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A B S T R A C T   

Multiple sclerosis (MS) is a complex autoimmune disorder of the central nervous system (CNS) 
which causes various symptoms such as fatigue, dyscoordination weakness and visual weakness. 
The intricacy of the immune system and obscure etiology are the main reasons for the lack of a 
definite treatment for MS. Oxidative stress is one of the most important key factors in MS 
pathogenesis. It can enhance inflammation, neurodegeneration and autoimmune-mediated pro
cesses, which can lead to excessive demyelination and axonal disruption. Recently, promising 
effects of Quercetin as a non-pharmacological anti-oxidant therapy have been reported in pre
clinical studies of MS disease. In this review, we provide a compendium of preclinical and clinical 
studies that have investigated the effects of Quercetin on MS disease to evaluate its potential 
utility as a complementary therapy in MS. Quercetin treatment in MS disease not only protects the 
CNS against oxidative stress and neuroinflammation, but it also declines the demyelination 
process and promotes remyelination potential. The present study clarifies the reported knowledge 
on the beneficial effects of Quercetin against MS, with future implication as a neuroprotective 
complementary therapy.   

1. Introduction 

1.1. Multiple Sclerosis (MS) 

Multiple Sclerosis (MS) was first defined in 1868 as a chronic demyelinating autoimmune disease of the central nervous system 
(CNS). However, MS can affect people at any age, but it is most commonly diagnosed in young women (between the ages of 20 and 40 
years). The range of MS symptoms is diverse depending on the location of the demyelinating lesions in the CNS [1,2]. The etiology of 
MS is highly complex, and the combination of genetic and non-genetic factors likely leads to autoimmune disturbances and periodic 
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attacks of the immune system in the CNS [3,4]. MS is not a fatal disease, but life expectancy is meaningfully reduced in MS patients 
compared to the healthy population [5]. In MS disease, inflammation can result in significant damage to the myelin sheaths sur
rounding the axons [6,7]. Also, oxidative stress-induced inflammatory responses can contribute to MS progression by damaging 
neurons and oligodendrocytes [8]. Four clinical courses have been identified for MS disease [9]. The relapsing-remitting MS (RRMS) 
usually affects about 85 % of MS patients. Primary progressive MS (PPMS) occurs after RRMS in some patients, and may occur 
concurrently with RRMS in others. Secondary progressive MS (SPMS) occurs when neurological functions worsen without any 
improvement and affects approximately 10 % of MS patients. Progressive relapsing MS (PRMS) affects fewer than 5 % of MS patients, 
and is characterized by a steady worsening of neurological functions [3,9]. 

The most important events in the pathogenesis of MS are demyelination, inflammation, reactive gliosis, and neuro-axonal injuries 
[10]. Autoreactive T cells that recognize self-antigens related to the myelin sheath pass through the blood-brain barrier (BBB) and 
secrete matrix metalloproteinases (MMPs), which can damage the extracellular matrix (ECM) [11]. The incursion of T cells into the 
CNS consequently activates the secondary inflammatory cells, such as macrophages [12]. The cellular analysis of MS lesions has shown 
that there are a large number of macrophages and CD8+T cells and a few number of CD4+T cells and B cells [13,14]. 

Many chemokine receptors (CCRs) are associated with either T helper 1 (Th1) or Th2 immune responses. Th1 cells (which promote 
inflammation) express CCR5, and Th2 cells (which promote anti-inflammation) express CCR3, CCR4, and CCR8 [15–17]. In MS 
disease, the migration of peripheral T cells is enhanced by the secretion of chemotactic chemokines such as RANTES (regulated on 
activation, normal T cell expressed and secreted) and MIP-1α (macrophage inflammatory protein). These chemokines are associated 
with the up-regulation of the CCR5 receptor [18–20]. Together, these data suggest that MS is likely to be associated with a variety of 
problems, such as microglial activation, blood-brain barrier destruction, immune responses, cytokine production, and oxidative stress 
[21]. 

The main pathological finding in MS is demyelination, which can be seen in the early stages of tissue destruction [14,22]. One of the 
special features of MS lesions is the survival and proliferation of oligodendrocyte progenitor cells (OPC). The number of these cells is 
greater than in normal conditions, but unfortunately, these cells cannot differentiate into mature myelin-producing cells [23]. In some 
lesions, surviving oligodendrocytes and those that have differentiated from OPCs may partially remyelinate damaged axons and create 
shadow plaques. As the lesions progress, astrocyte proliferation and activation become more apparent (Astrogliosis) [24]. Demyeli
nated axons are vulnerable to the attack of reactive oxygen species (ROS) and reactive nitrogen species (RNS) due to the loss of their 
external covering [25,26]. 

1.2. Oxidative stress in MS 

Oxidative stress is a process that occurs due to the imbalance between antioxidant defenses and free radical-mediated injury. This 
imbalance can play an essential role in the progression of neurodegenerative diseases [27]. It has been suggested that in MS disease, 
inflammation can trigger the generation of oxygen and nitrogen free radical species, which can lead to oxidative stress and accelerate 
the progression of MS [28]. Activated microglia and astrocytes can produce ROS, NOS and inducible nitric oxide synthase (iNOS). 
Previously, it has been shown that neuroinflammation can induce oxidative stress in the CNS through two mechanisms: 1) the 
overproduction of ROS from glial cells, and 2) the arachidonic acid signaling pathway, which is activated by cyclooxygenase and 
lipoxygenase [29]. 

Oxidative stress can cause neural cell death by damaging DNA, lipids, and proteins [30]. Moreover, oxidative stress can lead to 
mitochondrial damage and functional disruption of the sodium-potassium ATPase pump, which reduces ATP production. This 
disruption can lead to potassium accumulation and subsequently apoptosis of the neurons [31]. NOS and ROS can damage the myelin 
sheath and activate macrophage/microglial cells. Additionally, the BBB function can be disorganized by the overproduction of NOS 
and ROS, which can worsen myelin degradation [32,33]. 

Oxidative stress can play a critical role in the pathogenesis of MS by BBB integrity and promoting the infiltration of leukocytes into 
the CNS. Eventually, the infiltrated leukocytes produce higher levels of ROS, which can lead to myelin destruction, oligodendrocyte 
damage, and axonal injury [28]. There is ample evidence that ROS overproduction is responsible for the progression and expansion of 
MS lesions [28]. The activation of the nuclear factor erythroid 2–related factor 2(Nrf2) signaling pathway can significantly prevent the 
pathogenesis of MS by controlling the levels of certain enzymes. In addition, it has been reported that the JNK and ERK signaling 
pathways can activate Nrf2 [34,35]. Nrf2 activates the Nrf2-ARE (erythroid-derived 2-like 2) antioxidant responsive element. This 
signaling pathway plays an essential role in protecting cells against oxidative stress, and it could be a promising target to activate 
antioxidant mechanisms in MS disease [36]. Previous studies have stated that paraoxonase 2 (PON2) has potent antioxidant activity, 
and its deficiency could lead to mitochondrial destruction [37]. 

There are two endogenous antioxidant defense systems: 1) Radical scavenger molecules (such as alpha tocopherol and glutathione) 
and 2) antioxidant enzymes (such as glutathione peroxidase, catalase, and superoxide dismutase) [29]. Among the different cells in the 
CNS, oligodendrocytes are very susceptible to oxidative stress due to their high metabolic activity, high iron content, and low anti
oxidant potential [8]. It has been reported that immature oligodendrocytes are more susceptible to oxidative stress than mature ol
igodendrocytes [38]. 

1.3. Quercetin 

Phytochemicals are a class of bioactive plant compounds that are present in various plants, such as vegetables and fruits [4,39]. 
Previous studies have shown that phytochemicals can reduce the risk of chronic diseases (such as cancer, hypertension, and diabetes) 
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through various mechanisms, such as decreasing oxidative stress and inflammation [11]. Polyphenols are a subclass of phytochemicals 
with a large family of naturally occurring phenolic compounds [40]. Flavonoids are a class of polyphenolic secondary metabolites that 
are found in plants and are commonly consumed in the diets of humans [40]. Flavonoids are classified as a group of phytochemicals 
that have six subgroups (Flavonols, Flavanones, Flavones, Flavonols, Isoflavonoids, and Anthocyanidins) (Fig. 1, Fig. 2) [41]. The 
ability of flavonoids to cross the BBB, has attracted a great deal of attention for medicinal usage of these substances in the CNS [42]. 

The neuroprotective effects of flavonoids against various neurodegenerative disorders have been well-documented [41]. Flavo
noids have a wide range of beneficial pharmaceutical properties, including anti-inflammatory, antioxidant, anti-carcinogenic, and 
anti-mutagenic effects [41]. Many studies have been conducted to evaluate the antioxidant effects of flavonoids on neurological 
diseases such as Alzheimer’s and Parkinson’s disease [42]. Recently, the study of the effects of polyphenols on MS disease has received 
much attention due to their immunomodulatory, anti-inflammatory, and antioxidant properties [43]. 

Flavonoids have three phenolic rings, which are named rings A, B, and C [44,45]. Flavonols) 3-hydroxy-2-phenylchromen-4-one 
(are characterized by a ketone group and a hydroxyl group in the C ring at position 3 [46]. Flavonols are found in vegetables (such 
as onions, kale, and tomatoes), fruits (such as apples and grapes), red wine, and tea [47]. Quercetin (C15H10O7) is an important 
subclass of Flavonols. Quercetin is abundant in the human daily diet such as fruits, vegetables and tea. Quercetin glycoside is formed 
when a glycosyl group (a sugar such as glucose, rhamnose, or rutinose) is attached to one of the OH groups of quercetin (commonly at 
position 3) [44,48,49]. The glycosyl group can alter the solubility, absorption, and biological activities of quercetin. Glycosylated 
forms of quercetin, such as rutin (quercetin-3-O-rutinoside), isoquercitrin (quercetin-3-O-glucoside), and hyperin (quercetin-3-O-ga
lactoside), exist in different plant species [44,48,49]. 

Quercetin is a member of the plant flavonoid family that can promote mental and physical functions through various pharma
ceutical properties (Fig. 3). These properties include anti-cancer effects, prevention of platelet aggregation, reduction of serum fat 
levels, reduction of plasma insulin levels, and reduction of inflammatory and oxidative markers [50,51]. Recent evidence has 
demonstrated that quercetin has anti-inflammatory activity in addition to its antioxidant activity. This is not surprising, as quercetin 
has been used to treat many inflammatory-based disorders Until the present, many natural antioxidants have been used as a sup
plementary treatment to slow the progression of MS in preclinical and clinical studies [8]. Due to the promising effects of Quercetin in 
the CNS, recent studies have focused on its neuroprotective effects on various neurodegenerative disorders such as ischemia, traumatic 
damage, cognitive disability, Huntington’s, Parkinson’s, Alzheimer’s and MS disease [52–54]. The antioxidant properties of Quercetin 
can inhibit lipid peroxidation and reduce the transcription of pro-inflammatory cytokines by scavenging free radicals [55]. It should be 
noted that, glycosylation itself can reduce the anti-inflammatory and antioxidative activities of the Quercetin [56]. The purpose of this 
review is to prepare a summary of the recent studies concerning the effects of Quercetin in MS disease along with a focus on the 
chemical and pharmacological properties of Quercetin and its possible neuroprotective effects. 

2. Materials and methods 

In the present study, we organized a narrative review based on preferred reporting items for systemic reviews and meta-analyses 
(PRISMA) guidelines. Scopus, Google scholar, PubMed and PubMed/Medline databases were searched, from inception to 1 June 2023, 

Fig. 1. Basic flavonoid structures. (A) The Flavan nucleus structure and (B) 4-oxo-flavonoid nucleus.  
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for studies that included the following keywords in the title and abstract (ti/ab): Multiple sclerosis [MeSH Terms], OR Cuprizone 
demyelination model [MeSH Terms] OR experimental autoimmune encephalomyelitis [MeSH Terms] OR demyelination model [MeSH 
Terms] AND Quercetin [MeSH Terms] OR Quercetin derivatives [MeSH Terms]. The reference lists of all selected articles were also 
checked to identify any additional relevant studies. 

2.1. Neuroprotective efficacy of quercetin 

Recently, it has reported that berries are good source of Quercetin, with a high content of quercetin (6–158 mg/kg) (Fig. 4.) [57]. 
Quercetin can suppress oxidative stress and inflammation via modulating of nuclear factor erythroid 2–related factor 2 and heme 
oxygenase-1 signaling pathways Nrf2/HO1 and consequently suppress neurodegenerative disease progression [57]. Moreover, 
Quercetin is able to effectively prevents from aggregation of Alpha-synuclein (a-syn) through increase in the hydrophilicity of the 

Fig. 2. Structures of the major classes of flavonoid. (A) Flavonol, (B) Flavone,(C) Flavanone, (D) Isoflavone, (E) Flavanol and (F) Anthocyanidine.  

Fig. 3. Molecular structure of Quercetin.  
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covalently modified α-synucein [58]. Recent studies have showm that Quercetin significantly inhibited Okadaic acid induced tau 
pathology through suppressing hyperphosphorylation of tau protein and led to neuronal survival. Quercetin could inhibit tau 
hyperphosphorylation via mitogen-activated protein kinases (MAPKs) and phosphatidylinositol 3-kinase/Protein kinase B 
(PKB)/Glycogen synthase kinase-3 beta (PI3K/Akt/GSK3β) signaling pathways [59]. In addition, Quercetin can inhibit β-amyloid 
fibrillation and destabilize the preformed mature fibrils through reinforcing the hydrophobic interaction in the aromatic rings [60]. 

Previous studies showed that Quercetin had neuroprotective and anti-aging effects by activating Sirtuin 1(SIRT1) [61]. Previous 
reports have shown that Quercetin acts as a potent simulator of autophagy in Schwan cell [62]. 

Quercetin is able to attenuate behavioral and cognitive impairment in many neurodegenerative diseases [63]. Quercetin can 
ameliorate cognitive deficits through increasing learning and memory, reducing mitochondrial dysfunction, reducing senile plaques 
and increasing oxidative defense via activating AMP-activated protein kinase (AMPK) [64]. Quercetin also could reduce hypoxia 
induced memory dysfunction through its antioxidative and ani-apoptotic activities [65]. Quercetin significantly increased the number 
and length of neuritis via activation of P13K/AKT pathway [66]. Quercetin can increase the neuronal survival through enhancing the 
expression of neurotrophic proteins associated with neuritis outgrowth such as growth-associated protein43 (GAP-43), 
microtubule-associated protein (MAP) and tau, synaptophysin and Synapsin [67]. Also, Quercetin can exert neuroprotective function 
through JNK/activator protein-1(AP-1) signaling pathways, and this pathway can increase the expression of PON2 protein [68,69]. 

Quercetin has metal chelating activities and free radical scavenging properties. It can significantly prevent neuronal damage caused 
by oxidative stress. Hydroxyl substitutions, especially at the C3 (C-ring) and C5 (A ring) positions, lead to direct antioxidant activity 
[70]. Also, this compound can induce indirect antioxidant activity via inhibiting nitric oxide and xanthine oxidase synthase and cause 
the reduction of oxidative stress [36]. Previously, it has been well documented that Quercetin decreased oxidative stress-induced 
neuronal cell membrane damage more than vitamin C [71]. Altogether, the antioxidant feature of Quercetin can be considered as a 
biological benefit for protecting CNS during MS progression. 

2.2. Potential implications of quercetin in MS 

Oligodendrocytes demolition, myelin destruction and glial activation are attributed to the MS disease [72,73]. In patients with MS, 
endogenous remyelination often occurs. However, the differentiation and recruitment of OPCs are often not sufficient to overcome the 
demyelination condition [74]. It has been reported that quercetin can protect OPCs, reduce OPC apoptosis, and increase OPC pro
liferation and differentiation [75,76]. Application of this antioxidant considerably increases OPCs survival via PI3K/Akt signaling 
pathway [75]. When glial cells (Astrocytes and microglia) are activated, they release numerous inflammatory factors [77,78]. 
Quercetin can remarkably reduce the level of glial cells activation (reduce Astrogliosis and microgliosis) [79,80]. Several studies have 
shown that quercetin can decrease astrocyte activation by inhibiting the transition of the cell cycle from G1 to S phase, and prevent 
astrocyte proliferation by blocking ERK/focal adhesion kinase (FAK) [79,80]. 

Microglia are resident macrophages in the CNS which are divided into two phenotypes: M1 and M2 [81]. M1 microglia releases 
pro-inflammatory cytokines such as IL-1α, IL-1β, IL-6, IL-12, IL-23, TNF-α, and iNOS, while M2 microglia produce a series of 

Fig. 4. Neuroprotective effects of Quercetin in Multiple Sclerosis.  
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Table 1 
Quercetin effects on preclinical and clinical models of MS.  

Author and 
year 

Type 
of 
Study 

Model of MS Number of 
samples 

Drug therapeutic dose 
and method of 
injection 

Treatment 
period 

Outcomes 

Ahmadi et al., 
2023 

In- 
vitro 

PBMC isolated from 
RRMS patients 

8 100 μm in cell culture 48 h Immunomodulatory effects of Quercetin Penta 
Acetate on Th17 cells of MS patients are more 
effective than Quercetin. 

Tan et al., 
2021 

In vivo Vascular dementia 
demyelination model in 
mice 

40 60 mg/kg/day by 
intraperitoneal (i.p) 
injections 

14 days Quercetin facilitated microglia transformation 
into M2 phenotype, decreased production of 
proinflammatory factors (TNF-α and IL-1β) 
and enhanced microglial engulfment ability of 
myelin fragments. 

Yu et al., 2020 In vivo Cuprizone induced 
demyelination model in 
C57BL/6 J mice 

50 50 and 100 mg/kg/ 
day 

35 days Quercetin (50 and 100 mg/kg) could decrease 
demyelination in corpus callosum and increase 
remyelination via enhancing MBP and Olig2 
expression. 

Mirzazadeh 
et al., 
2019 

In vivo EAE model in Wistar rat 30 10 mg/kg/day by 
intraperitoneal (i.p) 
injection 

24 days Quercetin decreased myeloperoxidase activity, 
nitric oxide and lipid peroxidation level in the 
serum. 

Naeimi., 2019 In vivo Lysolecithin induced 
demyelination model in 
optic chiasm of rat 

_ 25 and 50 mg/kg/ 
day, oral gavage 

7 and 14 
days 

Quercetin decreased the P1–N1 latency, 
increased the amplitude of VEPs waves and 
myelin repair was improved. Also, Quercetin 
moderated glial activation and reduced 
expression of GFAP and lba1 in optic chiasm. 

Carvalho et al., 
2018 

In vivo Ethidium bromide 
induced demyelination 
model in Wistar rat 

80 50 mg/kg/day, oral 
gavage 

7 and 21 
days 

Quercetin could protect the function of Na+,K 
+ -ATPase in the pons and cerebellum in the 
both demyelination and remyelination phases. 
Also, Quercetin could protect the function of 
AChE activity in whole blood and lymphocytes 
in both demyelination and remyelination 
phases and regulate redox state. 

Hashemian., 
2018 

In vivo Lysolecithin 
demyelination model in 
optic chiasm of rat 

_ 25 mg/kg/day by 
intraperitoneal (i.p.) 
injections 

7 and 14 
days 

Quercetin-loaded NPs reduced the extent of 
demyelination areas, attenuated glial 
activation and inflammation. 

Naeimi et al., 
2018 

In vivo Lysolecithin 
demyelination model in 
optic chiasm of rat 

– 25 mg/kg, 50 mg/kg/ 
day, by oral gavage 

– Quercetin reduced the delay of visual signals, 
alleviated the level of glial activation, 
decreased the extent of demyelination areas 
and increased the remyelination process and 
PLP expression. 

Ghasemi- 
kasman., 
2017 

In vivo Lysolecithin induced 
demyelination model in 
optic chiasm of rat 

_ 50 and 100 mg/kg/ 
day, ip injection 

7 and 14 
days 

Quercetin reduced the P1–N1 latency, 
increased the amplitude of VEPs waves, 
reduced the expression of GFAP, improved 
myelin repair. Also, Quercetin ameliorated 
astrocytes activation of optic chiasm. 

Backman et al., 
2014 

In vivo Ethidium bromide 
induced demyelination 
model in Wistar rat 

80 50 mg/kg/day, oral 
gavage 

7 and 21 
days 

Quercetin promoted locomotor recovery, 
decreased demyelination, increased 
remyelination, promoted AChE activity and 
inhibited lipidic peroxidation. 

Liuzzi et al., 
2011 

In 
vitro 

Cell culture of rat 
astrocyte activated with 
LPS 
Sera of RRMS patient 

1 × 105 

cells/m 
14 

1–25 μg/ml in cell 
culture 
50 μg/ml, in cell 
culture 

overnight 
overnight 

In LPS treated astrocytes the levels of MMP2 
and MMP-9 were increased. Quercetin 
treatment of astrocytes could not inhibit the 
MMP-2 and MMP-9 levels in LPS activated 
astrocytes. 
Quercetin was able to significantly inhibit the 
gelatinolytic activity up to 81 % in the serum 
of RRMS Patients. 

Sternberg 
et al., 
2008 

In- 
vitro 

PBMC isolated from 
RRMS patients 

23 5–50 μM in cell 
culture 

– Quercetin, in a dose-dependent manner, 
reduced the proliferation of PBMC and 
regulated the level of IL-1β and TNF-α. Also, 
reduced the MMP-9/TIMP-1 ratio by reduce 
the MMP-9 production. 

Muthian et al., 
2004 

In vivo EAE model in SJL/J 
mice 

– 50 and 100 μg/day by 
intraperitoneal (i.p) 
injection 

25 days Quercetin treatment indicated that in both in 
vivo and in vitro models could block IL-12 and 
led to the inhibition of T cell proliferation and 
Th1 differentiation. 

Hendriks et al., 
2003 

In 
vitro 

Myelin content of adult 
mice 

– 300 μg in cell culture 
of macrophage and 
myelin 

90 min Quercetin could completely inhibit myelin 
uptake by macrophages and diminish ROS 
production.  

P. Javanbakht et al.                                                                                                                                                                                                   



Heliyon 9 (2023) e21741

7

neuroprotective and anti-inflammatory agents including IL-4 and IL-10 [82–84]. Quercetin has the capacity to promote microglial M2 
phenotype conversion, and subsequently, M2 microglia secretes IL-4 which can reduce local inflammation and neuronal loss [84]. In 
addition, IL-10 secreted by M2 microglia can reduce the demyelination, promote remyelination, and lead to functional improvement 
[80,85]. 

Studies have shown that Quercetin treatment reduced the course of clinical paralysis by preventing the release of inflammatory 
cytokines and inhibiting the detrimental function of macrophages in the CNS [86]. Among the various mediators, IL-12 plays a pivotal 
role in the pathogenesis of MS [87,88]. IL-12 has an important role in blocking inflammation and preventing its symptoms. Quercetin 
can inhibit the transcription factor NF-κB, which leads to the decrease of MMP-9. The change in MMP-9/tissue inhibitor matrix 
metalloproteinase 1(TIMP-1) ratio in MS lesions is important because higher MMP-9 levels participate in BBB disruption and ECM 
degradation. Since MMP-9 can directly cause axonal damage, the effect of Quercetin on the reduction of the MMP-9/TIMP-1 ratio has 
attracted a lot of attention [89,90]. 

IL-12 activates Tyrosine kinase (TYK2), JAK2 and subsequently, STAT3 and STAT4 [91,92]. This signaling pathway is a key 
mechanism by which quercetin reduces inflammation via the JAK-STAT pathway. In the EAE model, it has been reported that 
quercetin inhibits the tyrosine phosphorylation of JAK kinases and STAT proteins, which interferes with Th1 cell differentiation [93]. 
Inhibition of the JAK-STAT pathway by quercetin resulted in a decrease in the proliferation of T cells and differentiation of Th1 cells 
[93]. 

2.3. Effects of quercetin in MS 

2.3.1. Animal studies on the potential benefits of quercetin in MS 
Several studies have examined the efficacy of quercetin treatment on different animal models of MS (Table 1). In one study, 

Quercetin administration (50 mg/kg/day, oral gavage) was examined in an Ethidium bromide (0.1 %) induced demyelination rat 
model [94]. Quercetin was found to prevent additional demyelination, increase remyelination, improve locomotor activity in beam 
walking test, inhibit lipid peroxidation and prevent the inhibition of acetylcholinesterase (AChE) activity [94]. In the aforementioned 
study, the beneficial effects of Quercetin against demyelination model of MS were attributed to the close interaction of quercetin with 
the cholinergic neurotransmission [94]. Similarly, Carvalho et al. investigated the effect of Quercetin administration (50 mg/kg/day, 
oral gavage) in an Ethidium bromide (0.1 %) induced demyelination rat model [95]. They found that Quercetin could protect the 
function of Na+,K + -ATPase in the pons and cerebellum in both the demyelination and remyelination phases. They also reported that 

Fig. 5. Multiple molecular targets of Quercetin against Multiple sclerosis.  
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Quercetin could decrease oxidative stress and protect the function of AChE activity in whole blood and lymphocytes [95]. Another 
study was conducted to investigate the effects of Quercetin (25 and 50 mg/kg/day, oral gavage) on myelin repair in a lysolecithin 
(LPC) induced demyelination model (1 %, 2 μl) in the optic chiasm of rats [79]. The results showed that Quercetin treatment led to a 
significant decline in visual evoked potential (VEP) and demyelination area and augmented the remyelination process. The researchers 
indicated that quercetin can improve optic pathway function by reducing glial activation and inhibiting myelin sheath destruction 
[79]. 

In accordance with previous mentioned studies, some in-vitro studies have reported that Quercetin (3–27 μM) could decrease 
apoptosis, increase proliferation and differentiation of OPC after oxygen/glucose deprivation induced injury by the activating the 
PI3K/Akt signaling pathway [75,76]. Ghasemi-Kasman et al., investigated the effects of Quercetin administration (50 and 100 
mg/kg/day, ip injection) on astrocytes activation and remyelination in a LPC-induced (1 %, 2 μL) local demyelination in the optic 
chiasm of rats [96]. They reported that Quercetin increased the wave’s amplitude of VEPs, decreased the P1–N1 delay, improved 
myelin repair, and reduced the expression of GFAP [96]. In a study by Hashemian et al. the anti-inflammatory effects of 
Quercetin-loaded nanoparticles (25 mg/kg/day, ip injection) were investigated in a LPC-induced (1 %, 2 μL) local demyelination in the 
optic chiasm of rats [97]. They indicated that quercetin-loaded nanoparticles can lead to a decrease in the extent of demyelination 
areas, reduced glial activation, and inflammation [97]. In another study, the effects of Quercetin on the activation of oligodendroglial 
linage, remyelination, visual and optic pathway and expression of genes related to the myelin formation were investigated in a 
LPC-induced focal demyelination model [98]. In the mentioned study, LPC (1 %, 2 μL) was injected into the rat optic chiasm for local 
demyelination, and treatment was performed with Quercetin (25 mg/kg, 50 mg/kg/day, by oral gavage). They reported that quercetin 
was able to increase the amplitude of VEPs waves and decrease the P1–N1 delay. They also reported that quercetin decreased lba1 and 
GFAP expressions, which are markers of microglia and astrocytes, respectively [98]. It has been previously reported that daily injection 
of 60 mg/kg Quercetin for 14 days (ip) in mice with vascular dementia facilitated microglia transformation into the M2 phenotype, 
reduced demyelination in the ventral hippocampus and mitigated neuropsychiatric deficits [80]. 

In another study, Quercetin treatment (10 mg/kg/day, oral) in EAE model could decrease EAE progression via controlling mye
loperoxidase activity, nitric oxide levels and lipid peroxidation in the sera [99]. Another study noted that daily administration of 
Quercetin (50 and 100 μg/day, ip) in SJL/J mice with EAE model ameliorated the disease progression via decreasing IL-12 production 
and neural Th1 differentiation [100]. They also found that in vitro treatment of activated T cells with quercetin decreased 
IL-12-induced T cell proliferation and Th1 differentiation (Fig. 5). Quercetin treatment (25, 50 and 100 mg/kg/day, oral) in Cuprizone 
induced demyelination model of C57 BL/6 mice could decrease demyelination in the corpus callosum [101]. They also reported that 
quercetin-treated mice, compared to non-treated mice, had higher MBP and Olig2 protein expressions in the corpus callosum, which 
were associated with the higher remyelination capacity [101]. In an in-vitro study, Quercetin effects were investigated in cultured 
condition of macrophages and mice myelin content. They found that Quercetin could completely inhibit myelin uptake by macro
phages and diminish ROS production. Indeed, they have showed that Quercetin can protect CNS during MS progression via affecting 
macrophages functions [102]. 

2.3.2. In vitro studies of the benefits of quercetin on PBMCs of MS patients 
In a study by Sternberg et al. it was reported that quercetin, either alone or in combination with interferon-beta, can enhance 

immunomodulatory effects in PBMC obtained from MS patients [90] (Table 1). They assessed the PBMC proliferation and production 
of pro-inflammatory cytokines such as IL-1β, TNF-α, and the ratio of MMP-9 and its inhibitor, TIMP-1, in PBMC of MS patients 
following Quercetin treatment. The results of this study showed that quercetin decreased PBMC proliferation and the levels of IL-1β 
and TNF-α secretion. Quercetin also diminished the MMP-9/TIMP-1 ratio by decreasing MMP-9 production. When quercetin was used 
with interferon-beta, it had a better immunomodulatory effect and decreased TNF-α and MMP-9 levels [90]. Liuzzi et al. showed that 
Quercetin treatment could inhibit the activity of gelatinases involved in the course of the inflammatory responses observed in RRMS 
patients’ sera [103]. However, they also reported that the levels of MMP2 and MMP-9 were significantly increased in the LPS-treated 
astrocytes culture of rats. Quercetin treatment of astrocytes did not inhibit the MMP-2 and MMP-9 levels in LPS-activated astrocytes 
[103]. Ahmadi et al. demonstrated that immunomodulatory effects of modified compound of Quercetin (Quercetin Penta Acetate) on 
Th17 cells proliferation and IL-17 gene expression in PBMC of MS patients are more effective than Quercetin [104]. They also rec
ommended more clinical trials of the bioactive form of Quercetin as a supplementary treatment in MS patients. 

3. Limitation 

There is no specific clinical trial that has evaluated the effects of quercetin in MS patients. Most of the studies in this field have been 
conducted in animal models of MS or in vitro studies using PBMC from MS patients. The bioavailability of quercetin is very low. It can 
be improved by using several drug delivery methods, such as nanoparticles, inclusion complexes, liposomes, prodrugs, emulsions, 
phospholipid formulations, liposomes, nanocrystals, and micelles [105]. However, there are some concerns about using new drug 
delivery systems. These concerns include encapsulation efficiency, incomplete degradation of the carrier, lower drug loading, and 
accumulation in organs [106]. Although the beneficial effects of polyphenols such as Quercetin have been confirmed in pre-clinical 
studies as an adjuvant therapy for MS, they have not been considered in most clinical studies due to the lack of an understanding 
of the exact molecular mechanisms underlying these effects and the inconsistent findings. Certainly, more mechanistic and clinical 
studies are needed to shed light on the effects of quercetin in neurodegenerative diseases such as MS. 
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4. Conclusion 

Quercetin can protect CNS by reducing oxidative stress and neuroinflammation. Quercetin has shown beneficial properties against 
MS progression in several preclinical studies. Recent studies have shown that resveratrol, curcumin, luteolin, quercetin, and 
hydroxytyrosol have demonstrated promising effects in preclinical studies. However, there is limited clinical evidence on the neu
roprotective effects of some polyphenols, such as curcumin and epigallocatechin gallate, in MS patients [107]. Quercetin can reduce 
oxidative stress, inhibit the demyelination process, promote remyelination potential, improve optic pathway function, reduce glial 
activation, decrease apoptosis, enhance BBB integrity, and reduce inflammatory responses There is an urgent need for more clinical 
studies to determine the effects of quercetin in MS disease. These observations may lead to a better understanding of the neuro
protective role of quercetin and its importance as an adjuvant treatment for MS patients. 
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[60] K. Jiménez-Aliaga, et al., Quercetin and rutin exhibit antiamyloidogenic and fibril-disaggregating effects in vitro and potent antioxidant activity in APPswe 

cells, Life Sci. 89 (25) (2011) 939–945. 
[61] V.C.J. de Boer, et al., SIRT1 stimulation by polyphenols is affected by their stability and metabolism, Mechanisms of Ageing and Development 127 (7) (2006) 

618–627. 
[62] L. Qu, et al., Quercetin alleviates high glucose-induced Schwann cell damage by autophagy, Neural Regeneration Research 9 (12) (2014) 1195–1203. 
[63] N. Sriraksa, et al., Cognitive-enhancing effect of quercetin in a rat model of Parkinson’s disease induced by 6-hydroxydopamine, Evidence-Based 

Complementary and Alternative Medicine, 2012 (2012), 823206. 
[64] S. Wang, et al., Application of nanotechnology in improving bioavailability and bioactivity of diet-derived phytochemicals, J. Nutr. Biochem. 25 (4) (2014) 

363–376. 
[65] Quercetin reverses hypobaric hypoxia-induced hippocampal neurodegeneration and improves memory function in the rat, High Alt. Med. Biol. 14 (4) (2013) 

383–394. 
[66] Immobilized concentration gradients of neurotrophic factors guide neurite outgrowth of primary neurons in macroporous scaffolds, Tissue Eng. 12 (2) (2006) 

267–278. 
[67] F. Moosavi, et al., Modulation of neurotrophic signaling pathways by polyphenols, Drug Des Devel Ther 10 (2016) 23–42. 
[68] C. Boesch-Saadatmandi, et al., Effect of quercetin on paraoxonase 2 levels in RAW264.7 macrophages and in human monocytes—role of quercetin metabolism, 

Int. J. Mol. Sci. 10 (9) (2009) 4168–4177. 
[69] A.B. Granado-Serrano, et al., Quercetin modulates NF-κ B and AP-1/JNK pathways to induce cell death in human hepatoma cells, Nutr. Cancer 62 (3) (2010) 

390–401. 
[70] C. Echeverry, et al., Pretreatment with natural flavones and neuronal cell survival after oxidative stress: a structure− activity relationship study, J. Agric. Food 

Chem. 58 (4) (2010) 2111–2115. 
[71] H.J. Heo, C.Y. Lee, Protective effects of quercetin and vitamin C against oxidative stress-induced neurodegeneration, J. Agric. Food Chem. 52 (25) (2004) 

7514–7517. 
[72] R.J. Franklin, Why does remyelination fail in multiple sclerosis? Nat. Rev. Neurosci. 3 (9) (2002) 705–714. 
[73] S. Mojaverrostami, et al., Calorie restriction promotes remyelination in a Cuprizone-Induced demyelination mouse model of multiple sclerosis, Metab. Brain 

Dis. 35 (7) (2020) 1211–1224. 

P. Javanbakht et al.                                                                                                                                                                                                   

http://refhub.elsevier.com/S2405-8440(23)08949-1/sref24
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref24
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref25
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref25
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref26
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref27
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref28
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref29
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref30
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref30
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref31
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref32
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref33
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref33
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref34
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref34
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref35
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref35
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref36
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref36
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref37
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref37
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref38
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref38
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref39
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref39
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref40
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref41
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref42
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref42
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref43
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref44
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref45
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref46
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref47
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref47
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref48
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref49
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref50
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref51
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref51
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref52
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref52
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref53
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref53
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref54
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref54
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref55
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref56
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref57
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref57
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref58
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref59
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref59
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref60
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref60
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref61
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref61
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref62
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref63
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref63
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref64
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref64
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref65
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref65
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref66
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref66
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref67
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref68
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref68
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref69
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref69
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref70
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref70
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref71
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref71
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref72
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref73
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref73


Heliyon 9 (2023) e21741

11

[74] R.J. Franklin, Remyelination in the CNS: from biology to therapy, Nat. Rev. Neurosci. 9 (11) (2008) 839–855. 
[75] X.-Q. Wang, et al., Quercetin protects oligodendrocyte precursor cells from oxygen/glucose deprivation injury in vitro via the activation of the PI3K/Akt 

signaling pathway, Brain Res. Bull. 86 (3–4) (2011) 277–284. 
[76] X. Wu, et al., Quercetin promotes proliferation and differentiation of oligodendrocyte precursor cells after oxygen/glucose deprivation-induced injury, Cell. 

Mol. Neurobiol. 34 (3) (2014) 463–471. 
[77] S. Sawcer, R.J. Franklin, M. Ban, Multiple sclerosis genetics, Lancet Neurol. 13 (7) (2014) 700–709. 
[78] S. Mozafari, et al., Visual evoked potentials and MBP gene expression imply endogenous myelin repair in adult rat optic nerve and chiasm following local 

lysolecithin induced demyelination, Brain Res. 1351 (2010) 50–56. 
[79] R. Naeimi, et al., Querectin improves myelin repair of optic chiasm in lyolecithin-induced focal demyelination model, Biomed. Pharmacother. 101 (2018) 

485–493. 
[80] Z. Tan, et al., Quercetin Alleviates Demyelination to Mitigate Neuropsychiatric Symptoms through Promoting Microglia M2 Polarization in Mice with Vascular 

Dementia, 2021. 
[81] D. Zarini, et al., Protective features of calorie restriction on cuprizone-induced demyelination via modulating microglial phenotype, J. Chem. Neuroanat. 116 

(2021), 102013. 
[82] M. Colonna, O. Butovsky, Microglia function in the central nervous system during health and neurodegeneration, Annu. Rev. Immunol. 35 (2017) 441. 
[83] S. Voet, M. Prinz, G. van Loo, Microglia in central nervous system inflammation and multiple sclerosis pathology, Trends Mol. Med. 25 (2) (2019) 112–123. 
[84] X. Hu, et al., Microglial and macrophage polarization—new prospects for brain repair, Nat. Rev. Neurol. 11 (1) (2015) 56–64. 
[85] D.R. Smith, et al., Polycistronic delivery of IL-10 and NT-3 promotes oligodendrocyte myelination and functional recovery in a mouse spinal cord injury model, 

Tissue Eng. 26 (11–12) (2020) 672–682. 
[86] F. Chu, et al., The roles of macrophages and microglia in multiple sclerosis and experimental autoimmune encephalomyelitis, J. Neuroimmunol. 318 (2018) 

1–7. 
[87] C. Natarajan, J. Bright, Peroxisome proliferator-activated receptor-gamma agonists inhibit experimental allergic encephalomyelitis by blocking IL-12 

production, IL-12 signaling and Th1 differentiation, Gene Immun. 3 (2) (2002) 59–70. 
[88] C. Natarajan, J.J. Bright, Curcumin inhibits experimental allergic encephalomyelitis by blocking IL-12 signaling through Janus kinase-STAT pathway in T 

lymphocytes, J. Immunol. 168 (12) (2002) 6506–6513. 
[89] S.-K. Moon, et al., Quercetin exerts multiple inhibitory effects on vascular smooth muscle cells: role of ERK1/2, cell-cycle regulation, and matrix 

metalloproteinase-9, Biochemical and biophysical research communications 301 (4) (2003) 1069–1078. 
[90] Z. Sternberg, et al., Quercetin and interferon-β modulate immune response (s) in peripheral blood mononuclear cells isolated from multiple sclerosis patients, 

J. Neuroimmunol. 205 (1–2) (2008) 142–147. 
[91] R. Muromoto, K. Oritani, T. Matsuda, Current understanding of the role of tyrosine kinase 2 signaling in immune responses, World J. Biol. Chem. 13 (1) (2022) 

1. 
[92] K. Ghoreschi, et al., TYK2 inhibition and its potential in the treatment of chronic inflammatory immune diseases, JDDG J. der Deutschen Dermatol. 

Gesellschaft 19 (10) (2021) 1409–1420. 
[93] P. Riccio, R. Rossano, G.M. Liuzzi, May Diet and Dietary Supplements Improve the Wellness of Multiple Sclerosis Patients? A Molecular Approach, 

Autoimmune diseases, 2010, 2010. 
[94] D.V. Beckmann, et al., Neuroprotective role of quercetin in locomotor activities and cholinergic neurotransmission in rats experimentally demyelinated with 

ethidium bromide, Life Sci. 103 (2) (2014) 79–87. 
[95] F.B. Carvalho, et al., Quercetin treatment regulates the Na+, K+-ATPase activity, peripheral cholinergic enzymes, and oxidative stress in a rat model of 

demyelination, Nutr. Res. 55 (2018) 45–56. 
[96] M. Ghasemi-Kasman, et al., Quercetin enhances myelin repair and ameliorated astrocytes activation in lysolecithin-induced focal demyelination, Multiple 

Sclerosis Journal 23 (2017) 996, 996. 
[97] Hashemian, Mona and Akbari, Atefeh and Ahmadian, Seyed Raheleh and Ghasemi-Kasman, Maryam,1397,Quercetin-Loaded Nanoparticles Enhances Myelin 

Repair and Attenuates Glial Activation in Lyolecithin-Induced Demyelination Model of Rat Optic Chiasm,First International Congress on Neuroscience,Shiraz, 
https://civilica.com/doc/802632. 

[98] Naeimi, Reza and Ghasemi-Kasman, Maryam,1398,Ameliorating Optic Pathway Myelination in Lyolecithin-Induced Focal Demyelination Model by Oral 
Quercetin Gavage in Male Wistar Rats,20th Annual Research Congress of Iranian Medical Sciences Student,Kermanshah,https://civilica.com/doc/944408. 

[99] E. Mirzazadeh, S. Khezri, S.M. Abtahi Froushani, Effects of quercetin on improving the damage caused by free radicals in the rat models of multiple sclerosis, 
Int. Sportmed J. (ISMJ) 22 (1) (2019) 1–15. 

[100] G. Muthian, J.J. Bright, Quercetin, A flavonoid phytoestrogen, ameliorates experimental allergic encephalomyelitis by blocking IL-12 signaling through JAK- 
STAT pathway in T lymphocyte, J. Clin. Immunol. 24 (5) (2004) 542–552. 

[101] J. Yu, et al., Study on the mechanism of quercetin promoting myelin regeneration in CPZ induced demyelinating mice model, International Journal of 
Traditional Chinese Medicine (2020) 39–45. 

[102] J.J. Hendriks, et al., Flavonoids inhibit myelin phagocytosis by macrophages; a structure–activity relationship study, Biochem. Pharmacol. 65 (5) (2003) 
877–885. 

[103] G.M. Liuzzi, et al., Structure-dependent inhibition of gelatinases by dietary antioxidants in rat astrocytes and sera of multiple sclerosis patients, Neurochem. 
Res. 36 (3) (2011) 518–527. 

[104] L. Ahmadi, et al., The immunomodulatory aspect of quercetin Penta acetate on Th17 cells proliferation and gene expression in multiple sclerosis, Cell Journal 
(Yakhteh) 25 (2) (2023). 

[105] A. Sirvi, et al., Supersaturable self-emulsifying drug delivery system: a strategy for improving the loading and oral bioavailability of quercetin, J. Drug Deliv. 
Sci. Technol. 71 (2022), 103289. 

[106] X. Cai, et al., Bioavailability of quercetin: problems and promises, Curr. Med. Chem. 20 (20) (2013) 2572–2582. 
[107] G. La Rosa, et al., Dietary polyphenols, microbiome, and multiple sclerosis: from molecular anti-inflammatory and neuroprotective mechanisms to clinical 

evidence, Int. J. Mol. Sci. 24 (8) (2023) 7247. 

P. Javanbakht et al.                                                                                                                                                                                                   

http://refhub.elsevier.com/S2405-8440(23)08949-1/sref74
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref75
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref75
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref76
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref76
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref77
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref78
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref78
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref79
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref79
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref80
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref80
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref81
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref81
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref82
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref83
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref84
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref85
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref85
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref86
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref86
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref87
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref87
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref88
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref88
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref89
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref89
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref90
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref90
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref91
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref91
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref92
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref92
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref93
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref93
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref94
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref94
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref95
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref95
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref96
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref96
https://civilica.com/doc/802632
https://civilica.com/doc/944408
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref99
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref99
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref100
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref100
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref101
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref101
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref102
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref102
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref103
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref103
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref104
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref104
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref105
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref105
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref106
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref107
http://refhub.elsevier.com/S2405-8440(23)08949-1/sref107

	Quercetin as a possible complementary therapy in multiple sclerosis: Anti-oxidative, anti-inflammatory and remyelination po ...
	1 Introduction
	1.1 Multiple Sclerosis (MS)
	1.2 Oxidative stress in MS
	1.3 Quercetin

	2 Materials and methods
	2.1 Neuroprotective efficacy of quercetin
	2.2 Potential implications of quercetin in MS
	2.3 Effects of quercetin in MS
	2.3.1 Animal studies on the potential benefits of quercetin in MS
	2.3.2 In vitro studies of the benefits of quercetin on PBMCs of MS patients


	3 Limitation
	4 Conclusion
	Funding
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	References


