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(Authors—Schaller and Mountjoy—are not claiming that the
biochemical etiology of suicide is fully understood.)

ABSTRACT: Studies of the brains of suicide victims indicate
a decrease in brain stem levels of 5-HT and/or
5-HIAA. There also appears to be a region-spe-
cific increase in 5-HT2 receptors, which are
post-synaptic and may therefore be elevated in
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response to reduced serotonin levels. Because
we lack information on how 5-HT2 and other
serotonin receptor populations are regulated, the
mechanisms underlying these findings remain
unclear. If the initial reports of fewer imipramine
binding sites prove accurate, it would further
suggest involvement of serotonin neurons, spe-
cifically at the terminal level. The relationship
between suicide attempters and completers is not
fully understood; however, studies of attempters,
especially those making more lethal attempts,
seem to confirm what is observed in the brains
of completers. Neuroendocrine and CSF data
show evidence of serotonin sub-responsivity
and lower CSF 5-HIAA levels. Thus, the overall
direction of change is towards a weaker serotonin
signal which rather than being due to a primary
receptor defect (a possibility that cannot be ruled
out but for which there is no current evidence),
appears to be due to reduced levels of serotonin
release. The causes behind this phenomenon pose
a research challenge, and it is clear that reduced
serotonin alone cannot account for the timing or
nature of suicidal behavior. Future research must
explore the roles of other neurotransmitters,
which could explain why, in some cases, aggres-
sion 1s directed outward toward others, whereas
in other cases it is channeled inward as suicidal
behavior. Clarifying the roles of serotonin and
related transmitter systems is essential before
designing and testing a comprehensive pharma-
cological treatment plan.
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ABSTRACT: Accumulating evidence supports a psychobi-
ological perspective of suicidal behavior, par-
ticularly highlighting the serotonin hypothesis
of suicide risk. The initial indication of a link
between serotonin and suicide emerged from
postmortem brain studies of suicide victims.
Current research data point to decreased brain
stem levels of serotonin and 5-HIAA, alter-
ations in the presynaptic binding of the ligand
3H-imipramine to serotonin neurons, and a
region-specific increase in postsynaptic SHT2
receptors in the prefrontal cortex of suicide vic-
tims. Early CSF studies showed reduced CSF
5-HIAA in patients who had recently attempted
suicide, and subsequent investigations involv-
ing large cohorts of mood-disorder patients
validate the original premise that low CSF
5-HIAA predicts heightened suicide risk fol-
lowing an attempt.

Nonetheless, the clinical applicability of these
compelling biological findings in managing sui-
cide risk among psychiatric patients will rely on
the outcomes of psychopharmacological treat-
ment research aimed at suicidal behavior.
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PMID: 35975759.

ABSTRACT: Suicide is a multifaceted and poorly understood
clinical outcome, underscoring the urgency of
research into its phenomenology and etiology.
Epidemiological studies have shown that suicidal
behavior is heritable, suggesting that genetic
and epigenetic data could function as biomark-
ers of suicide risk. Here, we comprehensively
review the literature on genetic and epigenetic
alterations across the spectrum of self-injurious
thoughts and behaviors (SITB), encompassing
577 studies focused on genome-wide and epig-
enome-wide associations, candidate genes (SNP
and methylation), noncoding RNAs, and his-
tones. Only limited gene convergence appears
across different units of analysis, though path-
way analyses implicate nervous system devel-
opment/function and immunity/inflammation in
SITB. We propose directions for future research
on the genetic and epigenetic correlates of SITB,
emphasizing the importance of measurement
considerations.
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ABSTRACT: Depression is a heterogeneous and complex
condition with diverse symptoms, and its neu-
robiological basis remains incompletely under-
stood. At present, there are no validated, easily
obtainable, and clinically useful noninvasive
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biomarkers or biomarker panels capable of con-
firming a diagnosis of depression, including its
subtypes, or improving diagnostic procedures.
Future multimodal preclinical and clinical
research, incorporating (epi)genetic, molecular,
cellular, imaging, and other studies, is needed
to advance our understanding of the roles of
monoamines, GABA, the HPA axis, neurotro-
phins, the metabolome, and the glycome in the
development of depression and their poten-
tial as diagnostic, prognostic, and treatment-
response biomarkers. Such studies should focus
on first-episode depression and antidepressant
drug-naive patients with large sample sizes to
minimize variability in different biological and
clinical parameters.

Currently, a metabolomics study has shown with
high precision that a neurometabolite panel con-
sisting of plasma metabolite biomarkers (GABA,
dopamine, tyramine, kynurenine) may serve as
clinically useful biomarkers of MDD.
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ABSTRACT: This article is a clinical guide which discusses
the “state-of-the-art” usage of the classic mono-
amine oxidase inhibitor (MAOI) antidepres-
sants (phenelzine, tranylcypromine, and iso-
carboxazid) in modern psychiatric practice. It
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is intended for all clinicians, including those
with limited MAOI prescribing experience. The
guide addresses indications, drug-drug interac-
tions, side-effect management, and the safety of
various augmentation strategies. A clear, broad
consensus (from over 70 international expert
endorsers), based on six decades of experience,
supports the recommendations presented here.
They draw on empirical evidence and expert
opinion, establishing a new specialist-consensus
standard. The guide provides practical clinical
advice, and 1s the basis for the rational use of
these drugs, particularly because it improves and
updates knowledge, and corrects the various mis-
conceptions that have hitherto been prominent in
the literature, partly due to insufficient knowl-
edge of pharmacology. The guide suggests that
MAOIs should be considered in treatment-resis-
tant depression (including melancholic subtypes)
and prior to electroconvulsive therapy, taking
patient preferences into account. In certain cases,
they may be introduced earlier in the treatment
sequence than has previously been standard,
and should not be seen as a last resort. Indeed,
they can be decisively effective when many
other treatments have failed. The guide clarifies
essential points on co-administrating drugs often
mistakenly ruled out (e.g., methylphenidate and
some tricyclic antidepressants). It also outlines
simple “bridging” methods for transitioning
safely from other antidepressants to MAOIs.
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ABSTRACT: Background: Obesity and type 2 diabetes con-
tribute to non-alcoholic fatty liver disease
(NAFLD). Glucagon-like peptide-1 analogues
effectively treat both obesity and type 2 diabetes
and may have potential for NAFLD management.

Aim: To assess the effect of semaglutide (a
glucagon-like peptide-1 analogue) on alanine
aminotransferase (ALT) and high-sensitivity
C-reactive protein (hsCRP) in individuals at risk
for NAFLD.

Methods: Data were analyzed from a 104-week
cardiovascular outcomes trial in type 2 diabetes
(semaglutide 0.5 or 1.0 mg/week) and a 52-week
weight management trial (semaglutide 0.05-0.4
mg/day). Treatment ratios versus placebo were
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estimated for ALT (both trials) and hsCRP
(weight management trial only) using a mixed
model for repeated measurements, with or with-
out adjustment for changes in body weight.

Results: In the weight management trial, 52%
of participants (499/957) had elevated baseline
ALT (men >30 IU/L; women >19 IU/L). In this
subgroup, end-of-treatment ALT was reduced
by 6-21% (p < 0.05 for doses >0.2 mg/day), and
hsCRP was reduced by 25-43% compared to pla-
cebo (p <0.05 for 0.2 and 0.4 mg/ day). Among
these participants, 25-46% achieved normaliza-
tion of elevated baseline ALT, versus 18% in the
placebo group. In the cardiovascular outcomes
trial, 41% of participants (1325/3268) had ele-
vated baseline ALT. In this group with elevated
ALT, no significant ALT reduction was noted at
end-of-treatment for 0.5 mg/week, while a 9%
reduction vs placebo was seen for 1.0 mg/week
(P = 0.0024). Treatment ratios for changes in
ALT and hsCRP were not statistically significant
after adjustment for weight change.

Conclusions: Semaglutide significantly reduced
ALT and hsCRP in clinical trials in subjects with
obesity and/or type 2 diabetes.
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Souza-Mello V, Aguila MB, Mandarim-de-Lacerda CA.
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Semaglutide (GLP-1 receptor agonist) stimulates browning
on subcutaneous fat adipocytes and mitigates inflammation
and endoplasmic reticulum stress in visceral fat adipocytes of
obese mice.

Cell Biochem Funct. 2022 Dec;40(8):903-913. doi: 10.1002/
cbf.3751. Epub 2022 Sep 28. PMID: 36169111 Copy Download .nbib

Zhu K, Kakkar R, Chahal D, Yoshida EM, Hussaini T.

Efficacy and safety of semaglutide in non-alcoholic fatty
liver disease.

WorldJ Gastroenterol. 2023 Oct 7;29(37):5327-5338.doi1: 10.3748/
wjg.v29.137.5327. PMID: 37899788; PMCID: PMC10600803.

Irfan H.

Obesity, Cardiovascular Disease, and the Promising Role of
Semaglutide: Insights from the SELECT Trial.

Curr Probl Cardiol. 2024 Jan;49(1 Pt A):102060. doi: 10.1016/;.
cpcardiol.2023.102060. Epub 2023 Aug 26. PMID: 37640171.

Yaribeygi H, Maleki M, Jamialahmadi T, Sahebkar A.
Anti-inflammatory benefits of semaglutide: State of the art.

J Clin Transl Endocrinol. 2024 Mar 28;36:100340. doi: 10.1016/;.
jcte.2024.100340. PMID: 38576822; PMCID: PMC10992717.

Tabi T, Vécsei L, Youdim MB, Riederer P. Sz6ké E.

Selegiline: a molecule with innovative potential.

J Neural Transm (Vienna). 2020 May;127(5):831-842. doi:
10.1007/s00702-019-02082-0. Epub 2019 Sep. 27. PMID:
31562557; PMCID: PMC7242272.

ABSTRACT: Monoamine oxidase B (MAO-B) inhibitors are
well-established as both monotherapy and as an
adjunct to levodopa for managing Parkinson’s
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disease. Two pivotal insights led to their intro-
duction into this therapeutic domain. The first
was Knoll and Magyar’s discovery of the unique
pharmacological properties of selegiline as a
selective MAO-B inhibitor. The second was the
original hypothesis by Riederer and Youdim,
endorsed by Birkmayer, to evaluate selegiline’s
impact on Parkinson’s patients experiencing
on-off phases. In the 1960s, MAO inhibitors
were principally explored as potential antide-
pressants, but Birkmayer observed that com-
bining levodopa with various MAO inhibi-
tors improved akinesia in Parkinson’s disease.
Unfortunately, serious adverse effects associated
with the early non-selective MAO inhibitors cur-
tailed their use. Later research demonstrated that
MAO-B, primarily located in glial cells, is inte-
gral to dopamine metabolism in the brain. More
recent cell and molecular studies have uncovered
intriguing characteristics of selegiline, suggest-
ing neuroprotective capabilities and a possible
disease-modifying role for MAO-B inhibitors.

62 Daniel A Kinderlehrer
The Effectiveness of Microdosed Psilocybin in the Treatment of
Neuropsychiatric Lyme Disease: A Case Study
Int Med Case Rep J. 2023 Mar 3:16:109-115. doi: 10.2147/
IMCRJ S395342 PMID: 36896410. PMCID: PMC9990519.

63 https://www.nationalacademies.org/event/40129 10-2023 exploring-
the-adoption-ofimplantable-brain-stimulation-into-standard-of-care-

for-central-nervous-system-disorders- a workshop
Accessed January 21, 2024.
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Watford T, Masood N.

Psilocybin, an Effective Treatment for Major Depressive
Disorder in Adults

A Systematic Review. Clin Psychopharmacol Neurosci. 2024
Feb 29;22(1):2-12. doi: 10.9758/ cpn.23.1Epub 2023 Oct 16.
PMID: 38247407. PMCID: PMC10811389.

Goh KK, Chen CH, Chiu YH, Lu ML.

Lamotrigine augmentation in treatment-resistant unipolar
depression: A comprehensive meta-analysis of efficacy and safety
] Psychopharmacol. 2019 Jun;33(6):700-713. doi: 10.1177/
0269881119844199. Epub 2019 May 13. PMID: 31081449

Alevizos B, Alevizos E, Leonardou A, Zervas 1.

Low dosage lithium augmentation in venlafaxine resistant
depression: an open-label study

Psychiatriki. 2012 Apr-Jun;23(2):143-8. PMID: 22796912.

Cipriani A, Pretty H, Hawton K, Geddes JR.

Lithium in the prevention of suicidal behavior and all-cause
mortality in patients with mood disorders: a systematic review
of randomized trials

Am J Psychiatry. 2005 Oct;162(10):1805-19. doi: 10.1176/appi.
ajp.162.10.1805. PMID: 16199826.

https://www.mdedge.com/psychiatry/article/150510/depression/
rethinking-lithium-it-keeps- patients-unipolar-depression-out
Accessed January 11, 2023.

Jancin B.

Rethinking lithium: It keeps patients with unipolar depression
out of the hospital’

Clin. Psych. News, October 29, 2017.
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Martin E, Narjoz C, Decleves X, Labat L, Lambert C, Loriot
MA, Ducheix G, Dualé C, Pereira B, Pickering G.
Dextromethorphan Analgesia in a Human Experimental Model
of Hyperalgesia

Anesthesiology. 2019 Aug;131(2):356-368. doi: 10.1097/
ALN.0000000000002736. PMID: 31094746.

Dextromethorphan/DXM Overdose: Dangers of Abusing
Cough Medicine

americanaddictioncenters.org
https://americanaddictioncen-ters.org/dextromethorphan-dxm

Sang CN.

NMDA-receptor antagonists in neuropathic pain: experimental
methods to clinical trials

J Pain Symptom Manage. 2000 Jan;19(1 Suppl):S21-5. doi:
10.1016/s0885-3924(99)00125-6 Erratum in: J Pain Symptom
Manage 2000 Mar;19(3):235. PMID: 10687335.

Jane Marke
Personal communication November 19, 2022.

https://www.brainsway.com/tms-depression-treatment/?utm
source=google&utm medium=cpc&utm campaign=Antenna
Patients MDD Search&gclid=CjwKCAi1A85efBhBbEiwA
D70LQGO0kn5csVFyeP-1qvko6mhP7T4140EUoXnYxwTLNxyd
KgY6PDsU-CSRoCEfMQAvD BwE

Accessed June 25, 2024.

Nolan Williams, M.D.

Associate Professor of Psychiatry and Behavioral Sciences,
(Major Labs & Translational Neuroscience Incubator) and, by
courtesy, of Radiology (Neuroimaging and Neurointervention),
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Director, Brain Stimulation Laboratory, Director, Interventional
Psychiatry Clinical Research, Department of Psychiatry and
Behavioral Sciences, Stanford University
https://profiles.stanford.edu/nolan-williams | http://med.stanford.
edu/bsl.html.

76 Kris Newby.
Personal emails #3.
July 13, 2025

Kris Newby kindly explained the meaning of
each letter in SAINT acronym. The acronym
SAINT stands for Stanford Accelerated Intelligent
Neuromodulation Therapy, which is an advanced
form of transcranial magnetic stimulation (TMS)
developed for the treatment of treatment-resistant

depression (TRD).
Breakdown of SAINT:
e S — Stanford:

Refers to Stanford University, where the protocol was
developed.

A — Accelerated:

Indicates that the treatment is delivered multiple times per
day (usually 10 sessions per day over 5 days), as opposed to
once daily over several weeks in standard TMS.

I — Intelligent:

Refers to the use of functional MRI (fMRI)-guided target-
ing, specifically personalizing stimulation to a subregion of
the left dorsolateral prefrontal cortex (L-DLPFC) that is most
anticorrelated with the subgenual anterior cingulate cortex
(sgACC), a region implicated in depression.

- 209 -



JAMES SCHALLER, MD, MAR & KIMBERLY MOUNTIJOY, MS

77

¢ N — Neuromodulation:
Refers to the use of magnetic pulses (similar to TMS) to
modulate brain activity in specific neural circuits involved in
mood regulation.

* T — Therapy:
Indicates that this is a therapeutic intervention for major
depressive disorder (MDD), particularly in patients who have
not responded to conventional treatments.

Source: https://stanmed.stanford.edu/electromagnetic-depression-
treatment/
Accessed October 10, 2024.

78 Henderson TA.

Email communications
September 30, 2024, and October 22, 2024.

79 Henderson TA, Morries LD.

Infrared Light Cannot Be Doing What You Think It Is Doing
(re: DOI: 10.1089/photob.2018.4489). Photobiomodul Photomed
Laser Surg. 2019 Feb;37(2): 124-125. doi: 10.1089/photob.
2018.4603. PMID: 31050929.

80 Henderson TA.

Can infrared light really be doing what we claim it is doing?
Infrared light penetration principles, practices, and limitations.
Front Neurol. 2024 Aug 28; 15:1398894. doi: 10.3389/
fheur.2024.1398894. PMID: 39263274; PMCID: PMC11388112.
https://www.frontiersin.org/journals/neurology/articles/10.3389/
fheur.2024.1398894/full).
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Castaiio-Castaiio, S, Zorzo, C. Martinez-Esteban, JA, and
Arias, JL.

Dosimetry in cranial photobiomodulation therapy: effect of cra-
nial thickness and bone density.

LasersMed Sci.(2024)39:76.do1:10.1007/s10103-024-04024-z.

Henderson TA, Morries LD.

Near-infrared photonic energy penetration: can infrared photo-
therapy effectively reach the human brain?

Neuropsychiatr Dis Treat. 2015 Aug 21;11:2191-208. doi: 10.2147/
NDT.S78182. PMID: 26346298; PMCID: PM(C4552256.

Henderson TA, Morries LD.

Multi-Watt Near-Infrared Phototherapy for the Treatment of
Comorbid Depression: An Open-Label Single-Arm Study.

Front Psychiatry. 2017 Sep 29;8:187. doi: 10.3389/fpsyt.2017.00187.
PMID: 29033859; PMCID: PMC5627142.

ABSTRACT: Background: The treatment of depression has
faced obstacles due to the limited efficacy of
antidepressant medications and safety concerns
with alternative methods. Recent research indi-
cates that multi-watt transcranial near-infrared
light therapy (NILT) can effectively address
traumatic brain injury (TBI). The present goal is
to evaluate multi-watt NILT as a proof-of-con-
cept therapy for depression.

Methods: Thirty-nine consecutive patients treated
for TBI between March 2013 and May 2017
contributed depression self-assessment data and/
or underwent the Hamilton Depression Rating

- 211 -



JAMES SCHALLER, MD, MAR & KIMBERLY MOUNTIJOY, MS

Scale. Each participant completed the Quick
Inventory of Depression Symptomatology-Self
Report (QIDS) both before and after receiving
treatment. Patients received multi-Watt NILT
using near-infrared lasers (810/980 nm at 8-15
W) applied bilaterally to the forehead and tem-
poral regions for 9-12 minutes each. Pre- and
post-treatment scores were compared using
paired t-tests.

Results: All participants met QIDS criteria for
mild to severe depression, and 69% had previ-
ously tried antidepressants. After 16.82 + 6.26
treatments, 36 of the 39 patients had a robust
response (>50% reduction in QIDS score), and
32 of 39 reached remission (QIDS total <5).
Overall, QIDS scores declined from 14.10 +
3.39t03.41 £3.30 (p=6.29 x 10"—19). Patients
who received 12 or fewer treatments showed
a reduction from 14.83 + 2.55 to 4.17 + 3.93,
whereas those receiving 13 or more treatments
showed a change from 13.67 + 3.64 to 3.11 +
3.14. Among 15 individuals who completed
their treatment course in 5.33 + 1.72 weeks (<8
weeks), QIDS scores fell from 13.86 &+ 3.14 to
4.5 £+ 3.94. Suicidal ideation resolved in all but
two patients, and some remained in remission for
up to 55 months after one course of treatment.

Conclusion: This is the first report of high-pow-
ered NILT showing efficacy in treating depres-
sion. Multi- Watt NILT demonstrated far greater
efficacy and lasting benefits than low-power
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(<1 Watt) infrared light. Notably, some patients
improved after only four treatments, with depres-
sive symptoms resolving within four weeks in
certain cases. These findings suggest that multi-
Watt NILT may be a safe, effective, and rapid
therapy for depression comorbid with TBI, as
well as potentially for primary major depressive
disorder. A double-blind, placebo-controlled
study is warranted to confirm these proof-of-
concept data.

84 Morries LD, Cassano P Henderson TA.
Treatments for traumatic brain injury with emphasis on transcra-
nial near-infrared laser phototherapy.
Neuropsychiatr Dis Treat. 2015 Aug20;11:2159-75.doi: 10.2147/
NDT.S65809. PMID: 26347062; PMCID: PMC4550182.

ABSTRACT: Traumatic brain injury (TBI) is a growing public
health concern, affecting both civilians and mil-
itary personnel. In this review, we discuss treat-
ment options for chronic TBI patients, including
pharmaceuticals, nutraceuticals, cognitive ther-
apy, and hyperbaric oxygen therapy. Overall,
published data suggest only marginal benefits
with prolonged treatment courses. An emerging
therapeutic approach is near-infrared (NIR) light,
shown to be beneficial in animal models of stroke,
spinal cord injury, optic nerve injury, and TBI, as
well as in some human trials for stroke and TBI.
However, results have been confounded by vary-
ing degrees of efficacy and a complex assort-
ment of treatment parameters. Some evidence
indicates that low-level NIR diodes often fail to
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deliver sufficient radiant energy at the required
depth to achieve meaningful clinical outcomes.
As part of this review, we present a retrospective
case series utilizing a high-power NIR Class IV
laser. We observed greater clinical efficacy with
higher fluence, contrary to the previously pro-
posed bimodal efficacy model. Ten patients with
chronic TBI (average time since injury 9.3 years)
received ten treatment sessions over 2 months
using a high-power NIR laser (13.2 W/0.89 cm?
at 810 nm or 9 W/0.89 cm? at 810 nm and 980
nm). Headaches, sleep disruptions, cognitive
issues, mood dysregulation, anxiety, and irrita-
bility all improved. Changes were monitored via
depression scales and a novel patient diary system
specifically developed for this study. NIR light at
10-15 W and wavelengths of 810 nm and 980 nm
can be administered safely and appears effective
in alleviating chronic TBI symptoms. We discuss
the clinical benefits of infrared phototherapy on
mitochondrial function and secondary molecu-
lar processes in the context of adequate radiant
energy penetration.

85 Henderson, TA.
Personal communication.
October 22, 2024

86 Nussbaumer-Streit B, Forneris CA, Morgan LC, Van Noord
MG, Gaynes BN, Greenblatt A, Wipplinger J, Lux LJ, Winkler
D, Gartlehner G.
Light therapy for preventing seasonal affective disorder
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Cochrane Database Syst Rev. 2019 Mar 18;3(3):CD011269.
doi: 10.1002/14651858. CDO011269.pub3 PMID: 30883670;
PMCID: PMC6422319.

Nussbaumer-Streit B, Forneris CA, Morgan LC, Van Noord
MG, Gaynes BN, Greenblatt A, Wipplinger J, Lux LJ, Winkler
D, Gartlehner G.

Light therapy for preventing seasonal affective disorder
Cochrane Database Syst Rev. 2019 Mar 18;3(3):CD011269.
doi: 10.1002/14651858. CDO011269.pub3 PMID: 30883670;
PMCID: PMC6422319.

Rowland T, Mann R, Azeem S.

The Efficacy and Tolerability of Continuation and Maintenance
Electroconvulsive Therapy for Depression: A Systematic Review
of Randomized and Observational Studies.

J ECT. 2023 Sep 1;39(3):141-150. doi: 10.1097/YCT.
0000000000000914. Epub 2023 Mar 23. PMID: 36961277.

Young, A.H., Juruena, M.F., De Zwaef, R. et al.

Vagus nerve stimulation as adjunctive therapy in patients with
difficult-to-treat depression (RESTORE-LIFE): study protocol
design and rationale of a real-world post-market study

BMC Psychiatry 20, 471 (2020). https://doi.org/10.1186/
s12888-020-02869-6.

Feng JJ, Li YH.

Effects of hyperbaric oxygen therapy on depression and anxiety
in the patients with incomplete spinal cord injury (a STROBE-
compliant article).

Medicine (Baltimore). 2017 Jul;96(29).€7334. doi: 10.1097/
MD.0000000000007334. PMID: 28723746; PMCID: PMC5521886.
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Merrel Holley.
email communication. November 8, 2024.

Vance Trimble. The Uncertain Miracle.
Doubleday, January 1, 1974, p. 17.

Joy Kong MD,
YouTube.
Miscellaneous lectures.

Huang J, Huang W, Yi J, Deng Y, Li R, Chen J, Shi J, Qiu Y,
Wang T, Chen X, Zhang X, Xiang AP.

Mesenchymal stromal cells alleviate depressive and anxiety-like
behaviors via a lung vagal-to-brain axis in male mice.

Nat Commun. 2023 Nov 16;14(1):7406. doi: 10.1038/s41467-
023-43150-0. PMID: 37973914; PMCID: PMC10654509.

Wu M, Hu S.

Therapeutic Potential of Mesenchymal Stem Cells on Major
Depressive Disorder.

EDS Basic Medicine (2024) Clausius Scientific Press, Canada DOI:
10.23977/medbm.2024.020116 ISSN 2616-2091 Vol. 2 Num. 1.

LiJ, Wang Y, Zhang Y, Liu M, Rong X, Jiang J.

Therapeutic potential and mechanisms of stem cells in major
depressive disorder: a comprehensive review.

Front Pharmacol. 2024 Nov 25;15:1476558. doi: 10.3389/
fphar.2024.1476558.PMID:39654612; PMCID: PMC11625547.

Liu G, Miao L, Niu H, Wang H, Yan L, Chen Y, Zhang C, Li X, Mi
Y Xu L, Wang D, Zhou J, Xu X, Li G, Long H, Liu Y.

Human Umbilical Cord Mesenchymal Stem Cells Ameliorated
Chronic Unpredictable Mild Stress-Induced Depression and
Anxiety by Alleviating Neuroinflammation.
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J Neuroimmune Pharmacol. 2025 Apr 24;20(1):45. doi:
10.1007/s11481-025-10198-2. PMID: 40272640.

Chang Z, Wang QY, Li LH, Jiang B, Zhou XM, Zhu H, Sun YP,
Pan X, Tu XX, Wang W, Liu CY, Kuang HX.

Potential Plausible Role of Stem Cell for Treating Depressive
Disorder: a Retrospective Review.

Mol Neurobiol. 2024 Jul;61(7):4454-4472. doi: 10.1007/
s12035-023-03843-5. Epub 2023 Dec 14. PMID: 38097915.

Marcatili M, Sala C, Dakanalis A, Colmegna F, D'Agostino A,
Gambini O, Dell'Osso B, Benatti B, Conti L, Clerici M.
Human induced pluripotent stem cells technology in treat-
ment resistant depression: novel strategies and opportunities to
unravel ketamine's fast-acting antidepressant mechanisms.
TherAdvPsychopharmacol.2020Nov2;10:2045125320968331.
doi: 10.1177/2045125320968331. PMID: 33224469; PMCID:
PMC7649879.

Biofeedback

Mayo Clinic
https://www.mayoclinic.org/tests-procedures/biofeedback/
about/pac-20384664+#!

Melnikov MY.

The Current Evidence Levels for Biofeedback and Neurofeedback
Interventions in Treating Depression: A Narrative Review

Neural Plast. 2021 Feb 4;2021:8878857. doi: 10.1155/2021/8878857
PMID: 33613671; PMCID: PMC7878101.

Fernandez-Alvarez J, Grassi M, Colombo D, Botella C,
Cipresso P, Perna G, Riva G.
Efficacy of bio-and neurofeedback for depression: a meta-analysis
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Psychol Med. 2022 Jan;52(2):201-216. doi: 10.1017/
S0033291721004396. Epub 2021 Nov 15 PMID: 34776024;
PMCID: PM(C8842225.

103 Marvin H. Berman, PhD
Personal communications.
April 26, 2025 — July 29, 2025.

104 Mathé A.

Neuropeptides and electroconvulsive treatment.
JECT. 1999 Mar; 15(1): 60-75. PMID: 10189619.

105 Dyjillani A, Pietri M, Moreno S, Heurteaux C, Mazella J,

Borsotto M.

Shortened Spadin Analogs Display Better TREK-1 Inhibition,
In Vivo Stability and Antidepressant Activity.

Front Pharmacol. 2017 Sep 12;8:643. doi: 10.3389/fphar.2017.00643.
PMID: 28955242; PMCID: PMC5601071.

ABSTRACT:

Depression is a severe mental disorder
affecting 20% of the world’s population.
Despite their effectiveness, antidepres-
sants often have delayed onset and serious
side effects. Seven years ago, we identi-
fied spadin (PE 12-28) as a promising
endogenous peptide with antidepressant
activity. Spadin selectively blocks the
TREK-1 channel. Previously, we found
that spadin’s effect disappeared beyond
7 hours after administration. In order to
improve in vivo spadin stability and bio-
availability, we screened spadin analogs
and derivatives. From the study of spadin
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blood degradation products, we designed
a 7 amino-acid peptide, PE 22-28. In vitro
studies on hTREK-1/HEK cells by using
patch-clamp technique, showed that PE
22-28 displayed a better specificity and
affinity for TREK-1 channel compared to
spadin, IC50 of 0.12 nM vs. 40-60 nM for
spadin. In the same conditions, we also
pointed out that different modifications
of its N or C-terminal ends maintained or
abolished TREK-1 channel activity with-
out affecting PE 22-28 affinity. In vivo,
the antidepressant properties of PE 22-28
and its derivatives were demonstrated in
behavioral models of depression, such as
the forced swimming test. Mice treated
with spadin-analogs showed a signifi-
cant reduction of the immobility time.
Moreover, in the novelty suppressed feed-
ing test, after a 4-day sub-chronic treat-
ment, PE 22-28 reduced significantly the
latency to eat the food pellet. PE 22-28
and its analogs were able to induce neuro-
genesis after only a 4-day treatment with
a prominent effect of the G/A-PE 22-28.
On mouse cortical neurons, PE 22-28
and its derivatives enhanced synaptogen-
esis measured by the increase of PSD-
95 expression level. Finally, the action
duration of PE 22-28 and its analogs was
largely improved in comparison with that
of spadin, up to 23 h instead of 7 h. Taken
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together, our results demonstrated that PE
22-28 and its derivatives represent other
promising molecules that could be an
alternative to spadin in the treatment of
depression.

Djillani A, Pietri M, Mazella J, Heurteaux C, Borsotto M.
Fighting against depression with TREK-1 blockers: Past and
future. A focus on spadin.

Pharmacol Ther. 2019 Feb;194:185-198. doi: 10.1016/.
pharmthera.2018.10.003. Epub 2018 Oct 3. PMID: 30291907.

Mazella J, Pétrault O, Lucas G, Deval E, Béraud-Dufour S,
Gandin C, El-Yacoubi M, Widmann C, Guyon A, Chevet E,
Taouji S, Conductier G, Corinus A, Coppola T, Gobbi G, Nahon
JL, Heurteaux C, Borsotto M.

Spadin, a sortilin-derived peptide, targeting rodent TREK-1
channels: a new concept in the antidepressant drug design.
PLoS Biol. 2010 Apr 13;8(4):e1000355. doi: 10.1371/journal.
pbio.1000355. PMID: 20405001; PMCID: PM(C2854129.

Ferree S.

Counterclockwise: Using Peptides to Renew, Rejuvenate, and
Rediscover.

Vine Publishing. March 4, 2024, p 64.

Veyssiere J, Moha Ou Maati H, Mazella J, Gaudriault G,
Moreno S, Heurteaux C, Borsotto M.

Retroinverso analogs of spadin display increased antidepres-
sant effects.

Psychopharmacology (Berl). 2015 Feb;232(3):561-74. dot:
10.1007/s00213-014-3683-2. Epub 2014 Aug 2. PMID:
25080852; PMCID: PM(C4302242.
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110 Rymaszewska J, Ramsey D, Chladzinska-Kiejna S.
Whole-body cryo-therapy as adjunct treatment of depressive
and anxiety disorders
Arch Immunol Ther Exp (Warsz). 2008 Jan-Feb;56(1):63-8.
doi:10.1007/s00005-008-0006-5 Epub 2008 Feb 5. PMID:
18250970; PMCID: PM(C2734249.

111 Ma Y, Wang M, Zhang Z.
The association between depression and thyroid function.
Front Endocrinol (Lausanne). 2024 Aug 30;15:1454744. doi:
10.3389/fendo.2024.1454744. PMID: 39280013; PMCID:
PMC11392763.

112 Roa Duerias OH, Hofman A, Luik Al, Medici M, Peeters RP,
Chaker L.
The Cross-sectional and Longitudinal Association Between
Thyroid Function and Depression: A Population-Based Study.
J Clin Endocrinol Metab. 2024 Apr 19;109(5):e1389-¢1399.
doi: 10.1210/clinem/dgad620. Erratum in: J Clin Endocrinol
Metab. 2024 Apr 19;109(5):e1418. doi: 10.1210/clinem/
dgae148. PMID: 37855318; PMCID: PMC11031221.

113 Brian A. Fallon MD, Jennifer Sotsky MD
Conquering Lyme Disease: Science Bridges the Great Divide.
Columbia University Press. 2019.

114 Fallon BA, Madsen T, Erlangsen A, Benros ME.
Lyme Borreliosis and Associations With Mental Disorders and
Suicidal Behavior: A Nationwide Danish Cohort Study.
Am J Psychiatry. 2021 Oct 1;178(10):921-931. doi: 10.1176/
appi.ajp.2021.20091347. Epub 2021 Jul 28. PMID: 34315282.

ABSTRACT: Objective: Lyme borreliosis 1s a tick-
borne infectious disease that may confer
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an increased risk of mental disorders, but
previous studies have been hampered by
methodological limitations, including
small sample sizes. The authors used a
nationwide retrospective cohort study
design to examine rates of mental disor-
ders following Lyme borreliosis.

Methods: Using Denmark's National
Patient Register and the Psychiatric
Central Research Register, and including
all persons living in Denmark from 1994
through 2016 (N=6,945,837), the authors
assessed the risk of mental disorders and
suicidal behaviors among all individu-
als diagnosed with Lyme borreliosis in
inpatient and outpatient hospital contacts
(N=12,156). Incidence rate ratios (IRRs)
were calculated by Poisson regression
analyses.

Results: Individuals with Lyme borrelio-
sis had higher rates of any mental disorder
(IRR=1.28, 95% CI=1.20, 1.37), of affec-
tive disorders (IRR=1.42, 95% CI=1.27,
1.59), of suicide attempts (IRR=2.01,
95% CI=1.58, 2.55), and of death by
suicide (IRR=1.75, 95% CI=1.18, 2.58)
compared with those without Lyme bor-
reliosis. The 6-month interval after diag-
nosis was associated with the highest rate
of any mental disorder (IRR=1.96, 95%
CI=1.53, 2.52), and the first 3 years after
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diagnosis was associated with the highest
rate of suicide (IRR=2.41, 95% CI=1.25,
4.62). Having more than one episode of
Lyme borreliosis was associated with
increased incidence rate ratios for mental
disorders, affective disorders, and suicide
attempts, but not for death by suicide.

Conclusions: Individuals diagnosed with
Lyme borreliosis in the hospital setting had
an increased risk of mental disorders, affec-
tive disorders, suicide attempts, and suicide.
Although the absolute population risk is
low, clinicians should be aware of potential
psychiatric sequelae of this global disease.

Dworkin MS, Anderson DE Jr, Schwan TG, Shoemaker PC,
Banerjee SN, Kassen BO, Burgdorfer W.

Tick-borne relapsing fever in the northwestern United States
and southwestern Canada.

Clin Infect Dis. 1998 Jan;26(1):122-31. doi: 10.1086/516273.
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Delaney SL, Murray LA, Aasen CE, Bennett CE, Brown E,
Fallon BA.

Borrelia miyamotoi Serology in a Clinical Population With
Persistent Symptoms and Suspected Tick-Borne Illness.

Front Med (Lausanne). 2020 Oct 27;7:567350. doi: 10.3389/
fmed.2020.567350. PMID: 33195313; PMCID: PMC7652925.

ABSTRACT: Eighty-two patients seeking evaluation for
long-term sequelae following a suspected
tick-borne illness were consecutively
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tested for Borrelia miyamotoi antibodies
using a recombinant glycerophosphodi-
ester phosphodiesterase (GIpQ) enzyme
immunoassay. Of these 82 patients, 21
(26%) tested positive on the GlpQ IgG
ELISA. Notably, 98% had never under-
gone B. miyamotoi testing before, indi-
cating that clinicians rarely screen for this
emerging tick-borne pathogen. Compared
to patients only testing positive for Lyme
disease antibodies, those with B. miyamo-
toi antibodies experienced significantly
greater sleepiness and pain. A prospective
study is needed to clarify the relationship
between B. miyamotoi antibody presence
and persistent symptoms.
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ABSTRACT: Cytomegalovirus (CMV) is a common,
neurotropic herpesvirus that can be reac-
tivated by inflammation and cause cen-
tral nervous system (CNS) disease. We
hypothesized that CMV might contrib-
ute to the neuroinflammation underly-
ing certain psychiatric disorders by (1)
worsening inflammation through anti-vi-
ral immune responses and (2) transform-
ing peripheral inflammation into CNS
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inflammation. We investigated whether
the presence of anti-CMV antibodies in
blood correlates with mental illness, sui-
cide, neuroinflammation, and microglial
density in the dorsolateral prefrontal cor-
tex (DLPFC) using postmortem samples.
Data (n = 114 with schizophrenia; n = 78
with bipolar disorder; n = 87 with depres-
sion; n = 85 controls) were acquired from
the Stanley Medical Research Institute.
DLPFC gene expression data from a
subset of 82 samples were categorized
into “high” (n = 30), and “low” (n = 52)
inflammation groups based on a recursive
two-step cluster analysis using expression
data for four inflammation-related genes.
Measurements of the ratio of non-ramified
to ramified microglia, a proxy of microg-
lial activation, were available for a subset
of 49 samples. All analyses controlled for
age, sex, and ethnicity, as well as postmor-
tem interval, and pH for gene expression
and microglial outcomes. CMV seroposi-
tivity significantly increased the odds of
a mood disorder diagnosis (bipolar disor-
der: OR = 2.45; major depression: OR =
3.70) and among the psychiatric samples,
of suicide (OR = 2.09). Samples in the
upper tercile of anti-CMV antibody titers
were more likely to be members of the
“high” inflammation group (OR = 4.41,
an effect driven by schizophrenia and
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bipolar disorder samples). CMV-positive
samples also showed an increased ratio
of non-ramified to ramified microglia in
layer I of the DLPFC (Cohen’s d = 0.81)
as well as a non-significant increase in
this ratio for the DLPFC as a whole (d =
0.56). The results raise the possibility that
the reactivation of CMV contributes to the
neuroinflammation that underlies some
cases of psychiatric disorders.
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ABSTRACT:

Human herpesvirus 6A (HHV-6A) and
6B (HHV-6B) are members of the genus
Roseolovirus in the Betaherpesvirinae
subfamily. HHV-6B infects humans in the
first years of life, has a seroprevalence
of more than 90%, and causes Roseola
Infantum.... HHV-6A/B can also inte-
grate into the chromosomes of germ cells,
resulting in individuals carrying a copy of
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the virus genome in every nucleated cell
of their bodies. This review highlights our
current understanding of HHV-6A/B inte-
gration and reactivation as well as aspects
that should be addressed in the future
of this relatively young research area. It
forms part of an online symposium on
the prevention and therapy of DNA virus
infections, dedicated to the memory of
Mark Prichard.
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ABSTRACT:

Early-life infections and associated neu-
roinflammation are incriminated in the
pathogenesis of various mood disorders.
Infection with human roseoloviruses,
HHV-6A and HHV-6B, allows viral
latency in the central nervous system and
other tissues, which can later be activated
causing cognitive and behavioral distur-
bances. Hence, this study was designed to
evaluate possible association of HHV-6A
and HHV-6B activation with three differ-
ent groups of psychiatric patients. DNA
qPCR, immunofluorescence, and FISH
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studies were carried out in post-mortem
posterior cerebellum from 50 cases each
of bipolar disorder (BPD), schizophrenia,
15 major depressive disorder (MDD), and
50 appropriate control samples obtained
from two well-known brain collections
(Stanley Medical Research Institute).
HHV- 6A and HHV-6B late proteins, indi-
cating active infection, and viral DNA
were detected more often (p < 0.001 for
each virus) in the cerebellum of indi-
viduals with MDD and BPD compared
to controls. By contrast, these roseolo-
virus proteins and DNA were less fre-
quently observed in schizophrenia cases.
Active HHV-6A and HHV-6B infections
were also frequently identified in cere-
bellar Purkinje cells of BPD and MDD
patients. Furthermore, we found a sig-
nificant association of HHV-6A infection
with reduced Purkinje cell size, suggest-
ing virus-mediated abnormal Purkinje cell
function in these disorders. Finally, gene
expression analysis of cerebellar tissue
revealed changes in pathways consistent
with a possible inflammatory response to
HHV-6A infection. These findings offer
molecular evidence supporting a role for
active HHV-6A and HHV-6B infection in
BPD and MDD.
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ABSTRACT:

Viruses are responsible for a variety
of human pathogenesis. Owing to the
enhancement of the world population,
global travel, rapid urbanization, and
infectious outbreaks, a critical threat has
been generated to public health, as pre-
ventive vaccines and antiviral therapy
are not available. Herbal medicines and
refined natural products have resources for
the development of novel antiviral drugs.
These natural agents have shed light on
preventive vaccine development and anti-
viral therapies. This review intends to dis-
cuss the antiviral activities of plant extracts
and some isolated plant natural products
based on mainly preclinical (in vitro and
in vivo) studies. Twenty medicinal herbs
were selected for the discussion, and those
are commonly recognized antiviral medici-
nal plants in Ayurveda (Zingiber officinale,
Caesalpinia bonducella, Allium sativum,
Glycyrrhiza glabra, Ferula assafoetida,
Gymnema sylvestre, Gossypium herba-
ceum, Phyllanthus niruri, Trachyspermum
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ammi, Withania somnifera, Andrographis
paniculata, Centella asiatica, Curcuma
longa, Woodfordia fruticose, Phyllanthus
emblica, Terminalia chebula, Tamarindus
indica, Terminalia arjuna, Azadirachta
indica, and Ficus religiosa). However,
many viruses still lack effective vaccines,
and only a handful of antiviral drugs have
received clinical approval. Consequently,
the development of new antiviral agents
remains critically important, and natural
products serve as excellent prospects for
such innovations. In this review, we outline
the antiviral properties of selected plant
extracts and some isolated natural com-
pounds from medicinal herbs.
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Conclusions: Our analyses are consistent with the
hypothesis that low vitamin D concentra-
tion is associated with depression.
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ABSTRACT:

Serotonin transporter (SERT) inhibitors
treat depression by elevating extracellu-
lar brain 5-hydroxytryptamine (5-HT
Ext). However, only one-third of patients
respond adequately, leaving treatment-re-
sistant depression (TRD) as a significant
unmet need. Interestingly, pushing 5-HT
Ext levels beyond what a SERT inhibitor
alone achieves appears to help address
TRD. Adjunctive 5-hydroxytryptophan
(5-HTP) cansafelyraise 5S-HT Extbeyond
the effect of a SERT inhibitor in humans,
but 5-HTP itself cannot serve as a clini-
cally viable drug due to poor pharmaco-
kinetics. A slow-release (SR) formulation
is predicted to overcome these limitations,
greatly enhancing its pharmacological
action and transforming 5-HTP into a
viable clinical treatment. Animal studies
support this prediction. Thus, 5-HTP SR
adjunct therapy may be an important new
avenue for TRD. This review examines
the clinical and preclinical evidence for
this approach.
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