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Introduction

Multiple sclerosis (MS) is an inflammatory and degenerative
condition of the central nervous system (CNS). Oligodendro-
cytes and the myelin that they form, as well as neurons and

SUMMARY

Multiple sclerosis (MS) is a central nervous system disorder that is associated with progres-
sive oligodendrocyte and neuronal loss, axonal degeneration, and demyelination. Several
medications that mitigate immune abnormalities reduce both the frequency of relapses and
inflammation on magnetic resonance imaging, leading to improved outcomes for people
with the relapsing-remitting form of MS. However, there are no treatments for the progres-
sive forms of MS where neurons and axons continue to degenerate; here, neuroprotective
therapies, or medications that rebuild myelin to confer axonal well-being, may be useful.
Quetiapine fumarate is an atypical antipsychotic with reported remyelinating and neuro-
protective properties in inflammatory and noninflammatory models of demyelination,
including experimental autoimmune encephalomyelitis, and both cuprizone- and global
cerebral ischemia-induced demyelination. Preclinical studies suggest that quetiapine may
exert these effects by stimulating proliferation and maturation of oligodendrocytes, releas-
ing neurotrophic factors, increasing antioxidant defences, scavenging for free radicals, and
inhibiting activated microglia, astrocytes, and T lymphocytes. Additionally, quetiapine may
be beneficial for psychiatric and nonpsychiatric symptoms of MS including depression, anx-
iety, insomnia, and possibly even pain. These data indicate that clinical trials are justified to
determine the safety, tolerability, and efficacy of quetiapine fumarate in MS.

Current research has focused on promoting remyelination in
MS by creating new knowledge about the biological basis of re-
myelination and by evaluating new therapies to promote remyeli-
nation in experimental models of MS. Ultimately, this research
needs to test potential remyelinating therapies in people with MS.

their axons, are destroyed. Several medications that mitigate

immune abnormalities reduce both the frequency of relapses
and inflammation on magnetic resonance imaging (MRI) lead-
ing to improved outcomes for people with relapsing-remitting
MS (RRMS) [1]. However, there are no treatments for progres-
sive forms of MS where neurons and axons continue to degen-
erate [2]. While efforts are still required to improve the
immune modulators that are available for the treatment of
RRMS, significant research activity is now being directed toward
the next frontiers of MS therapy: myelin repair (remyelination)
and neuroprotection [3-5]. Importantly, given that maintaining
the integrity of the axon-myelin unit sustains the health of
both components, therapies that promote remyelination may
also provide neuroprotection and thus treat progressive MS by
slowing the loss of neurons and axons. By restoring structure,
remyelination may also restore function in all forms of MS.

© 2013 John Wiley & Sons Ltd

Mechanisms of Damage in MS

It is important to understand the mechanisms of damage to iden-
tify potential therapeutic targets. The etiology of MS is unresolved,
and there are competing hypotheses on its immune origin. One
hypothesis postulates that T lymphocytes are activated in the
periphery and that activated T-cell subsets and other immune cells
then enter the CNS from the “outside in” to produce pathology
[1]. In this model, inflammatory cells penetrate the blood-brain
barrier and then damage myelin and axons.

Activated T cells, macrophages, microglia, and astrocytes are
some of the cell types that are implicated in acute inflammation
seen in MS plaques [1,4-6]. Activated T cells can be directly toxic
to neurons [7]. In addition, macrophages/microglia secrete a
number of factors that can cause damage including tumor necrosis
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factor-alpha (TNF-o), interleukin-1 beta (IL-1f), reactive oxygen
species, glutamate, and peroxynitrite [5,8]. Due to the trophic
support provided by myelin and oligodendrocytes to axons, dam-
age to the former elements can compromise axonal integrity.
Once demyelinated, axons conduct signals poorly and are particu-
larly fragile and prone to injury because of axonal energy insuffi-
ciency [9].

An alternate hypothesis infers that the initial dysfunction is
within the CNS, which leads to the leakage of CNS antigens into
draining lymph nodes resulting in the activation of T cells and
other immune cell subsets thus affecting immune function from
the “inside out” [2]. For the “inside out” hypothesis, the initial
dysfunction in the CNS need not be immunological or inflamma-
tory. Potential pathological processes such as mitochondrial dys-
function in neurons or oligodendrocytes, axonal energy
insufficiency, or inactivation of neural organelles such as peroxi-
somes may lead to neurodegeneration.

The Search for Remyelinating and
Neuroprotective Medications for MS

Whatever the origin of MS pathology may be, the result is the
activation and recruitment of immune cell subsets into the CNS,
which then result in inflammation, demyelination, oligodendro-
cyte loss, and axonal/neuronal injury and death. Current medica-
tions for MS such as interferon-f, glatiramer acetate, fingolimod,
and natalizumab are thought to provide clinical benefits primarily
via immunomodulation; that is, they alter the nature of the
immune system to reduce its potential to damage CNS elements
[1]. However, while these treatments reduce relapses, none have
been shown to slow progression of MS independent of their effect
on relapses.

New therapies for MS should ideally possess three key charac-
teristics. First, they should be able to enhance endogenous remye-
lination, thereby protecting denuded axons from degeneration.
Second, they should offer neuroprotection, defined here as the
capacity to reduce injury to neural elements. Finally, they should
have an immunomodulatory role within the CNS to reduce mi-
croglial activation and decrease levels of proinflammatory leuko-
cytes and their products. Such medications could be used as
monotherapies for RRMS or progressive MS, or they can be used
to augment the efficacy of currently approved medications for
MS.

Quetiapine Fumarate as a Remyelinating,
Neuroprotective and Immune-Modulating
Agent: Evidence from Preclinical Studies

Quetiapine is an atypical antipsychotic with a broad spectrum of
pharmacological activity [10-12]. It is administered in the form of
a fumarate salt. Quetiapine fumarate has shown benefits in many
conditions including mood disorders, anxiety disorders, psychotic
disorders, insomnia, and possibly even pain disorders [13-17].
This medication is thus widely used in psychiatric and nonpsychi-
atric diseases. Interestingly, recent studies revealed that quetia-
pine possesses potent remyelinating and neuroprotective
properties in animal models of demyelination, including cupriz-
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one-induced demyelination [11,18-22], global cerebral ischemia
[23], and experimental autoimmune encephalomyelitis (EAE;
Table 1) [24].

Cuprizone-Induced Demyelination

Cuprizone ingestion in mice induces rapid demyelination of mul-
tiple brain regions by chelating copper and killing oligodendro-
cytes, rather than through immunological mechanisms. Brain
regions affected by cuprizone include the corpus callosum, hippo-
campus, cerebellum, caudate nucleus, and putamen [25]. Cupriz-
one administration leads to almost total demyelination of the
corpus callosum and other regions after about 4-6 weeks, making
this a model of “acute demyelination,” which is not predomi-
nantly mediated by immune cells. When cuprizone is removed
from the diet, endogenous remyelination occurs quickly during
the following weeks. In contrast, prolonged cuprizone administra-
tion (>12 weeks) leads to significantly attenuated endogenous re-
myelination, making this a model of “chronic demyelination”
[25].

A pivotal study by Xiao et al. [11] examined the administration
of quetiapine (10 mg/kg/day PO) in C57BL/6 mice that were fed
0.2% cuprizone in the diet for 4 weeks. They found that while cu-
prizone-fed mice exhibited myelin breakdown in the whole brain

Table 1 Effects of quetiapine fumarate in preclinical models of
demyelination/remyelination

Preclinical model

In vitro

tProliferation of NPCs in neurospheres [11]

1Differentiation of NPCs into OLs [11]

TMyelination in embryonic neocortical aggregate cell cultures [11]
Cuprizone-induced demyelination

|Demyelination [11,18-22]

lLoss of mature OLs [11,18-22]

|Activated astrocytes [18]

|Activated microglia [18]

IMDA [21]

1Catalase activity [21]

150D1 activity [18]

TMyelin restoration (Tx after cuprizone withdrawal) [22]

TRepopulation of mature OLs (Tx after cuprizone withdrawal) [22]
Global cerebral ischemia-induced demyelination

|Demyelination [23]

|Activated astrocytes [23]

lLoss of mature OLs [23]

tRepopulation of mature OLs (postoperative Day 40) [23]
Experimental autoimmune encephalomyelitis

|Demyelination [24]

|Loss of mature OLs [24]

lActivated astrocytes [24]

|Activated microglia [24]

| T-cell infiltrates [24]

1, stimulated by quetiapine; |, attenuated by quetiapine; NPC, neural
progenitor cell; OL, oligodendrocyte; Tx, treatment; SOD1, copper-zinc
superoxide dismutase; MDA, malondialdehyde.

© 2013 John Wiley & Sons Ltd



S. Zhornitsky et al.

(especially in the cortex), the mice that received quetiapine for
5 weeks (started 1 week before cuprizone treatment) in conjunc-
tion with cuprizone treatment had significantly less myelin break-
down. The same study also showed that in vitro application of
quetiapine—but not other typical and atypical antipsychotics—
increased neural progenitor cell proliferation and stimulated the
maturation of oligodendrocytes, as evidenced by increased levels
of the myelin proteins, cyclic nucleotide phosphohydrolase (CNP),
and myelin basic protein (MBP). Furthermore, quetiapine signifi-
cantly increased MBP expression levels in rat embryonic neocorti-
cal aggregate cultures, suggesting that it facilitated myelination
[11].

Other publications by the same group confirmed a beneficial
effect of quetiapine on cuprizone-induced demyelination and
behavioral deficits [18,19]. Additionally, they showed that quetia-
pine blocked the cuprizone-induced loss of mature oligodendro-
cytes and decrease in activity of copper-zinc superoxide dismutase
(SOD1; one of three superoxide dismutases responsible for
destroying free superoxide radicals), while preventing the accu-
mulation of activated microglia and astrocytes in demyelinated
lesions [18]. Another team used the same schedule to examine
the effects of quetiapine on white matter in C57BL/6 mice, using
MRI methods including T2-weighted imaging and diffusion tensor
imaging (DTI) [20]. The authors confirmed that quetiapine treat-
ment significantly attenuated cuprizone-induced changes in white
matter. More recently, Xu et al. [21] examined the effects of que-
tiapine, clozapine, olanzapine, and haloperidol. Oligodendrocyte
progenitor cells (OPCs) were prepared from rat embryos, and oli-
godendrocytes at different developing stages were labeled with
specific antibodies. Levels of CNP and MBP in mature oligoden-
drocytes (OLs) were assessed by Western blot analysis, and mal-
ondialdehyde (MDA) levels and activity of catalase were
evaluated as well for an assessment of oxidative stress and antioxi-
dative status. The authors found that quetiapine and clozapine
(but not olanzapine or haloperidol) ameliorated cuprizone-
induced inhibition of differentiation of cultured OPCs into O4-
positive cells, inhibition of maturation of O4-positive cells into
CNP- and MBP-positive cells, and reduction in levels of CNP and
MBP in mature oligodendrocytes. Here, quetiapine also possessed
significant antioxidant properties—that is, it attenuated the cu-
prizone-induced increase in the lipid peroxidation product, MDA,
and it reduced the cuprizone-induced decrease in catalase activity
in cultured oligodendrocytes [21].

Uniquely, Zhang et al. [22] examined the effects of quetiapine
postinjury in a model of “chronic demyelination.” C57BL/6 mice
were fed cuprizone for 12 weeks to induce chronic demyelination
and oligodendrocyte degeneration. Subsequently, cuprizone was
withdrawn and mice were administered quetiapine (10 mg/kg/
day PO) for 0, 2, 3, and 4 weeks. Cuprizone treatment for
12 weeks resulted in severe demyelination, mature oligodendro-
cyte loss, and spatial working memory impairment in mice. Re-
myelination occurred naturally when cuprizone was withdrawn.
Notably, however, quetiapine treatment during the recovery per-
iod significantly increased myelin restoration, enhanced repopula-
tion of mature oligodendrocytes, and improved spatial working
memory. Altogether, these results show that quetiapine blocks
cuprizone-induced demyelination and increases remyelination
after cuprizone is withdrawn.

© 2013 John Wiley & Sons Ltd
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Global Cerebral Ischemia-Induced Demyelination

Experimentally induced global cerebral ischemia is an animal
model of stroke as well as of late-life vascular depression. In this
model, inflammation, oxidative stress, and elevated glutamate
levels cause demyelination and oligodendrocyte and neuronal
death [26]. Bi et al. [23] recently examined the effects of 2 weeks
of quetiapine pretreatment (10 mg/kg/day IP) on the hippocam-
pus of CD1 mice that underwent bilateral carotid artery occlusion
and reperfusion. Their results revealed that quetiapine signifi-
cantly reduced myelin breakdown and oligodendrocyte loss, com-
pared with placebo-treated mice on postoperative Day 7, and
enhanced maturation of oligodendrocytes on postoperative Day
40. In addition, the authors showed that ischemia induced
depressive and anxiety-like behavioral changes, spatial memory
impairment, and neurodegeneration in the hilus of hippocampus,
whereas quetiapine significantly attenuated these changes
[27,28].

Experimental Autoimmune Encephalomyelitis

Immune-mediated demyelinating models are commonly used for
the preclinical screening of candidate MS therapies. In the hall-
mark MS model, EAE, animals are immunized against peptides of
myelin proteins, such as myelin oligodendrocyte glycoprotein
(MOG). The adaptive immune system produces myelin-reactive T
cells that invade the CNS and attack myelin and axons, resulting
in a characteristic ascending paralysis [29]. Quetiapine (10 mg/
kg/day PO) was recently examined in MOG-immunized EAE
C57BL/6 mice [24]. It was initiated on Day 16 postimmunization
when mice had already succumbed to clinical signs (a clinical
score of 0.5) and continued and for a total of 40 days. The authors
found that EAE mice treated with quetiapine reached a clinical
score of 1 (tail impairment) on a five-point scale, but stabilized at
that level and did not display further deterioration. The untreated
EAE mice continued to deteriorate and reached clinical scores of 3
(dysfunction of tail, hindlimb, and forelimb) of 5. Histological
analyses revealed that the spinal cords from the immunized group
without quetiapine treatment were weakly stained for MBP, espe-
cially in white matter tracts, which is evidence of demyelination
[24]. By contrast, significantly more intense expression of MBP
staining was observed in the quetiapine treatment group—
approaching levels seen in unimmunized animals (controls). Like-
wise, oligodendrocyte numbers were depleted in untreated EAE
animals, relative to controls, whereas they were significantly less
depleted in EAE animals treated with quetiapine. Finally, quetia-
pine reduced activated macrophages/microglia, CD4 + and
CD8 + T cells, and reactive astrocytes in the spinal cords of EAE
mice [24]. Taken together, these results suggest that quetiapine
possesses immune-modulating properties and may offer both
inflammatory and noninflammatory neuroprotection in MS.

Potential Mechanisms of Quetiapine

The mechanism of quetiapine in reversing demyelination has
been attributed to stimulation of the proliferation and maturation
of oligodendrocytes as well as increasing the activity of SOD1 and
the scavenging of free radicals, which thus alleviates oxidative
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stress [11]. The antioxidant properties of quetiapine are intriguing
because oxidative stress has been shown to play a deleterious role
in EAE and MS [30,31]. In vitro studies showed that pretreatment
with quetiapine upregulated the expression of SOD mRNA and
prevented PC12 cells from apoptosis induced by N-methyl-4-
phenylpyridinium ion and by withdrawal of serum from the cul-
ture medium [32,33]. In a similar vein, pretreatment with quetia-
pine overcame the cytotoxic effect of rotenone, an inhibitor of
mitochondrial complex I activity and generator of free radicals, in
PC12 cells [34]. Quetiapine also protected PC12 cells from f-amy-
loid peptide (25-35)-induced oxidative stress [35], blocked hydro-
xyl radical (OH*)-induced Aff (25-35) aggregation, and scavenged
the OH* produced in the Fenton system and in the Af (25-35)
solution [36]. Likewise, quetiapine attenuated the inhibition of
SOD1 activity by hydrogen peroxide in human erythrocytes [37]
and reduced lipid peroxidation in human plasma [38]. In patients
with schizophrenia, treatment with quetiapine (300 mg/day) was
associated with increased SOD1 activity, relative to patients trea-
ted with other atypical antipsychotics and age-matched controls
[39].

Another potential mechanism for the efficacy of quetiapine
in preclinical models of demyelination may be its regulation of
expression of BDNF and other neurotrophic factors. Studies
show that BDNF plays a role in remyelination and neuroregen-
eration [40]. Following treatment with cuprizone, BDNF pro-
tein levels were reduced, indicating that it was depleted during
the demyelinating process [41]. Other studies showed that
BDNF reduced severity of EAE [42] and helped account for
the therapeutic effect of glatiramer acetate in EAE [43,44].
Quetiapine has been shown to regulate the expression of sev-
eral neurotrophic factors. For instance, quetiapine increased
BDNF levels in the dentate gyrus of normal rats and blocked a
decrease in BDNF expression in the rat hippocampus and neo-
cortex induced by immobilization stress [45,46]. Quetiapine
treatment also prevented the decrease in BDNF and basic fibro-
blast growth factor transcripts induced by MK-801, a noncom-
petitive antagonist of glutamatergic NMDA receptors [47].
Additionally, quetiapine was shown to prevent the decreased
expression of synaptic proteins including postsynaptic density
protein-95, synaptophysin, and BDNF in rat hippocampal neu-
ronal cultures under toxic conditions induced by B27 depriva-
tion [48]. Finally, both quetiapine and N-desalkylquetiapine
were shown to induce release of glial cell-derived neurotrophic
factor in C6 glioma cells [49,50]. These data suggest that a
stimulatory effect of quetiapine on neurotrophic factors may
result in benefits for people with MS.

The ability of quetiapine to reduce clinical symptoms and
immune infiltrates in EAE and to inhibit activated astrocytes and
microglia in EAE and cuprizone-demyelinated mice suggests that
quetiapine may possess immune-modulating properties [18-24].
The effect of quetiapine on astrocytes could be because they con-
tain serotonergic receptors and quetiapine and N-desalkylquetia-
pine act as a partial agonists or antagonists at multiple
serotonergic receptors [6,10,12]. Intriguingly, the attenuation of
the antigen-presenting capacity of astrocytes is believed to be the
mechanism responsible for the beneficial effect of the selective
serotonin reuptake inhibitor, fluoxetine, in EAE and deserves
further study in MS [51,52].
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Quetiapine possesses other immunomodulatory and antiinflam-
matory properties. In particular, a direct inhibitory effect of que-
tiapine was observed on the release of TNF-« and nitric oxide from
activated murine microglia [53]. Moreover, quetiapine treatment
decreased antitype II collagen-specific antibody, IL-6, IL-17, and
prostaglandin E(2), and significantly improved clinical signs of
murine collagen-induced arthritis [54]. Further, quetiapine signif-
icantly decreased levels of IL-2 and TNF-o (but increased IL-17
levels) in stimulated blood cells from 10 healthy females [55]. In
schizophrenia, quetiapine treatment was associated with
increased plasma levels of soluble IL-2 receptor (sIL-2R), relative
to healthy controls [56]. As sIL-2R is the endogenous modulator
of IL-2, which neutralizes excessive IL-2 [57], it is likely that
increases in sIL-2R lead to inhibition of IL-2. These studies dem-
onstrate that quetiapine may offer neuroprotection via immune
modulation, in addition to nonimmune-mediated neuroprotec-
tion and remyelination.

It is unclear to what extent fumaric acid plays a role in the
aforementioned remyelinating, neuroprotective, and immuno-
modulatory properties of quetiapine. Intriguingly, there is evi-
dence that the fumaric acid ester, dimethyl fumarate (BG-12),
reduced proinflammatory cytokines and infiltration of inflamma-
tory cells into the CNS, exerted an antioxidant effect via the NR2
pathway, and attenuated severity of EAE [30,58]. In MS, recent
clinical trials showed that BG-12 reduced the number of relapses,
disease progression as well as the number of enhancing lesions in
RRMS [59,60]. On the other hand, monomethyl fumarate and
dimethyl fumaric acid exerted little or no protective effects on oli-
godendrocytes in the cuprizone model [61]. It would be of interest
to determine whether other quetiapine salts also promote remye-
lination in mice.

Potential Clinical Benefits of Quetiapine
Fumarate in MS

In addition to its potential role as a promoter of remyelination in
MS, quetiapine may benefit some of the common comorbid disor-
ders and symptoms in MS.

Psychiatric Symptoms

Depression frequently occurs in association with MS. The reported
lifetime prevalence of major depression is estimated to range
between 22% and 54% [62,63]. In addition to reducing health-
related quality of life, untreated depression may contribute to
poor adherence to medications and may explain the elevated sui-
cide rates in MS [64]. Elevated rates of anxiety and bipolar disease
have also been reported in MS, but the association is weaker
[65,66]. Due to its strong affinity for multiple adrenergic and sero-
tonergic receptors, quetiapine is efficacious in the treatment for
mood disorders and may benefit MS patients with these condi-
tions. Importantly, several large, placebo-controlled trials have
shown that the efficacy of quetiapine (150-300 mg/day) exceeds
that of some established antidepressants for unipolar and bipolar
depression and for anxiety disorders [13]. By contrast, because of
its very weak affinity for D, receptors, quetiapine is less efficacious
for acute schizophrenia, and it produces fewer neurological side

© 2013 John Wiley & Sons Ltd
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effects than most other antipsychotics, even at doses as high as
800-1200 mg/day [67]. A low incidence of neurological side
effects (i.e., Parkinsonism, akathisia, dyskinesia, and dystonia) is
important because many patients with MS are already burdened
with mobility restrictions such as weakness, impaired balance,
ataxia, tremor, and spasticity.

Insomnia

Sleep disturbance is reported by 24-50% of patients with MS; it
may contribute to the fatigue that is commonly associated with
the disease and may exacerbate other symptoms of MS (e.g., neu-
ropathic pain) and common comorbid psychiatric conditions (e.g.,
depression and anxiety) [68,69]. Problems with sleep may be asso-
ciated with symptoms of MS (e.g., neuropathic pain, spasticity),
side effects of drugs used to treat MS, and psychiatric symptoms
secondary to the disease (e.g., depression and anxiety). Quetia-
pine immediate and extended release (IR and XR) possesses strong
sedative properties, and they have a relatively short half-life (6—
7 h, respectively), suggesting that they can be administered at
bedtime or 1-2 h before bedtime without producing significant
next-day drowsiness [70]. Indeed, research has shown that que-
tiapine is beneficial for the treatment of primary insomnia and
insomnia secondary to pathological conditions such as major
depression and Parkinson disease [16,71,72]. A sleep-improving
effect is important for decreasing suicide risk [72] and may help
explain the rapid onset of antidepressant action associated with
quetiapine [73].

To characterize the time course of quetiapine’s sedative proper-
ties, Datto et al. [70] conducted a crossover study in 60 healthy
volunteers who were administered once-daily doses of quetiapine
IR or XR, titrated to 300 mg/day over 5 days. Quetiapine IR pro-
duced a significantly greater sedative effect 1-4 h after dosing, rel-
ative to quetiapine XR. However, sedation induced by both
formulations returned to normal 8-14 h after dosing, and signifi-
cant tolerance to the initial morning sedation was observed by
Day 5 of treatment. These data suggest that quetiapine IR or XR
given once daily at bedtime may be helpful for the treatment of
insomnia in MS.

Pain

Clinically significant pain is highly prevalent in MS. A recent
meta-analysis (17 studies, n = 5319) showed a pooled overall
pain prevalence of 63%. Specific pain syndromes included head-
ache (43%), neuropathic extremity pain (26%), back pain
(20%), painful spasms (15%), Lhermitte sign (16%), and tri-
geminal neuralgia (3.8%) [74]. Quetiapine and its active metab-
olite, N-desalkylquetiapine, share mechanisms of antidepressants
and antipsychotics (e.g., duloxetine, amitriptyline, tiapride and
haloperidol) that possess antinociceptive properties; therefore,
quetiapine may be helpful for pain [10,75-77]. However—
although preliminary data indicate that quetiapine may be help-
ful for the treatment of migraine and some symptoms of fibrom-
yalgia—these findings need to be confirmed by larger,
randomized, controlled trials [14,15,17]. Further research is also
required to determine whether quetiapine has potential as a
treatment for pain in MS.

© 2013 John Wiley & Sons Ltd
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Toward a Trial of Quetiapine Fumarate in
MsS

The aforementioned literature indicates that quetiapine may have
remyelinating and neuroprotective benefits in inflammatory as
well as noninflammatory demyelinating conditions. In addition,
quetiapine may benefit some common symptoms of MS, such as
depression, anxiety, insomnia, and possibly even pain. We believe
that the available preliminary data support undertaking a phase
IIa clinical trial to determine the safety and tolerability of quetia-
pine fumarate in MS, followed by a phase IIb trial examining the
effects of quetiapine on remyelination and other outcomes mea-
sures. This is important because there is only a very small list of
agents that can enhance remyelination in experimental models,
and it includes immunoglobulins of unknown specificities, prolac-
tin, and an Fc fragment that inhibits a protein named LINGO
[3,4]. In this light, recent demonstration that quetiapine enhances
remyelination in various models of demyelination in mice pro-
vides a critical resource to address whether quetiapine can be used
as a therapeutic agent for RRMS and progressive MS.

Safety and Tolerability of Quetiapine

Before undertaking a clinical trial of quetiapine, it is important to
understand its safety and how it will be tolerated. The severity of
adverse events (AEs) associated with quetiapine, particularly at
low-to-moderate doses, is relatively mild compared with the
severity of MS and with the side effects of current MS disease-
modifying therapies. During an 8-week trial of quetiapine IR
(300 mg/day) for bipolar depression (n = 340), the frequency of
adverse effects differed between the quetiapine group and the pla-
cebo group [78]. In particular, the incidence of sedation was
higher in patients treated with quetiapine (32% vs. 10%), as was
the incidence of dry mouth (43% vs. 18%). In contrast, the inci-
dence of headache was higher in patients treated with placebo
(17% vs. 9%), whereas the incidence of fatigue was similar
between the two groups (8% vs. 9%, respectively). Moreover,
6.5% of patients treated with quetiapine withdrew because of AEs
(mostly due to sedation), compared with 0% of patients treated
with placebo. Neurological AEs occurred in 6.6% of patients trea-
ted with placebo and in 12.3% of patients treated with quetiapine,
but none of these symptoms led to treatment discontinuation in
either group. In healthy volunteers, the most commonly reported
AEs for quetiapine IR (300 mg) were dry mouth and dizziness
(11.7% each), followed by headache and nausea (8.3% each),
while the most commonly reported AEs for quetiapine XR were
dry mouth and nausea (6.6% each) [70]. The incidence of any
AEs was nonsignificantly greater in the quetiapine IR group than
in the quetiapine XR group (21.7% vs. 9.8%, respectively). Con-
ceivably, some of the AEs (e.g., sedation, dizziness) may be more
problematic in patients with neurological diseases such as MS,
compared with psychiatric patients or healthy subjects. On the
other hand, it is reassuring that quetiapine was relatively well tol-
erated compared with placebo in patients with Parkinson and Alz-
heimer diseases [79,80].

Early registration trials of quetiapine IR for acute schizophrenia
reported a minimal level of antidopaminergic side effects. There
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were no significant increases in the frequency of neurological
symptoms or prolactin release—regardless of dose (50-750 mg/
day) compared with placebo [81,82]. More recently, Moteshafi
and Stip [83] conducted a meta-analysis of 25 randomized trials
(6-72 weeks of duration) that measured metabolic tolerability
associated with quetiapine in patients with schizophrenia
(n = 1683) versus mood disorders (n = 3411; major depressive
and bipolar disorder). Treatment with quetiapine increased blood
cholesterol levels by 8.05 mg/dL in patients with schizophrenia
and decreased cholesterol levels by 2.8 mg/dL in patients with
mood disorders (P < 0.0001). In addition, quetiapine increased
triglycerides by 17.57-7.93 mg/dL in patients with schizophrenia
and mood disorders, respectively (P = 0.1). Finally, quetiapine led
to mean weight increases of 1.72-1.15 kg in patients with schizo-
phrenia and mood disorders, respectively (P = 0.1). The results
did not change when only short-term studies were considered. In
the pivotal, long-term Clinical Antipsychotic Trials of Intervention
Effectiveness (CATIE) in schizophrenia (72 weeks; n = 1493),
16% of patients randomized to quetiapine evidenced >7% weight
gain; the mean weight gain was 0.5 kg, at a rate of 0.2 kg per
month of treatment [84]. Although the metabolic effects of atypi-
cal antipsychotics are a source of legitimate concern, especially in
older patients, these effects seem of relatively low clinical signifi-
cance in individuals without a high risk for metabolic disease. It is
unclear whether patients with MS would exhibit a lower or higher
sensitivity to quetiapine-induced metabolic changes, relative to
the aforementioned groups.

Dosing

Data from D, receptor occupancy and brain stimulation reward
studies indicate that 10 mg/kg of quetiapine in animals is
roughly equal to oral treatment with 300 mg in humans—the
threshold dose for an antipsychotic effect [85,86]. Previous data
show that 300 mg of quetiapine IR at bedtime should not cause
significant daytime sedation, especially following the develop-
ment of tolerance [70]. This dose and formulation should there-
fore be tolerated by people with RRMS, where high levels of
sedation could interfere with patients’ ability to work. On the
other hand, quetiapine XR is associated with a lower severity of
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side effects (due to more stable pharmacokinetics), greater phar-
macokinetic coverage, and the ability to titrate more aggres-
sively, indicating that it may offer the advantage of providing a
more immediate and longer-lasting remyelinating/neuroprotec-
tive effect. Undoubtedly, however, some of these assumptions
will need to be tested in a safety and tolerability trial of quetia-
pine in MS because patients with MS constitute a relatively
novel population for treatment with this medication and because
they may be more susceptible to AEs due to the brain injury that
accompanies the disease.

Conclusion

Quetiapine fumarate is an atypical antipsychotic with reported re-
myelinating and neuroprotective properties in inflammatory and
noninflammatory models of demyelination, including EAE, and
cuprizone- and global cerebral ischemia-induced demyelination.
Preclinical studies suggest that quetiapine may exert these effects
by stimulating proliferation and maturation of oligodendrocytes
and release of neurotrophic factors, increasing antioxidant
defences, scavenging for free radicals, and inhibiting activated mi-
croglia, astrocytes, and/or T lymphocytes.

Although there are currently no published studies examining
whether quetiapine promotes remyelination in MS, future studies
may try to answer this question using imaging techniques such as
MRI texture analysis, quantitative magnetic transfer imaging
(MTR), and DTI, and by collecting biomarkers (e.g., serum neuro-
trophic factors, antioxidants) [87,88]. Future studies should also
examine if quetiapine may be beneficial in other conditions that
require myelin repair.
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