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Abstract

Research data found evidence that lithium improves some of cognitive domains. In this article we
narratively review the literature in relation to lithium and its impact on cognition focusing on up
to date research. The results of using lithium in neurodegenerative disorders are promising in the
treatment of mild cognitive impairment and Alzheimer's disease.

Keywords: Lithium; Bipolar affective disorder; Cognition, Alzheimer’s disease

Introduction

Lithium salts were used initially in the treatment of gout and by the late 1800 its effect on
mood was recognised. In psychiatry, lithium is used for the treatment of acute mania, for the
adjunctivetreatment of major depression and as a mood stabiliser for the prophylaxis of bipolar
affective disorder [1]. Bipolar affective disorders are associated with changes in cognitive function
that persists during euthymic phase. Impairments in executive function and verbal memory have
been found in bipolar disorder. Xu et al., (2020) [2] found some evidence that lithium improves
some of these cognitive domains. In this article we narratively review the literature in relation to
lithium and its impact on cognition focusing on up to date research data.

Lithium in Mood Disorder and Cognition

Patients with Bipolar Disorder (BD) usually display cognitive deficits with aging. The effect
of lithium on cognition in bipolar disorder patients was examined across cognitive domains of
attention, psychomotor speed, processing speed, working memory, intellectual functioning, verbal
memory, visual memory, and executive functioning [3]. The authors found that lithium has a distinct
impact on psychomotor speed in patients with bipolar disorder but not on attention. Burdick et
al.,, (2020) [4] found a significant neurocognitive improvement in the global cognitive index score,
California Verbal Learning test delayed recall and Trail-making test part B. The study suggested that
Lithium may be beneficial to neurocognitive functioning in patients with bipolar disorder.

Lithium response in bipolar disorder correlates with improved cell viability of patient derived cell
lines. Lithium enhanced BCL2 apoptosis regulator and GSK3B expression in these cells indicating
cellular phenotypes related to the disease (mitochondrial membrane potential, cell proliferation) in
both neural precursor cells and lymphoblastoid cell lines [5].

Lithium and Neuroprotection

There is a growing consensus in the literature that Lithium salts may provide neuroprotection
by targeting multiple processes in certain neurodegenerative disorders such as Alzheimer’s disease,
amyotrophic lateral sclerosis, Huntington’s disease, Parkinson’s disease, Traumatic Brain Injury
and Stroke. Neuroimaging techniques identified that long-term lithium treatment is associated
with increased total grey matter [6], increased hippocampal volume [7] and decreased white matter
microstructural abnormalities [8].

The neuroprotective effects of lithium stems from its effect on modulating several
mechanisms involving neurotrophic response, autophagy, oxidative stress, inflammation, and
mitochondrialfunction [9]. Lithium impact those intracellular responses by inhibition of glycogen
synthase kinase-3beta (GSK-3p) and Inositol Monophosphatase (IMP).

Glycogen Synthase Kinase-3 (GSK-3) plays a critical role in cognitive dysfunction associated
with Alzheimer's Disease (AD). Nguyen and colleagues (2018) [10] demonstrate that GSK-3 plays a
direct role in the regulation of the oscillations in hippocampus and pre-limbic cortex, and highlight
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a potential mechanism by which GSK-3 may contribute to cognitive
decline in disorders of cognitive dysfunction. Lithium has disparate
effects on spatial memory and neural oscillatory activity in those
areas.

Lithium inhibits GSK-3f activity directly by preventing the
bindingof Mg** to the catalytic core of GSK-3f, and indirectly
through inducing the phosphorylation of the serine-9 residue of
GSK-3p, leading to conformational changes and inactivation, which
is required for enzymatic activity [9].

Another relevant mechanism of action of lithium is the inhibition
of Inositol Monophosphatase (IMP) and Inositol Polyphosphate-1
(IPP). Lithium directlyinhibits IMP and IPP activity by the competitive
displacementof Mg** from the catalytic site of the enzyme [11]. Such
inhibition prevents the reuptake of inositol, leading to depletion of
intracellular levels and subsequent inhibition of the phosphoinositol
cycle.

Forlenza et al. (2016) [12] found that the neuroprotective effects
of lithium in preclinical models of neurodegeneration, its therapeutic
benefits in cognitive function and reduced biomarkers in clinical
trials of mild cognitively impaired amnestic and AD patients at
lower lithium doses (300 ug daily)than those typically used for mood
stabilization. Wilson et al. (2020) [13] reported that the novel micro-
dose lithium formulation, NP03, has disease-modifying effects in the
McGill-R-Thy1-APP transgenic rat model of AD-like amyloidosis at
pre-plaque stages, before frank amyloid-f (AP) plaque deposition,
during which Af is primarily intraneuronal. During the early AS
post-plaque stage, the authors found that NP03 rescues functional
deficits in object recognition, reduces loss of cholinergic boutons
in the hippocampus, reduces levels of soluble and insoluble cortical
AB42 and reduces hippocampal A plaque number. In addition,
NPO03 reduces markers of neuro-inflammation and cellular oxidative
stress. Together these results indicate that micro dose lithium NP03
is effective at later stages of amyloid pathology, after appearance of
Ap plaques.

Comparing the various forms of Lithium, Habib et al. (2019) [14]
reported Lithium Salicylate Proline (LISPRO), Lithium Carbonate
(LC), and lithium salicylate prevented spatial cognitive decline, as
determined by Morris water maze and depression as determined by
tail suspension test. In addition, LISPRO treatment was superior in
preventing associative memory decline determined by contextual
fear conditioning and reducing irritability determined by touch
escape test in comparison with LC and LS. In conclusion, low-dose
LISPRO, LC, and LS treatment prevent spatial cognitive decline and
depression-like behaviour, while LISPRO prevented hippocampal-
dependent associative memory decline and irritability in APPswe/
PS1dE9 mice. Lithium chloride attenuated hypoglycaemia-induced
cognitive function impairment in rats; and it was associated with Wnt
signalling up-regulation and reduction of inflammatory response.
Our results suggested that activating Wnt signalling pathways and
inhibiting inflammatory response were the therapeutic potential to
prevent hypoglycaemia-induced neurological damage [15].

Tau was described [16] in hyperphosphorylated form in the
Neurofibrillary Tangles (NFT) observed in the brains of individuals
with Alzheimer’s Disease (AD). Activation of the peripheral innate
immune system or exposure to stress can induce inflammatory
cytokines such as Interleukin 1B (IL-1B), IL-6 and Tumour
Necrosis Factor-a (TNF-a). The data from Tan et al. (2010) [17]
data from splenectomised rat model suggest that Lithium Chloride

restored tau hyperphosphorylation and the inflammatory factors to
control levels. Lithium affects tau pathology through the GSK-3p
signalling pathway. At a biological level, Lithium also affect stress
and resilience in neurotrophic and neuroprotection by activation of
plasticity pathways. Lithium tends to enhance cellular proliferation,
differentiation, growth and regeneration [18]. Sarkar et al. (2005)
[19] reported that lithium induced autophagy through the GSK-3p
and due to the prevailing inhibition of inositol monophosphatase
pathway. Lithium treatment also modulates calcium influx in the
mitochondria and enhances the mitochondrial respiratory rate, and
protects DNA against damage from oxidative stress [20].

Traumatic Brain Injury (TBI) is a risk factor for a group of
neurodegenerative diseases termed tauopathies, which includes
Alzheimer's disease and chronic traumatic encephalopathy.
Tauopathies are pathologically related by the accumulation of
hyperphosphorylated tau (P-tau) and increased Total tau (T-tau).
Rubenstein et al. (2019) [21] observed a reversal of the abnormal
behaviour and cognitive deficits in Lithium Chloride-treated rmCHI
mice (compared to the untreated rmCHI mice) throughout the time
course, these drug-treated effects were most pronounced up until
10 and 12 months where the abnormal behaviour and cognition
deficits began to gradually increase. In addition, T-tau, but more
predominantly P-tau, levels were significantly reduced in the cortex
and plasma by Lithium chloriderose approaching the biomarker
levels in sham and drug-treated sham mice throughout the study
period. Pan et al. (2018) [22] suggest that the cognitive benefits and
brain AB42 lowering effects of Lithium Chloride are associated with
enhanced brain clearance of AB42, possibly via brain microvascular
transporter low density Lipoprotein Receptor-related Protein 1
(LRP1) upregulation and increased Cerebrospinal Fluid (CSF)
bulk-flow, identifying a novel mechanism of protection by Lithium
Chloride for the treatment of AD.

Lithium neuroprotection against Methamphetamine (METH)-
induced neurodegeneration in the hippocampus may be via protein
kinase B/GSK3f and cAMP Response Element Binding (CREB)/
BDNF signalling pathways [23]. In this study lithium attenuated
METH-stimulated apoptosis, oxidative stress, and inflammation;
while improving the extent of BDNF and P-CREB.

Another important neuroprotective effect of lithium is
thestimulation of synthesis and release of neurotrophic factors.
Increased availability of Brain-Derived Neurotrophic Factor (BDNF)
and Vascular Endothelial Growth Factor (VEGF) protects neurons
against neurotoxicinsults, stimulates hippocampal neurogenesis,
increases synapticplasticity and Long-Term Potentiation (LTP), and
positively regulates cell survival [24]. In addition, brain lithium levels
were associated with increased N-acetyl aspartate levels suggesting
neuroprotective and neurotrophic effects of lithium treatment [25].

Furthermore, Priebe and Kanzawa (2020) [26] demonstrated
reduced progression of Alzheimer's pathology with micro-dose
lithium in those with trisomy 21. The authors suggest that lithium
confersa clinically significant benefitin AD by impeding accumulation
of the aberrant proteins central to the putative pathogenesis.

Lithium and Other Disorders

Loss of gray matter after stroke has been associated with cognitive
impairment. Lithium Carbonate was tried in a post-stroke population
[27]. There was a significant interaction between higher lithium dose
and increased global gray matter volume and a correlation between
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higher lithium dose and improved verbal memory. The authors
advocated Lithium pharmacotherapy in stroke patients may provide
a rationale for future trials assessing therapeutic potential of lithium
in a post-stroke population. Liu et al. (2018) [28] showed lithium
chloride inhibited glycogen synthase kinase-3f activation, which on
one hand, suppressed downstream CRMP-2/NR2B, thus diminishing
the excitotoxicity index level; and on the other, stabilized f-catenin,
thus modulating its downstream apoptosis-related factors such
as NF-«B, Bcl-2 and Bax. Meanwhile, glycogen synthase kinase-3
inactivation was paralleled by decreased neuronal death, improved
neurological functional deficits and ameliorated cognitive deficits
in intracerebral haemorrhage animals. These findings indicate that
lithium chloride glutamate-mediated excitotoxicity-
induced cognitive deficits after intracerebral haemorrhage and that
lithium chloride might be a potential therapeutic agent for brain
damages caused by intracerebral haemorrhage.

improves

Cranial radiotherapy treatments can harness hippocampal
neurogenesis in childhood cancer survivors. Lithium treatment was
propose as intermittent therapy in childhood cancer survivors in
order to first make neural progenitors proliferate and then, upon
discontinuation, allow them to differentiate [29]. Lithium treatment
reverses irradiation-induced loss of hippocampal neurogenesis and
cognitive impairment even when introduced long after the injury.
Also, the treatment ameliorated deficits in spatial learning and
memory retention observed in irradiated mice.

Prophylactic lithium also alleviates postoperative cognition
impairment by phosphorylating hippocampal glycogen synthase
kinase-3f (Ser9) in aged rats [30]. The changes in the hippocampal
glycogen synthase kinase-3f (p-GSK-3p) phosphorylation at serine
9, interleukin-18 (IL-1§) expression, and PI3K cascades displayed
corresponding changes that were parallel to the alterations of spatial
memory, and inhibition of PI3K and GSK-3f suggested upstream
PI3K activation leads to downstream change in p-GSK-3f and IL-
1/3. Postoperative cognitive dysfunction is a common complication
in elderly patients after surgeries involving anaesthesia. Wang et al.
(2020) [31] examined the effects of lithium chloride on Sevoflurane
(SEV) anaesthesia-induced cognitive dysfunction and neuron
apoptosis in rats. Anaesthesia with SEV significantly impaired
memory performance, induced oxidative stress and hippocampal
neuron apoptosis, and stimulated GSK-3f activity. Treatment with
lithium chloride ameliorated SEV-induced cognitive disorder in rats
by inhibiting the GSK-3/f-catenin signalling pathway. In addition,
lithium chloride reduced hippocampal neuron apoptosis and
oxidative stress induced by SEV anaesthesia. These results suggest
that lithium chloride may have potential for development into a
therapeutic agent for treatment of SEV anaesthesia-induced cognitive
dysfunction.

The effects of lithium are significant in Amyotrophic Lateral
Sclerosis (ALS) patients carrying genetic variations in the UNC13
presynaptic protein, which occur in ALS/frontotemporal dementia
and psychiatric disorders such as bipolar disorder [32]. Chio et al.
(2013) [33] conducted amulticentre, double-blind, placebo-controlled
trial of lithium versus placeboin ALS. Unfortunately, the study results
did not support any evidence of increased survival associated with
lithium treatment. On the other hand, Busceti et al. (2008) [34]
suggested that the neurotrophic response and synaptogenesis induced
by lithium could be relevant for the treatment of ALS, with apossible
impact on disease progression.

Lithium enhances myoblast fusion and myogenic differentiation
which has implications for the treatment of several cognitive and
myopathic conditions [35]. Moreover, lithium protects retinal
neurocytes following nutrient deprivation or partial nerve crush from
ischemia-induced damage and enhances light response in rat retina
following ischemia-reperfusion injury [36].

Lithium has been also studied in Parkinson’s and Huntington’s
disease but the results are not consistent.

Conclusion

Literature data from experimental, and clinical studies have
pointed to neuroprotection and possible anti-dementia effect of
lithium. The results of using lithium in neurodegenerative disorders
are promising in the treatment of mild cognitive impairment and
Alzheimer's disease.

References

1. Nivoli AM, Colom F, Murru A, Pacchiarotti I, Castro-Loli P, Gonzalez-
Pinto A, et al. New treatment guidelines for acute bipolar depression: a
systematic review. ] Affective Disord. 2011; 129: 14-26.

2. Xu N, Huggon B, Saunders KEA. Cognitive Impairment in Patients with
Bipolar Disorder: Impact of Pharmacological Treatment. CNS Drugs.
2020; 34: 29-46.

3. Paterson A, Parker G. Lithium and cognition in those with bipolar
disorder. Int Clin Psychopharmacol. 2017; 32: 57-62.

4. Burdick KE, Millett CE, Russo M, Alda M, Alliey-Rodriguez N, Anand A,
et al. The association between lithium use and neurocognitive performance
in patients with bipolar disorder. Neuropsychopharmacol. 2020.

5. Paul P, Iyer S, Nadella RK, Nayak R, Cheiiappa AS, Ambardar S, et al.
Lithium response in bipolar disorder correlates with improved cell viability
of patient derived cell lines. Sci Rep. 2020; 10: 7428.

6. Moore GJ, Bebchuk JM, Wilds IB, Chen G, Manji HK. Lithium-induced
increase in human brain grey matter. Lancet. 2000; 356: 1241-1242.

7. Hajek T, Kopecek M, Hoschl C, Alda M. Smaller hippocampal volumes in
patients with bipolar disorder are masked by exposure to lithium: a meta-
analysis. ] Psychiatry Neurosci. 2012; 37: 333-343.

8. Macritchie KA, Lloyd AJ, Bastin ME, Vasudev K, Gallaghar P, Eyre R, et al.
White matter microstructural abnormalities in euthymic bipolar disorder.
Br ] Psychiatry. 2010; 196: 52-58.

9. Forlenza OV, De-Paula V], Diniz BS. Neuroprotective effects of lithium:
implications for the treatment of Alzheimer's disease and related
neurodegenerative disorders. ACS Chem Neurosci. 2014; 5: 443-450.

10. Nguyen T, Fan T, George SR, Perreault ML. Disparate Effects of Lithium
and a GSK-3 Inhibitor on Neuronal Oscillatory Activity in Prefrontal
Cortex and Hippocampus. Front Aging Neurosci. 2018; 9: 434.

11. Patel S, Yenush L, Rodriguez PL, Serrano R, Blundell TL. Crystal structure
of an enzyme displaying both inositolpolyphosphate-1-phosphatase and
3"-phosphoadenosine-5-phosphatephosphatase activities: a novel target of
lithium therapy. ] Mol Biol. 2002; 315: 677-685.

12. Forlenza OV, Aprahamian I, de Paula V], Hajek T. Lithium, a Therapy
for AD: Current Evidence from Clinical Trials of Neurodegenerative
Disorders. Curr Alzheimer Res. 2016; 13: 879-886.

13. Wilson EN, Carmo SD, Welikovitch LA, Hall H, Aguilar LF, et al. ‘NP03,
a Microdose Lithium Formulation, Blunts Early Amyloid Post-Plaque
Neuropathology in McGill-R-Thy1-APP Alzheimer-Like Transgenic Rats’.
] Alzheimers Dis. 2020; 73: 723-739.

14. Habib A, Shytle RD, Sawmiller D, Koilraj S, Munna SA, Rongo D, et al.
Comparing the effect of the novel ionic cocrystal of lithium salicylate

ScienceForecast Publications LLC., | https://scienceforecastoa.com/

2020 | Volume 1 | Edition 1 | Article 1005


https://pubmed.ncbi.nlm.nih.gov/20538341/
https://pubmed.ncbi.nlm.nih.gov/20538341/
https://pubmed.ncbi.nlm.nih.gov/20538341/
https://pubmed.ncbi.nlm.nih.gov/31808104/
https://pubmed.ncbi.nlm.nih.gov/31808104/
https://pubmed.ncbi.nlm.nih.gov/31808104/
https://pubmed.ncbi.nlm.nih.gov/27741027/#:~:text=Any impact of lithium on,executive functioning also remains unclear.
https://pubmed.ncbi.nlm.nih.gov/27741027/#:~:text=Any impact of lithium on,executive functioning also remains unclear.
https://pubmed.ncbi.nlm.nih.gov/32349118/
https://pubmed.ncbi.nlm.nih.gov/32349118/
https://pubmed.ncbi.nlm.nih.gov/32349118/
https://pubmed.ncbi.nlm.nih.gov/32366893/
https://pubmed.ncbi.nlm.nih.gov/32366893/
https://pubmed.ncbi.nlm.nih.gov/32366893/
https://pubmed.ncbi.nlm.nih.gov/22498078/
https://pubmed.ncbi.nlm.nih.gov/22498078/
https://pubmed.ncbi.nlm.nih.gov/22498078/
https://pubmed.ncbi.nlm.nih.gov/20044661/
https://pubmed.ncbi.nlm.nih.gov/20044661/
https://pubmed.ncbi.nlm.nih.gov/20044661/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4063497/#:~:text=In experimental and clinical models,regulation of mitochondrial function%2C and
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4063497/#:~:text=In experimental and clinical models,regulation of mitochondrial function%2C and
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4063497/#:~:text=In experimental and clinical models,regulation of mitochondrial function%2C and
https://pubmed.ncbi.nlm.nih.gov/29375364/#:~:text=A comparison of the GSK,lithium treatment had no effect.&text=In PL%2C both drugs induced an increase in theta power.
https://pubmed.ncbi.nlm.nih.gov/29375364/#:~:text=A comparison of the GSK,lithium treatment had no effect.&text=In PL%2C both drugs induced an increase in theta power.
https://pubmed.ncbi.nlm.nih.gov/29375364/#:~:text=A comparison of the GSK,lithium treatment had no effect.&text=In PL%2C both drugs induced an increase in theta power.
https://europepmc.org/article/med/11812139
https://europepmc.org/article/med/11812139
https://europepmc.org/article/med/11812139
https://europepmc.org/article/med/11812139
https://pubmed.ncbi.nlm.nih.gov/26892289/
https://pubmed.ncbi.nlm.nih.gov/26892289/
https://pubmed.ncbi.nlm.nih.gov/26892289/
https://pubmed.ncbi.nlm.nih.gov/31102295/
https://pubmed.ncbi.nlm.nih.gov/31102295/

Aziz VM, et al.,

SF Journal of Neurological Disorders and Rehabilitation

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

proline (LISPRO) with lithium carbonate and lithium salicylate on
memory and behavior in female APPswe/PS1dE9 Alzheimer's mice. J
Neurosci Res. 2019; 97: 1066-1080.

Xu Y, Wang Q, Wu Z, Lu K, Cheng X, Jin W, et al. The effect of lithium
chloride on the attenuation of cognitive impairment in experimental
hypoglycemic rats. Brain Res Bull. 2019; 149:168-174.

Grundke-Igbal I, Igbal K, Quinlan M, Tung YC, Zaidi MS, Wisniewski
HM. Microtubule-associated protein tau. A component of Alzheimer
paired helical filaments. ] Biol Chem. 1986; 261: 6084-6089.

Tan WEF, Cao XZ, Wang JK, Lv HW, Wu BY, Ma H. Protective effects
of lithium treatment for spatial memory deficits induced by tau
hyperphosphorylation in splenectomized rats. Clin Exp Pharmacol
Physiol. 2010; 37: 1010-1015.

Machado-Vieira R. Lithium, Stress, and Resilience in Bipolar Disorder:
Deciphering this key homeostatic synaptic plasticity regulator. J Affect
Disord. 2018; 233: 92-99.

Sarkar S, Floto RA, Berger Z, Imarisio S, Cordenier A, Pasco M, et al.
Lithium inducesautophagy by inhibiting inositol monophosphatase. J Cell
Biol. 2005; 170: 1101-1111.

Ngok-Ngam P, Watcharasit P, Thiantanawat A, Satayavivad J.
Pharmacological inhibition of GSK3 attenuatesDNA damage-induced
apoptosis via reduction of p53 mitochondrialtranslocation and Bax
oligomerization in neuroblastoma SH-SY5Ycells. Cell Mol Biol Lett. 2013;
18: 58-74.

Rubenstein R, Sharma DR, Chang B, Oumata M, Cm M, Vaucelle L, et
al. Novel Mouse Tauopathy Model for Repetitive Mild Traumatic Brain
Injury: Evaluation of Long-Term Effects on Cognition and Biomarker
Levels After Therapeutic Inhibition of Tau Phosphorylation. Front Neurol.
2019; 10: 124.

Pan Y, Short JL, Newman SA, Choy KHC, Tiwari D, Yap C, et al. Cognitive
benefits of lithium chloride in APP/PS1 mice are associated with enhanced
brain clearance of $-amyloid. Brain Behav Immun. 2018; 70: 36-47.

Mehrafza S, Kermanshahi S, Mostafidi S, Motaghinejad M, Motevalian M,
Fatima S. Pharmacological evidence for lithium-induced neuroprotection
against methamphetamine-induced neurodegeneration via Akt-1/GSK3
and CREB-BDNF signaling pathways. Iran J Basic Med Sci. 2019; 22:
856-865.

Diniz BS, Teixeira AL. Brain-derivedneurotrophic factor and Alzheimer’s
disease: physiopathology and beyond. Neuromol Med. 2011; 13: 217-222.

Forester BP, Finn CT, Berlow YA, Wardrop M, Renshaw PF, Moore
CM. Brain lithium, N-acetyl aspartate and myo-inositol levels in older

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

adults with bipolar disorder treated with lithium: a lithium-7 and proton
magnetic resonance spectroscopy study. Bipolar Disord. 2010; 10: 691-700.

Priebe GA, Kanzawa MM. Reducing the progression of Alzheimer's disease
in Down syndrome patients with micro-dose lithium. Med Hypotheses.
20205 137: 109573.

Sun YR, Herrmann N, Scott CJM, et al. Lithium Carbonate in a Poststroke
Population: Exploratory Analyses of Neuroanatomical and Cognitive
Outcomes. J Clin Psychopharmacol. 2019; 39: 67-71.

Liu Z, Li R, Jiang C, Zhao S, Li W, Tang X. The neuroprotective effect
of lithium chloride on cognitive impairment through glycogen synthase
kinase-3f inhibition in intracerebral hemorrhage rats. Eur ] Pharmacol.
2018; 840:50-59.

Zanni G, Goto S, Fragopoulou AF, Gudenzi G, Nidoo V, Mrtino ED, et al.
Lithium treatment reverses irradiation-induced changes in rodent neural
progenitors and rescues cognition. Mol Psychiatry. 2019.

Zhao L, Wang F, Gui B, Hua F, Qian Y. Prophylactic lithium alleviates
postoperative cognition impairment by phosphorylating hippocampal
glycogen synthase kinase-3p (Ser9) in aged rats. Exp Gerontol. 2011; 46:
1031-1036.

Wang Y, An X, Zhang X, Liu J, Wang J, Yang Z. Lithium chloride
ameliorates cognition dysfunction induced by sevoflurane anesthesia in
rats. FEBS Open Bio. 2020; 10: 251-258.

Limanagqi F, Biagioni F, Ryskalin L, Busceti CL, Fornai F. Molecular
Mechanisms Linking ALS/FTD and Psychiatric Disorders, the Potential
Effects of Lithium. Front Cell Neurosci. 2019; 13: 450.

Chio A, Mora G. The final chapter of the ALS lithium saga. Lancet Neurol.
2013; 12: 324-325.

Busceti CL, Biagioni F, Riozzi B, Battaglia G, Storto M,Cinque C, et al.
Enhanced tauphosphorylation in the hippocampus of mice treated with
3,4-methylenedioxymethamphetamine (“Ecstasy”). ] Neurosci. 2008; 28:
3234-3245.

Kurgan N, Whitley KC, Maddalena LA, Mordi F, Stoikos J, Hamstra S,
et al. A Low-Therapeutic Dose of Lithium Inhibits GSK3 and Enhances
Myoblast Fusion in C2C12 Cells. Cells. 2019; 8:1340.

Yang Y, Wu N, Tian S, Li F, Hu H, Chen P, et al. Lithium promotes DNA
stability and survival of ischemic retinal neurocytes by upregulating DNA
ligase IV. Cell Death Dis. 2016; 7: €2473.

ScienceForecast Publications LLC., | https://scienceforecastoa.com/

2020 | Volume 1 | Edition 1 | Article 1005


https://pubmed.ncbi.nlm.nih.gov/31102295/
https://pubmed.ncbi.nlm.nih.gov/31102295/
https://pubmed.ncbi.nlm.nih.gov/31102295/
https://pubmed.ncbi.nlm.nih.gov/31029599/
https://pubmed.ncbi.nlm.nih.gov/31029599/
https://pubmed.ncbi.nlm.nih.gov/31029599/
https://pubmed.ncbi.nlm.nih.gov/3084478/#:~:text=Affinity purified antibodies to tau,filament polypeptides on Western blots.&text=These results suggest that tau,of Alzheimer paired helical filaments.
https://pubmed.ncbi.nlm.nih.gov/3084478/#:~:text=Affinity purified antibodies to tau,filament polypeptides on Western blots.&text=These results suggest that tau,of Alzheimer paired helical filaments.
https://pubmed.ncbi.nlm.nih.gov/3084478/#:~:text=Affinity purified antibodies to tau,filament polypeptides on Western blots.&text=These results suggest that tau,of Alzheimer paired helical filaments.
https://onlinelibrary.wiley.com/doi/10.1111/j.1440-1681.2010.05433.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1440-1681.2010.05433.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1440-1681.2010.05433.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1440-1681.2010.05433.x
https://pubmed.ncbi.nlm.nih.gov/29310970/
https://pubmed.ncbi.nlm.nih.gov/29310970/
https://pubmed.ncbi.nlm.nih.gov/29310970/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2171537/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2171537/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2171537/
https://pubmed.ncbi.nlm.nih.gov/23161404/
https://pubmed.ncbi.nlm.nih.gov/23161404/
https://pubmed.ncbi.nlm.nih.gov/23161404/
https://pubmed.ncbi.nlm.nih.gov/23161404/
https://pubmed.ncbi.nlm.nih.gov/23161404/
https://pubmed.ncbi.nlm.nih.gov/30915013/
https://pubmed.ncbi.nlm.nih.gov/30915013/
https://pubmed.ncbi.nlm.nih.gov/30915013/
https://pubmed.ncbi.nlm.nih.gov/30915013/
https://pubmed.ncbi.nlm.nih.gov/30915013/
https://pubmed.ncbi.nlm.nih.gov/29545118/#:~:text=Epidemiological evidence suggests that people,A%CE%B2 is reduced in AD.
https://pubmed.ncbi.nlm.nih.gov/29545118/#:~:text=Epidemiological evidence suggests that people,A%CE%B2 is reduced in AD.
https://pubmed.ncbi.nlm.nih.gov/29545118/#:~:text=Epidemiological evidence suggests that people,A%CE%B2 is reduced in AD.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6760490/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6760490/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6760490/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6760490/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6760490/
https://pubmed.ncbi.nlm.nih.gov/21898045/
https://pubmed.ncbi.nlm.nih.gov/21898045/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4100250/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4100250/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4100250/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4100250/
https://pubmed.ncbi.nlm.nih.gov/31986471/
https://pubmed.ncbi.nlm.nih.gov/31986471/
https://pubmed.ncbi.nlm.nih.gov/31986471/
https://pubmed.ncbi.nlm.nih.gov/30566418/
https://pubmed.ncbi.nlm.nih.gov/30566418/
https://pubmed.ncbi.nlm.nih.gov/30566418/
https://www.sciencedirect.com/science/article/abs/pii/S0014299918305958
https://www.sciencedirect.com/science/article/abs/pii/S0014299918305958
https://www.sciencedirect.com/science/article/abs/pii/S0014299918305958
https://www.sciencedirect.com/science/article/abs/pii/S0014299918305958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6996326/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6996326/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6996326/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6797817/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6797817/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6797817/
https://pubmed.ncbi.nlm.nih.gov/23453346/
https://pubmed.ncbi.nlm.nih.gov/23453346/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6670724/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6670724/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6670724/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6670724/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6912290/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6912290/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6912290/
https://pubmed.ncbi.nlm.nih.gov/27853172/
https://pubmed.ncbi.nlm.nih.gov/27853172/
https://pubmed.ncbi.nlm.nih.gov/27853172/

	Title
	Abstract
	Introduction
	Lithium in Mood Disorder and Cognition
	Lithium and Neuroprotection
	Lithium and Other Disorders
	Conclusion
	References

