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Abstract

We report on the ongoing project “A Novel Therapeutic to Ameliorate Chronic Pain and Reduce
Opiate Use.” Over 100 million adults in the U.S. suffer from intermittent or constant chronic pain,
and chronic pain affects at least 10% of the world’s population. The primary pharmaceuticals for
treatment of chronic pain have been natural or synthetic opioids and the use of opioids for pain
treatment has resulted in what has been called an “epidemic” of opioid abuse, addiction and lethal
overdoses. We have, through a process of rational drug design, generated a novel chemical entity
(NCE) and have given it the name Kindolor. Kindolor is a non-opiate, non-addicting molecule that
was developed specifically to simultaneously control the aberrant activity of three targets on the
peripheral sensory system that are integral in the development and propagation of chronic pain. In
our initial preclinical studies, we demonstrated the efficacy of Kindolor to reduce or eliminate
chronic pain in five animal models. The overall goal of the project is to complete the
investigational new drug (IND)-enabling preclinical studies of Kindolor, and once IND approval is
gained, we will proceed to the clinical Phase la and 1b safety studies and a Phase 2a efficacy
study. The work is in its second year, and the present report describes progress toward our overall
goal of bringing our compound to a full Phase 2 ready stage.
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INTRODUCTION

Chronic Pain and Magnitude of Problem

Acute pain is an important component of our sensory systems for maintaining survival and
reducing the extent of harm to our body. However, the peripheral sensory system, as well as
the spinal cord and brain, has the capacity to (mal) adapt to tissue or neuron injury [1], such
that pain is perceived well beyond the time (months/years) that the injury is healed. Pain can
then be generated by stimuli that are normally innocuous (allodynia), or the response to a
noxious stimulus is greatly exaggerated (hyperalgesia). In some cases pain can arise
spontaneously, and without provocation (this type of pain can be continuous or paroxysmal).
If pain persists for longer than three months after an injury is healed, it is referred to as
chronic pain. The recent version of the ICD-11 has developed a new and pragmatic
classification of chronic pain [2]. Chronic neuropathic (neuronal damage) pain, as
exemplified by the pain arising from diabetic neuropathy or osteoarthritis, is many times
treated with opiate medications. However, typical opiates have low efficacy in these types of
chronic pain, and dose escalation is common [3-7]. Our aim is to produce a medication that
supplants the use of opiates for chronic pain treatment and/or our medication can be used in
conjunction with opiates to reduce the doses of opiates to levels incompatible with
development of addiction. Another feature of the medication we are developing is the ability
to block the development of chronic pain, when given soon after tissue/nerve damage.

Chronic pain can be considered the major public health problem in the U.S. The Institute of
Medicine report “Relieving Pain in America...” released in 2011 [4] stated that chronic pain
affects at least 100 million adults in the U.S., costs society $560-$635 billion annually and
significantly reduces the quality of life for the individuals suffering from chronic pain [5].
The Centers for Disease Control and Prevention estimated in 2014 that 29.1 million people
(9.3% of the US population) have diabetes, and that 30-50% of these individuals will
eventually develop diabetic peripheral neuropathy (DPN) [8,9], which is caused by
decreased blood flow and hyperglycemia [10]. DPN consists of several symptoms, has a
wide tissue distribution and is usually chronic and progressive [11]. DPN is defined as “pain
initiated or caused by a primary lesion or dysfunction in the nervous system” [12]. The pain
associated with DPN is described as burning, stabbing, numbness, or pins-and-needles
sensations [10,13]. Untreated DPN often leads to foot ulceration and lower extremity
amputation.

Therapy for Chronic Pain and Opiate Use.—Current pharmacotherapy for DPN
incudes anticonvulsants, non-steroidal anti-inflammatory drugs (NSAIDSs), cyclooxygenase
2 inhibitors, tricyclic antidepressants, benzodiazepines and opioids [14,15]. Only duloxetine,
a selective serotonin norepinephrine reuptake inhibitor (SSNRI), and pregabalin, an
anticonvulsant, are currently approved by the FDA for treating DPN [16]. There is no good
evidence that typical opiates are effective for treatment of DPN [6,7], although atypical
opiates (e.g., tramadol, which has SSNRI activity) were reported to be moderately effective
(but with low strength of evidence) [17]. Nevertheless, a study of DPN patients receiving
pharmacotherapy found that 53% had DPN-related opiate use, and 33% received opioids as
first line treatment [10]. Only 1% and 6%, respectively, received duloxetine or pregabalin. A
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review of DPN pharmacotherapy studies revealed that while duloxetine, pregabalin and
some anticonvulsants and tricyclic antidepressants, as well as atypical opioids, were more
effective than placebo in reducing DPN pain, most of these drugs had low to moderate effect
sizes and low strength of evidence [17]. In addition, all of the treatments had substantial
risks of adverse effects. In particular, for the atypical opiates, the duration of studies was
short, and most guidelines recommend against the use of opioids for chronic pain, given the
lack of evidence for long-term benefits and evidence of risk for abuse and overdose [18].
Volkow and McLellan [19] have recently provided an overview of the problems associated
with opiate use to treat chronic pain and stressed several points. A major point made for
mitigating risk associated with opiate use was “common strategies that can help mitigate all
risks, include limiting the prescribed opioid to the lowest effective dose for the shortest
effective duration (for acute and chronic pain) without compromising effective analgesia.”
The concern over the significant increases in the use of opioids to treat pain, and
accompanying problems of overdose, misuse and diversion, led to the CDC “Guidelines for
Prescribing Opioids for Chronic Pain” [20]. These “Guidelines” presented two principles:
(1) Non-opioid therapy is preferred for chronic pain outside of active cancer, palliative, and
end of life care; (2) When opioids are used, the lowest possible effective dosage should be
prescribed to reduce risk of opioid use disorder and overdose. The recommendation was not
to exceed a dose of opiate equivalent to 90 mg of morphine. This brought a plethora of
concerns from both physicians and patients ([21] and [22] (e.g., Editorial: Have we gone too
far? Can we get back?)) that these guidelines will stifle the optimum treatment of chronic
pain. The one area in which pain experts agree is that pain needs to be controlled and the
best option is the development of new non-opioid medications based on scientific knowledge
of chronic pain etiology, including persistence, initiation, conduction, transduction and
perception [23,24].

In fact, there is no shortage of attempts to develop novel medications for treatment of
chronic pain and some of the more advanced agents are listed in Yekkirala et al. [25] and
Worley [26], but the pain medication development field has been likened to the state of
cancer medication research sixty years ago [26]. One hopes that the missteps in the cancer
medication development are not repeated in developing new medications for chronic pain.
Target selection is the key feature of the initiation of a program of chronic pain drug
development, and the lesson learned from cancer has been that agents highly selective for a
single target/site are most times less effective than a therapy engaging two or more relevant
targets mediating cancer survival and progression [27]. When we began the design of our
multi-target agent for chronic pain treatment in 1998 [28], the pharmaceutical industry was
(and is still) wedded to the concept that acceptable medications had one high affinity on-
target site and any functional interactions with other (off-target) sites were undesirable and
predictive of adverse events [29]. In the interim, perceptions have changed due to carefully
designed (with some serendipity) successful multi-target medications for treatment of
schizophrenia, viral infections, neurodegenerative disease and cancer [29], and a multitude
of recent publications [29-32] are touting and refining the multi-target approach for complex
disease treatment.
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Novel Drug Design Strategy

Our initial strategy was to focus on targets that conduct sensory information from
nociceptors (i.e., sodium channels of the peripheral nervous system) and the systems that
transduce information within and between sensory neurons. We particularly wanted to focus
on systems that show evidence of (mal) adaptation coincident with the development of
chronic pain. The systems/targets that gained our attention were the glutamatergic (NMDA
receptors) and voltage sensitive sodium channels, VSNaCs (Nav 1.7 and 1.8). We used
“rational drug design” to create a single molecule (“Kindolor”) with affinity and inhibitory
function at these glutamatergic receptors and VSNaCs. As will be explained below, the
function of the molecule we created is confined primarily to the peripheral sensory neurons.
The expectation is that actions at multiple sites within the same system/network should
result in additive or synergistic effects [33]. The location of our multiple targets to the
peripheral sensory system also allows for synergistic effects with agents that act on the
extended elements of the initiating and integrating (CNS) features of chronic pain (i.e.,
opioids, gabapentinoids, antidepressants, anti-inflammatory agents).

Molecular Targets that Initiate and Maintain Chronic Pain—Voltage Sensitive
Sodium Channels.—Once initial damage or insult occurs to peripheral sensory neurons,
there are some notable similarities in the adaptive consequences evident in these neurons.
One of the most investigated molecular mechanisms leading to neuropathic pain syndromes
is an upregulation of the activity of peripheral VSNaCs [34-38]. Outside of the CNS, and
within sensory neurons, Nav 1.3, Nav 1.6, and Nav 1.7 isoforms comprise the primary TTX-
sensitive VSNaCs (Nav 1.3 is a VSNaC primarily expressed during fetal development but
which can reappear after nerve injury). Nav 1.8 and Nav 1.9 are the TTX-insensitive
isoforms present in sensory neurons. The Nav 1.7 channel is located along the projections of
and cell bodies of the slowly conducting nociceptive neurons [36,39]. The role of the Nav
1.7 channel in both acute and chronic pain in humans and other animals has been well
demonstrated by genetic manipulation of this channel in mice and through identified loss
and gain of function mutations in humans (see references in [40]). The Nav 1.7 channel has
been particularly linked to pain resulting from inflammation [41]. The upregulation of Nav
1.7 during inflammation contributes to the increased generation and conduction of action
potentials in chronic pain syndromes. The contribution of the Nav 1.7 channel to initiation of
action potentials is related not only to its own activation characteristics [42], but also to its
ability to amplify generator potentials and promote the activation of other sensory neuron
VSNaCs such as the Nav 1.8 channel [38,42]. The TTX-resistant VSNaC, Nav 1.8, which
interacts with Nav 1.7, is implicated in the early, developmental, stages of chronic pain
syndromes [43]. The Nav 1.8 channel has been linked to development of both inflammatory
and neuropathic pain conditions. The expression of Nav 1.8 channels increases significantly
in both myelinated and unmyelinated sensory axons after nerve damage in animals [37]. In
our appraisal of the literature, the upregulation of the activity of Nav 1.7 and Nav 1.8
channels in peripheral sensory neurons constitutes a common component of induction and
maintenance of chronic pain syndromes [39,44,45]. The targeting of the Nav 1.7 channel for
treatment of chronic pain has not escaped the attention of the pharmaceutical industry [1]
and even a recent article authored by Skolnick and Volkow [46] presents the Nav 1.7 channel
as a worthy target to supplant the use of opiates. In the development of VSNaC blockers as
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pain therapeutics the mantra of target specificity has consumed the pharmaceutical industry.
Given the presence of the Nav 1.8 channels, as well as the Nav 1.7 (and Nav 1.9) on adult
sensory neurons, particularly the small diameter, unmyelinated C fibers, medicinal chemists
have targeted either the Nav 1.7, or the Nav 1.8, channels to generate molecules that inhibit
one channel type with minimal effect on other channels. Thus, A-803467 is a compound
developed by Abbott Laboratories [47] that in vitro showed at least a 1000-fold selectivity
for Nav 1.8, but when used in vivo, the doses needed were in ranges that produced blood
concentrations that could affect other Nav channels, such as Nav 1.5, which maintains
pacemaker function in the heart [48]. Several Nav 1.7 highly selective compounds have
reached the clinical stage of development [49], but the indications for these compounds have
been restricted to those known to result from Nav 1.7 gain of function mutations [50] (with
hope of extensive off-label use). The strategy of selectivity is definitively important, given
the role of Nav channels in both the CNS and periphery (heart, kidney, etc.), and the desire
to prevent untoward effects. One can, however, contemplate a compound affecting more than
one Nav channel (two) while leaving others unaffected. This can be accomplished both by
endowing the compound with high anatomical selectivity (e.g., restricted to the periphery) as
well as molecular structure characteristics that allow some overlap in concentration
necessary for action at the two chosen channels, but significant separation from
concentrations necessary to affect channels important for functions other than conduction of
pain impulses.

If one were to choose two Nav channels to simultaneously inhibit, one would choose the
Nav 1.8 and Nav 1.7 channels. This choice is based on the desire to affect several pain
modalities, and the fact that these two channels can appear on the same sensory neuron and
thus both participate in conduction of acute pain information and/or become upregulated in
chronic pain syndromes [42,51]. Two types of interactions of Nav 1.7 and 1.8 are
particularly important. A recent study by Klein et al. [52] demonstrated an anatomical
difference in distribution of Nav 1.7 and 1.8 channels along the length of the axon of the C
fibers, with the Nav 1.8 channels primarily occupying the peripheral end of the fiber closest
to the nociceptor and Nav 1.7 being located along the sensory neuron projections and
particularly along the portion of the axon that enters the spinal cord [52]. A drug affecting
both Nav 1.7 and 1.8 could, theoretically, be more advantageous by diminishing action
potentials through the whole length of a sensory neuron. The other aspect is the already
mentioned electrophysiologic interaction between Nav 1.7 and 1.8 channels [42]. The slow
rectification of Nav 1.7 in the vicinity of Nav 1.8 maintains a train of Nav 1.8 mediated
action potentials [42]. Blocking either one of the Nav 1.7 or 1.8 channels extensively could
generate a positive effect, but reducing the activity of both could provide a broader spectrum
of action (across a variety of nociceptors) and additive effects within a particular neuron.

Although Kindolor acts on both Nav 1.7 and Nav 1.8 channels, Kindolor’s action can easily
be distinguished from “non-selective” agents such as phenytoin, lamotrigine, carbamazepine
or lidocaine, by the fact that Kindolor is more potent against the tetrodotoxin-resistant Nav
1.8 channel than the tetrododoxin-sensitive channels (e.g., Nav 1.7). Kindolor is even less
potent against the brain Nav 1.2 channel [53]. The “non-selective” sodium channel blockers,
mentioned above, have the opposite order of potency [54]. Kindolor, unlike the “non-
selective” agents [55], has little, or no, effect on Nav 1.5, a channel with intermediate
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sensitivity to tetrodotoxin [56]. Kindolor has no effect on acute pain as witnessed in the
early stage of the formalin test in mice (i.e., it is not an analgesic), but reduces the later
(chronic) pain to pre-formalin injection levels (acts as an antihyperalgesic) [4,7]. Shannon et
al. [57] tested twelve anticonvulsants in the same formalin test. Most were known Nav
channel blockers but all had equivalent effects on both the early and late phase of the
formalin test. Thus, these sodium channel blockers affected acute and chronic pain in a
similar manner, while Kindolor targets the chronic pain component. Finally, most of the
tested anticonvulsants produced locomotor impairment at the same or lower dose compared
with doses necessary to produce a significant effect in the formalin test [57]. Ten times or
more than the therapeutic dose of Kindolor is necessary to produce any effect on locomotor
activity or coordination (unpublished data).

NMDA Subtype of Glutamate Receptors.—The role of excitatory amino acids,
particularly glutamate, in the physiology of normal pain sensing and transmission and in
chronic pain phenomena was originally established in the late 1980s [58-60] and recent
reviews [61] further emphasize the role of glutamate and its receptors in chronic pain.
Mechanically induced (constriction, transection) chronic pain syndromes have been
demonstrated to involve alterations in the quantity and/or activity of ionotropic glutamate
receptors (AMPA, kainate and NMDA) in the peripheral projections of nociceptive neurons,
in their soma within the dorsal root ganglia (DRG), and in synapses of the primary and
second order neurons in the substantia gelatinosa (lamina 1 and 2) of the spinal cord [60,62—
66]. What needs to be emphasized is that sensory neuron activation or damage produces
increased release of glutamate from both the “peripheral” and “central” branches of the
primary afferents [61] and the released glutamate can act on nearby NMDA receptors (for
instance in nociceptor regions] to activate sensory nociceptors (e.g., TRPV1 receptors, see
below) and in the long run, contribute to peripheral sensitization [67]. The release and
actions of glutamate within the dorsal root ganglia (DRG) and its interaction with NMDA
receptors has also gained prominence as a mechanism of amplification of sensory signals
[68-70]. Thus, NMDA receptors are intimately involved in both the initiation and
amplification of a pain sensation and its transmission into the CNS, as well as in the
phenomenon termed “wind up”, wherein the transmission of signal between primary and
second order sensory neurons is amplified in conditions of repetitive sensory input as seen
after nerve injury [58,71]. Changes in the expression levels of NMDA receptor subunit
proteins are seen in animal models of mechanically- induced sensory nerve damage. Such
changes are evident both in the DRG neurons and the second order neuron soma in the
spinal cord. Both the peripheral and spinal cord NMDA receptor upregulation is thought to
contribute to tactile allodynia and thermal hyperalgesia seen in neuropathic (mechanically-
induced) chronic pain syndromes [66]. In examining the literature it becomes obvious that
changes in the quantity of GIuN2B (NR2B) subunits may play the most important role in the
hypersensitivity to glutamate in the DRG and the dorsal horn neurons [72-75]. The
persistent increase in NR2B subunit expression in chronic pain syndromes has led to
proposals that antagonists selective for NR2B-containing NMDA receptors (e.g., ifenprodil
or conantoxin-G) may be particularly effective treatments for chronic pain syndromes
[66,76,77]. Mention also needs to be made of the upregulation of NMDA receptors during
chronic, high dose treatment with opioids [78]. The opiate-dependent increase in NMDA
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receptors in the DRG cell bodies has been considered a significant component of the
development of hyperalgesia during chronic treatment with opioids [79]. Thus, NMDA
receptor antagonists may counteract the hyperalgesia and may also prevent the development
of tolerance to opiates [80]. The effect of inhibiting the NMDA receptor on the development
of tolerance to opiates was initially demonstrated by Trujillo and Akil [81]. They
administered dizocilpine during chronic treatment with morphine, to block the development
of tolerance to the analgesic effects of morphine. On the other hand, using competitive
NMDA antagonists, including the glycine B site antagonist, HA-966, together with a single,
acute dose of morphine, Fischer et al. [82] demonstrated a significant potentiation of
morphine’s analgesic actions by HA-966 and the other competitive NMDA antagonists. The
NMDA receptor antagonists tested in the studies of Fischer et al. [82] produced no analgesic
effects on their own. An important question is whether one needs to have an NMDA receptor
antagonist enter the CNS to produce effects on either acute analgesia produced by opiates or
to produce a block in the development of tolerance to opiates? The answer to this question is
no, and peripherally acting NMDA receptor/glycine B site antagonists can block the
development of tolerance to morphine [83]. Our own studies demonstrate that Kindolor,
which is confined to the periphery, synergistically potentiates opiate effects in animals pre-
treated with CFA to produce chronic pain. Additionally, it has been demonstrated that
peripherally restricted opiates (e.g., loperamide) generate tolerance to their own analgesic
effects when used to ameliorate pain in a chronic pain model (spinal cord ligation), and
NMDA receptor antagonists can block the development of tolerance to loperamide [84]. The
point that we are stressing here, is that tolerance can develop to opiates which do not enter
the CNS, and opiate tolerance can be blocked by NMDA antagonists which do not enter the
CNS (but this is not to say that there are no CNS mechanisms contributing to opiate
tolerance [85]). Another important feature of NMDA receptors containing the NR2B
subunits in the region of nociceptors is their interaction with TRPV1 receptors [86]. TRPV1
receptors and NR1 and NR2B proteins physically interact, and activation of the NMDA
receptor leads to phosphorylation and sensitization of the TRPV1 receptor [86,87]. The
clinical importance of targeting peripheral NMDA receptors has recently been well
emphasized [88,89].

In summary, there are several ways in which NMDA receptors can modulate the analgesic
actions of opiate receptor activation, both directly and indirectly by reducing or eliminating
development of tolerance. Directly, there is evidence that the mu opiate receptor (MOR) can
interact with the NR1 subunit of the NMDA receptor in brain [90] and possibly in the
peripheral nervous system in Nav 1.8-containing neurons. In the NR1 receptor associated
state, the opiate receptor functions to generate analgesia and does not display acute tolerance
[91]. This NMDAR-MOR protein-protein interaction can be eliminated by association of the
opiate receptor with an agonist and subsequent internalization of the MOR and development
of acute tolerance. NMDA receptor antagonists can maintain the association of the mu
opiate receptor with NR1 to maintain analgesic activity of opiates and prevent acute
tolerance. With regard to the chronic administration of opiates, the development of tolerance
during extended treatment is well known [92] and as mentioned above, compounds with
NMDA receptor antagonist action, such as Kindolor, can prevent chronic tolerance
development and maintain opioid efficacy.
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Hypothesis and Goals.

It would be of some interest to develop a multifaceted molecule with a good safety profile
that could engage multiple sites on the pain sensory system. We believe that we have
through design and serendipity produced one of the first of such molecules, Kindolor. Our
goal is to develop this chronic pain medication to the point that it can be tested in human
trials.

SPECIFIC AIMS

This grant was awarded as part of the NIH effort to ameliorate the national opioid crisis,
helping to End Addiction Long-term Initiative, the NIH-HEAL Initiative. The award
mechanism is a cooperative UG3/UH3 from the National Institute on Drug Abuse (NIDA).
The UG3 cooperative agreement is part of the bi-phasic approach to funding exploratory and
developmental research. The UG3 provides support for the first phase of establishing
feasibility. After achieving a milestone, the UH3 cooperative award provides support for the
second phase of exploratory and developmental research activity. The duration of the UG3
award is 2 years, and of the UH3 award is 3 years.

The aims for years 1 and 2 were to develop the synthesis and scale-up of cGMP Kindolor to
produce multi-kilogram amounts of Kindolor for pre-clinical studies, and to produce a
formulation for oral drug administration to humans. In addition, pre-clinical IND-enabling
studies were to be performed in years one and two. These studies include single-dose
pharmacokinetic studies and metabolite profiling in two species, completion of in vitro
metabolism studies, and escalating dose and repeat dose toxicology and toxicokinetic studies
of Kindolor in two species. In addition, safety (cardiovascular, respiratory and CNS) studies,
and mutagenicity and genotoxicity studies will be completed in the first two years.

End of Year 2 Milestone: Complete a Pre-IND Meeting with the FDA with a Resultant
Positive Response to Completed Studies and Written Responses to Questions regarding
Completion of Data for an IND Application

The aims for year 3 are to obtain an IND and IRB approval for the Phase 1a clinical trial, to
generate the needed quantities of cGMP Kindolor and its formulation for completion of non-
clinical studies (13-week toxicology/toxicokinetic studies in two species) and for the Phase
1a clinical trial (placebo-controlled, single dose escalating study of safety, tolerability and
pharmacokinetics of Kindolor). The aims for year 4 are to complete the Phase 1a study,
obtain IRB approval for and complete the Phase 1b clinical trial (placebo-controlled,
multiple dose escalating study of safety, tolerability and pharmacokinetics of Kindolor), and
to complete non-clinical reproductive toxicology studies.

End of Year 4 Milestone: Establish Safety for Use of Kindolor in Humans

The aims for Year 5 are to obtain IRB approval and complete a Phase 2a placebo-controlled
clinical trial to evaluate safety, tolerability and efficacy of multiple daily (14 days) dosing of
Kindolor for moderate to severe pain of diabetic neuropathy, and to complete non-clinical
studies of phototoxicity of Kindolor.
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APPROACH AND RESULTS TO DATE
Kindolor Efficacy.

The effect of Kindolor to ameliorate pain in five animal models is described in our
publication [56], and was provided as preliminary data on efficacy in our grant application.
In addition we showed in our preliminary data a synergistic effect of Kindolor in
combination with morphine or aspirin to reduce inflammatory pain (caused by Complete
Freund’s Adjuvant) or diabetic neuropathic pain (caused by streptozotocin treatment),
respectively. In these experiments, Kindolor and the opiate or NSAID were administered
either alone, at doses that were ineffective at reducing pain, or in combination. The
combination of the drugs completely reversed the chronic pain. We have since expanded
these studies to test the effects of Kindolor in combination with synthetic and semisynthetic
opioids, as well as other NSAIDs. These studies were performed using animal models of
inflammatory (Complete Freund’s Adjuvant, CFA) and arthritic (monoiodoacetate-induced)
chronic pain. The effect of Kindolor was found to be additive or synergistic with oxycodone
(semsynthetic opioid) and methadone (synthetic opioid), as well as with the NSAID,
diclofenac, in the CFA model, in which mechanical pain was measured. Kindolor also
potentiated the effect of the synthetic atypical opioid tramadol when mechanical pain was
measured in the monoioidoacetate model of arthritic pain. These results demonstrate that
Kindolor has the potential to reduce the use of many classes of opioids for treating chronic
pain, as well as to reduce the need for high doses of NSAIDs (which can produce severe Gl
disturbances). The combination of Kindolor (once it has been approved for use in humans)
with opioids can help to reduce opioid doses below the level where addiction is an issue, and
to reduce the doses of NSAIDs, such that adverse effects can be avoided, while still allowing
for optimal control of chronic pain.

Kindolor Synthesis and Formulation.

We worked with a CRO which has assisted us in developing a method for the cCGMP
synthesis of the tosylate salt of Kindolor that we have used in non-clinical studies, and that
can be used for clinical studies in humans. We demonstrated that this formulation,
administered as a suspension to animals, provides higher circulating levels of Kindolor than
other formulations that we have previously used (Tabakoff, B and Hoffman, PL, unpublished
results). A solid formulation of Kindolor tosylate (capsule, tablet) is being developed for use
in human trials.

Non-clinical Studies.

We also worked with another CRO to perform single-dose pharmacokinetic studies,
escalating dose and repeat dose toxicology and toxicokinetic studies in rodents and non-
rodent species. These studies to date have provided pharmacokinetic parameters and
indications of dose levels that are well tolerated after a single administration or after
repeated dosing for 7 days. The pharmacokinetic and toxicokinetic data from these studies
allows us to determine appropriate dose or plasma levels and dosing protocols to be used for
longer-term non-clinical toxicology studies, which are currently planned to be performed in
rats and minipigs under GLP conditions. The results of all of these studies will provide the
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data needed to determine the doses that will be used in the first in human studies that are
planned for year 3.

We have also completed cardiovascular, respiratory and CNS safety studies, as well as
genotoxicity studies, all of which have provided no evidence for adverse effects.

We are in the process of compiling all results needed for the pre-IND meeting with the FDA.
We are on track to meet the milestone for proceeding to the UH3 grant.

DISCUSSION

The pharmaceutical industry has, since the introduction of the term “Magic Bullet”, focused
attention on drugs with a high affinity for a single site of action. In many cases, and
particularly in complex pathological conditions, this focus has not been fruitful. Chronic
pain is such a condition. In the search for alternatives to opiates, with their attendant adverse
side effects, high affinity ligands for just one of the many targets that contribute to chronic
pain have not provided broad spectrum, highly efficacious products. In fact, the high level of
inhibition of certain individual targets has led to untoward effects (e.g., the insensitivity to
heat by blocking the TRPV1 receptor has resulted in patients acquiring burns, and the high
level of inhibition of sodium channels (Nav 1.7) may have effects similar to genetic
polymorphisms which inactivate the Nav 1.7 channel and result in self-mutilation as a result
of analgesia).

Nowadays, creating molecules that can simultaneously and selectively interact with two or
more targets along a biological pathway has become an accepted concept in drug discovery,
and this approach has been determined to be more effective than a single target approach.
Calculations demonstrate that partial inhibition of more than one target in a pathway can
produce a more effective modulation of a pathway than almost complete inhibition of a
single target.

Kindolor is an NCE that has been engineered to address the overactivity of three generators
and conductors of chronic pain in the peripheral sensory system. Kindolor is an anti-
hyperalgesic and not an analgesic. It inhibits NMDA receptors of the glutamate excitatory
system and inhibits the function of Nav 1.8 and Nav 1.7 voltage sensitive sodium channels
that conduct pain information from the periphery to the spinal cord. Figure 1 illustrates the
three (peripheral) targets in the chronic pain pathway which are upregulated in chronic pain
conditions, and are inhibited simultaneously by Kindolor. The illustration details the three
sites at which Kindolor modulates the activity of the peripheral sensory neurons. The boxes
in the Figure enlarge the schematic rendition of the actions of Kindolor. The illustrated
actions of Kindolor are extrapolated from its measured actions on receptors and ion channels
in model systems and demonstrations in the literature on the participation of the receptors/
channels in generation and conduction of pain formation in sensory systems. It remains to be
directly demonstrated that the antihyperalgesic actions of Kindolor are specifically mediated
by the illustrated events [56].

In Figure 1,
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. Box 1: Illustrates the interaction of NMDA receptors with TRPV1 receptors in
the sensory terminals of nociceptors. NMDA receptors are co-localized with the
TRPV1 receptors, and the activation of the NMDA receptors by glutamate
released into the surrounding milieu upon local irritation, generates a
phosphorylation cascade via PKC and PKA. The end-product of this cascade is
the phosphorylation of TRPV1 and an increase in its activity in generating pain
signals [69]. Kindolor inhibits NMDA receptor function and significantly
dampens this enhanced excitability.

. Box 2: Focuses attention on the conduction of pain information from the
nociceptor terminals. Nav 1.7 channels have a low (hyperpolarized) activation
threshold, and this activation initially (prior to responding with an action
potential) produces a change in membrane potential which can activate the Nav
1.8 channels, which quickly respond with an action potential [90]. Both the Nav
1.8 and Nav 1.7 action potentials are propagated to the dorsal root ganglia where
the cell bodies of the sensory neurons reside [91]. Kindolor inhibits both the Nav
1.8 (more potently) and Nav 1.7 channels and thus depresses both the excessive
signal generation by Nav 1.7 and increased conduction by both Nav 1.8 and Nav
1.7 in patients suffering from chronic pain.

. Box 3: Illustrates events happening within the sensory dorsal root ganglia.
Within the dorsal root ganglia, a close juxtaposition is evident between two cell
bodies of the sensory neurons and satellite glial cells. The satellite glial cells are
“sandwiched” between the two cell bodies of the sensory neurons, and this
structure is called a “sandwich synapse”. One of the important functions of the
sandwich synapse is to amplify the signals reaching the dorsal root ganglia. As
illustrated, this occurs via release of ATP by the cell body of the initially
activated neuron. The ATP activates the purinergic receptors (P2Y?2) on the
satellite glial cells, and the satellite glial cells respond by releasing glutamate.
The glutamate activates NMDA receptors on the neighboring (juxtaposed)
sensory neuron cell body and instigates depolarization and conduction of signal
to the spinal cord [92]. Kindolor, by inhibiting the NMDA receptor on cell
bodies of the sensory neurons prevents the amplification of the signal mediated
by the sandwich synapses [56,69,90-92].

Prior to submitting our grant application, Lohocla Research Corporation had pursued studies
of Kindolor designed to demonstrate the non-clinical efficacy of the drug to ameliorate
chronic pain, using several different animal models. Some of these studies were carried out
in our own laboratories and others at other sites, providing evidence for the robust effect of
the drug in various models, as well as the replicability of the efficacy data. We also
performed preliminary pharmacokinetic studies showing that Kindolor does not enter the
brain to any significant extent, and we contracted with CROs to determine the pathways of
Kindolor metabolism, interaction with drug transporters and plasma protein binding, as well
as some genotoxicity studies. The transporter studies, in particular, provided us with the
information needed to understand the absorption characteristics of the drug and its
peripheral (vs CNS) site of action. We also performed some toxicology and toxicokinetic
studies, also with CROs, to demonstrate the safety of the drug and its lack of addictive
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potential in a conditioned place preference model. In terms of efficacy, we performed further
studies of the effect of Kindolor to reduce chronic pain when administered in combination
with different classes of opioids and NSAIDs, which showed that Kindolor can have an
“opiate (or NSAID)-sparing” effect. All of these studies, as well as the work completed in
the initial period of our grant support, are shown in the Gantt chart (Table 1) below.

The simple listing of the completed work and work in progress may suggest that the path to
an IND can be easily traversed in a few years, however, there are in fact many obstacles that
needed to be overcome once we set out to develop the drug for eventual use in human
studies. The first challenge was the scale-up of drug synthesis. There is an early step in our
original Kindolor synthesis that requires the use of high temperatures (250 °C) in the
presence of phenyl ether. While this step was feasible for making small amounts of the
Kindolor precursor, it was too dangerous when large amounts of Kindolor needed to be
synthesized. The resolution to this problem required the use of a quite novel method of
synthesis, termed “flow chemistry”, to overcome the most dangerous step, and modification
of multiple other steps in the process to make the synthetic route for producing multi-
kilogram amounts of Kindolor safe and reliable. We also tested numerous salts of Kindolor
for ability to improve bio-availability, and the synthesis of the tosylate salt, which proved to
be most useful, had to be incorporated into the Kindolor synthetic route. At every step of the
way, regulatory requirements have to be met and processes documented (including assays
for residual solvents, heavy metals, etc.) in order to produce a drug product that can be
utilized in clinical trials.

Choosing the species for pharmacokinetic and toxicology studies has its own challenges.
The FDA requires that a rodent and non-rodent species be used for these studies. The overall
goal of these non-clinical studies is to choose doses for the first in human clinical trials of
drug safety (Phase 1 trials), and the desired outcome of the non-clinical toxicology studies is
to determine a “no adverse effect level (NOAEL)” of the drug, which can then be translated
into a human dose, using available methods. However, there are numerous other
considerations for choosing appropriate species. Drug metabolism is an important issue,
since the FDA requires that if a metabolite is present at a level of more than 10% of the
parent drug in human, the toxicology of the metabolite must be established. However, if the
species chosen for toxicology studies produces the metabolite at a level consistent with that
found in human, it is considered that the exposure of the species to the metabolite is
sufficient to allow for human studies without extra toxicology being performed. Therefore,
both in vitro and in vivo metabolism needs to be ascertained in the chosen species, as well as
the route of metabolism (e.g., enzymes involved). It is also necessary to determine (in vitro)
the function of human influx and efflux transporters that can be responsible for the candidate
drug absorption and distribution, so that a species expressing the appropriate drug
transporters can be utilized. Furthermore, the intestinal anatomy and physiology of the
species needs to be similar to that of human, as far as possible, such that, for example, when
drug is administered orally, it will be processed similarly in humans and the chosen species.
The routes of excretion of drug and metabolites need to be established with a mass balance
study. Once the species have been chosen, appropriate drug doses need to be decided upon
which will generate plasma levels of drugs and metabolites thought to be appropriate for
drug efficacy at the drug targets. The studies that go into making the decision to use a
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particular species, and to arrive at appropriate doses for the first in human studies in the IND
application, are outlined (pharmacokinetic and toxicology studies) in the Gantt chart (Table
1).

CONCLUSIONS

Overall, we are on track to complete the studies needed for the IND application by the end
of the second year of the grant, and to then move on to compiling and submitting the
application and initiating the first in human studies during the third year of the grant (first
year of the UH3 grant).

ACKNOWLEDGEMENTS

The authors thank Alexandra Dunbar for invaluable assistance in compiling and analyzing data.
FUNDING

This work was supported by the National Institutes of Health through the NIH HEAL Initiative under the award
number 1UG3 DA047680. The content is solely the responsibility of the authors and does not necessarily represent
the official view of the National Institutes of Health or its NIH HEAL Initiative.

REFERENCES

1. Costigan M, Scholz J, Woolf CJ. Neuropathic pain: a maladaptive response of the nervous system to
damage. Annu Rev Neurosci. 2009;32:1-32. [PubMed: 19400724]

2. Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R, et al. A classification of chronic pain
for ICD-11. Pain. 2015;156(6):1003-7. [PubMed: 25844555]

3. da Costa BR, Nuesch E, Kasteler R, Husni E, Welch V, Rutjes AW, et al. Oral or transdermal opioids
for osteoarthritis of the knee or hip. Cochrane Database Syst Rev. 2014(9):CD003115. [PubMed:
25229835]

4. Institute of Medicine (US) Committee on Advancing Pain Research, Care, and Education. Relieving
Pain in America: A Blueprint for Transforming Prevention, Care, Education, and Research.
Washington (DC, US): National Academies Press (US); 2011.

5. Nahin RL. Estimates of pain prevalence and severity in adults: United States, 2012. J Pain.
2015;16(8):769-80. [PubMed: 26028573]

6. Gaskell H, Derry S, Stannard C, Moore RA. Oxycodone for neuropathic pain in adults. Cochrane
Database Syst Rev. 2016;7:CD010692. [PubMed: 27465317]

7. Cooper TE, Chen J, Wiffen PJ, Derry S, Carr DB, Aldington D, et al. Morphine for chronic
neuropathic pain in adults. Cochrane Database Syst Rev. 2017;5:CD011669. [PubMed: 28530786]

8. Griebeler ML, Morey-Vargas OL, Brito JP, Tsapas A, Wang Z, Carranza Leon BG, et al.
Pharmacologic interventions for painful diabetic neuropathy: An umbrella systematic review and
comparative effectiveness network meta-analysis. Ann Intern Med. 2014;161(9):639-49. [PubMed:
25364885]

9. Center for Disease Control and Prevention. National Diabetes Statistics Report: Estimates of
Diabetes and its Burden in the United States. Available from: https://www.cdc.gov/diabetes/data/
statistics/2014statisticsreport.html. Accessed 2020 Sep 30.

10. Patil PR, Wolfe J, Said Q, Thomas J, Martin BC. Opioid use in the management of diabetic
peripheral neuropathy (DPN) in a large commercially insured population. Clin J Pain.
2015;31(5):414-24. [PubMed: 25853725]

11. Dewanjee S, Das S, Das AK, Bhattacharjee N, Dihingia A, Dua TK, et al. Molecular mechanism of
diabetic neuropathy and its pharmacotherapeutic targets. Eur J Pharmacol. 2018;833:472-523.
[PubMed: 29966615]

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 October 27.


https://www.cdc.gov/diabetes/data/statistics/2014statisticsreport.html
https://www.cdc.gov/diabetes/data/statistics/2014statisticsreport.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tabakoff and Hoffman

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Page 14

. Sadosky A, McDermott AM, Brandenburg NA, Strauss M. A review of the epidemiology of
painful diabetic peripheral neuropathy, postherpetic neuralgia, and less commonly studied
neuropathic pain conditions. Pain Pract. 2008;8(1):45-56. [PubMed: 18211592]

Said G Diabetic neuropathy—a review. Nat Clin Pract Neurol. 2007;3(6):331-40. [PubMed:
17549059]

O’Connor AB, Dworkin RH. Treatment of neuropathic pain: an overview of recent guidelines. Am
J Med. 2009;122(10 Suppl):S22-32.

Tesfaye S, Boulton AJ, Dyck PJ, Freeman R, Horowitz M, Kempler P, et al. Diabetic neuropathies:
update on definitions, diagnostic criteria, estimation of severity, and treatments. Diabetes Care.
2010;33(10):2285-93. [PubMed: 20876709]

Habib AA, Brannagan TH 3rd. Therapeutic strategies for diabetic neuropathy. Curr Neurol
Neurosci Rep. 2010;10(2):92-100. [PubMed: 20425233]

Waldfogel JM, Nesbit SA, Dy SM, Sharma R, Zhang A, Wilson LM, et al. Pharmacotherapy for
diabetic peripheral neuropathy pain and quality of life: A systematic review. Neurology.
2017;88(20):1958-67. [PubMed: 28341643]

Franklin GM, American Academy of N. Opioids for chronic noncancer pain: a position paper of
the American Academy of Neurology. Neurology. 2014;83(14):1277-84. [PubMed: 25267983]

Volkow ND, McLellan AT. Opioid Abuse in Chronic Pain--Misconceptions and Mitigation
Strategies. N Engl J Med. 2016;374(13):1253-63. [PubMed: 27028915]

Dowell D, Haegerich TM, Chou R. CDC Guideline for Prescribing Opioids for Chronic Pain -
United States, 2016. MMWR Recomm Rep. 2016;65(1):1-49.

Centers For Disease C, Prevention Public Health Service USDOH, Human S. Guideline for
Prescribing Opioids for Chronic Pain. J Pain Palliat Care Pharmacother. 2016;30(2):138-40.
[PubMed: 27301691]

All Opioids Articles. Available from: https://practicalpainmanagement.com/treatments/
pharmacological/opioids/. Accessed 2020 Oct 2.

Taneja A, Della Pasqua O, Danhof M. Challenges in translational drug research in neuropathic and
inflammatory pain: the prerequisites for a new paradigm. Eur J Clin Pharmacol.
2017;73(10):1219-36. [PubMed: 28894907]

Kirkpatrick DR, McEntire DM, Smith TA, Dueck NP, Kerfeld MJ, Hambsch ZJ, et al.
Transmission pathways and mediators as the basis for clinical pharmacology of pain. Expert Rev
Clin Pharmacol. 2016;9(10):1363-87. [PubMed: 27322358]

Yekkirala AS, Roberson DP, Bean BP, Woolf CJ. Breaking barriers to novel analgesic drug
development. Nat Rev Drug Discov. 2017;16(11):810.

Worley SL. New Directions in the Treatment of Chronic Pain: National Pain Strategy Will Guide
Prevention, Management, and Research. P T 2016;41(2):107-14. [PubMed: 26909001]

Bozic I, Reiter JG, Allen B, Antal T, Chatterjee K, Shah P, et al. Evolutionary dynamics of cancer
in response to targeted combination therapy. Elife. 2013;2:e00747. [PubMed: 23805382]

Snell LD, Claffey DJ, Ruth JA, Valenzuela CF, Cardoso R, Wang Z, et al. Novel structure having
antagonist actions at both the glycine site of the A-methyl-D-aspartate receptor and neuronal
voltage-sensitive sodium channels: biochemical, electrophysiological, and behavioral
characterization. J Pharmacol Exp Ther. 2000;292(1):215-27. [PubMed: 10604951]

Ramsay RR, Popovic-Nikolic MR, Nikolic K, Uliassi E, Bolognesi ML. A perspective on multi-
target drug discovery and design for complex diseases. Clin Transl Med. 2018;7(1):3. [PubMed:
29340951]

Zimmermann GR, Lehar J, Keith CT. Multi-target therapeutics: when the whole is greater than the
sum of the parts. Drug Discov Today. 2007;12(1-2):34-42. [PubMed: 17198971]

Millan MJ. On ‘polypharmacy’ and multi-target agents, complementary strategies for improving
the treatment of depression: a comparative appraisal. Int J Neuropsychopharmacol.
2014;17(7):1009-37. [PubMed: 23719026]

Talevi A Multi-target pharmacology: possibilities and limitations of the “skeleton key approach”
from a medicinal chemist perspective. Front Pharmacol. 2015;6:205. [PubMed: 26441661]
Csermely P, Agoston V, Pongor S. The efficiency of multi-target drugs: the network approach
might help drug design. Trends Pharmacol Sci. 2005;26(4):178-82. [PubMed: 15808341]

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 October 27.


https://practicalpainmanagement.com/treatments/pharmacological/opioids/
https://practicalpainmanagement.com/treatments/pharmacological/opioids/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tabakoff and Hoffman

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 15

Wood JN, Boorman JP, Okuse K, Baker MD. Voltage-gated sodium channels and pain pathways. J
Neurobiol. 2004;61(1):55-71. [PubMed: 15362153]

Lai J, Porreca F, Hunter JC, Gold MS. Voltage-gated sodium channels and hyperalgesia. Annu Rev
Pharmacol Toxicol. 2004;44:371-97. [PubMed: 14744251]

Black JA, Liu S, Tanaka M, Cummins TR, Waxman SG. Changes in the expression of tetrodotoxin-
sensitive sodium channels within dorsal root ganglia neurons in inflammatory pain. Pain.
2004;108(3):237-47. [PubMed: 15030943]

Coggeshall RE, Tate S, Carlton SM. Differential expression of tetrodotoxin-resistant sodium
channels Nav1.8 and Nav1.9 in normal and inflamed rats. Neurosci Lett. 2004;355(1-2):45-8.
[PubMed: 14729231]

Dib-Hajj SD, Cummins TR, Black JA, Waxman SG. From genes to pain: Na v 1.7 and human pain
disorders. Trends Neurosci. 2007;30(11):555-63. [PubMed: 17950472]

Wang W, Gu J, Li YQ, Tao YX. Are voltage-gated sodium channels on the dorsal root ganglion
involved in the development of neuropathic pain? Mol Pain. 2011;7:16. [PubMed: 21345196]

Lawrence J Nav1.7: a new channel for pain treatment. Pharm J. 2016;296:7887.

Eijkelkamp N, Linley JE, Baker MD, Minett MS, Cregg R, Werdehausen R, et al. Neurological
perspectives on voltage-gated sodium channels. Brain. 2012;135(Pt 9):2585-612. [PubMed:
22961543]

Choi JS, Waxman SG. Physiological interactions between Na(v)1.7 and Na(v)1.8 sodium channels:
a computer simulation study. J Neurophysiol. 2011;106(6):3173-84. [PubMed: 21940606]

Ji RR, Strichartz G. Cell signaling and the genesis of neuropathic pain. Sci STKE.
2004,2004(252):reE14. [PubMed: 15454629]

Theile JW, Cummins TR. Recent developments regarding voltage-gated sodium channel blockers
for the treatment of inherited and acquired neuropathic pain syndromes. Front Pharmacol.
2011;2:54. [PubMed: 22007172]

Laedermann CJ, Abriel H, Decosterd I. Post-translational modifications of voltage-gated sodium
channels in chronic pain syndromes. Front Pharmacol. 2015;6:263. [PubMed: 26594175]
Skolnick P, Volkow ND. Re-energizing the Development of Pain Therapeutics in Light of the
Opioid Epidemic. Neuron. 2016;92(2):294—7. [PubMed: 27764663]

McGaraughty S, Chu KL, Scanio MJ, Kort ME, Faltynek CR, Jarvis MF. A selective Nav1.8
sodium channel blocker, A-803467 [5-(4-chlorophenyl-N-(3,5-dimethoxyphenyl)furan-2-
carboxamide], attenuates spinal neuronal activity in neuropathic rats. J Pharmacol Exp Ther.
2008;324(3):1204-11. [PubMed: 18089840]

Han Z, Jiang Y, Xiao F, Cao K, Wang DW. The effects of A-803467 on cardiac Nav1.5 channels.
Eur J Pharmacol. 2015;754:52-60. [PubMed: 25701724]

Emery EC, Luiz AP, Wood JN. Nav1.7 and other voltage-gated sodium channels as drug targets for
pain relief. Expert Opin Ther Targets. 2016;20(8):975-83. [PubMed: 26941184]

Zakrzewska JM, Palmer J, Morisset V, Giblin GM, Obermann M, Ettlin DA, et al. Safety and
efficacy of a Nav1.7 selective sodium channel blocker in patients with trigeminal neuralgia: a
double-blind, placebo-controlled, randomised withdrawal phase 2a trial. Lancet Neurol.
2017;16(4):291-300. [PubMed: 28216232]

Strickland IT, Martindale JC, Woodhams PL, Reeve AJ, Chessell IP, McQueen DS. Changes in the
expression of NaV1.7, NaV1.8 and NaV1.9 in a distinct population of dorsal root ganglia
innervating the rat knee joint in a model of chronic inflammatory joint pain. Eur J Pain.
2008;12(5):564-72. [PubMed: 17950013]

Klein AH, Vyshnevska A, Hartke TV, De Col R, Mankowski JL, Turnquist B, et al. Sodium
Channel Nav1.8 Underlies TTX-Resistant Axonal Action Potential Conduction in Somatosensory
C-Fibers of Distal Cutaneous Nerves. J Neurosci. 2017;37(20):5204-14. [PubMed: 28450535]
Wang ZJ, Snell LD, Tabakoff B, Levinson SR. Inhibition of neuronal Na+ channels by the novel
antiepileptic compound DCUKA: identification of the diphenylureido moiety as an inactivation
modifier. Exp Neurol. 2002;178(1):129-38. [PubMed: 12460615]

Song JH, Nagata K, Huang CS, Yeh JZ, Narahashi T. Differential block of two types of sodium
channels by anticonvulsants. Neuroreport. 1996;7(18):3031-6. [PubMed: 9116234]

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 October 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tabakoff and Hoffman

55

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Page 16

. Tomson T, Kenneback G. Arrhythmia, heart rate variability, and antiepileptic drugs. Epilepsia.
1997;38(11 Suppl):S48-51. [PubMed: 19909327]

Tabakoff B, Ren W, Vanderlinden L, Snell LD, Matheson CJ, Wang ZJ, et al. A novel substituted
aminoquinoline selectively targets voltage-sensitive sodium channel isoforms and NMDA receptor
subtypes and alleviates chronic inflammatory and neuropathic pain. Eur J Pharmacol. 2016;784:1—
14. [PubMed: 27158117]

Shannon HE, Eberle EL, Peters SC. Comparison of the effects of anticonvulsant drugs with diverse
mechanisms of action in the formalin test in rats. Neuropharmacology. 2005;48(7):1012-20.
[PubMed: 15857628]

Davies SN, Lodge D. Evidence for involvement of N-methylaspartate receptors in ‘wind-up’ of
class 2 neurones in the dorsal horn of the rat. Brain Res. 1987;424(2):402—-6. [PubMed: 2823998]

Dickenson AH, Sullivan AF. Evidence for a role of the NMDA receptor in the frequency dependent
potentiation of deep rat dorsal horn nociceptive neurones following C fibre stimulation.
Neuropharmacology. 1987;26(8):1235-8. [PubMed: 2821443]

Childers WE Jr., Baudy RB. A-methyl-D-aspartate antagonists and neuropathic pain: the search for
relief. J Med Chem. 2007;50(11):2557-62. [PubMed: 17489572]

Fernandez-Montoya J, Avendano C, Negredo P. The Glutamatergic System in Primary
Somatosensory Neurons and Its Involvement in Sensory Input-Dependent Plasticity. Int J Mol Sci.
2017;19(1):69.

Bleakman D, Alt A, Nisenbaum ES. Glutamate receptors and pain. Semin Cell Dev Biol.
2006;17(5):592-604. [PubMed: 17110139]

Du J, Zhou S, Coggeshall RE, Carlton SM. N-methyl-D-aspartate-induced excitation and
sensitization of normal and inflamed nociceptors. Neuroscience. 2003;118(2):547-62. [PubMed:
12699789]

Jang JH, Kim DW, Sang Nam T, Se Paik K, Leem JW. Peripheral glutamate receptors contribute to
mechanical hyperalgesia in a neuropathic pain model of the rat. Neuroscience. 2004;128(1):169-
76. [PubMed: 15450364]

Szekely JI, Torok K, Mate G. The role of ionotropic glutamate receptors in nociception with
special regard to the AMPA binding sites. Curr Pharm Des. 2002;8(10):887-912. [PubMed:
11945138]

Petrenko AB, Yamakura T, Baba H, Shimoji K. The role of N-methyl-d-aspartate (NMDA)
receptors in pain: a review. Anesth Analg. 2003;97(4):1108-16. [PubMed: 14500166]

Miller KE, Hoffman EM, Sutharshan M, Schechter R. Glutamate pharmacology and metabolism in
peripheral primary afferents: physiological and pathophysiological mechanisms. Pharmacol Ther.
2011;130(3):283-309. [PubMed: 21276816]

Ferrari LF, Lotufo CM, Araldi D, Rodrigues MA, Macedo LP, Ferreira SH, et al. Inflammatory
sensitization of nociceptors depends on activation of NMDA receptors in DRG satellite cells. Proc
Natl Acad Sci U S A. 2014;111(51):18363-8. [PubMed: 25489099]

Rozanski GM, Li Q, Stanley EF. Transglial transmission at the dorsal root ganglion sandwich
synapse: glial cell to postsynaptic neuron communication. Eur J Neurosci. 2013a;37(8):1221-8.
[PubMed: 23351144]

Rozanski GM, Nath AR, Adams ME, Stanley EF. Low voltage-activated calcium channels gate
transmitter release at the dorsal root ganglion sandwich synapse. J Physiol. 2013b;591(22):5575—
83. [PubMed: 24000176]

South SM, Kohno T, Kaspar BK, Hegarty D, Vissel B, Drake CT, et al. A conditional deletion of
the NR1 subunit of the NMDA receptor in adult spinal cord dorsal horn reduces NMDA currents
and injury-induced pain. J Neurosci. 2003;23(12):5031-40. [PubMed: 12832526]

Karlsson U, Sjodin J, Angeby Moller K, Johansson S, Wikstrom L, Nasstrom J. Glutamate-induced
currents reveal three functionally distinct NMDA receptor populations in rat dorsal horn—effects
of peripheral nerve lesion and inflammation. Neuroscience. 2002;112(4):861-8. [PubMed:
12088745]

Ilwata H, Takasusuki T, Yamaguchi S, Hori Y. NMDA receptor 2B subunit-mediated synaptic

transmission in the superficial dorsal horn of peripheral nerve-injured neuropathic mice. Brain
Res. 2007;1135(1):92-101. [PubMed: 17198690]

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 October 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tabakoff and Hoffman

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

Page 17

Gaunitz C, Schuttler A, Gillen C, Allgaier C. Formalin-induced changes of NMDA receptor
subunit expression in the spinal cord of the rat. Amino Acids. 2002;23(1-3):177-82. [PubMed:
12373534]

Wilson JA, Garry EM, Anderson HA, Rosie R, Colvin LA, Mitchell R, et al. NMDA receptor
antagonist treatment at the time of nerve injury prevents injury-induced changes in spinal NR1 and
NR2B subunit expression and increases the sensitivity of residual pain behaviours to subsequently
administered NMDA receptor antagonists. Pain. 2005;117(3):421-32. [PubMed: 16150544]

Boyce S, Wyatt A, Webb JK, O’Donnell R, Mason G, Rigby M, et al. Selective NMDA NR2B
antagonists induce antinociception without motor dysfunction: correlation with restricted
localisation of NR2B subunit in dorsal horn. Neuropharmacology. 1999;38(5):611-23. [PubMed:
10340299]

Gogas KR. Glutamate-based therapeutic approaches: NR2B receptor antagonists. Curr Opin
Pharmacol. 2006;6(1):68-74. [PubMed: 16376149]

Dykstra LA, Fischer BD, Balter RE, Henry FE, Schmidt KT, Miller LL. Opioid antinociception,
tolerance and dependence: interactions with the Asmethyl-D-aspartate system in mice. Behav
Pharmacol. 2011;22(5-6):540-7. [PubMed: 21712708]

Gong K, Bhargava A, Jasmin L. GIuN2B A-methyl-D-aspartate receptor and excitatory amino acid
transporter 3 are upregulated in primary sensory neurons after 7 days of morphine administration
in rats: implication for opiate-induced hyperalgesia. Pain. 2016;157(1):147-58. [PubMed:
26335908]

Bespalov AY, Zvartau EE, Beardsley PM. Opioid-NMDA receptor interactions may clarify
conditioned (associative) components of opioid analgesic tolerance. Neurosci Biobehav Rev.
2001;25(4):343-53. [PubMed: 11445139]

Trujillo KA, Akil H. Inhibition of morphine tolerance and dependence by the NMDA receptor
antagonist MK-801. Science. 1991;251(4989):85-7. [PubMed: 1824728]

Fischer BD, Carrigan KA, Dykstra LA. Effects of A-methyl-D-aspartate receptor antagonists on
acute morphine-induced and I-methadone-induced antinociception in mice. J Pain. 2005;6(7):425—
33. [PubMed: 15993820]

Danysz W, Kozela E, Parsons CG, Sladek M, Bauer T, Popik P. Peripherally acting NMDA
receptor/glycineB site receptor antagonists inhibit morphine tolerance. Neuropharmacology.
2005;48(3):360-71. [PubMed: 15721168]

He SQ, Yang F, Perez FM, Xu Q, Shechter R, Cheong YK, et al. Tolerance develops to the
antiallodynic effects of the peripherally acting opioid loperamide hydrochloride in nerve-injured
rats. Pain. 2013;154(11):2477-86. [PubMed: 23880055]

Lutfy K, Shen KZ, Kwon IS, Cai SX, Woodward RM, Keana JF, et al. Blockade of morphine
tolerance by ACEA-1328, a novel NMDA receptor/glycine site antagonist. Eur J Pharmacol.
1995;273(1-2):187-9. [PubMed: 7737313]

Lee J, Saloman JL, Weiland G, Auh QS, Chung MK, Ro JY. Functional interactions between
NMDA receptors and TRPV1 in trigeminal sensory neurons mediate mechanical hyperalgesia in
the rat masseter muscle. Pain. 2012b;153(7):1514-24. [PubMed: 22609428]

Lee J, Chung MK, Ro JY. Activation of NMDA receptors leads to phosphorylation of TRPV1 S800
by protein kinase C and A-Kinase anchoring protein 150 in rat trigeminal ganglia. Biochem
Biophys Res Commun. 2012a;424(2):358-63. [PubMed: 22789851]

Finch PM, Knudsen L, Drummond PD. Reduction of allodynia in patients with complex regional
pain syndrome: A double-blind placebo-controlled trial of topical ketamine. Pain. 2009;146(1-
2):18-25. [PubMed: 19703730]

Carlton SM. Peripheral NMDA receptors revisited—Hope floats. Pain. 2009;146(1-2):1-2.
[PubMed: 19767145]

Weibel R, Reiss D, Karchewski L, Gardon O, Matifas A, Filliol D, et al. Mu Opiod Receptors on
Primary Afferent Nav1.8 Neurons Contribute to Opiate-Induced Analgesia: Insight from
Conditional Knockout Mice. PL0oS One. 2013;8(9):e74706. [PubMed: 24069332]
Rodriguez-Munoz M, Sanchez-Blazquez P,Vicente-Sanchez A, Berrocoso E, Garzon J. The Mu-
Opiod Receptor and the NMDA Receptor Associate in PAG Neurons: Implications in Pain
Control. Neuropsychopharmacology. 2012;37(2):338-49. [PubMed: 21814188]

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 October 27.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Tabakoff and Hoffman

Page 18

92. Mao J, Price DD, Mayer DJ. Mechanisms of hyperalgesian and morphine tolerance: a current view
of their possible interactions. Pain. 1995;62(3):259-74. [PubMed: 8657426]

J Psychiatr Brain Sci. Author manuscript; available in PMC 2020 October 27.



1duosnuepy Joyiny

1duosnuely Joyiny

Tabakoff and Hoffman Page 19

Kindolor

TRPV1

-W| W

N G N e Na Na Na Ca

/ Sensory Neuron Dhe
Cell Body

1) nmpA

2) 2A) Vottage-dependence of activation 28) Small DRG Neuron

2 od]

§ ool F nets s et
| [

§ o4l

1al il |

£o2 J e TTXR cument  O08 werueoshesdennnniine

| . ¥ Nat7 }
oolsooscegher” - TXSeument 1y | x
%0 80 40 20 0 20 40 \ "

voltage (mV)

10{ JOCOC000
N7 P

Neuron cell body
in a ganglion

Glutamate ! Synapse B

NSyans ]

Figure 1. Three (peripheral) targets in the chronic pain pathway that are upregulated in chronic
pain conditions, and are inhibited simultaneously by Kindolor.

The illustrated actions of Kindolor are extrapolated from its measured actions on receptors
and ion channels in model systems and demonstrations in the literature on the participation
of the receptors/channels in generation and conduction of pain in sensory systems. It
remains to be directly demonstrated that the actions of Kindolor are specifically mediated by
the illustrated events [56].
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Table 1.

Gantt Chart Listing the Work and Documents Being Prepared for the Kindolor IND submission to the FDA.
The Gantt chart illustrates the studies that are needed for an IND application for Kindolor, the progress that
has been made to date, and the studies that are currently underway.

(a) Module 1: Regional Administrative Information.

June June/July August
Study Status 1= |8 |15 | 2= [20- [ 6= |13 [20- |27 | 3= | 10- | 17- | 24
5 12 19 26 3 10 17 24 31 7 14 21 28

Forms

In progress
Form FDA 1571 (Lohocla)

In progress
Form FDA 3456 (Lohocla)
Cover Letter-Initial In progress
IND Application (Lohocla)
Administrative In progress
Information (Lohocla)
References
Letter of
Authorization,
Statement of Right
of Reference, List of
Authorized Persons
to Incorporate by EE a';(?gz?f)s
Reference, Cross-
Reference to
Previously
Submitted
Information
Meetings
Meeting Request,
Meeting Background
Materials, Egast':?g;is)s
Correspondence
Regarding Meetings
Other Correspondence
Pre-IND
Correspondence Complete
Request for
Comments and Complete
Advice
Environmental
Assessment— In progress
Categorical (FastTrack)
Exclusion
General
Investigational Plan EEOF;]?C%SSS
for Initial IND
Labeling
Investigators In progress
Brochure (Lohocla)
Investigational Drug In progress
Labeling (Lohocla)
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(b) Module 2: Common Technical Document Summaries.
June June/July August
Study Status - |8 |15 [22- [20- |6 13- |20- [27- [ 3 |10- [17- | 2a-
5 12 19 26 3 10 17 24 31 7 14 21 28
Introduction
Investigation New
Drug Summary EE O%ZOC%SSS
Introduction
Nonclinical Overview
Nonclinical Testing | In Progress
Strategy (Lohocla)
In Progress
Pharmacology (Lohocla)
- In Progress
Pharmacokinetics (Lohocla)
Toxicolo In Progress
ay (Dr. McLain)
Overview and In Progress
Conclusions (Lohocla)
Clinical Overview
Phase I Clinical In Progress
Trial Protocol (FastTrack)
(c) Module 3: Quality.
June June/July August
Study Status 1- [ 8 [15- | 22- | 20- [ 6 | 13- | 20- | 27- | 3 | 10- | 17~ | 24
5 12 | 19 26 3 10 | 17 24 31 7 14 21 28
Drug Substance
General Information Complete
Manufacture
Final Procedure of Complete

Kindolor Synthesis
Route

(Hangzhou Co.)

Preliminary Report for
Kindolor Synthetic

Complete

(Enantiotech)

Optimization

Process Research and

Development for the (C'O(\)mﬁlste
Synthesis of Kindolor
Characterization

Mass Spectrometric Complete
Analysis of Kindolor (UCD)
Characterization of

Kindolor (XRPD, DSC, (CSOS”&’i;‘*te
TGA, pKa, HPLC)

Control of Drug Complete
Substance (AMRI)

Reference Standards or Materials

Reference Standard
Development of
Kindolor by NMR,
FTIR, Mass

Complete
(AMRI)
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(c) Module 3: Quality.

Study

Status

June

June/July

August

1-

8
12

15—
19

22—
26

29—
3

6—
10

13-
17

20—
24

27—
31

3—

10-
14

17-
21

24—
28

Spectroscopy, UPLC,
DSC, and XRPD

Container Closure
System

TBD

Stability

Drug Product

Description and
Composition of Drug
Product

Complete

Pharmaceutical Development

Salt Selection for Complete
Kindolor (Catalent)
Manufacture
Scale up of Kindolor Complete
Tosylate Salt (Catalent)
Manufacture of Kindolor | Complete
Tosylate Salt (AMRI)
Batch analysis and
process specification for Complete
Kindolor Tosylate Salt (AMRI)
manufacture
Control of Excipients Complete
Control of Drug Product
Physical characterization
of Kindolor Tosylate salt
by appearance, XPRD, gmgste
DSC, NMR, FTIR, Mass
Spec., UPLC
Impurity characterization | Complete
by UPLC (area %) (AMRI)
Analysis of residual
solvents and water (CA(\)&EIS'[E
content
Reference Standards or
Materials Complete
Container Closure
System TBD
Stability
Evaluation of Kindolor

Ay In Progress
Tosylate salt Stability for (AMRI)

2 years

Placebo

Description and
Composition of Placebo

Pharmaceutical
Development

Manufacture

Control of Excipients
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(c) Module 3: Quality.

Study Status 1-

June

June/July

August

8
12

15—
19

22—
26

29—
3

6—
10

13-
17

20—
24

27—
31

3—

10-
14

17-
21

24—
28

Control of
Investigational
Medicinal Product

Container Closure
System

Stability

(d) Module 4: Nonclinical Study Reports.

Study

June

June/July

August

Status

8—
12

15-
19

22—
26

29—
3

6—
10

13-
17

20—
24

27—
31

3—

10-
14

17-
21

24~
28

Pharmacology

Pharmacodynamics

Kindolor Radioligand
Receptor Binding and
Functional Assays

Complete (PDSP)

Kindolor Computerized
Molecular Modeling

Complete
(Backos, UCD)

Effect of Kindolor on
Displacement of [3H]
Kainate from Rat Cortical
Membranes

Complete
(Lohocla)

Effect of Kindolor on
Displacement of [3H]
SR95531 from Rat Cortical
Membranes

Complete
(Lohocla)

Effect of Kindolor on
Displacement of [3H]
MK-801 from Rat Cortical
Membranes

Complete
(Lohocla)

Effect of Kindolor on
Displacement of [3H]
Ifenprodil from Rat Cortical
Membranes

Complete
(Lohocla)

Effect of Kindolor on
Displacement of [3H]
Flunitrazepam from Rat
Cortical Membranes

Complete
(Lohocla)

Effect of Kindolor on
Displacement of [3H]
Batrachotoxinin from Rat
Cortical Membranes

Complete
(Lohocla)

Effect of Kindolor on
Displacement of [3H]
AMPA from Rat Cortical
Membranes

Complete
(Lohocla)

Effect of Kindolor on
Displacement of [3H] 5,7-
dichlorokynurenate from Rat
Cortical Membranes

Complete
(Lohocla)

Effect of Kindolor on
Displacement of [3H] CGP
39653 from Rat Cortical
Membranes

Complete
(Lohocla)
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(d) Module 4: Nonclinical Study Reports.
June June/July August
Study Status 1- | 8- |15~ | 22 [ 20- | 6= | 13- | 20- [ 27- | 3- | 10- | 17- | 24~
5 12 | 19 26 3 10 | 17 24 31 7 14 21 28
Effect of Kindolor on
Displacement of [3H] RO Complete
151788 from Rat Cortical (Lohocla)
Membranes
Kindolor Inhibition of NaV Complete
1.7 and 1.2 Channels (Lohocla)
Complete

Nav1.8 Neursolutions Report

(Neurosolutions)

Further electrophysiological
investigation of the effects of
Kindolor on tetrodotoxin-
resistant sodium currents
(Nav 1.8 use dependence at
10 Hz)

Complete
(Neurosolutions)

Screening of Lohocla
Compounds Kindolor
against human Nav 1.5 using

Complete
(Neurosolutions)

QPatch Automated
Electrophysiology
Effect of Kindolor on the
Electrophysiology of Complete
Recombinant NMDA (Lovinger,
Receptors in Transfected NIAAA)
HEK293 Cells
The effects of Kindolor on
recombinant NMDA g/(\)lomo%\?\}:rd
receptors expressed in MUSC) '
cultured HEK293 cells
The Effects of Kindolor on
recombinant NMDA Complete
receptors containing NR3 (Woodward,
subunits expressed in MUSC)
cultured HEK293 cells
Effect of Kindolor on
voltage-gated calcium CLomhpItite
channels (Lohocla)
Efficacy
Effect of Kindolor in the rat

. Complete
CFA model of inflammatory (Lohocla)
pain
Effect of Kindolor in the rat
STZ model of diabetes- E:I?omglcel‘;
induced neuropathic pain
Effect of Kindolor in the rat
SNL model of Neuropathic Complete

: (NINDS)

pain
Effect of Kindolor in the
Mouse Formalin ?ﬁm‘%est;
Inflammatory Pain Model
Effect of Kindolor on
Cisplatin Induced E:I_Oomhg::elta%
Neuropathic Pain
Lack of Tolerance to the
effect of Kindolor in the Complete
Complete Freund’s Adjuvant | (Lohocla)

inflammatory pain model
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(d) Module 4: Nonclinical Study Reports.
June June/July August
Study Status 1- |8 [ 15 [ 22- | 20- | 6= [ 13- | 20- | 27- | 3= | 10- | 17- | 2s-
5 12 | 19 26 3 10 | 17 24 31 7 14 21 28
Efficacy

Effects of Kindolor
Administered PO Twice in a
15- Day Mono-iodoacetate
Induced Knee Pain in Male
Sprague Dawley Rats

Complete (Bolder
Biopath)

Effects of Kindolor in an 8-
Day Model of Adjuvant-
Induced Monoarthritis in
Sprague Dawley Rats

Complete (Bolder
Biopath)

Secondary
Pharmacodynamics

Effects of Kindolor on
dopamine stimulated
Adenylyl Cyclase activity in
cells transfected with opiate
receptors and AC isoforms

Complete
(Yoshimura, LSU)

Safety Pharmacology

Kindolor receptor binding
hERG Assay Assessment

Complete (PDSP)

Kindolor Tosylate: A
Respiratory Assessment
Following Oral Gavage
Dosing to Plethysmograph-
Restrained Sprague Dawley
Rats

Complete (CRL)

Kindolor Tosylate: An lrwin
Test Assessment Following
Oral Gavage Administration
to Sprague Dawley Rat

Complete (CRL)

Kindolor Tosylate:
Cardiovascular Safety
Assessment in Minipigs

Complete (CRL)

Kindolor Tosylate
electrophysiological hERG
Assay Assessment

In progress

Pharmacodynamic Drug
Interactions

Effects of Kindolor Alone or
in Combination with
Oxycodone in 10-day Model
of Adjuvant-Induced
Monoarthritis in Sprague
Dawley Rats

Complete (Bolder
Biopath)

Effects of Kindolor Alone or
in Combination with
Methadone in a 7-day Model
of Adjuvant Induced
Monoarthritis in Sprague
Dawley Rats

Complete (Bolder
Biopath)

Effects of Kindolor Alone or
in Combination with
Diclofenac in a 4-day Model
of Adjuvant-Induced
Monoarthritis in Sprague
Dawley Rats

Complete (Bolder
Biopath)

Two Stage Study of the
Effects of Kindolor Alone or

Complete (Bolder
Biopath)
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(d) Module 4: Nonclinical Study Reports.

Study

Status

June June/July August
1- | 8| 15- | 22- | 29- | 6- | 13- | 20- | 27- | 3- | 10- | 17- | 24—
5 12 | 19 26 3 10 | 17 24 31 7 14 21 28

in Combination with
Tramadol Administered PO
in a 29-Day Mono-
iodoacetate Induced Knee
Pain in Male Sprague
Dawley Rats

Pharmacokinetics

Analytical Methods and
Validation Reports

Validation of a Liquid
Chromatographic Method
for the Determination of
Kindolor in Dose
Formulations

Complete (CRL)

Note: Other validation
reports are included in the
CRL reports

Pharmacokinetics

Absorption

In Vitro Interaction Studies
of Kindolor with human

Complete
ABC (efflux) Transporters
and with human Uptake (Xenotech)
Transporters
Single Dose Study of
Kindolor Tosylate by Oral zggs)gress
Gavage in Rats
Single Dose Study of
Kindolor Tosylate by Oral Complete (CRL)

Gavage in Rabbits

Single Dose Study of
Kindolor Tosylate by Oral
Gavage in Minipigs

Complete (CRL)

Rising Dose, Single Dose,
and Multiple Dose Tolerance

Study of Kindolor Tosylate Complete (CRL)
by Oral Gavage in Minipigs
Distribution
Plasma Protein Binding of Complete
Kindolor (Xenotech)
Radiolabeled Distribution
Study of Kindolor Tosylate Planned
in Rats
Metabolism
Kindolor: Cytochrome P450
Induction in Cultured &;ro(ig;ﬁ;s
Human Hepatocytes
In Vitro Phase I and I1 Complete
Metabolism of Kindolor (Eurofins)
Metabolite Characterization

] : Complete
of Kindolor in Rat, Dog, and (Xenotech)

Human Hepatocytes
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(d) Module 4: Nonclinical Study Reports.
June June/July August

Study Status 1- | 8- |15~ | 22 [ 20- | 6= | 13- | 20- [ 27- | 3- | 10- | 17- | 24~
5 12 | 19 26 3 10 | 17 24 31 7 14 21 28

In Vitro Evaluation of

Kindolor as an Inhibitor of E:)?é?]gltg?h)

Cytochrome P450 Enzymes

Excretion

Single Dose Study of

; In Progress
Kindolor Tosylate by Oral (CRL)

Single Dose Study of
Kindolor Tosylate by Oral
Gavage in Rabbits

Complete (CRL)

Single Dose Study of
Kindolor Tosylate by Oral
Gavage in Minipigs

Complete (CRL)

Rising Dose, Single Dose,

and Multiple Dose Tolerance

Study of Kindolor Tosylate
by Oral Gavage in Minipigs

Complete (CRL)

Toxicology

Single Dose Toxicity

Rising Dose Study of
Kindolor Tosylate by Oral
Gavage in Rats

In Progress
(CRL)

Rising Dose Study of
Kindolor Tosylate by Oral
Gavage in Rabbits

Complete (CRL)

Rising Dose Study of
Kindolor Tosylate by Oral
Gavage in Minipigs

Complete (CRL)

Kindolor: Maximum

Tolerated Dose (MTD) Complete
Study in Sprague Dawley (Advinus)
Rats

Repeat Dose Toxicity

Kindolor Tosylate 14-Day In Progress
Repeat Dose Study in Rat (CRL)
Kindolor Tosylate 14-Day

Repeat Dose Study in z(r;l';[())g ress

Minipig

Multiple-Dose Tolerance
Study of Kindolor Tosylate
by Oral Gavage in Rabbits
(7-days)

Complete (CRL)

Multiple-Dose Tolerance
Study of Kindolor Tosylate
by Oral Gavage in Minipigs
(7-day)

Complete (CRL)

Repeat Dose Toxicity

Kindolor: 7-Day Repeated

Dose (Oral) Toxicity and Complete
Toxicokinetic Study in (Advinus)
Sprague Dawley Rats

Kindolor: 28-Day Oral

(Gavage) Toxicity and E:Aog;?:]if)

Toxicokinetics Study in
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(d) Module 4: Nonclinical Study Reports.

Study

Status

June

June/July

August

8—
12

15-
19

22—
26

29—
3

6—
10

13-
17

20—
24

27—
31

3—

10-
14

17-
21

24~
28

Sprague-Dawley Rats with
Two Week Recovery Period

Genotoxicity

Kindolor Bacterial Reverse
Mutation Assay

Complete (CRL)

An In Vivo Micronucleus
Assay of Kindolor Tosylate
by Oral Gavage in Sprague
Dawley Rats

Complete (CRL)

Behavioral Toxicology

Kindolor Conditioned Place
Preference

Complete
(Roberts, Scripps)

Kindolor Effects on Mouse

Rotarod Performance and g\?mfgestf
Clonic Seizure Protection

Kindolor Effects on Rat Complete
Rotarod Performance (Lohocla)
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