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1  |  INTRODUC TION

Depression is a common mental and psychological disorder that 
affects approximately 280 million people worldwide.1,2 Its lifetime 
prevalence is reported to be from 2 to 21% in different countries.3 

Depression is one of the main contributors to the global disability-
adjusted life years (DALY), which alarmingly is predicted to be the 
leading cause by 2030.2 The psychosocial function of patients is lim-
ited, and their quality of life decreases due to the disorder.4 Moreover, 
patients with depression have a higher risk of suicide.5 The economic 
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Abstract
Background: Depression is a common disorder that affects patients' quality of life 
and incurs health system costs. Due to the resistance to treat depression, better un-
derstanding of neurophysiology was considered; one of the implications is the gluta-
matergic system. This study aims to systematically review clinical trials investigating 
the antidepressant effects of kainate receptor antagonists.
Methods: The study protocol was registered in PROSPERO (CRD42021213912). 
Scopus, ISI, Embase, PubMed, Cochrane Library, Google Scholar, and two trial reg-
istries were searched for randomized controlled trials on the effectiveness of topira-
mate, phenobarbital, and other ten barbiturates in depression. The difference with 
control groups in terms of changing depressive symptoms was the primary outcome.
Results: Nine trials were identified, in which 784 patients were studied. The efficacy 
of thiopental was comparable to that of imipramine, with fewer side effects. When 
administered with electroconvulsive therapy, it had fewer to similar effects and fewer 
side effects than ketamine. Both monotherapy and adjunctive therapy with topira-
mate were effective and tolerable in treating depressed patients. Phenobarbital had 
therapeutic effects compared to imipramine and amitriptyline with fewer side effects.
Conclusion: Regarding the glutamatergic hypothesis of depression and obtained 
promising results, further studies of kainate receptor antagonists in high-quality trials 
are recommended. Given the high prevalence of depression in epileptic patients, more 
problems with its treatment, and the fact that the studied agents were anticonvul-
sants, it is recommended that future studies prioritize depressed-epileptic patients.
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costs of depression and its complications imposed on the US health 
system are estimated at more than $200 billion annually.6

Pharmacotherapy is one of the treatments for depression com-
monly used by clinicians.6 Late onset of efficacy, moderate efficacy, 
a response rate of only 50% at the first trial for treatment, and the 
persistence of subsyndrome symptoms after the treatment in some 
patients are some of the disadvantages of pharmacotherapy with 
current agents.7

Researchers have considered drug repositioning, drug discovery, 
complementary and traditional medicine, and therapies other than 
pharmacotherapy to overcome these problems.7–9 Conducting stud-
ies to understand the unknown parts of the pathogenesis of depres-
sion and scrutinizing and applying the known features could lead to 
overcome these resistances to treatment.10 The glutamatergic sys-
tem is a known area of depression neurobiology that has received 
special attention from scientists.11 Numerous receptors and proteins 
are involved in the glutamatergic system; so far, the most attention 
in this system regarding treating the depression was focused on 
agents interacting with N-methyl-D-aspartate (NMDA) receptor. α-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) and 
kainate receptors are also glutamate receptors and have roles in the 
glutamatergic system but have been studied less than the NMDA 
receptor.11,12 The kainate receptor is a voltage-dependent and fast-
acting ionotropic glutamate receptor.11 Medicines with an approved 
antagonist action on this receptor include topiramate, phenobarbi-
tal, and ten other barbiturates.13 This study aims to systematically 
review clinical trials investigating the effectiveness of kainate recep-
tor antagonists – as a part of the glutamatergic system – in treating 
depression. The rationale for separating and selecting this part of 
the glutamatergic system is that these drugs are all known anticon-
vulsants, so if their efficacy is proven, they could be prescribed for 
both treatments of depression and maintenance therapy of epilepsy 
in depressed-epileptic patients – which will be addressed below.

2  |  METHODS

2.1  |  Search strategy

The study protocol was registered in the International prospec-
tive register of systematic reviews (PROSPERO) with the number 
CRD42021213912. To obtain the information for the systematic re-
view, Scopus, ISI Web of Science Core Collection, Embase, PubMed, 
Cochrane Library, and Google Scholar (the first 200 citations) da-
tabases were searched on September 25, 2020, without limitations 
on timespan, document type, language, and publication status. The 
study aimed to evaluate the effectiveness of kainate receptor an-
tagonists in treating depression. Thus, the searched terms were 
selected based on the keywords, including effectiveness and treat-
ment (#1), kainate receptor antagonists (#2), and depression (#3), as 
follows. The names of drugs approved with kainate receptor target 
and the antagonist action on the receptor were compiled by search-
ing DrugBank online database.13

#1. effect* OR efficacy OR impact OR therapy OR treat*.
#2. amobarbital OR butabarbital OR butobarbital OR butalbital 

OR methylphenobarbital OR pentobarbital OR phenobarbital OR 
primidone OR secobarbital OR talbutal OR thiopental OR topira-
mate OR “kainate receptor” OR “kainic acid receptor”.

#3. depress*.
The last search in all databases was obtained by combining the 

above searches: #1 AND #2 AND #3.
ClinicalTrials.gov, European Union Clinical Trials Registry, and 

included articles references were also manually searched to obtain 
articles with mentioned characteristics.

2.2  |  Selection criteria

Regarding the PICOS process, randomized controlled trials (RCTs) 
with participants diagnosed with depression, by a group receiving a 
kainate receptor antagonist as the intervention and a control group 
with placebo or known antidepressant, and examining the symptoms 
of depressive disorder as the outcome were included in this system-
atic review. It was not necessary to diagnose depression using the 
Diagnostic and Statistical Manual of Mental Disorders (DSM) and 
evaluate it using validated scoring systems such as the Hamilton 
Depression Rating Scale (HDRS). Intervention and control groups 
could be added to the same conventional treatment, such as electro-
convulsive therapy (ECT). Therefore, the effectiveness of the drug 
prescribed in the intervention group should be discussable alone, 
not in combination – after eliminating similar treatments in groups. 
The setting was not a limitation for inclusion.

Book chapters, case reports, editorials, reviews, and nonran-
domized studies of intervention (NRSIs) were excluded. In-vitro and 
animal studies were excluded. Studies on patients with bipolar dis-
order were not of interest. No age, gender, or ethnicity restrictions 
were considered for patients. There was no language limitation for 
included studies.

The authors of included studies were contacted for additional 
data whenever necessary.

2.3  |  Data extraction

EndNote X9 and Microsoft Excel 2016 spreadsheets were used to 
remove duplicate results and record the extracted data, respectively.

Setting to conduct each trial, the study design, the number of 
patients who participated, type of depression diagnosed, criteria for 
diagnosing, treatment groups, the dose of prescribed drugs, the du-
ration of treatment, how to measure outcomes, the significance of 
effectiveness alone compared to the control group, and side effects 
were assessed in each study. An agent with a statistically significant 
difference with placebo and/or no statistically significant difference 
with a known antidepressant in changing depressive symptoms was 
considered effective as the primary outcome. Side effects were the 
secondary outcome.
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The methodological qualities of included RCTs were evaluated 
using the Cochrane Risk of Bias II Tool and the modified Jadad scale. 
The bias risk of each RCT was assessed by the Cochrane Risk of 
Bias Tool II through random sequence generation, allocation con-
cealment, selective reporting, other sources of bias, blinding (partic-
ipants and personnel), detection bias blinding (outcome assessment), 
and incomplete outcome data domains.14 The modified Jadad scale 
has the highest validity and reliability in assessing the methodologi-
cal quality of clinical trials.15 Describing randomized design (Yes: +1, 
No: 0), randomization method appropriateness (Yes: +1, No: −1, Not 
described: 0), blindness (Double: +1, Single: +0.5, No: 0), blinding 
method appropriateness (Yes: +1, No: −1, Not described: 0), men-
tioning withdrawals and dropouts (Yes: +1, No: 0), description of 
inclusion and exclusion criteria (Yes: +1, No: 0), side effects assess-
ment (Yes: +1, No: 0), and description of statistical analyses made 
(Yes: +1, No: 0) are the items of this scoring system. Total scores of 4 
and 5 signify moderate quality, and scores lower and higher indicate 
low-quality and high-quality trials, respectively.16,17

3  |  RESULTS

3.1  |  Search results

Figure 1 shows the process of selecting studies from searched re-
sults according to the Preferred Reporting Items for Systematic re-
views and Meta-Analyses (PRISMA) guideline. A total of 40 related 
results were found. Among these studies, 12 were noninterventional 
studies, nine of which examined the prevalence or incidence of de-
pression in epileptic patients. One study was excluded because it 
was retrospective. Another study evaluated the effectiveness of an 
herbal agent, for which the mechanism of interest in this study was 
not mentioned. Another study was excluded because it included pa-
tients with bipolar depression. Then, seven trials were excluded be-
cause they did not evaluate the antidepressant effect of the drugs. 
Control groups were not placebo or known antidepressants in the 
other five trials. Moreover, the other three trials did not measure the 
effects of drugs alone, which were excluded – they prescribed them 
in a combination. One NRSI was also excluded. At last, nine RCTs 
were included in this systematic review. The characteristics of these 
trials are listed in Table 1.

3.2  |  Quality of included studies

The risk of bias and quality score of each trial is judged by the 
Cochrane Risk of Bias II Tool and the modified Jadad scale, given 
in Table  1. One study conducted by Kuşçu et al had borderline 
scores of 5.5, which is marked as high quality in Table 1 due to the 
specified range.18 Double-blind was written in the title of one of 
the trials, and single-blind was written in its methods section, and 
since no explanation was given about it, the single blind score was 
considered.19

3.3  |  Thiopental

Five controlled trials evaluated the effectiveness of thiopental on 
depressive disorders, with 359 patients participating in these stud-
ies. The studies were performed on hospitalized patients, and thio-
pental was intravenously administered in all five. Only one study in 
1963 clinically diagnosed depression20 and other studies used DSM, 
Fourth Edition (DSM-IV).18,19,21,22

In the nonblinded study conducted by Fahy et al in 1963, pa-
tients were trichotomized due to outcome: recovery, improvement, 
and no change/worse. Out of 17 patients receiving anesthetic doses 
of thiopental and 16 patients receiving 100 mg of imipramine daily, 
a total of eight and ten recovered and improved patients were re-
ported, respectively, with no significant difference. It appears that 
all patients in this study thought they received active treatment, 
while 17 underwent only thiopental anesthesia and 17 underwent 
electroconvulsive therapy (ECT).20

In four other studies, all patients underwent ECT. In Yoosefi 
et al trial, both ketamine and thiopental significantly reduced HDRS 
compared to baselines, and by comparing two groups, ECT and ket-
amine significantly decreased HDRS more, just before the second 
ECT session.22 In the study by Salehi et al, both agents significantly 
reduced HDRS, a significant difference was observed between 
the two groups only in the eighth session, and recovery time from 
anesthesia was faster in the ketamine group. Headache, nausea, 
and fear of the illusion of awakenings were significantly higher in 
ketamine-receiving patients.19 In the study by Kuşçu et al,18 there 
was no difference among three groups of thiopental, ketamine, and 
the combination of the two due to HDRS reduction. However, the 
anxiety scores of patients increased in the ketamine group. Jagtiani 
et al designed a trial with a Jadad score of 8 to examine which groups 
of thiopental and ketamine have a more rapid recovery, and they 
followed these patients for six weeks after their last ECT sessions. 
HDRS and Beck Depression Inventory (BDI) were more decreased 
in the ketamine group at weeks one and two. HDRS was lower in 
the ketamine group at the last session, BDI was similar between the 
groups, and HDRS and BDI were similar in follow-ups. Emergence 
reactions, secretions, nausea/vomiting, delirium, blood pressure ris-
ing, and heart rate rising were more prevalent in the ketamine group, 
and headache rate was higher in the thiopental group, for which no 
p-value was reported.21 In two studies, the seizure duration was sig-
nificantly longer in ketamine groups.21,22

3.4  |  Topiramate

Two controlled trials with 117 patients evaluated topiramate ef-
fectiveness. In a placebo-controlled trial in which all patients were 
female, Nickel et al reported topiramate monotherapy effects on 
the recurrent major depression diagnosed based on DSM-IV. The 
effect of topiramate on HDRS was initially gradual, with HDRS 
decreasing more rapidly at approximately six to seven weeks of 
treatment. Topiramate was associated with significant weight loss 
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and had no severe side effects.23 In a trial with a Jadad score of 
8, Mowla and Kardeh reported the effectiveness of eight-week 
treatment with adjunctive topiramate on reducing HDRS in pa-
tients with resistant major depressive disorder diagnosed based 
on DSM-IV. In this study, depressed mood, suicidality, insom-
nia, agitation, and anxiety symptoms were significantly lower in 
topiramate recipients.24

3.5  |  Phenobarbital

The effect of phenobarbital on depression was investigated in two 
controlled trials with 308 patients. Wheatley, by comparing one to 
two phenobarbital 20 mg t.i.d. and one to two imipramine 25 mg t.i.d., 

reported that phenobarbital was more effective than imipramine at 
the end of the second week in reducing the symptoms of neurotic 
depression. Except for the second week, in other evaluations, they 
did not differ in reducing depression. Furthermore, due to adverse 
events, phenobarbital was better in the first two weeks and had 
fewer side effects. Drowsiness was the only complication that was 
significantly more in the phenobarbital group – at week eight – than 
in the imipramine group. Dry mouth – at week two – and feelings of 
tenseness and irritability – at weeks two and four – were more in 
the imipramine group.25 In a double-blind and randomized trial by 
Rickels et al, phenobarbital 120 mg daily, diazepam 20 mg daily, and 
amitriptyline 100 mg daily were not different in improving depres-
sion. In this study, phenobarbital was more effective in patients with 
low education levels and high family stress. Sedation-related side 

F I G U R E  1  Processing the selection of trials
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effects such as drowsiness and dizziness were more common in di-
azepam recipients, and autonomic nervous system side effects such 
as dry mouth, syncope, tachycardia, nasal congestion, and blurred 
vision were more common in amitriptyline recipients.26 In both stud-
ies, phenobarbital was not found to be more effective in anxious-
depressed patients – there was no difference between depression 
and anxiety-associated depression.25,26

4  |  DISCUSSION

Regarding the glutamatergic hypothesis for treating depression, this 
study systematically reviewed trials investigating the effectiveness 
of kainate receptor antagonists in the treatment of depression. In 
total, nine trials of thiopental, topiramate, and phenobarbital, includ-
ing 784 patients, were found through the search. Despite obtaining 
promising effectiveness and tolerability, it is still early to conclude 
the clinical presentation.

4.1  |  Glutamatergic system in depression

Alongside the monoaminergic system, which was the focus of stud-
ies on depression for years, the role of the glutamatergic system in 
depression has recently been highlighted.27 The main reasons for 
turning to novel agents acting on the glutamatergic system have 
been the resistance to typical therapies and the reported effective-
ness of novel agents for resistant depression.11 Ketamine, a noncom-
petitive NMDA receptor antagonist, has been the representative 
of glutamate receptor modulator agents, which was the subject of 
numerous studies to evaluate its effectiveness in depression.12,13 A 
review investigating the effectiveness of ketamine has shown that 
it has a rapid antidepressant effect – up to 1 week.12,28 However, 
studies on ketamine for depression have had significant limitations, 
and further studies are needed to determine suicidality, cognition, 
quality of life, and long-term effects. Moreover, studies on agents 
other than ketamine are limited.12,29

4.2  |  Limitations of included studies

Five RCTs were cited regarding the effectiveness of thiopental in 
treating depression. Fahy et al conducted the first one in 1963 and 
examined a relatively small number of patients. Only 17 patients 
receiving thiopental were compared with 16 patients who received 
imipramine.20 Another limitation of the RCTs investigating the effec-
tiveness of thiopental for depression is that thiopental was always 
used in combination with ECT.18–22 In this regard, it seems difficult 
to gauge the actual effects of thiopental as ECT is itself an effective 
method of treating depression.

The studies of intervention of topiramate suggest an improve-
ment of depressive symptoms with topiramate mono- or combina-
tion therapy.23,24,30 Actually, the conducted studies are too small 

to confirm an antidepressant effect. It is known that topiramate 
itself can cause depression as a side effect. The fact is that the 
agent is not approved for depression or bipolar depression, and 
to prescribe it would be “off label”.13 Although there are studies 
in favor of its efficacy. In another study by McIntyre et al, 36 pa-
tients meeting DSM-IV criteria for bipolar I/II depression received 
topiramate – 50 mg daily, increasing every 2 weeks – or bupropion 
SR. Both groups, without differences, had significant decreases 
in HDRS compared to the baseline values. The only signifi-
cant different adverse event observed between the groups was 
sleep difficulty, which was higher in the bupropion SR group.30 
Epileptologists use the drug only to tailor the treatment, which 
means using it in obese patients or epileptic patients with migraine 
but not in epilepsy and depression.13,31,32 In epilepsy patients with 
depression as comorbidity, epileptologists tailor the treatment 
with lamotrigine or pregabalin since both have a positive psycho-
tropic effect.33

Only two studies of phenobarbital were found.25,26 The first was 
conducted in 1967 and carried out in general practice. In addition, its 
design was not double-blind and placebo-controlled.25

4.3  |  Clinical implications of agents

Kainate receptor antagonists include topiramate and eleven barbi-
turates, which are used for managing different types of seizures.13 
The development of barbiturates, which are sedative-hypnotic 
agents, was a significant step in managing epilepsy. In particular, 
phenobarbital is a class of barbiturates, due to its efficacy and cost-
effectiveness, was used to manage status epilepticus and all types of 
seizure disorders.34 Thiopental is a rapid-onset short-acting barbitu-
rate indicated in the treatment of refractory generalized convulsive 
status epilepticus and the control of convulsive states during or after 
inhalation or local anesthesia.13,35 Besides, topiramate is indicated in 
treating Partial-Onset or Primary Generalized Tonic–Clonic Seizures 
and Lennox–Gastaut syndrome and is suggested to manage some 
other types like juvenile myoclonic epilepsy.36

As mentioned earlier, these agents are administrated with spe-
cific indications for managing and treating epilepsy. However, both 
the disease itself, which is chronic, and possibly the prescribed 
drugs may cause depression in patients.37,38 Pharmacotherapy 
of depression becomes even more difficult in patients with epi-
lepsy for several reasons. First, depression is a side effect of sev-
eral medications prescribed to patients with epilepsy.37 Second, 
antidepressants may also cause seizure aggravation in epilep-
tic patients.39 Third, there is no credible evidence of the effec-
tiveness of antidepressants in epileptic patients with depressive 
symptoms.40 Fourth, typical antidepressants do not appear to be 
effective in children, while a significant percentage of patients 
with epilepsy are children.41,42 Fifth, antidepressants and anti-
convulsants have significant pharmacokinetic interactions.43 In an 
open, multicentered, and uncontrolled trial, Specchio et al investi-
gated the effect of citalopram at a daily dose of 20 mg in treating 
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depression in patients with epilepsy who were also on antiepilep-
tic drugs. They concluded that four months of citalopram treat-
ment improved depressive symptoms and reduced the frequency 
of seizures,44 but there are many cases of adverse effects and re-
sistance to treatment.37,44

4.4  |  The epilepsy depression connection

Depression can occur subsequent to chronic and debilitating ill-
nesses as comorbidity or a natural reaction to living with the ill-
ness in patients.39,45 Epilepsy is a chronic neurological disorder, 
with an estimated 50 million people affected worldwide, and it is 
the most significant contributor to global DALY among neurologi-
cal diseases.39 Depression is reported in up to 62% of people with 
epilepsy.37 Due to occurring depression before the onset of seizures 
as usual and also the lower rate of seizure recovery after epilepsy 
surgery in depressed patients, hypotheses were formed about the 
biological relationship between the two.46

As mentioned, the studied agents are used in epilepsy, second-
ary to which depression is common and burdensome. Given the high 
prevalence of depression in epileptic patients and more problems 
with its treatment, it is recommended that future studies on these 
agents prioritize depressed-epileptic patients as their depression 
sample.

4.5  |  Conflicting results in other studies

In this study, nine RCTs with the results were generally favoring 
the antidepressant effects of thiopental, topiramate, and pheno-
barbital were documented. However, conflicting results were re-
ported in some studies and some of the agents were themselves 
considered to promote depression. In a study by Vajda et al on 
2039 pregnant women with epilepsy, who were followed during 
pregnancy to one year after its end, carbamazepine recipients 
were found to have lower rates of patient-recognized depression 
than those receiving topiramate.47 Furthermore, the depresso-
genic effect of phenobarbital compared to carbamazepine was 
reported in children receiving it. In this cohort study, which was 
performed on 15 patients treated with phenobarbital and 24 pa-
tients treated with carbamazepine, the observed difference was 
only in patients with a history of a major affective disorder among 
first-degree relatives.48 Another drug in this category is primi-
done, which has been linked to depression in epileptic patients. 
In a six-month cross-sectional study of 241 epileptic patients in 
an outpatient setting, primidone use was associated with depres-
sion.49 In contrast, Zhang et al, in a nonrandomized study, whose 
primary purpose was to investigate the effect of topiramate on 
smoking cessation, examined the effects of adjunctive topira-
mate on 99 depressed smokers under antidepressant therapy 
and cognitive-behavioral intervention. The daily dose of topira-
mate in the first four weeks was 200 mg daily, which was gradually 

discontinued in the next four weeks.50 Although the studies with 
results in favor of antidepressant effects are more and of higher 
quality, the studies with results of depressogenic effects cannot 
be ignored; hence, they should be considered in future studies. 
To date, regarding systematic search, no RCTs of kainate receptor 
antagonists in patients diagnosed with simultaneous epilepsy and 
depression were published. However, since these agents are indi-
cated in the treatment of epilepsy – not all types – and there are 
the glutamatergic hypothesis and several interventional studies in 
favor of their antidepressant effects, they seem logical for exami-
nation in trials. It is recommended to conduct a controlled trial of 
a kainate receptor antagonist adjunct to citalopram on a sufficient 
number of depressed-epileptic patients – not a large-scale one.

5  |  CONCLUSION

The study reviewed nine clinical trials, all of which found results fa-
voring the effectiveness of a kainate receptor antagonist in treat-
ing depression. Thiopental alone was not different from imipramine 
regarding the effectiveness and had fewer side effects. When used 
with ECT, it had fewer to similar effects and fewer side effects than 
ketamine with ECT. In both monotherapy and adjunctive therapy, 
topiramate had significant antidepressant effects, which may be 
more rapid after about six weeks of treatment. Phenobarbital was 
also effective in treating depression in two studies controlled with 
imipramine and amitriptyline, and its side effects were less than 
those of imipramine and amitriptyline.

One of the limitations that should be mentioned is the number 
of obtained trials evaluating each agent. Second, not all trials have 
diagnosed depression following DSM. Third, the study results can-
not evaluate the effectiveness in the clinic and can only address the 
statistical differences between the drug and the control group – this 
is also the case with typical antidepressants.51 Fourth, none of the 
studies compared the effectiveness of a kainate receptor antago-
nists with selective serotonin reuptake inhibitors (SSRIs), which are 
now considered the first choice for depression and the medication 
of choice for the treatment of comorbid depression in epileptic pa-
tients since they do not lower the seizure threshold in sufficient 
doses. Although the obtained results are crude and insufficient for 
the recommendation of therapeutic use, due to the resistance to 
treatment in about one-third of depressed patients and more prob-
lems of treating depression in depressed-epileptic patients, further 
high-quality trials are recommended to evaluate the effects of ka-
inate receptor antagonists in the treatment of depressed patients 
– with or without underlying diseases.
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