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Background: A consequence of HIV infection is sensory neuropathy, a debilitating condition
that degrades the quality of life of HIV patients. Furthermore, life-extending antiretroviral
treatment may exacerbate HIV sensory neuropathy. Analgesics that relieve other neuropathic
pains show little or no efficacy in ameliorating HIV sensory neuropathy. Thus, there is a need
for analgesics for people with this particular pain. While lidocaine is used in the management
of painful peripheral neuropathies, another local anesthetic mepivacaine, with a potentially
improved bioavailability, could be utilized for the management of HIV neuropathic pain.
Methods: The efficacy of topical anesthetics was evaluated in a preclinical rodent model of
painful peripheral neuropathy induced by epineural administration of the HIV envelope protein
gp120 delivered using saturated oxidized cellulose implanted around the sciatic nerve. Beginning
at 2 weeks following gp120 administration, the effects of local anesthetics topically applied
via gauze pads were tested on heat and mechanical hyperalgesia in the hind paw. Rats were
tested using several concentrations of mepivacaine or lidocaine during the following 2 weeks.
Results: By 2 weeks following epineural gp120 implantation, the ipsilateral hind paw devel-
oped significant hypersensitivity to noxious pressure and heat hyperalgesia. A short-lasting,
concentration-dependent amelioration of pressure and heat hyperalgesia was observed follow-
ing topical application of mepivacaine to the ipsilateral plantar hind paw. By contrast, topical
lidocaine ameliorated heat hyperalgesia in a concentration-dependent manner but not pressure
hyperalgesia. Equipotent concentrations of mepivacaine and lidocaine applied topically to the
tail of mice significantly increased tail withdrawal latencies in the tail flick test, demonstrating
that both local anesthetics attenuate responding to a brief noxious stimulus.

Conclusion: These findings showed that mepivacaine, rather than lidocaine, consistently
attenuated two distinct symptoms of neuropathic pain and suggest that topical formulations
of this local anesthetic could have utility in the alleviation of clinical HIV neuropathic pain.
Keywords: chronic pain, acute pain, analgesia, AIDs-related pain, distal sensory neuropathy,
local anesthetics

Introduction

Distal sensory polyneuropathies are the most common and disabling neurological con-
sequence of HIV infection. Symptoms of HIV sensory neuropathies include numbness
and sensory loss but are frequently accompanied by persistent neuropathic pain which
can significantly diminish the quality of life and daily functioning of these patients.'
HIV neuropathic pain is reminiscent of other neuropathic pains such as painful dia-
betic neuropathy, which is characterized by burning sensations, sharp stabbing, and
paresthesias, predominantly affecting the distal innervation of the feet and hands.
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While there are a number of treatments that have been used
in managing other peripheral neuropathic pains, including
anticonvulsants such as pregabalin and antidepressants such
as amitriptyline, none of these have demonstrated significant
efficacy in HIV neuropathic pain.>’-1

Topical local anesthetics, such as lidocaine, are recom-
mended as a first-line therapy in postherpetic neuralgia and
other localized neuropathic pains.!'"'2 There are significant
benefits in using topical anesthetics in pain management,
such as use on an as-needed basis rather than adherence
to a fixed dosing schedule for parenteral medications and
safety. With regard to painful HIV-associated neuropathy,
there are no available data from placebo-controlled random-
ized clinical trials demonstrating the efficacy of topically
applied local anesthetics. Indeed, in the only available
placebo-controlled randomized clinical trial of topical
lidocaine, there were no significant differences in efficacy
from placebo.'

Mepivacaine, a structural analog of bupivacaine with
distinct pharmacokinetics,'* could be more suitable for distal
neuropathies, such as painful diabetic neuropathy and HIV
neuropathy, which primarily involves the feet, in contrast to
postherpetic neuralgia which involves more proximal areas
such as the thorax. Mepivacaine has improved bioavailability
due to its intrinsic vasoconstrictor effect, reducing the rate at
which the drug is cleared away from the site of application.
In addition, mepivacaine may have improved neurological
safety, as it showed the least neurotoxic effects on developing
or regenerating primary cultured neurons among a series of
local anesthetics tested, with lidocaine having the highest
neurotoxic potential.'> Mepivacaine has been used clinically
for intraganglionic nerve blocks!® but has not been tested for
topical application in neuropathic pain.

A preclinical model of HIV-induced neuropathy has been
previously described which demonstrates robust signs of
neuropathic pain.!”!8 Although the pathogenic mechanisms
underlying HIV-associated neuropathies are poorly under-
stood, direct involvement of viral proteins such as gp120 in
producing neurotoxicity and axonal degeneration has been
suggested by in vitro and in vivo studies.'”?* Epineural
placement of gp120 around the sciatic nerve results in an
inflammatory response in the peripheral nerve and subse-
quent development of increased responsiveness of the hind
paw to noxious stimuli (“hyperalgesia”). A number of clinical
analgesics have been tested in this model, but the efficacy of
a topical local anesthetic has not been evaluated.'® Thus, the
current study evaluated the antinociceptive effects of topi-
cally applied mepivacaine in a rat model of HIV-associated

peripheral neuropathic pain. Portions of this work were
presented previously as a poster at scientific conferences.?%

Methods

Animals

To evaluate the effects of topical anesthetics in a model
of HIV-associated neuropathic pain, male Sprague Dawley
rats (Harlan Sprague Dawley Inc., Indianapolis, IN, USA)
weighing 150-200 g at delivery were used. For assess-
ment of anesthetic effects following topical application to
normal skin using the radiant tail flick assay, male mice
(C57BL/6; Charles River Laboratories, Wilmington, MA,
USA) weighing 15-20 g at delivery were used. Animals
were housed in a temperature-controlled environment
(22°C£1°C, 30%—55% humidity) under a 12-hour light/
dark cycle two animals per cage (rats) or five animals per
cage (mice). Food and water were available ad libitum.
Animals were acclimatized to the housing facility for at
least 1 week prior to the start of the studies. All animal
procedures followed National Institutes of Health guide-
lines concerning the care and use of laboratory animals and
were reviewed and approved by the University of Miami
Animal Care and Use Committee.

Rat gp120 HIV-associated neuropathic

pain model

The rat gp120 model was induced by application of HIV
envelope protein gp120 to the sciatic nerve; the virus itself
was not utilized.!” Under isoflurane anesthesia, the left sci-
atic nerve was isolated under aseptic surgical conditions by
blunt dissection of the biceps femoris, without damaging
the perineurium. Oxidized cellulose (Oxycel®; BD, Franklin
Lakes, NJ, USA) was used as a carrier matrix to deliver gp120
directly to the sciatic nerve. Oxycel was prepared in strips of
~8 mm length and 4 mm width, and saturated with a 50 uLL
solution containing 300 ng gp120 in water (HIV-1 MN recom-
binant [Baculovirus], Product 1021-2; Immunodiagnostics,
Inc., Bedford, MA, USA). The Oxycel was wrapped loosely
around the sciatic nerve 2—3 mm proximal to the trifurcation
using care not to cause any nerve constriction. Following
Oxycel implantation, the muscular layer was closed using
3-0 silk, and the skin sealed with veterinarian-grade cya-
noacrylate. Animals were held in recovery for observation
for ~24 hours post-surgery and then returned to their home
cages and checked daily. These procedures resulted in the
development of neuropathic pain symptoms (mechanical and
thermal hyperalgesia and allodynia) by ~2 weeks following
gp120 application."’
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Behavioral testing

Rat gp120 hyperalgesia

In rats, behavioral testing was conducted before and 2 weeks
after gp120 administration to determine baseline responses
prior to local anesthetic administration. For assessment of
pressure hyperalgesia, responsiveness to an increasing force
(measured in grams) applied to the plantar hind paw was
measured with a Randall-Selitto apparatus (Ugo-Basile SRL,
Monvalle, Italy). The rat was loosely wrapped in a towel,
and the hind paw placed on the apparatus’ pedestal. A plinth
was gently lowered onto the hind paw, and the apparatus
activated. A gradually increasing force (32 g/s) was applied
until the rat withdrew its paw from the apparatus. The pre-
surgical withdrawal threshold of naive rats was ~175 g, and
a cut-off of 500 g was assigned in the absence of a response.
For assessment of thermal hyperalgesia, responsiveness to a
brief, noxious heat stimulus was measured using an apparatus
previously described.”’ Rats were placed on an elevated glass
surface and allowed to acclimate for ~15 minutes prior to
baseline testing. An infrared emitter was positioned beneath
one of the paws. The length of time between initiation of
the stimulus and withdrawal of the rat’s hind paw from the
stimulus was recorded by the apparatus (measured in sec-
onds). The stimulus intensity was adjusted to result in mean
presurgical baseline latencies of 10—12 seconds, with a cut-off
of 20 seconds in the absence of a response used to avoid skin
damage. Because of the short duration of the anesthetic, the
response to the infrared stimulus was tested once.

Mouse tail flick test

The gp120 model was used to study the potential beneficial
effects of topical anesthetic treatment of neuropathic pain
resulting from HIV sensory neuropathy. However, it is impor-
tant to compare topical anesthetic effects in a model of sen-
sitivity to acute pain in non-injured animals commonly used
for antinociceptive testing. Toward this end, the mouse tail
flick assay was selected as a simple screen for antinociceptive
effects to noxious thermal stimulation.

In the mice, responsiveness of the tail to brief, noxious
heat stimulation was determined using a Tail Flick Analgesia
Meter (Model 33; IITC, Inc., Woodland Hills, CA, USA; set
at sensitivity 7.5 and beam 5.0). Tail flick latencies (in sec-
onds) were measured on the distal 3 cm region of the tail
at baseline by applying a focused beam of light (thermal
stimulus) to the ventral aspect of the tail. The tail flick latency
is the time interval between onset of the heat stimulus and
withdrawal of the tail from the beam. A maximum cut-off
latency of 8 seconds was used to prevent tissue damage.

For assessment of local anesthetic effects on normal skin,
treatments were administered topically to the mouse tail by
immersion of the distal portion of the tail (3 cm) in drug
or vehicle solutions for 5 minutes. Tail flick latencies were
determined immediately after removal of the tail from the
solution and again at 5 and 10 minutes. Testing of the drugs
was done in a pseudo-Latin square design by an observer
blinded to treatment assignment.

Local topical anesthetics

Pharmaceutical-grade mepivacaine base was procured
from Cambrex Karlskoga AB (Karlskoga, Sweden). The
local anesthetic lidocaine was selected as a “gold standard”
comparator, since this agent is clinically utilized as a topical
analgesic.!"'222 Lidocaine base (American International
Chemical, Inc., Framingham, MA, USA), manufactured by
Gufic Biosciences (Mumbai, India) (Lot No. 1049), was pro-
vided by Relmada Therapeutics, Inc. (New York, NY, USA).
Dimethyl sulfoxide was procured from Sigma-Aldrich Co.
(St Louis, MO, USA). Fresh drug solutions were prepared
on each test day. On the day of testing, dimethyl sulfoxide
was diluted with distilled water to prepare a 90%:10% (v/v)
solution to serve as the vehicle. Since the purpose of the
study was to compare potency of topical mepivacaine with
more commonly used clinical local anesthetic lidocaine, a
wide range of concentrations of both agents was used. Drugs
were serially diluted in vehicle and mixed by vortexing, to
achieve concentrations ranging from 2 to 32 mM.

Application of topical anesthetics to the
hind paw of the rat gp120 model

For local anesthetic delivery to the rat hind paw in the region
where noxious stimuli were to be delivered, a 2x2 in gauze pad
was saturated with either drug or vehicle and secured to the
left plantar hind paw with Parafilm for 5 minutes. Following
removal of the pad, rats were immediately tested. Rats were
tested again at 5 and 10 minutes after removal of the pad.
Due to the rapid onset and short duration of topical
application of local anesthetic agents, animals were evaluated
for thermal or mechanical responses in separate groups. In
order to minimize the number of animals, rats were tested
for responses to several drugs/concentrations over the 2-week
period following induction of neuropathic pain, with at least
48-hour intervals between testing days. Drug dosing was done
using pseudo-Latin square design by an observer blinded to
treatment assignment, and continued until n=6-9 animals
were accrued for each drug concentration and pain test
(each animal was used four to five times). Although each ani-
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mal did not receive all possible treatments, all concentrations
were given to at least one animal on each test day in order to
minimize effects of day-to-day environmental variables. The
continued presence of hyperalgesia in the rats was confirmed
by predrug application baseline testing on each test day.

Application of topical anesthetic to the
mouse tail

For this part of the study, 4 and 10 mM lidocaine concentra-
tions (based on the effective concentration range of this agent
determined using the mouse tail flick test*®) were compared
with higher concentrations of mepivacaine (8, 16, and 32 mM).

Statistical analysis

Statistical comparisons for changes in thermal and mechani-
cal hyperalgesia in the gp120 model and mouse tail flick
latencies were performed using two-way analysis of variance
(repeated measures) and the Newman—Keuls test for multiple
post hoc analysis (SigmaPlot 12.0). The data were also ana-
lyzed as a percent change in baseline response:

% change from baseline =
(drug effect — predrug effect)/predrug effect x 100, (1)

wherein “drug effect” = withdrawal threshold (in grams) or
withdrawal latency (in seconds) following drug or vehicle
treatment, and “predrug effect” = withdrawal threshold
(in grams) or withdrawal latency (in seconds) prior to drug
or vehicle treatment. Thus, a 100% change is antinocicep-
tive, whereas a 0% change indicates no efficacy. The percent
change, withdrawal threshold, and latency data were pre-
sented as mean + standard error of the mean.

Since a reduction in symptom severity by 30%—-50% is
considered a clinically relevant therapeutic outcome in the
management of neuropathic pain, “analgesia” was defined
quantally as a response >33% increase over baseline calcu-
lated for an individual animal.>* The percentage of all rats that
demonstrated such a response is presented. Data are graphi-
cally represented using GraphPad Prism software. Statistical
significance was declared if the two-sided P-value was <0.05.

Results

Effects of topical mepivacaine on gp|20-
induced neuropathic hyperalgesia

Baseline responses to noxious pressure (Figure 1A) and
noxious heat (Figure 2A) are shown prior to gp120 surgery
(“pre-gp120”) and at 2 weeks following gp120 sciatic nerve
exposure (“predrug”). Neither pre-gp120 nor predrug scores

differed between any of the treatment groups (P>0.05 at these
test points, for both mechanical and heat tests). Epineural
placement of gp120 around the rat sciatic nerve via Oxycel
carrier resulted in significantly decreased thresholds of with-
drawal from pressure (Figure 1A) and decreased latencies to
withdrawal from noxious heat (Figure 2A), suggesting the
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Figure | Effect of topically applied mepivacaine on mechanical hyperalgesia in rats
with gp120-induced neuropathic pain.

Notes: (A) Effects of several concentrations (in millimolars) of topical mepivacaine
or vehicle on hind paw withdrawal thresholds (in grams). Withdrawal thresholds
before application of gp120 to the sciatic nerve (“pre-gp120”) and 2 weeks after,
prior to topical application (“predrug”), were measured. Rats were tested within
I minute (“immediate”) of removal of the gauze pad, and 5 and 10 minutes following
removal of the gauze pad. Data are presented as mean + standard error of the
mean (n=7—10 animals per treatment group). (B) Percent changes in mechanical
withdrawal thresholds following topical mepivacaine treatment, calculated from
predrug baseline scores in (A). (C) Percent of animals in each concentration group
reaching 233% increase in mechanical withdrawal threshold from predrug baselines.
*P<0.05, **P<0.01, and ***P<0.001 vs vehicle-treated rats.
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Figure 2 Effect of topically applied mepivacaine on thermal hyperalgesia in rats with
gp120-induced neuropathic pain.

Notes: (A) Effects of several concentrations (in millimolars) of topical mepivacaine
or vehicle on hind paw withdrawal latencies (in seconds). Withdrawal latencies
before application of gp120 to the sciatic nerve (“pre-gp120”) and 2 weeks after,
prior to topical application (“predrug”), were measured. Rats were tested within
| minute (“immediate”) of removal of the gauze pad, and 5 and 10 minutes following
removal of the gauze pad. Data are presented as mean * standard error of the mean
(n=7-10 animals per treatment group). (B) Percent changes in thermal withdrawal
latencies following topical mepivacaine treatment, calculated from predrug baseline
scores in (A). (C) Percent of animals in each dose group reaching 233% increase
in thermal withdrawal latencies from predrug baselines. *P<0.05, **P<0.01, and
*#*P<0.001 vs vehicle-treated rats.

emergence of pressure and heat hyperalgesia, respectively,
2 weeks following epineural gp120 administration.

Topical administration of mepivacaine produced sig-
nificant antinociception (overall F [df 5,4] =59.5, P<0.001)
as indicated by an increase in withdrawal threshold (Figure
1). By contrast, vehicle treatment alone did not significantly
alter withdrawal thresholds. The antinociceptive effects of

mepivacaine on gpl20-induced mechanical hyperalgesia
were most robust immediately following removal of the
topical bandage, and tended to dissipate over the next
5-10 minutes. Significant antinociceptive effects were
achieved by mepivacaine concentrations 4, 8, 16, and
32 mM (P<0.001 compared with vehicle treatment). No
significant reversal of pressure hyperalgesia was observed
with the lowest tested mepivacaine concentration (2 mM).
Antinociceptive effects were sustained for at least 5 minutes
following removal of the adhesive containing the two highest
concentrations of mepivacaine (P<0.05 and P<0.001 for 16
and 32 mM, respectively).

Results are shown as percent change from predrug base-
lines in Figure 1B. Using this evaluation, all concentrations
of mepivacaine appeared to increase mechanical thresholds
from baseline, although statistically significant increases
from individual baseline responses were reached only
immediately following gauze pad removal (P<0.001 at 4 and
8 mM concentrations and P<0.01 at 16 mM concentration
compared with vehicle) or at 5 minutes (P<0.05 at 8 and
32 mM concentrations compared with vehicle).

Data were also evaluated using a 33% “analgesia” cri-
terion across all subjects in a dosing group, since this is
frequently considered as indicative of clinically relevant
efficacy.”® According to this analysis, 50%-90% of the topical
mepivacaine-treated animals tested displayed clinically sig-
nificant antinociception at any given time point. In contrast,
0%—10% of vehicle-treated animals showed antinociception
at any given time point (Figure 1C). In this case, the antinoci-
ceptive effects of topical mepivacaine were strongest imme-
diately at removal of the application gauze but continued for
at least 5 minutes for all mepivacaine concentrations except
for the lowest (2 mM).

Topical mepivacaine treatment significantly increased
withdrawal latencies as assessed by the heat hyperalgesia
test (Figure 2; overall F [df 5,4] =7.4, P<0.001). Similar to
responses of decreased withdrawal thresholds to noxious
pressure, withdrawal response latencies to noxious heat were
decreased 2 weeks following sciatic nerve exposure to gp120,
indicative of thermal hyperalgesia (pre-gp120 vs predrug
responses). In animals that received topical mepivacaine, the
most robust antinociceptive response was observed 5 minutes
following gauze removal (P<0.001 for the 8, 16, and 32 mM
concentrations and P<0.05 for the 4 mM concentration,
compared with vehicle). The highest concentration (32 mM)
showed antinociceptive effects beginning immediately fol-
lowing pad removal (P<0.01 compared with vehicle). As
observed for mechanical hyperalgesia, antinociceptive effects
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of topical mepivacaine dissipated by ~10 minutes following
removal of the gauze. In contrast, vehicle application to the
hind paw did not affect thermal hyperalgesia at any given
time point.

The percent change from predrug baseline following
treatment is shown in Figure 2B. While all concentrations of
mepivacaine produced positive increases in withdrawal laten-
cies, statistically significant differences between treatment
groups were not found (P>0.05 compared with vehicle). None
of the mepivacaine concentrations showed a >50% change
from baseline. (By contrast, in the paw pressure test, neuro-
pathic rats treated with either 16 or 32 mM of mepivacaine
showed >50% changes from baseline [Figure 1B].)

When the percent of animals reaching 33% or better
“analgesia” was analyzed, 20%—-60% of animals that received
mepivacaine concentration in the 4-32 mM concentration
range were found to satisfy this 33% “analgesia” criterion
immediately following removal of the gauze pad (Figure 2C).
However, 5 minutes after removal of the gauze pad, 50%—70%
of the rats treated with 4-32 mM mepivacaine demonstrated
analgesia.

Effects of topical lidocaine on gp120-

induced neuropathic hyperalgesia

In neuropathic rats only modest and transient antinocicep-
tive effects of lidocaine on pressure hyperalgesia were
observed (P<0.05 for 16 and 32 mM lidocaine compared
with vehicle, immediately following gauze pad removal)
(Figure 3A). When calculated as a percent change from
baseline, no significant differences between lidocaine treat-
ment and vehicle were observed (Figure 3B). In addition,
only 15%—40% animals reached the 33% analgesia criterion
following topical lidocaine treatment in the 4-32 mM range
(Figure 3C).

Topical lidocaine appeared more effective against thermal
hyperalgesia, with 8 and 32 mM concentrations producing
significantly increased thermal withdrawal latencies immedi-
ately following gauze removal (P<0.01 and 0.05, respectively,
for 32 and 8 mM, compared with vehicle, Figure 4A). This
is also suggested by analyzing percent change from baseline
(Figure 4B), with some treatments resulting in 70%—80%
increases in thermal response latencies from baseline,
although these were not statistically significant from vehicle.
In addition, 30%—70% of animals reached the 33% analgesia
criterion (Figure 4C). Topical lidocaine in this concentration
range appeared to sustain antinociceptive effects on thermal
hyperalgesia for up to 10 minutes following gauze pad
removal (Figure 4A—C).
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Figure 3 Effect of topically applied lidocaine on mechanical hyperalgesia in rats with
gp120-induced neuropathic pain.

Notes: (A) Effects of several concentrations (in millimolars) of topical lidocaine
or vehicle on hind paw withdrawal thresholds (in grams). Withdrawal thresholds
before application of gpl20 to the sciatic nerve (“pre-gp120”) and 2 weeks after,
prior to topical application (“predrug”), were measured. Rats were tested within
| minute (“immediate”) of removal of the gauze pad, and 5 and |0 minutes following
removal of the gauze pad. Data are presented as mean + standard error of the
mean (n=7-10 animals per treatment group). (B) Percent changes in mechanical
withdrawal thresholds following topical lidocaine treatment, calculated from
predrug baseline scores in (A). (C) Percent of animals in each dose group reaching
233% increase in mechanical withdrawal threshold from predrug baselines. *P<0.05,
vs vehicle-treated rats.

Effects of topical anesthetics on acute
nociception in mice

Peak antinociceptive effects of all local anesthetic concen-
trations except 4 mM lidocaine (P<0.01 for 32 and 8 mM
mepivacaine and P<0.05 for 16 mM mepivacaine and
10 mM lidocaine compared with vehicle) were observed
5 minutes following removal of the tail from the anesthetic
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Figure 4 Effect of topically applied lidocaine on thermal hyperalgesia in rats with
gp120-induced neuropathic pain.

Notes: (A) Effects of several concentrations (in miilimolars) of topical lidocaine or
vehicle on hind paw withdrawal latencies (in seconds). Withdrawal latencies before
application of gp120 to the sciatic nerve (“pre-gp120”) and 2 weeks after, prior to
topical application (“predrug”), were measured. Rats were tested within | minute
(“immediate”) of removal of the gauze pad, and 5 and 10 minutes following removal
of the gauze pad. Data are presented as mean + standard error of the mean (n=7-10
animals per treatment group). (B) Percent changes in thermal withdrawal latencies
following topical lidocaine treatment, calculated from predrug baseline scores in
(A). (C) Percent of animals in each dose group reaching 233% increase in thermal
withdrawal latencies from predrug baselines. Asterisks indicate differences between
lidocaine treatment compared with saline-treated rats: *P<0.05.

solution (Figure 5A). Similarly, significant efficacy of these
treatments was apparent when the increases in tail with-
drawal latencies were converted to a percent change from
baseline (Figure 5B; P<0.01 at 5 minutes posttreatment for
32 mM mepivacaine, 8 mM mepivacaine, and 10 mM lido-
caine, compared with vehicle). All concentrations of local
anesthetics, except 4 mM lidocaine, produced 50%—-90%
antinociception as assessed by the 33% analgesia criterion
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Figure 5 Effects of topically applied mepivacaine and lidocaine on acute nociception
in the mouse tail flick assay.

Notes: (A) Effects of several concentrations (in millimolars) of topical mepivacaine,
lidocaine, or vehicle on tail flick withdrawal latencies (in seconds). Withdrawal
latencies were measured before application of drug to the tail (“baseline”). Mice
were tested within | minute (“immediate”) of removal of the tail from the topical
solution, and 5 and 10 minutes following removal of the tail from the topical
solution. Data are presented as mean =+ standard error of the mean (n=7-10 animals
per treatment group). (B) Percent changes in tail flick latencies following topical
anesthetic treatment, calculated from predrug baseline scores in (A). (C) Percent
of animals in each dose group reaching 233% increase in tail flick latencies from
predrug baselines. *P<0.05, **P<0.01 vs vehicle-treated mice.

5 minutes after removal from local anesthetic solution
(Figure 5C).

Discussion

The current study was designed to assess potential devel-
opment of the local anesthetic, mepivacaine, as a topical
treatment approach for reducing HIV-related painful periph-
eral neuropathy. While a clinical formulation for extended or
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intermittent treatment using, for example, a patch or gel can
be envisioned for future development, as a necessary first
step, this study evaluated the transient acute antinociceptive
effects of short-term topical application in an animal model of
HIV-induced painful sensory neuropathy. Topical application
of mepivacaine to the hind paw significantly alleviated both
mechanical and thermal hyperalgesia in the current rat model.
By contrast, the topical application of the more traditionally
used local anesthetic lidocaine was effective in reducing heat
hyperalgesia but only marginally effective in reducing pressure
hyperalgesia in this neuropathic pain model. Topical mepiva-
caine and lidocaine produced comparable effects in response to
noxious heat in non-injured animals (the mouse tail flick test).
The current data suggest that the topical application of the local
anesthetic mepivacaine could have improved effectiveness in
reducing painful symptoms of HI V-induced neuropathic pain.
HIV distal sensory polyneuropathies are attributable to
both the disease itself and antiretroviral treatments which exac-
erbate neurotoxicity.’! As combination antiretroviral therapy
has markedly improved survival in HIV patients and reduced
some neurotoxic complications of the treatments, the preva-
lence of HIV sensory neuropathy has increased with increasing
survival rates, and remains high globally, estimated from 20%
to over 50%, with nearly half of patients experiencing pain
rated as “severe”.>>*? Symptomatic control of HIV-associated
neuropathic pain is difficult to achieve using conventional
analgesic therapies and further complicated by concerns with
potential substance abuse disorders in this patient population.??
Although several therapies have been tried for its treatment,
to date, no drugs have been specifically approved for painful
HIV-associated neuropathy. Small clinical trials have suggested
beneficial effects compared to placebo for smoked cannabis,
recombinant nerve growth factor, and topical capsaicin.’?
These treatments however are not without side effects such
as the psychomimetic effects of cannabis, myalgia that occurs
following nerve growth factor treatment, and the intense,
acute pain following capsaicin application. Pharmacotherapies
that are used in the management of other painful peripheral
neuropathies, including the anticonvulsants lamotrigine, gaba-
pentin, and pregabalin, and the antidepressants amitriptyline,
mexiletine, and memantine, have not demonstrated substantial
analgesic effects on HIV-induced neuropathic pain.>’°
Spontaneous peripheral nerve activity following injury or
disease has been suggested to have a key role in maintaining
the neuropathic pain state.** The gp120 model for HIV-asso-
ciated neuropathic pain also appears to have an inflamma-
tory pain component.* An inflammatory-like response was
observed following application of gp120 to the sciatic nerve,

with axonal swelling and endoneural vasodilation.'” The
inflammatory cytokine tumor necrosis factor was found within
and surrounding the nerve, suggesting the presence of infiltrat-
ing immune cells. Application of tumor necrosis factor to the
sciatic nerve leads to ectopic activity in rat sciatic nerve and
mechanical and thermal hyperalgesia.* Thus, peripheral nerve
spontaneous activity evoked by gp120 is one mechanism by
which HIV infection could lead to neuropathic pain.

Local anesthetics are thought to attenuate spontaneous
activity and ectopic discharges due to upregulated sodium
channels in injured peripheral nerves, thereby leading to
pain relief.®# The application of lidocaine to an injured
nerve can suppress ectopic activity and neuropathic pain.*
Topical local anesthetics, particularly lidocaine, have been
clinically evaluated in the treatment of peripheral neuropathic
pain states.***® Several formulations of topical lidocaine are
available or in development including a lidocaine 5% patch
(Lidoderm® 5%), 5% plaster, cream mixtures (eg, EMLA),
ointments, gels, and sprays. The Lidoderm® 5% patch is
one of three US Food and Drug Administration-approved
treatments for the management of postherpetic neuralgia
(along with gabapentin and pregabalin). Nevertheless, the
lidocaine patch provides only modest pain relief in patients
with postherpetic neuralgia,* and a recent review of random-
ized controlled studies concludes that there is no evidence
to support the use of topical lidocaine for the treatment of
neuropathic pain.? In the only available placebo-controlled
randomized clinical trial of topical lidocaine for HIV-asso-
ciated neuropathic pain, the effect of treatment did not differ
significantly from placebo.'* Although the lidocaine patch has
not demonstrated efficacy in well-controlled clinical trials in
painful HIV-associated neuropathy, in the absence of other
approved therapies, it continues to be used for this purpose.

A potential value of mepivacaine for neuropathic pain
treatment is its improved bioavailability compared with
lidocaine. This is supported by the current findings showing
a broader range of behavioral effects on pain symptoms.
Mepivacaine has an intrinsic vasoconstrictor effect which
could reduce the rate at which the drug is cleared away from
peripheral (skin) sites of pain generation. In addition, mepiva-
caine may have improved neurological safety, allowing higher
doses to be applied to achieve improved analgesia. Among a
series of local anesthetics, mepivacaine had the lowest neu-
rotoxic effects on primary cultured neurons (lidocaine had
the highest).!® In the current study, the topical application of
mepivacaine attenuated both hind paw mechanical and thermal
hyperalgesia in rats with gp120-induced peripheral neuropa-
thy. The topically applied local anesthetics in this model likely
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suppressed pain by a transient suppression of spontaneous
activity of peripheral nerves. In contrast to mepivacaine, topi-
cal lidocaine suppressed heat but not mechanical hyperalgesia.
It is possible that local anesthetics do not suppress mechanical
hyperalgesia as well as thermal hyperalgesia, and that a higher
concentration of lidocaine could also have had an antinocicep-
tive effect on mechanical hyperalgesia. However, neurotoxicity
is likely at high concentrations of lidocaine. Lidocaine and
mepivacaine were equipotent in modestly reducing respon-
siveness to heat in normal skin, as assessed by the mouse tail
flick test, similar to the effects reported by others.* Thus, the
improved analgesic effects of topical mepivacaine, to expand
coverage to include suppression of mechanical as well as heat
hyperalgesia, may be indicative of distinct mechanisms such
as inhibition of a wide range of nociceptor subpopulations.

There is a need for an alternative, topically applied
local anesthetic for the treatment of HIV-induced painful
peripheral neuropathy. Although the gp120 model produces
a mononeuropathy in contrast to the distal symmetrical
polyneuropathy more characteristic of HI V-associated neuro-
pathic pain, topical treatment approaches using other agents
(eg, capsaicin®7) have been explored for this condition, and
a potential value of topical application is the ability to apply
it locally (or bilaterally) on an as-needed basis. Thus, topi-
cal anesthetics can improve patient compliance, and dosing
is not a significant safety or off-target issue compared with
orally or parenterally administered medications. Mepivacaine
in the current study demonstrated good antinociception in
a rat model of gp120-induced peripheral neuropathic pain,
whereas an equivalent concentration of lidocaine that dem-
onstrated comparable antinociception in the tail flick test was
not effective on neuropathic mechanical hypersensitivity.
Thus, mepivacaine could be a useful treatment in managing
HIV-induced painful peripheral neuropathy.

It should be noted that, like most experimental animal
models relying on assessment of evoked responses to cutane-
ous stimuli, the more common complaints of patients with
HIV-related neuropathic pain, such as spontaneous burning
and stabbing sensations, can only be inferred using these
outcome measures. HIV neuropathic pain patients report
a number of sensory disturbances including sensitivity to
temperature and touch.! Future preclinical efforts focused on
the development of clinical therapies should include newly
emerging models to capture non-evoked spontaneous pain
outcomes. In addition, with the development of transgenic
and HIV humanized mouse models, future studies using these
models may further strengthen the search for effective thera-
peutics in the treatment of HIV-induced neuropathic pain.

Although significant analgesic efficacy was achieved
by topical mepivacaine in this initial exploration of HIV-
associated painful sensory neuropathy, a limitation in its
potential therapeutic usefulness is the transient and rapidly
dissipating antinociceptive effect. The development of
improved transdermal delivery systems should overcome
this limitation and prolong analgesic effects of topical local
anesthetics. Gel formulations showing enhanced local anes-
thetic action in tail flick test using various agents (mepiva-
caine, prilocaine, bupivacaine) have been reported.*-** Thus,
future directions will include development of mepivacaine
gel formulations for evaluation as a treatment approach in
managing HIV-associated neuropathic pain. Based on the
promising outcomes in the current study, clinical formula-
tions of mepivacaine gels with increased permeation over
time compared with 5% lidocaine patch are being developed
by the study sponsor. These advances should markedly
improve the efficacy and safety in the management of neu-
ropathic pain syndromes, particularly HIV-induced painful
peripheral neuropathy.
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