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Schizophrenia remains a serious chronic mental illness since its revelation more than a century ago by Dr. Emile

Kraepelin. Despite the low prevalence, nearly 24 million people suffer from this disorder, which constitutes 1 in 300

people (0.32%) of the world’s population and this rate is 1 in 222 people (0.45%) among adults. The symptoms of

schizophrenia more often appear in the second or third decade of life, and disease occurrence is tied to a

combination of factors such as genetic, socio-demographic, and environmental factor. Clinical schizophrenia is

presented in two unique and distinct sets of symptomatology, which include ‘positive’ symptoms and ‘negative’

symptoms, and is also accompanied by significant impairment of cognitive functioning in one or more major areas.

This may include an inability to execute work, interpersonal relations, or self-care, and there is also a failure to

achieve the expected level of interpersonal, academic, or occupational functioning. According to the current

Diagnostic and Statistical Manual for mental disorders-V (DSM-V), the positive symptoms of schizophrenia are

delusions, hallucinations, disorganized speech, and behaviour; and the negative symptoms are diminished

emotional expression or avolitio. These symptoms have been found to be chronically present once the disease

starts, but generally the illness is marked as alternate signs of remission and exacerbation or partial remission or

exacerbation. Some psychotic symptoms may be treated without the need for medication with proper human care,

social support and care including electroconvulsive therapy.

psychedelics  schizophrenia  MDMA  Psilocybin  DMT

1. Introduction

1.1. Therapeutic Armamentarium for Schizophrenia

The first effective medication for treating psychotic symptoms was reserpine: an antihypertensive agent whose

efficacy in schizophrenia was correlated to the reduction in synaptic dopamine release. The discovery of reserpine

paved the way for the first antipsychotic medication, chlorpromazine in 1952 , which was originally synthesised

as an anaesthetic agent . The efficacy of chlorpromazine in treating acute psychotic symptoms and reducing

relapses was confirmed by a large clinical one making it the first successful APD approved, which was in 1954 .

Soon a medley of other APDs followed, termed first-generation APDs, which shared similar modes of action, i.e.,

the blockade of dopamine D  receptors . The first-generation APDs, although efficacious, produced significant

side effects limiting their long-term use. Major adverse effects of the first-generation APDs were extrapyramidal

symptoms such as acute movement disorders (e.g., dystonia, akathisia, tardive dyskinesia and so on),

parkinsonian-like symptoms, and anticholinergic side effects. In addition, the first-generation APDs were found to
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negatively affect some aspects of the disease such as weakening knowledge acquisition and cognition, and

augmenting hostile behaviours, aggression, and suicidal tendencies . It has also been reported that some

dopamine blocking drugs themselves cause secondary negative and cognitive symptoms in schizophrenia patients

. Additionally, recurrence of psychotic symptoms has been reported after the withdrawal of some antipsychotic

medications. In schizophrenia patients, the quality of life of the patient is greatly compromised due to the long-term

exposure to such adverse effects of antipsychotic medications predisposing them to various illnesses such as

cardiovascular, metabolic complications, sexual dysfunction, and heightening suicidal tendencies, which increases

mortality . The efficacy of all APDs is primarily associated with their action on post-synaptic

dopamine D  receptors thereby preventing dopamine hyperactivity in the striatum. However, schizophrenia

symptoms that are linked to low dopamine functioning in the prefrontal cortex and certain subcortical areas could

not be treated adequately by the first-generation APDs. Additionally, in 2012, Demjaha et al. reported that

antipsychotic medications did not elevate the dopamine synthesising capacity of dopaminergic neurons linked to

the psychotic symptoms .

Antipsychotic medication, for example, aripiprazole and others that were developed later were found to block

dopamine D  receptors as well as serotonin receptors. Aripiprazole was reported as a partial agonist at dopamine

D  receptors and as an antagonist at serotonin (5-hydroxytrptamine; 5-HT) 5-HT  and 5-HT  receptors. They

were referred to as the second-generation APDs. The most commonly involved receptor target for the second-

generation APDs, beside the dopamine receptors, was found to be the serotonin 5-HT  receptors . In the

second-generation APDs, clozapine was the first APD with superior antipsychotic activities. It differed from the

older, classical APDs in superiority of controlling positive as well as negative symptoms, preventing relapses, and

also inducing negligible extrapyramidal side-effects . The mode of action of clozapine was termed atypical

because of its actions on multiple receptor sites, predominantly the dopamine D2 receptor blockade and also

affinity for 5-HT, acetylcholine, and histamine receptors . Clozapine binds strongly to dopamine D4 and serotonin

5-HT  receptors and displays weak binding with dopamine D , D , and D  receptors. It has been reported that

clozapine causes lesser risk of inducing extra-pyramidal symptoms, increasing prolactin levels and the induction of

tardive dyskinesia upon long-term use. These actions of clozapine were associated with its weak binding to

dopamine D  receptors and strong affinity to serotonin 5-HT  receptors in the striatum . The second-

generation APDs, beside clozapine, included drugs such as amisulpride, aripiprazole, asenapine, brexpiprazole,

cariprazine, iloperidone, lurasidone, olanzapine, paliperidone, quetiapine, risperidone, sertindole, ziprasidone, and

zotepine. These drugs effectively managed schizophrenia patients who were unresponsive to the first-generation

APDs . Improvement in several schizophrenia indices such as anhedonia, avolition, reduced motivation and self-

drive, learning and performance tests, depression, adherence, time to relapse, aggression, and suicidal tendencies

were successfully achieved with the current APDs . Schizophrenic patients require chronic or

sometimes lifelong treatment with APDs, which predisposes the adverse consequences of APDs therapy. However,

the use of second-generation ADPs demonstrated significant improvement in long term adverse consequences

compared to first generation drugs. Despite the superiority of second-generation APDs, they were also reported to

produce some harmful effects that negatively affected the therapeutic outcomes in schizophrenia.
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These negative effects of second-generation APDs included the elevation of cardiometabolic abnormalities (for

example, resistance to insulin, glucose intolerance, dyslipidaemia, raised blood pressure, and obesity), among

others include life-threatening disorders such as myocarditis, agranulocytosis, and complications such as

increased prolactin levels . Additionally, the majority were suggested that the currently approved APDs mostly

targeted schizophrenia symptoms as the primary intention to treat, therapeutically, and were largely similar in terms

of efficacy . Thus, the currently available APDs succeeded in lowering most of the aspects of

schizophrenia pathology but functional outcomes in an appreciable number of patients have remained poor. Hence,

even the newer APDs have somehow failed to achieve the desired therapeutic outcome. Additionally, sometimes

the newer APDs were no better than the older APDs because many patients continue to suffer from schizophrenia

symptoms and cognitive debilities. Despite the rapid advances in understanding the neuroscience of such

neuropsychiatric illnesses, there remains a dearth of drug development activity in schizophrenia. The future APD

development programs need to address the unmet goals and challenges of the present schizophrenia

pharmacotherapy. The very first challenge in this context would be to find treatments for patients who are

nonresponsive to the current schizophrenia medications . Secondly, a disease modifying drug is the need

of the hour, which could control subcortical dopamine levels and have improved outcomes on the course of

schizophrenia . In this regard, the recent development of a novel trace amine-associated receptor 1 target

including the development of SEP-363856, a new non-dopamine D -receptor binding antipsychotic agent, suggest

that meaningful therapeutic advances are taking place and are being pursued with more complex

neurodevelopmental and molecular models . Another recent development in this context is the therapeutic

exploration of psychedelic compounds in a variety of neuropsychiatric disorders. Individualised treatment with

psychedelic compounds has been suggested based on efficacy and tolerability of such medications. The clinical

use of psychedelics is being seen as a paradigm shift in the treatment of neuropsychiatric diseases. Recently,

patients who were treated with serotonergic psychedelic drugs reported early evidence that clinical psychedelics

were efficacious and well tolerated in a range of psychiatric conditions  leading to an increase in advocacy for

the controlled, clinical use of psychedelics including LSD and psilocybin . Hence, psychedelics could be an

excellent scientific tool for the development of novel drug molecules for a wide range of intractable neuropsychiatric

disorders including schizophrenia, and particularly drug-resistant schizophrenia, and may constitute an exciting

new treatment avenue in a health area with major unmet needs. Additionally, exploration of psychedelics would

facilitate understanding of the serotonin–glutamate receptor hypotheses, as the serotonin–glutamate receptor

complex is the target for both the psychedelic drug compounds as well as the atypical and glutamate classes of

APDs . A renaissance in the interest to learn the effects of psychedelics in the treatment of psychiatric

disorders warrants a better understanding of the neurobiological mechanisms underlying the effects of

psychedelics in schizophrenia . This is an attempt to delve deep into neurobiological and neuropsychiatry

mechanisms of psychedelics modelling vis-à-vis their role in future drug development in neuropsychiatric disorders

including schizophrenia.

1.2. Psychedelic Drugs in Schizophrenia

Psychedelics refer to a class of drugs that have hallucinogenic actions on the human brain and that, according to

Jaffe, are defined as drug molecules with the ability to cause strong changes in perception, thought, and feeling in
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human beings, which otherwise are not felt normally except in sleep or at times of religious invocations .

Previously, it was reported that serotonin agonists in the human brain behave as hallucinogens as they have a

powerful influence on memory, learning, perception and emotion, causing momentary symptoms of psychosis .

The pharmacological actions of these compounds have been primarily attributed to their binding with and activation

of serotonin 5-HT  receptor subtypes in the brain. Psychedelic drugs have been reported to produce effects at the

cellular and molecular levels in the brain, which probably explains their potential use in a number of etiologically

varied psychiatric illnesses . The administration of low, sub-hallucinogenic doses of psychedelics on a chronic,

intermittent schedule is referred to as psychedelic microdosing, which is becoming increasingly prevalent among

youths as it is believed to lower depression and anxiety and also improve cognitive function and promote social

interaction . In clinical ones, psychedelic compounds have been found to be well-tolerated and efficacious

in regulated doses suggesting that they could open the gate to novel therapeutic approaches for treating various

neurological illnesses including schizophrenia. Previously, it has been reported that psychedelic compounds could

benefit patients suffering from various neurological disorders such as anxiety and resistant depression, substance

use disorders, posttraumatic stress disorder, alcoholism and schizophrenia . Additionally, psychedelics

have been found to promote de-addiction to tobacco and alcohol, and treat some inflammatory conditions .

According to recent reports, medically supervised doses of psychedelic drugs are well-tolerated and there was no

link of psychedelic drug use to adverse mental-health problems. On the contrary, people who used them reported

fewer suicidal thoughts and felt better in several indices of anxiety and depression, which precedes the occurrence

of schizophrenia . By Hibicke et al., revealed that psychedelic compounds lowered depressive symptoms in a

rodent model of depression suggesting that the therapeutic potential of classic psychedelics might be better than

ketamine .

1.3. Psilocybin

Psilocybin (4-phosphoryloxy-N, N dimethyltryptamine) is a widely known contraband substance and occurs

naturally as an indole alkaloid. In 2015, Hendricks and colleagues reported that psilocybin showed positive effects

on mental health such as reduced psychological distress and suicidal feelings . Preliminary findings of phase II

clinical ones have suggested efficacy of psilocybin in conditions including obsessive compulsive disorder (OCD),

depressive disorder, cancer-induced anxiety, and substance use disorders such as alcohol and tobacco . In

2006, by Moreno and colleagues found that there was a greater reduction in OCD symptom following one or more

sessions with psilocybin, which was administered at doses ranging from 25, 100, 200, and 300 µg/kg and given at

an interval of 1 week. Additionally,  patients mostly reported that they experienced relief even after psilocybin has

left the body, beyond the 24 h assessment . In the amygdala of the human brain, psilocybin has been reported

to possess an inhibitory effect, which may explain the observed positive affective state with psilocybin use. In

patients of drug resistant depression, a recent phase II clinical one reported that Hamilton Depression Rating Scale

scores improved following treatment with psilocybin  indicating therapeutic efficacy in depression. Patients who

have suffered from schizophrenia for a long time tend to develop depression, anxiety and substance use disorders,

and develop other secondary illnesses that become challenging to treat besides the psychotic symptoms.

Additionally, recently, psilocybin lowered suicidal tendencies, which are common in psychotic patients. Psilocybin

has been reported to modulate the thoughts and behavioural patterns in individuals who are at risk of suicidal
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behaviours. The mode of action of psilocybin is suggested to be the regulation of major pathways linked with

suicidal behaviours which are affected by directly activating serotonin 5HT  receptors, and also, targeting the

inflammatory and oxidative stress pathways leading to neuronal plasticity, and suppression of inflammation and

increase in cognitive flexibility . Recently, the FDA has dubbed psilocybin as a breakthrough medicine for the

treatment of resistant depression . Hence, future clinical ones involving psilocybin hold promise in the

development of a novel drug for schizophrenia particularly for patients who develop suicidal behaviours and

suicidal ideations.

1.4. LSD

LSD (lysergic acid diethylamide) is a semisynthetic ergot alkaloid  that was developed as a means of mind

control by security agencies . Its therapeutic dose range has been suggested to be between 100 and 200 μg,

although it exhibits psychoactive effects at doses as low as 20 μg. Before the ban on psychedelics was imposed

through a 1971 United Nation convention , many studies had already reported the benefits of LSD in several

neurobehavioral conditions such as substance use disorder, pain, neurosis, and cancer-related anxiety,

depression, and mood disorders, among others . In a recent study, a 20 µg dose of LSD significantly

improved tolerance time to cold (3 °C) water and reduced experience of pain and unpleasantness, subjectively 

Additionally, a recent study reported that the administration of a 200 μg dose of LSD increased emotional empathy,

which was attributed to an increase in oxytocin levels . A clinical study reported a reduction in anxiety and

increased quality of life following treatment with LSD for 12 months at a dose of 200 μg, and it was also found to be

well-tolerated . Further, a recent study suggested that oral administration of 5 μg, 10 μg, and 20 μg of LSD

every fourth day over a 21-day period was safe and tolerated, and it is being explored for the treatment and

prevention of Alzheimer’s disease . Another recent pilot study reported that the intake of LSD led to increased

positive thinking in healthy human subjects , and augmented emotional responses to music .

1.5. MDMA

3,4-methylenedioxymethamphetamine (MDMA) was first synthesised in 1912. It is a derivative of

methamphetamine and used as a middle agent in the synthesis of other chemical compounds . It gained

popularity as an ‘Ecstasy medicine’ before being banned as a controlled substance. MDMA exhibits

pharmacological actions of both methamphetamine and mescaline. It is a strong releaser of catecholamine

neurotransmitters through action at presynaptic reuptake sites, similar to the actions of methamphetamine. In

addition, it has strong pre-synaptic serotonin releasing activities. 5-HT  receptor antagonists such as ketanserin

have been found to diminish the subjective effects of MDMA similar to that observed with mescaline and other

classic hallucinogens . A recent randomized clinical trial (RCT) has shown efficacy of MDMA-assisted

psychotherapy in severe post-traumatic stress disorder . The findings of another RCT reported that MDMA-

assisted therapy was highly efficacious and tolerable in patients with severe PTSD, including common comorbid

neuropsychiatric disorders such as dissociation, depression, a history of alcohol and substance use disorders, and

childhood trauma .
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1.6. DMT

DMT possesses a similar molecular composition and affinity for binding to 5-HT  receptors as psilocybin and LSD,

but exhibits several different pharmacological actions . DMT also binds to 5-HT  and 5-HT  receptors,

which confers it with a variety of pharmacological actions. Some pharmacological actions of DMT have been linked

to its binding to and activation of sigma-1 and trace-amine receptors, among others . In 1965, Franzen and

his colleague found the presence of DMT in the biological fluids of healthy individuals . In 2012, Barker and

colleagues found evidence from many that indicated the presence of DMT in the biological samples of both

schizophrenia patients and control subjects who had never consumed it . In animals, DMT was found to be

present in the brain and pineal gland of rodents . In 1999, Thompson and colleagues reported that

indolethylamine-N-methyltransferase (INMT), the enzyme that produces DMT from tryptamine, has a ubiquitous

presence in human organs such as lungs, thyroid, adrenal glands, placenta, skeletal muscle, heart, small intestine,

stomach, pancreas, and lymph nodes . According to a published report, DMT is responsible for neurocognitive

activities such as consciousness and perception, particularly visual perception. It mediates neurocognitive activities

through trace amine associated receptors . Previously involving closely related synthetic DMT analogue have

indicated that DMT could be used as an adjunctive psychotherapy for the treatment of alcohol addicts  and

cancer diagnosis-induced anxiety . DMT has also been found to modulate immune function and reduce

inflammation by activation of sigma-1 receptor-mediated pathways . In 2007, Heekeren and colleagues

reported that DMT diminished the magnitude of the startle response in schizophrenia patients but not in healthy

individuals . DMT has helped in understanding the differences between psychosis caused by hallucinogenic

compounds and those that occur naturally, and has also increased the understanding of organically occurring

psychotic disorders and exhibited symptoms . Recently, DMT has been found to be well-tolerated, providing

ample opportunities to investigate the potential of DMT. Recently, it was proposed that DMT and other psychedelics

could play substantial roles in the development, growth, maintenance, and repair of the brain .

1.7. Mescaline

In 1896, Arthur Heffter isolated mescaline (3,4,5-trimethoxy-β-phenethylamine), which occurs in nature as a

psychedelic compound, from Lophophora williamsii . The pharmacological actions and adverse effects of

mescaline have been reported to be comparable to LSD and psilocybin . An early observational one was

found mescaline to be well-tolerated and efficacious in substance use disorders, e.g., alcohol addiction , and

recent data supported these findings. It was found that long-term users of mescaline elicited no impairment of

cognition in comparison to the drug naive controls. In addition, the use of mescaline was found to cause

significantly greater psychological well-being and general positive behaviours in comparison to controls .

2. Psychedelic Drug Models in Schizophrenia

2.1. Biomarkers of Neuropsychiatry and Their Association with Psychedelics Drugs
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Biomarkers in neuropsychiatry are becoming immensely important and are playing a key role in facilitating

diagnosis of the disorders, and the specific targeting of such biomarkers is helping in targeted treatments . The

findings of brain imaging ones have demonstrated an increase in the activation of neuronal structures involved in

attention, reward perception, action selection, decision making and behaviour control following response to a drug

therapy  in several brain regions , and altered neurochemicals in these brain areas was linked to

drug craving . Dopamine is a key neurotransmitter involved in various processes associated with cognition such

as execution, decision-making, and planning, and also reinforces actions associated with reward and positive

thinking . Repetitive consumption of a drug leads to an increase in dopaminergic firing resulting in a rise in

dopamine levels in brain areas such the anterior cingulate cortex, amygdala and nucleus accumbens .

Dopamine is also released along with glutamate in brain areas such as the nucleus accumbens, ventral tegmental

area and prefrontal cortex associated with impulsivity, attentional, motivational and emotional processes following

stimulus by addictive drugs. 5-HT is considered to be the regulator of emotion, stress and appetite, and is found to

be increased in substance use disorders. Additionally, various neuropsychiatric symptoms such as anhedonia,

dysphoria, depression, and anxiety during abstinence have been associated with altered metabolism of serotonin

leading to triggering of drug seeking behaviours in human . Further, in neuropsychiatric disorders,

access to brain samples is particularly valuable; however, systematic investigations involving brain samples are

limited because of the difficultly in monitoring the course of the disease. Functional neuroimaging techniques have

been used for learning neuronal activities, alterations in local cerebral flow, energy metabolism and

neurotransmitter receptor populations and function during the course of disease. However, they have failed to

provide insights at the cellular biochemistry level and are limited due to their high economic costs. In this regard, in

recent years, blood lymphocytes are increasingly being used as peripheral biomarkers for focusing on various

diseases including neurological and psychiatric disorders because of the ease in sampling and isolation, and they

also allow for daily monitoring of disease course . It has been observed that the lymphocyte-mediated release

of cytokines affects neuroendocrine and neurobehavioral responses including autonomic control. Furthermore, it

was found that disruption of lymphocyte functions and metabolism leads to changes in neurotransmitters and the

hypothalamic–pituitary–adrenal axis . Hence, it was suggested that studies on lymphocyte gene expression in

psychiatric patients who are at different stages of the disease could forecast alterations in neuronal activities in the

brain. Additionally, this would help in characterising the mechanisms underlying the pathogenesis of the disease

and in predicting the outcome of the pharmacological treatment. Lymphocytes obtained from the blood of

psychiatric patients, such as schizophrenic and depressive patients, have been analysed for some proteins

including c-fos, interleukins (IL) such as IL-2, IL-4, IL-6, and IL-10; nerve growth factor (NGF); and BDNF.

Additionally, cannabinoid receptors, cholinergic receptors, γ-aminobutyric acid-A(GABA ) receptors, β  adrenergic

receptors, glucocorticoid receptors, mineralocorticoid receptors, dopamine D  receptor, and 5-HT receptors have

been analysed in lymphocytes from patients of schizophrenia and depression, suggesting that lymphocytes are

important peripheral biomarkers .

Genomic biomarkers have also been used to learn normal biologic and/or pathogenic processes, including

pharmacotherapeutic responses. These biomarkers are measurable features of deoxyribonucleic acid (DNA)

and/or ribonucleic acid (RNA), such as single nucleotide polymorphisms (SNPs), variability of short sequence
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repeats, haplotypes, deletions or insertions of (a) single nucleotide (s), copy number variations and cytogenetic

rearrangements (translocations, duplications, deletions, or inversions) (45). The use of genetic techniques allowed

the analysis of candidate genes, genome-wide and polygenetic risk score analysis to understand multiple

psychiatric disorders including schizophrenia (46, 47). In 2019, Wu et al., reported that an SNP in the gene

expressing a protein known as glutamate decarboxylase-like protein-1, was linked with the response to lithium in

Chinese bipolar disorder patients . An SNP has been also been associated with immune disturbances in bipolar

disease patients, leading to increases in the levels of total T cells, CD4+ T cells, activated B cells and monocytes.

Therefore, alterations in the number of immune cells may serve as a biomarker for diagnosis, disease progression,

and response to therapy in patients with bipolar disorder. Another class of biomarker in neuropsychiatry are the

transcriptomic biomarkers, which have potential for understanding the biology of psychiatric disorders. A

transcriptome is the full range of messenger RNA, or mRNA, molecules expressed by an organism. The term

“transcriptome” can also be used to describe the array of mRNA transcripts produced in a particular cell or tissue

type, alternatively it is a complete set of all RNA molecules present in a single cell or in a cell population at a

particular developmental stage or physiological condition . The findings of transcriptomics studies have

suggested that the therapeutic responses to antidepressants is linked to changes in the expression of certain

genes such as matrix metallopeptidase 28 and K × DL motif-containing protein-1. Hodgkin et al. observed that

efficacy of nortriptyline in patients of depression was linked to changes in genes responsible for synthesising these

proteins . The findings on RNA have led to the identification of biomarkers of suicide. The postmortem analysis

of the brain areas, particularly the dorsolateral prefrontal cortex and the anterior cingulate cortex (ACC), of

depressive patients who committed suicide found altered RNA editing on the cyclic nucleotide phosphodiesterase

(PDE), particularly PDE8A, involved in the hydroxylation of cyclic adenosine monophosphate and cyclic guanosine

monophosphate. These alterations have been proposed to be a potential biomarker of risk for attempting suicide in

patients with depressive symptoms (68). MicroRNA-124 (miR-124) and microRNA-181 (miR-181) were found to be

upregulated in the blood samples of females with cocaine addiction, and have been proposed as potential

biomarkers for cocaine use disorder .

Proteomics is another valuable technique for identifying potential biomarkers for psychiatric disorders. This

technique commonly uses blood, plasma or serum including cerebrospinal fluid (CSF) as biological samples for

diagnostic purposes in clinical practice, and are easy to obtain . In 2015, Nascimento and Daniel Martins-de-

Souza reported that proteomics could help understand the biochemical processes of schizophrenia at the cellular

and tissue levels by identifying proteins expressed predominantly in the brain tissue . In 2018, Comes at al.,

identified alterations in specific proteins in patients with schizophrenia using proteomic ones, and suggested that

these proteins could act as potential biomarkers for schizophrenia as they play key roles in relevant

pathophysiological, biochemical and neurochemical processes . In 2018, Xu et al., reported that one of

these proteins was zinc finger protein 729. They found that the expression of zinc finger protein 729 was

significantly lower in psychiatric patients in comparison to healthy people . In 2019, Rodrigues-Amorim et al.,

reported that the levels of specific proteins including glia maturation factor beta, BDNF, and Rab3 GTPase

activating protein catalytic subunit (RAB3GAP1) were significantly reduced in the plasma of schizophrenia patients.

These proteins were presented as promising biomarkers for this psychiatric disorder . Other potential
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biomarkers reported for certain psychiatric and neurodegenerative disorders including major depression, anorexia

nervosa, bipolar disorders and so on, have been found to be acetyl-L-carnitine and neurofilaments light chains 

. Lately, a number have identified potential metabolomics biomarkers in different psychiatric diseases

including schizophrenia and bipolar disorder , suggesting that metabolomics could be a promising tool for

developing precision medicine in psychiatry .

References

1. Kapur, S.; Mamo, D. Half a century of antipsychotics and still a central role for dopamine D2
receptors. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2003, 27, 1081–1090.

2. Seeman, P. Atypical Antipsychotics: Mechanism of Action. Can. J. Psychiatry 2002, 47, 29–40.

3. Ban, T.A. Fifty years chlorpromazine: A historical perspective. Neuropsychiatr. Dis. Treat. 2007, 3,
495–500.

4. Shen, W.W. A history of antipsychotic drug development. Compr. Psychiatry 1999, 40, 407–414.

5. Davies, M.A.; Sheffler, D.J.; Roth, B.L. Aripiprazole: A novel atypical antipsychotic drug with a
uniquely robust pharmacology. CNS Drug Rev. 2004, 10, 317–336.

6. Conley, R.R.; Kelly, D.L. Current status of antipsychotic treatment. Curr. Drug Targets CNS
Neurol. Disord. 2002, 1, 123–128.

7. Awad, A.G.; Voruganti, L.N.P. New antipsychotics, compliance, quality of life, and subjective
tolerability—Are patients better off? Can. J. Psychiatr. 2004, 49, 297–302.

8. Weickert, T.W.; Goldberg, T.E. First- and second-generation antipsychotic medication and
cognitive processing in schizophrenia. Curr. Psychiatry Rep. 2005, 7, 304–310.

9. Green, M.F. Impact of cognitive and social cognitive impairment on functional outcomes in
patients with schizophrenia. J. Clin. Psychiatry 2016, 77, 8–11.

10. Kirschner, M.; Aleman, A.; Kaiser, S. Secondary negative symptomsA review of mechanisms,
assessment and treatment. Schizophr. Res. 2017, 186, 29–38.

11. Hennekens, C.H.; Hennekens, A.R.; Hollar, D.; Casey, D.E. Schizophrenia and increased risks of
cardiovascular disease. Am. Heart J. 2005, 150, 1115–1121.

12. Auquier, P.; Lançon, C.; Rouillon, F.; Lader, M.; Holmes, C. Mortality in schizophrenia.
Pharmacoepidemiol. Drug Saf. 2006, 15, 873–879.

13. Seeman, P. Dopamine and schizophrenia. Scholarpedia 2007, 10, 3634.

14. Colton, C.W.M.R. Congruencies in Increased Mortality Rates, Years of Potential Life Lost, and
Causes of Death Among Public Mental Health Clients in Eight States. Prev. Chronic Dis. 2006, 3,

[128]

[129][130]

[131][132]

[132]



An Insight into Psychedelic Drugs in Schizophrenia | Encyclopedia.pub

https://encyclopedia.pub/entry/23790 10/19

A42.

15. Newcomer, J.W.; Hennekens, C.H. Severe mental illness and risk of cardiovascular disease.
JAMA 2007, 298, 1794–1796.

16. Malhotra, N.; Grover, S.; Chakrabarti, S.; Kulhara, P. Metabolic syndrome in schizophrenia. Indian
J. Psychol. Med. 2013, 35, 227–240.

17. Tharoor, H.; Kaliappan, A.; Gopal, S. Sexual dysfunctions in schizophrenia: Professionals and
patients perspectives. Indian J. Psychiatry 2015, 57, 85–87.

18. Demjaha, A.; Murray, R.M.; McGuire, P.K.; Kapur, S.; Howes, O.D. Dopamine synthesis capacity
in patients with treatment-resistant schizophrenia. Am. J. Psychiatry 2012, 169, 1203–1210.

19. Tamminga, C.A.; Carlsson, A. Partial dopamine agonists and dopaminergic stabilizers, in the
treatment of psychosis. Curr. Drug Targets 2002, 1, 141–147.

20. Kane, J.; Honigfeld, G.; Singer, J.; Meltzer, H. Clozapine for the treatment-resistant schizophrenic.
A double-blind comparison with chlorpromazine. Arch. Gen. Psychiatry 1988, 45, 789–796.

21. Conley, R.R. Optimizing treatment with clozapine. J. Clin. Psychiatry 1998, 59, 44–48.

22. Wahlbeck, K.; Cheine, M.; Essali, A.; Adams, C. Evidence of clozapine’s effectiveness in
schizophrenia: A systematic review and meta-analysis of randomized trials. Am. J. Psychiatry
1999, 156, 990–999.

23. Beaumont, G. Antipsychotics—The Future of Schizophrenia Treatment. Curr. Med. Res. Opin.
2000, 16, 37–42.

24. Miyamoto, S.; Duncan, G.E.; Marx, C.E.; Lieberman, J.A. Treatments for schizophrenia: A critical
review of pharmacology and mechanisms of action of antipsychotic drugs. Mol. Psychiatry 2005,
10, 79–104.

25. Jones, P.B.; Barnes, T.R.E.; Davies, L.; Dunn, G.; Lloyd, H.; Hayhurst, K.P.; Murray, R.M.;
Markwick, A.; Lewis, S.W. Randomized controlled trial of the effect on Quality of Life of second-
vs. first-generation antipsychotic drugs in schizophrenia: Cost Utility of the Latest Antipsychotic
Drugs in Schizophrenia Study (CUtLASS 1). Arch. Gen. Psychiatry 2006, 63, 1079–1087.

26. Lieberman, J.A.; Tollefson, G.; Tohen, M.; Green, A.I.; Gur, R.E.; Kahn, R.; McEvoy, J.; Perkins,
D.; Sharma, T.; Zipursky, R.; et al. Comparative efficacy and safety of atypical and conventional
antipsychotic drugs in first-episode psychosis: A randomized, double-blind trial of olanzapine
versus haloperidol. Am. J. Psychiatry 2003, 160, 1396–1404.

27. Lieberman, J.A.; Phillips, M.; Gu, H.; Stroup, S.; Zhang, P.; Kong, L.; Ji, Z.; Koch, G.; Hamer, R.M.
Atypical and conventional antipsychotic drugs in treatment-naive first-episode schizophrenia: A
52-week randomized trial of clozapine vs. chlorpromazine. Neuropsychopharmacology 2003, 28,
995–1003.



An Insight into Psychedelic Drugs in Schizophrenia | Encyclopedia.pub

https://encyclopedia.pub/entry/23790 11/19

28. Lieberman, J.A.; Stroup, T.S.; McEvoy, J.P.; Swartz, M.S.; Rosenheck, R.A.; Perkins, D.O.; Keefe,
R.S.E.; Davis, S.M.; Davis, C.E.; Lebowitz, B.D.; et al. Effectiveness of antipsychotic drugs in
patients with chronic schizophrenia. N. Engl. J. Med. 2005, 353, 1209–1223.

29. Geddes, J.; Freemantle, N.; Harrison, P.; Bebbington, P. Atypical antipsychotics in the treatment
of schizophrenia: Systematic overview and meta-regression analysis. BMJ 2000, 321, 1371–
1376.

30. Lieberman, J.A. Effectiveness of antipsychotic drugs in patients with chronic schizophrenia:
Efficacy, safety and cost outcomes of CATIE and other trials. J. Clin. Psychiatry 2007, 68, e04.

31. Schooler, N.; Rabinowitz, J.; Davidson, M.; Emsley, R.; Harvey, P.D.; Kopala, L.; McGorry, P.D.;
Van Hove, I.; Eerdekens, M.; Swyzen, W.; et al. Risperidone and haloperidol in first-episode
psychosis: A long-term randomized trial. Am. J. Psychiatry 2005, 162, 947–953.

32. Stroup, T.S.; Gray, N. Management of common adverse effects of antipsychotic medications.
World Psychiatry 2018, 17, 341–356.

33. British Association for Psychopharmacology of Schizophrenia. Evidence-Based Guidelines for the
Pharmacological Treatment of Schizophrenia: Recommendations from the British Association for
Psychopharmacology. Available online: https://www.bap.org.uk (accessed on 7 November 2021).

34. Lewis, S.W.; Barnes, T.R.E.; Davies, L.; Murray, R.M.; Dunn, G.; Hayhurst, K.P.; Markwick, A.;
Lloyd, H.; Jones, P.B. Randomized controlled trial of effect of prescription of clozapine versus
other second-generation antipsychotic drugs in resistant schizophrenia. Schizophr. Bull. 2006, 32,
715–723.

35. McEvoy, J.P.; Lieberman, J.A.; Stroup, T.S.; Davis, S.M.; Meltzer, H.Y.; Rosenheck, R.A.; Swartz,
M.S.; Perkins, D.O.; Keefe, R.S.E.; Davis, C.E.; et al. Effectiveness of clozapine versus
olanzapine, quetiapine, and risperidone in patients with chronic schizophrenia who did not
respond to prior atypical antipsychotic treatment. Am. J. Psychiatry 2006, 163, 600–610.

36. Howes, O.D.; McCutcheon, R.; Agid, O.; de Bartolomeis, A.; van Beveren, N.J.M.; Birnbaum,
M.L.; Bloomfield, M.A.P.; Bressan, R.A.; Buchanan, R.W.; Carpenter, W.T.; et al. Treatment-
Resistant Schizophrenia: Treatment Response and Resistance in Psychosis (TRRIP) Working
Group Consensus Guidelines on Diagnosis and Terminology. Am. J. Psychiatry 2017, 174, 216–
229.

37. Lally, J.; Ajnakina, O.; Di Forti, M.; Trotta, A.; Demjaha, A.; Kolliakou, A.; Mondelli, V.; Reis
Marques, T.; Pariante, C.; Dazzan, P.; et al. Two distinct patterns of treatment resistance: Clinical
predictors of treatment resistance in first-episode schizophrenia spectrum psychoses. Psychol.
Med. 2016, 46, 3231–3240.

38. Howes, O.H.; Kaar, S.J. Antipsychotic drugs: Challenges and future directions. World Psychiatry
2018, 17, 170–171.



An Insight into Psychedelic Drugs in Schizophrenia | Encyclopedia.pub

https://encyclopedia.pub/entry/23790 12/19

39. Goff, D.C. The Pharmacologic Treatment of Schizophrenia—2021. JAMA 2021, 325, 175–176.

40. Dedic, N.; Jones, P.G.; Hopkins, S.C.; Lew, R.; Shao, L.; Campbell, J.E.; Spear, K.L.; Large, T.H.;
Campbell, U.C.; Hanania, T.; et al. SEP-363856, a Novel Psychotropic Agent with a Unique, Non-
D(2) Receptor Mechanism of Action. J. Pharmacol. Exp. Ther. 2019, 371, 1–14.

41. Koblan, K.S.; Kent, J.; Hopkins, S.C.; Krystal, J.H.; Cheng, H.; Goldman, R.; Loebel, A. A Non–
D2-Receptor-Binding Drug for the Treatment of Schizophrenia. N. Engl. J. Med. 2020, 382, 1497–
1506.

42. Andersen, K.A.A.; Carhart-Harris, R.; Nutt, D.J.; Erritzoe, D. Therapeutic effects of classic
serotonergic psychedelics: A systematic review of modern-era clinical studies. Acta Psychiatr.
Scand. 2021, 143, 101–118.

43. Dos Santos, R.G.; Bouso, J.C.; Rocha, J.M.; Rossi, G.N.; Hallak, J.E. The use of classic
hallucinogens/psychedelics in a therapeutic context: Healthcare policy opportunities and
challenges. Risk Manag. Healthc. Policy 2021, 14, 901.

44. González-Maeso, J.; Sealfon, S.C. Psychedelics and schizophrenia. Trends Neurosci. 2009, 32,
225–232.

45. Curran, H.V.; Nutt, D.; de Wit, H. Psychedelics and related drugs: Therapeutic possibilities,
mechanisms and regulation. Psychopharmacology 2018, 235, 373–375.

46. Vollenweider, F.X.; Smallridge, J.W. Classic Psychedelic Drugs: Update on Biological
Mechanisms. Pharmacopsychiatry 2022, 55, 121–138.

47. O’Brien, C.P. Drug addiction and drug abuse. In Goodman and Gilman’s the Pharmacological
Basis of Therapeutics; Goodman, A.G., Rall, T.W., Nies, A.S.T.P., Eds.; McGraw Hill: New York,
NY, USA, 1990; pp. 522–573.

48. Nichols, D.E. Psychedelics. Pharmacol. Rev. 2016, 68, 264–355.

49. Kyzar, E.J.; Nichols, C.D.; Gainetdinov, R.R.; Nichols, D.E.; Kalueff, A.V. Psychedelic Drugs in
Biomedicine. Trends Pharmacol. Sci. 2017, 38, 992–1005.

50. Cameron, L.P.; Nazarian, A.; Olson, D.E. Psychedelic Microdosing: Prevalence and Subjective
Effects. J. Psychoact. Drugs 2020, 52, 113–122.

51. Cameron, L.P.; Benson, C.J.; DeFelice, B.C.; Fiehn, O.; Olson, D.E. Chronic, Intermittent
Microdoses of the Psychedelic N,N-Dimethyltryptamine (DMT) Produce Positive Effects on Mood
and Anxiety in Rodents. ACS Chem. Neurosci. 2019, 10, 3261–3270.

52. Cameron, L.P. Asking questions of psychedelic microdosing. eLife 2021, 10, e66920.

53. Majić, T.; Jungaberle, H.; Schmidt, T.T.; Zeuch, A.; Hermle, L.; Gallinat, J. Psychotherapy with
Adjuvant use of Serotonergic Psychoactive Substances: Possibilities and Challenges. Fortschr.



An Insight into Psychedelic Drugs in Schizophrenia | Encyclopedia.pub

https://encyclopedia.pub/entry/23790 13/19

Neurol. Psychiatr. 2017, 85, 383–392.

54. Byock, I. Taking Psychedelics Seriously. J. Palliat. Med. 2018, 21, 417–421.

55. Nichols, D.E.; Johnson, M.W.; Nichols, C.D. Psychedelics as Medicines: An Emerging New
Paradigm. Clin. Pharmacol. Ther. 2017, 101, 209–219.

56. Hendricks, P.S.; Thorne, C.B.; Clark, C.B.; Coombs, D.W.; Johnson, M.W. Classic psychedelic
use is associated with reduced psychological distress and suicidality in the United States adult
population. J. Psychopharmacol. 2015, 29, 280–288.

57. Hibicke, M.; Landry, A.N.; Kramer, H.M.; Talman, Z.K.; Nichols, C.D. Psychedelics, but Not
Ketamine, Produce Persistent Antidepressant-like Effects in a Rodent Experimental System for
the Study of Depression. ACS Chem. Neurosci. 2020, 11, 864–871.

58. Moreno, F.A.; Wiegand, C.B.; Taitano, E.K.; Delgado, P.L. Safety, tolerability, and efficacy of
psilocybin in 9 patients with obsessive-compulsive disorder. J. Clin. Psychiatry 2006, 67, 1735–
1740.

59. Carhart-Harris, R.L.; Bolstridge, M.; Rucker, J.; Day, C.M.J.; Erritzoe, D.; Kaelen, M.; Bloomfield,
M.; Rickard, J.A.; Forbes, B.; Feilding, A.; et al. Psilocybin with psychological support for
treatment-resistant depression: An open-label feasibility study. Lancet Psychiatry 2016, 3, 619–
627.

60. Strumila, R.; Nobile, B.; Korsakova, L.; Lengvenyte, A.; Olie, E.; Lopez-Castroman, J.; Guillaume,
S.; Courtet, P. Psilocybin, a naturally occurring indoleamine compound, could be useful to prevent
suicidal behaviors. Pharmaceuticals 2021, 14, 1213.

61. Slocum, S.T.; DiBerto, J.F.; Roth, B.L. Molecular insights into psychedelic drug action. J.
Neurochem. 2021.

62. Nichols, D.E. Hallucinogens. Pharmacol. Ther. 2004, 101, 131–181.

63. Hwang, K.A.J.; Saadabadi, A. Lysergic Acid Diethylamide (LSD); StatPearls Publishing: Treasure
Island, FL, USA, 2022.

64. Lee, M.A.; Shlain, B. Acid Dreams: The Complete Social History of LSD: The CIA, the Sixties, and
Beyond; Grove Weidenfeld: New York, NY, USA, 1992.

65. Mashour, G.A. From LSD to the IRB: Henry Beecher’s psychedelic research and the foundation of
clinical ethics. Int. Anesthesiol. Clin. 2007, 45, 105–111.

66. Nutt, D. Mind-altering drugs and research: From presumptive prejudice to a Neuroscientific
Enlightenment?: Science & Society series on “Drugs and Science”. EMBO Rep. 2014, 15, 208–
211.



An Insight into Psychedelic Drugs in Schizophrenia | Encyclopedia.pub

https://encyclopedia.pub/entry/23790 14/19

67. Dyck, E. Flashback: Psychiatric experimentation with LSD in historical perspective. Can. J.
Psychiatry 2005, 50, 381–388.

68. Kvam, T.-M.; Stewart, L.H.; Andreassen, O.A. Psychedelic drugs in the treatment of anxiety,
depression and addiction. Tidsskr. Den Nor. Laegeforening 2018, 138.

69. Fuentes, J.J.; Fonseca, F.; Elices, M.; Farré, M.; Torrens, M. Therapeutic Use of LSD in
Psychiatry: A Systematic Review of Randomized-Controlled Clinical Trials. Front. Psychiatry
2020, 10, 943.

70. Ramaekers, J.G.; Hutten, N.; Mason, N.L.; Dolder, P.; Theunissen, E.L.; Holze, F.; Liechti, M.E.;
Feilding, A.; Kuypers, K.P. A low dose of lysergic acid diethylamide decreases pain perception in
healthy volunteers. J. Psychopharmacol. 2021, 35, 398–405.

71. Holze, F.; Avedisian, I.; Varghese, N.; Eckert, A.; Liechti, M.E. Role of the 5-HT(2A) Receptor in
Acute Effects of LSD on Empathy and Circulating Oxytocin. Front. Pharmacol. 2021, 12, 711255.

72. Gasser, P.; Holstein, D.; Michel, Y.; Doblin, R.; Yazar-Klosinski, B.; Passie, T.; Brenneisen, R.
Safety and efficacy of lysergic acid diethylamide-assisted psychotherapy for anxiety associated
with life-threatening diseases. J. Nerv. Ment. Dis. 2014, 202, 513–520.

73. Gasser, P.; Kirchner, K.; Passie, T. LSD-assisted psychotherapy for anxiety associated with a life-
threatening disease: A qualitative study of acute and sustained subjective effects. J.
Psychopharmacol. 2015, 29, 57–68.

74. Family, N.; Maillet, E.L.; Williams, L.T.J.; Krediet, E.; Carhart-Harris, R.L.; Williams, T.M.; Nichols,
C.D.; Goble, D.J.; Raz, S. Safety, tolerability, pharmacokinetics, and pharmacodynamics of low
dose lysergic acid diethylamide (LSD) in healthy older volunteers. Psychopharmacology 2020,
237, 841–853.

75. Carhart-Harris, R.L.; Kaelen, M.; Whalley, M.G.; Bolstridge, M.; Feilding, A.; Nutt, D.J. LSD
enhances suggestibility in healthy volunteers. Psychopharmacology 2015, 232, 785–794.

76. Kaelen, M.; Barrett, F.S.; Roseman, L.; Lorenz, R.; Family, N.; Bolstridge, M.; Curran, H.V.;
Feilding, A.; Nutt, D.J.; Carhart-Harris, R.L. LSD enhances the emotional response to music.
Psychopharmacology 2015, 232, 3607–3614.

77. Karch, S.B. A historical review of MDMA. Open Forensic Sci. J. 2011, 4, 20–24.

78. Garcia-Romeu, A.; Kersgaard, B.; Addy, P.H. Clinical applications of hallucinogens: A review. Exp.
Clin. Psychopharmacol. 2016, 24, 229–268.

79. Jardim, A.V.; Jardim, D.V.; Chaves, B.R.; Steglich, M.; Ot’alora, G.M.; Mithoefer, M.C.; da Silveira,
D.X.; Tófoli, L.F.; Ribeiro, S.; Matthews, R. 3, 4-methylenedioxymethamphetamine (MDMA)-
assisted psychotherapy for victims of sexual abuse with severe post-traumatic stress disorder: An
open label pilot study in Brazil. Braz. J. Psychiatry 2020, 43, 181–185.



An Insight into Psychedelic Drugs in Schizophrenia | Encyclopedia.pub

https://encyclopedia.pub/entry/23790 15/19

80. Mitchell, J.M.; Bogenschutz, M.; Lilienstein, A.; Harrison, C.; Kleiman, S.; Parker-Guilbert, K.;
Ot’alora, G.M.; Garas, W.; Paleos, C.; Gorman, I. MDMA-assisted therapy for severe PTSD: A
randomized, double-blind, placebo-controlled phase 3 study. Nat. Med. 2021, 27, 1025–1033.

81. Passie, T.; Halpern, J.H.; Stichtenoth, D.O.; Emrich, H.M.; Hintzen, A. The pharmacology of
lysergic acid diethylamide: A review. CNS Neurosci. Ther. 2008, 14, 295–314.

82. Passie, T.; Seifert, J.; Schneider, U.; Emrich, H.M. The pharmacology of psilocybin. Addict. Biol.
2002, 7, 357–364.

83. Bunzow, J.R.; Sonders, M.S.; Arttamangkul, S.; Harrison, L.M.; Zhang, G.; Quigley, D.I.; Darland,
T.; Suchland, K.L.; Pasumamula, S.; Kennedy, J.L.; et al. Amphetamine, 3,4-
methylenedioxymethamphetamine, lysergic acid diethylamide, and metabolites of the
catecholamine neurotransmitters are agonists of a rat trace amine receptor. Mol. Pharmacol.
2001, 60, 1181–1188.

84. Fontanilla, D.; Johannessen, M.; Hajipour, A.R.; Cozzi, N.V.; Jackson, M.B.; Ruoho, A.E. The
hallucinogen N,N-dimethyltryptamine (DMT) is an endogenous sigma-1 receptor regulator.
Science 2009, 323, 934–937.

85. Franzen, F.R.; Gross, H. Tryptamine, N,N-Dimethyltryptamine, N,N-Dimethyl-5-hydroxytryptamine
and 5-Methoxytryptamine in Human Blood and Urine. Nature 1965, 206, 1052.

86. Barker, S.A.; McIlhenny, E.H.; Strassman, R. A critical review of reports of endogenous
psychedelic N, N-dimethyltryptamines in humans: 1955–2010. Drug Test. Anal. 2012, 4, 617–635.

87. Barker, S.A.; Monti, J.A.; Christian, S.T. Metabolism of the hallucinogen N,N-dimethyltryptamine in
rat brain homogenates. Biochem. Pharmacol. 1980, 29, 1049–1057.

88. Barker, S.A.; Borjigin, J.; Lomnicka, I.; Strassman, R. LC/MS/MS analysis of the endogenous
dimethyltryptamine hallucinogens, their precursors, and major metabolites in rat pineal gland
microdialysate. Biomed. Chromatogr. BMC 2013, 27, 1690–1700.

89. Christian, S.T.; Harrison, R.; Quayle, E.; Pagel, J.; Monti, J. The in vitro identification of
dimethyltryptamine (DMT) in mammalian brain and its characterization as a possible endogenous
neuroregulatory agent. Biochem. Med. 1977, 18, 164–183.

90. Thompson, M.A.; Moon, E.; Kim, U.J.; Xu, J.; Siciliano, M.J.; Weinshilboum, R.M. Human
indolethylamine N-methyltransferase: cDNA cloning and expression, gene cloning, and
chromosomal localization. Genomics 1999, 61, 285–297.

91. Wallach, J.V. Endogenous hallucinogens as ligands of the trace amine receptors: A possible role
in sensory perception. Med. Hypotheses 2009, 72, 91–94.

92. Grof, S.; Soskin, R.A.; Richards, W.A.; Kurland, A.A. DPT as an adjunct in psychotherapy of
alcoholics. Int. Pharm. 1973, 8, 104–115.



An Insight into Psychedelic Drugs in Schizophrenia | Encyclopedia.pub

https://encyclopedia.pub/entry/23790 16/19

93. Rhead, J.; Turek, I.; Richards, W.; Yensen, R.; Kurland, A.; Ota, K. Psychedelic Drug (DPT)-
Assisted Psychotherapy with Alcoholics: A Controlled Study. J. Psychedelic Drugs 1977, 9, 287–
300.

94. Soskin, R.A.; Grof, S.; Richards, W.A. Low doses of dipropyltryptamine in psychotherapy. Arch.
Gen. Psychiatry 1973, 28, 817–821.

95. Richards, W.A. Mystical and archetypal experiences of terminal patients in DPT-assisted
psychotherapy. J. Relig. Health 1978, 17, 117–126.

96. Richards, W.A.; Rhead, J.C.; Dileo, F.B.; Yensen, R.; Kurland, A.A. The Peak Experience Variable
in DPT-Assisted Psychotherapy with Cancer Patients. J. Psychedelic Drugs 1977, 9, 1–10.

97. Richards, W.A.; Rhead, J.C.; Grof, S.; Goodman, L.E.; Di Leo, F.; Rush, L. DPT as an Adjunct in
Brief Psychotherapy with Cancer Patients. OMEGA—J. Death Dying 1980, 10, 9–26.

98. Thompson, C.; Szabo, A. Psychedelics as a novel approach to treating autoimmune conditions.
Immunol. Lett. 2020, 228, 45–54.

99. Heekeren, K.; Neukirch, A.; Daumann, J.; Stoll, M.; Obradovic, M.; Kovar, K.-A.; Geyer, M.A.;
Gouzoulis-Mayfrank, E. Prepulse inhibition of the startle reflex and its attentional modulation in
the human S-ketamine and N,N-dimethyltryptamine (DMT) models of psychosis. J.
Psychopharmacol. 2007, 21, 312–320.

100. Garcia-Romeu, A.; Griffiths, R.R.; Johnson, M.W. Psilocybin-occasioned mystical experiences in
the treatment of tobacco addiction. Curr. Drug Abus. Rev. 2014, 7, 157–164.

101. Barker, S.A. Administration of N,N-dimethyltryptamine (DMT) in psychedelic therapeutics and
research and the study of endogenous DMT. Psychopharmacology 2022, 1–15.

102. Heffter, A. Ueber cacteenalkaloide. Ber. Dtsch. Chem. Ges. 1896, 29, 216–227.

103. Rinkel, M. Pharmacodynamics of LSD and mescaline. J. Nerv. Ment. Dis. 1957, 125, 424–427.

104. Hollister, L.E.; Hartman, A.M. Mescaline, lysergic acid diethylamide and psilocybin comparison of
clinical syndromes, effects on color perception and biochemical measures. Compr. Psychiatry
1962, 3, 235–242.

105. Prue, B. Indigenous Supports for Recovery from Alcoholism and Drug Abuse: The Native
American Church. J. Ethn. Cult. Divers. Soc. Work 2013, 22, 271–287.

106. Halpern, J.H.; Sherwood, A.R.; Hudson, J.I.; Yurgelun-Todd, D.; Pope, H.G.J. Psychological and
cognitive effects of long-term peyote use among Native Americans. Biol. Psychiatry 2005, 58,
624–631.

107. García-Gutiérrez, M.S.; Navarrete, F.; Sala, F.; Gasparyan, A.; Austrich-Olivares, A.; Manzanares,
J. Biomarkers in Psychiatry: Concept, Definition, Types and Relevance to the Clinical Reality.



An Insight into Psychedelic Drugs in Schizophrenia | Encyclopedia.pub

https://encyclopedia.pub/entry/23790 17/19

Front. Psychiatry 2020, 11, 432.

108. George, O.; Koob, G.F. Individual differences in prefrontal cortex function and the transition from
drug use to drug dependence. Neurosci. Biobehav. Rev. 2010, 35, 232–247.

109. Chase, H.W.; Eickhoff, S.B.; Laird, A.R.; Hogarth, L. The neural basis of drug stimulus processing
and craving: An activation likelihood estimation meta-analysis. Biol. Psychiatry 2011, 70, 785–
793.

110. Hayashi, T.; Ko, J.H.; Strafella, A.P.; Dagher, A. Dorsolateral prefrontal and orbitofrontal cortex
interactions during self-control of cigarette craving. Proc. Natl. Acad. Sci. USA 2013, 110, 4422–
4427.

111. Kühn, S.; Gallinat, J. Common biology of craving across legal and illegal drugs—A quantitative
meta-analysis of cue-reactivity brain response. Eur. J. Neurosci. 2011, 33, 1318–1326.

112. Habelt, B.; Arvaneh, M.; Bernhardt, N.; Minev, I. Biomarkers and neuromodulation techniques in
substance use disorders. Bioelectron. Med. 2020, 6, 4.

113. Vollstädt-Klein, S.; Loeber, S.; Richter, A.; Kirsch, M.; Bach, P.; von der Goltz, C.; Hermann, D.;
Mann, K.; Kiefer, F. Validating incentive salience with functional magnetic resonance imaging:
Association between mesolimbic cue reactivity and attentional bias in alcohol-dependent patients.
Addict. Biol. 2012, 17, 807–816.

114. Ward, R.J.; Lallemand, F.; de Witte, P. Biochemical and Neurotransmitter Changes Implicated in
Alcohol-Induced Brain Damage in Chronic or ‘Binge Drinking’ Alcohol Abuse. Alcohol Alcohol.
2009, 44, 128–135.

115. Belmer, A.; Patkar, O.L.; Pitman, K.M.; Bartlett, S.E. Serotonergic Neuroplasticity in Alcohol
Addiction. Brain Plast. 2016, 1, 177–206.

116. Müller, C.P.; Pum, M.E.; Schumann, G.; Huston, J.P. The role of serotonin in drug addiction. In
Handbook of Behavioral Neuroscience; Elsevier: Amsterdam, The Netherlands, 2010; Volume 21,
pp. 507–545. ISBN 1569-7339.

117. Gladkevich, A.; Kauffman, H.F.; Korf, J. Lymphocytes as a neural probe: Potential for studying
psychiatric disorders. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2004, 28, 559–576.

118. Quan, N.; Herkenham, M. Connecting cytokines and brain: A review of current issues. Histol.
Histopathol. 2002, 17, 273–288.

119. Wu, T.-N.; Lee, C.-S.; Wu, B.-J.; Sun, H.-J.; Chang, C.-H.; Chen, C.-Y.; Chen, C.-K.; Wu, L.S.-H.;
Cheng, A.T.-A. Immunophenotypes associated with bipolar disorder and lithium treatment. Sci.
Rep. 2019, 9, 17453.

120. Wang, Z.; Gerstein, M.; Snyder, M. RNA-Seq: A revolutionary tool for transcriptomics. Nat. Rev.
Genet. 2009, 10, 57–63.



An Insight into Psychedelic Drugs in Schizophrenia | Encyclopedia.pub

https://encyclopedia.pub/entry/23790 18/19

121. Hodgson, K.; Tansey, K.E.; Powell, T.R.; Coppola, G.; Uher, R.; Zvezdana Dernovšek, M.; Mors,
O.; Hauser, J.; Souery, D.; Maier, W.; et al. Transcriptomics and the mechanisms of
antidepressant efficacy. Eur. Neuropsychopharmacol. 2016, 26, 105–112.

122. Viola, T.W.; Heberle, B.A.; Zaparte, A.; Sanvicente-Vieira, B.; Wainer, L.M.; Fries, G.R.; Walss-
Bass, C.; Grassi-Oliveira, R. Peripheral blood microRNA levels in females with cocaine use
disorder. J. Psychiatr. Res. 2019, 114, 48–54.

123. Frantzi, M.; Bhat, A.; Latosinska, A. Clinical proteomic biomarkers: Relevant issues on study
design & technical considerations in biomarker development. Clin. Transl. Med. 2014, 3, 7.

124. Nascimento, J.M.; Martins-de-Souza, D. The proteome of schizophrenia. NPJ Schizophr. 2015, 1,
14003.

125. Comes, A.L.; Papiol, S.; Mueller, T.; Geyer, P.E.; Mann, M.; Schulze, T.G. Proteomics for blood
biomarker exploration of severe mental illness: Pitfalls of the past and potential for the future.
Transl. Psychiatry 2018, 8, 160.

126. Xu, R.; Liang, J.; Luo, Y.; Wan, X.; Li, K.; Qi, L.; Yuan, W.; Chen, J.; Wu, Z.; Wang, M.; et al. Mass
spectrometry identification of potential biomarker proteins in the 150-kD electrophoretic band in
patients with schizophrenia. Medicine 2018, 97, e13553.

127. Rodrigues-Amorim, D.; Rivera-Baltanás, T.; Vallejo-Curto, M.D.C.; Rodriguez-Jamardo, C.; de Las
Heras, E.; Barreiro-Villar, C.; Blanco-Formoso, M.; Fernández-Palleiro, P.; Álvarez-Ariza, M.;
López, M.; et al. Proteomics in Schizophrenia: A Gateway to Discover Potential Biomarkers of
Psychoneuroimmune Pathways. Front. Psychiatry 2019, 10, 885.

128. Nasca, C.; Bigio, B.; Lee, F.S.; Young, S.P.; Kautz, M.M.; Albright, A.; Beasley, J.; Millington, D.S.;
Mathé, A.A.; Kocsis, J.H.; et al. Acetyl-l-carnitine deficiency in patients with major depressive
disorder. Proc. Natl. Acad. Sci. USA 2018, 115, 8627–8632.

129. Nilsson, I.A.K.; Millischer, V.; Karrenbauer, V.D.; Juréus, A.; Salehi, A.M.; Norring, C.; von
Hausswolff-Juhlin, Y.; Schalling, M.; Blennow, K.; Bulik, C.M.; et al. Plasma neurofilament light
chain concentration is increased in anorexia nervosa. Transl. Psychiatry 2019, 9, 180.

130. Katisko, K.; Cajanus, A.; Jääskeläinen, O.; Kontkanen, A.; Hartikainen, P.; Korhonen, V.E.;
Helisalmi, S.; Haapasalo, A.; Koivumaa-Honkanen, H.; Herukka, S.-K.; et al. Serum neurofilament
light chain is a discriminative biomarker between frontotemporal lobar degeneration and primary
psychiatric disorders. J. Neurol. 2020, 267, 162–167.

131. Quintero, M.; Stanisic, D.; Cruz, G.; Pontes, J.G.M.; Costa, T.B.B.C.; Tasic, L. Metabolomic
Biomarkers in Mental Disorders: Bipolar Disorder and Schizophrenia. Adv. Exp. Med. Biol. 2019,
1118, 271–293.

132. Shih, P.-A.B. Metabolomics Biomarkers for Precision Psychiatry. Adv. Exp. Med. Biol. 2019, 1161,
101–113.



An Insight into Psychedelic Drugs in Schizophrenia | Encyclopedia.pub

https://encyclopedia.pub/entry/23790 19/19

Retrieved from https://encyclopedia.pub/entry/history/show/57378


