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Abstract

Recent evidence of neuropathic pain among adults with sickle cell disease (SCD) reveals a need
for adjuvant analgesic treatments for these patients. Ca2*/calmodulin protein kinase lla
(CaMKIla) has a known role in neuropathic pain and trifluoperazine is a potent CaMKlla
inhibitor. The study aim was to determine trifluoperazine's acute effects, primarily on adverse
effects and secondarily on pain intensity reduction, in adults with SCD. In a phase I, open-label
study of 6 doses of trifluoperazine (0.5, 1, 2, 5, 7.5, 10 mg), we obtained 7-hourly and 24-hour
repeated measures of adverse effects, pain intensity, and supplemental opioid analgesics in 18
adults with SCD (18 hemoglobin SS disease, 15 women, average age 35.8 + 8.9 years, ranged
23-53) each of whom received a single dose. Data were analyzed with descriptive statistics.
Subjects reported moderate to severe sedative effects at 7.5 and 10 mg doses, respectively. Eight
subjects reported 50% reduction in chronic pain without severe sedation or supplemental opioid
analgesics; one of these subjects had dystonia 24.5 hrs after the 10 mg dose. The analgesic effect
lasted for at least 24 hrs in 3 subjects. Sedation resolved with caffeine and dystonia resolved with
diphenhydramine. Adults with SCD experienced minimal adverse effects at doses under 10 mg. In
this molecular mechanism-driven translational study, trifluoperazine shows promise as an
analgesic drug that is worthy of further testing in a randomized controlled study of adults with
SCD starting at a dose of 1 mg in repeated doses to determine long-term adverse and analgesic
effects.
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1. Introduction

Important recent advances in knowledge of the pain experience by adults with sickle cell
disease (SCD) is its chronic nature that includes both nociceptive and neuropathic
mechanisms (Molokie et al., 2011; Wang et al., 2010; Wilkie et al., 2010). Although opioids
are effective for these types of pain and adjuvant analgesics are often more effective than
opioids for neuropathic pain in other disease conditions, there are no investigations of
adjuvant analgesics for treatment of pain experienced by adults with SCD. The purpose of
our study was to determine the safety of trifluoperazine, based on preclinical studies where it
exhibited efficacious antinociceptive effects in several rodent models of chronic pain (Chen
et al., 2009; Chen et al., 2010; Luo et al., 2008) including sickle cell transgenic mice (Wang
etal., 2010).

Inherited disorders of hemoglobin are the most common monogenic diseases in the world
(Williams and Weatherall, 2012), with SCD being the most common pathological
hemoglobin mutation (Piel et al., 2013). The disease is caused by a point mutation in the
sixth codon of the beta-globin chain, replacing glutamate with valine. Though the disease
affects virtually every organ system, pain is the most common disease manifestation, a
marker of disease severity, and the most common diagnosis associated with hospital
admission in SCD (Brousseau et al., 2010). It is estimated that the annual health care costs
for all sickle hemoglobinopathies are 2.4 billion United States dollars (Lanzkron et al.,
2010), enormous costs especially on a per capita basis for the 100,000 Americans with SCD.
In addition to pain managed in the hospital, patients often manage their pain at home on a
daily basis (Smith et al., 2008; Wilkie et al., 2010). Nearly 6 out of 10 outpatients report
their pain is continuous and occurs in an average of 3.6 sites; 92% also selected neuropathic
pain descriptors (Wilkie et al., 2010). These findings and those from the SCD transgenic
mouse model suggest that the pain of SCD is much more complex than previously thought,
and appears to have both neuropathic and nociceptive mechanisms.

Ca?*/calmodulin protein kinase lla (CaMKIlla), a multifunctional Ca?* and calmodulin-
activated serine/threonine protein kinase, is ubiquitous in the central nervous system and
plays a role in the development of neuropathic pain (Chen et al., 2009; Chen et al., 2010;
Luo et al., 2008; Wang et al., 2010). We previously identified trifluoperazine, a clinically
used antipsychotic drug, to be a potent CaMKIlIa inhibitor (Luo et al., 2008). Inhibition of
CaMKIlla by trifluoperazine reverses or prevents complete Freund's adjuvant-induced
persistent inflammatory pain (Luo et al., 2008), spinal nerve ligation-induced experimental
neuropathic pain (Chen et al., 2009), and paradoxical opioid-induced hyperalgesia (Chen et
al., 2010), in rodent models.

Trifluoperazine is FDA approved for treatment of psychotic conditions and has been used
for more than three decades with an adequate safety profile, but its safety in people with
SCD has not been established. We conducted a CaMKIla-mechanism driven phase |
translational study of trifluoperazine to determine safety and potential pain relief effect in
adults with SCD and well characterized pain.
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2. Materials and Methods

2. 1. Study Design/Setting

In a repeated measures study, we conducted pretest (baseline) and repeated posttest (hourly
for 7 hrs and again 24 hrs after trifluoperazine) measures of safety (adverse effects) and pain
intensity in adults with SCD. The Institutional Review Board at the University of Illinois at
Chicago approved the study. We conducted the study at the adult sickle cell clinic, which is
part of the University of Illinois Comprehensive Sickle Cell Center that serves a panel of
500 adults and 250 children with SCD.

2. 2. Sample

Inclusion criteria required that the patient: (a) had a diagnosis of hemoglobin SS disease; (b)
had pain = 3 (0-10 scale) related to SCD at baseline; (c) reported chronic pain with = 4
neuropathic pain descriptors; (d) had not consumed drugs metabolized by cytochrome P450,
family 1, subfamily A, polypeptide 1 (CYP1A1) within 2.5 half-lives of the drug; (e) spoke
and read English; (f) was 18 years or older; (g) was not taking a drug that prolongs the Q-T
interval; and (h) had no history of prolonged Q-T interval. Subject exclusion criteria were:
(@) legally blind; (b) mentally or physically unable to complete study questionnaires; (c)
taking any adjuvant analgesic drugs within three weeks of baseline; (d) being treated for any
psychoses; (€) adverse effects at baseline; (f) alanine transaminase (ALT) > 300 IU/L, or
albumin < 2.0mg/dL; (g) creatinine > 2.5mg/dL and creatinine clearance < 60ml/min; (h)
pregnant or breast feeding; (i) taking herbals-St John's Wort, dong quai, kava kava, gotu
kola, valerian; or (j) history of priapism.

A total of 20 patients with hemoglobin SS disease consented to participate; 18 met eligibility
criteria and completed the study. The age of the 3 men and 15 women averaged 35.8 + 8.9
years (ranged from 23 to 53). Sixteen self-reported ethnicity as non-Hispanic black, 1
Hispanic-white, and 1 Hispanic-mixed race. Three subjects completed high school, 4 had
vocational training, 8 attended but did not finish college, and 3 had a 4-year college degree.

2.3. Procedures

After verbal consent for screening, a well-trained research nurse (R-RN) completed the
screening procedures and scheduled the patient for a convenient time to complete the 24-hr
study. On the study day in the sickle cell clinic, the R-RN verified eligibility, obtained
written informed consent, documented vital signs, and inserted an intravenous (IV) cannula
for blood sampling. Once the patient completed the self-report and observational tools, the
R-RN administered the pre-determined dose of trifluoperazine and monitored the patient
hourly for 7 hrs with measures of vital signs, adverse effects, pain intensity, and analgesic
doses consumed during the previous hour. The R-RN called the patient the following day to
collect self-reported adverse effects, pain intensity, and analgesic doses from the 7t hr to 24
hrs after trifluoperazine administration.

2. 4. Intervention

We initially planned to administer six doses (0.5 mg, 1 mg, 2 mg, 5 mg, 10 mg, and 20 mg)
as a single trifluoperazine dose to determine the safety of each dose in three subjects. We
selected this dose range based on human studies (Marques et al., 2004) and analgesic
observations in mouse studies (Tang et al., 2006). A priori rules specified that the minimum
toxic dose was defined by adverse effects rated > 2 for two patients at a given dose. Rules
also specified that profound analgesic effects at a particular dose, as demonstrated in mice,
required that we stop the dose escalation, consider a lower dose, and assess safety and effect
on pain in the remaining sample.

Eur J Pharmacol. Author manuscript; available in PMC 2015 January 15.
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2.5. Measures

2.5.1. Adverse effects—We used the Extrapyramidal Symptom Rating Scale (ESRS)
(Chouinard and Margolese, 2005) and an adverse effects checklist to document adverse
effects of trifluoperazine. The ESRS is a standardized observational tool to measure
extrapyramidal symptoms that are common with antipsychotic medications. The ESRS
measures drug-induced movement disorders, including akathisia, dystonia, and tardive
dyskinesia. A well-trained research nurse completed the observation of the activity series in
less than 10 min. The observational tool has documented validity and reliability (Chouinard
and Margolese, 2005). The adverse checklist documents the presence and severity (none[0],
mild[1], moderate[2], severe[3]) of nine subjective adverse effects (sedation, confusion,
agitation, dry mouth, blurred vision, urinary retention, tremors, shaking, and difficulty
walking) and other adverse effects that the subject reported.

2.5.2. Pain intensity—We used a computerized version of the Visual Analogue Scale for
pain intensity (VAS-P) as ratio level data for subjective pain intensity. The VAS-P is a
horizontal, 10-cm line anchored on the left with “no pain” and on the right with “pain as bad
as it could be” (Wilkie et al., 1990). Standardized instructions, validity (r = .64 to .81)
(Kremer and Atkinson, 1981; Wilkie et al., 1990), reliability (r =.99) (Kremer et al., 1981;
Scott and Huskisson, 1979), and sensitivity of the VAS-pain intensity have been estimated
previously (Huskisson, 1983), and extended to computer format (Jamison et al., 2002).
Subjects completed the VAS in less than 1 minute (Wilkie et al., 1990).

2.5.3. Demographic variables—Demographics included age, gender, ethnicity, and
education included in PAINReportlt® (Wilkie et al., 2003). Subjects completed items in less
than 5 minutes.

2.5.4. Confounding variable—If patients required analgesics during the 24-hr study
period, we documented each dose. Although it would be desirable that patients not consume
any opioid analgesics during the study period, we considered it unethical to withhold
analgesics for moderate to severe chronic pain.

2.6. Statistical Analysis

3. Results

Analysis of safety and pain intensity included change from baseline and attainment of
threshold criteria within and between subjects. Within subjects, the threshold criterion for
adverse effect was a rating of 3 (severe) for any adverse effect. Between subjects who
received the same drug dose, two subjects with an adverse-effect rating of 3 determined the
minimum toxic dose. The threshold criterion for profound analgesia was a 50% reduction
from the baseline pain intensity and sustained for 3 hrs (4 measurements). Descriptive
statistics, graphs, and plots provided approaches for interpretation of results for the three
subjects at each drug dose.

None of the subjects reached the adverse-effect threshold at doses of 0.5, 1, 2, and 5 mg, but
two subjects reached the adverse-effect threshold at the 10 mg dose, which identified the
minimum toxic dose. After this finding, we added a 7.5 mg dose and none of the three
subjects at this dose reached the adverse-effect threshold. Other details of the safety and pain
outcomes appear in the following sections.

Eur J Pharmacol. Author manuscript; available in PMC 2015 January 15.
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We observed no adverse effects up to a dose of 5 mg. At baseline with 5 mg, one subject had
a mild sedation, which returned to none 3 hrs after taking the study drug. At 7.5 mg, two
subjects had moderate sedation; one at the 71" hr and the other at the 39, 4t 6t and 7t hr.

At 10 mg, one subject had severe sedation at the 6! hr along with moderate increase in
difficulty ambulating due to the sedation; the study was terminated at the 6! hr due to
sedation. Another subject had moderate sedation at the 4™ hr. The third subject experienced
dystonia 24.5 hrs after the trifluoperazine. Sedation resolved with caffeine and dystonia
resolved with diphenhydramine.

No subject had confusion, blurred vision, urinary retention problem, tremors, or shaking.
Subjects who reported mild agitation (n=2), dry mouth (n=4), or sedation (n=1) at baseline
and all but one with dry mouth reported resolution of these effects after the trifluoperazine.

Observed adverse effects included mild posture impairment, hypokinisia, anteroplusion,
lateral pulsion, and retropulsion in the same subject who experienced severe sedation with
the 10 mg dose. The subject who experienced dystonia also had observed gait stiffness at
baseline that resolved after the 10 mg dose. Mild impaired gait resolved after baseline for
one subject (0.5 mg dose), and there was a notation of improved gait that had been noted as
impaired (but not a mild level) at baseline for three subjects (2 at 1 mg, 1 at 5 mg doses).
Unknown at the time, one subject who received a 2 mg dose had been non-adherent to her
prescribed anti-seizure medication for two days and had an observed seizure before the 7t
hr; this event was not attributed to the trifluoperazine because of the patient's seizure
disorder and the patient's non-adherence to anti-seizure medications.

Table 1 presents analgesia outcomes for the 18 subjects by trifluoperazine dose. After the
trifluoperazine dose for at least one measurement, 15 subjects (83%) reported 50% reduction
in their VAS pain intensity score (Fig. 1), 11 of these subjects' (61%) pain reduction was
likely the outcome of the trifluoperazine dose (Table 1 and Fig. 1). At more than 3 time
points (not necessarily consecutively), 8 subjects (44%) reported pain that was at least 50%
lower than baseline and attributable to trifluoperazine, that is, after the expected peak of the
study drug (~3 hr) and not the effect of any supplemental analgesics (Table 1 and Fig. 1).
Of these 8 subjects (44%), 2 received 1 mg, 1 received 2 mg, 1 received 5 mg, 2 received
7.5 mg, and 2 received 10 mg of trifluoperazine.

3.3. Supplemental analgesics

Twelve subjects consumed no supplemental opioid analgesics between baseline and the end
of the 7-hr acute monitoring period, 7 of whom also reported that they consumed no opioid
analgesics during the entire 24-hr study (Table 1). Eleven of the 18 subjects required an
opioid analgesic dose during the 24-hr study period as presented in Fig. 1. Out of these 11, 9
(82%) had 50% reduction at least once and 6 (55%) did so 3 times or more. Nine subjects
consumed an opioid analgesic dose within 12 hrs prior to the study (Table 1). We did not
attribute any pain reduction to trifluoperazine if an opioid analgesic effect overlapped
(consumed before and during) the 7-hr acute monitoring period.

4. Discussion

Based on preclinical studies (Chen et al., 2009; Chen et al., 2010; Luo et al., 2008; Wang et
al., 2010), it was highly promising that trifluoperazine would show efficacy in humans. Here
is the first report of safety and analgesic effects of trifluoperazine administered to adults

Eur J Pharmacol. Author manuscript; available in PMC 2015 January 15.
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with SCD. We identified 10 mg as the minimum toxic dose based on severe sedation and
dystonia, identified using a well-accepted dose escalation plan for phase 1 drug studies
designed to determine tolerable doses (Ferte et al., 2011). From a safety perspective, in this
open-labeled, single-dose study, the most common moderate to severe adverse effect was
sedation, which 4 subjects experienced. All the other adverse effects were mild with the
exception of one subject who had difficulty walking, mild at baseline and severe after the 10
mg dose, which was likely caused by the subject's severe sedation. These data suggest that
10 mg was the threshold for triggering severe adverse effects. Pain intensity reduction (=
50% of baseline) without supplemental analgesics or severe sedation was evident for 8
subjects, 6 of whom received doses less than the 10 mg (e.g., 1 mg, 2 mg, 5 mg, 7.5 mg).
The safety profile and these pain outcomes are encouraging and warrant a larger phase I/11
study with a randomized placebo controlled design to determine the long-term safety and
efficacy of trifluoperazine for adults with SCD who report pain descriptors consistent with
neuropathic pain.

It is now clear that the pain experience of those with SCD is much more complex and
frequent than the early studies suggested (Dampier et al., 2002a; Dampier et al., 2002b;
Maikler et al., 2001; Platt et al., 1994; Platt et al., 1991; Shapiro et al., 1995). Not only do
many adults with SCD select verbal descriptors associated with neuropathic pain (Wilkie et
al., 2010), but some also experience allodynia and hyperalgesia in cold weather (Molokie et
al., 2011) and with the thermal and mechanical stimuli used for quantitative sensory testing
(Ezenwa et al., In review). These three findings are consistent with the central or peripheral
nervous system sensitization that typifies neuropathic pain. The neuropathic pain among
adults with SCD perhaps results from persistent, recurrent nervous system activation, or
synaptic plasticity in the spinal dorsal horn, which also explain the clinical findings of pain
hypersensitivity, a key finding of neuropathic pain (von Hehn et al., 2012; Woolf, 1983).

The mechanisms leading to and maintaining central sensitization are complex. As a versatile
protein kinase, CaMKIla may interact with the N-methyl-D-aspartate (NMDA) receptors
that are essential for the generation of long-term potentiation, learning, and memory.
CaMKlIla phosphorylates the NMDA receptors, leading to the latter's activation. Ca?* influx
through the activated NMDA receptors, in turn, causes autophosphorylation of CaMKlla
and subsequent full activation of the kinase. A similar feed-forward mechanism may be
found between CaMKIlla and the transient receptor potential vanilloid 1 receptor (TRPV1)
(Wang et al., 2010). In mouse models, we found that the inhibition of CaMKlla using
several CaMKlla inhibitors including trifluoperazine, prevented or reversed experimental
neuropathic pain (Chen et al., 2009).

Trifluoperazine-like phenothiazines were first used in animal trials during the late 1880s by
Paul Ehrich (Ohlow and Moosmann, 2011). In the 1950s, phenothiazine derivatives were
developed and used in anesthesia, as antihistamines, and in schizophrenic, agitated and
hyperactive psychiatric patients (Ohlow and Moosmann, 2011). Today, they are still among
the most widely used psychotropic drugs in the world (Ohlow and Moosmann, 2011;
Sudeshna and Parimal, 2010). Besides trifluoperazine, several other members of the
phenothiazine drug class also show antinociceptive properties for chronic, but not acute
pain, when tested in preclinical models (Yang et al., 2011; Wang et al., unpublished data). In
a recent review, Marques et al. (2004) stated that typical daily doses of trifluoperazine are
12 mg to 50 mg and common adverse effects include dopaminergic, cholinergic, adrenergic,
and histaminergic effects. In addition to antagonizing dopamine D2 receptors, phenothiazine
inhibited calmodulin (Jaszczyszyn et al., 2012; Sudeshna and Parimal, 2010), CaMKlla
(Luo et al., 2008), and likely other yet to be determined targets.

Eur J Pharmacol. Author manuscript; available in PMC 2015 January 15.
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Our findings suggest that analgesia may be possible with much smaller doses than are
typical for psychiatric patients, which could reduce the risk for long-term side effects such
as tardive dyskinesia. The first dose with 50% reduction in pain intensity was 1 mg, and it
would be a prudent starting dose to test in a randomized double-blinded placebo controlled
study with repeated doses and long-term follow-up of adverse and analgesic effects.
Repeated doses of 2, 2.5, 5 or 7.5 mg could also be tested given the safety profile observed
in our study. The double-blind study design is important because expectations (Benedetti et
al., 2003) of either the patient or the research nurse could influence study outcomes. Since
safety was our primary outcome we did not include a control group in this study, but control
of the placebo response is important for a future study with pain as a primary outcome.
Additionally, it would prudent to measure monocyte CaMKII activity (Guest et al., 2008) as
a surrogate indicator of the mechanism by which trifluoperazine exerts analgesic effects in
humans especially since other mechanisms are possible.

Interestingly, in 1961 Bounameaux and colleagues (Serjeant, 1974) suggested use of
phenothiazines for SCD based on their in vitro effect to inhibit sickling. In 1963, Lewis
again suggested them as a treatment based on the idea that inhibition of glucose-6-phosphate
dehydrogenase would result in less oxygen consumption in the red blood cell and, therefore,
less hemoglobin polymerization (Raper, 1968). Heller (1966) suggested that phenothiazines
could be useful in controlling painful crisis because of their sedative effect. A double-
blinded trial of a phenothiazine to reduce acute painful events, however, yielded negative
results (Mahmood, 1969). Despite these early notions, based on the CaMKIlla mechanism
and pathophysiological role of CaMKIlla in chronic pain, we expect trifluoperazine to be
most effective in chronic, not acute, types of SCD pain (Chen et al., 2009; Chen et al., 2010;
Luo et al., 2008).

5. Conclusions

We observed moderate sedative effect at the 7.5 mg dose and severe sedative effect at 10
mg, the minimum toxic dose. However, the preliminary data are encouraging that 8 subjects
also reported significant alleviation of chronic pain without severe sedation. The effect
lasted for at least 24 hr in 3 subjects. In this initial translational study, trifluoperazine shows
promise as an analgesic drug that is worthy of further testing in a randomized placebo
controlled study of adults with SCD.
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Fig. 1.

Visual Analogue Scores by Subject (1-18) during the 24-hour Study.

The dose appears in order of administration: 0.5 mg for subjects 1-3, 1mg for subjects 4-6, 2
mg for subjects 7-9, 5 mg for subjects 10-12, 7,5 mg for subjects 16-18, and 10 mg for
subjects 13-15. The green symbols represent 50% reduction from baseline (hr 0), blue
symbols represent 50% from baseline but contaminated by a supplemental analgesic, which
is represented by red vertical lines.
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