N L NGU,I'OIO gy Original Communication

[etters

@ https://doi.org/10.61186/nl.3.3.43

Investigating the Effect of Citalopram and Fluoxetine on
Motor Function after Stroke in Patients with Acute Cerebral
Stroke

Vahid Dehghani, Seyed Ali Masoud', Mahyar Noorbakhsh?, Hosein Akbari’, Bhador Rezapoor
Kafteroodi’*, Mahdiehsadat Masoud?

1- Department of Neurology, Faculty of Medicine, Kashan University of Medical Sciences, Kashan, Iran

2-  Department of Neurology, School of Medicine, Kashan University of Medical Sciences, Kashan, Iran

3-  Social Determinants of Health (SDH) Research Center, Department of Biostatistics and Epidemiology, School of Public
Health, Kashan University of Medical Sciences, Kashan, Iran

Received 27 April 2024; Revised 23 May 2024; Accepted 25 May 2024; Published 12 August 2024

Abstract

Introduction: Stroke is a rapidly progressive neurological disorder of cerebrovascular origin, after ~~Correspondence to Vahid

which most patients suffer from motor impairment. Yet, clinical studies have not fully confirmed
or rejected the use or non-use of selective serotonin reuptake inhibitor drugs. The aim was to
investigate the effect of citalopram and fluoxetine on motor function after stroke in acute cerebral
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Methods: This is a double-blind clinical trial study on 90 patients in 3 groups including fluoxetine  gmail:

20, citalopram 20 and placebo daily for 90 days along with physiotherapy. Fogel-Meier score was  vahid.dehghanil0@hotmail.c
assigned to all patients included in the study. The grading of the test is based on the direct  om

observation of the performance, where each item is scored from 0-2. A 21-item questionnaire was

also used to determine the severity of depression. Repeated measure Anova was used for data

analysis.

Results: The average age of the studied subjects was 61.9£8.02 years. 64.4% were male. There was
no statistically significant difference in the demographic and clinical characteristics of patients in
three groups in baseline. The average motor function score one, two and three months after the
intervention was the highest in the fluoxetine group and the lowest in the placebo group, and this
difference was statistically significant (P<0.05). Also, the effect of time on changes in motor
function score was significant (P<0.05).

Conclusion: Therefore, fluoxetine and citalopram treatment restores motor function and may
provide sustained recovery after stroke.
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or leads to death (1). A stroke can occur in the form of lack of
blood supply to brain (ischemic) or intracerebral bleeding
Stroke is a rapidly progressing local or widespread neurological  (hemorrhagic), which includes about 85% of ischemic and 15%
disorder of cerebrovascular origin that lasts more than 24 hours  of hemorrhagic cases (2). Stroke is one of the leading causes of
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long-term disability and the second leading cause of death
worldwide (3, 4). This disease is the main cause of death in
middle- and high-income countries, where about 6.7 million
people died of stroke in United States in 2013 (5).
Geographically, there is a great difference between the
incidences of stroke deaths in the world. In Iran, the rate of
stroke is higher than in western countries, which also occurs at
a younger age. Ischemic stroke is more common than
hemorrhagic stroke in Iran and its range is between 57.9% and
87% (6, 7). In addition, the index Disability-Adjusted Life Years
(DALY) in these patients is generally about 51 million years (8,
9).

Most patients suffer from motor impairment after stroke, which
affects their quality of life (10, 11). Thrombolytic therapy (as the
only treatment proven to improve the outcome of such patients)
is feasible only in a minority of clinical cases (12-14). Even with
the use of this drug, more than half of IS patients are still
disabled (15, 16). Despite the limited effectiveness of physical
rehabilitation treatment methods, the possibility of recovery
after stroke using pharmacological agents has always been
attractive. These drugs act through different mechanisms and
have the ability to improve function in many acute stroke
survivors (17, 18). After a stroke, there are a variety of specific
mechanisms that improve a person's motor status (19, 20).
Based on animal and human studies, it has been hypothesized
that the initial period after a stroke is the interval in which neural
organization occurs, which indicates the existence of a sensitive
period for the recovery of the patient's motor status (21).
Pharmacological strategies in neurorehabilitation are mainly
based on neuroplasticity, which is an inherent capacity of the
brain's nervous system and allows continuous reorganization of
the damaged neural network and restoration of its function in
conditions such as stroke (22).

In the field of drug treatments, there are reports about the
positive effects of selective serotonin reuptake inhibitors in the
recovery of motor status after stroke (23-27). Although, there is
logically convincing evidence for selective serotonin reuptake
inhibitors, the case remains inconclusive. Some reports suggest
that selective serotonin reuptake inhibitors may cause cerebral
vasoconstriction and ischemic strokes (24). Furthermore, the
risks or benefits of using selective serotonin reuptake inhibitors
in the treatment of stroke patients are not fully understood (27).
Although, fluoxetine has been extensively studied, there are
promising positive data of citalopram in improving motor
function in patients with acute stroke (12, 28). In Iranian society,
studies show that citalopram is a safe and tolerable drug in
patients with acute stroke, which can improve the final outcome
in these patients (29). A study found that there was no
significant difference between citalopram and fluoxetine in
facilitating motor recovery after stroke in ischemic stroke
patients. However, compared with placebo, both drugs
improved motor function after stroke (30).

However, there are no sufficient findings for this case in clinical
studies, especially in Iran (31-33). Since stroke is a disease that
affects people's lives and causes a high economic and
psychological burden for the patient and the treatment system,
clinical studies have not fully confirmed or rejected the use or

non-use of selective serotonin reuptake inhibitor drugs.
Therefore, the aim was to investigate the effect of citalopram and
fluoxetine on motor function after stroke in acute cerebral
stroke patients referred to Shahid Beheshti Hospital in Kashan
in 2021-2022.

Materials and Methods

Study Population

In this double-blind interventional study with placebo, 90
people diagnosed with acute cerebral stroke referred to the
neurology department of Shahid Beheshti Hospital in Kashan in
2021-2022. After approved thesis and ethics code, informed
consent was obtained from all patients before the intervention.
Finally, those who were examined according to inclusion and
exclusion criteria were included in the study. For these people, a
basic Fugel-Meier movement scale score was assigned in order
to compare with its final number. Considering the effect of
depression in patients, two steps were taken to complete the
demographic information and depression questionnaire (34).
Inclusion and Exclusion Criteria

The inclusion criteria included: age over 18 years, motor or
sensory paralysis of half of the body following the first episode
of acute stroke (within the last 24 hours), cerebral ischemia, and
initial Vogel-Meier motor score below 55. Exclusion criteria also
include: age over 70 years, National Institute of Health stroke
score above 15 and previous disabilities such as: lack of speech,
cognitive and movement disorders caused by stroke or any
disease of the cerebral cortex, pregnancy or breastfeeding,
current consumption of anti-depressant drugs.

Method

In the present study, the Beck II depression questionnaire was
used to determine the severity of depression. This questionnaire
is a 21-item self-assessment questionnaire that measures the
severity of depression symptoms. Each substance (symptom of
the disease) is divided into four degrees based on its severity and
is scored from 0 to 3. A score of zero indicates the lowest level
and a score of 3 indicates the highest level of intensity of
experience, a sign of depression. The sum of the scores of each
questionnaire can be between 0 and 63, which is used in people
over 13 years old (34).

Ninety patients were randomly divided into 3 groups (30 people
in each group) including A) fluoxetine, B) citalopram and C)
placebo. All the drugs were produced by Dr. Abidi Company
and were placed in a similar capsule by a pharmacist who was
not aware of the randomization of the patients. Randomization
was done into block randomization.

Intervention group 1: Participants received capsules containing
20 mg of fluoxetine orally once a day for 90 days and
physiotherapy sessions based on stroke severity.

Intervention group 2: The participants received a capsule
containing 20 mg of citalopram orally once a day for 90 days and
physiotherapy sessions based on the severity of the stroke.
Control group 3: The participants received a capsule containing
microcrystalline cellulose as a placebo in the form of food once
a day for 90 days and received physiotherapy sessions based on
the severity of the stroke (Figure 1).
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Table 1. Distribution of demographic and clinical characteristics of patients in three groups in baseline.

Variables Intervention Groups P-value
Fluoxetine Citalopram Placebo

Sex(M/F) 19/11 20/10 19/11 0.95
Age (Years) 62.13+8.99 62.77+7.4 61.07+£7.75 0.71
Severity of Disability 7.03+1.91 7.17+2.13 6.40+1.69 0.72
Beck's Depression Score 9.50+4.85 9.13+4.87 8.73+5.51 0.84
Motor function score 10.7045.82 12.37+6.15 13.3745.48 0.21
Motor performance 1 month after 18.8317.71 16.13+7.47 14.17+£5.58 0.039
score based on intervention
Meyer Fugl score

2 months after 32.13+8.29 27.43+6.97 18.63+5.84 <0.001

intervention

3 months after 52.80+13.33 50.00£13.76 27.63+3.76 <0.001

intervention

All the data in the table are shown as Mean+Standard Deviation (SD).

The motor performance at the end of 90 days was measured by
the researcher with the Vogel-Meyer motor scale. This test is
designed based on Branstrom's concepts and stages of
movement improvement. The test items include 50 movements
in 6 recovery levels, of which 33 items are related to the upper
limbs in the shoulder, elbow, forearm, wrist and hand (35).

Statistical Analysis

Data were analyzed after entering SPSS version 22 software.
Quantitative variables were reported as mean and standard
deviation (SD). To compare quantitative variables, t-test or
Mann-Whitney test was used. Qualitative variables were
compared using chi square test. Multiple logistic regression
model was performed for the variables that were significantly
different between groups according to univariate analysis.

Results

As seen in the table, there was no statistically significant
difference in the frequency of gender in the patients of the three
studied groups (P>0.05) (Table 1). The average age of the
studied subjects was 61.99+8.02 years (34 to 70 years), of which
58 (64.4%) were men and 32 (35.6%) were women (Table 1). As
seen in the table 1, the average age, severity of disability, Beck
depression score, motor performance score based on Meyer
Fugl score before the intervention in the patients of the three
studied groups had no statistically significant difference
(P>0.05).

The average motor function score based on Meyer Fugl score
one month after the intervention was the highest value (18.83)
in the fluoxetine group and the lowest value (14.17) in the

placebo group. This difference was statistically significant
(P=0.039). In a two-by-two comparison, it was found that there
was a significant difference between fluoxetine and placebo, but
no significant difference was seen between fluoxetine and
citalopram and between citalopram and placebo.

The average motor function score based on Meyer Fugl score
two months after the intervention was the highest value (32.13)
in the fluoxetine group and the lowest value (18.63) in the
placebo group, and this difference was statistically significant
(P<0.001). In a two-by-two comparison, it was found that there
was a significant difference between fluoxetine and placebo and
citalopram and placebo (P<0.001). Also, a statistically
significant difference was observed between fluoxetine and
citalopram (P<0.05).

The average motor function score based on Meyer Fugl score
three months after the intervention was the highest value (52.8)
in the fluoxetine group and the lowest value (27.63) in the
placebo group, and this difference was statistically significant
(P<0.001). In a two-by-two comparison, it was found that there
was a significant difference between fluoxetine and placebo and
citalopram and placebo (P<0.001). However, there was no
significant difference between fluoxetine and citalopram
(P>0.05).

The results of Table 2 determined that the effect of time on the
changes in motor function score was significant (P<0.05). This
finding demonstrated that the performance score changes over
time were the same in the three studied groups. In other words,
the trend of score increase was seen in all three groups. Also, the
effect of the three factors of the group time factor was seen in the
significant performance score changes (P<0.05), which showed
that the movement score changes over time are not the same and
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Table 2. Results of ANOVA with repeated measures for the
effects of time and treatment groups on motor performance
score.

Sig. F Mean df Type Source
Square 111
Sum of
Squares
<0.001 510.23 32252.8 1.62 52311.5 Time
<0.001 379 2396.1 3.24 7772.8  Time*
group
63.21 141.1 8919.5 Error

are not equal to each other; In such a way that the trend of
increase in fluoxetine and citalopram group was similar and
higher than placebo group (P<0.05) (Table 2).

Discussion

Regarding to pharmacodynamics changes and the lack of
evidence about the effects of different types of selective
serotonin reuptake inhibitors on neurological recovery after
stroke, the present study aimed to evaluate the effectiveness of
oral citalopram, compared to fluoxetine and placebo in patients
with motor disability after stroke. In this study, 90 patients were
evaluated in three different groups.

The average motor function score based on Meyer Fugl score
one, two and three months after the intervention was the highest
in the fluoxetine group and the lowest in the placebo group. The
motor function score based on this score during the follow-up
and over time had a significant difference between the three
groups.

While all previous studies have shown positive effects of
selective serotonin reuptake inhibitors on motor recovery after
stroke, (36-39) they have not compared these inhibitors with
different pharmacodynamics. A recent systematic review failed
to identify any selective serotonin inhibitor as superior to the
others (40). All current studies have compared one type of
selective serotonin reuptake inhibitor with placebo, with most of
the data on fluoxetine. A well-designed study (the FLAME trial)
showed that fluoxetine reduced motor impairment in patients
with ischemic stroke and hemiplegia. Zittel et al in 2008
investigated the effects of a single dose of citalopram (40 mg) in
8 patients, six months after stroke, and found that the
performance of the Nine-hole Peg hand test improved
significantly (28). Acler et al (2009) investigated the effects of
citalopram (10 mg p.o. daily for four months) in 20 patients with
unilateral stroke in a randomized placebo-controlled study.
They reported that patients treated with citalopram showed
significant improvement in the National Institutes of Health
Stroke Scale (41).

The innovation of our study is that it compares the effect of two
selective serotonin reuptake inhibitors with different

pharmacodynamics. Our findings indicated that citalopram, as
a selective short-acting serotonin reuptake inhibitor, has similar
effects to fluoxetine in facilitating post-stroke recovery and
reducing stroke-related motor disability. During this period, no
significant side effects were observed in the study subjects. A
concern with selective serotonin reuptake inhibitor therapy is its
potential to increase after daily
administration of fluoxetine or citalopram, our subjects did not
experience spasticity.

Previously, fluoxetine was mainly used to treat depression,
obsessive-compulsive disorder, and other mental disorders.
Several animal studies have found mechanisms by which
fluoxetine has the potential to improve motor performance (42-
44). First, SSRIs can increase neurogenesis and neurotrophin
expression in the hippocampus to have beneficial effects on the
behavior of rats (25, 45). According to an animal study, SSRIs
promote neurogenesis in the hippocampus and subventricular
zone in the ventricular canal in rats where neurogenesis
normally occurs (46). In addition, SSRI-mediated neurogenesis
may contribute to structural and functional recovery after
cerebral ischemia and the migration of new neurons from the
neurogenic region to the damaged region (47, 48).
Neurotrophins are proteins that cause organogenesis and
embryogenesis and neural plasticity (49). Also, SSRIs may have
the ability to protect neurons by inhibiting inflammatory
responses through inhibition of microglia and neutrophils (50,
51). Inflammation is the main cause of brain cell damage in the
later stages of stroke (51, 52). When inflammation damages
brain cells, SSRIs reduce the number of cytotoxic inflammatory
molecules by reducing the expression of microglia and
neutrophils to protect brain cells from inflammatory damage.
Animal experiments have shown that 9 hours after stroke in rats
using an SSRI, there is still a significant improvement in the
volume of the brain damaged area and in the neurological
function compared to the control group (53). This finding
supports the idea that SSRIs improve neuronal function in mice.
Additionally, SSRIs may improve cerebral blood flow regulation
by increasing the expression of Heme Oxygenase-1 (HO-1) and
Hypoxia-Inducible Factor-1 alpha (HIF-lalpha) (54). An
animal study showed that SSRIs increase the expression of HO-
1, which in turn leads to the production of carbon monoxide to
regulate vascular tone independently of pathways related to
nitric oxide synthase (55). Finally, animal studies have shown
increased -1 adrenergic receptor expression in damaged rat
brain regions after administration of SSRIs (50), which may
improve performance. On the other hand, recent clinical trials
have shown that citalopram treatment increases motor recovery
after stroke (12, 31, 41). However, the mechanisms behind this
improvement in clinical performance have not been elucidated.
SSRIs, such as citalopram, are permeable to the blood-brain
barrier and are designed monoaminergic
neurotransmitters in synaptic clefts (56). Increased serotonin
leads to time-dependent changes in neurotrophic factors, i.e.
BDNF becomes (57). According to the neurotrophin theory of
depression, downstream of BDNF-regulated
signaling pathways is a major mediator of the antidepressant
effect of SSRIs (56). BDNF may play a positive role in the

spasticity. However,

to enhance

activation
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Capsules containing
20 mg of fluoxetine

Capsules containing
20 mg of citalopram

I
Capsules containing
microcrystalline
cellulose as a placebo

Once a day for 90
days .

Once a day for 90

Once a day for 90

days days

Figure 1. Flow diagram: randomization and patient flowchart.

survival and migration of SVZ-derived neural progenitors. The
observed migration to the peri-infarct area is a normal response
to focal ischemia. This endogenous response was enhanced at 7
days with citalopram treatment (58, 59). The increase of neural
progenitor cells in the migratory pathway in citalopram-treated
animals along with the motor recovery seen at 14 days after
stroke suggests that neurogenesis may play an important role in
motor recovery. Increased endogenous
citalopram-treated rats explain
improvement is observed 14 days after stroke. Furthermore,
post-ischemic administration of citalopram increases BDNF
protein expression in the peri-infarct cortex after 7 days and
increases the number of new neurons in the peri-infarct region
after 21 and 28 days of treatment (60).

SSRIs are FDA-approved, inexpensive, clinically available, and
safe medications used in both depressed and nondepressed
stroke patients (61, 62). This study showed that post-stroke
treatment significantly increased the motor performance of
non-depressed patients. This study shows that antidepressant
treatment can modify the risk of post-stroke disability due to
cardiovascular diseases and recurrent strokes (63). Potential side
effects of Celexa (citalopram hydrobromide) as reported by the
FDA include serotonin syndrome, which can cause rapid heart
rate and high or low blood pressure, among several other
symptoms. However, as measured by several clinical trials for
stroke and depression, citalopram does not significantly
increase blood pressure or pulse rate (64).

migration in

may why  functional

Conclusion

The findings of the present study showed that the average motor
function score based on Meyer Fugl score one, two and three
months after the intervention was the highest in the fluoxetine

group and the lowest in the placebo group, and this difference
was statistically significant. In total, the three studied groups had
a significant difference between the three groups in repeated
measurements of the motor performance score based on the
Meyer Fugl score during the follow-up and over time. Therefore,
it was found that fluoxetine and citalopram treatment restores
motor function and may provide sustained recovery after stroke.

Recommendation:

It is suggested to conduct similar studies with a larger sample
size and in different places of the country on different people
hospitalized with stroke. Also, socio-economic characteristics as
well as other demographic characteristics on the effect of these
two drugs in restoring motor function after stroke should be
investigated.
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