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Abstract

Background: Levetiracetam (LEV) is approved for
treating epilepsy. The current evidence shows that
LEV can cause behavioral problems such as
depression. It is well-known that depression is
associated with oxidative stress. Therefore, we
conducted this study to assess the influence of LEV on
depression severity and anti-oxidant status.

Methods: In this prospective longitudinal study, 5o
patients with diagnosis of epilepsy on LEV were
included. We used Beck Depression Inventory-II (BDI-II)
to assess depression severity. The serum levels of zinc
and glutathione were measured as anti-oxidant markers.
These variables were evaluated at the baseline and
3 months after the commencement of LEV.

Results: A total of 30 patients finished the follow-up.
Among them, 21 patients were women. The mean
age at baseline was 28.76 + 11.37 (range: 16-68 years).
The severity of depression at the last follow-up was
significantly higher than the baseline. We observed a

decrease in the serum levels of zinc and glutathione,
though they were not statistically significant.
Conclusion: Our results suggest that LEV can
increase the risk of depression in patients with
epilepsy. This study also suggests that zinc depletion
can be induced through act of LEV. Further studies
are needed to validate these findings.

Introduction

Until 1990, there were limited anti-seizure
medications. Since then, several anti-seizure
medications have been developed and
introduced. Levetiracetam (LEV), the
S-enantiomer of alpha-ethyl-2-oxo-1-pyrollidine
acetamide, was initially approved for treatment
of focal seizure.! The clinical effectiveness of
LEV in generalized seizures has been reported in
prior clinical trials.?4
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LEV is safe and relatively well tolerated in
most cases. Behavioral safety of LEV has received
much attention in the past decade. The rate of
behavioral and mood problems in epileptic
patients with LEV have been reported in a range
from 0.3% to 13.5%, depending on the study
design and assessing methods.>¢ It is not clear
how LEV can lead to depression. Studies suggest
that anti-seizure medications are associated with
oxidative  stress resulting in developing
behavioral, mood, and cognition dysfunctions.”?

A growing body of literature has investigated
the effect of LEV on oxidative stress. It is
commonly believed that LEV augments oxidative
stress, but the evidence is mixed. Some studies
reported that LEV could decrease antioxidant
activities.810 In contrast, others showed a
protection effect of LEV against oxidative stress in
animal models.’112 On the other hand, some
studies showed no effect of these agents on
oxidative stress activity.1314

Glutathione is the most abundant thiol
compound in animal cells and the most important
intracellular antioxidant.’>!¢ This has different
roles in the pathogenesis of a wide range of
diseases such as diabetes mellitus, Parkinson's
disease, and multiple sclerosis.1”18 Zinc has been
known as one of the most effective minerals in
antioxidants.’” There is evidence regarding the
association between behavioral alteration and
depressive disorders with oxidative stress.?0 It is
well-known that alteration in glutathione level
has an important role in pathophysiology of
psychological ~ disorders  including  major
depression disorder, bipolar disorder, and
schizophrenia.?’?2 The effect of reduced zinc on
developing and pathophysiology of depressions
has been reported in several studies.?32*

In the current study, we examined two
hypotheses. First, LEV would be associated with
depression. Therefore, we evaluated depression
score through Beck Depression Inventory-II
(BDI-II) questionnaire before and three months
after the commencement of LEV. Second, LEV
could influence antioxidant activity. Therefore,
we measured the serum level of glutathione and
zinc as antioxidant markers before and 3 months
after LEV oral treatment.

Materials and Methods

Study population: This study was conducted in
Kashani  Comprehensive Epilepsy  Center,
affiliated to Isfahan University of Medical
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Sciences, Isfahan, Iran, from March 2018 to
December 2019. Patients with diagnosis of
epilepsy who had planned to receive LEV therapy
were included. Patients who had abnormal
neurological examination, abnormal magnetic
resonance imaging (MRI) finding, other
neurological disorders, and a history of disease
which might affect antioxidant enzymes were
excluded from the study. This study was approved
by the regional bioethics committee of Isfahan
University of Medical Sciences and in all cases,
patients” written informed consent was obtained.
Procedure: In this prospective study, we
assessed definite patients with epilepsy who were
supposed to start LEV with dose of 1000-3000
mg/day. LEV was started for patients with
decision of a trained neurologist with specialty in
epilepsy (JMH). We performed two assessments
at the baseline (date of starting LEV therapy) and
3 months after the commencement of LEV. At the
baseline, detailed demographic and clinical
characteristics including age, sex, age at
diagnosis, comorbidities, and drug history were
obtained. All patients also underwent a
comprehensive assessment. Neurological
examination was conducted for evaluation of
neurological  status.  Electroencephalography
(EEG) was done using the international 10-20
system including T1 and T2 electrodes on all
patients. MRI was conducted on all patients.
Questionnaire: To assess depression, we used
the Iranian version of BDI-I1.?> The BDI-II apprises
a range of depression symptoms including
sadness, pessimism, sense of failure, loss of
pleasure,  guilt, punishment, self-dislike,
self-criticalness,  suicidal  thoughts, crying,
agitation, irritability, social withdrawal,
indecisiveness, worthlessness, loss of energy,
change in sleep pattern, change in appetite, loss of
concentration, fatigability, and loss of libido. This
scale consists of 21 items and respondents are
asked to rate these items on a 4-point scale (0-3).
The global BDI-II score range was from 0 to 63,
with higher score indicating more severe
depression.?6 The questionnaire was completed at
baseline and at the end of follow-up.
Measurements: To assess antioxidant activity,
we measured the serum levels of glutathione and
zinc. A sample of 5 cc venous blood was collected.
Zinc was assessed using colorimetric assay kit
[based on the 5-Br-3'-phosphoadenosine-5'-
phosphosulfate (5-Br-PAPS)]. In this method, zinc
measurement is based on the reaction of zinc with
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specific complexant 5-Br-PAPS form at pH = 8.6, in
a buffer media. The serum level of glutathione was
detected spectrophotometrically by monitoring the
reaction of glutathione with 5,5'-dithiobis-
(2-nitrobenzoic acid) (DTNB). The serum levels of
glutathione and zinc were measured at the baseline
and the end of follow-up.

Descriptive data were presented as mean +
standard deviation (SD) or frequency (%) for
interval and categorical variables, respectively.
The one-sample Kolmogorov-Smirnov test was
performed for checking the normality of
variables. We carried out dependent t-test to
assess change in variables following treatment.
Pearson's correlations test was performed to
assess correlation of depression score with the
zinc and glutathione levels. We conducted all
statistical analyses using SPSS software (version
22, IBM Corporation, Armonk, NY, USA) and a P-
value less than 0.05 was considered as significant.

Results

We approached 50 patients, 10 refused to
participate and 6 were excluded (due to other
neurological or inflammatory disorders). Besides,
4 patients did not complete the follow-up. The
complete cohort of patients included 30 patients
(Figure 1).

50 patients approached

10 refused to
participate

6 patients were excluded
due to diagnosis of other
neurological or
inflammatory disorders

4 patients did not
complete follow-up

30 patients with epilepsy

Figure 1. The study flowchart

Among included patients, 21 were women
(70.0%). The mean age at epilepsy onset was

15.89 £ 11.67 years (range: 3 to 47 years) and the
mean age at baseline was 28.76 + 11.37 (range:
16 to 68 years). These findings and clinical
characteristics of patients are presented in table 1.

Table 1. Demographic and clinical characteristics

Variable Patients
(n=30)
Age at onset (year) (mean + SD) 15.89 + 11.67
Age at baseline (year) (mean £ SD) 28.76 + 11.37
Gender Women 21 (70.0)
[n (%)] Men 9 (30.0)
Seizure type Generalized 21 (70.0)
[n (%)] Focal 9 (30.0)
Seizure Daily 0(0)
frequency Weekly 1(3.3)
[n (%)] Monthly 17 (56.7)
Annual 10 (33.3)
Less than once a year 2 (6.7)
EEG [n (%)] Abnormal 11 (36.7)
Normal 19 (63.3)

EEG: Electroencephalography; SD: Standard deviation

As table 2 shows, the mean glutathione serum
level at follow-up visit was lower than the
baseline (P < 0.001). Although there was a
decrease in glutathione level, the difference was
not statistically significant (P = 0.068). The mean
of zinc concentration decreased significantly
(P < 0.001). The mean of BDI-II score at follow-up
visit was higher than baseline (P < 0.001).

To evaluate the possible role of gender, we
analyzed the change of variables separated by
gender. Female patients had a significant increase
in BDI-II score (P < 0.001). Moreover, female
patients had lower glutathione levels at the end of
follow-up compared to the baseline (P = 0.007).
No significant change in zinc levels was found in
female patients (P = 0.836). Similarly, there was no
statistically significant change in zinc and
glutathione serum levels in male patients
(P =0.133 and P = 0.823, respectively). But, BDI-II
score increased significantly (P = 0.023). The
information is documented in table 3.

There was no significant correlation between
BDI-II score, zinc and glutathione levels at the
baseline and at the end of follow-up (Table 4).

Table 2. Change of depression, serum level of glutathione and zinc from baseline to the end of follow-up

Baseline End of Mean 95% CI t (29) P
follow-up difference
BDI-II 8.60 + 6.60 13.73+£7.40 513+4.28 -6.73,-353 655 <0.001
Glutathione 381.60+135.19 349.35+159.77 -66.78+166.72 -5.31,138.88 1.92 0.068
serum level (ug/do)
Zinc serum level (ug/do) ~ 80.08 +18.33 73.46 + 18.88 -6.68 £ 14.11 0.42,12.93 222 <0.001
Data are presented as mean + standard deviation (SD)
Cl: Confidence interval; BDI-II: Beck Depression Inventory-11
226  Curr] Neurol Vol. 21, No. 4 (2022)
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Table 3. Change of depression, serum level of glutathione and zinc from baseline to follow-up visit separated by gender

Baseline End of Mean 95% CI t P
follow-up difference
BDI-II Women 9.28+7.19 15.33+£6.77 -6.04 £4.43 -8.06, -4.02 -6.252 <0.001
Men 7.00+4.94 10.00 £ 7.87 -3.00 +£3.20 -5.46, -0.53 -2811  0.023
Glutathione  Women 386.94+136.50 288.70+120.16 98.23+131.61 30.56,165.90 3.077  0.007

(ng/do) Men  402.83+150.02 425.16 + 230.40
Zinc Women  7656+19.26  72.18+20.46
(ug/do) Men  86.33+1191 7350+ 2157

-22.33+323.35 -266.17,221.50 -0.235 0.823
-1.35+26.53 -1499,12.28 -0210 0.836
437 +12.48 -2.27,11.02 1402  0.181

Data are presented as mean + standard deviation (SD)
Cl: Confidence interval; BDI-I1: Beck Depression Inventory-I|

Table 4. Correlation between Beck Depression
Inventory-Il (BDI-II) score, zinc and glutathione
levels at the baseline and end of follow-up

BDI-II r correlation
Zinc Glutathione

At baseline
BDI-II 1.000 0.070 -0.155
(0.747) (0.456)
Zinc - 1.000 -0.301
(0.153)
At end of follow-up
BDI-II 1.000 0.263 -0.182
(0.176) (0.353)
Zinc - 1.000 -0.167
(0.395)

BDI-1I: Beck Depression Inventory-I1

Discussion

One of the most important adverse effects of LEV
is behavioral disorder such as depression. In the
current study, we assessed depression and
anti-oxidant levels in patients with epilepsy who
received LEV. Our results showed an important
increase in depression score, but a non-significant
decrease in zinc and glutathione.

With the first hypothesis, we assumed that
LEV would be associated with depression, and
the data showed a significant increase in
depression scores three months after the
commencement of LEV. Our result is in
agreement with previous studies showing
increased rate of depression in patients who were
on LEV.772 Neurobiological evidence indicates
the association between LEV and sodium
valproate.?? On the other hand, some studies have
shown the relation of this receptor with
depression.303! Our outcome is contrary to that of
Mazza et al. who found that treatment with LEV
could improve depression and anxiety in patients
with focal seizure.®> A possible explanation for
this finding might be that improvement in
depression and anxiety was caused by
improvement in seizure frequency, not due to
LEV psychotropic effect. However, they did not

http://cjn.tums.ac.ir

report depression score with respect to the
frequency of seizures. Our results are also in
disagreement with Hagemann et al. However,
they found no improvement in depression and
anxiety in patients who were converted to LEV
monotherapy. In addition, eight (5.7%) patients
discontinued LEV for psychiatric adverse effect.
This inconsistency between studies may be due to
differences in phenomenon of epilepsy, duration of
study, past history of other medications, and
instrument which was used to measure depression.

Other factors such as release phenomenon,
drug interaction, and alternative or reciprocal
psychosis have been suggested to influence
behavioral status in patients with epilepsy. The
release phenomenon occurs in patients with
epilepsy who have been disabled intellectually,
who become more able to misbehave result in the
improvement of seizure control. In the current
study, no patients had been disabled intellectually
and physically before the beginning of study. No
patients used other medications six months before
and within the study. We also assessed psychosis
symptoms in patients and no one reported
psychosis before and during the study.

With respect to the second research
hypothesis, we found no significant change in
glutathione concentration. Unexpectedly, we
found a decrease in zinc levels. This result can be
related to small sample size and short follow-up
duration in our sample. Zinc depletion was
observed in patients with epilepsy who
underwent  antiepileptic drugs (AEDs),
particularly valproic acid.?* It has been suggested
that impairment in zinc absorption and zinc
chelation can lead to reducing zinc
bioavailability.3 However, there are little
published data on the effect of LEV on trace
elements such as zinc. Sarangi et al. found a
higher zinc concentration in patients on LEV,
valproic acid, carbamazepine, phenytoin, and
lamotrigine compared to healthy group.®® The

Curr ] Neurol Vol. 21, No. 4 (2022) 227

07 October



Levetiracetam in epilepsy patients

main weakness in their study is cross-sectional
design. In agreement with our study, two case
report studies presented patients who had
undergone LEV therapy and had hair loss due to
zinc deficiency.3¢37 Taken together, our study was
unable to find an anti-oxidative effect of LEV.

It is now well established from a variety of
studies that imbalance between the glutamatergic
and gamma-aminobutyric acid (GABA) ergic
systems can cause depression. It has been
suggested that zinc deficiency or its impaired
function can induce depression via its effect on
glutamatergic and GABAergic receptors.3®
Previous studies showed that LEV negatively
affected zinc function by inhabitation of the zinc
antagonism on GABAergic and glycine
receptors.® In the current study, we did not find a
relation between depression score and zinc levels
at the baseline and at the end of follow-up.

Up to now, several studies have shown that zinc
deficiency can cause oxidative  stress.4041
N-methyl-D-aspartate ~ (NMDA)  receptors -
ionotropic glutamate receptors - are modulated by
trace elements such as zinc. Zinc deficiency
promotes the activity of NMDA receptor resulting
in activation of leukocytes and macrophages.
Besides, this can induce the production of
nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase and nitric oxide.*0 As mentioned
above, the interaction between LEV and zinc can
affect glutamatergic and GABAergic receptors such
as NMDA receptor. Thus, it can be suggested that
LEV may reduce oxidative activity through its effect
on association between zinc activities and
glutamatergic and GABAergic receptors.

A decreased level of glutathione in patients
with epilepsy has previously been observed.#243

References

Some studies on animal models suggested that
LEV might prevent the loss of glutathione in the
hippocampal region.#4 In contrast to these
studies, Menon et al. found no relation between
LEV and glutathione concentration.# In the
present study, we found a substantial decrease in
the glutathione concentration among female
patients, but not male patients.

Our study has several limitations. The most
important limitation is the study design. A
randomized controlled trial study is needed to
assess the effect of LEV on oxidative activity in
patients with epilepsy. Another limitation is small
sample size. Our study is also limited by short
follow-up duration. We used questionnaire to
assess depression, which is not a gold standard to
evaluate psychological diseases.

Conclusion

This longitudinal study suggests that LEV therapy
may induce depression. However, this finding may
be specific to patients with epilepsy; thus, no
conclusion regarding other diseases, especially
psychological disorders, can be drawn. We also
found reduction in the zinc levels in our patients.
Further studies are needed to validate these
findings.
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