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Dear Editor

Bipolar disorder (BPD), with a high risk of
recurrence, is one of the most burdensome
severe mental disorders presented by high levels
of personal and social disabilities including
cardiovascular diseases, diabetes mellitus, and
neurological disorders, especially dementia and
Parkinson’s disease (1). Patients with BPD often
need an integrated personalized pharmacological
and non-pharmacological approach. Medications
for BPD include antidepressants (duloxetine,
sertraline, fluoxetine, desvenlafaxine, venlafaxine,
and  escitalopram), atypical antipsychotics
(aripiprazole, clozapine, risperidone, ziprasidone,
olanzapine, quetiapine, and paliperidone), or mood
stabilizers (gabapentin lamotrigine, divalproex,
topiramate, carbamazepine, and lithium). Lithium
chloride (LiCl), as a mood stabilizer, has been
used as a gold standard in the treatment of BPD
(). When non-pharmacological approach is

targeted, it is necessary to know that individuals
with BPD encounter a decreased intake in
polyunsaturated fatty acids (PUFA), including
docosahexaenoic acid (DHA), arachidonic acid
(AA), eicosapentaenoic acid (EPA); decreased
PUFA concentration of plasma EPA, and linoleic
acid (LA) (2). So a ketogenic diet together with
LiCl therapy can help treatment of BPD, because
a ketogenic diet can impact glutamate metabolism
and nerve cell metabolism by applying ketone
bodies as energy sources and the ketogenic diet is
a dietary therapy with high-fat, adequate-protein,
and low-carbohydrate forcing the body to burn fats
rather than carbohydrates (2).

Patients with BPD often need an integrated
personalized  pharmacological and  non-
pharmacological approach. Pharmacological
approach for BPD include antidepressants (duloxetine,
sertraline, fluoxetine, desvenlafaxine, venlafaxine,
and escitalopram), atypical antipsychotics
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Figure 1: Scheme of modeling neurological diseases using cell reprogramming technology. ASD: Autism spectrum
disorders, SCZ: Schizophrenia, BP: Bipolar disorder, AD: Alzheimer’s disease, PD: Parkinson’s disease, HD: Huntington’s
disease, iPSCs: induced pluripotent stem cells, NPCs: neural progenitor cells (5).

(aripiprazole, clozapine, risperidone, ziprasidone,
olanzapine, quetiapine, and paliperidone), or mood
stabilizers (gabapentin lamotrigine, divalproex,
topiramate, carbamazepine, and lithium). Lithium
chloride (LiCl), as a mood stabilizer, has been
used as a gold standard in the treatment of BPD
(3). Implications of LiCl as neuroprotective activity
in mood stabilizing and in the treatment of BPD
have received approval from Food and Drug
Administration (4). It is an essential trace element
and the smallest alkali metal with an atomic
weight of 6.9 that is found in vegetables, grains,
and supplemented drinking water sources. Recent
advances in regenerative medicine employing
stem cell technology, such as induced pluripotent
stem cells (iPSCs), have resulted in the use of
new methods for psychiatric diseases including
BPD. iPSCs have been shown to be easily derived
from human somatic cells, with a high capacity
for growth, and are differentiated into several cell
types such as neurons, oligodendrocytes, astrocytes,
microglia, etc. (Figure 1) (5). Accordingly, the study
of BPD using iPSC-related technologies has been

on the rise in recent years (4). In addition to iPSCs,
mesenchymal stem cells (MSCs), with plasticity
and high self-renewal capacity, have been used as
a promising therapeutic strategy for psychiatric
disorders, because they can promote neurogenesis
and increase the expression of neurotrophic factors
such as brain derived neurotrophic factor (BDNF),
nerve growth factor (NGF) and insulin-like growth
factor-1 (IGF-1) that enhance the survival and
differentiation of neurons (6). MSCs were shown
to have immunomodulatory properties, prevent
apoptosis and decrease inflammatory responses.
They can release membrane derived extracellular
microvesicles that can deliver mRNA, miRNA,
and functional proteins to target cells, thereby,
improving cell survival and proliferation (7). Tfilin
et al. demonstrated that intracerebroventricular use
of MSCs could promote depressive-like behavior
and increased hippocampal neurogenesis in an
animal model of depression (8). Shwartz et al. have
also found that the administration of MSCs could
attenuate depressive-like behaviors (9) (Figure 2).
To sum up, in addition to LiCl intake in treatment

Synaptic connection

\
Axonal remyelination

Angiogenesis

Neurotrophic factors

Microglia activation

Figure 2: Potential therapeutic mechanisms of neurorestoration using mesenchymal stem cells (10).
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of BPD as a gold standard (10), a ketogenic diet (2)
and transplantation of stem cells (7) can be beneficial
and promising therapeutic options to promote
neurogenesis.

Acknowledgement

No funds were received for this study to be
acknowledged.

Authors’ Contribution

Concept and search: AH, MH, and AM; Writing
the draft: DM and SJM. All authors approved the
final version of the manuscript.

Conflict of Interest

None declared.

References

1 Kessing LV. Why is lithium [not] the drug
of choice for bipolar disorder? a controversy
between science and clinical practice. Int J
Bipolar Disord. 2024;12:3. DOIL: 10.1186/s40345-
023-00322-7. PMID: 38228882.

Chmiel I. Ketogenic diet in therapy of
bipolar affective disorder - case report and
literature review. Psychiatr Pol. 2022;56:1345-
1363. English, Polish. DOI: 10.12740/PP/
OnlineFirst/136356. PMID: 37098202.
Homayoun M, Mehrabani D, Edalatmanesh MA,
et al. The Role of Lithium Chloride in Nutrition
and Stem Cell Growth Kinetics: A Review.
Int J Nutr Sci. 2021;6:6-13. DOI: 10.30476/
1JNS.2021.88801.1104.

Taoufik E, Kouroupi G, Zygogianni O, et al.
Synaptic dysfunction in neurodegenerative and

(\)

W

N

10

neurodevelopmental diseases: an overview of
induced pluripotent stem-cell-based disease
models. Open Biol. 2018;8:180138. DOI: 10.1098/
rsob.180138. PMID: 30185603.

Das D, Feuer K, Wahbeh M, et al. Modeling
Psychiatric Disorder Biology with Stem Cells.
Curr Psychiatry Rep. 2020;22:24. DOI: 10.1007/
s11920-020-01148-1. PMID: 32318888.

Colpo GD, Stertz L, Diniz BS, et al. Potential
Use of Stem Cells in Mood Disorders.
Adv Exp Med Biol. 2018;1089:87-96. DOI:
10.1007/5584 2018 250. PMID: 30051319.
Rahmanifar F, Tamadon A, Mehrabani D, et
al. Histomorphometric evaluation of treatment
of rat azoosper-mic seminiferous tubules by
allotransplantation of bone marrow-derived
mesenchymal stem cells. Iran J Basic Med Sci.
2016;19:653-61. PMID: 27482347.

Tfilin M, Sudai E, Merenlender A, Gispan I,
Yadid G, Turgeman G. Mesenchymal stem
cells increase hippocampal neurogenesis
and counteract depressive-like behavior. Mol
Psychiatry. 2010;15:1164-75. DOI: 10.1038/
mp.2009.110. PMID: 198590609.

Shwartz A, Betzer O, Kronfeld N, et al.
Therapeutic Effect of Astroglia-like Mesenchymal
Stem Cells Expressing Glutamate Transporter in
a Genetic Rat Model of Depression. Theranostics.
2017;7:2690-2703. DOI: 10.7150/thno.18914.
PMID: 28819456.

Seo JH, Cho SR. Neurorestoration induced
by mesenchymal stem cells: potential
therapeutic mechanisms for clinical trials.
Yonsei Med J. 2012;53:1059-67. DOI: 10.3349/
ymj.2012.53.6.1059. PMID: 23074102.

Int J Nutr Sci March 2024;9(1)



