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Abstract: The purpose of this review is to analyze approaches to the treatment of depressive and
negative disorders in schizophrenia in terms of their level of efficacy and safety. Materials and
Methods: A search was conducted for full-text articles published over the last 10 years in PubMed,
Springer, Wiley Online Library, Taylor & Francis Online, APA PsycInfo, CORE, Science Direct, and
eLIBRARY.RU databases. Several articles published previously to this period were also included
into the review due to their high scientific value. Results: Our review suggests that antidepressants
(ADs) are effective medications and they can be prescribed to correct depressive disorders and neg-
ative symptoms in patients with schizophrenia when used in combination with antipsychotics
(APs). However, when administering ADs and APs combinations, it is important to consider the
safety profile of these combinations as well as their tolerance. Negative symptoms of schizophrenia,
including those induced by a number of AP, are less amenable to correction by ADs monotherapy,
which requires a long period of APs (on average - 8 weeks), which can be limited in the real life of
the patient outside the hospital. Current approaches to the therapy of depressive disorders in pa-
tients suffering from schizophrenia vary from country to country. However, most of ADs used in
clinical psychiatric practice are widely used in the comorbid state under consideration. Conclusion:
The efficacy and safety of ADs of the different classes considered in this review depends on their
mechanisms of action, duration of admission, type of APs taken, and specific clinical situation (acute
depressive disorder, major depressive episode, or chronic depressive episode). Most promising in
clinical practice are serotonin—norepinephrine reuptake inhibitors (SNRIs) and dual ADs. The use
of tricyclic antidepressants (TCAs) is limited due to a higher risk of adverse drug reactions (ADRs).
The use of most selective serotonin reuptake inhibitors (SSRIs) is limited due to the risk of aggrava-
tion of hallucinations (this risk being higher for patients with visual hallucinations, and lower for
those with auditory hallucinations) and \ or iatrogenic psychosis. These ADRs may probably occur
in patients suffering from schizophrenia due to their ideal "poor metabolizer" pharmacogenetic pro-
file, since most of the drugs considered in this review have hepatic metabolism.

Keywords: depressive disorders; depression; bipolar disorder; schizophrenia; antipsychotics; antidepressants;
treatment.
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Introduction

Depressive disorders in patients with schizophrenia are the most common comorbid
conditions, caused by the influence of external environmental [1], genetic [2], and epige-
netic factors and their combinations. Depressive disorders worsen the course of schizo-
phrenia, reduce the effectiveness of APs therapy, increase the risk of developing psycho-
ses, suicidal attempts, and completed suicides [3]. Timely therapy of depressive disorders
largely depends on methodological approaches to their diagnosis [4].

Thus, the relevance of the problem under consideration is beyond doubt in psychiat-
ric practice. At the same time, approaches to the selection of ADs and their combination
with the taken APs in patients with schizophrenia may be limited due to the peculiarities
of the drug-drug interaction, as well as due to genetically determined changes in pharma-
cokinetics and pharmacodynamics. Everyone’s metabolism is different. Cytochrome 450
system is a family of about 60 genes that produce enzymes that metabolize medications,
including APs and ADs. Six of those enzymes metabolize about 90 percent of medications.
Some patients with schizophrenia are poor metabolizers (due to the carrier ship of low
functional or non-functional alleles of single nucleotide variants (ONVs) of genes encod-
ing key enzymes of APs and ADs metabolism) [5, 6]. The medications are broken down
very slowly in poor metabolizers. These patients may experience adverse drug reactions
(ADRs) at standard doses [7, 8]. Hence, the use of ADs in these patients with schizophre-
nia can lead to an increase in the severity of positive symptoms, the development of acute
psychoses as well as other serious ADRs [9].

Although most APs of second generation (also known as atypical APs) can have an-
tidepressant effects [10, 11], in some cases, patients with schizophrenia require additional
antidepressant medication. Combinations of APs and ADs for the correction of negative
and positive symptoms in schizophrenia are being actively studied, but there is no single
approach to the most effective and safe co-administration.

2. Materials and Methods

The search strategies:

e We used keywords "depressive disorders”; "depression”; "bipolar disorder";
"schizophrenia"; "antipsychotics"; "antidepressants"; "treatment", and their
combinations, for the search full-text articles in PubMed, Springer, Wiley Online
Library, Taylor & Francis Online, APA PsycInfo, CORE, Science Direct, and
eLIBRARY.RU databases.

e We analyzed placebo-controlled studies, cross-sectional studies, case-control
studies, case studies, systematic reviews, meta-analyzes, and Cochrane reviews.
Articles published from January 2011 to July 2021 were analyzed. The final date
of the search was 26 July 2021.

e Analyzed data have been pre-selected from identified studies by the titles and
abstracts or from the entire publication if titles and abstracts did not provide

sufficient information on the type of study.
e English and Russian languages were included.

e Duplicate articles were excluded from the analysis.
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Several articles published previously to this period were also included into the re-

view due to their high scientific value. We analyzed 37 studies in this thematic review.

3. Results

Table 1 shows data on ADs studied with respect to the possibility of correction of

depressive and negative symptoms in patients with schizophrenia.

Table 1. Antidepressants used to correct depressive and negative symptoms in patients with schizophrenia

Group

Drugs

References

Monoactive substances
Monoamine oxidase inhibitors (MAQISs)

Bifemelane
Izocarboxazid
Moclobemide

Phenelzine

Tranylcypromine

Toloxatone

(12]

Selective serotonin reuptake inhibitors (SSRIs)

Citalopram
Fluoxetine
Escitalopram
Paroxetine
Sertraline

(13]

Selective norepinephrine reuptake inhibitors (SNRIs)

Maprotiline
Reboxetine

Dual-acting substances
Classic and modified tricyclic antidepressants (TCAs)

Amitriptyline
Clomipramine
Doxepin
Imipramine

Serotonin and norepinephrine reuptake inhibitors (sNRIs)

Duloxetine
Venlafaxine

Norepinephrine and dopamine reuptake inhibitors (NDRIs)

Bupropion

Atypical antidepressants

Agomelatin
Bupropion
Mianserin

Mirtazapine

Nefazodone
Trazodone

Monoamine oxidase inhibitors

Monoamine oxidase inhibitors (MAQI) were one of the first developed classes of
ADs. MAOIs inhibit the decay of these neurotransmitters, thereby increasing their level
in the synaptic cleft and allowing them to continue to affect on effector cells (neurons), the

malfunction of which is the cause of a development of depressive disorders [20, 21].

There are two types of MAO. The first one, type A (MAO-A) is mainly expressed in
a placenta, intestine, and liver. The second one, type B (MAO-B) is mainly expressed in a
brain, liver, and platelets. Serotonin and noradrenaline are substrates of MAO-A, while
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phenylethylamine, methylhistamine and tryptamine are substrates of MAO-B. Dopamine
and tyramine are metabolized by both MAO types. The discovery of these two different
MAO isoenzymes with different substrate selectivity and expression pattern in different
tissues led to new therapeutic approaches and the development of new classes of inhibi-
tors, including selective irreversible and reversible MAO-B inhibitors and reversible
MAO-A inhibitors. Usually, MAO-A is associated with oxidative deamination of seroto-
nin, while MAO-B catalyzes predominantly benzylamine and 2-phenethylamine. Dopa-
mine, noradrenaline, adrenaline, tryptamine, and tyramine are associated with similar
substrate MAO inhibitors: from classical to new clinical approaches of specificity for both
isoenzymes. Selegiline and rasagiline are irreversible and selective MAO-B inhibitors, and
safinamide is a reversible and selective MAO-A inhibitor [21].

The joint use of MAOIs with APs of various groups has been mentioned since the late
70s of the twentieth century. Thomas et al. [22] mentioned combination therapy of MAOIs
with different groups of APs. If we talk about the joint use of MAOIs and SSRIs in a treat-
ment of schizophrenia, then we should remember a high risk of the development of sero-
tonin syndrome both in the use of therapeutic doses and in cases of overdose, up to death.
[23-25].

In addition, deaths related to combined use of MAOQOIs including SSRIs were reported
in patients treated with therapeutic doses and high doses (overdose) [26, 27]. To avoid
serious ADRs, it was recommended to stop taking SSRIs at least 2 weeks before the start
of MAOQISs therapy, with the exception of fluoxetine, which requires a 5-week wash-out
period [28].

Intake of MAOIs and atypical AD (trazodone) is considered to be safer. Trazodone
has proved to be effective in the correction of sleep disorders, including treatment of in-
somnia caused by use of MAOIs [29-31]. However, publications on the use of MAQOIs with
trazodone in patients with psychotic symptoms and sleep disorders are limited [30, 31],
although, in general, their joint use is considered safe and effective.

Tranylcypromine is an irreversible and non-selective MAOIs A and B type prescribed
primarily to treat resistant depression. Ulrich et al. [32] has conducted a meta-analysis of
an efficacy and safety of its co-use with APs as a third-line therapy in a distinct group of
patients with chronic schizophrenia with a predominance of negative symptoms and the
presence of depressive disorders over a limited (of 12 to 16 weeks) period of combination
therapy. The meta-analysis included seven control studies of the use of tranylcypromine
in combination with AP as well as four studies with prospective and parallel follow-up of
patients who took this drug in combination with AP, against patients who received AP
monotherapy. The authors evaluated an effectiveness of therapy, as well as ADRs in the
form of extrapyramidal syndrome and exacerbation of positive symptoms of schizophre-
nia in patients as a result of tranylcypromine and AP combination therapy. Despite the
limited studies analyzed and heterogeneity of samples, the odds ratio (OR) in reducing
the severity of negative symptoms of schizophrenia and depressive disorders was 1.558
[95% CI 0.340 - 2.776, NS]. The main clinical limitation of the studies analyzed by the au-
thors was the proven effect of these MAOIs on second generation APs. Important, tranyl-
cypromine acts as a nonselective and irreversible MAOI and therefore is not recom-
mended in different combinations (and not available in many countries).

Phenelzine is a non-selective MAOI that is often prescribed to treat depression and
anxiety. Schiele [33] used this drug to treat pseudoneurotic schizophrenia in hospitalized
patients in Canada. In conclusion, the author expressed three thoughts: 1) pseudoneurotic
schizophrenia is difficult to diagnose; 2) tranylcypromine and trifluoperzine are better
tolerated with this type of mental disorder; 3) using phenalzine is less effective for cor-
recting depressive disorders in the disease type in question. Nevertheless, the current in-
structions for phenalzine indicate that the drug can be used to treat atypical depression in
adults, when other drugs are not effective and are not recommended for the treatment of
pronounced depression and bipolar disorders (manic depression). The following combi-
nations are recognized as dangerous: combinations of phenelzine with other ADs, MAOQOIs,
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carbamazepine, opiates, drugs containing L-DOPA and those influencing a dopamine me-
tabolism. Its use is possible not earlier than five weeks after withdrawal of other ADs.
Combinations of phenelzine with AP are undesirable due to the high risk of ADRs.

At the same time, Meyer et al. [34] published a clinical case and literature review of
the use of phenelzine with AP (aripiprazole, quetiapine) in patients with therapeutic re-
sistant unipolar depression. We analyzed 12 published cases of the above-mentioned com-
binations, focusing on pharmacological bases, with the development of serotonin syn-
drome and mechanisms that may not be associated with the risk of its development.
Sokolski et al. [35] described the cases of using quetiapine for insomnia associated with
refractory depression of the 42-year-old man. This case shows that low doses of quetiapine
can represent an alternative form of therapy for phenelzine-induced insomnia. Nonethe-
less, the authors consider the described clinical case should be completed with the data
from future study of a larger sample of patients to assess the effectiveness and safety of
the drugs.

Moclobemide is the first reversible selective MAOI type A to become commercially
available. It binds reversibly to the enzyme, considerably shortening the duration of its
effect, reducing the risk of hypertensive crisis [36]. Silver et al. [37] were examined the
effectiveness of adding moclobemide to antipsychotic treatment in schizophrenic patients
with prominent negative symptoms. A significant improvement was seen on the Positive
and Negative Syndrome Scale (PANSS) negative factor and for the Scale for the Assess-
ment of Negative Symptoms (SANS) scores, PANSS total score, PANSS general factor
score and Hamilton Depression Scale scores. Positive symptoms were not altered. Moclo-
bemide augmentation may ameliorate negative, depressive and general symptoms in
schizophrenia.

Moclobemide-induse ADRs have been well reported in several studies, mainly com-
parisons of moclobemide with standard ADs. The consensus has been that moclobemide
produces fewer anticholinergic reactions and less orthostatic hypotension and dizziness
than clomipramine or imipramine. The main problems reported early on were insomnia,
agitation, and paresthesia. The most common ADRs in controlled trials have been insom-
nia and nausea [38]. Rare ADRs are acute confusion and agitation, hypomania, aggressive
behavior and mild manic symptoms, which were described in severely depressed pa-
tients, refractory to other treatments, who took moclobemide [39].

Selective serotonin reuptake inhibitors

Selective serotonin reuptake inhibitors (SSRIs) are a number of ADs which prevent
reuptake of neurotransmitters in the body. Known together as reuptake inhibitors, they
prevent the reuptake of one or some neurotransmitters so that the majority of them are
present and active in the brain. SSRIs work at the expense of specific inhibition of seroto-
nin reuptake [40]. Some SSRIs as citalopram, escitalopram, sertraline, fluoxetine, and par-
oxetine are effective for treatment of depressive disorders in most cases of schizophrenia.
The effectiveness of SSRIs is not immediate. Consequently, medication can take up to sev-
eral weeks to be fully effective.

Buoli et al. [41] had studied the frequency of SSRIs prescriptions for patients with
schizophrenia. Particular attention was paid to the SSRIs effect in the cases of negative,
depressive, and obsessive-compulsive symptoms of schizophrenia. Unfortunately, in
most studies, there was no data on statistically significant effects of SSRIs on the course of
depression of patients with schizophrenia. However, the drugs of this group were re-
ported to have an effect on the negative symptoms of schizophrenia. Specifically, paroxe-
tine was described as the most effective drug of this group in the context of the considered
problem of depressive disorders and schizophrenia comorbidity [42]. The study of SSRIs
with obsessive-compulsive symptoms limited to the use of fluoxetine. The authors [43]
came to the conclusion that to evaluate the simultaneous prescription of APs and ADs in
schizophrenia, clinical and pharmacological monitoring is required, including the study
of the level of drugs in the blood plasma - Therapeutic Drug Monitoring (TDM). Such
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approach is particularly relevant from the point of view of pharmacogenetics [44], as the
risks of developing serious ADRs are much higher in patients with an unfavorable phar-
macogenetic profile. It determines the necessity of introduction of deoxyribonucleic acid
(DNA) profiling into clinical practice for patients suffering from schizophrenia and
comorbid disorders [44-48].

However, when prescribing SSRIs, it is important to keep in mind the risk of devel-
oping hallucinations, including [49]: 1) visual hallucinations associated with sertraline
[50]; 2) complex visual hallucinations associated with venlafaxine [51, 52]; 3) visual hallu-
cinations and psychotic symptoms during the treatment of SSRIs involving the sigma re-
ceptors of the brain [53, 54]; 4) visual hallucinations during the treatment of SSRIs and
other ADs [55]; 5) visual and auditory hallucinations induced by paroxetine [56, 57]; 6)
visual and auditory hallucinations, delusions induced by citalopram and escitalopram,
described in young patients [58-60], as well as in patients of other age groups [61].

The mechanisms of this effect of SSRIs have not been sufficiently studied yet, but
several hypotheses have been proposed. One of the hypotheses [44] is that people who
have genetically determined increase in serotonin receptor sensitivity, have a higher risk
of SSRI-induced hallucinations due to increased serotonin levels in the synaptic cleft in
the serotonin receptor localization zone [62]. According to another hypothesis [63], this
effect can be explained by the function of a protein known as the sigma receptor. Sigma
receptors are; expressed in many regions of the brain and are involved in the regulation
of cognitive functions, thinking, and perception [63-67]. The interaction of SSRIs with
sigma receptors can cause SSRIs-induced psychosis in patients with schizophrenia [68].
The third hypothesis [63] is based on the functioning of the dopaminergic system of brain.

Most of the known neurochemical pathways of psychosis are caused by hyperstim-
ulation of CNS. In 2002, Fortunati et al. [63] discovered an increased level of dopamine
metabolites in patients with mania and psychosis, who were the ADRs of the use of SSRIs.

Helfer et al. [69] conducted a randomized controlled trial of ADs in schizophrenia
and schizophrenic-like psychosis. The authors took into consideration the following pa-
rameters: age, duration of the disease, gender of patients, duration of use, and doses of all
studied ADs, which were taken in combination with various APs for more than one week.
The authors examined two primary symptoms (depressive disorders and cognitive disor-
ders) and also secondary symptoms (positive symptoms of schizophrenia; ADRs; quality
of life, etc.). In total, the authors studied 128 cases, including 82 randomized controlled
trials. The median age of the patients was 28 years; 60% of the samples were male patients.
The authors noted a high variability of the prescribed combinations of AD and AP. On
average, patients took 31 mg of fluoxetine per day (or an equivalent dose of another SSRI)
and 604 mg of chlorpromazine per day (or an equivalent dose of another AP). Of all the
analyzed studies on the use of ADs, as well as adjunct therapy of APs, in comparison with
the control group (the use of placebo or non-assignment of ADs), the following results
were shown: a positive effect in the form of a decrease in the severity of depressive disor-
ders in patients with schizophrenia with the use of SSRIs (in 42 studies involving 1849
patients); reduction of depressive disorders greater in patients receiving SSRIs against the
control group, both in patients with schizophrenia, in those who have depressive disor-
ders, and in patients with post psychotic depression [69].

The research by Buoli et al. [70] using the main database sources has been conducted
to obtain an overview of the use and efficacy of SSRIs in schizophrenia. Data are too scanty
to draw definitive recommendations. In a preliminary way, it can be said that available
data do not show effectiveness of SSRIs on depressive symptoms of schizophrenia. Re-
garding negative symptoms, studies are contrasting, but paroxetine appears to be the
most effective compound among SSRIs. Despite limited data, SSRIs appear to be useful
for the treatment of obsessive-compulsive symptoms of schizophrenia, particularly flu-
voxamine. Close clinical and pharmacological monitoring is needed in case of co-admin-
istration of APs and SSRIs for potential serious side effects and influence on plasma drug
dosages.
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Selective norepinephrine reuptake inhibitors

Selective norepinephrine reuptake inhibitors (SNRIs) are a new type of ADs that
works similarly to the previous group. SNRIs block only the monoamine transporter NET,
excluding the other two monoamine transporters (DAT and SERT) for dopamine and ser-
otonin [71]. SNRIs include reboxetine, maprotilin, atomoxetine, and viloxazine [72-74].
Unlike SSRIs, most ADs of this group have an ascending, rather than a flat, dose-depend-
ent curve. SNRIs, similarly to SSRIs, can cause serotonin syndrome, which occurs when
dangerously high levels of serotonin accumulate in the body and cause ADRs [75-77].

Raedler et al. [78] investigated the efficacy and safety of reboxetine in patients with
schizophrenia, who have depressive or negative symptoms. Patients received both typical
and atypical APs in the monotherapy mode, to which reboxetine added or not added (at
a dose of 4-8 mg per day). The standard psychopathological study included assessment
on the scales of Positive and Negative Syndrome Scale (PANSS), The Clinical Global Im-
pression and Severity (CGI-S), The Clinical Global Impression and Improvement (CGI-I),
Hamilton Depression Rating Scale (HAMD), and The Calgary Depression Scale for Schiz-
ophrenia (CDSS) before and after reboxetine treatment for a period of 26+-17 days. All
patients with schizophrenia successfully tolerated combination therapy with reboxetine.
Reboxetine-induced ADRs were not significant or were not recorded. All clinical scales
(PANSS 93.1 vs. 63.1 points; CGI 5.4 vs. 4.1 points; HAMD 20.4 vs. 8.1 points; CDSS 12.5
vs. 4.6 points) showed statistically significant efficacy of riboxetine therapy (p <0.01). The
authors came to the conclusion that adjuvant therapy with reboxetine for depressive or
negative symptoms of schizophrenia is effective and safe.

Usall et al. [79] compared the efficacy and safety of reboxetine (SNRI) and cital-
opram (SSRI) as adjunct therapy to AP (risperidone and olanzapine) for the treatment of
negative schizophrenia symptoms. To assess how often symptoms occur the authors used
the PANSS and the Scale for Assessment of Negative Psychopathological Symptoms
(SANS). A 6-month multicenter, randomized, double-blind, placebo-controlled trial
showed that there were no statistically significant differences between the placebo group
and the two study groups (riboxetin + AP; citalopram + AP) for positive or general psy-
chopathology. The authors stated that the additional prescription of citalopram or rebox-
etine to risperidone or olanzapine for the treatment of negative symptoms of schizophre-
nia is not clinically justified, but this contradicts the results of previous studies.

Atomoxetine produces a widespread increase in brain norepinephrine and a
secondary and selective increase in prefrontal dopamine. Given this, we evaluated
atomoxetine's cognitive effects in a pilot placebo-controlled trial in patients with
schizophrenia. Friedman et al. [80] are studied the safety and effectiveness of the use of
atomoxetine together with second-generation APs in patients with schizophrenia, as well
as the effect of this combination on the cognitive functions of patients. As a result of a
placebo-controlled trial lasting for 8 weeks, patients received atomoxetine at a dose of 80
mg per day, compared to the placebo group. The state of cognitive functions was assessed
on the scale of Brief Assessment of Cognition in Schizophrenia (BACS). The authors didn’t
find any statistically significant negative impact of atomoxetine on cognitive function in
patients with schizophrenia. Nevertheless, atomoxetine treatment significantly increased
the activity of working memory, due to the activation of the left dorsolateral prefrontal
and left posterior cingulate cortex.

Shahzad et al. [81] are republished a Cochrane review of the safety of atomoxetine
in patients with schizophrenia, in terms of its impact on cognitive functions, behavior,
quality of patients’ life as well as on social and general functioning. The authors stated a
significant heterogeneity of earlier studies of atomoxetine in patients with schizophrenia.
Also, they emphasized the need for conducting a large methodologically homogeneous
study that could prove the positive effect of atomoxetine in the treatment of schizophre-
nia, in general, and cognitive functions impairment, in particular.
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However, systemic review and meta-analys by Solmi et al. [82] summarized the
efficacy and safety of atomoxetine in schizophrenia. In results, no efficacy for atomoxetine
on negative symptoms is proven. Also, many patients with schizophrenia on APs have
already been under severe cardiovascular risk, and atomoxetine can cause even worse
these symptoms (e.g., QT prolongation) [83].

Tricyclic antidepressants

Tricyclic antidepressants (TCAs) are a group of drugs used to treat depression, bipo-
lar disorder, dysthymia (persistent depressive disorder), and MDD and other conditions
such as chronic pain and insomnia [84 - 86]. TCAs include clomipramine, amoxapine, am-
itriptyline, desipramine, nortriptyline, and doxepin. The addition of TCAs to SSRIs has
been used, with both positive and negative success. In the context of the current availabil-
ity of newer drugs, this combination is used less and less often. Moreover, the addition of
SSRIs to TCA can also lead to an increased level of TCAs in blood and slow their excretion
from the body due to interaction at the level of CYP2D6 [87]. TCAs should not be used
with certain MAOQIs (tranylcypromine) due to the high risk of serious ADRs (malignant
fever, convulsions, and death) [84]. Different TCAs have slightly different mechanisms of
action, which leads to their similar ADRs. Common ADRs of TCA include anxiety, blurred
vision, constipation, dizziness, drowsiness, increased appetite, muscle twitching, nausea,
sweating, and weight gain [88].

Shoja-Shefti [89] studied the effectiveness of bromocriptine, fluoxetine and nortrip-
tyline in dynamics and assessed the degree of reduction of negative symptoms of schizo-
phrenia. One hundred schizophrenic patients in Razi psychiatric hospital were selected
randomly and divided into four groups to take part in an open and controlled study. They
received 2.5 mg of bromocriptine, 20 mg of fluoxetine, 25 mg of nortriptyline, and placebo,
respectively. Three weeks later, the dosage of the above-mentioned drugs was doubled.
After another 3 weeks, it decreased, and the study was stopped. The presence and severity
of negative symptoms of schizophrenia were evaluated at the beginning and before the
start of taking these ADs on the SANS. As a result of the study, the authors reported that
negative symptoms in the above-mentioned drug groups were reduced by placebo, bro-
mocriptine, fluoxetine, and nortriptyline in 37.5%, 44%, 62.5%, and 80% of patients, re-
spectively. This decline was in most cases limited to only 20% percent of the baseline. Only
in three cases in the nortriptyline group and in one case in the bromocriptine group this
decrease reached 40% percent. There was no statistically significant difference between
mild, moderate, and severe symptoms in response to treatment. In conclusion, the authors
stated that bromocriptine, fluoxetine, and nortriptyline reduced negative symptoms in
patients with schizophrenia. Among them, compared with placebo, nortriptyline was the
most effective (p < 0.005), and bromocriptine (p < 0.75) was the weakest, while fluoxetine
(p < 0.1) turned to be quite effective. There were no significant differences between
nortriptyline and fluoxetine (p < 0.25), on the one hand, and between fluoxetine and bro-
mocriptine (p <0.25), on the other hand. Nonetheless, nortriptyline was significantly more
effective than bromocriptine (p < 0.01).

Apiquian et al. [90] conducted a prospective open-label study of amoxapine, starting
with a fixed initial dose of 150 mg per day with standardized titration up to 250 mg per
day. Positive, negative, and affective symptoms as well as ADRs were tracked using
standardized weekly assessments. As a result, the authors concluded that amoxapine (at
an average dosage of 210 mg per day) was well tolerant and showed a significant im-
provement in both positive and negative symptoms in schizophrenia (p < 0.001), a ten-
dency to improve mood symptoms, and no extrapyramidal side effects resulting from
treatment. This clinical evidence confirms that amoxapine may be a typical AP. Given the
lack of weight gain and the fact that it is significantly cheaper than other TCAs options,
amoxapine may be a valuable alternative for some schizophrenic patients with depressive
disorders.
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However, TCAs are questionable in terms of adverse effects, drug-drug interactions
and are generally not recommended in MDD, especially for elderly patients.

Serotonin-norepinephrine reuptake inhibitors

This group of serotonin-norepinephrine reuptake inhibitors (sNRIs) has a "dual ef-
fect" on monoaminergic systems. Blocking presynaptic alpha2-adrenergic receptors and
removing their inhibitory effect on neurotransmission, they increase the functional activ-
ity of the noradrenergic and serotonergic systems. Hostility to the known subtypes of ser-
otonin receptors causes the absence of a number of ADRs in SSRIs. This group includes
venlafaxine and duloxetine.

Mazeh et al. [91] did a study of venlafaxine combinations prescribed for the correc-
tion of a depressive episode in patients with schizophrenia receiving basic AP therapy in
two comparison groups (with or without the addition of venlafaxine to AP at an average
dose of 146 mg per day, with daily dose variation from 75 to 225 mg). Patients were ob-
served for 6 weeks, in 74% of cases, statistically significant positive dynamics of the HDRS
and CGIS scores were found. In most patients with combined therapy, there was a parallel
decrease in the severity of psychotic symptoms. The authors concluded that venlafaxine
may play a significant role in the treatment of depressive disorders in patients with schiz-
ophrenia without clinical symptoms of psychosis exacerbation.

Steen et al. [92] studied the concentration of venlafaxine and O-desmethylvenlafax-
ine in patients with bipolar disorders and schizophrenia. Also, they studied the relation-
ship of the serum concentration of the studied ADs with the results of neuropsychological
testing of verbal memory and learning ability, attention, working memory, executive
functions, and data processing speed. The authors found a statistically significant positive
association between the serum level of venlafaxine + o-desmethylvenlafaxine and verbal
memory when using the logical memory test (LMT) (p = 0.015). Still, no statistically sig-
nificant associations were found between serum levels of citalopram, escitalopram, and
verbal memory. Furthermore, for all the studied ADs, there was no statistically significant
association found between the patients’ verbal learning, attention, working memory, ex-
ecutive functions, or data processing speed. However, venlafaxine had a better effect on
verbal memory in patients with bipolar disorders and schizophrenia.

Cardinal et al. [93] studied an association between AP and AD therapy in hospital-
ized patients with schizophrenia using a Mental Health Case Register that lasted for 8
years (2005-2012) in the UK. Patients were included in the register with the diagnosis code
F20, schizophrenia, according to the 10th revision of the International Statistical Classifi-
cation of Diseases and Related Health Problems (ICD-10, 1995). The patients' condition
was assessed before and after the therapy. The drugs were used for a 6-month period.
According to the regression analysis, combinations sNRIs with aripiprazole, clozapine,
and amisulpiride were associated with a fewer number of consecutive hospitalization
days. In patients treated with clozapine, the additional prescription of mirtazapine was
negatively associated with an increase in the number of hospitalization days. However,
this effect was not shown when using sulpiride or venlafaxine. Besides, amisulpiride may
be successful drug for negative symptoms of schizophrenia. In patients who did not re-
ceive clozapine, the effect of mirtazapine and venlafaxine did not significantly differ from
the control group. Thus, the effect of mirtazapine was statistically independent of the ef-
fect of clozapine, although it was quantitatively more marked in patients taking clozapine.

The use of duloxetine in combination with AP in the treatment of patients with
schizophrenia is possible. Nikbakhat et al. [94] conducted a double-blind placebo-con-
trolled study to evaluate the efficacy and safety of duloxetine (at a dose of 60 mg per day)
compared with placebo in patients with schizophrenia while taking risperidone (6 mg per
day). The authors showed in statistical terms significant improvement in the negative
symptoms of schizophrenia (p < 0.001), the total number of points on the scale of assess-
ment of positive and negative syndromes (PANSS) (p < 0.001) and overall scores on the
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psychopathology subscale (p = 0.001) in patients receiving duloxetine and risperidone
therapy against the control group (placebo + risperidone).

Mico et al. [95] conducted 16-weeks randomized double-blind placebo-controlled
study of the efficacy and safety of duloxetine, as an additional pharmacotherapy on clini-
cal symptoms and cognitive functions in patients with resistant schizophrenia receiving
clozapine in monotherapy mode. The dose of duloxetine was 60 mg per day. A final sam-
ple of 33 patients completed the study. The authors showed a statistically significant de-
crease in the severity of negative and general psychopathological symptoms in patients
with pharmacoresistant schizophrenia in the polytherapy group (duloxetine and clozap-
ine) compared with the control group (placebo + clozapine). Meanwhile, there was no
statistically significant effect of combination therapy on cognitive functions. This allowed
the authors to conclude that the combination of duloxetine with clozapine is safe and tol-
erant in patients with schizophrenia.

Norepinephrine and dopamine reuptake inhibitors

Norepinephrine and dopamine reuptake inhibitors (NDRIs) are a modern group of
ADs with minimal risk of ADRs and good tolerability. They block the action of the nore-
pinephrine transporter and the dopamine transporter. NDRIs are used in clinical depres-
sion, narcolepsy, and can be used in case of schizophrenia. The only known representative
of this class of ADs today is bupropion. The characteristics of bupropion include a low
probability of inversion of the phase sign into mania or hypomania as well as a low prob-
ability of provocation of the "rapid cycle" (less than in SSRIs, and much less than in TCAs,
MAUOQISs, and other powerful ADs). In this regard, bupropion is especially recommended
for patients with bipolar depression, prone to phase inversion or the development of a"
rapid cycle" in the treatment of various ADs [96]. According to mechanisms that are not
fully studied, drugs of this class favorably affect the catecholaminergic, dopaminergic,
and noradrenergic functions and do not affect the serotonergic system [97].

Bupropion is characterized by a general stimulating and psycho energizing effect
(so clear that a number of specialists previously classified it not as an AD, but as a psy-
chostimulant, despite the lack of narcotic properties). Bupropion has advantages in the
treatment of sluggish-apathetic depressions and depressions in which anhedonia and re-
duced motivation predominate; it is also possible to use it as a corrector in the develop-
ment of SSRI-induced apathy syndrome [97]. Normally, the drug is well tolerated, but
agitation, nervousness, insomnia, anxiety, and gastrointestinal disorders may occur
(mainly at the beginning of treatment). The drug is not recommended for use in patients
with anorexia nervosa and bulimia due to its ability to reduce appetite. However, it may
be useful in depressed patients with hyperphagia or in those who have gained excess
weight during the treatment of TCAs. At the same time, some patients taking bupropion
faced changes in behavior, the development of depression or aggravation of existing de-
pressive symptoms, the appearance of suicidal thoughts and behavior.

Patel et al. [98] published a review and meta-analysis of the effectiveness of bu-
propion. Among the scales that were used in 21 studies analyzed by the authors there
were HADS [99], Montgomery-Asberg Depression Assessment Scale (MADRS) [100], The
inventory for depressive symptomatology (IDS) [101], and Structured Interview Guide for
the Hamilton Depression Rating Scale — Seasonal Affective Disorders Version (SIGH-
SAD). [102]. Bupropion was effective in reducing depression scores in 24 of the 27 studies
and, when evaluated, it showed comparable levels of efficacy to other ADs classes in favor
of bupropion [103-107]. Hence, one study [108] didn’t show statistically significant differ-
ences between the groups (AD, SSRI, SNRI, and TCA). The study by Hewett et al. [109]
report a statistically significant difference in the average overall scores on the MADRS for
bupropion and venlafaxine compared to placebo (p = 0.006 and p = 0.001, respectively).
However, a larger follow-up trial of the same group [109] stated that there was no statis-
tical significance of the average change in the least squares method compared to the initial
MADRS at the end point of the study (8 weeks) for bupropion (180 mg / day) compared
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to a placebo. In the conclusion of the meta-analysis, the authors stated that the conducted
studies, in general, showed a higher effectiveness of bupropion compared to other ADs.
However, a significant number of studies did not have placebo, and only few trials were
conducted for most ADs (sertraline — 5; fluoxetine — 2; paroxetine — 2; venlafaxine - 3;
escitalopram —1; duloxetine — 1; trazodone — 1; and nortriptyline — 1).

Englisch et al. [110] carried out a meta-analysis to evaluate the effectiveness of bu-
propion in depression, negative symptoms, and cognitive impairment in schizophrenia.
In total, the final analysis included 13 randomized controlled trials (28 publications), 5
multiple case reports, 22 individual case reports, and 6 review articles. Data on the patient
population, age, diagnosis, dose and composition of bupropion, AP and concomitant
medications, ADR and treatment outcomes related to psychosis, affective and negative
symptoms and cognitive function were collected from the found reports. A total of 30
cases of bupropion-induced psychosis were published, 17 (57%) of which were associated
with immediate-release drugs, and 28 (93%) of which occurred without concomitant APs
treatment. For comparison, 229 patients with schizophrenia who received stable AP regi-
mens were successfully treated with bupropion, which in dynamics contributed to a no-
ticeable clinical improvement in their condition without the development of psychosis.
Pharmacokinetic reactions of bupropion with AP were rare, while electroencephalo-
graphic abnormalities occurred frequently. In schizophrenic patients treated with bu-
propion in addition to AP, the risk of psychosis caused by bupropion was low. According
to this meta-analysis, the effectiveness of the NDRIs group in schizophrenia is biologically
probable.

Atypical antidepressants

Atypical antidepressants (AADs) increase monoaminergic neurotransmission in the
brain not by disrupting reuptake or inhibiting the destruction of biogenic amines, but by
regulating the release of neurotransmitters through binding them to certain types of re-
ceptors in the CNS. However, vortioxetine also works as SSRI [111]. AADs are often used
in patients with major depression, who have an inappropriate response or intolerant
ADRs during the use of SSRIs as first-line drugs [112].

However, AADs are often a first-line drug, if this drug has the desired character-
istics (for example, when using bupropion, ADRs in the form of sexual dysfunction and
weight gain occurs less often than when taking SSRIs). AADs include agomelatine, mi-
anserin, mirtazapine and trazodone. AAD-induced ADRs may differ depending on the
medication type. However, dizziness, dry mouth, insomnia, nausea, vomiting, constipa-
tion, blurred vision, weight gain, and sexual dysfunction are the most common [113].

Mirtazapine does not exacerbate anxiety and agitation, has a lesser effect on sexual
function and sleep (blockade of 5SHT2A receptors), does not cause nausea, vomiting and
other gastrointestinal disorders (blockade of 5SHT3 receptors). The blockade of H1-hista-
mine receptors determines the sedative effect of both drugs and increases the risk of
weight gain while taking them. The sedative effect of these drugs in some cases can be
considered as a desirable side effect, justifying their use in conditions accompanied by
intense anxiety and / or agitation. At the same time, the original mechanism of action may
determine the difficulty in selecting effective dosages [114].

Perry et al. [115] analyzed nine randomized controlled trials. Patients received either
mirtazapine in combination with AP, or placebo in combination with AP. The results
showed that adding mirtazapine to standard treatment for schizophrenia may slightly
improve overall mental health, but does not have a clinically significant effect on negative
symptoms. Adding mirtazapine to AP may slightly reduce the symptoms of AP-induced
akathisia. In addition, some results showed that mirtazapine was associated with a higher
risk of weight gain and sedation. Nevertheless, these results are based on evidence that is
mostly of very poor quality.

Lee et al. [116] studied the tolerability of mirtazapine in patients with schizophrenia
as an additional drug for the correction of negative symptoms in a randomized placebo-
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controlled trial lasting 8 weeks. Patients were treated with mirtazapine at a dose of 15 mg
per day for the first two weeks and 30 mg per day for the next six weeks. The control
group received only standard AP therapy and placebo. The assessment of negative symp-
toms and cognitive disorders was estimated using the Barnes Akathisia Rating Scale (BAS)
and Simpson-Angus Scale for Extrapyramidal Symptoms (SAS). In addition, the authors
evaluated such ADRs as akathisia, extrapyramidal syndrome, and weight gain as well as
body mass index (BMI). Also, they compared mirtazapine-induced ADRs in patients re-
ceiving risperidone with the outcomes of risperidone monotherapy. No statistically sig-
nificant events were found in the mirtazapine + risperidone group and in the placebo +
risperidone group on the BAS and SAS scales. The weight increased by 5.83 kg during the
8 weeks of the study in the mirtazapine group. This effect was statistically significant com-
pared to the placebo group. The incidence of AP-induced akathisia and extrapyramidal
syndrome did not differ significantly in the comparison groups. Some other studies [116,
117] showed that the intake of mirtazapine in combination with other atypical APs
(olanzapine, risperidone, or aripiprazole) in patients with depressive disorders induced
the development of akathisia.

However, in a study by Lee J. [116], patients with comorbid depressive disorders
were excluded, which may explain the discrepancy in the results. In addition, the data
obtained by the authors differ from the results of Abbasi et al. [117], who found a statisti-
cally significant increase neither in weight nor in BMI of patients undergoing mirtazapine
therapy. This might be due to the different duration of the case history of schizophrenia,
the average dose of risperidone, the severity of psychopathological symptoms, and the
sample size. As a rule, body weight gain induced by combination therapy with mirtazap-
ine and AP is more often recorded in women suffering from schizophrenia, compared
with men [117]. In general, the combination of mirtazapine with risperidone is tolerated
satisfactorily with a positive effect on the severity of the negative symptoms of schizo-
phrenia and the severity of depressive disorders. However, most authors draw attention
to the need for dynamic control over the development of mirtazapine-induced weight.

Mathew [118] described clinical case and literature review of the mirtazapine use in
patients with chronic schizophrenia receiving AP. A total of 4 randomized controlled tri-
als and one open observational study were analyzed. Two studies demonstrated a statis-
tically significant decrease in the overall score on the PANSS and SANS scales in patients
receiving mirtazapine in combination with risperidone and clozapine. At the same time,
the combination of mirtazapine with risperidone had a lower negative effect on cognitive
functions. The author showed that the effectiveness of the combination of mirtazapine
with olanzapine was the best therapeutic strategy. Yet, this review had limitations in the
form of a small number of the analyzed studies. At the same time, the selection of the
number of patients undergoing primary schizophrenia therapy, the mechanisms and
long-term effects of combination therapy were not monitored.

Mutschler et al. [119] conducted a study of the effectiveness, safety and tolerability
of ADs. The authors reported a series of consecutive clinical cases in seven patients with
schizophrenia and concomitant severe depressive symptoms. All patients received
agomelatine for a period of at least 6 weeks in addition to consistently standard doses of
AP. General psychopathology, positive, negative, and depressive symptoms were as-
sessed using standard interviews. According to the results of the study, the authors re-
ported a significant reduction in depressive disorders. It was shown that the positive
symptoms of schizophrenia remained unchanged, while the negative symptoms and gen-
eral psychopathology significantly improved. Most patients with schizophrenia tolerated
agomelatine well. The results of this study provide initial evidence that agomelatine is
safe and effective in treating depressive symptoms in patients with schizophrenia. In ad-
dition, agomelatine is effective in treating the negative symptoms of schizophrenia [120-
122].

In the context of schizophrenia and depressive symptoms the mode of action of
agomelatine is of special interest. Patients suffering from schizophrenia and comorbid
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major depression are difficult to treat, not least, because additionally these patients often
suffer from negative symptoms. The antagonism of the 5HT2C receptors and consecutive
increase of dopamine and norepinephrine concentrations in the prefrontal cortex could be
helpful concerning negative symptoms and anhedonia, often associated with major de-
pression in schizophrenia [23]. The study by Mutschuler et al. [123] demonstrated effec-
tiveness, good tolerability and safety of agomelatine in the treatment of depressive symp-
toms in patients suffering from schizophrenia. Moreover, negative symptoms improved
in most patients. While one patient discontinued the treatment with agomelatine because
of side effects, all other patients tolerated the medication well.

Stuhec et al. [124] identified a case with positive evidence of combination moclobe-
mide and agomelatine relieving the symptoms of treatment-resistant MDD, which is oth-
erwise difficult to manage. This case report may serve to help clinicians and clinical phar-
macists as a new treatment option for treatment-resistant MDD, although further research
is needed to confirm this practice.

Shiloh et al. [125] studied a combination of APs and mianserin. The study involved
18 hospitalized patients with schizophrenia who had an intense psychotic exacerbation of
the disease. In a double-blind randomized trial, patients received 30 mg / day of mianserin
or placebo in combination with AP (haloperidol or perphenazine). Their mental status
was assessed before, during, and at the end of 6 weeks of combined treatment using scales
such as the Brief Psychiatric Assessment Scale (BPRS), The Scale for the Assessment of
Positive Symptoms (SAPS), and HAMD. The group of patients receiving AP + mianserin
showed a significantly greater improvement in overall BPRS indicators (17.6% vs. 5.5%; p
=0.03) and a tendency to a greater improvement in SAPS indicators (35.3% vs. 13.0%; p =
0.07). The authors concluded that in patients with therapeutic resistant schizophrenia to-
gether with an intense psychotic exacerbation, additional prescription of mianserin to the
received AP may be effective. The favorable effect of APs in patients with pharma-
coresistant schizophrenia is explained by a relatively high ratio of serotonergic and dopa-
minergic receptor blockade.

However, mianserin has not been available in many countries due to its safety prob-
lems. The main ADRs of mianserin are drowsiness and dizziness. Significant cognitive
impairment is more likely with mianserin than with SSRIs, and weight gain is a common
problem. The most serious ADRs of mianserin is a lowering of the white cell count, and
fatal agranulocytosis has been reported [126].

4. Discussion

Our review showed that ADs are effective and can be prescribed for the correction
of depressive disorders and negative symptoms in patients with schizophrenia when used
in combination with APs. However, when co-prescribing ADs and APs, it is important to
keep in mind the safety profile of specific combinations of drugs and their tolerability.
Negative symptoms of schizophrenia, including those induced by a number of APs, are
less correctable by AD monotherapy. The latter requires a long period of APs prescription
(on average, 8 weeks), which may be limited in the real life of the patient outside the hos-
pital [127]. Adding ADs to APs does not significantly increase the risk of developing psy-
chosis. However, it can increase the individual risk of serious ADRs, although without
increasing the risk of abdominal pain, dizziness, and dry mouth.

According to Helfer et al. [69], in comparison with the control group, trazodone,
duloxetine, sertraline, amitriptyline, and IMAQOs were the most effective drugs for the
correction of depressive disorders in patients with schizophrenia. SSRIs can be used in
patients with schizophrenia and depressive disorders. However, it is better to consider
their use in cases where the use of ADs of other pharmacological groups is impossible.
Also, it is worth mentioning that the negative symptoms of schizophrenia proved to be
better corrected when using selegiline, duloxetine, fluvoxamine, mirtazapine, and SSRIs
[128]. Clinical trials show that the additional use of AD together with AP for the correction
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of depressive disorders in schizophrenia may affect the cognitive functions of patients
[129, 130].
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Figure 1. Antipsychotics and antidepressants for treatment of depressive and negative symp-
toms in schizophrenic patients.

The mechanism of this phenomenon is being studied in human and animal models
of schizophrenia and is explained by the additive effect on CNS, especially in combination
therapy with SSRIs and APs, which differ in effect compared to the use of exclusive treat-
ment with AD or AP. Such changes are unique and are found in a component of the GA-
BAergic system of the brain. Besides, these mechanisms can be explained by the different
etiology and profile of genes expressed in peripheral mononuclear cells, which reflect the
molecular processes in the central nervous system in patients with schizophrenia. Another
way to study the mechanisms of the additive effect in the combined prescription of SSRIs
and APs in schizophrenia is to change the profile of the genes expression in the sero-
tonergic system of the CNS, the expression of matrix ribonucleic acid (RNA), including
chemokine receptors, alpha receptors of chemokine 8, and others [131].

Harrison [132] published a review including 82 randomized controlled trials involv-
ing 3,486 patients with schizophrenia. The mean age of the patients was 40 years, and the
mean duration of participation in the study was 8 weeks. The average mean duration of
the disease since establishing the diagnosis of schizophrenia was 11.2 years. The study
showed that ADs are safe when added to APs in general. At the same time, differences
exist in the risk of exacerbation of psychosis and other ADRs between patients receiving
different combinations of ADs and APs. This can be explained by the unfavorable phar-
macological profile of patients, as evidenced by numerous studies [44]. However, in a re-
view by Harrison et al. [132] pharmacogenetic aspects of the efficacy and safety of the
combination of ADs and APs were not studied.
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Table 2. Possible antidepressant action mechanisms of antipsychotics [10, 11]

Antipsychotic Possible action mechanism

5-HT7 antagonism

Amisulpirid Presynaptic D2/3 autoreceptors antagonism

5-HT1A/2C receptor partial agonism
5-HT2A/2B receptor antagonism
5-HT6 receptor antagonism
Weak 5-HT7 receptor antagonism
D2/3 receptor partial agonism
Neuroprotective effects

Aripiprazole

5-HT2C/A2 receptor antagonism
5-HT6/7 receptor antagonism
5-HT2B receptor antagonism
Alpha?2 adrenergic receptor antagonism
5-HT1A receptor partial agonism

Asenapine

5-HT1A receptor partial agonism
D2 receptor partial agonism
5-HT2A receptor partial antagonism

Brexiprazole

D2/3 receptor partial agonism
5-HT1A receptor partial agonism
5-HT2A / 5-HT7 antagonism

Cariprazine

. 5-HT2A receptor partial antagonism
Iloperidone -
5-HT6/7 receptor antagonism

5-HT6/7 receptor antagonism
. 5-HT1A receptor partial agonism
L
urasidone Weak 5-HT2C receptor antagonism
Weak alpha2 adrenergic receptor antagonism

. 5-HT2A/2C receptor partial antagonism
Olanzapin . .
5-HT7 receptor partial antagonism

5-HT2A receptor antagonism
Alph i i
Paliperidone pha2 adrenergic receptor an.tagomsm
5-HT7 receptor antagonism

Alpha? adrenergic receptor antagonism
Norepinephrine transporter inhibition (metabolite)
5-HT7 receptor antagonism

Quetiapine

5-HT2A receptor antagonism
Risperidone Alpha2 adrenergic receptor an.tagonism
5-HT7 receptor antagonism

5-HT2A receptor antagonism

Sertindole 5-HT6/7 receptor antagonism

5-HT2A/2C receptor antagonism
5-HT1A receptor agonism
Serotonin / norepinephrine / dopamine transporter inhibition

Ziprasidone
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In addition to ADs, some APs, have an antidepressant effect also (Figure 1). Some
authors believe that concurrent treatment with antidepressants and antipsychotics (in-
cluding traditional antipsychotics, such as sulpiride, or atypical antipsychotics, such as
clozapine, olanzapine, quetiapine, aripiprazole, risperidone, cariprazine, ziprasidone,
etc.) are more effective than monotherapy with antidepressants because this approach acts
on multiple receptor systems (Table 2) [2,11,133,134]. These APs include aripiprazole,
quetiapine, clozapine, and olanzapine when used in combination with AD (fluoxetine)
[135]. An open-label randomized trial of individuals with treatment-resistant depression
on high-dosage sertraline found that the patients had better scores on the Clinical Global
Impression-Severity (CGI-S) scale after receiving adjunctive treatment with ziprasidone
160 mg/d compared with those who received adjunctive treatment with ziprasidone 80
mg/d [136], but a retrospective study found that ziprasidone was effective for treatment-
resistant depression, though there was no difference in effectiveness between ziprasidone
and other atypical APs [137].

So, most studies showed that second-generation APs, which are also called atypical,
have this effect and can be used to correct depressive disorders in patients with schizo-
phrenia [138]. However, when using atypical APs with ADs in the treatment of depressed
patients with schizophrenia, clinicians need to monitor patients for the emergence of
ADRs [133].

5. Limitations

There are several limitations in our thematic research. We studied only English-lan-
guage and Russian-language publications. It is likely that taking different medications can
have a variable effect on depressive and negative symptoms in schizophrenia.

Most patients with schizophrenia are treated with polypharmacy, including other
medications (e.g., antibiotics) and other medications that can worsen the symptoms of
schizophrenia (e.g., delusions, hallucinations), which can lead to neglected AD-induced
non-efficacy [139]. The authors should mention an increased risk of drug-drug interac-
tions, especially important in elderly patients. This aspect has been excluded from the
well-designed RCTs and meta-analysis, but it is important for daily practice. APs are es-
pecially problematic in this context, and therefore potential drug-drug interactions should
be checked with different checkers before combination prescribing [140].

Further studies are needed to study the effect of modifiable (medications for depres-
sive and negative symptoms in monotherapy and polytherapy, comorbid diseases, etc.)
and unmodifiable (gender, age, genetic predisposition) predictors on safety in schizo-
phrenic patients’ treatment. However, the pharmacogenetic aspects of AD + AP combina-
tion therapy in patients with schizophrenia and depressive disorders have not been ana-
lyzed because such data were not taken into account and were not available in the early
studies cited in this review. Also, further studies are needed to investigate the effects of
carriage of ONVs/polymorphisms of genes encoding biomarkers on serum levels of ADs
and APs in patients with schizophrenia.

Another limitation of this review is the problem with the conditional division of
ADs into groups, since the same ADs can be included in different groups, or in one group
of ADs. For example, bupropion is included in the group of NDRIs and AADs.

The comparison of the results of the studies we analyzed was limited by the combi-
nation of drugs, the duration of basic therapy for schizophrenia, and other factors (age,
gender of patients, ethnic and racial group). The analyzed studies of the effectiveness and
safety of use in patients with schizophrenia and depressive disorders had a different de-
sign, including methodological approaches for assessing the severity of negative symp-
toms and depressive disorders. At the same time, the following scales were most often
used to evaluate the effectiveness of APs in combination with ADs: MADRS, SIGH-SAD,
IDS, PANSS, CGI-S, CGI-I, HAMD, CDSS, SANS, BACS, BAS, SAS, BPRS, SAPS, and
LMT.
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Most patients with schizophrenia are treated with polypharmacy, including other
medications (e.g., antibiotics) and other medications that can worsen the symptoms of
schizophrenia (e.g., delusions, hallucinations), which can lead to neglected AD-induced
non-efficacy.

Finally, the studies of ADs for the treatment of depressive and negative symptoms
in schizophrenia analyzed by us are very different on samples.

6. Conclusions

Modern approaches to the treatment of depressive disorders in patients suffering
from schizophrenia vary in different countries, but most of the ADs used in clinical psy-
chiatric practice are widely used to treat this comorbid condition. The efficacy and safety
of ADs of the different classes considered in this review depends on their mechanisms of
action, duration of admission, type of APs taken, and specific clinical situation (acute de-
pressive disorder, major depressive episode, or chronic depressive episode). Most prom-
ising in clinical practice are SNRIs and dual ADs. The use of TCAs is limited due to the
higher risk of ADRs. The use of most SSRIs is limited due to the risk of aggravation of
hallucinations (this risk being higher for patients with visual hallucinations, and lower for
those with auditory hallucinations) and \ or iatrogenic psychosis. These ADRs may prob-
ably occur in patients suffering from schizophrenia due to their ideal "poor metabolizer"
pharmacogenetic profile, since most of the drugs considered in this review have hepatic
metabolism.
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