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ABSTRACT ~ Schizophrenia is a serious mental illness that is a leading cause of disability 
worldwide. While antipsychotic agents are the most effective medications, up to one-third 
of patients experience treatment resistance, and approximately one-sixth of patients expe-
rience ultra-resistant illness. There is a growing body of evidence that inflammation, 
oxidative stress, and neurodegeneration may be contributing to pathophysiology and 
treatment response. Several agents with potential to improve inflammation and oxida-
tive stress have been investigated, with some showing statistically significant benefits, 
though robust improvement in symptomatology has not been consistently demonstrated. 
Hericium erinaceus (HE) is an edible mushroom that has been used as a medicinal food 
for centuries. In pre-clinical studies, it has demonstrated anti-inflammatory, antioxidant, 
neuroprotective, and neurogenesis-promoting effects. The specif ic inflammatory markers 
that are impacted by HE align well with biomarkers shown to be altered in chronic and 
treatment resistant schizophrenia. Most clinical studies to date have assessed HE for the 
treatment of mild cognitive impairment, depression, and anxiety. In clinical studies, HE 
has been well tolerated, with the most common adverse effect of gastrointestinal distur-
bance. Given potential for HE to improve inflammation, reduce oxidative stress, and 
promote adult neurogenesis in the hippocampus, it is theorized that HE may have benefi-
cial effects on symptomatology when used as an add-on to antipsychotic therapy in those 
with residual symptoms or treatment resistance. The goal of this review is to describe 
theoretical benefits and potential dosing strategies based on pre-clinical and clinical data. 
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IntroductIon

Schizophrenia is a complex, chronic, relapsing mental illness that 
affects approximately one percent of the population. It is frequently 
associated with significant functional impairment, premature mortal-
ity, and is a top 15 leading cause of disability worldwide.1 Patients 
with schizophrenia may experience positive symptoms including hal-
lucinations and delusions, negative symptoms such as avolition, social 
withdrawal, and diminished emotional expression, and cognitive 
dysfunction.2 Antipsychotic drugs are the most effective agents for the 
treatment of schizophrenia, but approximately one-third of patients 
experience treatment resistance, commonly defined as an inadequate 
response to two or more antipsychotic trials at adequate dose and 
duration.3 Clozapine is the only medication approved by the Food and 
Drug Administration for treatment resistant schizophrenia (TRS), with 
approximately 40% response rate. It has been estimated that 12–20% of 
people with schizophrenia will be ultra-resistant, and the best treatment 
strategy in those instances is not well defined.4 Even with treatment 
response, typically defined as 20–30% improvement of Positive and 
Negative Syndrome Scale (PANSS) score, many patients continue to 
have residual positive, negative, and cognitive symptoms. The patho-
physiology of schizophrenia is not completely understood, but dopami-
nergic and glutamatergic hypotheses have been well described. There 
is accumulating evidence that neuroinflammation, oxidative stress, and 
dysfunction in adult neurogenesis may be contributing factors to patho-
physiology and treatment response. These pathophysiologic targets may 
be useful to identify additional novel treatment strategies.5–8

Hericium erinaceus (HE) is an edible mushroom that grows on 
hardwood trees and is native to North America, Europe, and Asia. 
It has a long history of being used as a medicinal food and in pre-
clinical research has been shown to have anticancer, antidiabetic, anti-
hyperlipidemic, anti-inflammatory, antioxidant, neuroprotective, and 
neurotrophic effects. Reported side effects with oral supplementation 
of HE include gastrointestinal (GI) disturbance, nausea, and skin rash.9 

Clinically, it has been studied in a variety of illnesses, most notably 
mild cognitive impairment (MCI), depression, and anxiety.10–14 The 
most studied components of HE are mycelia and fruiting body, typically 
administered as a dry powder, aqueous extract, or ethanolic extract. 
The presence of compounds theorized to have benefit varies between 
mycelia and fruiting body, with fruiting body containing most herice-
nones, and mycelia containing most erinacines, including erinacine A.15 

Fifteen erinacines (A-K and P-S) and seven hericenones (A-H) have 
been identified and are believed to be hydrophobic compounds, with 
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data demonstrating that some of these compounds cross the blood-
brain barrier.16–17 Stimulation of Nerve Growth Factor (NGF) and 
brain-derived neurotrophic factor (BDNF) has been attributed to eri-
nacines A through I and hericenones C through H.18–19 It is noted that 
products can vary greatly in the amount of erinacines and hericenones 
present. The aim of this review is to analyze theoretical benefit of HE 
as an add-on in the treatment of schizophrenia based on potential for 
anti-inflammatory, antioxidant, and neurogenesis promoting effects.

neuroInflammatIon In SchIzophrenIa

Inflammation

It has been hypothesized that neuroinflammation and immune 
modulation may be contributing to the pathophysiology in at least a 
subset of patients with schizophrenia, and it has been proposed that 
TRS may be a possible indication for use of neuro-inflammation reduc-
ing and neuroprotective drugs.20 It has been suggested that those with 
increased inflammatory markers may be less likely to respond to con-
ventional treatments and more likely to experience negative symptoms 
and cognitive dysfunction.6,21–25 When compared to treatment respon-
sive patients, those with treatment resistant illness have been shown 
to have higher levels of inflammation, as evidenced by changes in 
neutrophil to lymphocyte ratio, platelet to lymphocyte ratio, increased 
levels of C-reactive protein (CRP), and increased levels of numerous 
pro-inflammatory cytokines.6–7,25–27 Several studies have researched 
inflammatory markers in different phases of schizophrenia, including 
first episode psychosis, acute exacerbation, chronic illness, and TRS. 
The most consistently altered inflammatory markers in all phases 
of schizophrenia are increased IL-6 and CRP.6 Specific CRP levels 
have been associated with greater negative symptoms (> 0.5 mg/dL) 
and resistance to conventional treatment (> 3 mg/dL).6,22 In assess-
ing chronic illness and TRS compared with healthy controls, studies 
have shown an increase in IL-1β, IL-6, IL-8, IL-10, TNFα, CRP, 
IL-1RA, and sIL-2R.6–7,25–26 Furthermore, when assessing treatment 
responsive versus treatment resistant patients, patients with TRS have 
been reported to have higher levels of IL-1β, IL-2, IL-6, IL-18, and 
TNFα.7,25 Data describing the levels of anti-inflammatory cytokines 
(e.g., IL-10, IL-4) have been mixed in TRS, with some studies show-
ing increase and some showing decrease.7,25 The interaction between 
neuroinflammation and neurogenesis is complex, and dysregulation or 
overexpression of some pro-inflammatory cytokines, including IL-1β, 
TNFα, and IL-6, can interfere with adult neurogenesis.5 Addressing 
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underlying inflammation may be one of the keys to improving treatment 
response in those with schizophrenia experiencing residual symptoms 
with conventional treatment.

Oxidative Stress

An imbalance between free radicals and antioxidants can cause 
alteration in lipid peroxidation, nucleic acids, and proteins.28 Common 
antioxidant enzymes include superoxide dimustase (SOD), catalase 
(CAT), and glutathione peroxidases (GPx). SOD scavenges superoxide 
radicals and converts to hydrogen peroxide, CAT converts hydrogen 
peroxide to oxygen and water, and GPx catalyzes hydrogen peroxide 
and lipid peroxides to nontoxic alcohols.28–29 Patients with schizophre-
nia have been reported to have reduced levels of antioxidants, CAT, and 
GPx, and increased production of reactive oxygen species.7 It has been 
suggested that oxidative stress may have a negative effect on myelination, 
which has been demonstrated in post-mortem studies of schizophrenia 
patients.30 Some studies assessing oxidative markers in schizophrenia 
have demonstrated significantly decreased GPx and SOD, and increased 
CAT versus healthy controls, and decreased levels of CAT and glutathi-
one (GSH) in unmedicated patients.29,31 Oxidative stress has potential 
to contribute to reduced neurogenesis and chronic inflammation.

Neurodegeneration

Adult neurogenesis (AN) occurs in specific areas of the brain, includ-
ing the subventricular zone of the lateral ventricle and the subgranular 
zone of the hippocampus. AN impacts learning and memory func-
tion, synaptic plasticity, and cognitive functioning.5 It is estimated 
that this complex process takes approximately seven weeks.32 It is well 
documented that patients with schizophrenia have reduced hippocam-
pal volume compared with healthy controls. Neurodegeneration and 
disturbance in adult neurogenesis may be contributing to volume loss 
in the hippocampus, potentially contributing to the pathophysiology 
and symptomatology.8 Microglial activation can lead to excessive syn-
aptic pruning, decreased synaptic plasticity, neuron loss, and reduction 
in BDNF, which can result in neurodegeneration. It is known that 
increased BDNF expression can induce neuroplasticity, including adult 
neurogenesis, while low levels of BDNF can impair synaptic plasticity by 
reducing proliferation of synapses and causing excessive synaptic prun-
ing.8,23,33 Patients with TRS have been reported to have lower levels of 
BDNF compared to treatment responsive patients.23 One study found 
those with TRS had larger lateral ventricles and significantly smaller 
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amygdala and hippocampus volume versus healthy controls. The same 
findings were noted when comparing TRS to non-TRS patients, though 
it did not meet statistical significance.25 Given the role of the hippocam-
pus in cognition, memory, and affective behaviors, promotion of adult 
neurogenesis in schizophrenia may be useful to improve symptoms and 
functional status.

effect of Known antI-Inflammatory agentS

Given interest in the neuroinflammatory hypothesis of schizophrenia, 
there have been numerous studies assessing the effect of anti-
inflammatory agents for augmentation. Recent meta-analyses assessing 
the effectiveness of anti-inflammatory agents and antioxidants in 
schizophrenia have identified statistically significant effects for estrogen, 
N-acetylcysteine, and minocycline, with mixed results for HMG-CoA 
reductase inhibitors and thiazolidinediones. Aspirin demonstrated sta-
tistically significant results alone, but not when evaluated with other 
NSAIDs. When neurosteroids DHEA and pregnenelone were assessed 
as a group, there was statistically significant improvement in PANSS 
scores; however, when pregnenelone was assessed on its own, a signifi-
cant change was not found.34–35 Those with positive benefits have been 
noted to decrease IL-1β, IL-6, and TNFα, and downregulate nuclear 
factor kappa B (NFκB). Beneficial effects on positive symptoms, 
negative symptoms, and general pathology were demonstrated with add-
on of anti-inflammatory agents overall.35 There is some evidence that 
antipsychotics, particularly certain second-generation antipsychotics, 
may have anti-inflammatory effects by stimulating anti-inflammatory 
cytokines and diminishing pro-inflammatory cytokines. However, there 
have also been some pro-inflammatory effects associated with antipsy-
chotic treatment, including increased CRP with haloperidol, increased 
CRP and TNFα with clozapine, and inconsistent upregulation of 
IL-6.36 The effect of antipsychotic agents on promotion of adult neu-
rogenesis has been investigated, with mixed effects from haloperidol, 
but a signal for promotion of neurogenesis from atypical antipsychotics 
including clozapine, olanzapine, paliperidone, and risperidone.5

herIcIum erInaceuS

Anti-Inflammatory Effects

In pre-clinical studies, outlined in Table  1, HE has been shown to 
decrease inflammation though several proposed mechanisms. Several 
studies have demonstrated a reduction in inflammatory cytokines IL-1β, 
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IL-18, TNFα, and IL-6.37–47 Two studies demonstrated an increase 
in anti-inflammatory cytokine IL-10.46,48 Downregulation of nuclear 
factor kappa B (NFκB), mitogen-activated protein kinase (MAPK), 
cyclooxygenase-2 (COX-2), and NLR family pyrin domain containing 3  
(NLRP3) expression has also been shown in several studies.43–49 The 
effect of HE on these specific anti-inflammatory markers correlates 
well with the inflammatory markers that are altered in TRS.

Antioxidant Effects

The antioxidant effects of HE have been demonstrated in several 
pre-clinical studies. They have been shown to induce endogenous anti-
oxidant enzymes such as heme oxygenase-1 (HO-1), γglutamylcysteine 
(γ-GCLC), SOD, CAT, COX2, and GSH.18,38,42–43,45,49–55 HE was 
found to reduce levels of nitrite, lipid peroxidation, and reactive oxygen 
species (ROS) in the hippocampus of the rat brain.43 One study found 
hot water and ethanolic extracts of HE to have similar 2,2-Diphenyl-
1-picrylhydrazyl (DPPH) scavenging abilities.55 Interestingly, while 
hot water and ethanolic extracts both significantly decreased nitric 
oxide (NO) production induced by lipopolysaccharide (LPS), the etha-
nolic extract was more effective. The ethanolic extract was found to 
provide neuroprotection for hydrogen peroxide induced neurotoxicity, 
mitochondrial toxicity, and apoptosis in a dose-dependent manner.55 

The antioxidant effects of HE may be useful to reduce oxidative stress 
in those with schizophrenia.

Effect on Neurogenesis

In mouse models, HE has been shown to reduce hippocampal neuron 
loss in Alzheimer’s dementia, decrease hippocampal cell death after 
pilocarpine-induced status epilepticus, protect from brain-ischemia 
induced neuronal cell death, and promote longevity.43,49–50,54 It has 
demonstrated induction of hippocampal and cerebellar neurogenesis, 
prevention of neurodegeneration, and prevention of neuroinflammation-
induced neuronal cell death.18,33,38,40,42,49,56–57 It has been shown to 
decrease glial fibrillary acidic protein (GFAP) immunopositive fibers, 
suppress microglial activation, and preserve myelin.37–39,42,51 HE 
administration may enhance expression of genes and proteins related 
to neuroplasticity, including BDNF, tropomyosin receptor kinase B 
(TrkB), and cAMP response element binding protein (CREB).33 The 
effect appears to be dose dependent, with lower doses of fruiting body 
having higher efficacy for adult neurogenesis and neuroprotective effect 

PB-Baker.indd   51PB-Baker.indd   51 1/31/2025   2:01:04 PM1/31/2025   2:01:04 PM

NOT F
OR R

EPRIN
T



Hericium Erinaceus in Schizophrenia

52
Baker and Newman

PsychoPharmacology Bulletin:  Vol. 55 · No. 2

to diminish neuronal cell death.33,49 Certain hericenones (D, E, H) and 
erinacines (A, B, C, D, E, F, G, H, I) found in HE have been found to 
induce NGF synthesis. Based on pre-clinical studies, it is hypothesized 
that chronic administration of HE could promote the proliferation of 
hippocampal neural stem or progenitor cells and increase the number 
of mature hippocampal neurons.33 Theoretically, HE promotion of 
neurogenesis in schizophrenia could result in improved symptom-
atology, particularly with memory and learning, but potentially other 
symptoms as well.

Clinical Studies

Clinical studies of HE, outlined in Table 2, have primarily focused on 
cognition, depression, and anxiety with sample sizes ranging from one 
to 77. Some studies targeted specific diagnoses, while others studied 
the effects of supplementation on healthy populations. Type of HE 
supplementation and dose of supplementation have varied through-
out the studies. Most studies thus far have utilized fruiting body, with 
two studies using a combination of mycelia and fruiting body, and one 
study using erinacine A-enriched mycelia, with doses ranging from 
1050 mg to 11700 mg. The duration of studies ranged from 4 weeks 
to 49  weeks. Statistically significant improvement in dementia rat-
ing scales, including Mini Mental State Exam (MMSE) and Revised 
Hasegawa Dementia Scale (R-HDS), has been demonstrated in studies 
of MCI, but these did not always separate from placebo.11,58–59 Some 
studies have reported decreased depression, anxiety, and subjective stress 
levels.12–14,60 Overall, studies for depression and anxiety have shown 
some positive signals during 4 week trials, but it seems longer duration 
is needed when assessing cognition, which is rational considering adult 
neurogenesis is estimated to take approximately 7 weeks. In clinical tri-
als it has demonstrated good safety and tolerability, with GI disturbance 
being the most commonly reported effect.

Hericium Erinaceus in Schizophrenia

No pre-clinical studies were found assessing the impact of HE 
supplementation on a mouse model of schizophrenia, and only one 
case report has been identified assessing the clinical effect of HE 
supplementation in a patient with schizophrenia.61 This case report 
described marked improvement with greater than 50% reduction in 
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PANSS and State-Trait Anxiety Inventory with supplementation of 
Amyloban3399 at a dose of six 1950 mg tablets per day.61

Proposed Formulation and Dosing

Based on pre-clinical and clinical studies reviewed, it is theorized 
that an ethanolic extract of fruiting body combined with erinacine 
A-enriched mycelia would be the most logical selection for a study in 
schizophrenia. Since erinacines and hericenones are hydrophobic, an 
ethanolic extract would be expected to yield more useful compounds 
compared to an aqueous extract, and pre-clinical studies have shown 
greater antioxidant effects of ethanolic extract. Since erinacines are pri-
marily found in mycelia and hericenones are primarily found in fruiting 
body, and both compounds have been shown to have beneficial effects 
on a variety of parameters as outlined above, a supplement of fruiting 
body and mycelia would be expected to give the most substantial ben-
efit. In defining the most appropriate dose, pre-clinical and clinical 
studies can give some guidance. In pre-clinical mouse studies, doses of 
fruiting body ethanolic extract have ranged from 10–300  mg/kg/day,  
combination product of mycelia and fruiting body have ranged from 
50–200  mg/kg/day, and erinacine A-enriched mycelia ranged from 
30–431  mg/kg/day. In studies of fruiting body extracts (ethano-
lic and aqueous), neuroprotective and neurotrophic effects have been 
dose-dependent, with doses of 60–120  mg/kg oral ethanolic extract 
or 10  mg/kg aqueous injection having a more profound effect than 
higher doses of 300 mg/kg oral ethanolic extract or 25 mg/kg aqueous 
injection.33, 49 Some studies of erinacine A-enriched mycelia have found 
dose-dependent effects with more robust benefits at higher doses.44, 54  

For estimating human equivalent dose calculation based on body surface 
area, this would calculate to approximately 4.86–16.2  mg/kg/day for 
ethanolic extract of fruiting body and 8.1–34.9 mg/kg/day of erinacine 
A-enriched mycelia.62 Studies assessing erinacine A specifically 
have used doses ranging from 1–10  mg/kg/day in rats, which would 
equate to approximately 0.16–1.6  mg/kg/day in humans. Based on 
review of the pre-clinical data, author proposes an ideal mouse dose 
of 100  mg/kg/day ethanolic extract of fruiting body in combination 
with 400 mg/kg/day erinacine A-enriched mycelia, which would equate 
to approximately 567 mg/2268 mg daily for a human with weight of 
70 kg, with proposed simplified dosing of 600 mg/2400 mg daily for 
study protocol.
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concluSIonS

The anti-inflammatory, antioxidant, and neurogenesis promoting 
effects of HE demonstrated in pre-clinical and clinical studies align 
well with alterations noted in the neuroinflammatory hypothesis of 
schizophrenia. This, combined with good tolerability and minimal 
adverse effects noted in studies, indicates a theoretical role of HE as 
an add-on or augmentation agent to standard antipsychotic therapy 
in those with residual symptoms on recommended treatment. As only 
one case report has been identified assessing HE in the treatment of 
schizophrenia, benefits are all theoretical at this point. A study assessing 
the potential benefit of HE as add-on therapy to antipsychotics in those 
with chronic or TRS may be useful to assess if these theoretical benefits 
may be realized. D

referenceS

 1. Schizophrenia. National Institute of Mental Health. Accessed February 5, 2024. https://www.nimh.
nih.gov/health/topics/schizophrenia.

 2. Schizophrenia spectrum and other psychotic disorders. In: American Psychiatric Association: Diagnostic 
and Statistical Manual of Mental Disorders, Fifth Edition. Arlington, Va: American Psychiatric 
Publishing; 2013:87–122.

 3. Howes OD, McCutcheon R, Agid O, 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(3):216–229. doi:10.1176/appi.ajp.2016.16050503

 4. Siskind D, Siskind V, Kisely S. Clozapine Response Rates among People with Treatment-
Resistant Schizophrenia: Data from a Systematic Review and Meta-Analysis. Can J Psychiatry. 
2017;62(11):772–777. doi:10.1177/0706743717718167

 5. Na KS, Jung HY, Kim YK. The role of pro-inflammatory cytokines in the neuroinflammation 
and neurogenesis of schizophrenia. Prog Neuropsychopharmacol Biol Psychiatry. 2014;48:277–286. 
doi:10.1016/j.pnpbp.2012.10.022

 6. Fond G, Lançon C, Korchia T, Auquier P, Boyer L. The Role of Inflammation in the Treatment of 
Schizophrenia. Front Psychiatry. 2020;11:160. Published 2020 Mar 18. doi:10.3389/fpsyt.2020.00160

 7. Jiao S, Cao T, Cai H. Peripheral biomarkers of treatment-resistant schizophrenia: Genetic, inflammation 
and stress perspectives. Front Pharmacol. 2022;13:1005702. Published 2022 Oct 12. doi:10.3389/
fphar.2022.1005702

 8. Reif A, Schmitt A, Fritzen S, Lesch KP. Neurogenesis and schizophrenia: dividing neurons in a divided 
mind? Eur Arch Psychiatry Clin Neurosci. 2007;257(5):290–299. doi:10.1007/s00406-007-0733-3

 9. Lion’s Mane Mushroom. In: NatMed Pro. Last updated: 01/19/2024. Accessed: 02/28/2024. https://
naturalmedicines-therapeuticresearch-com.va.proxy.liblynxgateway.com/databases/food,-herbs-
supplements/professional.aspx?productid=1536

10. Saitsu Y, Nishide A, Kikushima K, Shimizu K, Ohnuki K. Improvement of cognitive functions by oral 
intake of Hericium erinaceus. Biomed Res. 2019;40(4):125–131. doi:10.2220/biomedres.40.125

11. Mori K, Inatomi S, Ouchi K, Azumi Y, Tuchida T. Improving effects of the mushroom Yamabushitake 
(Hericium erinaceus) on mild cognitive impairment: a double-blind placebo-controlled clinical trial. 
Phytother Res. 2009;23(3):367–372. doi:10.1002/ptr.2634

12. Nagano M, Shimizu K, Kondo R, et al. Reduction of depression and anxiety by 4 weeks Hericium 
erinaceus intake. Biomed Res. 2010;31(4):231–237. doi:10.2220/biomedres.31.231

13. Vigna L, Morelli F, Agnelli GM, et al. Hericium erinaceus Improves Mood and Sleep Disorders in 
Patients Affected by Overweight or Obesity: Could Circulating Pro-BDNF and BDNF Be Potential 
Biomarkers? Evid Based Complement Alternat Med. 2019;2019:7861297. Published 2019 Apr 18. 
doi:10.1155/2019/7861297

14. Okamura H, Anno N, Tsuda A, et al. The effects of Hericium erinaceus (Amyloban 3399) on sleep 
quality and subjective well-being among female undergraduate students: A pilot study. Personalized 
Medicine Universe. 2015;4:76–78.

PB-Baker.indd   56PB-Baker.indd   56 1/31/2025   2:01:04 PM1/31/2025   2:01:04 PM

NOT F
OR R

EPRIN
T



Hericium Erinaceus in Schizophrenia

57
Baker and Newman

PsychoPharmacology Bulletin:  Vol. 55 · No. 2

15. Li IC, Lee LY, Tzeng TT, et al. Neurohealth Properties of Hericium erinaceus Mycelia Enriched with 
Erinacines. Behav Neurol. 2018;2018:5802634. Published 2018 May 21. doi:10.1155/2018/5802634

16. Hu JH, Li IC, Lin TW, et al. Absolute Bioavailability, Tissue Distribution, and Excretion of Erinacine 
S in Hericium erinaceus Mycelia. Molecules. 2019;24(8):1624. Published 2019 Apr 24. doi:10.3390/
molecules24081624

17. Tsai PC, Wu YK, Hu JH, et al. Preclinical Bioavailability, Tissue Distribution, and Protein 
Binding Studies of Erinacine A, a Bioactive Compound from Hericium erinaceus Mycelia Using 
Validated LC-MS/MS Method. Molecules. 2021;26(15):4510. Published 2021 Jul 27. doi:10.3390/
molecules26154510

18. Ratto D, Corana F, Mannucci B, et al. Hericium erinaceus Improves Recognition Memory and Induces 
Hippocampal and Cerebellar Neurogenesis in Frail Mice during Aging. Nutrients. 2019;11(4):715. 
Published 2019 Mar 27. doi:10.3390/nu11040715

19. Ma BJ, Shen JW, Yu HY, et al. Hericenones and erinacines: stimulators of nerve growth factor (NGF) 
biosynthesis in Hericium erinaceus. Mycology. 2010;1(2):92–98.

20. Messina A, Concerto C, Rodolico A, Petralia A, Caraci F, Signorelli MS. Is It Time for a Paradigm 
Shift in the Treatment of Schizophrenia? The Use of Inflammation-Reducing and Neuroprotective 
Drugs-A Review. Brain Sci. 2023;13(6):957. Published 2023 Jun 15. doi:10.3390/brainsci13060957

21. Patlola SR, Donohoe G, McKernan DP. The relationship between inflammatory biomarkers and 
cognitive dysfunction in patients with schizophrenia: A systematic review and meta-analysis. Prog 
Neuropsychopharmacol Biol Psychiatry. 2023;121:110668. doi:10.1016/j.pnpbp.2022.110668

22. Goldsmith DR, Rapaport MH. Inflammation and Negative Symptoms of Schizophrenia: Implications 
for Reward Processing and Motivational Deficits. Front Psychiatry. 2020;11:46. Published 2020 Feb 20. 
doi:10.3389/fpsyt.2020.00046

23. de Bartolomeis A, Barone A, Vellucci L, et al. Linking Inflammation, Aberrant Glutamate-
Dopamine Interaction, and Post-synaptic Changes: Translational Relevance for Schizophrenia and 
Antipsychotic Treatment: a Systematic Review. Mol Neurobiol. 2022;59(10):6460–6501. doi:10.1007/
s12035-022-02976-3

24. Dunleavy C, Elsworthy RJ, Upthegrove R, Wood SJ, Aldred S. Inflammation in first-episode psychosis: 
The contribution of inflammatory biomarkers to the emergence of negative symptoms, a systematic 
review and meta-analysis. Acta Psychiatr Scand. 2022;146(1):6–20. doi:10.1111/acps.13416

25. Chen W, Gou M, Wang L, et al. Inflammatory disequilibrium and lateral ventricular enlarge-
ment in treatment-resistant schizophrenia. Eur Neuropsychopharmacol. 2023;72:18–29. doi:10.1016/ 
j.euroneuro.2023.03.014

26. Halstead S, Siskind D, Amft M, et al. Alteration patterns of peripheral concentrations of cytokines 
and associated inflammatory proteins in acute and chronic stages of schizophrenia: a systematic review 
and network meta-analysis [published correction appears in Lancet Psychiatry. 2023 Mar 17]. Lancet 
Psychiatry. 2023;10(4):260–271. doi:10.1016/S2215-0366(23)00025-1

27. Labonté C, Zhand N, Park A, Harvey PD. Complete blood count inflammatory markers in treatment-
resistant schizophrenia: Evidence of association between treatment responsiveness and levels of 
inflammation. Psychiatry Res. 2022;308:114382. doi:10.1016/j.psychres.2021.114382

28. Adwas AA, Elsayed AS, Azab AE, Quwaydir FA. Oxidative stress and antioxidant mechanisms in 
human body. JABB. 2019;6(1):43–47.

29. Goh XX, Tang PY, Tee SF. Effects of antipsychotics on antioxidant defence system in patients with 
schizophrenia: A meta-analysis. Psychiatry Res. 2022;309:114429. doi:10.1016/j.psychres.2022.114429

30. Valdés-Tovar M, Rodríguez-Ramírez AM, Rodríguez-Cárdenas L, et al. Insights into myelin 
dysfunction in schizophrenia and bipolar disorder. World J Psychiatry. 2022;12(2):264–285. Published 
2022 Feb 19. doi:10.5498/wjp.v12.i2.264

31. Buosi P, Borghi FA, Lopes AM, et al. Oxidative stress biomarkers in treatment-responsive and 
treatment-resistant schizophrenia patients. Trends Psychiatry Psychother. 2021;43(4):278–285. 
doi:10.47626/2237-6089-2020-0078

32. Kempermann G, Song H, Gage FH. Neurogenesis in the Adult Hippocampus. Cold Spring Harb 
Perspect Biol. 2015;7(9):a018812. Published 2015 Sep 1. doi:10.1101/cshperspect.a018812

33. Chong PS, Poon CH, Roy J, et al. Neurogenesis-dependent antidepressant-like activity of Hericium 
erinaceus in an animal model of depression. Chin Med. 2021;16(1):132. Published 2021 Dec 7. 
doi:10.1186/s13020-021-00546-8

34. Çakici N, van Beveren NJM, Judge-Hundal G, Koola MM, Sommer IEC. An update on the 
efficacy of anti-inflammatory agents for patients with schizophrenia: a meta-analysis. Psychol Med. 
2019;49(14):2307–2319. doi:10.1017/S0033291719001995

35. Jeppesen R, Christensen RHB, Pedersen EMJ, et al. Efficacy and safety of anti-inflammatory agents in 
treatment of psychotic disorders—A comprehensive systematic review and meta-analysis. Brain Behav 
Immun. 2020;90:364–380. doi:10.1016/j.bbi.2020.08.028

PB-Baker.indd   57PB-Baker.indd   57 1/31/2025   2:01:04 PM1/31/2025   2:01:04 PM

NOT F
OR R

EPRIN
T



Hericium Erinaceus in Schizophrenia

58
Baker and Newman

PsychoPharmacology Bulletin:  Vol. 55 · No. 2

36. Pandurangi AK, Buckley PF. Inflammation, Antipsychotic Drugs, and Evidence for Effectiveness 
of Anti-inflammatory Agents in Schizophrenia. Curr Top Behav Neurosci. 2020;44:227–244. 
doi:10.1007/7854_2019_91

37. Fu JT, Yang CJ, Lee LY, et al. Erinacine S, a small active component derived from Hericium erinaceus, 
protects oligodendrocytes and alleviates mood abnormalities in cuprizone-exposed rodents. Biomed 
Pharmacother. 2024;173:116297. doi:10.1016/j.biopha.2024.116297

38. Roda E, De Luca F, Ratto D, et al. Cognitive Healthy Aging in Mice: Boosting Memory by an 
Ergothioneine-Rich Hericium erinaceus Primordium Extract. Biology (Basel). 2023;12(2):196. Published 
2023 Jan 28. doi:10.3390/biology12020196

39. Priori EC, Ratto D, De Luca F, et al. Hericium erinaceus Extract Exerts Beneficial Effects on Gut-
Neuroinflammaging-Cognitive Axis in Elderly Mice. Biology (Basel). 2023;13(1):18. Published 2023 
Dec 28. doi:10.3390/biology13010018

40. Lee SL, Hsu JY, Chen TC, Huang CC, Wu TY, Chin TY. Erinacine A Prevents Lipopolysaccharide-
Mediated Glial Cell Activation to Protect Dopaminergic Neurons against Inflammatory Factor-
Induced Cell Death In Vitro and In Vivo. Int J Mol Sci. 2022;23(2):810. Published 2022 Jan 12. 
doi:10.3390/ijms23020810

41. Ren Y, Sun Q  , Gao R, et al. Low Weight Polysaccharide of Hericium erinaceus Ameliorates Colitis via 
Inhibiting the NLRP3 Inflammasome Activation in Association with Gut Microbiota Modulation. 
Nutrients. 2023;15(3):739. Published 2023 Feb 1. doi:10.3390/nu15030739

42. Roda E, Priori EC, Ratto D, et al. Neuroprotective Metabolites of Hericium erinaceus Promote Neuro-
Healthy Aging. Int J Mol Sci. 2021;22(12):6379. Published 2021 Jun 15. doi:10.3390/ijms22126379

43. Cordaro M, Salinaro AT, Siracusa R, et al. Key Mechanisms and Potential Implications of Hericium 
erinaceus in NLRP3 Inflammasome Activation by Reactive Oxygen Species during Alzheimer’s 
Disease. Antioxidants (Basel). 2021;10(11):1664. Published 2021 Oct 22. doi:10.3390/antiox10111664

44. Chiu CH, Chyau CC, Chen CC, et al. Erinacine A-Enriched Hericium erinaceus Mycelium Produces 
Antidepressant-Like Effects through Modulating BDNF/PI3K/Akt/GSK-3β Signaling in Mice. 
Int J Mol Sci. 2018;19(2):341. Published 2018 Jan 24. doi:10.3390/ijms19020341

45. Ren Y, Geng Y, Du Y, et al. Polysaccharide of Hericium erinaceus attenuates colitis in C57BL/6 
mice via regulation of oxidative stress, inflammation-related signaling pathways and modulating the 
composition of the gut microbiota. J Nutr Biochem. 2018;57:67–76. doi:10.1016/j.jnutbio.2018.03.005

46. Yao W, Zhang JC, Dong C, et al. Effects of amycenone on serum levels of tumor necrosis factor-α, 
interleukin-10, and depression-like behavior in mice after lipopolysaccharide administration. Pharmacol 
Biochem Behav. 2015;136:7–12. doi:10.1016/j.pbb.2015.06.012

47. Lee KF, Chen JH, Teng CC, et al. Protective effects of Hericium erinaceus mycelium and its isolated 
erinacine A against ischemia-injury-induced neuronal cell death via the inhibition of iNOS/p38 
MAPK and nitrotyrosine. Int J Mol Sci. 2014;15(9):15073–15089. Published 2014 Aug 27. doi:10.3390/
ijms150915073

48. Diling C, Xin Y, Chaoqun Z, et al. Extracts from Hericium erinaceus relieve inflammatory bowel disease 
by regulating immunity and gut microbiota. Oncotarget. 2017;8(49):85838–85857. Published 2017 
Sep 6. doi:10.18632/oncotarget.20689

49. Jang HJ, Kim JE, Jeong KH, Lim SC, Kim SY, Cho KO. The Neuroprotective Effect of Hericium 
erinaceus Extracts in Mouse Hippocampus after Pilocarpine-Induced Status Epilepticus. Int J Mol Sci. 
2019;20(4):859. Published 2019 Feb 16. doi:10.3390/ijms20040859

50. Hetland G, Tangen JM, Mahmood F, et al. Antitumor, Anti-Inflammatory and Antiallergic Effects of 
Agaricus blazei Mushroom Extract and the Related Medicinal Basidiomycetes Mushrooms, Hericium 
erinaceus and Grifolafrondosa: A Review of Preclinical and Clinical Studies. Nutrients. 2020;12(5):1339. 
Published 2020 May 8. doi:10.3390/nu12051339

51. Lee KF, Hsieh YY, Tung SY, et al. The Cerebral Protective Effect of Novel Erinacines from Hericium 
erinaceus Mycelium on In Vivo Mild Traumatic Brain Injury Animal Model and Primary Mixed Glial 
Cells via Nrf2-Dependent Pathways. Antioxidants (Basel). 2024;13(3):371. Published 2024 Mar 19. 
doi:10.3390/antiox13030371

52. Hsu CH, Liao EC, Chiang WC, Wang KL. Antioxidative Activities of Micronized Solid-State 
Cultivated Hericium erinaceus Rich in Erinacine A against MPTP-Induced Damages. Molecules. 
2023;28(8):3386. Published 2023 Apr 12. doi:10.3390/molecules28083386

53. Chang HC, Yang HL, Pan JH, et al. Hericium erinaceus Inhibits TNF-α-Induced Angiogenesis 
and ROS Generation through Suppression of MMP-9/NF-κB Signaling and Activation of Nrf2-
Mediated Antioxidant Genes in Human EA.hy926 Endothelial Cells. Oxid Med Cell Longev. 
2016;2016:8257238. doi:10.1155/2016/8257238

54. Li IC, Lee LY, Chen YJ, et al. Erinacine A-enriched Hericium erinaceus mycelia promotes longevity 
in Drosophila melanogaster and aged mice. PLoS One. 2019;14(5):e0217226. Published 2019 May 17. 
doi:10.1371/journal.pone.0217226

PB-Baker.indd   58PB-Baker.indd   58 1/31/2025   2:01:04 PM1/31/2025   2:01:04 PM

NOT F
OR R

EPRIN
T



Hericium Erinaceus in Schizophrenia

59
Baker and Newman

PsychoPharmacology Bulletin:  Vol. 55 · No. 2

55. Kushairi N, Phan CW, Sabaratnam V, David P, Naidu M. Lion’s Mane Mushroom, Hericium erinaceus 
(Bull.: Fr.) Pers. Suppresses H2O2-Induced Oxidative Damage and LPS-Induced Inflammation in 
HT22 Hippocampal Neurons and BV2 Microglia. Antioxidants (Basel). 2019;8(8):261. Published 2019 
Aug 1. doi:10.3390/antiox8080261

56. Ryu S, Kim HG, Kim JY, Kim SY, Cho KO. Hericium erinaceus Extract Reduces Anxiety and 
Depressive Behaviors by Promoting Hippocampal Neurogenesis in the Adult Mouse Brain. J Med 
Food. 2018;21(2):174–180. doi:10.1089/jmf.2017.4006

57. Tsai-Teng T, Chin-Chu C, Li-Ya L, et al. Erinacine A-enriched Hericium erinaceus mycelium 
ameliorates Alzheimer’s disease-related pathologies in APPswe/PS1dE9 transgenic mice. J Biomed Sci. 
2016;23(1):49. Published 2016 Jun 27. doi:10.1186/s12929-016-0266-z

58. Chong PS, Fung ML, Wong KH, Lim LW. Therapeutic Potential of Hericium erinaceus for Depressive 
Disorder. Int J Mol Sci. 2019;21(1):163. Published 2019 Dec 25. doi:10.3390/ijms21010163

59. Li IC, Chang HH, Lin CH, et al. Prevention of Early Alzheimer’s Disease by Erinacine A-Enriched 
Hericium erinaceus Mycelia Pilot Double-Blind Placebo-Controlled Study. Front Aging Neurosci. 
2020;12:155. Published 2020 Jun 3. doi:10.3389/fnagi.2020.00155

60. Docherty S, Doughty FL, Smith EF. The Acute and Chronic Effects of Lion’s Mane Mushroom 
Supplementation on Cognitive Function, Stress and Mood in Young Adults: A Double-Blind, Parallel 
Groups, Pilot Study. Nutrients. 2023;15(22):4842. Published 2023 Nov 20. doi:10.3390/nu15224842

61. Inanaga K. Recovery from schizophrenia with bioactive substances in Hericium erinaceum. Int J Sch 
Cog Psychol. 2015;1:1. Doi: 10.4172/2469-9837

62. Nair AB, Jacob S. A simple practice guide for dose conversion between animals and human. J Basic Clin 
Pharm. 2016;7(2):27–31. doi:10.4103/0976-0105.177703

PB-Baker.indd   59PB-Baker.indd   59 1/31/2025   2:01:05 PM1/31/2025   2:01:05 PM

NOT F
OR R

EPRIN
T




