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Abstract

Fibromyalgia syndrome (FMS) is a chronic widespread pain syndrome that is estimated to affect 4
to 8 million U.S. adults. The exact molecular mechanisms underlying this illness remain unclear,
rendering most clinical treatment and management techniques relatively ineffective. It is now known
that abnormalities in both nociceptive and central pain processing systems are necessary (but perhaps
not sufficient) to condition the onset and maintenance of FMS. These same systemic abnormalities
are thought to be responsible for the loss of cephalic gray matter density observed in all FMS patients
groups studied to date. The current scope of FMS treatment focuses largely on analgesia and does
not clearly address potential neuroprotective strategies. This article proposes a combined treatment
of pregabalin and memantine to decrease the pain and rate of gray matter atrophy associated with
FMS. This dual-drug therapy targets the voltage-gated calcium ion channel (VGCC) and the N-
methyl D-aspartate receptor (NMDAR) (respectively), two primary components of the human
nociceptive and pain processing systems.

INTRODUCTION

Fibromyalgia syndrome (FMS) is a complex chronic pain syndrome that is defined by
widespread pain for more than 3 months and the presence of at least 11 of 18 tender points
[1]. It is characterized by central nervous system (CNS) malfunction and often overlaps with
other related functional somatic syndromes, inducing additional symptoms such as pronounced
fatigue, sleep abnormalities, sensitivity to stress, and cognitive difficulties [2]. FMS is
estimated to affect 4 to 8 million adults in the United States, 90% of whom are women [3].

The etiology and pathophysiology of FMS are not well defined, rendering most current
treatment methods largely ineffective. It is now known that systemic nociceptive and central
pain processing abnormalities are necessary (although perhaps not sufficient) to condition the
onset and maintenance of FMS. Recent studies suggest that prolonged exposure to a high stress
environment combined with polymorphisms in genes involved in stress, anxiety, and pain
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response systems [4] may play a significant role in the development of chronic FMS pain
through physical and functional modifications of the CNS [5], although much of the underlying
biomolecular pathology remains to be elucidated. Overstimulation of the N-methyl D-aspartate
receptor (NMDAR) and the voltage-gated calcium ion channel (VGCC) are of particular
interest, as these biomolecules play central roles in the development and maintenance of
chronic pain [5,6]. This overstimulation is also capable of inducing excitotoxic
neurodegeneration [ 7], which may be responsible for the gray matter atrophy frequently
observed comorbidly with chronic pain [8—13].

Although FMS patients exhibit a chronic pain state and a loss of cephalic gray matter density
consistent with NMDAR- and VGCC-overstimulation, current treatment strategies fail to target
both of these molecular pathways in unison. This article reviews these molecular mechanisms
underlying chronic pain and excitotoxic neurodegeneration, and discusses their relevance to
FMS symptomology. A combined treatment of pregabalin (a VGCC blocker) and memantine
(an NMDAR antagonist) is then proposed as a novel FMS treatment strategy. This dual-drug
therapy promises to safely and simultaneously decrease the activity of VGCCs and NMDARs,
likely reducing the pain and rate of gray matter density loss associated with FMS.

DEVELOPMENT OF CHRONIC PAIN

The perception of pain depends on input from the nociceptive system, a physiological
component of homeostasis maintenance mediated by a dual afferent sensory network.
Nociceptive stimulation activates two primary types of receptors — low-threshold nociceptors
connected to fast conducting A-delta (first pain) afferent nerve fibers, and high-threshold
nociceptors that conduct impulses in slow, unmyelinated, C-fiber (second pain) afferent nerve
fibers. Synaptic transmission synapses these A-delta and C fibers within the dorsal horn of the
spinal cord, and neurotransmitters and excitatory amino acids (e.g., substance P, aspartate,
glutamate, etc.) modulate further transmission of nociceptive signals to supraspinal sites
(thalamus, anterior cingulated cortex, insular cortex, and somatosensory cortex) via the
ascending pathways [14 and assoc. refs.].

Because the nervous system is plastic, strong or repeated noxious stimulation of dorsal horn
neurons can condition a state of increased neuronal responsiveness or hyperexcitability, also
known as central sensitization. Sensitization of the CNS causes the chronic pain sensations of
hyperalgesia (exaggerated perception of painful stimuli) and allodynia (perception of
innocuous stimuli as painful) by altering the function of endogenous chemical,
electrophysiological, and pharmacological systems. Central sensitization is thought to mediate
chronic pain via temporal summation of second pain, or “wind-up,” “a central spinal
mechanism in which repetitive noxious stimulation results in a slow temporal summation that
is experienced in humans as increased pain” [ 14]. During wind-up, transmission of second pain
signals to dorsal horn nociceptive neurons by unmyelinated C-fibers activates NMDARs. This
induces a subsequent neurochemical cascade of pain modulators, including nitric oxide,
prostaglandins, activated protein kinases (PKC), and other cytosolic signaling molecules,
eventually leading to altered gene expression patterns [15]. Nociceptive biomolecules,
including substance P, nitric oxide, pronociceptive cytokines, and prostaglandins, have been
found at pathologically high levels in FMS patients, suggesting a fundamental role for central
sensitization via wind-up in the maintenance, and possibly development, of FMS [5,16].

While biochemical data support the involvement of hyperactive pronociceptive pathways in

FMS, studies also suggest that hypoactivity of the serotonergic-noradrenergic and opioidergic
antinociceptive pathways may contribute to FMS pain [17]. Harris and colleagues [18] report
decreased central mu-opioid receptor availability in FMS patients, a finding that may help to
explain why opioid pharmaceuticals and elevated levels of endogenous opioids have little or
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no affect on FMS pain [18,19]. The mu-opioid receptor has been shown to heterodimerize with
the substance P receptor [20], suggesting a mechanism by which elevated levels of substance
P may lead to the observed decrease in mu-opioid receptor availability in FMS patients.
Pharmaceuticals that reduce endogenous levels of pronociceptive biomolecules, particularly
substance P, may thus reduce FMS pain through downregulation of pronociceptive pathways
and upregulation of antinociceptive pathways (Fig. 1).

NEUORPHYSIOLOGICAL CONSEQUENCES OF CHRONIC PAIN

Once established, chronic pain itself seems to induce significant physiological changes,
particularly in the CNS. Apkarian and colleagues [21] observed a 5—11% decrease in
neocortical gray matter volume in chronic back pain patients compared to controls. This
decrease in volume is equivalent to the gray matter volume lost in 10-20 years of normal aging
and is related to pain duration; their results indicate 1.3 cm? loss of gray matter for every year
of chronic pain. The localization of gray matter loss to the bilateral dorsolateral prefrontal
cortical and right thalamic regions suggests a role of thalamocortical pain processes in this
localized neurodegeneration. A separate group later confirmed this hypothesis by identifying
anegative correlation between pain unpleasantness/intensity and loss of gray matter in chronic
back pain patients [22].

A similar, more striking pattern of neurodegeneration has been observed in female FMS
patients. Kuchinad et al. [9] used voxel-based morphometry (VBM) to analyze cephalic MRI
images of female FMS patients and healthy controls. Their findings indicate a significant
reduction in gray matter and total brain volume in FMS patients. The patient group exhibited
significantly less gray matter density in several brain regions, including the left
parahippocampal gyrus, bilateral mid/posterior cingulate gyrus, left insula, and medial frontal
cortex. The FMS patients displayed an age associated gray matter loss 3.3 times greater than
that of controls (~3.7 cm3/year compared to 1.1 cm3/year). The investigators also observed a
negative correlation between gray matter volume and FMS duration, similar to that observed
for chronic back pain [21]. Patients exhibited a 10.5 cm? decrease in gray matter with each
year of diagnosed FMS, a loss equivalent to 9.5 times that observed in normal aging. A separate
VBM study by Schmidt-Wilcke et al. [12] reported additional gray matter reductions in the
right superior temporal gyral and left posterior thalamic regions of FMS patient brains
compared to controls.

Similar reductions in gray matter density have been observed in several other chronic pain and
stress disorders, including tension-type headache [11], chronic fatigue syndrome [8,10], and
posttraumatic stress disorder [ 13]. The patterns of gray matter loss differ among these illnesses,
however, despite their extensive comorbidity. It has been proposed by Kuchinad et al. [9] that
similar underlying mechanisms condition the atrophy observed in each illness, and that the
variation in affected regions explains the differences (and similarities) among the illnesses’
associated symptoms. Although an accelerated loss of gray matter density is not always
indicative of neuronal apoptosis, cognitive and biochemical profiles of FMS patients studied
to date support the role of neurodegenerative mechanisms in the illness [5,16,23,24].

CHRONIC PAIN-RELEVANT MECHANISMS OF EXCITOTOXIC
NEURODEGENERATION

Release of neuropeptides (e.g., substance P) and excitatory amino acids (e.g., aspartate,
glutamate) in the dorsal horn of the spinal cord initiates and facilitates the maintenance of
central sensitization through complex biochemical cascades. Both types of ligands are also
capable of inducing excitotoxic neurodegeneration via two separate calcium-dependent
pathways.

Med Hypotheses. Author manuscript; available in PMC 2009 September 8.



yduosnuepy JoyINy vd-HIN yduosnuel JoyINy Yd-HIN

yduosnuep Joyiny vd-HIN

Recla and Sarantopoulos Page 4

Neurodegeneration can be initiated and maintained by a pathological process known as
glutamate-induced excitotoxicity. Glutamate is a potent excitatory neurotransmitter that causes
over-stimulation of ionotropic glutamate receptors (particularly NMDARs) when present at
abnormally high levels in the CNS. NMDAR activation causes a subsequent increase in
intracellular Ca?* concentration, inducing a neurochemical cascade that increases levels of
reactive oxygen species (ROS) and inflammatory mediators throughout the brain and spinal
cord [25]. Increased levels of these destructive biomolecules are known to cause neuronal
apoptosis, particularly in gray matter regions of the brain [26] and in inhibitory interneurons
in the dorsal horns of the spinal cord [27]. It has been suggested that excessive stimulation of
glutamate receptors, particularly NMDAR:s, is responsible for the neurodegeneration
associated with Parkinson’s disease, Alzheimer’s disease, Huntington’s disease, human
immunodeficiency virus (HIV)-associated dementia, multiple sclerosis, amyotrophic lateral
sclerosis (ALS), and glaucoma, as well as chronic neuropathic pain [28].

The second neurodegenerative pathway leads to cell death by producing the same harmful
biomolecules as the glutamate/NMDAR pathway. Pathologically high levels of neuropeptides
(particularly substance P) continuously activate VGCCs in the CNS via neurokinin-G protein-
coupled receptor binding. This chronic opening of Ca2* channels further amplifies the
concentration of intracellular calcium, leading to increased generation of inflammatory
mediators and harmful ROS [29]. Activation of VGCCs also induces the release of glutamate
and substance P [30], conditioning a cycle of neuronal excitation in the CNS through chronic
NMDAR and VGCC stimulation (Fig. 1).

Biochemical profiles of FMS patients are consistent with these mechanisms of
neurodegeneration. Abnormally high cerebrospinal fluid levels of glutamate, substance P,
inflammatory cytokines, and ROS are hallmarks of FMS [31-35]. Interestingly, anti-
inflammatory medications have little or no effect on FMS pain [17], implying that the elevated
cytokine levels observed in FMS patients are not produced by typical cyclooxygenase- or
prostaglandin-mediated pathways (Table 1). This evidence supports the involvement of a CNS-
based (rather than a tissue-based) inflammatory process. Clinical observations also suggest a
limited effect of dietary-based antioxidant therapies on oxidative stress (OS) levels in FMS,
implicating the activity of potent, intrinsic ROS-generating mechanisms such as NMDAR- and
VGCC-overstimulation in the illness.

PROPOSED PHARMACEUTICALS

Pregabalin

The non-steroidal anti-inflammatory and opioid medications listed in Table 1 are often
successful in managing chronic peripheral pain. In contrast, the recommended pharmaceutical
strategy for the treatment of chronic central pain, such as that involved in FMS, indicates
neuroactive compounds that downregulate sensory processing [17]. Two such medications are
pregabalin (Lyrica) and gabapentin (Neurontin). These anticonvulsants are used widely in the
treatment of various chronic pain conditions, including painful diabetic neuropathy,
postherpetic neuralgia, chronic post-operative pain, and FMS [17,36—44]. These adjuvant
analgesics exert their therapeutic effects by binding to, and decreasing the activity of, the
alpha-2-delta subunit of the VGCC [45]. Over-stimulation of this subunit is thought to play an
important role in the hypersensitization process, suggesting a mechanism of action for the
drugs’ analgesic properties [30].

Pregabalin’s binding affinity for the alpha-2-delta subunit is six times greater than that of
gabapentin, rendering pregabalin more clinically effective at lower doses [30]. Stochastic
simulation modeling by Vera-Llonch, et al. [46] also suggests that pregabalin (375 mg/day)
may provide better analgesic outcomes than gabapentin (1200 mg/day and 1800 mg/day) over
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Memantine

a 12-week period. This increased efficacy, as well as its favorable pharmacokinetic profile,
renders pregabalin the preferred anticonvulsant adjuvant analgesic for chronic pain treatment
[30]. As of this writing, pregabalin is one of two prescription medications currently approved
by the FDA (Food and Drug Administration) for the treatment of FMS. The use of pregabalin
in FMS treatment is further supported by the drug’s ability to decrease excitotoxic
neurodegeneration induced by the mechanisms described above [47], perhaps in part through
its role as an opener of ATP-sensitive potassium ion (KATP) channels [48] that mediate
neuroprotection [49].

NMDAR antagonists possess significant pain-reducing and neuroprotective properties and are
used widely in clinical practice [see 50 for a review]. Dextromethorphan and ketamine have
shown particular pain-reducing efficacy in FMS [51,52], although their use as longitudinal
treatments is limited for two reasons. First, relatively little data exist regarding the safety of
these drugs with chronic use, as would likely be required for FMS treatment. Secondly, high-
dose administration of these and other high-affinity NMDAR antagonists (such as MK-801)
can cause over-antagonization of the glutamatergic system, which itself leads to
neurodegeneration [53].

The NMDAR antagonist memantine (Namenda) is an amantadine derivative that has been used
to treat Parkinson’s disease, spasticity, convulsions, vascular dementia, and Alzheimer’s
disease with an excellent clinical safety record for over 20 years. It is an uncompetitive open-
channel blocker that dissociates relatively rapidly from the channel, enabling it to limit
pathological activity of the NMDAR while sparing normal synaptic activity [54]. Memantine
exhibited an extremely low incidence of side effects in human clinical trials [55,56], and a
recent trial extension demonstrated the drug’s clinical tolerability even with prolonged use
[57]. The clinically approved human dosage of memantine begins at 5 mg per day and increases
gradually over several weeks, which may contribute to the drug’s lack of clinical side effects
[54].

While decreased NMDAR affinity contributes to memantine’s safety and efficacy as a
neuroprotective agent, it also renders it less effective than high-affinity antagonists (e.g.,
ketamine) in chronic pain management [58,59]. However, new research has highlighted
memantine’s effectiveness in the treatment of complex regional pain syndrome [60] and
phantom limb pain [61], suggesting that its quality of pain reduction is dependent on the type
of pain being treated. Memantine may also show increased efficacy in the treatment of FMS-
associated chronic pain. Kim and colleagues [62] reported an increased expression of NMDAR
subunit 2D in the skin of FMS patients with fibromyalgia, which could be indicative of a more
generalized increase of the receptor in other peripheral nerves. The increased availability of
this molecular target would, in effect, improve memantine’s effectiveness in FMS patients
[63 and assoc. refs.].

Memantine may also suppress neuronal excitability and confer neuroprotection in a manner
similar to pregabalin. In neuropathic pain, opening of neuroprotective KATP channels is
suppressed, at least in part, by reduced channel regulation conferred by decreased calcium/
calmodulin-dependent protein kinase I (CaMKII) activity [64]. Memantine has been shown
to activate CaMKII [65] and, thus, may further enhance neuroprotection and suppress neuronal
excitability by restoring regulation and opening of KATP channels.

As discussed above, there is good reason to believe that pharmaceuticals capable of
downregulating pronociceptive pathways, such as pregabalin and memantine, may provide a
significant reduction in FMS pain. As shown in Figure 1, downregulation of pronociceptive
pathways is expected to increase the availability of mu-opioid receptors, thereby increasing
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the activity of the opioidergic antinociceptive pathway and enhancing the efficacy of
endogenous and exogenous opioids. Combining pregabalin and memantine with an opioid
medication is thus expected to enhance the analgesic effects of all three drugs. Indeed,
memantine has been shown to enhance opioid analgesia while simultaneously preventing
opioid tolerance, reducing a primary concern of chronic opioid use [66]. The benefits of
memantine in FMS treatment are thus expected to be threefold: 1) neuroprotection via
antagonism of NMDARs, 2) analgesia through normalization of disregulated pro- and
antinociceptive pathways, and 3) enhanced analgesia and prevention of opioid tolerance in a
combinatorial analgesic approach.

DISCUSSION

Voxel-based morphometry studies have identified distinct regions of accelerated gray matter
loss in the brains of FMS patients. These findings may be of significant clinical relevance, as
neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s disease, and ALS are
characterized by similar losses of gray matter [67—70]. The neurobiological basis of the FMS
gray matter reductions remains unclear, however, as the observed atrophy is not well defined
on a microscopic level. A decrease in cephalic gray matter volume does not necessarily indicate
neuronal apoptosis. Alternative morphometric explanations include decreases in neuron size,
glial cell shrinkage or apoptosis, loss of neuronal synapses, and decreases in blood flow or
interstitial fluid [71]. Decreased cerebral blood flow in the thalamic and cortical regions has
been reported in some FMS patients [ 72—74], lending support to these alternative explanations.

It is also still unclear whether gray matter atrophy is a cause or a consequence of FMS symptom
chronification, although circumstantial evidence suggests the latter. Gray matter loss in FMS
is observed primarily in brain regions related to stress (parahippocampal gyrus) and pain
processing (cingulate, insular, and prefrontal cortices; right superior temporal gyrus; left
posterior thalamus) [9,12]. The negative correlation between FMS duration and extent of gray
matter loss suggests that these structural changes may reflect a chronic exposure to pain and
stress. Gray matter decreases in regions such as the frontal and parahippocampal cortices also
appear consistent with cognitive difficulties common in FMS, lending further support to the
idea that chronic pain and stress condition the longitudinal gray matter loss observed in FMS
patients [9].

Additional longitudinal studies are indicated to determine 1) whether the observed accelerated
regional loss of gray matter is the cause or consequence of FMS, 2) whether these observed
structural changes are the result of neuronal apoptosis or other morphometric explanations,
and 3) whether suppression of neuronal apoptosis via inhibition of nociception-induced
neurotoxic mechanisms may consequently prevent loss of gray matter and clinical
manifestations of FMS. However, taken together, the current imaging, biochemical, and
behavioral data suggest that these structural changes are conditioned, at least in part, by harmful
levels of inflammation and ROS in the CNS produced by a pathological increase in intracellular
calcium. Successful treatments will thus likely include pharmaceuticals that target two primary
components of calcium-dependent excitotoxic neurodegeneration, namely, neuropeptide-
induced opening of VGCCs and glutamate-induced NMDAR activation.

As can be seen in Table 1, common analgesic pharmaceuticals fail to target both calcium-
dependent molecular pathways thought to contribute to the neurological symptoms of FMS.
Consequently, the independent prescription of these drugs does not adequately treat both
mechanisms of excitotoxicity thought to underlie FMS pain and presumed neuronal apoptosis.
An intuitive pharmaceutical combination to decrease this excitotoxicity is an NMDAR
antagonist, such as memantine, and a VGCC blocker, such as pregabalin (Fig. 1).
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Pregabalin and memantine have previously been proposed as independent FMS treatments
[41,75]. Clinical trials have demonstrated that both pharmaceuticals are safe and well tolerated,
even in healthy volunteers who exhibit no signs of pathological excitotoxic neurodegeneration
[42,76]. An adverse co-interaction between pregabalin and memantine is unlikely; pregabalin
has not been associated with any pharmacokinetic interactions and, based on its
pharmacokinetic profile, none are expected [30,42]. However, pregabalin and memantine are
expected to produce additive, albeit moderate, CNS depressive effects, and their coincident
usage has not been well documented to date. Clinical trials of their adjunctive use are therefore
still indicated to ensure patient safety with the combined use of these pharmaceuticals in FMS
treatment.

CONCLUSION AND FUTURE DIRECTIONS

Fibromyalgia syndrome is a heterogeneous illness of complex etiology. Although each
incidence is thought to be initiated by a unique combination of genetic and environmental
interactions, the disease state itself appears to be maintained by similar biomolecular networks,
some of which are capable of inducing excitotoxic neurodegeneration. Current treatment
methods do not target both calcium-dependent components of these underlying networks and
thus fail to adequately reduce FMS pain and associated gray matter atrophy. The combinatorial
treatment of pregabalin and memantine addresses this issue by targeting the VGCC and the
NMDAR, respectively.

Chronic pain may now be viewed in part as a neurodegenerative disease, and clinical treatment
strategies should be adjusted to reflect this new knowledge. The centrality of the NMDAR and
VGCC to chronic pain and excitotoxic neurodegeneration make them potentially ideal targets
for pharmacotherapy in FMS. Thus, it is clear that the dual-drug treatment of pregabalin and
memantine proposed in this article warrants clinical investigation. Pending confirmation of the
safety of the adjunctive use of these drugs, longitudinal studies examining the effect of this
combinatorial treatment on the chronic pain and gray matter loss in FMS patients would be of
particular interest.

This dual-network approach promises to produce additive analgesic, anti-inflammatory, and
antioxidant effects in the CNS, decreasing the pain and rate of gray matter loss associated with
FMS. However, the heterogeneity of the FMS patient population makes it unlikely that this
treatment method will relieve all of the symptoms of FMS. Concurrent treatment with
pregabalin and memantine should therefore be viewed as a potential part of an individualized,
polymodal treatment program. Because of the negative correlation between FMS duration and
extent of gray matter loss, timely clinical consideration of this treatment is indicated to
potentially reduce further risk of gray matter atrophy in FMS patients. Further research efforts
are warranted to clearly characterize the safety and efficacy of the combined use of pregabalin
and memantine in the treatment of FMS.
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Proposed calcium ion-dependent molecular mechanisms of FMS. Abbreviations: A, site of
action of memantine; B, site of action of pregabalin; NMDAR, N-methyl D-aspartate receptor;
OPRM1, mu-opioid receptor; ROS, reactive oxygen species; SP, substance P; VGCC, voltage-

gated calcium ion channel.
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Examples and characteristics of common pharmacologic agents currently used in chronic pain management [77].

Type Class

Nonopioid analgesic Nonselective NSAID?
Nonopioid analgesic Selective NSAID?
Nonopioid analgesic N/A

Scheduled opioid analgesic Agonist

Scheduled opioid analgesic Partial agonist
Scheduled opioid analgesic Agonist-antagonist
Nonscheduled opioid analgesic Agonist
Nonscheduled opioid analgesic Agonist-antagonist
Nonscheduled opioid analgesic Antagonist

Adjuvant analgesic (Antidepressant) Tricyclic antidepressant
Adjuvant analgesic (Antidepressant) sSNRId

Adjuvant analgesic (Anticonvulsant) N/A

Skeletal muscle relaxant N/A

Local anesthetic N/A

Example(s)
Asprin
Naproxen
Ibuprofen
Celecoxib
Acetaminophen
Morphine1
Oxymorg)hone2

Codeine
Fentanyl4

Buprenorphine

Pentazocine
Butorphanol

Tramadol

Nalbuphine

Naloxone
Amitriptyline
Nortriptyline

Venlafaxine
Duloxetine

Carbamazezpine1
Pregabalin
Neurontin

Cyclobenzaprine

Molecular Mechanism(s)
cox?-1,2 inhibition

CoxP-2 inhibition

Prostaglandin synthesis inhibition (mechanism unknown)

mu-opioid receptor binding (S'Lrong)1’2’3'4
kappa-opioid receptor binding (weak? 1233 A

delta-opioid receptor binding (weak)

mu-opioid receptor binding (strong)
kappa-opioid receptor binding (strong)
delta-opioid receptor binding (strong)

kappa-opioid receptor binding (strong agonist)
mu-opioid receptor binding (weak antagonist)

mu-opioid receptor binding;
norepinephrine/serotonin reuptake inhibition

kappa-opioid receptor binding (strong agonist)
mu-opioid receptor binding (partial antagonist)
delta-opioid receptor binding (weak)

mu-opioid receptor binding (strong)
kappa-opioid receptor binding (strong)
delta-opioid receptor binding (strong)

§. e
Na" ion channel inhibition;

NMDAC receptor blockade (non-neuroprotective)

Serotonin/norepinephrine reuptake inhibition

Na" ion channel inactive state stabilization'
VGCC? alpha-2-delta subunit binding2

5-HT2 receptor antagonist

Lidocane 5% patch Na' ion channel blockade

“nonsteroidal anti-inflammatory drugs
cyclooxygenase

cN—methyl—D—aspartate

d . . . . o
selective Serotonin/Norepinephrine Reuptake Inhibitor

e Lo
voltage-gated calcium ion channel
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