam & Venlafaxine at 0, 2 and 4 hours on sensory and motor

Interdrug comparison

component of psychomotor performance (n=22)

showed that escitalopram significantly improved

mean reaction time as compared to alprazolam.

Test Drug Mean+SD
0 hour 2 hours 4 hours
6 DCT Escitalopram | 100£27.37 104.9+£30.75* 111.7432.54***
Alprazolam 107.2+32.82 102.7431.95 90.86+24.92***
Venlafaxine 98+30.34 95.95+30.04 97.41+31.1
DSST | Escitalopram | 48.77£13.39 | 53.05+14.01** | 58.41+16.25***
Alprazolam | 56.23+17.45 54.32+18.79 48.95+15 52***
Venlafaxine 53.82+15.91 54.95+15.62 53.86+15.98
CFFT Escitalopram | 39.23+0.53 39.73+0.77** 40.59+0.59***
Alprazolam 40.09+0.61 39.64+0.79 38.5+1.18***
Venlafaxine 39.77+0.61 39.68+0.78 39.91+0.53
AAT Escitalopram | 12.27+3.38 13.09£3.50** 14.86+3.56***
Alprazolam 13.5+£3.43 13.23+3.54 11.64+2.87***
Venlafaxine 12.32+2.93 13+3.39 12.68+3.36
DST Escitalopram | 30.27+4.66 30.68+4.62 33.09+4.83***
Alprazolam 32.64+5.09 31.23+4.95*** 29.18+4.68***
Venlafaxine 32.05+5.65 31.73+5.14 31.91+5.00
HST Escitalopram | 142+27.04 138.5+22.34 127.5+26.15*
Alprazolam 143.5+23.49 146.8+19.47 159.9+30.69*
Venlafaxine 138.5+19.82 141.2+20.42 139.5+19.82

*P <0.05; ** P<0.01; ***P<0.001Repeated measures ANOVA followed by post hoc Tukey’s test.

Table 2: Inter-drug comparison of Escitalopram, Alprazolam and Venlafaxine at 2 and 4

Sensory and motor components of psychomotor performance (n=22)

Test Drug Mean difference
2 hours 4 hours
6 DCT Escitalopram vs Alprazolam 2.13 20.86
Escitalopram vs Venlafaxine 8.91 14.32
Alprazolam vs Venlafaxine 6.78 -6.54
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DSST Escitalopram vs Alprazolam -1.27 9.46
Escitalopram vs Venlafaxine -1.91 4.55
Alprazolam vs Venlafaxine -0.64 -4.91
CFFT Escitalopram vs Alprazolam 0.09 2.09***
Escitalopram vs Venlafaxine 0.04 0.68*
Alprazolam vs Venlafaxine -0.04 -1.41%**
AAT Escitalopram vs Alprazolam -0.14 3.23**
Escitalopram vs Venlafaxine 0.09 2.18
Alprazolam vs Venlafaxine 0.23 -1.04
DST Escitalopram vs Alprazolam -0.55 3.9*
Escitalopram vs Venlafaxine -1.04 1.18
Alprazolam vs Venlafaxine -0.50 -2.73
HST Escitalopram vs Alprazolam -8.32 -32.36***
Escitalopram vs Venlafaxine -2.77 -12.05
Alprazolam vs Venlafaxine 5.55 20.32*

One way ANOVA followed by post hoc Tukey’s test. *P <0.05; ** P<0.01; ***P<0.001
Table 3: Effect of Escitalopram, Alprazolam & Venlafaxine at 0, 2 and 4 hours on Reaction time (n=22)

Drug Mean+SD

0 Hour 2 Hours 4 Hours
Escitalopram | 532.3+91.67 | 511.3+78.23 475+83.66***
Alprazolam 483.5+97.89 | 519.7+97.83** | 570.3+86.19***
Venlafaxine 513+89.95 513.3+67.68 512.9+86.67

Repeated measures ANOVA followed by post hoc Tukey’s test. ** P<0.01; ***P<0.001

Figure 1, Figure 2 and Figure 3 shows effect of Escitalopram, Alprazolam and Venlafaxine on scores of VAS-
Sedation, VAS-alertness and VAS-concentration respectively.

FIG 1. Effect of Escitalopram, Alprazolam and Venlafaxin on VISUAL ANALOGUE SCALE-
SEDATION (VAS-SED) (N=22)

100 -
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Values expressed as mean + S.D. ** P < 0.01,*** P < 0.001 Repeated measures ANOVA followed by Tukey's
test

FIG 2: Effect of Escitalopram, Alprazolam and Venlafaxin on VISUAL ANALOGUE SCALE-
ALERTNESS (VAS-ALERT) (N=22)
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Values expressed as mean + S.D. * P < 0.05, *** P < 0.001 Repeated measures ANOVA followed by Tukey's
test

FIG 3: Effect of Escitalopram, Alprazolam and Venlafaxin on VISUAL ANALOGUE SCALE-
CONCENTRATION (VAS-CONC) (N=22)
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Values expressed as mean + S.D. *** P < 0.001 Efficacy, dosage forms, availability, side effects and
Repeated measures ANOVA followed by Tukey's cost of the drug are some important factors
test considered while prescribing antianxiety drugs.
Antidepressants, particularly the SSRIs, are generally
used as first-line agents for anxiety disorders, not
Most common ADR reported was dizziness in  only because anxiety is highly associated with
86.36% participants in Alprazolam group which was  depression but also due to less side effects and

statistically significant as compared to other drugs.  improved cognitive and psychomotor function due to
Nausea was reported by 50% participants in  selectivity of action!”

Escitalopram group and 22.72% in Venlafaxine
group. Other ADRs reported were dry mouth,

Adverse events

Study in healthy volunteers gives us preliminary idea
about the level of cognitive and psychomotor

insomnia, restlessness, constipation, headache and o .
irritability P impairment due to the study drug. If we directly ﬂ
_ . study effects of antianxiety drugs on psychomotor on
Discussion: performance in patients then it becomes difficult to = @
[
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decide whether altered psychomotor performance is
due to drug or underlying disease itself. Since anxiety
itself is associated with impaired cognitive function,
any treatment with a detrimental effect on cognitive
functions will be counter-therapeutic and might be
responsible for increasing the severity of the disease.
2150 the present study evaluated and compared the
effects of single dose of Escitalopram (SSRI),
Alprazolam (Benzodiazepine) and Venlafaxine
(SNRI) on cognitive and psychomotor performance
in healthy volunteers.

Majority of participants were graduates. The
difference in the basic educational levels of all the
participants enrolled in study was not significant,
hence no confounding factor of intellectual level on
paper and pencil test are likely to be present. The
crossover design of the study ensured that
participants acted as their own control thereby
nullifying the effect of intellectual level among the
participants. Impact of practice effects was reduced
by prior training.

In present study, Escitalopram showed statistically
significant improvement in 6 DCT at the end of 2
hours and 4 hours suggesting improvement of
sensory processing mechanism. Previous study
conducted by Khan SarfarazAlam et al*¥ had also
found the similar results.

Escitalopram significantly improved DSST score in
present study which suggest that Escitalopram has
potential to improve recognition and recoding
capacity. These findings were supported by previous
study.!*Y In contrast, study conducted by Nathan P et
al® reported that Citalopram and Escitalopram did
not show significant improvement in DSST score
Escitalopram significantly increased CFF threshold at
the end of 2 hours and 4 hours suggesting
improvement in information processing and overall
integrative capacity. These findings are in accordance
with previous studies. 24

Escitalopram significantly improved scores of
Arithmetic ability test in present study suggesting
improvement in central processing mechanism of
perception. However, Khan SarfarazAlam et
al™reported that Citalopram (20 mg) did not
produce significant effect on Arithmetic ability test
score.Escitalopram is more potent and effective at
half the dose of Citalopram and is relatively safe.This
lack of improvement in psychomotor performance
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with Citalopram (20 mg) might be due to low dose of
citalopram in reference study !

Escitalopram significantly improved the scores of
Digit span test suggesting improvement in memory
and learning. These findings were supported by study
conducted bySoczynska JK et al “? The present
study found significant diminution in errors during
hand steadiness test with Escitalopram suggestive of
improvement in the tasks involving sensory-motor
coordination. In contrast, previous study showed that
Citalopram did not decrease the errors during hand
steadiness test. '

In present study, Escitalopram significantly increased
awakeness, alertness and concentration capacity on
visual analogue scale at the end of 4 hours. Whereas,
in a previous study a trend towards increased
awakeness and activity was observed with
Citalopram but could not reach statistically
significant level at the end of 3 hours. ™ There was
significant decrease in reaction time in Escitalopram
group which is in accordance with previous
study® However, Study by Paul MA et al 1%
reported that neither Citalopram nor Escitalopram
affects reaction time.

In present study Esitalopram improved psychomotor
performance probably because it inhibits reuptake of
serotonin (5HT) in serotonergic neurons by blocking
serotonin transporter(SERT) leading to increased
serotonin concentration in the synapse, potentiating
neurotransmission.

In our study, Alprazolam produced significant
detrimental effect on sensory component (6 DCT,
DSST,CFFT and AAT), motor component (HST),
sensorimotor component (Reaction time) &
subjective component (VAS) score at the end of 2
hours or 4 hours suggesting overall significant
impairment in psychomotor performance.Similar
study by Drabant S et al. ®concluded that
Alprazolam showed serious driving impairment,
decreased mental alertness and significantly impaired
psychomotor performance. In contrast, study
conducted by Hart P et al ! concluded that
Alprazolam had minimal effects on psychomotor
speed and memory.In subjective scales using visual
analogue scales (VAS) for sedation, alertness and
concentration, in Alprazolam group, participants
experienced increased sedation, reduced alertness and
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concentration at the end of 4 hours which is similar to
previous study.!*!

Alprazolam acts as positive allosteric modulator on
gamma amino butyric acid (GABA,) receptor. This
GABAA receptor is a ligand-gated chloride-selective
ion channel.reducing the excitability of neurons
producing a calming effect on the brain. So
administration of Alprazolam might be responsible
for impairment of psychomotor performance. [>%!

In present study, Venlafaxine had no significant
effect on psychomotor functions which is in
accordance with the findings reported by previous
study. 2?22 \Whereas, a study by Trick L et al
[%lconcluded that Venlafaxine significantly raised
CFF scores compared to baseline but had no effect on
any other measure. .Simillarly, Venlafaxine didnot
altered subjective feeling for sedation, alertness and
concentration ability which is similar to the previous
study findings. ! Effect of Venlafaxine on reaction
time was not significant similar to  previous
studies®?7]

Intergroup comparison of Escitalopram, Alprazolam
& Venlafaxine  showed that Escitalopram
significantly increased CFF threshold whereas
Alprazolam significantly reduced CFF threshold
when compared with each other. However
Venlafaxine did not affect CFF threshold
significantly when compared with other two drugs.
These findings are in accordance with the results of
study conducted by Nathan Pet al. 2

The lack of effect of Venlafaxine on psychomotor
performance can be explained by its relative potency
for inhibition of serotonin and noradrenaline
reuptake. Venlafaxine is approximately 160 times
less potent than Citalopram. Hence, relative
potentiation of 5-HT neurotransmission, after uptake
inhibitionwith Venlafaxine may not be sufficient to
influence performance significantly. 24

Escitalopram significantly improved scores of AAT
and DST at the end of 4 hours as compared with
Alprazolam. Whereas interdrug comparison between
Escitalopram vs venlafaxine and alprazolam vs
venlafaxine was found to be non-significant. Whereas
there was no significant difference in the score of 6
DCT & DSST when intergroup analysis was done
between these three drugs.
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Escitalopram significantly improved performance in
HST when compared with Alprazolam whereas
Alprazolam significantly deteriorated the
performance of HST when compared with
Venlafaxine. Escitalopram significantly improved
subjective feeling of awakeness, alertness &
concentration when tested on visual analogue scale as
compared to Alprazolam whereas Alprazolam
significantly reduced the scores of Visual analogue
scale for these three parameters as compared to
Venlafaxine.

Escitalopram significantly decreased mean reaction
time when compared with Alprazolam. Whereas
interdrug comparisons between Escitalopram vs
Venlafaxine and Alprazolam vs Venlafaxine were not
significant.

Dizziness was the most commonly observed adverse
event with Alprazolam which was statistically
significant compared to other groups. This finding
was supported by previous study®Side effects like
nausea, insomnia, dry mouth were common with

[Es]citalopram which were as reported in the literature.
10

Limitations of the study

Since this is a single dose study, effect of drug on
long term basis cannot be predicted from this
study.The effects on psychomotor performance
obtained are for particular dose of the drug. Studies
with different doses of the drug will be more useful.

Conclusion

Escitalopram had favourable effects on psychomotor
performance whereas Alprazolam significantly
deteriorated psychomotor performance. Venlafaxine
had no effect on psychomotor performance.Thus
present study will be helpful in deciding drug therapy
for anxiety considering effects on psychomotor
performance. But these findings need to be explored
in separate set of long term studies in future to
evaluate  chronic  effects on  psychomotor
performance.
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