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ABSTRACT – Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by the loss of ni-
grostriatal dopaminergic neurons and pathological aggregation of a-synuclein. Despite advancements in symptomatic 
treatment, there is a critical unmet need for disease-modifying therapies capable of halting or slowing disease progres-
sion. Drug repurposing offers an efficient, cost-effective strategy to identify new treatments by leveraging the established 
safety and pharmacokinetic profiles of existing compounds. Dimethyl fumarate (DMF), an FDA-approved drug for multiple 
sclerosis and psoriasis, has recently emerged as a promising neuroprotective agent in PD research. Preclinical studies con-
sistently demonstrate that DMF exerts beneficial effects in both in vitro and in vivo PD models, primarily via activation of 
the nuclear factor erythroid 2-related factor 2 (Nrf2) pathway. Through this mechanism, DMF counters oxidative stress, 
reduces neuroinflammation, promotes mitochondrial quality control, and impedes pathological protein aggregation. 
These biological effects translate into the preservation of dopaminergic neurons and improvements in motor behavior in 
animal models. Although direct clinical evidence of DMF’s efficacy in PD patients is currently very limited, early mechanis-
tic human studies provide indirect support for the targeting of the Nrf2 pathway in PD. Furthermore, DMF’s neuroprotec-
tive properties extend to other neurodegenerative diseases, underscoring its broader therapeutic potential. In conclusion, 
the strong preclinical foundation, combined with an established clinical safety record, makes DMF an attractive candidate 
for repurposing as a disease-modifying therapy for PD. Future clinical trials will be essential to validate these preclinical 
promises and define DMF’s role in the management of PD.
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INTRODUCTION

Parkinson’s disease (PD) is a progressive neu-
rodegenerative disorder characterized by the loss 
of dopaminergic neurons in the substantia nigra 
pars compacta (SNpc) and aggregation of a-synu-
clein into Lewy bodies. Several drugs have been 
approved in the last decades for the treatment of 
PD patients1. However, no disease-modifying the-

rapy is currently available to halt or prevent disea-
se progression2. Current treatments primarily ad-
dress symptoms through dopamine replacement 
strategies, thus providing only symptomatic relief. 
This significantly impairs patients’ quality of life, 
burdens healthcare systems, and creates an ur-
gent need for disease-modifying therapies.
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chondrial dysfunction, and impaired protein de-
gradation systems3. Among these drugs, dimethyl 
fumarate (DMF), an FDA-approved drug for mul-
tiple sclerosis and psoriasis8, has emerged in pre-
clinical studies as a promising anti-inflammatory, 
antioxidant, and neuroprotective agent primarily 
associated with the activation of the nuclear fac-
tor erythroid 2-related factor 2 (Nrf2) pathway9. 
This review comprehensively examines the pre-
clinical and clinical evidence supporting DMF as 
a repurposed therapeutic for PD, mainly focusing 
on molecular and cellular mechanisms correlated 
to DMF’s neuroprotective effects.

PRECLINICAL EVIDENCE SUPPORTING 
DMF REPURPOSING 
FOR PARKINSON’S DISEASE

An increasing number of studies explored the 
efficacy of DMF in in vivo preclinical models of 
PD. Specifically, DMF has been evaluated mostly 
in neurotoxin-based PD models, including MPTP-
treated mice10,11, 6-OHDA-lesioned mice12, and 
rotenone-treated mice13 (Table I). Some of these 
studies integrated data obtained in mice with fin-
dings from cells lines exposed to neurotoxins11,12. 
Only very few studies investigated DMF effects 
also in a-synuclein-based PD models, using hip-

Interestingly, a high percentage of drugs used 
for PD therapy were not originally introduced 
in the market for PD patients but derive from a 
drug repurposing strategy3. In addition, drug re-
purposing still represents a promising alternative 
strategy in PD research4-6, being a faster and more 
cost-effective alternative to traditional drug deve-
lopment. Accordingly, pharmaceutical companies 
and research institutions, including The Michael J. 
Fox Foundation, emphasize repurposing to capita-
lize on existing safety and pharmacokinetic data, 
reducing development timelines.

Drug repurposing approaches in the PD field le-
verage epidemiological insights and preclinical mo-
dels, though challenges persist—particularly with 
neurotoxin-based animal models that inadequa-
tely replicate disease progression and exhibit high 
variability. Gaps remain in translating preclinical 
findings to clinical efficacy, necessitating improved 
biomarker strategies and more representative dise-
ase models. Despite uncertainties, the integration 
of artificial intelligence and multi-omics data holds 
promise for identifying novel repurposing candida-
tes, potentially bridging the gap between sympto-
matic relief and disease modification7.

Drugs investigated for their possible repurpo-
sing for PD include several compounds targeting 
PD-associated pathological mechanisms, inclu-
ding oxidative stress, neuroinflammation, mito-
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Table I. Effects of DMF oral chronic treatment on PD in vivo preclinical models. Reported effects do not distinguish between different DMF dosages.

DMF treatment
Duration 21 days 14 days 7 days 1, 3 and 8 weeks 7 days

Dose 15, 30 or 60 mg/kg 15, 30 or 60 mg/kg 10, 30, 100 mg/kg 100 and 300 mg/kg 50 mg/kg

Nrf2
mRNA nr ↑ nr ↑ ctx ↑

protein ↑ ↑ ↑ ↑ ctx ↑

Nrf2 PW genes nr nr ↑ HMOX1 (protein) ↑ HMOX1 and Nqo1
(mRNA)

↑ HMOX1 and Nqo1
(mRNA, protein)

Other molecular/ 
cellular events

DA neurons ↑ TH ↑ TH ↑ TH and histological score ↑ TH ↑ TH

α-syn inclusions ↓ ↓ p-ser129 inclusions ↓ nr nr

Apoptosis nr Bax↓, Bcl-2↑, active casp-3 ↓, ↓ 
Cathepsin D nr nr nr

Autophagy ↑ BNIP3, ↓ LC3 Nrf2-TIGAR-LAMP2/Cathepsin D 
axis ↑ LC3, ↓ p53, ↑ LAMP2 nr ↓ LC3, ↑ p62 co-loc  

α-syn nr

Mitophagy NRF2/BNIP3/PINK1 axis nr nr nr nr

Inflammation
Factors nr ↓TNFα, ↓IL-1β, ↓IL-6, ↑IL-4 ↓IL-1β nr nr

Microgliosis,
Astrogliosis nr nr ↓ Iba1, ↓ CD11b, 

↓ GFAP
↓ Iba1  
↓ GFAP

↓ CD11b 
↓ GFAP

Motor Behavior Improved Improved Improved Improved Improved

	 	 			   SNpc unilateral
		  SNpc MPP⁺-injected	 Rotenone-induced PD	 MPTP-induced PD	 overexpression of hα-syn 	 Intrastriatal
	      PD model	 mice11	 in mice13	 model in mice10	 in mice15	 6-OHDA-lesioned mice12

445	 DIMETHYL FUMARATE FOR PARKINSON’S DISEASE THERAPY

↑: increased compared to PD condition; ↓: decreased compared to PD condition; nr: not reported.
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DMF activates Nrf2 pathway, regulates
oxidative stress, and mitochondrial activity

The transcription factor nuclear factor erythroid 
2-related factor 2 (Nrf2), the main cellular target of 
DMF, plays a pivotal role in the maintenance of cel-
lular homeostasis9. In physiological conditions, the 
repressor protein KEAP1 retains Nrf2 in the cyto-
plasm. DMF disrupts this interaction, inducing the 
release of Nrf2 and its subsequent translocation 
into the nucleus. Increased Nrf2 protein levels have 
been reported after chronic oral DMF treatment 
in a variety of neurotoxin-based models of PD10-

13. Interestingly, a specific and acute effect of oral 
DMF on Nrf2 pathway has been observed also in 
a-synuclein-related model15. Interestingly, the au-
thors also tested the specificity of DMF effects on 
the Nrf2 pathway by replicating the experiments 
in Nrf2-deficient mice (Nrf2⁻/⁻)15. Nrf2 activation 
levels are correlated to DMF dosage, with higher 
doses leading to greater Nrf2 upregulation com-
pared to controls10,11. Moreover, some studies de-
monstrated the increase of both protein and mRNA 
levels of Nrf2 further supporting its activation by 
DMF treatment12,13,15. Interestingly, increased Nrf2 
levels following acute DMF treatment have also 
been observed in vitro in SH-SY5Y cells12.  

In the nucleus, Nrf2 promotes the transcrip-
tion of numerous cytoprotective and anti-inflam-
matory genes, particularly those under the con-
trol of Antioxidant Response Elements (AREs)16. 
Specifically, Nrf2 binds to AREs located in the 
promoter region of target genes, which mainly 
encode antioxidant and detoxifying enzymes17. 
Hmox1 represents one of the best-characterized 
genes upregulated by DMF treatment. Hmox1 en-
codes HO-1, a key enzyme involved in the cellular 
response to oxidative stress. An upregulation of 
HO-1 following DMF treatment has been repor-
ted in PD models, both in vivo10,12 and in vitro12,14, 
and this event has been described as critical for 
mediating the antioxidant effects of DMF. Intere-
stingly, Lastres-Becker et al15 observed increased 
mRNA levels of Hmox1 only in the cortex after the 
treatment with the highest dose (300 mg/kg). 

Glutamate-Cysteine Ligase Catalytic subunit 
(GCLC) and Glutamate-Cysteine Ligase Modifier su-
bunit (GCLM) of Glutamate-Cysteine Ligase (GCL) 
are needed for the maintenance of the antioxidant 
environment mediated by glutathione18. Upregu-
lation of both GCLC and GCLM following DMF tre-
atment has been reported in both 6-OHDA-treated 
SH-SY5Y cells and the corresponding mouse mo-
del12. Interestingly, GCLC mRNA is also upregulated 
by DMF in A53TSyn hippocampal neurons14. 

Lastly, NQO1, also regulated by the ARE promo-
ter, contributes to maintaining cellular redox ba-
lance19. Upregulation of NQO1 has been observed 

pocampal neurons from A53TSyn mice14 or by vi-
ral vector-mediated unilateral overexpression of 
human a-synuclein into SNpc in mice15. Currently, 
no studies are available investigating the effects 
of DMF in a-synuclein models obtained by stereo-
taxic injections of a-synuclein aggregates such as 
oligomers or fibrils.

The heterogeneity of the above-mentioned 
preclinical PD models offers a unique advantage 
by allowing the testing of the efficacy of drugs to 
counteract different pathological features of the 
disease. However, this situation also introduces 
an additional layer of complexity, adding to the 
variability already present in the literature regar-
ding drug dosage, timing, and routes of admini-
stration relative to neurotoxin injection, especially 
in in vivo models. Given these considerations, we 
will critically review the available studies, focusing 
on the key effects of DMF treatment on PD patho-
logical features, namely motor behavior, oxidative 
stress, dopaminergic neuronal loss and neuroin-
flammation.

Behavioral effects modulated by DMF 
in Parkinson’s disease models

Assessing the effects of candidate compoun-
ds on motor-related PD deficits is an essential 
step for preclinical evaluation of drug repurpo-
sing3. DMF has demonstrated efficacy in counte-
racting MPTP-induced bradykinesia in mice11. 
In this model, MPTP-treated animals exhibited 
motor impairments in both open field and ro-
tarod tests, which were significantly attenuated 
by DMF administration in a dose-dependent 
manner. Campolo et al10 further corroborated 
the ability of DMF to improve MPTP-induced 
motor dysfunctions, though noted that DMF 
treatment did not alleviate emotional behavior 
alterations.

DMF treatment prevented deficits in the 
elevated body swing test in mice unilaterally 
injected with a-synuclein15. Similarly, DMF signi-
ficantly alleviated both locomotor and motor 
coordination impairments in rotenone-induced 
PD mice13. Notably, the authors highlighted that 
doses above 30 mg/kg did not confer further 
benefit and could potentially reduce treatment 
efficacy. Furthermore, in the 6-OHDA model, 
DMF reduced apomorphine-induced contrala-
teral rotational behavior, further supporting its 
protective role in this model of nigrostriatal de-
generation12. Together, these findings demon-
strate that DMF consistently ameliorates motor 
deficits across diverse preclinical PD models, 
underscoring its potential for mitigating the 
motor symptoms associated with PD.
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following DMF treatment in 6-OHDA-treated cells 
and lesioned mice12, whereas only mRNA levels 
increase in A53TSyn mouse neurons14. In addition, 
acute oral treatment with DMF in a-synuclein-
injected mice induces an increase in Nqo1 mRNA 
levels in the cortex, whereas this upregulation is 
not observed in striatal samples15. 

Mitochondrial dysfunction represents a central 
pathogenic event that contributes to neurodege-
neration in PD20.   Among the multiple pathways 
modulated by DMF, the restoration of mitochon-
drial functionality plays a key role in ensuring an 
ultimate neuroprotective effect. Indeed, DMF signi-
ficantly promotes mitophagy by increasing the mo-
dulation of BNIP3/PINK1 axis in the substantia ni-
gra of MPTP-induced PD mice11. The importance of 
DMF effects on mitochondrial functioning was fur-
ther confirmed in hippocampal neurons A53TSyn 
by Brandes et al4. Specifically, their study revealed 
that DMF decreases the deficit in mitochondrial 
bioenergetic profile by reducing mitochondrial 
ROS. Coherently, DMF reduced ROS production and 
enhanced mitochondrial function in both SH-SY5Y 
cells and animals exposed to 6-OHDA12.

Cell viability and apoptosis and Parkinson’s 
disease-related damage

The evaluation of the ability to counteract do-
paminergic neuron loss in the SNpc and the effect 
on a-synuclein inclusions represent two crucial 
issues for in vivo PD preclinical drug repurposing 
studies3. DMF treatment counteracts neuron loss 
induced in vivo by MPTP10,11, 6-OHDA12, and rote-
none13 administration as well as in mice overex-
pressing a-synuclein15. Moreover, Jing et al12 also 
reported restored dopamine levels after DMF 
treatment in the 6-OHDA mouse model. Moreo-
ver, in vivo DMF treatment exerts neuroprotecti-
ve effects by reducing a-synuclein levels in both 
MPTP10,11 and rotenone-induced13 models. Lastly, 
DMF pre-treatment reduced 6-OHDA-induced cell 
death in SH-SY5Y cells12. 

Interestingly, Brandes et al14 focused on the 
neuroprotective effects of DMF treatment. Spe-
cifically, hippocampal neurons isolated from an 
A53TSyn mouse model of synucleinopathy show-
ed reduced neuronal arborization, which was re-
stored following DMF treatment14. Moreover, DMF 
treatment significantly increased spine density, 
which is markedly impaired in A53TSyn neurons 
compared to controls. Notably, the authors tested 
the specificity of these effects and confirmed their 
dependence on Nrf2 activation. Coherently, Cam-
polo et al10 also observed increased nuclear Nrf2 
levels specifically in the neuronal nucleus after 
DMF treatment. Since Nrf2 is predominantly ex-

pressed in astroglia cells, the upregulation of Nrf2 
signaling in neurons further supports an additio-
nal neuron-specific mechanism of action that may 
contribute to its neuroprotective properties.

Interestingly, recent studies further highlighted 
the protective potential of Nrf2 pathway activa-
tion in PD, using drugs other than DMF. For instan-
ce, Jahan et al21 demonstrated that emodin exerts 
protective effects in MPTP-induced PD mouse mo-
dels by enhancing Nrf2 signaling and its downstre-
am antioxidant targets. Similarly, another study22 
reported that epalrestat alleviates MPTP-induced 
toxicity by targeting the KEAP1/Nrf2 axis in both in 
vivo and in vitro models. Together, these findings 
emphasize the relevance of the Nrf2 pathway in 
modulating oxidative stress and promoting neuro-
nal survival in PD models.

Finally, Khot et al13 proposed a novel mechani-
sm by which DMF could exert its neuroprotective 
effects, at least against rotenone-induced dopa-
minergic neurodegeneration. Specifically, they 
showed that DMF reversed apoptotic (Cathepsin 
D, Bax, Caspase 3) and anti-apoptotic (Bcl-2) pro-
tein expression. 

DMF ameliorates autophagic impairments in 
Parkinson’s disease models

Impaired autophagy has been described as one 
of the main factors negatively affecting neuronal 
functionality in PD23. Interestingly, Khot et al13 de-
monstrated that DMF modulation of TP53-inducible 
glycolysis and apoptosis regulator (TIGAR) pathway 
also promotes autophagosome formation. Notably, 
in the midbrain of rotenone-treated mice, DMF ad-
ministration led to an increased expression of LC3, 
a key marker and mediator of the autophagic pro-
cess, further supporting its neuroprotective role. A 
modulation of LC3 expression as a result of DMF 
treatment was also observed in MPTP-injected11 
and a-synuclein-overexpressing mice15. Additional-
ly, Lastres-Becker et al15 further supported the DMF 
modulation of the autophagic process through the 
possible involvement of the p62/SQSTM1 pathway. 
Coherently, p62 is an autophagosome cargo pro-
tein whose expression is regulated by Nrf224,25. Ho-
wever, additional quantitative analyses are needed 
to support these observations.

DMF attenuates neuroinflammation via 
NF-κB and cytokine modulation 
in Parkinson’s disease models

DMF exerts anti-inflammatory activity in PD 
mouse models9. In addition to the Nrf2 pathway, 
DMF also induces these effects through the mo-
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dulation of the NF-κB signaling pathway. In con-
trast to Nrf2, nuclear translocation of the NF-κB 
p65 subunit promotes the transcription of pro-
inflammatory genes. Consistently, DMF treatment 
has been shown to suppress NF-κB nuclear tran-
slocation and to reduce the expression of down-
stream targets involved in neuroinflammation in 
the MPTP-induced PD model10. 

The modulation of cytokines IL-1β, IL-4, IL-6, 
and TNF-α has been explored as a key target mo-
dulated by DMF treatment. Notably, a reduction 
in the pro-inflammatory cytokine IL-1β has been 
reported in both rotenone-13 and MPTP-induced10 
PD models after DMF treatment. Nevertheless, 
IL-6 and TNF-α downregulation has been observed 
only in DMF-treated rotenone-injected mice, as 
well as an increase in the anti-inflammatory cyto-
kine IL-413. Campolo et al10 further investigated 
the dose-dependent effects of DMF on IL-1β mo-
dulation, emphasizing the importance of dosage 
in achieving anti-inflammatory outcomes. In this 
study, the authors reported that DMF treatment 
also significantly reduced COX-2 expression in the 
substantia nigra of MPTP-treated mice10.

In addition to cytokine regulation, DMF modu-
lates glial cell activation. Specifically, analysis of 
microglial marker Iba1 and CD11β revealed incre-
ased microglial activation in MPTP-treated mice, 
which was significantly reduced following DMF 
administration10. These results agree with earlier 
findings from Jing et al12, who reported a reduc-
tion in CD11β expression in 6-OHDA-treated mice 
after DMF treatment. Furthermore, in the same 
models, DMF reduced the expression of GFAP, a 
marker of astrocytic reactivity, suggesting a bro-
ader anti-inflammatory effect on both microglia 
and astrocytes. Lastly, the attenuation of both 
microgliosis and astrogliosis after DMF treatment 
was observed also in a-syn-overexpressed mice15. 

Human studies supporting DMF repurposing 
for Parkinson’s disease

While the above-described preclinical data are 
robust and overall indicate the efficacy of DMF in 
rescuing PD-associated detrimental behavioral, 
molecular, and cellular events in several experi-
mental models, clinical evidence showing DMF 
therapeutic effects in PD remains quite limited. Si-
milarly, only a few studies clearly indicate that the 
Nrf2 signaling pathway represents an ideal target 
for treatment of PD patients. 

An early report showed that Nrf2 has higher 
nuclear localization in the substantia nigra of au-
topsy brain tissue from PD patients, compared with 
age-matched controls in which Nrf2 staining was 
predominantly cytoplasmic, thus suggesting a PD-

associated activation of Nrf2 signaling pathway26. 
Interestingly, this modification of Nrf2 subcellular 
localization in neurons was specific for PD patients 
and not detected in tissues from Alzheimer’ disea-
se (AD) and Lewy body variant of AD patients.

More recently, an increased Nrf2 nuclear loca-
lization was detected in post-mortem PD midbrain 
in the presence of Lewy related a-synuclein pa-
thology27. This event was correlated with an au-
gmented Nrf2 phosphorylation on Ser40, a robust 
post-translational modification known to be asso-
ciated with the nuclear accumulation of the pro-
tein. 

Conversely, another very recent study obser-
ved a stage-specific functional impairment of the 
Nrf2 pathway in PD olfactory mucosa neurons 
(ONs) obtained by nasal brush28. In PD de novo pa-
tients, Nrf2 mostly presented in the inactive cyto-
solic localization in ONs compared with healthy 
controls whereas in PD under treatment the Nrf2 
active nuclear fraction increased.   In agreement 
with these observations, SOD-1 expression, one 
of the final products of Nrf2 nuclear translocation, 
was reduced in PD de novo patients of the same 
neurons and increased in PD treated patients28. 

Another cross-sectional study attempted to 
outline the peripheral profile of the Nrf2 pathway 
in the blood of PD patients29. Interestingly, the au-
thors demonstrated a significant increase in Nrf2 
protein and mRNA levels and in its target products 
GCL and glutathione reductase (GR) in leukocytes 
of PD patients compared with controls. 

Finally, analysis of molecular markers of Nrf2 
activation in post-mortem samples of PD patients 
suggested that some dopaminergic neurons in the 
SNpc up-regulate the Nrf2 response to protect 
from a-synuclein toxicity15.

Unfortunately, literature is almost lacking data 
related to clinical trials or case reports describing 
the pharmacological effect of DMF in PD patients. 
Only one study showed a marked improvement in 
parkinsonian clinical symptoms after two months 
administration of DMF for management of psoria-
sis in a 51-year-old patient30.  

DMF repurposing for other brain disorders

Preclinical evidence about the possible re-
purposing of DMF for its use in brain disorders 
extends beyond PD, showing DMF efficacy in ex-
perimental models of brain disorders such as AD, 
Huntington’s disease, and amyotrophic lateral 
sclerosis, suggesting broad neuroprotective appli-
cations31. Moreover, clinical trials have been per-
formed to test DMF efficacy in a variety of human 
diseases, including T-cell lymphoma, glioblasto-
ma, and rheumatoid arthritis31.
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In AD research, DMF has been shown to redu-
ce neuroinflammation and cognitive impairment 
by modulating microglial activation and oxidative 
stress, key contributors to neurodegeneration. 
Chronic oral administration of DMF attenuated 
neuroinflammation, particularly in astrocytes, and 
reversed cognitive dysfunction presumably by ac-
tivating the Nrf2-dependent pathway in App-KI 
mice. Furthermore, DMF modulated astrocyte–
microglia crosstalk by regulating C3-STAT3 signa-
ling in the AD mouse model32. Interestingly, DMF 
has been evaluated not only in AD but also in 
preclinical models of other dementias. DMF tre-
atment mitigated neurodegenerative features 
in a frontotemporal dementia (FTD-TAU) mouse 
model, reducing TAU hyperphosphorylation, neu-
rodegeneration, neuroinflammation, and oxidati-
ve stress33. Similarly, DMF chronic oral treatment 
from pre-symptomatic stages improved cognitive 
function in a TDP-43-related FTD mouse model. 
Cognitive enhancement correlated with the neu-
roprotection observed in the dentate gyrus and a 
reduction in astrogliosis34.

Finally, recent studies have started to consider 
DMF as an alternative strategy for other brain di-
sorders, such as epilepsy. Administration of DMF 
following status epilepticus increased Nrf2 activi-
ty, attenuated status epilepticus-induced neuro-
nal cell death, and decreased seizure frequency 
and the total number of seizures compared to 
vehicle-treated rats. Moreover, DMF treatment 
reversed epilepsy-induced behavioral deficits35.

CONCLUSIONS

The body of preclinical evidence accumulated 
over the past decade strongly supports the the-
rapeutic potential of DMF as a repurposed agent 
for PD. DMF consistently improved motor beha-
vior in several in vivo PD models and demonstra-
tes robust neuroprotective properties, effectively 
mitigating oxidative stress, neuroinflammation, 
and mitochondrial dysfunction—hallmarks of PD 
pathology. These multimodal actions are primarily 
related to the activation of the Nrf2 pathway and 
set DMF apart from most conventional sympto-
matic therapies, raising hope that it may bridge 
the gap between basic neuroprotection and true 
disease modification.

However, it is important to acknowledge the 
inherent limitations in preclinical research that 
may affect the translatability of these findings. 
The most widely used animal models of PD—pre-
dominantly neurotoxin-based models—fail to ful-
ly recapitulate the progressive and multifactorial 
nature of human PD, especially with respect to 
α-synuclein pathology and the gradual neurode-

generative timeline. Moreover, variability in study 
design, including differences in dosing, administra-
tion routes, timing of treatment, and behavioral 
assessment protocols, introduces methodological 
biases that complicate cross-study comparisons 
and interpretation of results. The lack of standar-
dized protocols and insufficient reporting of nega-
tive findings also raise the risk of publication bias, 
potentially inflating the perceived efficacy of DMF.

In addition, despite encouraging advances in 
experimental models, clinical translation remains 
in its infancy and important questions remain 
unanswered. It is still uncertain whether the do-
sing regimens effective for autoimmune disorders 
will be suitable—or optimal—for neuroprotection 
in PD. The timing of intervention is also a critical 
consideration, as the efficacy of DMF may depend 
on early treatment before irreparable neuronal 
loss has occurred. Furthermore, the identification 
and validation of reliable biomarkers will be vital 
to accurately track target engagement and drug 
efficacy in upcoming clinical trials. However, the 
extensive clinical experience with DMF in other in-
dications, such as multiple sclerosis and psoriasis, 
provides reassurance regarding its safety profile 
and general tolerability, supporting the rationale 
for its exploration in neurodegenerative settings.

The potential impact of DMF repurposing 
extends beyond PD. Preclinical studies have de-
monstrated beneficial actions in other neurodege-
nerative contexts, including Alzheimer’s disease, 
Huntington’s disease, amyotrophic lateral sclero-
sis, and even experimental epilepsy, suggesting a 
broad neuroprotective profile that warrants fur-
ther investigation across neurological diseases.

Moving forward, rigorously designed clini-
cal trials will be essential to determine whether 
DMF’s neuroprotective promise can translate into 
clinically meaningful benefits for people living 
with Parkinson’s disease. The hope is that DMF, 
either as monotherapy or in combination with 
existing interventions, may finally offer patients a 
treatment that not only alleviates symptoms but 
also slows or halts disease progression. Continued 
interdisciplinary research will be crucial to ad-
dress outstanding questions and to position DMF 
- and the broader paradigm of drug repurposing 
- at the forefront of neurodegenerative disease 
therapeutics.
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