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Abstract 

Psychiatric pharmacotherapy is among the most widely practiced and epistemically contested domains of contemporary medicine. 

Antidepressant consumption has risen significantly across OECD countries over the past decade, yet the neurobiological hypotheses 

used to justify these prescriptions remain unvalidated. This critical review examines the principal psychiatric drug classes, including 

antidepressants, antipsychotics, mood stabilizers, benzodiazepines and related anxiolytics, and psychostimulants. For each, the 

pharmacological composition, proposed mechanism, clinical goals, and evidence of effectiveness are reviewed. The central 

argument is that virtually none of these agents treats a confirmed biological cause of the disorder for which it is prescribed. The 

serotonin hypothesis of depression lacks consistent evidentiary support, the dopamine hypothesis of schizophrenia remains 

mechanistically inconclusive, and the catecholamine hypothesis underlying stimulant use in attention-deficit/hyperactivity disorder 

has not established a causal deficit. The serendipitous discovery of foundational psychiatric drugs, the substantial placebo response 

in antidepressant trials, publication bias, weak diagnostic validity, the physical health burden of long-term antipsychotic use, and 

benzodiazepine dependence are examined as compounding weaknesses in the field’s scientific foundations. Emerging treatments, 

including ketamine and psilocybin, show early promise alongside unresolved mechanistic questions. The review concludes with a 

call for epistemic transparency: symptomatic improvement, while clinically valuable, should not be presented to patients as 

mechanistic cure, and the gap between pharmacological effect and biological understanding should be openly acknowledged. 
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1. Introduction 

Modern medicine derives its authority from the principle that treatment should follow from mechanistic 

understanding of disease [1,2]. Cardiology treats hypertension through well-characterized renin-angiotensin-

aldosterone pathways [3]. Endocrinology prescribes insulin because the pathophysiology of beta-cell failure and 

peripheral insulin resistance is understood in molecular detail [3]. Infectious diseases employ antibiotics because 

specific bacterial pathogens can be identified and their biological machinery precisely targeted [4]. In each of these 

cases, there is a coherent directional explanatory chain: a known cause produces a known pathophysiology, which is 

addressed by a mechanism-specific intervention. The result, at least ideally, is not merely the suppression of symptoms 

but the correction of an identified biological lesion. 

https://creativecommons.org/licenses/by/4.0/
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This contrast requires an important qualification. Even in cardiology, the analogy to a fully solved mechanistic 

chain is imperfect: essential hypertension, which accounts for approximately 90 to 95 percent of all hypertension 

cases, has no single identifiable cause, and antihypertensive drugs are themselves prescribed symptomatically, to 

lower blood pressure, rather than to correct a confirmed underlying lesion [5,6]. The distinction being drawn here is 

therefore one of degree rather than kind: psychiatry’s diagnostic categories are defined entirely by symptom clusters 

with no biological marker at all, whereas essential hypertension is at least defined by a directly measurable 

physiological quantity (blood pressure) [6] even where its ultimate cause is unknown. 

Psychiatry operates under a fundamentally different epistemological arrangement, and one that the specialty has 

been reluctant to acknowledge openly. Its diagnostic categories are defined entirely by symptom clusters rather than 

by validated biological markers, confirmed etiological agents, or identifiable pathological processes [7,8]. Its 

pharmacological treatments were, in most cases, discovered not through rational mechanistic design but through 

chance observations made while drugs developed for entirely different purposes were being administered [9,10]. Its 

theoretical frameworks, including the serotonin hypothesis of depression, the dopamine hypothesis of schizophrenia, 

and the catecholamine hypothesis of attention-deficit/hyperactivity disorder (ADHD), were constructed 

retrospectively as post-hoc explanations for observed drug effects rather than as a priori scientific prediction that led 

to drug discovery [9]. For antipsychotics, for example, the dopamine-receptor basis of drug action was characterized 

in the decades after chlorpromazine entered clinical use [11]. When these hypotheses have been rigorously tested, they 

have consistently failed to establish the causal relationship they purport to describe [12,13]. 

The scale of psychiatric prescribing makes this epistemological problem a matter of significant public health 

consequence. Antidepressant consumption across 30 OECD countries rose from a mean defined daily dose of 52.42 

per 1000 inhabitants in 2010 to 69.5 in 2020, reflecting a statistically significant linear increase in the majority of 

included nations [14]. A cross-sectional time-series analysis spanning 64 countries documented globally rising use of 

antidepressants, atypical antipsychotics, and benzodiazepines from 2014 to 2019, with high-income countries showing 

the highest consumption rates [15]. Consumption has continued to rise: across 91 countries, total psychotropic 

consumption increased from 34.12 to 36.15 defined daily doses per 1000 inhabitants per day between 2020 and 2022, 

with the largest relative annual increase for antidepressants [16]. These figures indicate large-scale population 

exposure to medications whose mechanistic justification remains scientifically unresolved, against a global burden of 

an estimated 970 million people living with mental disorders [17]. 

This does not mean that psychiatric medications are without clinical value. For many patients, these drugs 

provide meaningful symptomatic relief, reduce hospitalization rates, enable functional recovery, and in some cases 

contribute to life-saving interventions [18]. These are not trivial accomplishments and must not be dismissed. 

However, the clinical utility of a drug and the scientific validity of the theory used to explain that drug’s mechanism 

are entirely separate matters [19]. Limited progress has been made in developing new and better psychiatric 

medications, and a legacy endures that new drugs should align with outdated and overinclusive diagnostic categories 

[20]. Psychiatry has for decades conflated them in ways that may have misled patients [21,22], distorted the research 

agenda, slowed genuinely mechanistic treatment development [22], and created what one former director of the 

National Institute of Mental Health (NIMH), Steven Hyman, called an “epistemic prison” in which diagnostic 

categories lacking biological validity are treated as though they refer to discrete disease entities [7]. 

It is worth situating this problem within a wider limitation of contemporary neuroscience. Unlike hypertension 

or diabetes, where the physiological quantities of interest (blood pressure, blood glucose) are directly measurable, the 

core phenomena of psychiatry, mood, thought, and emotion, are subjective states without an agreed physical correlate. 

Even for emotion, researchers disagree about the neural correlates of subjective feeling [23], large-scale imaging 

studies have struggled to replicate associations between brain measures and mental health phenotypes [24], and this 

gap extends to diagnostic biomarkers [8]. Modern neuroscience has not yet produced a validated, consensus biological 

account of consciousness: a 2022 review by Seth and Bayne in Nature Reviews Neuroscience surveying the leading 

theoretical frameworks (higher-order theories, global workspace theory, integrated information theory, and predictive-

processing accounts) concluded that it remains unclear how these theories relate to one another or whether they can 

be empirically distinguished [25]. The neural basis of memory storage is similarly unsettled at the mechanistic level: 

Josselyn and Tonegawa’s 2020 review on memory engrams notes that, despite substantial recent progress in 

identifying and manipulating engram cells in rodents, the field has not yet established how these enduring synaptic 

and cellular changes give rise to a specific, retrievable memory, and major questions about how memories are updated, 

generalized, and transformed into knowledge remain open [26]. The neurobiology of subjective emotional experience 

is subject to comparable debate [27]. This is not unique to psychiatry; it reflects an unsolved problem across 

neurosciences. It does, however, mean that psychiatry inherited an especially difficult starting position, and the field’s 

premature claims of mechanistic certainty should be read against this backdrop rather than treated as a failure specific 

to psychiatric researchers. 
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Before proceeding, it is useful to separate five distinct questions that are easily conflated in discussions of 

psychiatric pharmacotherapy: (1) whether the disorder in question has a confirmed biological etiology; (2) whether 

the drug used to treat it has a well-characterized pharmacological mechanism of action; (3) whether that mechanism 

is known to correct the etiological process identified in (1); (4) whether the drug is clinically effective, regardless of 

mechanism; and (5) whether the drug is safe and acceptable to patients over the timeframes it is typically used. A drug 

can score well on (2), (4), and (5) while (1) and (3) remain unresolved, and this combination, not an absence of 

evidence for benefit, is the pattern this review documents across most psychiatric drug classes. 

2. Method 

This critical review is written from the perspective of a clinical psychologist. Consistent with the definition of a 

critical review, it aims not only to describe the literature but to critically evaluate its quality and to advance an 

analytical argument [28]. It does not aim to advocate for or against psychiatric practice; its purpose is to appraise the 

evidence for the mechanistic explanations offered for psychiatric drugs. The importance of this review lies in the scale 

of psychiatric prescribing described in the Introduction: antidepressant and antipsychotic use has risen substantially 

in many countries over the past decade [14,15], and benzodiazepines remain widely prescribed [29], meaning that the 

mechanistic assumptions examined here bear on the care of very large numbers of patients worldwide. 

The goal of this review is to synthesize and critically evaluate the literature judged most relevant and informative 

on the topic, drawing on the author’s expertise to identify key studies, landmark papers, and areas of scientific 

controversy. Literature for this review was identified primarily through targeted searches of PubMed and Google 

Scholar, using each drug class name (and its principal agents) combined with terms such as ‘mechanism of action,’ 

‘serotonin hypothesis,’ ‘dopamine hypothesis,’ ‘placebo,’ and ‘discontinuation syndrome,’ (for example: (“selective 

serotonin reuptake inhibitor” OR SSRI) AND (“mechanism of action” OR “serotonin hypothesis” OR placebo OR 

“discontinuation syndrome”)). Equivalent strings were used for antipsychotics, mood stabilizers, benzodiazepines and 

related hypnotics, buspirone, stimulants, and emerging treatments (ketamine, esketamine, and psilocybin), with 

hypothesis terms adapted to each class. Historical and landmark sources were included regardless of publication date, 

with the search concluding in August 2026. Priority was given to systematic reviews, meta-analyses, and large 

randomized controlled trials over single small studies, and to publications in indexed peer-reviewed journals. 

Reference lists of key papers were also hand-searched for additional relevant sources. This paper compiles a wide-

ranging comprehensive critical account of psychiatry’s major drug classes: what they contain, what they claim to do, 

what the evidence shows about their effectiveness, and above all, what remains scientifically unproven about the 

mechanisms invoked to justify their use. The review begins with the historical foundations of the field, then proceeds 

through each drug class, followed by cross-cutting critical analysis covering the placebo problem, publication bias, 

diagnostic invalidity, and the physical health burden of long-term psychotropic use. Where applicable, each drug-class 

section concludes with pharmacy practice considerations (counselling, monitoring, and deprescribing). 

Sources were eligible if they were peer-reviewed publications in English that addressed a drug class’s origin, 

proposed mechanism of action, the evidence for the underlying disease biology, clinical effectiveness, or safety and 

discontinuation. Regulatory documents and standard reference works (for example, FDA safety communications and 

the DSM-5-TR) were also included. Sources were excluded if they were not peer reviewed (other than the documents 

just listed), were not in English, or did not bear on the mechanism, effectiveness, or safety of the drug classes 

examined. 

The author screened titles, abstracts, and, where needed, full texts. No second reviewer or formal flow diagram 

was used, because this is not a systematic review. Within the eligible literature, selection followed an explicit evidence 

hierarchy (umbrella reviews and meta-analyses, then large randomized trials, then smaller studies). For each drug 

class, sources were chosen to represent its origin, its proposed mechanism and tests of that mechanism, the evidence 

on effectiveness, and its safety and discontinuation profile. Counterevidence and published critiques were sought 

deliberately, so that opposing positions are represented. 

A methodological note is warranted regarding the concentration of citations to a specific set of authors, 

particularly Moncrieff, Hengartner, Kirsch, and Read [12,13,30,31], in the sections addressing the serotonin and 

dopamine hypotheses and the placebo response. This concentration reflects the fact that these authors have produced 

the largest-scale, most methodologically rigorous studies directly testing the causal claims examined in this review, 

rather than an unexplained preference for one school of thought. Where methodological critiques of this body of work 

exist, most notably Jauhar et al. [32] in response to Moncrieff et al. [12], and Fountoulakis and Möller [33] in response 

to Kirsch et al. [30], they are cited and discussed directly in the relevant sections rather than omitted, and the 

manuscript’s conclusions are qualified accordingly where these critiques raise legitimate concerns. 
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In terms of scientific reasoning, this review consistently distinguishes between different levels and types of 

evidence: it prioritizes large-scale umbrella reviews, meta-analyses, and randomized controlled trials over single 

studies or case reports, and it explicitly flags where a claim rests on a single study, a hypothesis rather than an 

established finding, or an author’s own interpretation rather than a direct empirical result. Landmark or unusually 

large studies (e.g., genetic association studies involving over 100,000 participants) are identified as such to help 

readers weigh their evidentiary strength. Key comparative findings across drug classes, including proposed 

mechanism, strength of etiological evidence, and major safety concerns, are summarized in Table 1. 

Findings were synthesized narratively and organized by drug class around five questions: whether the disorder 

has a confirmed biological etiology; whether the drug has a well-characterized mechanism of action; whether that 

mechanism is known to correct the etiological process; whether the drug is clinically effective regardless of 

mechanism; and whether it is safe and acceptable over the timeframes it is typically used. No quantitative synthesis 

was attempted. 

Critical reviews such as this one carry recognized limitations relative to systematic reviews. Because literature 

selection is guided by the author’s judgment rather than a pre-registered, exhaustive search protocol, the review is 

subject to the possibility of selective citation, in which studies supporting the author’s argument may be more readily 

identified or emphasized than those that complicate it. No formal quality-appraisal instrument was applied to the 

individual studies discussed, and no quantitative synthesis (such as meta-analysis) was performed; conclusions are 

therefore based on the author’s qualitative reading of the literature rather than a pooled statistical estimate. The 

author’s disciplinary background as a clinical psychologist, rather than a psychiatrist, pharmacologist, or clinical 

pharmacist, likely shapes which aspects of the literature are foregrounded, particularly the emphasis placed on 

diagnostic validity and the ethics of patient communication, and readers should weigh the arguments presented here 

alongside reviews written from other clinical vantage points. 

These limitations should be weighed against what a critical review format offers that a systematic review cannot. 

The central argument of this paper, that mechanistic explanation in psychiatric pharmacology has often been 

constructed retrospectively to rationalize an observed clinical effect rather than derived prospectively from confirmed 

disease biology, is a conceptual and historical argument that spans multiple drug classes, decades of scientific practice, 

and several distinct bodies of evidence (pharmacology, genetics, clinical trials, and diagnostic classification). A 

systematic review, by design, narrows its scope to a single well-defined question answerable by a specific, replicable 

search strategy, and would not have been well suited to tracing this cross-cutting pattern across the entire field. Critical 

review is the appropriate tool for synthesizing a broad and heterogeneous literature into a coherent argument, situating 

individual findings within their historical and conceptual context, and raising questions that a narrower, more 

mechanically executed search might not surface. The author has attempted to offset the format’s inherent risk of 

selective emphasis by prioritizing systematic reviews, meta-analyses, and large randomized controlled trials wherever 

available, and by explicitly acknowledging counterevidence and disciplinary limitations throughout the text. 

3. Historical Context: Serendipity as the Foundation of a Specialty 

The psychopharmacological revolution of the twentieth century is routinely presented as a triumph of biomedical 

science. In terms of the number of patients treated and the scale of institutional change it produced, closing asylums 

and inaugurating community psychiatry, it was certainly transformative. In terms of scientific methodology, however, 

it was almost entirely a product of chance. Several of the foundational drugs of modern psychiatry were not designed 

to correct known neurochemical deficits; they were discovered through unexpected clinical observations while 

researchers were looking for something else [10,34], and their theoretical explanations were formulated afterward 

[9,11]. 

The role of serendipity in drug discovery has been documented across pharmacology generally [35], but its 

centrality in psychiatry is pronounced. A comprehensive review by Ban, published in Dialogues in Clinical 

Neuroscience [9], examined twelve serendipitous drug discoveries, including prototype psychotropic drugs that led to 

modern pharmacological treatment in psychiatry and other drugs that influenced its development. Ban defined 

serendipity as finding one thing while looking for something else, and he classified the twelve discoveries into groups. 

Because Ban’s sample consists of discoveries selected as serendipitous, these counts do not estimate the proportion 

of psychiatric drugs discovered in this way. This is not a minor historical footnote. It is an important epistemological 

feature of the origins of the field. 

Chlorpromazine, the molecule that inaugurated modern antipsychotic therapy and triggered what was called the 

“psychopharmacological revolution,” was synthesized by the French pharmaceutical company Rhone-Poulenc 

originally as an antihistamine [36]. It was administered to surgical patients in 1951 by the anesthesiologist Henri 
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Laborit, who was exploring its potential for potentiating anesthesia and reducing autonomic reactions during surgery 

[36]. Laborit observed that patients receiving the drug exhibited a striking state of calm indifference that he believed 

might have applications in psychiatry [36]. When psychiatrists Jean Delay and Pierre Deniker administered it to 

psychotic patients at the Sainte-Anne Hospital in Paris in 1952, they found it suppressed hallucinations and agitation 

[36]. No one had designed it to do this, no one understood why it worked, and the dopamine hypothesis of 

schizophrenia, the post-hoc theoretical explanation constructed to account for chlorpromazine’s observed effects, was 

not proposed until the 1960s [9,37]. 

Imipramine, the first tricyclic antidepressant, followed an almost identical trajectory. Originally synthesized as 

a structural analogue of chlorpromazine in the hope that it might be a superior antipsychotic, imipramine was found 

by Roland Kuhn in 1957 to be ineffective against psychosis but to produce marked improvement in depressed patients 

[9]. Once again, a psychiatric drug had been discovered through opportunistic clinical observation rather than 

mechanistic design. The monoamine hypothesis of depression was constructed afterward to explain why a drug that 

blocked neurotransmitter reuptake happened to improve depressed mood [38]. 

Lithium’s story is perhaps the most remarkable of all. John Cade, an Australian psychiatrist, was investigating 

the hypothesis that uric acid toxicity might play a role in mania in 1949 when he used the highly soluble salt lithium 

urate to test his hypothesis in guinea pigs. He noticed that the animals became unexpectedly calm following lithium 

administration and proceeded to administer lithium carbonate to manic patients, finding it dramatically effective [9]. 

His hypothesis about uric acid was entirely wrong. His empirical findings were genuinely important. The mechanistic 

explanation for why lithium stabilizes mood in bipolar disorder remains, as of the time of this writing, incompletely 

understood despite more than 75 years of clinical use [39]. 

Iproniazid, the first monoamine oxidase inhibitor and one of the first antidepressants to enter clinical use, was 

developed as a treatment for tuberculosis [9]. Clinicians administering it to tubercular patients at Sea View Hospital 

in New York in the early 1950s noticed that patients seemed inexplicably energized and cheerful, sometimes dancing 

in the corridors despite their serious physical illness [9]. This observation led to its repurposing as a psychiatric agent. 

Once again, a psychiatric drug was discovered not because scientists understood the biology of depression and 

designed a molecule to correct it, but because a drug developed for an entirely different purpose happened to produce 

mood-altering effects that were subsequently exploited [9]. 

This pattern of serendipitous discovery followed by retrospective theoretical rationalization is not merely a 

historical curiosity from an era before modern pharmacology. It established a structural problem that has never been 

corrected: psychiatric pharmacology has been doing its scientific reasoning backwards, inferring mechanism from 

observed drug effect rather than deriving drug design from confirmed disease mechanism [9]. The result is that decades 

of research and clinical practice have been organized around theoretical frameworks that were never adequately 

validated and that, when subjected to rigorous examination, have not held up [12]. 

4. The Diagnostic Foundation Problem: Treating Categories Without 

Confirmed Biology 

Before examining individual drug classes, it is essential to understand the epistemological problem at the base 

of psychiatric pharmacology, which is the diagnostic system itself. Psychiatric medications are prescribed for DSM-

defined diagnoses [40], and the validity of those diagnoses as biological entities has been seriously and repeatedly 

questioned by researchers working within psychiatry itself [7,41,42]. 

The Diagnostic and Statistical Manual of Mental Disorders (DSM) was radically reorganized with its third 

edition in 1980, in a deliberate effort to achieve interrater reliability by providing operationalized symptom-based 

criteria for each disorder [7]. This effort was largely successful: clinicians using DSM criteria do achieve reasonable 

agreement on diagnosis [43]. However, as Steven Hyman, former director of NIMH and a neuroscientist at Harvard 

Medical School, argued in a landmark 2010 paper in the Annual Review of Clinical Psychology, the focus on 

reliability came at a time when the scientific understanding of mental disorders was embryonic and could not yield 

valid disease definitions [7]. The result, in Hyman’s words, was that DSM categories became reified, meaning that 

despite their lack of biological validity, they were increasingly treated as though they referred to distinct disease 

entities that exist independently of the observer’s conceptualization [7]. Hyman argued that the modern DSM system, 

intended to create a shared clinical language, also created “epistemic blinders that impede progress toward valid 

diagnoses” [7]. 

This diagnostic validity problem directly undermines psychiatric pharmacology in the following way: if the 

categories for which drugs are prescribed do not correspond to biologically distinct entities, then the neurobiological 

theories invoked to explain drug mechanisms in those categories cannot be meaningfully tested or validated. A drug 



2026, Article ID. x, Vol. x 
https://www.doi.org/10.69709/xxx 

 

 

 

Author, et al. 

 
Clinical Pharmacy Connect 

6 

 

cannot be said to correct a serotonin deficiency in “major depressive disorder” if “major depressive disorder” is itself 

a heterogeneous category without a unified biological substrate [7,43]. 

The NIMH acknowledged this problem explicitly when it announced in 2013 that it would reorient its research 

funding away from DSM diagnostic categories toward the Research Domain Criteria (RDoC) framework, which 

attempts to map mental disorders onto dimensional biological and psychological constructs rather than symptom-

cluster categories [44]. This was an institutional acknowledgment that DSM categories, the very categories for which 

billions of psychiatric prescriptions are written annually, do not reliably map onto biology in a way that can support 

mechanistic research [44]. 

5. Antidepressants 

5.1. Selective Serotonin Reuptake Inhibitors (SSRIs) 

SSRIs constitute the most widely prescribed class of psychiatric medications globally [15]. The class includes 

fluoxetine (Prozac), sertraline (Zoloft), escitalopram (Lexapro), paroxetine (Paxil), citalopram (Celexa), and 

fluvoxamine (Luvox). Each of these agents shares a common pharmacological core mechanism: the blockade of the 

serotonin transporter protein (SERT), which under normal physiological conditions removes serotonin from the 

synaptic cleft back into the presynaptic neuron through a reuptake process. By binding to and inhibiting SERT, SSRIs 

reduce this reuptake, increasing the concentration of serotonin in the synaptic space [45]. 

The theoretical rationale for this mechanism was derived from the serotonin hypothesis of depression, first 

formally proposed by Alec Coppen in his 1967 paper in the British Journal of Psychiatry [38]. Coppen observed that 

drugs which appeared to have antidepressant effects also appeared to potentiate serotonergic activity, and proposed 

that depression might result from deficient serotonin neurotransmission [38]. This hypothesis was not based on direct 

measurement of serotonin levels in depressed brains, because the technology to do so reliably did not exist in 1967. It 

was an inference from pharmacological observation, constructed by reasoning backward from drug effect to disease 

mechanism [38]. Over subsequent decades, and particularly following the commercial launch of fluoxetine in 1987, 

the serotonin hypothesis was extensively promoted to the public under the phrase “chemical imbalance,” a marketing 

framing that significantly outran the supporting evidence [12]. 

The most comprehensive scientific evaluation of the serotonin hypothesis to date was published in 2022 by 

Moncrieff and colleagues in Molecular Psychiatry, as a systematic umbrella review covering all major areas of 

serotonin research in relation to depression [12]. The authors searched PubMed, EMBASE, and PsycINFO for 

systematic reviews, meta-analyses, and large dataset analyses across six research domains: serotonin and its metabolite 

5-HIAA in body fluids, serotonin 5-HT1A receptor binding, serotonin transporter (SERT) levels measured by imaging 

or post-mortem examination, tryptophan depletion studies, SERT gene associations, and SERT gene-by-environment 

interactions [12]. The findings across all six domains were consistent in their failure to support the serotonin deficiency 

model of depression. The authors concluded that the main areas of serotonin research provide no consistent evidence 

of an association between serotonin and depression, and no support for the hypothesis that depression is caused by 

lowered serotonin activity or concentrations [12]. 

Particularly striking were the findings from the genetic domain. The two largest and highest quality studies of 

the serotonin transporter gene included in the review, one genetic association study involving 115,257 participants 

and one collaborative meta-analysis involving 43,165 participants, both found no evidence of any association between 

SERT gene variants and depression, nor any gene-by-stress interaction producing depression [12]. 

These are not small, underpowered studies. They represent some of the largest psychiatric genetics investigations 

ever conducted, and they found no signal. Moncrieff’s review attracted both significant public attention and 

methodological criticism from within the field. Jauhar et al. (2023) argued that an umbrella review documenting mixed 

or null findings across individual serotonin markers does not, on its own, establish that serotonin plays no role in 

depression; they noted that some evidence, such as tryptophan depletion effects concentrated in individuals with a 

family history of depression, may indicate a role for serotonergic vulnerability in specific subpopulations that a pooled 

analysis across all research domains could understate. However, the core empirical finding, that direct evidence linking 

serotonin to the causation of depression is absent across the six domains examined, was not refuted by this critique 

[32]. 

Furthermore, the umbrella review noted that some evidence was consistent with the possibility that long-term 

antidepressant use may itself reduce serotonin concentrations, which raises the troubling possibility that SSRIs, far 

from correcting a pre-existing serotonin deficit, may actually create one over time [12]. This is a hypothesis rather 

than an established finding, but its plausibility within the pharmacological literature warrants serious attention. 
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It is important to acknowledge that SSRIs produce observable pharmacological effects and that many patients 

report subjective improvement during SSRI treatment. These observations are not disputed. What is disputed is 

whether the improvement is attributable to correction of the theorized serotonergic deficit, or whether it arises through 

other mechanisms including non-specific psychobiological effects, expectation-driven placebo response, emotional 

blunting, reduction of autonomic arousal, or neuroplastic downstream effects unrelated to the original serotonin 

hypothesis [12,46]. These alternatives have not been adequately investigated because the field has for decades treated 

the serotonin hypothesis as settled when it was not. 

SSRIs are also associated with a clinically significant discontinuation syndrome upon cessation of treatment. A 

systematic review documented that incidence rates of symptoms associated with SSRI cessation ranged from 27% to 

86% across studies, with nearly half of affected patients rating their symptoms at the highest level of severity on the 

rating scale used, and symptom durations ranging from days to years in some cases [31]. A more recent meta-analysis 

that accounted for symptoms after stopping placebo estimated that one in six to seven patients experience symptoms 

directly caused by stopping medication, and about one in 35 experience severe symptoms [47]. Serotonin and 

noradrenaline reuptake inhibitors and paroxetine are associated with higher withdrawal risks than other 

antidepressants, and longer duration of use and higher doses are also associated with greater risk [48]. Symptoms 

include dizziness, nausea, sensory disturbances described as “brain zaps,” insomnia, anxiety, irritability, and 

emotional lability [31]. This discontinuation syndrome was for years euphemistically distinguished from “withdrawal” 

in official communications, partly to avoid the implication that antidepressants could produce dependence [49]. 

However, structurally the discontinuation syndrome shares the defining features of drug withdrawal: it is caused by 

drug cessation, it is reversed by drug reinstatement, and it can be mitigated by gradual tapering [31]. The DSM-5-TR 

itself now lists antidepressant discontinuation syndrome as a recognized condition [49]. The existence of a significant 

discontinuation syndrome in a drug class prescribed as a non-addictive alternative to benzodiazepines is a clinically 

and ethically important fact that patients frequently are not informed of at the point of prescription. 

Pharmacists can counsel patients at initiation that abrupt cessation may cause discontinuation symptoms, that 

symptoms appearing after a dose change may reflect discontinuation rather than relapse, and that dose reductions 

should be gradual and agreed with the prescriber. Because the risk appears higher with longer use, higher doses, and 

some agents such as paroxetine, medication reviews are a natural point to identify patients who may need a supervised 

taper. Counselling can also explain honestly that the drug is believed to alter serotonin signaling, without asserting 

that a specific deficit is being corrected. 

5.2. Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs) 

SNRIs extend the pharmacological profile of SSRIs by adding concurrent blockade of the norepinephrine 

transporter (NET) alongside SERT inhibition. The principal agents in this class are venlafaxine (Effexor), duloxetine 

(Cymbalta), desvenlafaxine (Pristiq), and levomilnacipran (Fetzima). At lower doses, venlafaxine acts predominantly 

as an SSRI; meaningful NET inhibition emerges at higher dose ranges, giving it a functionally dose-dependent dual 

mechanism [50]. 

The rationale for dual mechanism antidepressants arose from the broader monoamine hypothesis of depression, 

which implicates both serotonin and norepinephrine in the pathophysiology of depressive illness [38]. If serotonin 

deficiency alone did not fully account for depression, the reasoning went, perhaps a combined serotonergic and 

noradrenergic intervention would be more effective. In practice, however, the evidence base does not consistently 

support the superiority of SNRIs over SSRIs [51]. A network meta-analysis of antidepressant efficacy and 

acceptability in acute-phase major depression, one of the most comprehensive comparative analyses of antidepressants 

ever conducted, found as its primary result that all 21 antidepressants studied were significantly more effective than 

placebo [52]. Beyond this headline finding, differences between individual antidepressants in efficacy were generally 

modest, with SNRIs such as venlafaxine showing statistically significant but clinically modest advantages over some 

SSRIs in certain comparisons [52]. The overall message of this analysis was not the superiority of dual-mechanism 

agents as a class but the broad pharmacological equivalence of most antidepressants despite their varied mechanisms 

[52]. This is itself a finding that challenges any single-mechanism hypothesis of depression: if drugs with entirely 

different pharmacological targets all produce similar antidepressant effects, the specificity of any one mechanistic 

explanation is undermined. 

SNRIs carry an extended side effect profile relative to SSRIs. The addition of norepinephrine reuptake inhibition 

produces more pronounced cardiovascular effects, including dose-dependent increases in blood pressure and heart 

rate, which necessitate monitoring in patients with pre-existing cardiovascular conditions [50]. The discontinuation 

syndrome with venlafaxine is among the most pronounced of any antidepressant, given its short half-life, and has been 
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described in the clinical literature as one of the more difficult aspects of venlafaxine management [31,49]. Duloxetine 

additionally holds regulatory approval for fibromyalgia, diabetic peripheral neuropathic pain, and chronic 

musculoskeletal pain, applications that are pharmacologically unrelated to any theory of depression but that 

nonetheless rely on the same norepinephrine reuptake mechanism, suggesting that the drug’s analgesic properties may 

be at least as clinically significant as its antidepressant ones [50]. 

Given the dose-dependent rises in blood pressure and heart rate described above, pharmacists can check these 

measurements at review in patients with cardiovascular conditions, and can counsel about the short half-life of 

venlafaxine, which makes missed doses and abrupt stopping more likely to provoke discontinuation symptoms. 

5.3. Tricyclic Antidepressants (TCAs) 

Before SSRIs displaced them, tricyclic antidepressants were the dominant pharmacological treatment for 

depression for approximately three decades. The class includes imipramine, amitriptyline, nortriptyline, 

clomipramine, desipramine, doxepin, and trimipramine. Their discovery was entirely serendipitous: imipramine was 

designed as an antipsychotic, found to be ineffective for that indication, and discovered to have antidepressant 

properties through opportunistic clinical observation by Roland Kuhn [9]. 

Pharmacologically, TCAs are far less selective than SSRIs [53,54]. In addition to inhibiting SERT and NET, 

they antagonize muscarinic acetylcholine receptors (M1), histamine H1 receptors, and alpha-1 adrenergic receptors 

[55]. This pharmacological promiscuity is directly responsible for the extensive adverse effect profile that has limited 

their contemporary use. Muscarinic receptor blockade produces the classical anticholinergic effects of dry mouth, 

urinary retention, constipation, blurred vision, and impaired memory [55]. H1 antagonism produces sedation and 

weight gain, while alpha-1 blockade contributes to orthostatic hypotension and dizziness [55]. Most consequentially, 

TCAs block cardiac sodium and potassium channels, producing QRS widening (QRS complex: a component of the 

electrocardiogram representing ventricular depolarization) and QTc (Corrected QT interval) prolongation that render 

overdose potentially fatal from ventricular arrhythmia [55]. This cardiac toxicity profile makes TCAs among the most 

dangerous medications in clinical use in terms of therapeutic index, and a significant contributor to intentional 

overdose mortality among depressed patients [55]. 

Despite these liabilities, TCAs remain in clinical use for specific indications. Amitriptyline is widely used at low 

doses for neuropathic pain [56], although the certainty of evidence is low, and as a sleep aid, exploiting its 

antihistaminergic sedation [57] rather than its monoaminergic antidepressant properties. Guidelines endorse sedating 

antidepressants for insomnia only for short-term use [57]. Clomipramine retains a first-line role for obsessive-

compulsive disorder, where it has demonstrated robust efficacy in controlled trials, though its superior efficacy over 

SSRIs for OCD is attributed to its more potent SERT inhibition rather than to any unique mechanistic action specific 

to OCD [58]. Nortriptyline and desipramine are sometimes used as second- or third-line antidepressants when SSRIs 

have failed, owing to their somewhat more favorable side effect profiles relative to other TCAs [55]. 

The fact that TCAs, with their broad and relatively nonspecific pharmacological footprint, produce 

antidepressant effects comparable to the more selective SSRIs in head-to-head comparisons is itself epistemologically 

significant [52]. If depression were caused by a specific serotonin deficiency, one would predict that more selective 

serotonin reuptake inhibitors would be superior to agents that also block acetylcholine, histamine, and norepinephrine 

receptors. The absence of such a pattern suggests that neither selectivity for serotonergic targets nor selectivity for any 

other specific neurotransmitter system is the essential driver of antidepressant response [52]. 

Because of their cardiac toxicity in overdose, pharmacists can review the quantity supplied for patients at risk 

of self-harm, screen for interacting drugs, and counsel on anticholinergic effects and orthostatic hypotension, 

particularly in older adults. 

5.4. Monoamine Oxidase Inhibitors (MAOIs) 

MAOIs represent the oldest class of antidepressants still in clinical use [10]. They include the irreversible agents 

phenelzine, tranylcypromine, and isocarboxazid [59], and the reversible inhibitor of monoamine oxidase A (RIMA) 

moclobemide [60]. Their mechanism of action involves inhibition of the monoamine oxidase enzymes (MAO-A and 

MAO-B), which are responsible for the intracellular metabolic degradation of the biogenic amines serotonin, 

norepinephrine, and dopamine [61]. By inhibiting these enzymes, MAOIs increase the cytoplasmic concentration of 

all three monoamines simultaneously, representing the broadest monoaminergic intervention among the antidepressant 

classes [61]. 
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The discovery of MAOIs as antidepressants was, again, serendipitous. Iproniazid was developed and marketed 

as a tuberculosis treatment in the early 1950s. Clinicians at Sea View Hospital in Staten Island, New York, observed 

that patients receiving iproniazid for tuberculosis appeared unusually and inappropriately cheerful given the severity 

of their illness, sometimes described in contemporary reports as dancing in the corridors [9]. This observation 

prompted the psychiatrist Nathan Kline to conduct clinical trials of iproniazid in depressed patients in 1957, finding 

it effective [9]. The monoamine oxidase enzyme was identified as the relevant pharmacological target afterward, and 

the theoretical framework of MAO-mediated monoamine deficiency in depression was constructed to rationalize this 

already-observed clinical effect [9]. 

Irreversible MAOIs require patients to avoid tyramine-rich foods including aged cheeses, cured and fermented 

meats, certain wines, and broad bean pods, due to the risk of a potentially fatal hypertensive crisis caused by the 

inability to metabolize dietary tyramine in the gut and liver [61]. Under normal conditions, MAO-A in the 

gastrointestinal tract degrades tyramine before it enters systemic circulation. When MAO-A is irreversibly inhibited, 

dietary tyramine reaches systemic circulation and triggers a massive, potentially life-threatening surge of 

catecholamine release [61]. This dietary restriction, combined with extensive drug-drug interactions, including 

dangerous interactions with other antidepressants, opioids, and sympathomimetic agents, has relegated irreversible 

MAOIs to a third-line role in contemporary practice despite their potentially superior efficacy in treatment-resistant 

depression and atypical depression [61]. 

The reversible MAOI moclobemide carries a significantly reduced risk of the tyramine reaction due to its 

competitive and reversible mechanism, and is more widely prescribed internationally, though it remains unlicensed in 

the United States [61]. Selegiline, available as a transdermal patch, is licensed in the United States at lower doses for 

depression, exploiting the observation that at low doses it preferentially inhibits MAO-B without requiring dietary 

restriction, though higher doses that inhibit MAO-A do require it [61]. 

Pharmacists are well placed to counsel on dietary tyramine and to screen prescriptions for interacting drugs, 

including other antidepressants, opioids, and sympathomimetics, using current specialist guidance. 

5.5. Atypical and Novel Antidepressants 

The category of atypical antidepressants encompasses agents that do not fit cleanly into the preceding classes, 

unified by their shared clinical indication rather than by a common pharmacological mechanism. 

Bupropion (Wellbutrin, Zyban) is a norepinephrine-dopamine reuptake inhibitor (NDRI) with no clinically 

significant serotonergic activity [62]. Its antidepressant mechanism is thus entirely outside the serotonin framework, 

yet it demonstrates efficacy comparable to SSRIs in controlled trials [52]. This observation is pharmacologically 

inconvenient for any hypothesis that positions serotonin as the essential mediating pathway for antidepressant 

response. Bupropion has a lower incidence of sexual dysfunction and weight gain than SSRIs, which may reflect its 

absence of serotonergic activity [62]. It also holds regulatory approval for smoking cessation under the brand name 

Zyban, and its use is associated with a dose-dependent reduction in seizure threshold, which is an important 

contraindication in patients at risk for seizures [62]. 

Mirtazapine (Remeron) works through a mechanism that is architecturally different from either reuptake 

inhibition or enzyme inhibition. It acts as a presynaptic alpha-2 adrenergic autoreceptor antagonist, which disinhibits 

the release of norepinephrine and serotonin, and it additionally blocks postsynaptic serotonin 5-HT2 and 5-HT3 

receptors and histamine H1 receptors [63]. The H1 antagonism produces pronounced sedation and significant appetite 

stimulation leading to weight gain, effects that can be clinically exploited in depressed patients with insomnia and 

anorexia but that are problematic in others [63]. Mirtazapine’s pharmacological profile is so different from SSRIs or 

SNRIs that its comparable antidepressant efficacy further undercuts the specificity of any single-target mechanistic 

account of depression [52]. 

Trazodone is a serotonin antagonist and reuptake inhibitor (SARI) with complex pharmacology including 5-

HT2A antagonism, weak SERT inhibition, and H1 and alpha-1 adrenergic blockade [64]. Its antidepressant efficacy 

at higher doses is modest, and in contemporary practice it is most commonly prescribed at low doses as a sedative-

hypnotic, exploiting its antihistaminergic and alpha-1 blocking properties to promote sleep without the dependence 

risk of benzodiazepines [64]. 

Agomelatine represents perhaps the most pharmacologically distinct antidepressant available, combining 

melatonin MT1 (Melatonin receptor type 1) and MT2 (Melatonin receptor type 2) receptor agonism with serotonin 5-

HT2C antagonism [65]. It has no direct effect on monoamine reuptake or monoamine oxidase. Its clinical trials have 

demonstrated antidepressant efficacy comparable to SSRIs in some studies, though concerns about hepatotoxicity and 

a requirement for liver function monitoring have limited its uptake [65]. From a mechanistic perspective, 
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agomelatine’s antidepressant efficacy achieved entirely outside the serotonin reuptake framework constitutes strong 

evidence that antidepressant response can be produced through pathways that have nothing to do with the serotonin 

hypothesis [65]. 

The collective pharmacological diversity of the antidepressant class is, in itself, a notable finding, though it 

should not be over-interpreted. When drugs as mechanistically distinct as serotonin reuptake inhibitors, 

norepinephrine-dopamine reuptake inhibitors, alpha-2 receptor antagonists, monoamine oxidase inhibitors, and 

melatonin receptor agonists all produce comparable antidepressant efficacy in clinical trials [52], one interpretation is 

that no single neurochemical target constitutes the mechanism of antidepressant action. However, an equally 

parsimonious alternative is that these diverse upstream mechanisms converge on a common downstream pathway. 

The most developed version of this alternative is the neurotrophic hypothesis, which proposes that chronic stress 

reduces brain-derived neurotrophic factor (BDNF) expression in limbic structures such as the hippocampus and 

prefrontal cortex, and that effective antidepressants of multiple mechanistic classes share the downstream effect of 

restoring BDNF signaling and synaptic plasticity in these regions [66]. If correct, this would mean the diversity of 

receptor-level mechanisms is fully compatible with, rather than evidence against, a unifying causal account of 

antidepressant action. The neurotrophic hypothesis, however, faces the same evidentiary limitation documented 

throughout this review for other psychiatric mechanistic hypotheses: it has not been established that reduced BDNF 

or synaptic plasticity is a primary cause of depression rather than a general correlate of chronic stress, a consequence 

of the depressive state itself, or a downstream marker of treatment response measured only in already-treated patients. 

The mechanistic diversity of effective antidepressants therefore does not, on its own, establish either that no unifying 

mechanism exists or that one does; it establishes only that the causal story for antidepressant action remains open at 

both the receptor level and the proposed convergent downstream level [12,38,66]. For bupropion, pharmacists can 

screen for seizure risk factors before dispensing, given its dose-dependent reduction in seizure threshold. 

6. The Placebo Problem: What Are Antidepressants Really Doing? 

No critical examination of antidepressant pharmacotherapy can be complete without direct engagement with the 

placebo literature, which represents one of the most consequential and uncomfortable bodies of evidence in all 

psychiatric research [67,68]. 

In 2008, Irving Kirsch and colleagues published a landmark meta-analysis of FDA-submitted clinical trial data 

for four widely prescribed antidepressants: fluoxetine, venlafaxine, nefazodone, and paroxetine [30]. Crucially, the 

authors obtained their data through Freedom of Information Act requests to the FDA rather than from the published 

literature, allowing them to include both published and unpublished trials. This methodological decision was essential 

because the psychiatric trial literature is severely affected by publication bias, the systematic tendency for positive 

trials to be published and negative trials to be suppressed or filed away [69]. 

Turner and colleagues had documented this bias in a parallel 2008 analysis in the New England Journal of 

Medicine, also using FDA data. Among 74 FDA-registered antidepressant studies, 31% involving 3449 study 

participants were not published, and the effect sizes extracted from published journal articles were inflated by 32% 

overall compared to the effect sizes calculated from the complete FDA dataset that included both published and 

unpublished trials [69]. For individual drugs, the inflation of apparent efficacy ranged from 11% to 69% [69]. This 

means that the scientific literature available to prescribers systematically overstates the efficacy of antidepressants 

relative to what the complete data show. 

Returning to Kirsch’s analysis, the drug-placebo difference across all trials for all four antidepressants was found 

to be 1.8 points on the 17-item Hamilton Depression Rating Scale (HAMD-17) [30]. The threshold for clinical 

significance established by the UK National Institute for Health and Care Excellence (NICE) at the time was a 

difference of 3 points on the HAMD-17 [30]. The mean antidepressant-placebo difference, which is to say the 

pharmacological effect of the drug above and beyond the placebo response, did not reach the established criterion for 

clinical significance [30]. Only in patients with very severe depression did the drug-placebo difference approach 

clinical significance, and this appeared to reflect a decrease in placebo response rather than an increase in drug 

response in this subgroup [30]. Both the drug and placebo groups improved substantially: approximately 8.3 points 

on the HAMD-17 for patients receiving placebo and 10.1 points for patients receiving active medication [46]. The fact 

that placebo patients improved by more than 80% of the amount that medicated patients improved is a finding of 

substantial clinical importance [46]. 

It must be acknowledged that Kirsch’s conclusions attracted methodological criticism, and several re-analyses 

were conducted by researchers who disputed his interpretation of the data [33]. These critiques raised legitimate 

concerns about the NICE threshold for clinical significance and about the statistical approaches used. However, even 
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critics who recalculated the drug-placebo difference arrived at figures (2.18 to 2.68 HAMD-17 points) that remained 

below or at the margins of clinically meaningful effect [33]. A more recent and considerably larger re-examination of 

this question came from Stone et al. [70], who conducted an individual-participant-data analysis of 232 FDA-

submitted trials comprising 73,388 patients, the largest patient-level dataset assembled on this question to date. Rather 

than a single average drug-placebo difference, the authors modeled a trimodal distribution of patient responses and 

found that a meaningful subgroup, approximately 15% of patients, experienced a large, substantially drug-specific 

improvement, while the majority showed either a non-specific or minimal response similar across drug and placebo 

arms. This finding complicates any simple claim that antidepressant response is uniformly non-specific: it suggests 

that a genuine drug effect exists for an identifiable subgroup of patients, even as it confirms that most of the aggregate 

improvement seen in trials reflects non-drug-specific factors. The fundamental empirical finding from this literature, 

that the average drug-placebo difference is small and that response is highly heterogeneous across patients, has not 

been successfully refuted, but the heterogeneity itself is a finding of practical importance that a focus on average 

effects can obscure [46,69]. 

What explains this large placebo response in depression trials? Multiple mechanisms have been proposed, 

including the natural remitting course of many depressive episodes, regression to the mean following assessment at 

symptom peak, the therapeutic effects of clinical attention and monitoring, and expectation-driven physiological and 

psychological changes [46]. These non-pharmacological mechanisms of improvement are real, clinically significant, 

and entirely consistent with a model in which psychiatric medications are producing some of their observable benefit 

through channels other than the correction of a specific neurochemical deficit [46]. 

The publication bias problem identified by Turner and colleagues [69] has additional implications beyond its 

effect on apparent efficacy. It means that prescribers, policymakers, and patients have been making decisions about 

antidepressant therapy based on a systematically distorted evidence base, one that portrays these drugs as more 

effective than the complete evidence shows them to be [69]. This is an ethical problem as much as a scientific one. 

7. Antipsychotics 

7.1. First-Generation (Typical) Antipsychotics 

First-generation antipsychotics (FGAs), also termed typical antipsychotics or neuroleptics, include 

chlorpromazine, haloperidol, fluphenazine, perphenazine, thioridazine, trifluoperazine, and flupentixol [71]. Their 

primary mechanism of action is dopamine D2 receptor blockade, particularly in the mesolimbic pathway, which 

represents the pharmacological basis of the dopamine hypothesis of schizophrenia [37]. 

The dopamine hypothesis of schizophrenia proposes that psychosis results from excess dopaminergic activity in 

mesolimbic circuits, producing the positive symptoms of hallucinations, delusions, and thought disorder [37]. In its 

more refined versions, the hypothesis additionally posits prefrontal hypodopaminergia as the mechanism of negative 

symptoms (social withdrawal, flat affect, avolition) and cognitive impairment [37]. Like the serotonin hypothesis of 

depression, the dopamine hypothesis was not derived from direct measurement of dopaminergic abnormality in 

psychotic patients and then used to design a therapeutic intervention. Rather, it was constructed retrospectively after 

chlorpromazine was found to suppress psychotic symptoms, and the observation that antipsychotic potency correlated 

with D2 receptor binding affinity was taken as pharmacological evidence for the hypothesis [37]. 

The dopamine hypothesis has been subjected to rigorous critical examination. Howes and Kapur (2009) 

published a comprehensive version of the hypothesis, designated “Version III: the Final Common Pathway,” 

reviewing over 6700 articles on dopamine and schizophrenia and proposing a framework in which multiple 

environmental and genetic risk factors converge on striatal presynaptic dopaminergic dysfunction [37]. While 

acknowledging that this model was a substantial advance, the authors noted that much of the evidence supporting 

earlier versions of the hypothesis relied on inferences from animal studies or other clinical conditions, that there was 

no direct evidence for low dopamine levels in the frontal cortex, and that direct evidence for elevated striatal 

dopaminergic function was limited [37]. 

Hengartner and Moncrieff published a detailed methodological critique in Frontiers in Psychiatry in 2018, 

arguing that the evidence supporting the dopamine hypothesis is fundamentally compromised by the confounding 

effects of prior antipsychotic use, by methodological limitations in neuroimaging studies, and by the failure to account 

for environmental adversity as a primary driver of dopaminergic changes [13]. Their central observation was 

methodologically decisive: most studies demonstrating dopaminergic abnormalities in people with schizophrenia have 

been conducted in patients who are already taking antipsychotic medications, making it impossible to determine 

whether the observed neurochemical changes reflect the underlying illness or the pharmacological effect of the drugs 
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themselves [13]. They further noted that a comprehensive meta-analysis of randomized trials had demonstrated that 

antipsychotic medication does not prevent the development of schizophrenia in persons at ultra-high risk of psychosis 

[13]. If schizophrenia were truly caused by dopaminergic dysregulation that antipsychotics correct, one would expect 

prophylactic antipsychotic treatment in at-risk individuals to prevent illness onset. The consistent failure of this 

prediction is a significant challenge to the causal version of the dopamine hypothesis [13]. 

FGAs are demonstrably effective at suppressing the positive symptoms of psychosis. Their clinical utility in 

reducing hallucinations, delusions, and agitation is supported by substantial evidence and is not disputed by this 

review. What is disputed is the claim that this efficacy reflects the correction of a known dopaminergic disease 

mechanism. The available evidence is more consistent with the interpretation that D2 blockade produces a general 

reduction in dopaminergic signal transmission that nonspecifically suppresses psychotic symptomatology, without 

addressing an identified etiological cause [13]. 

The side effect profile of FGAs is severe and warrants detailed attention. Extrapyramidal side effects (EPS) arise 

directly from D2 receptor blockade in the nigrostriatal pathway and include acute dystonia (painful involuntary muscle 

contractions), drug-induced parkinsonism (tremor, rigidity, bradykinesia), and akathisia, a state of profound inner 

motor restlessness that patients consistently describe as one of the most unbearable aspects of antipsychotic treatment 

[72]. Long-term use of FGAs carries a substantial risk of tardive dyskinesia (TD), a potentially irreversible 

hyperkinetic movement disorder characterized by involuntary, repetitive movements predominantly affecting the 

orofacial region but capable of involving any body part [72]. A review published in CNS Drugs found an estimated 

TD prevalence of approximately 20% in patients receiving atypical antipsychotics and higher rates with typical 

antipsychotics, noting that the pathophysiology of TD is currently unknown and that no general management 

guidelines can be established [72]. A review reported a mean prevalence of tardive dyskinesia of approximately 20% 

to 25% among antipsychotic-treated individuals, with reported ranges spanning 15% to 50% in various settings [73]. 

The development of TD after prolonged antipsychotic use can persist or worsen even after drug discontinuation, 

representing an irreversible neurological consequence of a treatment prescribed for a condition whose biological 

mechanism remains unknown [72,73]. 

7.2. Second-Generation (Atypical) Antipsychotics 

Second-generation antipsychotics (SGAs) were introduced in the 1990s with the claim that their 

pharmacological differentiation from FGAs, primarily the addition of 5-HT2A receptor antagonism alongside D2 

blockade, would produce superior efficacy, particularly for negative symptoms and cognitive function, with a more 

favorable side effect profile [74]. This class includes clozapine, risperidone, olanzapine, quetiapine, aripiprazole, 

ziprasidone, asenapine, lurasidone, and paliperidone. Aripiprazole is pharmacologically distinct from other SGAs in 

that it acts as a partial agonist at D2 receptors rather than a pure antagonist, and also as a partial agonist at 5-HT1A 

receptors [75]. 

The clinical promise of SGAs was subjected to rigorous real-world evaluation in the landmark Clinical 

Antipsychotic Trials of Intervention Effectiveness (CATIE) study, a large-scale double-blind effectiveness trial 

funded by NIMH, published in the New England Journal of Medicine in 2005 [74]. The study enrolled 1493 patients 

with chronic schizophrenia at 57 sites across the United States and randomly assigned them to olanzapine, quetiapine, 

risperidone, ziprasidone, or the first-generation agent perphenazine, followed for up to 18 months. The primary 

outcome was time to all-cause treatment discontinuation, reflecting the real-world composite of efficacy, tolerability, 

and patient preference [74]. 

The CATIE findings significantly revised the optimistic claims that had driven the widespread adoption of 

SGAs. Olanzapine demonstrated modest superiority over other agents in time to discontinuation for any cause, but 

this advantage was substantially offset by metabolic side effects: olanzapine was associated with the greatest weight 

gain, most pronounced increases in hemoglobin A1c, and most significant lipid abnormalities compared to other study 

drugs [74]. Critically, perphenazine, a first-generation antipsychotic included to provide a comparator from the older 

class, did not differ significantly from most SGAs in time to discontinuation, directly challenging the marketed 

superiority of the newer generation [74]. The conclusion that the superiority of SGAs over FGAs was far less clear in 

real-world effectiveness than in industry-sponsored efficacy trials was a finding of considerable importance for 

prescribing practice and for the commercial narrative that had driven the SGA market [74]. A network meta-analysis 

of 127 trials found no clear differences between antipsychotics for relapse prevention, and concluded that the choice 

for maintenance treatment should be guided mainly by tolerability [76]. 

Clozapine occupies a unique position within the SGA class by virtue of its demonstrated superior efficacy in 

treatment-resistant schizophrenia, defined as psychosis that fails to respond to at least two adequate trials of other 
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antipsychotics [77]. What is pharmacologically paradoxical about clozapine is that it has a relatively weak D2 receptor 

affinity compared to many other antipsychotics, yet it is the most clinically effective agent in the most refractory cases 

[37]. This observation presents a direct challenge to the D2-centric dopamine hypothesis: if D2 blockade were the 

essential mechanism of antipsychotic action, the drug with the weakest D2 affinity should not be the most effective 

agent in difficult-to-treat cases [37]. Clozapine’s pharmacological profile includes antagonism at multiple dopamine 

receptor subtypes (D4 more than D2), serotonin 5-HT2A, muscarinic, histaminergic, and alpha-adrenergic receptors, 

suggesting that its therapeutic superiority may arise from a complex polysynaptic mechanism that existing theory 

cannot fully account for [77]. 

A separate and more recent line of research has examined oxidative stress and inflammation as contributors to 

schizophrenia pathophysiology, offering another candidate mechanism alongside the dopamine hypothesis. A 

narrative review of 76 studies found that individuals with schizophrenia show increased oxidative damage to lipids 

and reduced non-enzymatic antioxidant capacity, with antioxidant deficits detectable even before psychosis onset in 

at-risk individuals [78]. A meta-analysis found that antioxidant status was more impaired in unmedicated than 

medicated patients, with markers such as catalase and glutathione lower only in the unmedicated group, suggesting 

that antipsychotic treatment may be associated with partial improvement in antioxidant defenses [79]. As with the 

dopamine and serotonin hypotheses, however, it remains unclear whether oxidative stress is a cause of psychiatric 

illness, a consequence of it, or an artifact of prior antipsychotic exposure in the patients studied, since disentangling 

illness effects from medication effects requires comparison with drug-naive cohorts that are difficult to assemble at 

scale. This line of research illustrates that the mechanistic picture in psychiatry continues to evolve, but also that new 

candidate mechanisms face confounding and directionality problems similar to those already documented for 

dopamine and serotonin. 

Clozapine carries a risk of agranulocytosis in approximately 1% to 2% of patients, a potentially fatal reduction 

in white blood cells requiring mandatory hematological monitoring, typically weekly for the first 18 weeks and 

monthly thereafter [77]. The burden of this monitoring program is significant for patients and health systems, and the 

risk-benefit calculation must be carefully individualized. 

The metabolic consequences of SGAs, particularly olanzapine and clozapine, constitute a major and 

underappreciated public health problem. A systematic review confirmed that the life expectancy of people with 

schizophrenia is reduced by approximately 20%, with 60% of excess mortality attributable to physical illness rather 

than suicide or accidents [80]. A meta-analysis of 135 studies found all-cause mortality was increased in people with 

schizophrenia compared with non-schizophrenia controls (RR 2.52, 95% CI 2.38 to 2.68) [81]. Antipsychotic-induced 

metabolic syndrome, comprising weight gain, dyslipidemia, glucose intolerance, and hypertension, is a major 

contributor to this physical health burden and premature mortality [80]. A network meta-analysis published in World 

Psychiatry in 2023 documented the mid- to long-term metabolic effects of antipsychotics across randomized controlled 

trials, confirming that metabolic side effects are a significant and clinically consequential feature of long-term 

antipsychotic use, with substantial variation across agents [82]. Individuals with schizophrenia are approximately 

twice as likely to die from cardiovascular disease compared to the general population, and the documented average 

reduction in life expectancy of over 20 years is substantially attributable to cardiometabolic consequences of the very 

medications prescribed to treat their psychiatric condition [80]. 

This is perhaps the starkest illustration of the core problem this review seeks to document. Patients who are 

prescribed antipsychotics for a condition whose biological mechanism is unknown receive drugs that suppress their 

symptoms but simultaneously increase their cardiovascular risk, metabolic burden, and risk of irreversible 

neurological injury from tardive dyskinesia. These medications manage symptoms effectively for many patients; what 

they do not do, based on the evidence reviewed here, is correct a confirmed underlying biological cause, and the 

resulting cardiometabolic and neurological costs of long-term treatment warrant the same clinical attention as the 

psychiatric benefit itself. 

Given the reduced life expectancy and cardiometabolic burden in schizophrenia, pharmacists can help coordinate 

baseline and follow-up monitoring of weight, blood pressure, glucose, and lipids for patients on second-generation 

antipsychotics, ask about involuntary movements and akathisia at review, and, for clozapine, confirm that 

haematological monitoring is current before supply where the health system allows. Where a patient and prescriber 

consider dose reduction, pharmacists can support adherence to the agreed plan, while noting that the trial discussed 

above found gradual dose reduction was associated with a higher risk of severe relapse than maintenance treatment. 

8. Mood Stabilizers 

8.1. Lithium 
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Lithium remains the gold-standard pharmacological treatment for long-term prophylaxis of bipolar disorder 

[83,84] despite being one of the oldest psychotropic agents in contemporary use, first introduced into psychiatry in 

1949 through the serendipitous animal experiments of John Cade [9,10], although the degree to which the discovery 

was purely serendipitous has been debated [85]. It is the only element on the periodic table prescribed as a psychiatric 

medication. 

Lithium’s mechanism of action is complex, pleiotropic, and incompletely understood despite more than seven 

decades of research [39]. The most extensively studied target is glycogen synthase kinase 3 beta (GSK-3 beta), a 

serine-threonine kinase that regulates multiple intracellular signaling pathways involved in synaptic plasticity, 

apoptosis, circadian rhythm regulation, and inflammatory response [39]. Lithium inhibits GSK-3 beta directly by 

competing with magnesium at the active site, and indirectly by promoting inhibitory phosphorylation of the enzyme 

through Akt kinase pathways [39]. Additional documented mechanisms include inhibition of inositol 

monophosphatase (IMPase), which depletes cellular inositol and disrupts phosphatidylinositol signaling cascades, 

modulation of brain-derived neurotrophic factor (BDNF) expression, effects on circadian clock gene expression 

including CLOCK and BMAL1, and attenuation of oxidative stress through multiple pathways [39,86]. 

Despite this mechanistic richness, a critical limitation persists. The specific processes through which lithium’s 

therapeutic effects occur and are maintained in bipolar disorder remain unclear [39]. Even GSK-3 beta inhibition, the 

most compelling mechanistic candidate, cannot be confirmed as the mechanism responsible for mood stabilization, as 

lithium also inhibits inositol monophosphatase, several structurally related phosphomonoesterases, 

phosphoglucomutase, and the scaffolding function of beta-arrestin-2, and it is not known which of these targets is 

responsible for the behavioral or therapeutic effects of lithium in vivo [87]. This is an extraordinary admission for a 

drug that has been in continuous clinical use for more than 75 years. We can describe what lithium does biochemically 

at multiple molecular targets; we cannot identify which of those biochemical effects produces mood stabilization, and 

we therefore cannot claim with scientific accuracy that lithium corrects a known pathophysiological process in bipolar 

disorder. 

The clinical utility of lithium is nonetheless real and, in certain respects, among the most robustly supported in 

all of psychiatry. Meta-analyses confirm its efficacy in reducing the frequency and severity of both manic and 

depressive episodes in bipolar disorder, and its anti-suicidal properties, which appear to extend beyond its mood-

stabilizing effects, are among the most replicated findings in psychopharmacology [88]. These clinical strengths do 

not require the mechanism to be fully understood; they require only that the empirical evidence of benefit be honest. 

The distinction the author wishes to maintain is between acknowledging lithium’s clinical value and accepting the 

false premise that we understand precisely why it works. 

Lithium has a narrow therapeutic index, requiring regular serum level monitoring given the small margin 

between therapeutic (0.6 to 1.2 mmol/L) and toxic concentrations [88]. Acute toxicity produces neurological 

symptoms including tremor, ataxia, dysarthria, and confusion, which can progress to seizures, renal failure, and death 

[88]. Long-term use is associated with thyroid dysfunction, occurring in approximately 20% to 40% of patients, and 

chronic kidney disease, with a small but significant proportion of long-term lithium users developing progressive renal 

impairment requiring eventual dialysis [88]. 

Pharmacists can reinforce regular serum level, renal, and thyroid monitoring, counsel patients on signs of 

toxicity, and screen for drugs that alter lithium clearance, since pharmacokinetic and pharmacodynamic interactions 

can affect the success of long-term treatment. 

8.2. Anticonvulsant Mood Stabilizers 

Valproate (valproic acid, sodium valproate, divalproex sodium) and lamotrigine are the most widely used 

anticonvulsant mood stabilizers. Both were originally developed as antiepileptic agents, and their mood-stabilizing 

properties were discovered through clinical observation in patients with epilepsy who also had mood symptoms [89]. 

Valproate’s pharmacological mechanisms include enhancement of GABAergic inhibition through increased 

GABA synthesis and reduced GABA catabolism, inhibition of voltage-gated sodium channels, and inhibition of 

histone deacetylases (HDACs), which produce epigenetic modifications affecting gene expression in ways relevant to 

neuroplasticity and neuroprotection [89]. Which of these mechanisms is responsible for mood stabilization in bipolar 

disorder is not established. Valproate is effective for acute mania and for the prevention of manic episodes, but is less 

effective for the depressive phase of bipolar disorder [88,89]. 

The most serious safety concern with valproate is its teratogenic profile. Valproate is associated with the highest 

rate of major congenital malformations among commonly used mood stabilizers, with an estimated 6.2% to 16% rate 

of major congenital malformations in exposed pregnancies [90]. The risk of neural tube defects with valproate 
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exposure is approximately 1% to 5%, compared with approximately 0.5% to 1% for carbamazepine and background 

rates of 0.1% to 0.2% in the general population [90]. Furthermore, children exposed to valproate in utero show 

significantly reduced cognitive outcomes, with reduced IQ scores, behavioral problems, and an increased risk of 

autism spectrum disorder documented in longitudinal follow-up studies [91]. The FDA issued a safety warning 

regarding fetal IQ reduction in 2013 and reclassified valproate from pregnancy category D to category X for migraine 

prophylaxis in pregnancy [92]. Despite this, valproate continues to be prescribed to women of childbearing age in 

many settings, a practice that several national guidelines have moved to restrict but which remains widespread [90,91]. 

Lamotrigine acts primarily through voltage-gated sodium channel inhibition, reducing neuronal excitability and 

inhibiting the presynaptic release of glutamate [89]. It is particularly effective for the depressive phase of bipolar 

disorder, making it pharmacologically complementary to valproate in a bipolar treatment regimen [88]. The most 

significant adverse effect of lamotrigine is a potentially life-threatening skin reaction, Stevens-Johnson syndrome and 

toxic epidermal necrolysis, which occurs in approximately 0.1% of adult patients and more frequently in pediatric 

patients, necessitating slow titration protocols designed to minimize this risk [89]. 

The fact that agents as pharmacologically diverse as lithium (a monovalent cation), valproate (a branched-chain 

fatty acid), lamotrigine (a phenyltriazine), carbamazepine (an iminostilbene), and quetiapine (an atypical 

antipsychotic) all carry evidence for mood stabilization in bipolar disorder further illustrates that bipolar disorder’s 

biological substrate cannot be attributed to any single, identifiable neurochemical system. The convergence of 

mechanistically diverse agents on a common clinical outcome suggests either that bipolar disorder involves multiple 

simultaneously dysregulated systems, or that “mood stabilization” is a non-specific pharmacological phenomenon that 

can be produced through diverse biochemical perturbations whose final common clinical pathway is not yet 

understood [88]. 

Pharmacists can ensure that women of childbearing age understand the teratogenic risk, that valproate should 

not be taken by non-pregnant women of childbearing age unless essential and that effective contraception should be 

used, and that women who are pregnant and taking it should not stop suddenly but should speak to their prescriber 

promptly. For lamotrigine, pharmacists can reinforce slow titration and counsel patients to report a rash immediately. 

9. Anxiolytics and Sedative-Hypnotics 

9.1. Benzodiazepines 

Benzodiazepines are among the most widely prescribed psychotropic medications in the world [16,29], although 

sales data suggest that their use has been stable or declining in some regions [15]. These are used for the acute 

management of anxiety disorders, panic disorder, insomnia, alcohol withdrawal, seizure disorders, and procedural 

sedation [15]. The class includes diazepam (Valium), lorazepam (Ativan), alprazolam (Xanax), clonazepam 

(Klonopin), temazepam (Restoril), nitrazepam, oxazepam, and many others. Their primary mechanism of action is 

positive allosteric modulation of the GABA-A receptor, the principal inhibitory ligand-gated ion channel in the 

mammalian central nervous system [93,94]. 

Under normal physiological conditions, the inhibitory neurotransmitter GABA binds to GABA-A receptors and 

opens chloride ion channels, producing membrane hyperpolarization and neuronal inhibition. Benzodiazepines bind 

to an allosteric site at the interface of alpha and gamma subunits on the GABA-A receptor, distinct from the GABA 

binding site, where they enhance the receptor’s sensitivity to GABA by increasing the frequency of chloride channel 

opening [93,94]. The molecular pharmacology of this interaction is among the best characterized in 

psychopharmacology: the binding site has been crystallographically mapped, the subunit selectivity of different 

benzodiazepines has been determined, and the downstream electrophysiological consequences have been thoroughly 

documented [93,94]. 

This molecular clarity does not, however, translate into validation of any specific etiological hypothesis about 

anxiety disorders. The fact that GABAergic enhancement reliably reduces anxiety does not establish that anxiety 

disorders are caused by a primary deficiency of GABA or by constitutive underactivity of GABA-A receptors in 

anxious individuals. GABAergic dysfunction is implicated in anxiety disorders, but the nature and directionality of 

this relationship remain uncertain, and there is no confirmed etiological model of any anxiety disorder based on a 

specific GABAergic lesion [93,94]. 

The clinical limitations of benzodiazepines are well established and represent a significant iatrogenic problem 

[95]. A comprehensive review on benzodiazepine tolerance published in Advances in Pharmacological Sciences 

documented that tolerance to the sedative and anticonvulsant effects develops relatively quickly with repeated use, 

while the situation for anxiolytic and amnesic tolerance is more complex and variable [93]. Physical dependence 
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occurs with regular use, manifesting as a characteristic withdrawal syndrome upon discontinuation that includes 

rebound anxiety more severe than the original presenting complaint, insomnia, tremor, diaphoresis, autonomic 

instability, perceptual disturbances, and, in severe cases, generalized tonic-clonic seizures that can be life-threatening 

[93]. A review published in Molecular Psychiatry in 2026 synthesized current knowledge on benzodiazepine tolerance, 

concluding that prolonged benzodiazepine administration frequently results in the development of tolerance arising 

from complex neuroadaptive processes that induce long-lasting reorganization of neural circuits regulating stress 

responsiveness, arousal, and reward processing [96]. 

A review in Frontiers in Psychiatry on GABA-A receptor subtypes and benzodiazepine misuse documented that 

alpha-1 containing GABA-A receptors play an integral role in benzodiazepine-induced plasticity in reward-related 

brain areas and may be involved in the development of tolerance and dependence [94]. These neuroadaptive changes 

mean that benzodiazepines prescribed to control anxiety may ultimately worsen anxiety through chronic 

neuroadaptation, creating a pharmacologically self-defeating dynamic in many patients: the drug that was prescribed 

to treat anxiety creates a neurological state in which cessation of the drug generates more anxiety, often more severe, 

than the patient experienced before starting it [93,94,96]. This is not a cure for anxiety; it is the superimposition of a 

drug-dependent neurological condition on top of the original disorder. 

Because physical dependence can develop within days to weeks even at prescribed doses, pharmacists can 

counsel on expected duration of use and withdrawal risks at the point of supply and identify long-term users for review. 

Deprescribing was more successful when supported by non-pharmacological methods (rate ratio 3.26) but the 

evidence was of very low to low quality, and low-certainty evidence suggests that patient education and a pharmacist-

led educational intervention may increase discontinuation. Tapering should be gradual, individualized, and 

coordinated with the prescriber. 

9.2. Non-Benzodiazepine Hypnotics 

The Z-drugs (zolpidem, zaleplon, eszopiclone) were developed with the hypothesis that by targeting specific 

GABA-A receptor subtypes, particularly the alpha-1 subunit-containing receptors that mediate sedation, it might be 

possible to achieve hypnotic efficacy with reduced dependence potential relative to non-selective benzodiazepines 

[94]. This hypothesis was partially borne out: Z-drugs do carry a somewhat reduced dependence profile compared to 

classical benzodiazepines in most patients. However, they are not dependence-free, and long-term use is associated 

with tolerance, withdrawal phenomena, rebound insomnia upon discontinuation, and, in the case of zolpidem, complex 

sleep behaviors including sleep-walking, sleep-driving, and sleep-eating that carry significant safety risks [94]. The 

theoretical rationale for their development, subunit-selective GABA-A modulation, was scientifically reasonable; the 

clinical reality has been a more modest improvement over classical benzodiazepines than was hoped. 

For Z-drugs, pharmacists can counsel about complex sleep behaviors such as sleep-walking and sleep-driving, 

and about short-term use (up to four weeks for sedating hypnotics in current guidance). For buspirone, they can explain 

that benefit takes one to two weeks of consistent use, so that patients do not stop early or take extra doses. 

9.3. Buspirone 

Buspirone is a non-benzodiazepine anxiolytic that acts primarily as a partial agonist at serotonin 5-HT1A 

receptors, with additional D2 receptor activity [97]. Its anxiolytic mechanism is presumed to involve modulation of 

serotonergic tone in the raphe-limbic circuit, a hypothesis consistent with serotonin’s involvement in anxiety 

regulation, though the causal relationship between 5-HT1A activity and anxiety reduction remains inferential rather 

than proven [97]. Buspirone does not produce the sedation, psychomotor impairment, or physical dependence 

characteristic of benzodiazepines, but it requires one to two weeks of consistent administration before anxiolytic 

effects emerge, limiting its utility in acute anxiety states [97]. Its comparable efficacy to benzodiazepines in 

generalized anxiety disorder in controlled trials, despite an entirely different pharmacological mechanism, again 

illustrates the non-specificity of pharmacological approaches to anxiety disorders [97]. 

10. Stimulants and ADHD Medications 

10.1. Methylphenidate 

Methylphenidate (Ritalin, Concerta, Methylin) is the most widely prescribed psychostimulant for attention-

deficit/hyperactivity disorder (ADHD) globally. Its primary mechanism involves concurrent blockade of the dopamine 
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transporter (DAT) and norepinephrine transporter (NET), thereby inhibiting the reuptake of dopamine and 

norepinephrine from the synaptic cleft back into presynaptic neurons and increasing extracellular concentrations of 

both neurotransmitters in key brain regions including the prefrontal cortex and striatum [98]. Unlike amphetamines, 

methylphenidate does not promote vesicular release of dopamine; its mechanism is limited to transporter inhibition 

[98]. 

Recent cryo-electron microscopy studies have provided high-resolution structural characterization of how 

methylphenidate binds to the orthosteric site of the human dopamine transporter, stabilizing it in an outward-facing 

conformation that physically prevents dopamine reuptake [98]. This is among the more molecularly precise 

mechanistic characterizations in psychopharmacology, and it confirms that the drug does what its pharmacological 

classification claims: it blocks dopamine and norepinephrine reuptake. 

However, the existence of a well-characterized molecular target does not validate the broader etiological 

hypothesis. The use of methylphenidate in ADHD is rationalized by the catecholamine hypothesis of ADHD, which 

proposes that ADHD results from dopaminergic and noradrenergic dysfunction, particularly in prefrontal circuits 

mediating executive function and attention regulation [98]. This hypothesis is supported by neuroimaging studies 

showing structural and functional differences in prefrontal and striatal circuits in ADHD, and by genetic studies 

implicating DAT and dopamine receptor genes in ADHD susceptibility [99]. The evidence is more substantial than 

for the serotonin hypothesis of depression, but it shares the same fundamental limitation: we know there are 

neurobiological correlates of ADHD, but we have not established that any specific catecholaminergic deficit is the 

primary cause of ADHD rather than a correlated biological feature, a consequence of the condition, or an artifact of 

the heterogeneous ADHD diagnostic category itself [7,100]. 

A critical Cochrane review on stimulant medications for ADHD in children and adolescents rated the certainty 

of evidence supporting the efficacy of methylphenidate and other stimulants as low, primarily due to limitations in 

study quality, inconsistency of results, and imprecision in outcome measurement [101]. This is not a fringe assessment. 

It reflects the consensus of the Cochrane Collaboration, widely regarded as the most rigorous systematic review body 

in clinical medicine. The conclusion that the certainty of evidence is low does not mean methylphenidate is ineffective; 

it means that the strength of the evidence base is insufficient to make high-confidence claims about long-term 

outcomes, given the quality of available research [101]. 

Methylphenidate’s cardiovascular profile warrants attention in prescribing practice. It produces dose-dependent 

increases in heart rate and blood pressure, and concerns have been raised about cardiovascular events in patients with 

pre-existing cardiac conditions [98]. In terms of abuse potential, methylphenidate’s mechanism of increasing 

extracellular dopamine in the striatum, the neural substrate of reinforcement and reward, is pharmacologically 

analogous to the mechanism of cocaine, though methylphenidate’s slower pharmacokinetic profile reduces but does 

not eliminate its reinforcing properties and potential for misuse [98]. 

10.2. Amphetamine-Based Agents 

Amphetamines, including mixed amphetamine salts (Adderall), lisdexamfetamine (Vyvanse), and 

dextroamphetamine (Dexedrine), share a broader mechanism than methylphenidate. In addition to DAT and NET 

inhibition, amphetamines actively promote the vesicular release of dopamine and norepinephrine through reversal of 

transporter direction, and inhibit vesicular monoamine transporter 2 (VMAT-2), leading to greater and more sustained 

increases in synaptic monoamine concentrations than methylphenidate alone [100]. This broader mechanism of 

monoamine displacement, rather than simple reuptake inhibition, is associated with greater reinforcing properties and 

higher dependence potential than methylphenidate [100]. 

The clinical pharmacology of amphetamines in ADHD follows the same catecholaminergic rationale as 

methylphenidate, and the same mechanistic limitations apply. Lisdexamfetamine is a prodrug that requires enzymatic 

cleavage in the bloodstream to release active d-amphetamine, a pharmacological design intended to reduce abuse 

potential by providing a slower-onset, longer-duration drug effect and by making intravenous or intranasal abuse 

pharmacologically unproductive [100]. 

10.3. Non-Stimulant ADHD Medications 

Atomoxetine (Strattera) is a selective NET inhibitor approved for ADHD that does not carry the scheduled 

controlled substance classification of stimulants. Its anxiolytic and blood pressure effects are consistent with 

noradrenergic pharmacology, and its lack of significant DAT activity reduces but does not eliminate cardiovascular 

concerns [100]. Guanfacine (Intuniv) and clonidine (Kapvay) are alpha-2A adrenergic receptor agonists that reduce 
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norepinephrine release through presynaptic autoreceptor stimulation, producing prefrontal enhancement through a 

mechanism distinct from both stimulants and atomoxetine [99]. The efficacy of these mechanistically diverse non-

stimulant agents in ADHD, while generally inferior to stimulants, further illustrates that ADHD symptom reduction 

can be achieved through multiple pharmacological routes, consistent with the heterogeneous neurobiological 

landscape of the disorder. 

Pharmacists can monitor heart rate and blood pressure trends, screen for cardiac conditions, and counsel about 

misuse, diversion, and safe storage of these controlled medicines. 

11. Emerging Treatments 

11.1. Ketamine and Esketamine 

Ketamine is a dissociative anesthetic that has attracted substantial interest as a rapid-acting antidepressant 

following observations of dramatic and rapid mood improvements in treatment-resistant depressed patients receiving 

subanesthetic intravenous infusions [102]. Esketamine (Spravato), the S-enantiomer of ketamine, received FDA 

approval in 2019 as an intranasal formulation for treatment-resistant depression and major depressive disorder with 

acute suicidal ideation, administered under clinical supervision [102]. In a randomized trial, esketamine nasal spray 

plus an SSRI or SNRI was superior to extended-release quetiapine plus an SSRI or SNRI for remission at week 8 

(27.1% vs. 17.6%) [103]. 

Ketamine’s primary pharmacological mechanism is open-channel blockade of N-methyl-D-aspartate (NMDA) 

glutamate receptors [102]. NMDA receptor antagonism reduces the tonic inhibitory influence that GABA interneurons 

exert on glutamatergic pyramidal neurons, producing a transient surge of glutamate release in key cortical and limbic 

circuits [102]. This glutamate surge activates AMPA receptors, triggering downstream cascades including activation 

of the mammalian target of rapamycin (mTOR) pathway and increased synthesis and release of brain-derived 

neurotrophic factor (BDNF), leading to rapid synaptogenesis and restoration of synaptic density in prefrontal and 

hippocampal circuits that may be diminished in severe depression [102]. 

A comprehensive narrative review published in the International Journal of Molecular Sciences in 2024 

synthesized the literature on ketamine’s molecular actions, confirming that while the drug primarily works through 

NMDA receptor antagonism, its precise mechanisms remain unclear and multifaceted [104]. The review documented 

multiple additional ketamine targets including opioid receptor activity, effects on AMPA and metabotropic glutamate 

receptors, modulation of astrocytic glutamate transporter expression, and interactions with the sigma-1 receptor [104]. 

A parallel review in Neuropsychopharmacology in 2024 by Krystal, Kavalali, and Monteggia noted that two partially 

distinct downstream pathways have been identified, one involving eukaryotic elongation factor 2 kinase (eEF2K) 

suppression leading to BDNF translation de-suppression, and another involving mTOR activation through AMPA 

receptor-driven glutamate surges, and that the relative contributions of these pathways to ketamine’s rapid and 

sustained antidepressant effects remain to be determined [102]. 

Ketamine does not cure depression. Its antidepressant effects are rapid in onset, typically within hours to days, 

but time-limited, typically lasting one to two weeks following a single infusion, necessitating repeated administration 

to maintain benefit [102]. Questions about optimal dosing schedules, long-term safety including risks of bladder 

toxicity, cognitive effects, and potential for dissociative addiction, and the extent to which ketamine’s antidepressant 

effects can be separated from its dissociative and psychotomimetic side effects, remain unresolved [102,104]. 

Ketamine’s emergence as a treatment for depression represents an important clinical advance for a population with 

treatment-resistant illness, but it also introduces a new set of mechanistic and safety questions that the field has not 

yet answered. 

Because esketamine is administered under clinical supervision, pharmacists in relevant settings can support 

protocols for supervised administration and counsel on expected dissociative effects and the need for repeated 

treatment. 

11.2. Psilocybin and Psychedelic-Assisted Therapy 

Psilocybin, the active psychedelic compound in certain species of mushroom, has experienced a significant 

resurgence of clinical research interest since the mid-2010s, following decades of research prohibition. Phase 2 clinical 

trials have demonstrated promising antidepressant effects in both treatment-resistant depression and major depressive 

disorder [105]. In a trial of 233 adults with treatment-resistant depression, a single 25 mg dose reduced depression 
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scores more than a 1 mg dose at 3 weeks, but adverse effects were more common and the response was not sustained 

at 12 weeks [106]. 

A systematic review and meta-analysis published in Frontiers in Psychiatry in 2024, covering 10 studies 

including 524 adult patients, found a large effect size in favor of psilocybin for depression relief (Hedges’ g = −0.89, 

95% CI −1.25 to −0.53) [107]. A separate systematic review in the same journal, covering randomized controlled 

trials specifically in major depressive disorder, also documented significant symptom reduction compared to placebo 

or active comparison conditions, though the authors noted important limitations in blinding given the undeniable 

subjective effects of the drug [105]. 

Psilocybin is a prodrug rapidly dephosphorylated in vivo to psilocin, which acts primarily as a serotonin 5-HT2A 

receptor agonist, producing its characteristic perceptual, emotional, and cognitive effects through this mechanism 

[107]. Neuroimaging studies have documented psilocybin-induced alterations in default mode network (DMN) 

activity and connectivity, and it has been proposed that psilocybin exerts its antidepressant effects partly through 

disruption of rigid, ruminative patterns of thought associated with excessive DMN self-referential processing in 

depression [107]. Carhart-Harris and colleagues published a randomized controlled trial comparing psilocybin with 

escitalopram for depression in the New England Journal of Medicine in 2021, finding that psilocybin was not inferior 

to escitalopram on the primary outcome and showed advantages on several secondary measures, including response 

rate and measures of emotional connectedness, though the trial was not powered to demonstrate superiority [108]. 

Despite these encouraging findings, important cautions apply. The field faces a fundamental methodological 

challenge in that adequate blinding is impossible in psychedelic trials given the unmistakable subjective effects of the 

drug [105]. Placebo response in depression trials is known to be substantial [30,46], and the enthusiastic therapeutic 

context, specialized clinical settings, and high therapeutic alliance that characterize psilocybin trials may amplify non-

pharmacological therapeutic factors beyond what would occur in routine clinical practice [105]. The precise 

mechanism by which psilocybin produces antidepressant effects, if it does so independently of the therapeutic context, 

is not yet established [107]. Phase 3 trials are underway, and their results will provide important information, though 

the blinding problem will remain methodologically challenging regardless of trial design [105]. 

12. Cross-Cutting Analysis: The Patterns in Mechanistic Interpretation 

12.1. The Pattern of Mechanism Construction 

Across every drug class reviewed in this paper, a consistent pattern emerges: clinical effect precedes mechanistic 

explanation, and mechanistic explanation is constructed to rationalize observed clinical effect rather than to guide 

drug development [9,30]. This backwards epistemological sequence has produced a pharmacology that is empirically 

derived but mechanistically unvalidated, which is a charitable description. A less charitable but equally accurate 

description is that psychiatric pharmacology has spent decades claiming to correct neurochemical imbalances while 

lacking the evidence to identify what those imbalances are [12]. 

This pattern matters beyond academic interest. When a theory is constructed to explain an observation that 

preceded it, that theory is not independently validated by the observation it was designed to explain. The serotonin 

hypothesis was constructed to explain why SSRIs, discovered accidentally, improved depression. The hypothesis then 

cannot derive its validation from the observation that SSRIs improve depression, because the hypothesis was designed 

precisely to explain that observation [12,38]. Independent validation requires showing, through methods other than 

the drug effect itself, that serotonin deficiency characterizes depressed individuals prior to treatment. Moncrieff and 

colleagues’ umbrella review was an attempt to provide precisely such independent validation, and it failed to find 

support [12]. 

12.2. The Diagnostic Validity Problem as an Amplifier 

The diagnostic validity crisis amplifies all other problems reviewed in this paper [7]. If psychiatric diagnostic 

categories do not correspond to biologically distinct entities, then the following cascade of problems becomes 

inescapable. The neurobiological hypotheses proposed for each diagnostic category cannot be properly tested, because 

the category itself does not select for a biologically homogeneous population [7]. Clinical trials testing drug efficacy 

in DSM-defined populations include participants with heterogeneous underlying neurobiologies, obscuring 

mechanistic signals and producing average effects that may not reflect any individual’s biology [43]. Treatment 

response becomes inherently unpredictable, and the current clinical reality in which prescribers cycle through multiple 

medications empirically until one appears to help reflects exactly this problem [52]. Patients who respond to drug A 
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may have a different neurobiological substrate from patients who respond to drug B despite sharing the same DSM 

diagnosis, but without biomarkers to identify those substrates, rational matching of patient to treatment is impossible 

[7]. 

12.3. Long-Term Outcomes and the Chronification of Treatment 

A question that receives insufficient attention in the psychiatric pharmacology literature is the long-term course 

of mental disorders in individuals who receive sustained pharmacological treatment compared to those who do not, or 

who recover and discontinue [88]. The prevailing clinical model in psychiatry for conditions such as major depression, 

bipolar disorder, schizophrenia, and generalized anxiety disorder has increasingly moved toward long-term or lifelong 

maintenance pharmacotherapy to prevent relapse [88]. This model is supported by evidence from maintenance trials 

showing that discontinuation of pharmacotherapy is associated with higher relapse rates [88]. In a randomized trial in 

primary care, relapse by 52 weeks occurred in 39% of patients who maintained their antidepressant and 56% of those 

who discontinued, and the discontinuation group also had more withdrawal symptoms [109]. 

However, the interpretation of these relapse findings is complicated by the discontinuation syndrome problem. 

When a patient who has been taking an SSRI for two years discontinues it and experiences a return of depressive 

symptoms within weeks, it is clinically and scientifically ambiguous whether this represents a relapse of the underlying 

depressive disorder or a manifestation of antidepressant discontinuation syndrome [31]. Distinguishing between the 

two requires careful clinical characterization that is not routinely performed, and maintenance trial designs have been 

criticized for not adequately controlling for discontinuation effects [31]. If a significant portion of apparent relapse 

following antidepressant discontinuation is actually SSRI withdrawal, then the evidence base for long-term 

antidepressant maintenance would be substantially overstated [31]. 

Similar concerns apply to antipsychotic discontinuation. Evidence from longer-term observational studies, 

notably work by Harrow and colleagues following patients with schizophrenia spectrum disorders over 20 years, found 

that patients who discontinued antipsychotics had better long-term outcomes in several domains than those who 

remained on them continuously, though this finding must be interpreted cautiously given the possibility of selection 

effects favoring discontinuation in patients with milder illness trajectories [110]. In a randomized trial, gradual 

antipsychotic dose reduction did not improve social functioning and was associated with a higher risk of severe relapse 

than maintenance treatment [111]. 

12.4. Informed Consent and the Ethics of Prescribing Without Proof 

The considerations documented throughout this review raise a set of ethical questions about the conditions under 

which it is justifiable to prescribe pharmacological agents whose mechanisms are not understood, whose diagnostic 

targets are not biologically validated, whose apparent efficacy is substantially inflated by publication bias, and whose 

long-term effects on brain structure and function are incompletely characterized. 

This is not an argument against prescribing. Many patients benefit meaningfully from psychiatric medications, 

and the ethical calculus for an individual in acute psychiatric crisis is clear: available treatments with evidence of 

symptomatic relief are preferable to no treatment [18]. The ethical problem, rather, is one of informed consent and 

epistemic honesty. Patients are routinely told that their depression is caused by a serotonin imbalance that SSRIs will 

correct [12]. This is not an accurate representation of the scientific evidence [12]. Patients are told that antipsychotics 

correct an excess of dopamine in their brain [13]. This is not an established fact [13]. Patients are told that ADHD 

stimulants correct a dopamine deficiency in their attention circuits [98]. This is at best an oversimplification and at 

worst an inference that has not been causally established [7,98]. 

Honest informed consent would require clinicians to explain that these medications produce real 

pharmacological effects that help many people, that the precise mechanisms are not fully understood, that there is no 

confirmed biological test for the condition being treated, and that the drugs manage symptoms rather than curing 

underlying causes. Such conversations are more difficult than “you have a chemical imbalance,” but they are more 

truthful, and they respect the epistemic autonomy of patients in a way that simplified neurobiological narratives do 

not. 

Table 1. Comparative summary of major psychiatric drug classes: proposed mechanism, etiological evidence, established clinical 

role, and major safety concerns. 
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Drug Class Proposed Mechanism 

Strength of 

Etiological 

Evidence 

Established Clinical 

Role 

Major Safety 

Concerns 
References * 

SSRIs 

Blockade of the 

serotonin transporter 

(SERT), increasing 

synaptic serotonin 

Weak. An umbrella 

review across six 

research domains 

found no consistent 

evidence linking 

serotonin to 

depression (critics 

note a role in 

subgroups is not 

excluded) 

Most widely prescribed 

class of psychiatric 

medications globally; 

all 21 antidepressants 

in a network meta-

analysis outperformed 

placebo 

Discontinuation 

symptoms (27% to 

86% in one 

systematic review; 

about 1 in 6 to 7 in a 

placebo-adjusted 

meta-analysis), with 

higher risk for 

paroxetine, longer 

use, and higher 

doses; higher 

incidence of sexual 

dysfunction and 

weight gain than 

bupropion 

[12,15,31,32,4

5,47,48,52,62] 

SNRIs 

Blockade of SERT and 

the norepinephrine 

transporter (NET); 

venlafaxine acts mainly 

as an SSRI at lower 

doses 

Weak. Efficacy 

comparable to 

SSRIs despite the 

added mechanism 

(small, clinically 

modest advantages 

in some 

comparisons) 

undermines single-

target specificity 

Effective versus 

placebo; duloxetine 

also approved for 

fibromyalgia, diabetic 

neuropathic pain, and 

chronic 

musculoskeletal pain 

Dose-dependent rises 

in blood pressure and 

heart rate; 

pronounced 

discontinuation 

syndrome, especially 

venlafaxine 

[31,49–52] 

TCAs 

SERT and NET 

inhibition plus 

muscarinic, histamine 

H1, and alpha-1 

adrenergic antagonism 

Weak. Broad, 

nonselective 

pharmacology with 

efficacy 

comparable to 

selective agents 

challenges 

serotonin 

specificity 

Low-dose amitriptyline 

for neuropathic pain 

(low certainty of 

evidence) and sleep 

(short-term use only); 

clomipramine retains a 

first-line role in OCD; 

nortriptyline and 

desipramine as second- 

or third-line 

antidepressants 

Anticholinergic 

effects, sedation, 

weight gain, 

orthostatic 

hypotension; cardiac 

sodium and 

potassium channel 

blockade, potentially 

fatal in overdose 

[52–58] 

MAOIs 

Inhibition of MAO-A 

and MAO-B, raising 

serotonin, 

norepinephrine, and 

dopamine 

Weak. Theoretical 

framework built 

after an accidental 

clinical observation 

(iproniazid in 

tuberculosis 

patients) 

Third-line in current 

practice, though 

possibly more effective 

in treatment-resistant 

and atypical 

depression; reversible 

moclobemide carries 

lower tyramine risk 

Tyramine-induced 

hypertensive crisis 

with irreversible 

agents (dietary 

restriction); 

dangerous 

interactions with 

other 

antidepressants, 

opioids, and 

sympathomimetics 

[9,61] 

Atypical 

antidepressants 

(bupropion, 

mirtazapine, trazodone, 

agomelatine) 

Diverse: 

norepinephrine-

dopamine reuptake 

inhibition (bupropion); 

alpha-2 antagonism with 

5-HT2 and H1 blockade 

(mirtazapine); 5-HT2A 

antagonism (trazodone); 

melatonin agonism with 

5-HT2C antagonism 

(agomelatine) 

Weak. 

Mechanistically 

unrelated agents 

with comparable 

efficacy undermine 

any single-

neurotransmitter 

hypothesis; a 

convergent BDNF 

pathway is 

Comparable 

antidepressant efficacy 

in some studies 

(agomelatine); 

mirtazapine useful with 

insomnia and poor 

appetite; low-dose 

trazodone used for 

sleep; bupropion also 

used for smoking 

cessation 

Seizure risk 

(bupropion); 

sedation and weight 

gain (mirtazapine); 

hepatotoxicity 

requiring liver 

monitoring 

(agomelatine) 

[52,62–66] 
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proposed but 

unestablished 

First-generation 

antipsychotics (FGAs) 

Dopamine D2 receptor 

blockade, particularly in 

the mesolimbic pathway 

Weak to moderate. 

Potency correlates 

with D2 affinity, 

but the dopamine 

hypothesis was 

built 

retrospectively 

after 

chlorpromazine and 

is confounded by 

prior drug exposure 

Chlorpromazine 

suppressed 

hallucinations and 

agitation when first 

given to psychotic 

patients; D2 blockade 

suppresses psychotic 

symptoms without 

addressing an identified 

cause 

Extrapyramidal 

symptoms (dystonia, 

parkinsonism, 

akathisia); tardive 

dyskinesia (about 

20% to 25%; 

reported range 15% 

to 50%) 

[13,36,37,72,7

3] 

Second-generation 

antipsychotics (SGAs) 

D2 blockade plus 5-

HT2A antagonism; 

aripiprazole is a D2 

partial agonist 

Weak. Clozapine’s 

superior efficacy 

despite weak D2 

affinity challenges 

a D2-centered 

account 

Clozapine superior in 

treatment-resistant 

schizophrenia; in 

CATIE, perphenazine 

did not differ 

significantly from most 

SGAs in time to 

discontinuation, so 

superiority was not 

shown; no clear 

differences between 

antipsychotics for 

relapse prevention in a 

network meta-analysis 

Metabolic syndrome 

(weight gain, 

dyslipidemia, 

glucose intolerance; 

greatest weight gain, 

hemoglobin A1c, 

and lipid changes 

with olanzapine in 

CATIE); 

agranulocytosis with 

clozapine (about 1% 

to 2%; mandatory 

blood monitoring) 

[37,74–80,82] 

Lithium 

Multiple targets; GSK-3 

beta inhibition most 

studied; mechanism 

responsible for mood 

stabilization 

unconfirmed 

Weak on 

mechanism, strong 

on outcome. 

Unresolved after 

more than seven 

decades 

Gold-standard long-

term prophylaxis in 

bipolar disorder; 

reduces manic and 

depressive episodes; 

anti-suicidal effect 

among the most 

replicated findings in 

psychopharmacology 

Narrow therapeutic 

index (0.6 to 1.2 

mmol/L) requiring 

serum monitoring; 

toxicity; thyroid 

dysfunction (about 

20% to 40%); 

chronic kidney 

disease 

[39,83,84,87,8

8] 

Anticonvulsant mood 

stabilizers (valproate, 

lamotrigine) 

Valproate: GABAergic 

enhancement, sodium 

channel inhibition, 

HDAC inhibition. 

Lamotrigine: sodium 

channel inhibition, 

reduced glutamate 

release 

Weak. Which 

mechanism 

underlies mood 

stabilization is not 

established; diverse 

agents converge on 

similar outcomes 

Valproate effective for 

acute mania and 

prevention of manic 

episodes; lamotrigine 

effective for the 

depressive phase 

Valproate: major 

congenital 

malformations 

(estimated 6.2% to 

16% of exposed 

pregnancies), neural 

tube defects, reduced 

offspring IQ. 

Lamotrigine: 

Stevens-Johnson 

syndrome (about 

0.1% of adults; slow 

titration) 

[88–92] 

Benzodiazepines 

Positive allosteric 

modulation of the 

GABA-A receptor 

Mechanism 

molecularly well 

characterized, but 

no confirmed 

GABAergic 

etiology for any 

anxiety disorder 

Among the most 

widely prescribed 

psychotropic 

medications; used for 

acute anxiety, panic 

disorder, insomnia, 

alcohol withdrawal, 

seizures, and 

procedural sedation 

Tolerance, physical 

dependence, and 

withdrawal (rebound 

anxiety, seizures that 

can be life-

threatening); 

neuroadaptation that 

may ultimately 

worsen anxiety 

[15,16,29,93–

96] 

Non-benzodiazepine 

hypnotics (Z-drugs) 

Subunit-selective 

(alpha-1) GABA-A 

modulation 

Same as 

benzodiazepines; 

selectivity only 

Hypnotics with 

somewhat lower 

dependence than 

Tolerance, 

withdrawal, rebound 

insomnia; complex 

[94] 
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partially reduces 

dependence risk 

classical 

benzodiazepines in 

most patients; 

improvement more 

modest than hoped 

sleep behaviors with 

zolpidem (sleep-

walking, sleep-

driving, sleep-eating) 

Buspirone 

Partial agonism at 

serotonin 5-HT1A 

receptors (with some D2 

activity) 

Weak. Causal link 

between 5-HT1A 

activity and anxiety 

reduction remains 

inferential 

Efficacy comparable to 

benzodiazepines in 

generalized anxiety 

disorder in controlled 

trials; no sedation, 

psychomotor 

impairment, or physical 

dependence 

Delayed onset (1 to 2 

weeks), limiting use 

in acute anxiety 

[97] 

Methylphenidate 

Dopamine transporter 

(DAT) and NET 

reuptake blockade 

Moderate. 

Neuroimaging and 

genetic correlates 

exist, but a causal 

catecholamine 

deficit is not 

established 

A Cochrane review 

rated certainty of 

evidence for efficacy as 

low, which does not 

mean it is ineffective 

Dose-dependent rises 

in heart rate and 

blood pressure; 

abuse and misuse 

potential 

(mechanism 

pharmacologically 

similar to cocaine, 

with slower onset) 

[7,98–101] 

Amphetamines 

DAT/NET blockade 

plus vesicular release 

and VMAT-2 inhibition 

Moderate. Same 

catecholamine 

hypothesis as 

methylphenidate, 

with a broader 

mechanism 

Same clinical rationale 

as methylphenidate; 

lisdexamfetamine is a 

prodrug designed to 

reduce abuse potential 

Greater reinforcing 

properties and higher 

dependence potential 

than 

methylphenidate 

[100] 

Non-stimulant ADHD 

medications 

(atomoxetine, 

guanfacine, clonidine) 

Selective NET 

inhibition 

(atomoxetine); alpha-2A 

adrenergic agonism 

(guanfacine, clonidine) 

Moderate. 

Mechanistically 

diverse agents 

work through 

multiple routes, 

consistent with 

heterogeneous 

ADHD biology 

Non-stimulant options 

for ADHD acting 

through mechanisms 

distinct from stimulants 

Cardiovascular 

concerns reduced but 

not eliminated 

compared with 

stimulants 

[99,100] 

Ketamine/esketamine 

NMDA receptor 

antagonism, triggering 

AMPA/mTOR/BDNF 

signaling 

Emerging. 

Mechanism unclear 

and multifaceted 

Rapid antidepressant 

effect in treatment-

resistant depression; 

esketamine FDA-

approved in 2019 

(given under 

supervision); superior 

to quetiapine for 

remission in a 

randomized trial 

Dissociative and 

psychotomimetic 

effects; bladder 

toxicity; potential for 

dissociative 

addiction; benefit 

time-limited (1 to 2 

weeks after a single 

infusion) 

[102–104] 

Psilocybin 

Serotonin 5-HT2A 

receptor agonism; 

altered default mode 

network activity 

Emerging. 

Mechanism 

independent of 

therapeutic context 

not established; 

adequate blinding 

is difficult given 

subjective effects 

Investigational; 

promising effects in 

Phase 2 trials and a 

large effect size in a 

meta-analysis; a single 

25 mg dose 

outperformed 1 mg at 3 

weeks, but the response 

was not sustained at 12 

weeks; not inferior to 

escitalopram in one 

trial; Phase 3 trials 

underway 

Adverse effects more 

common with the 25 

mg dose than the 1 

mg dose 

[105–108] 

Notes: * Reference numbers refer to the numbers in the Reference list of this paper. Ratings of etiological evidence reflect the 

author’s qualitative appraisal (see Method) and concern whether a drug’s proposed mechanism corrects a confirmed disease 
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process, not whether the drug works. Abbreviations: 5-HT, serotonin (5-HT1A, 5-HT2, 5-HT2A, 5-HT2C: serotonin receptor 

subtypes); ADHD, attention-deficit/hyperactivity disorder; AMPA, alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; 

BDNF, brain-derived neurotrophic factor; CATIE, Clinical Antipsychotic Trials of Intervention Effectiveness; D2, dopamine 

receptor subtype 2; DAT, dopamine transporter; FDA, Food and Drug Administration; FGA, first-generation antipsychotic; GABA, 

gamma-aminobutyric acid; GABA-A, gamma-aminobutyric acid receptor type A; GSK-3 beta, glycogen synthase kinase 3 beta; 

H1, histamine receptor subtype 1; HDAC, histone deacetylase; MAO, monoamine oxidase; MAOI, monoamine oxidase inhibitor; 

mTOR, mammalian target of rapamycin; NET, norepinephrine transporter; NMDA, N-methyl-D-aspartate; OCD, obsessive-

compulsive disorder; SERT, serotonin transporter; SGA, second-generation antipsychotic; SNRI, serotonin-norepinephrine 

reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant; VMAT-2, vesicular monoamine 

transporter 2. 

13. Conclusions 

This critical review has documented, with extensive citation to the peer-reviewed literature, that psychiatric 

pharmacotherapy rests on a set of mechanistic assumptions that have not been scientifically established. The serotonin 

hypothesis of depression lacks consistent evidentiary support across multiple research domains. The dopamine 

hypothesis of schizophrenia remains a plausible but unvalidated framework in which much of the supporting evidence 

is confounded by prior drug exposure and methodological limitations. The catecholamine hypothesis of ADHD, 

though more biologically grounded than its counterparts, does not establish a confirmed causal neurobiological deficit 

that stimulant medications correct. The mood stabilizer lithium, in clinical use for more than 75 years, still lacks a 

fully characterized mechanism of mood stabilization. Benzodiazepines, the best mechanistically understood of all 

psychiatric drugs, produce pharmacological dependence that may worsen the very condition they were prescribed to 

treat. And the placebo response accounts for a clinically and statistically substantial proportion of apparent 

antidepressant efficacy in controlled trials. 

The serendipitous origins of virtually all foundational psychiatric drugs are not merely a historical anecdote. 

They reveal a structural problem: that a specialty built its entire pharmacological practice on post-hoc explanatory 

frameworks designed to rationalize discovered effects rather than on a priori mechanistic knowledge of disease. This 

backward epistemology has been perpetuated by a clinical trial literature inflated by publication bias, by a diagnostic 

system that lacks biological validity, and by a culture of confident mechanistic explanation that the underlying science 

does not support. 

None of this means that psychiatric medications are valueless. Millions of patients receive genuine symptomatic 

benefit from these agents, and for conditions as disabling and dangerous as treatment-resistant schizophrenia, severe 

bipolar disorder, and suicidal depression, symptomatic relief is a legitimate and important medical goal. The argument 

of this review is not that these medications should not be prescribed, but that they should be prescribed with honesty: 

honesty about what the evidence supports, honesty about what it does not, honesty about the risks of long-term use, 

and honesty about the distinction between managing symptoms and curing a disease. 

The emerging treatments, ketamine and psilocybin, offer genuine therapeutic promise and introduce novel 

mechanistic ideas involving glutamatergic plasticity and serotonin receptor-mediated network reconfiguration. But 

they too have been received with a degree of premature mechanistic confidence that the evidence does not yet justify. 

The lesson of the preceding seven decades should be that premature theoretical certainty in psychiatric pharmacology 

has consistently generated more harm than good: it has misled patients, obscured the placebo response, delayed 

genuine mechanistic progress, and immunized practitioners against the evidence of failure. 

What psychiatry needs, and what patients deserve, is not a new set of confident hypotheses to replace the old 

ones, but an honest accounting of what is known and what is not, a willingness to say that these drugs produce real 

effects whose mechanisms remain incompletely understood, that psychiatric disorders are real sources of suffering 

whose biology is not yet resolved, and that symptomatic management, while valuable, is not the same as cure. A 

clinical psychologist, working alongside prescribing psychiatrists, can observe daily the consequences when this 

distinction is blurred: patients who feel dependent on medications they were told they needed to correct an imbalance, 

patients who struggle to discontinue drugs whose discontinuation syndromes were never disclosed, and patients whose 

physical health has been compromised by metabolic and neurological side effects of agents prescribed for conditions 

whose biological basis could not be confirmed. 

The call of this review is not for nihilism about psychiatric pharmacotherapy, but for epistemic honesty in its 

practice. These medications produce measurable pharmacological effects and provide real symptomatic relief for 

many patients, and those facts are not contested here. What is contested, and what the evidence reviewed in this paper 

consistently fails to support, is the claim that these drugs correct confirmed biological causes of the disorders for 
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which they are prescribed. Symptomatic management is a legitimate medical goal. It is not, however, equivalent to 

cure, and presenting it as such to patients is a scientific misrepresentation that psychiatry can no longer afford. 

Several concrete steps could operationalize this call for epistemic honesty. Patient medication information 

leaflets could replace language describing drugs as correcting a “chemical imbalance” with plainer statements that the 

medication is believed to work by altering neurotransmitter activity and that this reduces symptoms in many patients, 

without asserting that a specific deficit has been corrected. Pharmacology and psychiatry textbooks could distinguish 

more clearly between a drug’s established receptor pharmacology and the unproven disease hypotheses historically 

used to explain it. Clinical guidelines could explicitly flag where recommended treatments lack confirmed mechanistic 

validation, alongside their evidence grade for efficacy. Science journalism and public communication about 

psychiatric drugs would benefit from routinely distinguishing statements about clinical efficacy (well supported for 

many agents) from statements about disease mechanism (frequently unproven), a distinction this review has argued is 

too often collapsed into a single narrative. 

Clinical pharmacy practice offers a direct route for translating this distinction into everyday patient care. At the 

counter, pharmacists who explain that a medication is believed to work by altering neurotransmitter signaling, while 

being honest that the underlying disease mechanism remains unconfirmed, give patients a more accurate basis for 

shared decision-making than a flat assertion that the drug corrects a chemical imbalance. Pharmacist-led medication 

review and deprescribing services are well placed to identify patients on long-term psychiatric medication who may 

be candidates for a supervised dose reduction or discontinuation trial in collaboration with the prescriber. 

Benzodiazepine stewardship is a particularly clear opportunity for pharmacist involvement, given the dependence and 

withdrawal risks discussed earlier in this review, through structured medication review, patient education on long-

term risks, and closely monitored, individualized tapering protocols. Pharmacists are also well positioned to lead or 

coordinate metabolic monitoring for patients on second-generation antipsychotics, tracking weight, blood pressure, 

glucose, and lipid profile at baseline and follow-up, directly mitigating one of the most serious physical health costs 

documented in this review. Finally, because pharmacists are often the first healthcare professional a patient consults 

when new symptoms emerge after a dose change, they are well placed to distinguish an antidepressant or 

benzodiazepine discontinuation syndrome from relapse of the underlying condition, counsel on gradual tapering, and 

escalate to the prescriber when appropriate. Together, these roles turn the epistemic concerns raised in this review, 

particularly the risk of patients being given an inaccurate account of what their medication is doing and why, into 

concrete, achievable improvements in everyday pharmacy practice. 

List of Abbreviations 

5-HT1A Serotonin receptor subtype 1A 

5-HT2A Serotonin receptor subtype 2A 

5-HT2C Serotonin receptor subtype 2C 

5-HT3 Serotonin receptor subtype 3 

5-HIAA 5-Hydroxyindoleacetic acid 

ADHD Attention-deficit/hyperactivity disorder 

AMPA Alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 

BDNF Brain-derived neurotrophic factor 

BMAL1 Brain and muscle ARNT-like protein 1 

CATIE Clinical Antipsychotic Trials of Intervention Effectiveness 

CLOCK Circadian locomotor output cycles kaput 

CNS Central nervous system 

D2 Dopamine receptor subtype 2 

D4 Dopamine receptor subtype 4 

DAT Dopamine transporter 

DMN Default mode network 

DSM Diagnostic and Statistical Manual of Mental Disorders 

eEF2K Eukaryotic elongation factor 2 kinase 

EPS Extrapyramidal side effects 

FDA Food and Drug Administration 

FGA First-generation antipsychotic 

GABA Gamma-aminobutyric acid 

GABA-A Gamma-aminobutyric acid receptor type A 

GSK-3 beta Glycogen synthase kinase 3 beta 

H1 Histamine receptor subtype 1 

HAMD-17 Hamilton Depression Rating Scale (17-item) 
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HDAC Histone deacetylase 

IMPase Inositol monophosphatase 

M1 Muscarinic acetylcholine receptor subtype 1 

MAO-A Monoamine oxidase A 

MAO-B Monoamine oxidase B 

MAOI Monoamine oxidase inhibitor 

MT1 Melatonin receptor type 1 

MT2 Melatonin receptor type 2 

mTOR Mammalian target of rapamycin 

NDRI Norepinephrine-dopamine reuptake inhibitor 

NET Norepinephrine transporter 

NICE National Institute for Health and Care Excellence 

NIMH National Institute of Mental Health 

NMDA N-methyl-D-aspartate 

OCD Obsessive-compulsive disorder 

OECD Organisation for Economic Co-operation and Development 

QRS QRS complex (a component of the electrocardiogram representing ventricular depolarization) 

QTc Corrected QT interval 

RDoC Research Domain Criteria 

RIMA Reversible inhibitor of monoamine oxidase A 

SARI Serotonin antagonist and reuptake inhibitor 

SERT Serotonin transporter 

SGA Second-generation antipsychotic 

SNRI Serotonin-norepinephrine reuptake inhibitor 

SSRI Selective serotonin reuptake inhibitor 

TCA Tricyclic antidepressant 

TD Tardive dyskinesia 

VMAT-2 Vesicular monoamine transporter 2 
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