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Hypothesis
Chronic methylphenidate abuse or administration causes 
oxidative stress, inflammation, and mitochondrial 
dysfunction in brain cells that require therapeutic approaches 
to inhibit neurotoxicity and neurodegeneration of these 
types.[1,2] Nonetheless, the function of methylphenidate 
in the induction of neurodegeneration or neuroprotection 
is uncertain, but most of the data support the function of 
methylphenidate in neurodegeneration.[3] As we know, 
Nrf2 (nuclear erythroid 2‑related factor 2) is a basic region 
of leucine‑zipper transcription factor that binds to the 
antioxidant response element  (ARE) and thus regulates 
the expression of a large number of genes involved 
in cellular antioxidant and antiinflammatory defense 
as well as mitochondrial protection.[4,5] Keap1  (Kelch 
ECH associating protein 1) is a repressor protein which 
binds to Nrf2 and promotes its degradation through the 
pathway of ubiquitin‑proteasome.[5,6] Nrf2/ARE signaling 
pathway is a key neuroprotection mediator.[6] Oxidative 
stress, inflammation, and mitochondrial dysfunction 
have been identified as important mechanisms for 
methylphenidate‑induced neurodegeneration.[1,2] 
Despite the role of methylphenidate in the induction of 
neurodegeneration, a previous study has shown controversial 
data and reported that methylphenidate, by reducing 
proinflammatory microglia and increasing BDNF and 
Nrf2 mRNA levels, may increase cognitive deficits and 
depressive behaviors in myotonic type  1 disease in Mbnl2 
knockout mice;[7] however, the exact role of Keap1/Nrf2/
ARE signaling pathway in methylphenidate‑induced 
oxidative stress, inflammation, and mitochondrial 
dysfunction remains unclear. Neuroprotective approach 
to the prevention, treatment, or management of 
methylphenidate‑induced oxidative stress, inflammation, 
and mitochondrial dysfunction through a novel 
neuroprotective agent is continuously superior to any other 
therapeutic strategy.[8,9] The explanation, introduction, 
and development of a potent novel neuroprotective 
agent is therefore necessary.[10,11] Studies have shown the 
possible neuroprotective and antiinflammatory efficacy 
of cannabinoid compounds and their derivatives such as 
cannabidiol (CBD) and delta 9 tetrahydrocannabinol against 
various neurodegenerative diseases and disorders over the 
past few years.[9,12‑14] According to some previous studies, 
cannabinoid derivative by direct activation of Nrf2/ARE 
or by inhibition of Keap1, a Nrf2 repressor protein, exerts 
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its antioxidant and antiinflammatory effects and also 
induces mitochondrial biogenesis, but the specific role of 
Nrf2/ARE in the neuroprotective function of cannabinoid 
compounds was not entirely understood.[15,16] The function 
of Nrf2 signaling pathways in mediating the protective 
and beneficial effects of cannabinoids on cardiovascular, 
musculoskeletal, gastro‑hepatic, and other systems was 
also demonstrated in many previous studies,[17,18] but its 
clear role in brain function and the role of Nrf2 signaling 
pathways in the mediation of cannabinoid‑derived 
neuroprotection remains unclear and seems to require 
further assessment. According to the aforementioned 
literature on the neurotoxicity properties of methylphenidate 
and cannabinoid neuroprotective effects, we may assume 
that the use of cannabinoids in methylphenidate‑dependent 
subject will produce antioxidant and antiinflammatory 
effects and cause mitochondrial biogenesis and 
neuroprotection in methylphenidate‑induced neural cell 
degeneration; also, based on the role of Nrf2/ARE signaling 
pathways in antioxidant and antiinflammatory processes, it 
appears that methylphenidate can cause neurodegeneration 
by activation of Keap1 or direct inhibition of the Nrf2/
ARE pathway. Cannabinoid derived by direct activation 
of the Nof2/ARE signaling pathways or their repressor, 
Keap1, is also expected to be capable of managing the 
sequel to methylphenidate abuses such as oxidative stress, 
inflammation, and neurodegeneration, but this claim 
requires molecular assessment in both experimental and 
human studies [Figure 1].
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Figure  1: Possible inhibitory activity of cannabinoid derivatives such as cannabidiol  (CBD) and delta 9 tetrahydrocannabinol  (9 THC) against 
methylphenidate—oxidative stress, inflammation, apoptosis, and mitochondrial dysfunction. Methylphenidate has been suggested to induce oxidative 
stress, inflammation, apoptosis, and mitochondrial dysfunction through activation of Keap1 or direct inhibition of the Nrf2/ARE pathway. Cannabinoid 
derivative by direct activation of Nrf2/ARE signaling pathways or by inhibition of their repressor, Keap1, can control the sequel of methylphenidate abuse, 
such as oxidative stress, inflammation, and neurodegeneration, and can cause neuroprotection against methylphenidate‑induced neurodegeneration. 
MPH: Methylphenidate, CBD: Cannabidiol, 9 THC: Delta 9 tetrahydrocannabinol, Nrf‑2: Nuclear erythroid 2‑related factor 2, Keap1: Kelch ECH associating 
protein 1, ARE: Antioxidant response element, TNF‑α: Tumor necrosis factor, IL‑6: Interleukin‑6, IL‑1β: Interleukin‑1β, SOD: Superoxide dismutases, GPx: 
Glutathione peroxidase, GR: Glutathione reductase, CAT: Catalase
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