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Often a discussion of pain begins with the provision of the most
commonly cited definition of pain, that from the International
Association for the Study of Pain: an unpleasant sensory and
emotional experience associated with actual or potential tissue
damage or described in terms of such damage (“IASP Taxonomy”).
DPerhaps the best definition may be that pain is a complex
multidimensional, sensory-perceptual phenomenon that is difficult
to define (Kerstman, 2013). There are factors influencing pain
generation and affecting the behavior of those afflicted with chronic
pain, further complicating the overall presentation of pain patients
(Shankland, 2011), including the significant interrelationship with
depression (Klauenberg, 2008).

Pain is associated with treble higher annual healthcare charges, a
number of severe chronic medical conditions, and most likely has
a higher incidence and prevalence than currently claimed, but both
are hard to quantitate due to various problems in both defining and
studying pain (Kerstman, 2013).

There are a number of comorbidities in patients with neuropathic
pain, for example, which provide for the wide-ranging effects pain
has on the individual patient who is suffering. These include a
number of sympathetic considerations at the time of the onset of
pain, for example, as well as the longer term associations (Schlereth,
2008). These include mood changes (about a third of pain
patients endorse moderate to severe depression); anxiety (about a
quarter of patients with neuropathic pain endorse); and alterations
in sleep patterns, along with reduced employment status and social
isolation. Further, pain is more likely to persist in those patients
suffering from depression, and vice-versa (McMahon, p. 927).

Regardless of the complexity of the definition and associated
problems, crucially we now know that pain perception occurs
in the brain, but the precipitating injury is felt to occur in the
periphery (McMahon, p. 864). The periphery continues to play a
pivotal role in ongoing pain, which allows for the use of transdermal
preparations safely and effectively in treating not only acute but also
chronic pain.

There are a number of ways to classify pain, and an exploration of
these allows for a greater understanding of the lives of patients so
suffering. Moller borrows from Merskey in providing the below
nosological categories for pain:

* Physiological pain: caused by stimulation of pain
receptors, also known as nociceptive pain

o Somatic pain: involves skin, ligaments, joints,
muscles, or by inflammatory issues; thus, associated
with peripheral nerves and cranial nerves
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o Visceral pain: from internal organs, and often felt to
have greater emotionality [and different—tends to
produce a more sedentary, passive association whereas
somatic pain is more often associated with an
avoidance emotional and physical reaction], and may
have more varied responses person-to-person; further,
it is more commonly associated with nausea and
autonomic nervous system (ANS) involvement

(Moller, p. 90)

¢ Pathological pain: pain not caused by stimulating
nociceptors

Moller posits that somatic pain may be protective, warning of
trauma or disease, and discouraging tissue manipulation
during healing; it may be acute or chronic. This pain can be
modulated either in the periphery or in the CNS (peripheral and
central sensitization both increase the sensation of pain), and via
the CNS (for the reduction in pain sensitivity).

Somatic pain has two components temporally: an acute one, often
described as sharp/stinging, and then a delayed sensation; this latter
one often felt to be “aching” and/or “burning.” The initial pain is
associated with precise localization in the body for the source of the
pain, whereas the second, more slowly appreciated aspect of pain is
often pootly localized (Moller, pp. 45-51).

Clinically, two broad categories of pain are most important:
nociceptive (generated by stimulating peripheral nociceptors in
skin/joint/muscle) and neuropathic (from damage to the nervous
system), with the fundamental difference being the absence of
persistent  stimulation of nociceptors in neuropathic pain
(Kerstman, 2007).

Local Tissue mediator releases immediately after injury, local tissue
first releases prostaglandins and other chemical mediators which begin
the process of nociceptor sensitization.

The initial pain sensation is mediated by myelinated, small diameter
nerve fibers, 0-0 fibers, whereas the secondary pain sensation is

mediated by unmyelinated fibers, C-fibers (Moller, p. 59), though
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not all C-fibers carry nociceptive information, as some of them
convey light (pleasant) touch (Moller, p. 56). Whereas compressing
a peripheral nerve may produce numbness with the preservation of
pain due to preferential effects on myelinated fibers, local anesthetics
work reciprocally: they affect C-fibers preferentially so they prevent
the sensation of pain (the delayed, secondary pain), but preserve

the sharp phase of pain and the sensation of touch (Moller, p. 56).

White Blood Cells are drawn to the area of injury. Mast cells,
macrophages, neutrophils and other cells are drawn to the area of acute
injury and inflammation.

“Primed” Nociceptor
With the Nociceptor fully “primed” and sensitized, a very small stimulus
now elicits the sensation of severe pain.

There are three phases of change which occur in the periphery after
tissue damage, a common cause of pain: immediate, later, and
long-term events. There are overlapping chemical changes which
occur during these phases which are important for the sensation of
pain and development of peripheral sensitization. Potentially even
during the immediate phase there may be changes in the spinal cord
and/or brain which, if continued, can result in central sensitization.
Strictly, both peripheral sensitization and central sensitization
develop during the long-term phase after tissue damage. (Moller,
p. 54).

Normal Nociceptor
Nociceptor triggered by painful stimulus and fires.

Nociceptors are classified as being:
* Chemoreceptors
* Thermoreceptors
o Heat
o Cold
* Mechanoreceptors (Moller, p. 54)

Nociceptor
Key pain sensory neurons sit below the subcutaneous tissue surrounded
by sensors for pressure, heat and cold.

With pathology, pain can also be transmitted by touch receptors
when they are overstimulated (Moller, p. 55).

After the peripheral nociceptor detects a painful stimulus, this
signal is carried to the trigeminal nucleus in the brainstem (via
cranial nerves V, IX, and X), for face and head sensations, and the
dorsal horn of the spinal cord for pain below the neck, over the
a-0/C-fibers. 0.-8 fibers terminate on lamina I of the dorsal horn of
the SC, and C-fibers on lamina II, with those laminae collectively
known as the substantia gelatinosa (Moller, p. 58).

The dorsal horn is where the central processes of these axons
terminate (with the cell bodies residing in the dorsal root ganglia),
and it provides the first place in which the pain signals can be
formally processed. There is an array of anatomical connections
with interneurons here, and this is the first place in which more
rostral control (e.g., inhibitory influences from the brain) can be felt

on the perception of pain (Moller, p. 59).



Afferent Pain Pathway
Nerve impulse from peripheral pain sensor travels through the dorsal
horn to the central nervous system.

From this area of first synapses in the dorsal horn of the spinal cord,
the pain signals then ascend in at least three pathways, the best-
known of which is the spinothalamic tract, to reach a number of sites
in the cerebral hemispheres (Moller, p. 60). The thalamus cannot
be excluded in its having an important role in pain perception
(Moller, p. 72). Similarly, a number of rostral, subcortical and
cortical sites project in a caudal fashion to influence the perception

of pain (Moller, pp. 76-77).

Sensitization by chemical substances, inflammation, and neuropathic
symptoms, consequently, may result from peripheral or central
processes. The “sensitized nociceptor” results in hypersensibility
from a reduction in the firing threshold of peripheral nociceptors.
However, the “sensitized nociceptor” hypothesis does not explain
“tactile allodynia,” i.e., pain evoked by light touch. This results
from central sensitization, as it is not simply just the amplification of
pain, but central sensitization changes the response from perceiving
light touch to actually feeling pain. The specific precipitating
event appears to be less important than the effects of the induced
pathology:

* Axonophathy and/or

* Segmental dysmyelination or demyelination (McMahon,
p- 863)

The pathology then produces abnormal electrogenesis in electrically
hyperexcitable neurons (McMahon, p. 864). Pathophysiological
electrical discharges can emerge no matter how axons are injured
(McMahon, p. 866). Temperature (generally heat), metabolic
stressors, and a number of chemical factors can then cause firing
of these damaged axons and result in the perception of pain
(McMabhon, p. 870).

Pain perception occurs in the brain, but the precipitating injury
occurs in the periphery. As we shall see, the central changes
involved in neuropathic pain are mostly triggered and maintained
by abnormal input from the periphery. Thus, controlling the
peripheral processes can also prevent or reverse the central ones.
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There is little solid evidence currently that spinal cord sensitization
can become “centralized” and independent of this peripheral drive,
presumably from the requirement of neurotransmitter release to
begin central sensitization (McMahon, p. 872).

The broadest, then, summary of neuropathic pain generation is:
peripheral nerve damage resulting in inflammation and increased,
abnormal firing of peripheral nerves which is combined with a
decrease in the inhibition of pain from the CNS where there is
altered processing of the pain signals (Kerstman, 2013).

There is general consensus today that both peripheral and central
nervous system processes play a role in appreciating neuropathic
pain. The CNS changes, however, are driven largely by changes in the
PNS. Thus, controlling pathophysiological change in the periphery
is likely to have greater therapeutic impact than approaches that
target CNS processes. PNS processes also tend to be more accessible
to therapeutic intervention (McMahon, p. 862).

In addition to evoking acute nociceptive pain, burns, abrasions,
chemical irritations, and infections often cause more prolonged
pain, both spontancous and evoked by stimuli. Pain in response
to weak, normally innocuous stimuli is “allodynia;” exaggerated
pain in response to stimuli expected to be (moderately) painful is
“hyperalgesia” (Jensen, 2014).  In the case of allodynia, at least,
tenderness in the “sensitized” tissue (“pain”) no longer corresponds
to the stimulus (which is non-noxious). This type of pain is usually
called inflammatory pain since it is typically accompanied by an
immune response and mediated by pro-inflammatory molecules

(McMahon, p. 862).

Further, of growing interest is that there are many shared anatomical
and chemical pathways for pain and headache (Burstein, 2000;
Burstein, 2003; Yarnitsky, 2003; Landy, 2004;  Silberstein, 2004;
Edvinsson, 2005; Olesen, 2009; Edelmayer, 2009; Galletti, 2009;
Burstein, 2010; d’Andrea, 2010; Burstein, 2011; Noseda, 2011;
Burstein, 2012).

2. PERIPHERAL SENSITIZATION

Pain begets pain.

Indeed, early postoperative pain, for which topical preparations
are being considered as helpful options (McCleane, 2010), was the
only significant predictor of persistent pain in a group of patients
undergoing thoracotomies (Katz, 1996). Thus, treating pain early
and effectively would seem a laudable goal for its own sake, as well
as to hopefully, then, prevent the development of chronic pain.

As summarized below, save for genetic or “central” pain syndromes,
the periphery is whence pain generally arises (Stein, 2009), as is



a pathophysiological explanation of migraine (Borsook, 2012).
There are great similarities between migraine and pain in the roles of
their peripheral and central mechanisms (Burstein, 2000; Burstein,
2003; Yarnitsky, 2003; Landy, 2004; Silberstein, 2004; Edvinsson,
2005; Olesen, 2009; Edelmayer, 2009; Galletti, 2009; Burstein,
2010; d’Andrea, 2010; Burstein, 2011; Noseda, 2011; Burstein,
2012). Many of the treatments for both pain and headache are
directed at the periphery (Richards, 2013), most especially for pain
and topically applied medications, though central effects from
transdermally used agents which have sparing absorption and low
serum levels may be important as well.

There is a role, as well, for dorsal root ganglion neurons in pain,
which may factor into the development, and perhaps maintenance,
of central sensitization (Noguchi, 2004), given their unique
anatomical localization and their physiology.

However, the focus on treating pain in the periphery is largely
centered on the inflammatory milieu, which is highly complex,
and on ion-channel blockade, as these two pathways are intimately
involved in producing and perpetuating pain and many of our
currently available drugs are felt to work in at least one of those
routes.

A peripheral injury or the application of a noxious stimulus
(equivalent in their ability to start the peripheral processes leading
to pain) to the periphery activates a number of chemical mediators
which directly stimulate nociceptors, but it also causes the release of
substance P This is a key early feature which has both local effects
(cutaneous blood vessel dilatation and resultant cutaneous erythema,
pain production) and magnifying effects (SB, a chemoattractant for
leukocytes, releases histamine from mast cells). Substance P also
causes synaptic hyperexcitability, which removes the magnesium
ion’s block of the NMDA receptor, and thus glutamate is allowed
to activate the post-synaptic neurons in the spinal cord for the
peripheral nociceptors.

In addition to substance P and histamine there are a number of
other chemical mediators in the periphery, some of which are
currently targets for pain therapy. This results from the injury
and/or the magnification beginning with SP’s release, including:
bradykinin, the eicosanoids (prostaglandins, leukotrienes, and
thromboxanes), serotonin, noradrenaline, adenosine, protons,
free radicals, cytokines (interleukins and TNFa, especially),
neurotrophins, nitric oxide, vasoactive intestinal peptide (VIP), and
calcitonin gene-related peptide (CGRP).

These chemical mediators then stimulate nociceptors, which open
cationic channels in their neuronal membranes. This allows for
activation of voltage-gated sodium channels and thus the production
of action potentials in the sensory axons.
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The painful stimulus, as the NMDA receptor has now been
unblocked and, is thus transmitted via the a-8 and C-fibers to the
dorsal horn of the spinal cord where there are synapses with wide-
dynamic range (WDR) neurons. These WDR neurons, located in
the dorsal horn, are able to integrate the input from the various
stimuli from the peripheral nociceptors and non-nociceptive
stimuli. If the stimulus in the periphery is persistent, there are
changes which occur in the spinal cord which can then both activate
the peripheral nociceptors and increase nociceptor activation. This
leads to an excessive amplification of a peripheral stimulus, which
can then lead to the perception of light touch (an innocuous
stimulus usually) as being a painful stimulus—the clinical symptom
of cutaneous allodynia. The plasticity of the spinal cord which can
lead to peripheral sensitization is felt intimately related to NMDA
receptor activation (Melzack, 2001a; Melzack, 2001b; Melzack,
2005; Meeus, 2007; Basbaum, 2009; Latremoliere, 2009; Cheng,
2010; Kuner, 2010; Staud, 2010; De Felice, Pain, 2011; Woolf,
2011; Moayedi, 2013).

3. CENTRAL SENSITIZATION

The interactions between the peripheral processes initiating and,
at least for a time, perpetuating pain and the central responses to
persistent pain are quite complicated and summarized succinctly
below (Yoshimura, 2004; Zhuo 2004; Campbell, 2006; Devor,
2006; Vranken, 2009; Vranken, 2012; shorter summary and
diagrammatic representation in Gangadharan, 2013), and not just
limited to the periphery’s driving the pain but include possibly a
more dynamic role for central effects in generating neuropathic pain
(Wang, 2013) and for descending central influences, also seen in
headache (Moulton, 2008). This has been specifically addressed for
musculoskeletal problems (Winkelstein, 2004), for which manual
therapists are alerted (Nijs, 2010).

Essentially, peripheral sensitization, if not reversed, can lead
to central sensitization. There is evidence for sodium channel
activation in the periphery driving central changes ~ (Amir, 2006).
Similar to the production of cutaneous allodynia via peripheral
sensitization, hyperalgesia results from central sensitization. Once it
is established, the appreciation of a degree of pain which exceeds the
amount applied in the stimulus, essentially, an increased sensitivity
to a painful stimulus (hyperalgesia) results. Central sensitization
can also produce cutaneous allodynia.

Fundamentally, central sensitization is the abnormal and intense
enhancement of pain by central nervous system mechanisms. It,
like peripheral sensitization, reflects the plasticity of the nervous
system, though in this case the plasticity of the CNS.

There are several physiological underpinnings required to develop
central sensitization.



The first is wind-up, which is the progressive build-up of the
amplitude of the response of dorsal horn neurons (WDR neurons)
during the stimuli to C-fibers. This results from the summation of
these slow synaptic potentials. It removes the magnesium blockade
of NMDA receptors, and thus there is an increase in each progressive
action potential due to the increased sensitivity to glutamate for the
dorsal horn neurons.

Secondly is the facilitation of synaptic responses which results from
both peripheral sensitization, hinging largely on the neurogenic
inflammation, as well as structural changes (e.g., an increase in
nerve fiber density in the periphery). This provides for greater
nociceptive input to the spinal cord.

Lastly are two issues originating rostral to the dorsal horn neurons.
The first is depressed inhibition of neuronal firing, and the second
is an increase in facilitatory responses. Each of these originates from
at least as rostral at a brainstem level if not even higher. Thus, there
is a complicated loss of central inhibition for central sensitization’s
perpetuation of pain, which may be amenable to GABAergic
agonism (Zeilhofer, 2012).

Further, given these shared anatomical and chemical pathways for
pain and memory, perhaps some of the neurocognitive issues pain
patients suffer from can be more easily explained in understanding
their shared patho-anatomical structures and pathophysiological
pathways (Ji, 2003; Luerding, 2008).

There are pathophysiological similarities among various pain
syndromes, such as headache and pain, and also between focal/
general (i.e., “neuropathic”) pains and more diffuse pains such as
fibromyalgia (and other central pain disorders or disorders which
result from central sensitization) and regional pain syndromes,
which mean the potential for efforts to treat such pains may have
even more in common than previously thought (Desmeules, 2003;
Maletic, 2009; Kindler, 2011; Woolf, 2011).

Indeed, the oral medications commonly used to treat such disorders,
epitomized by the complex protocols often used in fibromyalgia
(Mease, 2005), are often the same as those used in transdermal
options to treat pain. As well as employing the many other options
for therapy (Hassett, 2009), such topically applied compounds can
be useful in treating even such diffuse pain conditions. Further,
there has been a dramatic shift in thinking that previously diagnosed
“peripheral” pain syndromes (e.g., “fibromyalgia syndrome,”) may
in fact have “central” bases which may be perpetuated, if not frankly
initiated, by the “peripheral” mechanisms which are felt involved in
the generation of most pains (Phillips, 2011; Sarzi-Puttini, 2011;
and Staud, 2011). Especially for orofacial pains (Ren, 2011), and for
migraines presumptive brainstem origin anatomically (Edvinsson,
2005; Galletti, 2009; Olesen, 2009; D’Andrea, 2010; Burstein,
2011; Bernstein, 2012), there may be either shared or similar
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anatomical bases for pain generation in such disorders which have
previously been felt to be of disparate pathogenetic bases (Sessle,
2000; Romanelli, 2004; Perl, 2011; Ossipov 2012).  Potentially
this could explain the utility of transdermal treatment in such
global pain syndromes.

The similarities between migraine, and its treatment, to other acute
and chronic pain syndromes were particularly poignant, especially
with the efficacy of indomethacin, in in-vivo migraine models
(Ghelardini, 2004). Meningeal nociceptors were inhibited by
naproxen (Levy, 2008), and the firing of central trigeminovascular
neurons in a headache model was inhibited by applying intravenous
naproxen (Jakubowski, 2007). The chemical milieu, for example,
involved in the transmission of signals from the thalamus to the
cortex is quite complex, with pro- and anti-nociceptive inputs
which are used in the generation of those signals, and employing
the same neurotransmitters seen in the transmission of pain
(Noseda, 2014). Further, the similarities of medication-overuse
headache to cutaneous allodynia would be consistent with a shared
pathophysiology (de Felice, 2011). The thalamus may, in fact,
provide the link for the diffusion and spread of focal pain into more
widespread pain, as in a headache model sensitization of thalamic
neurons in the rat provided for extracephalic allodynia (Burstein,
2010). Given the complexity of its symptoms, complex regional
pain syndrome (CRPS) may represent such a pain syndrome which
bridges both the peripheral and the central nervous system (Baron,
2004).

Given the complexity of pain syndromes in both the peripheral and
central nervous systems, and in their complex interactions with each
other (Melzack, 2001a; Melzack, 2001b; Melzack, 2005; Meeus,
2007; Basbaum, 2009; Latremoliere, 2009; Cheng, 2010; Kuner,
20105 Staud, 2010; De Felice, Pain, 2011; Woolf, 2011; Moayedi,
2013;), and the unique, personal responses, for example, to pain
(Ossipov, 2010), an individualized approach to pain management
has been recommended to account for this highly complicated
problem, one recommendation based on symptoms (Smith, 2002)
and one based on mechanisms (von Hehn, 2012).

4. MEDICATIONS /PATHWAYS /
MECHANISMS OF ACTION

There are three published sets of guidelines for therapy for
neuropathic pain which arise from the collectives: 1) Neuropathic
Pain Special Interest Group of the International Association for the
Study of Pain; 2) the Canadian Pain Society; and 3) the European
Federation of Neurological Societies. They can serve as a reference
for the treatment of pain generally, as well as for potential choices
for medications which may have a transdermal application as these
lists of drug options are quite similar (Moulin, 2007; Attal, 2010;
Dworkin, 2010). There is also a similar review of such treatment
options, but also including neurostimulation (O’Connor, 2009).



An older but thorough review of the peripheral mechanisms in pain
generation outlines well persistent lines of investigation and some
crucial current means of treatment (Raja, 1988). That there are
such formal guidelines may suggest that ponderous and/or useful
advice on proven therapies for pain can thereby be provided.

An analysis of controlled clinical trials for peripheral neuropathic
pain (PNP) and CRPS (formerly known as reflex sympathetic
dystrophy, RSD), however, reveals the following:

o For PNP there are at least two trials (“consistent support”)
showing efficacy of: tricyclic antidepressants (TCA), IV
and topical lidocaine, IV ketamine, carbamazepine, and
topical aspirin;

o There is at least 1 trial (“limited support”) showing
analgesic efficacy for PO/topical/epidural clonidine and
for SQ ketamine;

* There is contradictory data for: mexiletine, phenytoin,
topical capsaicin, PO non-steroidal anti-inflammatory
drugs (NSAIDs), and IV morphine, although the author
of the review of these 92 trials reviewed all of these studies
further and felt that mexiletine and IV morphine probably
are helpful but NSAIDs are not;

* Notably, there were no long-term results and the etiology
of the neuropathy had no apparent effect on the outcome
of the intervention (Kingery, 1997).

This dichotomy, then, indicates that there are a variety of problems
in treating pain pharmacologically, not the least of which are its
diverse etiologies (Ossipov, 2005). Consequently, there are a number
of classes of drugs currently employed through oral/other routes of
administration, as well as by topical and transdermal means, to try
to overcome the many limitations in alleviating pain.

l TRPV1 agonists

One of the first classes of drugs includes those acting at transient
receptor potential vanilloid -1 (TRPV1) channels, colloquially
often referred to as “counterirritants” as this drug class includes such
drugs as capsaicin, menthol, and camphor. These are ion channels
with greater porosity to divalent cations (e.g., Ca++) and protons
than to other (monovalent) cations (K+, Na+) (Tominanga, 2004,
and Xia, 2011).

These channels are found in the peripheral nervous system, and thus
are felt important in pain generation generally, but they are also
found on neurons in the trigeminovascular system where there is
release on their activation of calcitonin gene-related peptide (CGRP)
and substance P (SP), thereby also implicating these TRPV1
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channels in the generation of migraine. There is, then, a large body
of literature indicating this inflammatory nature of migraine and
that it, like pain, has both “peripheral” and “central” processes and
that they share significant pathophysiological chemistries, at least
(Edvinsson, 2005; Galletti, 2009; D’Andrea, 2010; Meents, 2010;
Burstein, 2011).

TRPVI channels are activated by: heat, protons (pH), electricity,
capsaicin/other vanilloids, prostaglandins, menthol, leukotriene B4,
adenosine, and ATP (Haghigi, 2010; Xia, 2011; Kwak 2012; p. 6
of McMahon). They are also involved in the production of opioid-
induced hyperalgesia, in a peripheral mechanism (Vardanyan,
2008). The physiology of TRPV1 channels is well-described,
including the complex interactions and potentials for treatment
therein, by Schumacher (2010). Whether capsaicin has broader but
similar actions, or if it is only effective in being active via TRPV1
channels, has been addressed as well (Anand, 2011).

With prolonged TRPV1 receptor activation, as in the repetitive
application of these agents to the skin, there is pore dilation: the
size of the channel increases to the point that it now is permeable
to large macromolecules. This is found in another TRP channel
subfamily, as well (Chung, 2008; McMahon, p. 38). This may be
potentially exploitable for therapy as, e.g., compounds which are
relatively impermeable may be able to be delivered through opened
TRP channels (also providing for a synergistic effect in pain relief)
(Binshtok, 2007; McMahon, p. 38).

Therapeutically, two separate Cochrane Reviews did not show
great efficacy for chronic neuropathic pain in adults for low-dose
capsaicin, though there was some benefit for high concentrations
of capsaicin (Derry, 2012; Derry, 2013); and they noted fairly
common side effects, firstly by inducing pain on the initial dramatic
release of substance P, and also skin irritation, which would be
as expected given that the capsaicin was given topically and this
massive, persistent release of substance P on its topical application
would easily be seen as potentially locally irritating. There is an
indication elsewhere, though, that local, high-dose capsaicin does
show some efficacy not seen in low-dose paradigms (Gunthorpe,
2009; Xia, 2011; Anand, 2011; Maihofner, 2013).

The high-dose capsaicin paradigm was also felt helpful in managing
the polyneuropathy of patients with human immunodeficiency
virus (HIV) infection and in patients with postherpetic neuralgia
(PHN) (Simpson, 2008; Simpson, 2010; Simpson, 2014); the
original study in 2008 showed pain relief for > 12 weeks from a
single application in a fairly large group of patients with the painful
HIV neuropathy. Two summaries (Noto, 2009; McCormack,
2010) of a few studies lend support to the use of the high-dose
protocol. One study looked at applying very low-dose capsaicin to
patients without a migraine with head tenderness and then the same
patients with a migraine; though a small group of patients in total



was looked at, each application reduced the pain (Cianchetti, 2010).
In general, though, the limitations of capsaicin from both efficacy
and side effect standpoints preclude its inclusion in compounded
topical preparations designed for chronic pain management.
However, the use of topically applied medications to treat migraine
has started and continues (Rapoport, 2010).

Menthol is active at TRPV1 channels and is a common ingredient
in, for example, many over-the-counter topical preparations.
Topical 10% menthol solution was found a safe and effective
treatment for the abortive treatment of migraine (Haghighi, 2010).
It, and a methyl salicylate compound, were found helpful for muscle
strain (Higashi, 2010). However, results were not very robust in a
cold allodynia model (Wasner, 2008). There are, indeed, a number
of over-the-counter “rubefacients” which are commonly used,
often employing menthol or camphor, but we know that topical
or transdermal administration of medications and not just these
TRPV1 agonists provides relief greater for chronic and especially
neuropathic pains than what simply applying such a limited cream
to a sore body part may do (Ickowicz, 2009).

Resolvins, as well, may play a role in the inflammatory production
of pain. They are products of COX-II or cytochrome p45 followed
by lipoxygenase-mediated oxidation—they have their analgesic
potential through both central and peripheral receptor activation,
inhibiting the activity of the TRPA1 and TRPV1 channels, among
other ways of affecting pain (Xu, 2010; Ji, 2011; Park, 2011;
McMahon, p. 53).

H Classical anti-inflammatories

A second, and potentially the most important etiopathogenicially,
class of helpful analgesic drugs are the anti-inflammatories
(NSAIDs and COX-II inhibitors). Classically, diclofenac has been
the most widely employed of these, but other common options are:
ketorolac, flurbiprofen, ketoprofen, and meloxicam. Diclofenac
is actually the most utilized NSAID worldwide (Atkinson,
2013); there are numerous studies documenting its efficacy in
osteoarthritis, epicondylitis, and back/shoulder/foot/elbow pains
(Skoutakis, 1988; Jenoure, 1997; Brithimann, 2006; Lionberger,
2010; McCarberg, 2010). One advantage of diclofenac applied
topically is that it accumulates at the site of its application and thus
better local tissue concentrations are possible via the topical route as
opposed to PO administration (Dominkus, 1996; Rolf, 1999). The
low plasma levels of diclofenac when given by topical administration
made these preparations more tolerable, and thus a better option for
elderly patients (Petersen, 2009; McCarberg, 2010). Similarly, it
was concluded that for elderly patients intolerant of PO NSAIDs
that topical NSAIDs can provide “targeted pain relief, reduce
stiffness, maximize function, and mitigate oral NSAID risks”
(Atkinson, 2013).
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Generally the NSAIDs have a primary role in pain management, and
their mechanisms of action thus are of great interest. We have known
about these pathways for more than forty years (Vane, 1971). The
prostaglandin G/H synthases, now better known as cyclooxygenases
(COXs), were genetically sequenced over the late 1980’s-early 1990’
(McMahon, p. 444), with the eventually discovered subtypes (Vane,
1994). 'These inflammatory pathways on which the NSAIDs and
COX-IIs operate do not exist independently of the other pathways
generating pain, but are interwoven into the vast array of cascading
biochemical processes effecting the perception of pain.

Common thematically, then, is the appreciation of the incredibly
complex and interrelated sources of pains origin and, then,
potentially its effective treatment. This includes the inflammatory
mediators and extends to all of the other chemical pathways. A
second thematic commonality in studying pain and pain treatment
is the shared, or at least greatly analogous, anatomical pathways and
chemical mediators of pains, generally, which includes migraine.
For example, it has been shown that there is an upregulation of
COX-II from pro-inflammatory mediators, and the complicated
cascade poses, then, the potential for treatment in a multitude of sites
(Capuano, 2009). This is similar to the peripheral pathophysiology
of other, those thought to be more peripheral in their onset, pain
syndromes.

Indeed, a recent study in chronic headache patients looked at
the expression of mRNAs which encode inflammatory proteins
and proteins involved in immune responses, finding preferential
expression in those with chronic migraine over control subjects. This
provides evidence that inflammation, acting from the periphery, is
crucial in headache generation (Burstein, 2014), and, if headache
and pain share, as it seems, much of their pathophysiology, similar

findings should be had for other forms of pain.

The relevant inflammatory molecules produced in the pathways
affected by NSAIDs are the eicosanoids, which include
prostaglandins (PGs), leukotrienes, and thromboxanes (McMahon,
p. 444). They do not activate receptors directly (save some
exceptions for certain prostaglandins) but enhance the sensation of
pain in response to natural stimuli and other endogenous chemicals
by increasing the frequency of action potential firing (Moller,
p. 14). Specifically, they reduce the threshold for initiation of
action potentials and increase the excitability of sensory neurons
by decreasing the threshold for activation of a nociceptor-specific,
voltage-activated sodium current (Moller, pp. 14-15).

NSAIDs do not affect normal pain thresholds but attenuate the
abnormal pain responses in inflammatory conditions (Moller, p. 52).

On injury or stimulation from inflammatory molecules,
phospholipase A2 enzyme is activated. This releases arachidonic
acid from cell membranes, which can then proceed down two



primary paths involving enzymes cyclooxygenase (COX; which has
two primary types, I and II) and lipoxygenase (LOX), which do
compete with each other (Omoigui, 2009).

The cyclooxygenase pathway has been the one of primary interest so
far for pain syndromes, and inflammation generally, as it produces
prostaglandins, prostacyclin (inhibit platelet aggregation) and
thromboxane. The lipoxygenase pathway produces leukotrienes,
previously having its emphasis in allergic phenomena (Omoigui,
2009) though the primary ones involved in pain are LTD4 and
LTB4 (Moller, p. 15). Leukotriene antagonists were found helpful,
effective, and safe (Riccioni, 2007), and while better known as being
more involved in migraine (Saberi, 2012), the complex, but shared,
pathophysiological bases for migraine and pain potentially expand
the role for leukotriene antagonists in pain relief more generally.

COX activity, from both COX-I and COX-II, produces
prostaglandins D, E, and E which have a number of effects but most
importantly sensitize peripheral nociceptors and eventually can lead
to hypersensitivity. They are potent in their actions (Omigui, 2009).
Prostaglandins that primarily play a role in inflammatory pain and

hyperalgesia are PGI2, PGE1, PGE2, and PGD2 (Moller, p. 14).

COX-I is constitutively expressed, found in all dssues; COX-II is
an enzyme induced in peripheral tissues by inflammation (Moller
p- 14 and p. 52; Vane, 1994; Wallace, 2002), though COX-I and -II
are constitutively expressed on DRG neurons and in the spinal cord. In
the periphery, COX-II expression is induced in cells involved in
inflammation (macrophages, monocytes, and synoviocytes) (Moller, p. 52).

NSAIDs, COX-II inhibitors, and acetaminophen inhibit COX-I
and COX-II.  The latter results in the relief of pain as COX-II
is involved in the production of the swelling and pain from
inflammation, but that they inhibit COX-I results in many of the
side effects, particularly the GI side effects, as COX-I is involved in
gastric protection constitutively. This results in decreased synthesis
of PGs, which prevents the enhancement of pain by the PG-induced
sensitization of nociceptors (McMahon, p. 142).

NSAIDS
COX-Il inhibitors slow the production of PGE2.
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NSAIDS Miss LOX Pathway
The LOX pathway continues to produce large amounts of PIM, even with
COX inhibition.

In addition to using more “classical” or otherwise well-known
anti-inflammatories, Transdermal Therapeutics employs tranilast
and pentoxifylline (Trental) in each analgesic formulation, both
of which have anti-inflammatory activity (Mulleman, 2006; Shaw,
2009; Rogosnitsky, 2012; Nasiri-Toosi, 2013).

Tranilast is better known as an anti-allergy drug used in asthma,
autoimmune diseases, and it may, as well, have efficacy against
proliferative disorders, various types of cancers, and keloid formation
(Rogosnitsky, 2012). It has also been found to be helpful in treating
adhesions found postsurgically, most likely through interfering
with a number of the processes found in the inflammatory cascade
resulting, eventually, in adhesion formation (Petrilli, 2008).
Further, a topically applied preparation with tranilast nanoparticles
decreased the paw edema in a rat model of arthritis (Nagai, 2014).
Pentoxifylline, more notable for its use for peripheral arterial disease,
was found to reverse the CRPS-like proinflammatory changes in a
rat model (Wei, 2009). It can also block glial activation (Tawfik,
2008). The roles of microglia are under investigation (Calvo,
2012 and Schomberg, 2012) and include, for example, a role in
producing cutaneous allodynia after nerve injury (Inoue, 2004).
These additional anti-inflammatory agents should provide, then,
even greater benefits on treating pain, especially pain resulting from
an inflammatory source.

H Other anti-inflammatories

In addition to the eicosanoids, the most important for pain being
the prostaglandins, there are a number of other inflammatory
mediators which have important algogenic roles. Some of these
agents can directly activate nociceptors, whereas others act indirectly
via inflammatory cells, which in turn release algogenic agents. The
variety of chemical mediators released during inflammation can have
a synergistic effect in potentiating nociceptor responses (McMahon,
p- 14). A brief look at some of these will help in understanding the




striking complexity of the inflammatory milieu responsible for so
much of the burden of pain.

Protons, or more generally acidity or the changes in acidity, are
important in the production of pain, though this pathway is
without clear therapeutic options at this time. There is a class
of acid-sensing ion channels (ASICs) which can sense low pH
levels, moderate decreases, while TRPV1 channels are activated by
severe acidosis (pH <6). ASICs are felt to potentially play a role in
mediating or modulating pain based on indirect evidence involving
peripheral neurons. (Wood, 2004; Deval, 2010; McMahon, p.
16 and 56) though they are implicated, as well, in migraine (Yan,
2013). They are found centrally and peripherally, and they do look
to be implicated in pain generation for a number of different pain
syndromes (Sluka, 2009).  ASICs are implicated with a number
of other mediators of pain at less severe pH changes than when
the TRPV1 channels are implicated in generating pain, suggesting
complementary roles for these receprors (Deval, 2010).

Serotonin (SHT) is not just important in nociception as a
neurotransmitter in the central nervous system. Mast cells release
platelet-activating factor (PAF), which leads to the release of SHT
which can potentiate the pain induced by bradykinin (Moller, p. 16).
Platelets can also release SHT (McMahon, p. 54). Exemplifying the
interrelationship of the inflammatory chemical mediators, many
of the cells which show serotonergic activity felt related to pain
reception also express the TRPV1 receptor, and such a relationship
with migraine has been well-described for at least 50 years (Sicuteri,
1963; McGovern, 1964; Cady, 2009; Mehle, 2012).

Histamine can be released from mast cells on the release of SP
from nociceptors. It also induces vasodilatation and edema. It is
known to cause pruritus but its role in pain is murkier. Similar to
leukotrienes, which may be more well-known in their relationship
with migraine due to associations with allergic phenomena
(Levy, 2007), histamine is being investigated in headache issues
(Alstadhaug, 2014) but may be found to play roles in pain issues
more largely (Levy, 2012).

Purines are an important class of inflammatory molecules, as well.
Adenosine and adenosine triphosphate (ATP) levels are found to
be high at inflammatory sites. Platelets may be the source of these
high levels, potentially leaking it at, e.g., sites of tissue injury. The
pain produced by ATP is dependent on capsaicin-sensitive neurons

(McMabhon, p. 16).
Cytokines, especially the interleukins IL-1p and IL6, particularly)
and TNFa (de Oliveira, 2011), are felt to generate pain through at

least the following mechanisms:

o Affecting the properties of ion channels in sensory neurons;
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¢ Stimulating the release of, e.g., PG, neurotrophins, and

ATP; and

* Longer term, by causing new gene transcription

(McMahon, p. 17).

Interfering with the role cytokines (as well as glia and neurotrophins)
play in pain has been explored (Dray, 2008), as well as in pain
generally but specifically with respect to the trigeminal system
(Dussor, 2005). Increased levels of TNFo. were associated with
pain in an allodynia rat model, which was reduced on anti-TNF
treatment, suggesting a role for nociceptive sensitization in patients
with CRPS (Sabsovich, 2008). Further, adipocytes are implicated in
the inflammation associated with obesity, as well as with migraine;
given the superior depth of penetration of the compounds from
Transdermal Therapeutics by employing micelles to carry the
medications, potentially the anti-inflammatory medications in the
compounds are blocking inflammation at a cellular level in the fatty
tissue under the dermis (Bigal, 2007; Peterlin, 2009; Ianonne, 2010).

Neurotrophins, especially nerve growth factor (NGEF), are
important inflammatory mediators, as NGF is not only necessary
for the survival of nociceptors during development but may also
play an important role during inflammatory processes in adult
animals (McMahon, p. 14). Sources of NGF include: fibroblasts,
keratinocytes, Schwann cells, and inflammatory cells. There are
several pathways which NGF employs to affect pain.

NGF can amplify inflammatory processes by stimulating mast cells
to release histamine and 5HT, and it can act directly on afferent
terminals. It modulates the activity of ligand- and voltage-gated
ion channels, such as ASICs and TRPVI. Further, it can alter
the distribution of a-d fibers, making a greater proportion of
them have nociceptor properties (McMahon, pp. 17-18). Thus,
there are complicated roles for NGE and neurotrophins generally
(McMahon, 2004), and while we are awaiting their better definition,
these pathways are potentially amenable to treatment with NSAIDs
and opioids (Eibl, 2012).

A specific vasodilator felt important in nociception generally is nitric
oxide (NO). It is best known for its role in migraine generation
(de Felice, 2010), and its role in pain generation is awaiting better
definition.

Bradykinin is an inflammatory mediator which may be best known

for its involvement therapeutically in hypertension and therapeutic
modulation by angiotensin converting enzyme (ACE) inhibitors.
ACE inhibitors are recently being used as headache preventative
agents. Potentially similar effects on pain from bradykinin
modulation can be had. It may be important in the hyperalgesia
associated with persistent inflammation (Luo, 2008).



There are currently known a number of potential mechanisms
whereby it acts in nociception. It can act directly on sensory
nerves and can indirectly cause pain via evoking the release of other
inflammatory mediators from non-neuronal cells. It can have the
pain it produces potentiated by serotonin. It can enhance the heat-
gated current mediated by TRPV1 (McMahon, pp. 16, 50, 51).
Of the several posited mechanisms active in its role in pain, two
of potentially the most important are arachidonic acid production
(thereby potentiating pain by amplifying through COX-mediation
inflammation) and TRPV1 channel modulation (McMahon, p.
16). There are no specific bradykinin antagonists in use clinically at
this time, but there is at least one other potential agent, aloe, which
may have benefits on pain acting through bradykinin (Yagi, 1982).

A summary of effects anatomically includes:

* Inflammatory mediators involved in sensitizing adjacent
C-fibers of the peripheral nervous system include:
glutamate, CGRP, SP, cytokines, PG, LT, and NO;

* Activators of C-fibers include: S5HT, bradykinin, and

histamine; and

* Sensitizers of C-fibers include: PG, SB, and LT
(Kerstman, 2013).

The crucial, primary role of the inflammatory milieu prompted
Omoigui to summarize things in the proposed new “law of pain: the
origin of all pain is inflammation and the inflammatory response.”
The import, then, of these mediators in causing pain, and their
interrelationships, can be found in the two exhaustive reviews from
2007. This is echoed in a more recent review (Ellis, 2013), as well.

M Ion Channels
There are various ion channels which are integral to algogenesis.

Perhaps as well-known as NSAIDs in topical medicine are the local
anesthetics. There are, as well, other sodium-channel blockers
which are effective transdermal analgesics, including many
anticonvulsants and certain antidepressants. That lidocaine and
related systemically active local anesthetics are not available in oral
form limits their clinical utility, but certainly they can be used
topically. Further, the topical availability of many anticonvulsants
and antidepressants which block sodium channels in the periphery
provides a number of compounds which can be potentially effective
in treating pain through this mechanism. Even when used orally,
at doses which are much lower than those which can be attained
through intravenous administration, sodium channel antagonists
do not block axonal conduction but are thought to block ectopic/
other neuronal firing which leads to pain, explaining their being
occasionally called “membrane stabilizers”, though the exact locus
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(synapse, or membrane, or both) of where these agents exert their
analgesic effects is not known with certainty (McMahon, p. 886).

Sodium channels play a crucial role in the model of inflammatory
pain (Linley, 2010; Liu, 2011; Levinson, 2012), and they are
especially well-known for migraine pain and even visceral pain
(Cregg, 2010), though given their localization to dorsal root
ganglion neurons (Chung, 2004), this would suggest a highly
significant role in the peripheral generation and maintenance of
pain. Further, it is felt that mechanical allodynia and hyperalgesia
are due to an increase in sodium channels (Backonja, 1998). They
are felt to be the primary site of action of TCAs, working much like
local anesthetics at the site of nerve injury in the periphery, which is
felt to be the site of the generation of the ectopic discharges (Galer,
1998; Amir, 2006). Sodium channels are felt, along with calcium
channels, to potentially be the most streamlined locus of treating
the disparate sources of pain as many of the various nociceptive
pathways seem to eventually converge on sodium channel activation
(Ossipov, 2005). Diclofenac and pregabalin may, in particular, have
effects on potassium channels (Verma, 2014).

Topically administered lidocaine has been shown to be an effective
analgesic, and with a reasonably accurate physiological mechanism
(Meng, 2011). This includes use for neuropathic pain in a group
of cancer patients, though their pain was not necessarily related to
their cancer diagnosis or its treatment (Ramirez, 2013). Topical
bupivacaine was felt to be a promising alternative to lidocaine
(Kuhn, 1996; Smith, 1996; Keyes, 1998), and it is a longer-acting
local anesthetic so may be a better, more convenient option for
patients (Heavner, 2007). The potential for reduction of centrally
based neuropathic pain by either local effects on the central pain
processes, or perhaps both local and central effects, was entertained
to explain the rapid (in ca. 12 hours) pain freedom achieved with
application of a 5% lidocaine patch to a patient with metastatic
cancer and pain felt from the spinal cord pathology (Hans, 2008).
The safety of topical lidocaine was well-established in a study
looking at normal patients and those with PHN and acute zoster,
and the bioavailability levels of topically administered lidocaine was
only 3% (Campbell, 2002).

Anticonvulsants are commonly employed in a variety of pain
syndromes, including neuropathic pain, and have a diverse range
of mechanisms of action (Tremont-Lukats, 2000; Angehagen,
2003), one of which for many anticonvulsants is sodium channel
blocking. Agents considered to have sodium channel blockade as
a major mechanism of action include: carbamazepine, valproate,
phenytoin, topiramate, lamotrigine, lacosamide (McMahon, p.
491). Anticonvulsants bind to the local anesthetic binding site on
the o subunit of the sodium channel (McMahon, p. 493). There are
at least 9 sodium channel subtypes (McMahon, p. 492), and all the
currently available sodium channel blocking AEDs are nonselective
for these various subtypes save perhaps lacosamide (Sheets, 2008;



McMahon, p. 492). Primarily most anticonvulsants exert their
antinociceptive effects via sodium as well as calcium channel blockade,
directly for voltage-gated sodium channels, indirectly for voltage-gated

calcium channels (VGCC) (McMahon, p. 491).

The sodium channel blockade may be particularly important for the
central effects of these agents on nociception, but when administered
orally this may be—given that sodium channels are of primary
importance for all other central functions—the source of their side
effects, as well (Castro, 2009; McMahon, p. 493), which include
sedation, dizziness, ataxia, convulsions and cognitive dysfunction.
The following summarizes the results for pain management for
commonly used, orally administered, anticonvulsants, and we
note, as well, that they are not commonly employed in topical
preparations:

* Carbamazepine:
o Mixed, better for trigeminal neuralgia (TN);

* Oxcarbazepine:
o Good for TN, possibly helpful for diabetic
polyneuropathy (DPN);

* Valproic acid:
o Good for headache, not so much for pain (similar to
topiramate);

* Lamotrigine:
o Mixed (Ettinger, 2007);

e Lacosamide:
o No known studies;

* Phenytoin
o Mixed results.

The tricyclic/heterocyclic antidepressants are widely employed
as analgesics in oral and topically applied formulations. Sodium
channel blockade may be its primary mechanism of action in the
periphery, while for its CNS effects, with any systemic absorption,
may be in altering SHT and norepinephrine (NE) activity in
brainstem/dorsal horn sites (Galer, 1998).

While perhaps using antidepressants in chronic pain may have
originally been to treat the depression often associated (McMahon,
p. 465), there has been considered a dissociation between effective
treatment and pain treatment since at least the early 1970’
(Merskey, 1972) and more strongly it is felt that their effects on pain
are independent of any antidepressant effect (McCleane, 2007).

An analysis of studies of oral antidepressant drugs and reported
results of their trials indicates that the most effective antidepressants
appear to be desipramine, amitriptyline, and nortriptyline (a
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metabolite of amitriptyline). Further, drugs acting primarily or
solely through serotonergic mechanisms are less effective than those
with concomitant noradrenergic effects at least centrally. The drugs
which are more clearly serotonergically active are not as good at
pain relief as those agents which appear to have at least central
activity against serotonin and norepinephrine (McMahon, p. 476
and 1008).

There are a number of postulated central actions of these agents,
though most importantly from a topical perspective there should be
most importantly peripheral actions (Butler, 1985 and McMahon,
p. 476) in the inflammatory milieu as well as possibly other
antagonistic mechanisms of action (e.g., opioids, substance P [SP],
calcium channels) and potentially agonistic mechanisms of action
(potassium channel activation, GABAb potentiation) as well as what
is noted as recent possibilities that they may be NMDA antagonists
or sodium channel blockers (McMahon, p. 476). Thus, the tricyclic
antidepressants (TCAs) may act as local anesthetics (Sudoh, 2003;
Amir, 2006; and McMahon, p. 476).

While there may be no definitive proof for how they affect their
antinociceptive properties, they do: block NE reuptake; block SHT
uptake; block hyperalgesia induced by NMDA agonists; and block
sodium channels (Kerstman, 2013). They also increase endorphin
release and bind at histamine, cholinergic, and adrenergic
neurotransmitter sites (Galer, 1998). Thus, there are a number of
postulated mechanisms of action in the periphery for antidepressants
which include the block of NE, 5HT, potentially histamine,
excitatory amino acids, adenosine, and sodium channels, along
with potentially mimicking or enhancing the properties of opioids.
These multiple mechanisms of action in the periphery were felt to
make the topical applications of antidepressants an attractive option
for using antidepressants via this route of administration (Sawynok
2001). The best known of these transdermally used drugs include:
amitriptyline, protriptyline, nortriptyline, trazodone, and doxepin.

A whole new class of drugs which are effective analgesics arose with
the launch of gabapentin. It has a number of mechanisms of action
(may affect potassium channels, increase GABA, decrease SP release,
and decrease CGRP release (Verma, 2014)) which are potentially
important for pain relief, though its primary mechanism of action
is the blockade of voltage-gated calcium channels (Micheva, 2006;
Hendrich, 2008; McMahon, p. 496). There are two drugs in this
class, the “gabapentinoids:” gabapentin (GBP) and pregabalin
(PGB). Both of these drugs are approved for seizures, as well as
GBP for neuropathic pain including PHN, and PGB also for DNP,
post-herpetic neuralgia (PHN), and fibromyalgia syndrome (FMS)
(Ettinger, 2007; Taylor, 2007; McMahon, p. 496).

It is now known that the specific primary mechanism of action of
both gabapentin and pregabalin—although both drugs are derived
from GABA, neither has any effect on GABA receptors, channels,



or transporters—is calcium channel antagonism by binding to the
0.-2-0 subunit of the VGCC (McMahon, p. 496), presynatpically,
and thus they decrease glutamate and SP release (Hendrich,
2008; Rogawski, 2008; Thorpe, 2010; Kerstman, 2013). Most
of the antinociceptive effects of the gabapentinoids are felt to be
due to their central effects (McMahon, p. 497), though there are
appropriate calcium channels (Cav2.2 channels) found on dorsal
root ganglion (DRG) neurons which preferentially also express
markers for TRPV1 and Nav'1.8 (Bell, 2004; McMahon, p. 497).

Two large multicenter, double-blind, placebo-controlled clinical
trials reported in 1998 demonstrated that gabapentin at a target
dose of 3600 mg/day reduces pain in patients with PHN and DNP
(McMahon, p. 1006), and there have been numerous similar clinical
trials of gabapentin for other types of neuropathic pain, including
for those patients with PHN, DNE, mixed NP syndromes, phantom
limb pain, Guillain-Barré syndrome, and acute and chronic spinal
cord injury pain (McMahon, pp. 1006-1007). Given its success
clinically, in the beginning of this century gabapentin came to be
used more frequently than any other anticonvulsant for chronic
pain (McMahon, p. 1007).

In 2004, pregabalin, another member of this class of drugs that
modulates the 020 binding site, was launched in the United
States for the treatment of both DPN and PHN, the first drug
FDA-approved for such (Ettinger, 2007; McMahon, p. 1007;
Verma, 2014). For PHN, a multicenter, parallel-group, double-
blind, placebo-controlled, 8-week randomized clinical trial of 300
and 600 mg/day was conducted and showed pain relief vs. placebo
which was sustained over the 13-week observation period, as well as
improved sleep and was felt well-tolerated. Thus, for PHN there are
numerous guidelines for using pregabalin along with a TCA/SNRI
for PHN (McMahon, p. 1007; Verma, 2014).

Aside from any action on calcium channels, in the periphery or
centrally, there are other calcium channel blocking agents which
have use for pain of various types in addition to their cardiac
effects and effects on hypertension, and these are more well-known
in treating pain for their inclusion in transdermal preparations.
T-type voltage-gated calcium channels have both central and
peripheral distributions, making them especially amenable,
pethaps, to treatment for a number of pain syndromes (Todorovic,
2011). Examples of these agents include: verapamil; nifedipine;
and levetiracetam, which specifically is an SV2A-binding agent
(McMahon, p. 1007 and Lynch, 2004).

Another class of agents, perhaps more well-known for effects on
hypertension, are a-2-agonists, the most well-known example of
which is clonidine. Clonidine can induce peripheral antinociception
by an 0-2-adrenoceptor-mediated local release of enkephalin-like
substances and by reducing presynaptic norepinephrine release from
sympathetic nerves (McMahon, p. 497). It also may interact with
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NMDA receptors, illustrating that while thinking of the complexity
of the inflammatory milieu is crucial, the interrelationship of the
multiple pathways in pain generation and the pharmacology of
manipulating these for analgesia provides for a better approach
therapeutically (Fan, 2014).

Most of the agents employed to treat pain, and headache, are
those which decrease or block channel activation or use; are anti-
inflammatory; or affect excitatory neurotransmitter release or
uptake. The most notable agonist class of medications includes
those which potentiate GABA. Examples of such GABAergic
drugs: tiagabine, topiramate, zonegran, clonazepam (and the other
benzodiazepines), baclofen, eszopiclone, and valproic acid (we note
that most do have multiple mechanisms of action) (McMahon, p.
497). Specific GABAa agonists include the benzodiazepines, and
baclofen and eszopiclone. Chloride channels have a complicated
physiology, and may be particularly associated with allodynia and
hyperalgesia, along with their having an interrelationship with
GABAa receptors, and possibly a glycinergic mechanism in the
modulation of pain (Price, 2009).

M Glutamate

Glutamate antagonists currently used for pain are those which
act on NMDA receptors. They have a complicated physiology
generally and with the clinical availability of strong (ketamine) and
much weaker (the rest) antagonists (Lipton, 2004), there are often
significant differences among these individual agents. Ketamine is
the most potent of these agents, and has shown the best promise
of those currently available (Jamero, 2011). With respect to pain,
we have the longest use with ketamine, though the use of NMDA
antagonists has expanded from chronic and acute pain treatment
into now the prevention of pain (Helmy, 2001; McCartney, 2004).
Their physiology is complicated, as, for example, there are multiple
binding sites of agonists at the glutamate receptors, and the details
of this interrelationship with glycine and with GABA agonists for
pain treatment is not fully defined (Wood, 2005).

There are numerous potential mechanisms of action of ketamine with
respect to its analgesic properties. The prevention of intraneuronal
calcium influx by blocking NMDA receptors has been felt to be the
most important (Sawynok, 2014). These receptors have been best
known to be in the spinal cord, accounting for their enlarging use
in pain with central sensitivity or of otherwise a central origin as
they are also felt to be the key for the transition from peripheral to
central sensitization (Eide, 2000; Zhou, 2011).

There are peripheral NMDA receptors which can be exploited with
the topical administration of ketamine. By using ketamine locally,
the other peripheral mechanisms of action can play a larger role as
the ketamine can attain higher concentrations in the local tissues and
thus exploit these mechanisms which would otherwise be unavailable



to intravenous or oral routes of ketamine administration (Sawynok,
2014). These other mechanisms of action are felt to include actions
through: opioid receptors; NE/dopamine (DA)/5HT transporter
blockade; Na-/Ca-channel blockade (McMahon, p. 886); and the
inhibition of the production of inflammatory mediators (Sawynok,
2014). Especially that a review article could not recommend IV
and orally available NMDA receptor antagonists for the treatment
of pain in a review of twenty-eight studies (Collins, 2010), we must
get a better understanding of their role in antinociception, but this
should not be taken to mean they are not helpful in treating pain,
just that certainly further study is needed.

That NMDA antagonists have both central and peripheral effects
was illustrated in a study of dextromethorphan, memantine, and
ketamine administered systemically, with the effects felt centrally
mediated, and locally, which was felt to involve local processes
(Sawynok, 2002). Again, that there are peripheral NMDA
receptors expands the possibility of treating through, for example,
locally administered agents and not just those directed at the central
nervous system (Petrenko, 2003).

The best known excitatory amino acid in the nociceptive milieu
is glutamate (Petrenko, 2003; Osikowicz, 2013). Its peripheral
sources include: plasma, macrophages, epithelial and dendritic cells
in the skin, and Schwann cells; further, the peripheral processes
of the primary afferents contain glutamate, so with nociceptor
stimulation there should be the peripheral release of glutamate from
the terminals of these afferent neurons. There are two different
receptor types for glutamate:

* ligand-gated ion channels (ionotropic glutamate receptors);
and

* via G protein-coupled metabotropic receptors, which are
the most widely found receptors in the periphery, with the
former more likely to produce side effects so therapeutic
empbhasis is on the latter (Montana, 2011).

DPeripheral, not central, administration of a glutamate antagonist
reduced inflammatory hyperalgesia, and one particular glutamate
receptor subtype activates phospholipase C (PLC), which leads to
the release of Ca++ from intracellular stores and then activation of
PKC (Walker, 2001). Other effects of glutamate include: inhibition
of glial activation, along with effects on potassium currents and
on neurotransmitter release (Montana, 2011).
complicated loss of central inhibition for central sensitization’s

There is also a

production and perpetuation of pain which may be amenable to
NMDA antagonism (Cheng, 2010).

The NMDARs have some unique properties:

¢ The cation channel (especially porous to calcium)
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controlled by the receptor is also highly permeable to
monovalent ions;

¢ The most efficient activation of the NMDAR occurs with
simultaneous binding of glutamate and glycine, which is,
then, glutamate’s coagonist;

* At rest, the channel is blocked by magnesium, only
opening on concomitant depolarization and binding of
agonist (more efficiently with both coagonists binding)
(Petrenko, 2003; Osikowicz, 2013).

Elevated glutamate levels are associated with neuropathic pain and
accompanied by lowered efficacy of opioids and often depressed
mood or frank depression (Osikowicz, 2013). There are complicated
roles of metabotropic glutamate receptors, and even potentiation
of pain, depending on where the receptors are located (Montana,
2011), though there is the additional advantage that glutamate
targets for pain relief are able to potentiate the analgesic properties
of other medications, such as opioids and antidepressants (Zhour,
2011; Osikowicz, 2013). This potentially represents another avenue
in which polypharmacy can be utilized.

There were a number of neurocognitive side effects from NMDA
antagonism in previous therapeutic trials, and these may limit
their use by routes other than being topically applied. Having
more receptot-selective treatment options may be a solution, or by
preventing their having significant serum levels, the seeming reason
for the centrally-based side effects, by using them in transdermal
compounded preparations would be an alternative way to employ
these medications (Petrenko, 2003).

Studies so far show the most consistent benefit from ketamine and
methadone, which have the potential with oral administration
for more side effects, with the weaker NMDA antagonists being
more attractive from a tolerability standpoint but most without
consistent, clear benefit on treating chronic pain (Jamero, 2011).

Other agents which work via glutamate blockade include
amantadine, dextromethorphan, memantine, methadone (Jamero,
2011), and magnesium, with only the first two currently having
availability for use in topical preparations and with only memantine
in the future having a reasonable role for use in topical preparations.
Methadone will probably continue to have fairly limited use generally
in pain management. There has recently been an expansion of the
use of dextromethorphan (Siu, 2007), and there was some analgesic
effect noted in more than one study (Goldstein, 2002), looking at
its use for DPN and PHN.

Memantine is an important drug currently for pain from an orally
administered route, especially for central sensitivity and other
centrally mediated pains. It was found to be a safe and well-tolerated



medication, primarily in studying patients with dementia (Farlow,
2008; Thomas, 2009; Babai, 2010; Jones, 2010) and even in bipolar
patients (Keck, 2009), with some evidence of help with pain and
headache (Mobius, 2004; Kavirajan, 2009). It is an uncompetitive
NMDA antagonist, so it works better at antinociception at higher
concentrations (Lipton, 2004). A review of memantine’s use in
neuropathic pain could not recommend its routine use (Rogers,
2009). A recent review of 28 studies using NMDA antagonists
(IV ketamine for CRPS; PO memantine in PHN, and IV
ketamine/PO memantine in postamputation pain) could reach no
conclusions about the use of those agents via those routes for the
pain conditions studied, though the authors noted there seemed to
be growing evidence generally that such, especially ketamine, were
efficacious (Collins, 2010). Case reports, though, indicate often
marked help (Hackworth, 2008), and memantine and gabapentin
had similar analgesic effects in a rat model of neuropathic pain
(Chen, 2009). Magnesium, like many of the drugs used for pain,
has a more well-known alternative role: it is a helpful agent for
migraineurs. However, there is a body of literature looking at its use
in, for example, a peri-/post-operative pain setting (Koinig, 1998;
Telci, 2002; Lysakowski C., 2007; Suzuki, 2009).

Having more than one available agent in this class, as in others, may
be important in that we know already that there is potentiation of
analgesia with the application of magnesium and ketamine, each
acting through glutamate receptors (Hong-Tao, 2001). Potentially,
given the complex interactions with the plethoric mediators of
pain, such synergy may be commonly found both within a class
of drugs and more broadly among many drug classes. This would
provide for using “rational polypharmacy” in pain management,
and the transdermal route remains ideally suited for exploiting a
multipronged approach to treating pain.

Il Opioids

Lastly, we should briefly consider the endogenous opioid systems
and ways to use this pathway to more effectively treat pain. The
primary elements of the peripheral system include peripheral
inflammation and the leukocyte-derived opioids at these sites. The
inflammation causes an increase in the release of the peripheral
leukocyte-derived opioids along with an increase in the peripheral
opioid receptors which are expressed by primary sensory neurons
and an improvement (mediated by bradykinin) in the efficiency of
the opioid receptors. Potentially, by treating through the peripheral
opioid analgesic system, it is possible to avoid the central side effects
of opioids: sedation, respiratory depression, addiction. However,
the central effects of opioids do play a large role in the totality of
opioid-induced analgesia.

Again, like many of the drugs used to treat pain, there are a
number of effects of peripheral opioid activity:
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* Reduction in nociceptor excitability;

* Impairment of action potential propagation;

* Inhibition of release of excitatory neurotransmitters;

¢ Inhibition of release of proinflammatory neuropeptides

(SB, CGRP).

Such effects are due to a variety of effects otherwise that
peripherally administered opioids have, such as:

* 0-2-adrenergic antagonism;

* Analgesia via adenosine pathways; and

* TRPVI antagonism (Machelska, 2003a; Machelska,
2003b; Brack, 2004; Labuz, 2007; Machelska, 2007;
Smith, 2008; Moller, 2012).

Tramadol is an atypical analgesic that weakly inhibits norepinephrine
and serotonin reuptake (McMahon, p. 1010; Kerstman, 2013).
There have been two studies for the use of tramadol in neuropathic
pain; a study of its use in DNP in combination with acetaminophen
(a combination often employed orally); and one study showing
help (along with amitriptyline) in phantom limb/stump pain
(McMahon, p. 1010).

Many of the same approaches to pain generally are the same as those
used for migraine (some other specific pain syndromes), given their
shared pathophysiological chemistry and similar patho-anatomical
bases, including having both peripheral and central components
(Burstein, 2000; Burstein, 2003; Yarnitsky, 2003; Landy, 2004;
Silberstein, 2004; Edvinsson, 2005; Olesen, 2009; Edelmayer,
2009; Galletti, 2009; Burstein, 2010; d’Andrea, 2010; Burstein,
2011; Noseda, 2011; Burstein, 2012).

5. TRANSDERMAL THERAPY

Certain medications delivered orally or otherwise have been
found helpful for treating various pain syndromes. As discussed
in detail, this includes: anti-inflammatories, anticonvulsants, and
heterocyclic antidepressants for postherpetic neuralgia (PHN),
diabetic polyneuropathy (DPN), and trigeminal neuralgia (TN)
(Backonja, 2004 and Eisenberg 2007). However, there is a paucity
of data involving even such commonly used oral agents in alleviating
pain (Backonja, 2004 and Eisenberg 2007).

The COX-II controversy in 2004 brought a re-evaluation of pain
treatment which has resulted in a renewed interest in topical
preparations for pain (Stanos, 2007). Potentially, the recent changes
in drug schedule classification for oral tramadol (“Drug Abuse”)
and oral hydrocodone (“Federal Register”) will have similar effects.
There are a number of reasons, as well, without such changes that
a transdermal route of treatment for pain is particularly appealing.
The well-known safety of topical preparations, though, represents



one of the primary advantages, and probably the most appreciated,
of using this route of administration. Others include:

* Avoiding first-pass metabolism/pH/gastric emptying time
variables involved with oral administration;

* Reduction of drug concentration peaks and troughs;

¢ Reduction of side effects due to reduced serum concentrations;
¢ Fasy discontinuation in the event of side effect occurrence;

* Maintenance of sustained and controlled drug delivery over
a prolonged period;

o Target site is directly addressed;
¢ Convenient administration;

¢ Painless administration;

* Better patient compliance; and

* Can be used when oral dosing is not feasible or possible
(Brown, 2006; Stanos, 2007; Galkwad, 2013).

There can be local effects, and accumulation of drugs in target
tissues, without the production of systemic side effects in using
topical preparations (Stanos, 2007; Argoff, 2002). While there is
accumulating evidence of at least some efficacy for a variety of pain
syndromes for a variety of medications, as we have no great evidence
to provide good recommendations for even the gold standard drug
delivery—via the intravenous route—one must remain flexible in
the fight against pain (Kosharskyy, 2013). Certainly exploiting
the skin as a way to treat pain is flexible, and the compounding
of specialized transdermal preparations has its own characteristics
which provide even more flexibility and potentially more effective,
safer pain management.

Transdermal Therapeutics uses technology in trying to effectively
provide medications for topical pain treatment, and this gives
their products a distinct advantage in the realm of topically
applied preparations (Desai, 2010; Paudel, 2010; Reddy, 2014).
A potential limitation of transdermal drug delivery is the stratum
corneum, which prevents diffusion for molecules < 500Da (Stanos,
2007). Transdermal Therapeutics uses micelles for drug delivery
and avoids this otherwise effective barrier to drug administration
(Narang, 2007), thereby allowing the drugs in the compounds
to cross this potential barrier and reach the target tissues. This
potential barrier, then, is overcome by using this technological
advantage. As there are no real skin changes as we age, especially
for older patients a transdermal route may remain a great option
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(Ickowicz E., 2009), and by using micelles we can avoid potential
issues with the technologies commonly employed in the patches. In
using micelles for drug delivery, getting the various drugs deep to
the stratum corneum can also potentially treat the adipocytokine-
mediated role in generating pain (Peterlin, 2009). Thus, using a
transdermal route which permits the delivery of medications to the
target tissues is a great option for a number of painful conditions
regardless of the age of the patient.

Nanotechnology Drug Delivery
Micelles envelop hydrophilic medications to transport them through the
stratum corneum and subcutaneous tissues.

Given the multiple mechanisms of action of the currently available
medications, and the often refractory nature of the pain syndromes
for which they are employed, transdermally directed compounds
can take advantage of “rational polypharmacy.” Further, pain,
especially neuropathic pain, can present in a variety of fashions, and
as such requires treatment capable of handling the heterogeneity
of its presentations (Galluzzi, 2007). Thus, polypharmacy would
be preferred to, for example, the use of a single oral agents being
started, titrated to efficacy and/or intolerable side effects, then
off-titration along with the institution of an alternative or additional
oral agent (Galluzzi, 2009) as the former would be more likely to
reach our target of pain reduction or relief much faster.

A Cochrane review (Matthews, 2009) found that rubefacients
(“counterirritants,” or TRPV1 antagonists plus salicylates) had
efficacy about the same as topical NSAIDs for chronic conditions
but had no real role for acute injuries. However, a case report of
marked pain reduction from a chemotherapy-induced neuropathy
by employing a compound containing ketamine 5%/clonidine
0.5%/gabapentin 6% illustrates both the success which can be
attained by using polypharmacy and the importance of finding
the right dose of the component medications as this patient’s pain
was further improved on increasing the concentration of ketamine
to 10% (Prommer, 2009). Another study found that doxepin,
capsaicin, and a combination of both helped with analgesia in
chronic neuropathic pain (McCleane, 2000), and another found
that a chemotherapy-induced neuropathy was helped with a
compound containing baclofen, amitriptyline, and ketamine
(Barton, 2011).



Even within glutamate antagonists polypharmacy could be
considered.  There was a potentiation of analgesia with the
application of magnesium and ketamine, which act through
glutamate receptors (Hong-Tao, 2001), for example. As there are
often options within different classes of compounds, this kind of
synergy may be found in classes with other mechanisms of action.
Potentially, given the complex interactions among the plethoric
mediators of pain, such synergy is even more likely to be found
among agents of many different classes of medications. This
would provide for an additional argument for employing broad
polypharmacy among the number of classes of medications, similar
to the role “rational polypharmacy” plays in many other disorders,
including epilepsy. The lack of side effects, tolerability, and ease
of use of topical medications would suggest an even better overall
paradigm for using multiple agents applied topically to treat pain.
Transdermal Therapeutics embraces the significant role peripheral
inflammation plays in both acute and chronic pain. Indeed,
NSAIDs in topical preparations have the largest amount of evidence
for their use (Stanos, 2007), with several trade name preparations
being currently available in the U.S. (McPherson, 2013).

Topical NSAIDs were found helpful in acute and chronic pain,
musculoskeletal injuries acutely, and osteoarthritis and tendinitis for
chronic conditions in a review which analyzed 86 trials which included
10,160 patients (Moore, 1998). A Cochrane review of acute pain
from musculoskeletal conditions (sprains, strains, or sports/overuse-
type injuries) found that topical NSAIDs can be useful analgesics
without the systemic side effects found by using oral NSAIDs
(Massey, 2010). In an exhaustive Cochrane review of chronic knee
or hand arthritis, topical NSAIDs were efficacious in treating pain
and about equivalent to the oral administration of NSAIDs (Derry,
2012). Given some limitations, Heyneman et al. felt that there could
be equivalent efficacy of topical and oral NSAIDs, with a superior
efficacy profile for the topical formulations, on specifically being used
to treat theumatic diseases (Heyneman, 2000).

Of the many recommendations from the EULAR Standing
Committee for International Clinical ~Studies Including
Therapeutics (ESCISIT), an assignation of a level of evidence of
Ia (high level of recommendation, through the meta-analysis
of randomized clinical trials) was given to their conclusion that
local treatments, especially for mild to moderate pain and if
pauciarticular, were preferred to systemic treatments, especially
for topical NSAIDs and capsaicin, which they felt were both safe
and effective (Zhang, 2007). This was also followed by the often
enumerated cautions regarding the use of oral NSAIDs.

Similarly, the American College of Rheumatology made the
following pharmacologic recommendations:

* For the initial management of hand OA, topical capsaicin,
topical NSAIDs were conditionally recommended for use,
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with the use of topical NSAIDs preferred to that of oral
NSAIDs; and

* For the initial management of knee OA, topical NSAIDs
were conditionally recommended (Hochberg, 2012).

More recently, topical NSAIDs, and in particular diclofenac (the
only NSAID which is approved for topical use in the U.S.), were
felt to be an important option for treatment in patients with
osteoarthritis, especially in those groups of patients at high risk
for side effects from using oral NSAIDs (e.g., the elderly, those
patients with a history of GI bleeding) (Farlow, 2011; Stanos,
2013). Further, the lack of cardiovascular effects of topically
administered NSAIDs was especially emphasized (Barkin, 2009;
Barkin 2010). The relative lack of attaining significant serum
levels, even in damaged skin (first degree sunburn, which was
accompanied by pain) was also established, and that the serum
levels of both topical applications (normal skin, sunburned skin)
were each <3% of those attained with oral administration of
diclofenac (Magnette, 2004).

A Cochrane review showed that patients with rheumaroid arthritis,
a significantdy inflaimmatory connective tissue disease, also
demonstrated some help with topical capsaicin (Richards, 2012).
Without the advantage of having extensive controlled trials of
compounded transdermal preparations, there is a growing body
of such, and with the available studies using formulations which
do not even take advantage of using micelles as a technologically
superior delivery method, we feel that topically applied compounds
are a reasonable method of treating a number of pain syndromes.
For example, treatment of PHN/localized neuropathic pain with
topical lidocaine patches, neuropathic pain with topical lidocaine,
and even capsaicin cream has been shown to be effective (Galluzzi,
2007; Finnerup, 2007; Zin, 2008; Galluzzi, 2009). Indeed,
Finnerup et al. recommend the lidocaine patch as first-line
therapy for PHN and localized neuropathic pain with allodynia
(Finnerup, 2007). An evidence-based algorithm for the treatment
of neuropathic pain has been presented, in fact (Finnerup, 2007)
making similar recommendations (then followed by gabapentinoids
and antidepressants). Neuropathic pain in older adults is also felt to
be a potential candidate for treatment by transdermal preparations
(McCarberg, 2012).

Topical lidocaine was recommended as first-line treatment for
neuropathic pain by the Neuropathic Pain Special Interest Group
of the International Association for the Study of Pain. Further,
this study particularly noted the multiple negative results of studies
for individual agents used to treat pain (Dworkin, 2010). This
would be consistent with using a broader palate of drugs in trying
to treat pain in trying to avoid the oft-found failure to respond to
a single oral agent.



Glutamate antagonism, e.g., with ketamine, also requires good
randomized trial data, though a recent review (Watson 2010) points
out the paucity of such studies for oral/other analgesics generally.
After their pilot study of lower doses of each agent suggested a
longer term benefit (Lynch, 2003), through its use alone in a 1%
concentration of ketamine, the use of 2% amitriptyline alone, and
their use in combination did produce analgesia in patients with
neuropathic pain syndromes without evidence of significant systemic
absorption (Lynch, 2005). We note that Transdermal Therapeutics
has as its default concentrations 4% for amitriptyline and 10%
for ketamine, and this may provide for greater efficacy of such
compounds as has been previously suggested (Kopsky, 2011).

Similarly, using doxepin alone, capsaicin alone, and their combination
produced similar levels of efficacy among the three options, though the
combination produced its analgesia more rapidly (McCleane, 2000).

SawynoK’s recent review of topical analgesics (Sawynok, 2014) is
an excellent summary of currently available information as well
as considerations of unique patient populations and the future of
this form of therapy for pain. Indeed, enlarging the possible roles
for topical preparations even more, employing topical analgesic
preparations in the specific instance of immediate postoperative
pain has been evaluated (McCleane, 2010).

6. DIAGNOSES FOR TRANSDERMAL
TREATMENT

There are a number of painful diagnoses which can potentially
benefit from transdermal therapy. These include:

¢ Stump pain, DPN, HIV neuropathy, and perhaps chronic
myosfascial pain, for which topical lidocaine 5% can be

helpful (Argoff, 2002);

¢ Cutaneous pain, muscle pain, chronic rheumatological
diseases (McCleane, 2008);

¢ Sports injury pain (strains, sprains, OA, and post-op pain:
NSAIDs (Stanos, 2007; Argoff , 2012; Massey, 2010)

e CRPS I (McCleane, 2002).

* Neuropathies represent one of the most common
neurological disorders, with an incidence range from 2.4%
in the general population to 8% in an older population,
with a point-prevalence of neuropathic pain estimate of
5-7% (McMahon, p. 1004). Of all patients with diabetes,
the point-prevalence of DPN is estimated at 10-20%
(McMahon, p.1004). The list of peripheral and central

nervous system diseases than can cause acute or chronic
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neuropathic pain is lengthy (see below table, modified
from McMahon Box 70-1, p. 1004)

¢ Deripheral neuropathic pain: acute and chronic
inflammatory:

Demyelinating polyradiculoneuropathy;
Alcoholic polyneuropathy;
Chemotherapy-induced polyneuropathy;
Complex regional pain syndrome (CRPS) type 2;
Entrapment neuropathies;

Herpes zoster;

HIV-associated sensory neuropathy;

latrogenic neuralgias;

Idiopathic sensory neuropathy;

Nutritional deficiency-related neuropathies;
Painful diabetic neuropathy (PDN)/diabetic
polyneuropathy (DPN);

Phantom limb pain;

Post-herpetic neuralgia (PHN);

Post-traumatic neuralgias;

Radiculopathy (cervical, thoracic, lumbosacral);
Toxic exposure-related neuropathies;
Trigeminal neuralgia (TN); and

Vasculitis neuropathy.

© O O O O O 0O 0 o0 0o o
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* Central neuropathic pain:

Central post-stroke pain;

Compressive myelopathy;

HIV myelopathy;

MS-related pain;

Parkinson’s disease-related pain;
Post-radiation myelopathy;

Post-traumatic spinal cord injury pain; and
Syringomyelia.

© O O O O 00 0 ©

Perhaps the most commonly thought of neuropathic indication for
transdermal therapy is postherpetic neuralgia (McMahon, p. 1005),
and this is particularly important for the medically complicated
patient as often PHN occurs in the older patient, who may or may
not have oral polypharmacy as a potential complication of trying to
treat their pain, as well as hepatic, renal, and other considerations
(Bruckenthal, 2013).

The treatment of neuropathic pain in diabetes has been well-
described recently (Smith, 2011), with the emphasis on orally
available agents but also exploring the commonly known topical
options. 'The agents explored, however, and their coverage of
polypharmacy, do suggest that using the oral options commonly
employed in a topical, perhaps polypharmaceutical preparation,
may be efficacious.



The use of topical medications for pain from osteoarthritis has
been well-described for quite a while, as noted earlier. TM], neck
pain, back pain, and facial pain/other painful cranial neuralgias are
further considerations for using topical therapy.

It has been suggested that topical options can at least represent
an important option in a multimodal approach to pain (de
Leon-Casasola, 2007). This is certainly true. Hopefully by using
the appropriate drug choices, probably in a polypharmaceutical
approach, in a transdermal preparation which can get good skin
penetration, these tools can hopefully play an even larger role.

The ability to employ rational polypharmacy makes transdermal
preparations an excellent option for a number of acute and chronic
painful conditions. This ability to employ polypharmacy can
overcome poorly understood failures of certain oral medications to
effectively treat certain conditions.

For example:
¢ Carbamazepine is still considered the first choice by many
for initiating treatment for trigeminal neuralgia (see the 3
sets of guidelines: (Mayo Clin Proc 2010; 85(3) (suppl):
S$3-S14; Pain Res Manage Spring 2007; 12(1) 13-21; and
Eur ] Neurol. 2010 Sep;17(9):1113-¢88), but it is not very
effective for PHN or for polyneuropathies (Ettinger, 2007);

* NMDA blockade for CRPS is often helpful, as well as for
DPN, but it is felt of no help for PHN (Zhou, 2011);

¢ Topiramate has very many mechanisms of action and is an
FDA-approved headache preventative medication, but it is a
poor choice for pain otherwise, very much like valproic acid
which is also FDA-approved for migraine prevention but
is felt generally not effective for other pain syndromes
(Ettinger, 2007).

Thus, painting a broader brush in both the numbers of agents to be
compounded into a transdermal preparation as well as exploiting
multiple mechanisms of action should provide for more effective
pain relief.

There are many excellent review articles which look at the
pathophysiology of pain and the spectrum of drug choices which
can be helpful for various painful conditions (Sawynok, 2003;
Stanos, 2007; McCleane, 2007; McCleane, 2008; Ossipov, 2012;
Sawynok, 2013). Further, there are detailed paradigmatic research
protocols to expedite the search for better understanding of pain
and how to more effectively treat it (Antunes-Martin, 2013).
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