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Abstract

Background—The present study was designed to test the hypothesis that the increased duration
of analgesia caused by adding dexmedetomidine to local anesthetic results from blockade of the
hyperpolarization-activated cation (Iy,)current.

Methods—In this randomized, blinded, controlled study, the analgesic effects of peripheral nerve
blocks using 0.5% ropivacaine alone or 0.5% ropivacaine plus dexmedetomidine (34 uM or 6 pg/
kg) were assessed with or without the pretreatment of a4- and ay-adrenoceptor antagonists
(prazosin and idazoxan, respectively) and antagonists and agonists of the Iy, current (ZD 7288 and
forskolin, respectively). Sciatic nerve blocks were performed, and analgesia was measured by paw
withdrawal latency to a thermal stimulus every 30 min for 300 min post-block.

Results—The analgesic effect of dexmedetomidine added to ropivacaine was not reversed by
either prazosin or idazoxan. There were no additive or attenuated effects from the pretreatment
with ZD 7288 (I, current) when compared with dexmedetomidine added to ropivacaine. When
forskolin was administered as a pretreatment to ropivacaine plus dexmedetomidine, there were
statistically significant reductions in duration of analgesia at time points 90-180 min (p < 0.0001
for each individual comparison). The duration of blockade for the forskolin (768 uM) followed by
ropivacaine plus dexmedetomidine group mirrored the pattern of the ropivacaine alone group,
thereby implying a reversal effect.

Conclusion—Dexmedetomidine added to ropivacaine caused approximately a 175% increase in
the duration of analgesia, which was reversed by pretreatment with an I, current enhancer. The
analgesic effect of dexmedetomidine was not reversed by an o,-adrenoceptor antagonist.
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Introduction

Single-shot peripheral nerve blocks are routinely performed as an alternative to general
anesthesia and in order to decrease postoperative pain and opioid requirement. The most
commonly used long-acting local anesthetic, ropivacaine, provides sufficient analgesia for
9-14 h.12 Due to the timing of the placement of most nerve blocks for surgery, many
patients complain of pain for the first time during the nighttime hours. Especially for
outpatient surgery, resources for treating acute pain after the waning of a nerve block can be
limited and can cause frustration for patients and clinicians. As such, many surgeons,
anesthesiologists, and nurses recommend that patients take opioids prior to the waning of the
nerve block to preempt the pain. Side effects of opioids can be an independent source of
morbidity, causing nausea, vomiting, sedation, constipation, and sleep disturbance.34
Therefore, there has been considerable interest in new medications or combinations of
existing medications that will allow for longer durations of analgesia to provide better
postoperative pain relief, especially for the first full 24 h after surgery.

The efficacy of peripheral perineural dexmedetomidine added to bupivacaine and
ropivacaine for sciatic nerve blocks in rat has been established.>~7 The increase in duration
of analgesia is dose-dependent,” and the effect is peripheral (i.e., not due to centrally-
mediated or systemic analgesia).?> Human studies in greater palatine and axillary brachial
plexus nerve blocks have subsequently demonstrated that increased duration of sensory
blockade can be achieved by adding dexmedetomidine to bupivacaine and levobupivacaine,
respectively.8°

Previous studies demonstrated a peripheral site of dexmedetomidine action,® but the
mechanism underlying the prolongation of sensory blockade of the peripheral nerve has
heretofore been unknown. Dexmedetomidine is an agonist of the o,-adrenoceptor. An in
vitro study of frog sciatic nerve conduction with high-concentration dexmedetomidine
(published after the completion of the present study) found that the reduction of the
compound action potential was concentration-dependent and not o,-mediated.1% Through in
vivo and in vitro studies, the effects of clonidine, another o,-adrenoceptor agonist, on the
peripheral nerve were found to be likely mediated through blockade of the
hyperpolarization-activated cation current (I, current), not due to agonism of the o,-
adrenoceptor.11-14 An in vitro study of the effects of dexmedetomidine in the
paraventricular nucleus neurons found that dexmedetomidine acts in part through inhibition
of the I, current.1® The present study was designed to test the hypothesis that the increased
duration of analgesia from dexmedetomidine added to local anesthetic in an in vivo model of
a peripheral nerve block in rat is due to blockade of the I}, current and not due to o4- or -
adrenoceptor agonism.

Materials and Methods

The study followed the American Physiological Society and National Institutes of Health
guidelines and was approved by the University of Michigan Committee for the Use and Care
of Animals (Ann Arbor, Michigan). Male, Sprague Dawley rats (n = 74) purchased from
Charles River Laboratories (Wilmington, MA) ranging from 250-300 g were housed in a
12-12 h light-dark cycle facility. Rats were allowed access to food and water ad libitum.
Subjects were conditioned to the Hargreaves chamber and neurobehavioral monitoring for
60 min each morning for 1 week prior to surgery. Five preoperative baseline paw
withdrawal latency measurements were taken 24 h prior to experimental testing, and five
postoperative measurements were recorded 24 h after surgery.
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Drug solutions

Pharmaceutical grade dexmedetomidine (Precedex®, Hospira Inc., Lake Forest, IL) at a
concentration of 100 pg/ml, and pharmaceutical grade 0.75% ropivacaine (Naropin®, APP
Pharmaceuticals, LLC, Schaumburg, IL) were used to create drug solutions. Based on a
previous study, 34 uM (approximately 6 pg/kg) dexmedetomidine added to 0.5%
ropivacaine significantly enhanced the duration of sensory sciatic nerve blockade, without
appreciable systemic effect (no differences between treatment groups in the analgesia of the
unblocked contralateral paw).” Therefore, the concentration of dexmedetomidine was fixed
at 34 uM in all groups, and the concentration of ropivacaine was fixed at 0.5%. Both the
ropivacaine alone and ropivacaine plus dexmedetomidine groups were brought to volume
with 0.9% preservative-free normal saline.

Due to the poor solubility of prazosin and forskolin in saline, dimethyl sulfoxide (DMSO)
was used as the solvent for all pretreatment injections. Prazosin hydrochloride (Sigma-
Aldrich, St. Louis, MO) was first dissolved in dimethyl sulfoxide to a concentration of 10
mg/ml. This was then diluted 100-fold in acidic preservative-free saline (pH 4) for a final
concentration of 100 pg/ml in 1% DMSO (238.2 uM or 70.4 pg/kg). Idazoxan hydrochloride
(Sigma-Aldrich) was dissolved in DMSO to a concentration of 1.5 mg/ml; a subsequent
1:100 dilution in saline yielded a final concentration of 15 pg/ml in 1% DMSO (62.3 uM or
10.56 pg/kg). ZD 7288 (Tocris Bioscience, Ellisville, MO) was diluted directly into saline
with 1% DMSO to a concentration of 1.625 mg/ml (5.55 mM or 1.14 mg/kg) due to its
uncomplicated solubility and in order to minimize waste. Forskolin (Sigma-Aldrich) was
diluted in DMSO to a concentration of 15.75 mg/ml, from which a 1:100 dilution was made
into saline for a final concentration of 157.5 pg/ml in 1% DMSO (384 uM or 110.9 ug/kg).
Two additional dosages of forskolin were also tested, 150% and 200% the original dose, 576
uM (166.4 ng/kg) and 768 uM (221.8 pg/kg) respectively. These were diluted directly into
saline with 1.5% and 2.0% DMSO, respectively. All solutions were prepared immediately
before each experiment and brought to a pH of 5.69 + 0.05.

Dosage Justifications

Surgery

The dosages of prazosin and idazoxan were determined by calculating the amount of drug
required to antagonize the specified 34 uM (approximately 6 ng/kg; average rat weight 284
g) dose of dexmedetomidine. The dose of prazosin selected was previously demonstrated to
antagonize the analgesic effects of epinephrine added to local anesthetic (lidocaine).13 The
dose of idazoxan selected exceeded that which antagonized the analgesic effects of epidural
dexmedetomidine.16 Doses of prazosin and idazoxan were fixed at 20 pg and 3 pg per 0.2
ml injection, respectively. Therefore, each 0.2 ml injection of prazosin solution contained a
concentration of 238.2 uM (70.4 pg/kg) prazosin, and each 0.2 ml injection of idazoxan
solution contained 62.3 uM (10.56 pg/kg) idazoxan. The previously discussed dosages of
ZD 7288 and forskolin were based on a previous in vivo sciatic nerve block study of
clonidine and lidocaine.13

Subjects were assigned to a treatment group using simple random sampling without
replacement, and the experimenter (FSA) conducting the nerve block and neurobehavioral
monitoring was blinded to the treatment conditions. General anesthesia was induced using
3.0% isoflurane in an acrylic chamber until righting reflex was lost. The left leg and hip
were shaved, and anesthesia was maintained with isoflurane. Respiratory rate, body
temperature and inspired isoflurane concentration were recorded. An incision was made on
the left hip posterior to the femur, and the muscle fascia was separated by blunt dissection to
expose the sciatic nerve, as previously described.>~" Two separate injections were made 10
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min apart. The first injection was the agonist/antagonist or placebo (preservative-free normal
saline), and the second injection was the local anesthetic combination (table 1).

Experiments Using ocq- and ocy-Adrenoceptor Antagonists

After nerve exposure, the first injection of 0.2 ml saline, 238.2 uM (70.4 ug/kg) prazosin, or
62.3 uM (10.56 ng/kg) idazoxan, was administered into the perineural space beneath the
fascial plane covering the nerve and perineural tissue with a 30 g needle and tuberculin
syringe under direct visualization as previously described.>~’ Ten minutes after the first
injection, the second injection of 0.2 mL containing either 0.5% ropivacaine, or 34 uM
dexmedetomidine in 0.5% ropivacaine, was injected perineurally. A suture was placed in the
muscle fascia directly above the injection, and three sutures were used to close the skin
incision. Isoflurane was then discontinued and the subject was returned to its cage for
recovery. Upon regaining consciousness, as indicated by the resumption of righting reflex,
the subject was placed in the paw withdrawal chamber for subsequent neurobehavioral
testing. Previous work demonstrated that ;- and o,-adrenoceptor antagonists added to
local anesthetic do not have any analgesic benefit or notable sensory effects,13 therefore
prazosin and idazoxan were not studied with ropivacaine alone.

I Current Agonist and Antagonist Studies

The analgesic effect of peripheral perineural dexmedetomidine was previously shown to be
due to enhancement of the hyperpolarization-activated cation current (I current), which
prevents the nerve from returning from a hyperpolarized state to resting membrane potential
for subsequent firing.1113 In the present experiments, the effects of ZD 7288 (I}, current
blocker) and forskolin (1}, current enhancer) were studied individually (table 1). Previous
studies have pre-administered ZD 7288 60 min prior to the local anesthetic injection due to
the long onset time.13 These studies, however, were conducted with a short-acting local
anesthetic (lidocaine). Preliminary data from our group (not shown), indicated that the
analgesic effects of ZD 7288 added to ropivacaine were prolonged when administered 10
min prior to the local anesthetic injection when compared with the 60-min pretreatment. As
such, a 10-min pretreatment with 5.55 mM (1.14 mg/kg) ZD 7288 was selected to allow for
direct comparison with the dexmedetomidine coadministration and to ensure that the
investigator performing the surgery and neurobehavioral monitoring remained blinded.

The selected dose of 384 uM of forskolin was derived from previous doses shown to
antagonize the peripheral perineural analgesic effects of clonidine added to lidocaine.13
Preliminary data using forskolin (110.9 ug/kg) with dexmedetomidine plus ropivacaine
found a partial reversal. As such, 1.5 and 2 fold increases in the dose, 576 uM (166.4 pg/kg)
and 786 uM (221.8 pg/kg) forskolin, respectively, were also studied (table 1). Forskolin has
effects on multiple organ systems, including cardiac, vascular, and respiratory. Although the
finding that forskolin attenuates dexmedetomidine-induced analgesia is consistent with that
which has been shown with clonidine, 3 we cannot rule out the possibility that this reversal
was due to other systemic effects.

Paw Withdrawal Latency Measurement

The level of analgesia achieved by the sciatic nerve block in the operative limb was
measured using thermal antinociceptive testing.>~" The subjects were placed on an elevated
glass base in the same compartments of a six-compartment acrylic chamber in which their
conditioning took place (Model 400, IITC Life Science Inc., Woodland Hills, CA). The
glass plate was set to 30 degrees Celsius in order to minimize variations in temperature
across the plate.1” Using a mounted mirror to visualize underneath the glass base, a blinded
experimenter focused a beam of light (idle intensity 10%, active intensity 40%) on the
plantar aspect of the hind paw of the operative leg. The time between light source activation
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and retraction of the heated paw away from the beam of light was recorded as the paw
withdrawal latency and was measured to the nearest 0.01 s by the IITC Life Science Plantar
Analgesia Meter (Series 8 Model 336T, IITC Life Science Inc.). A maximum activation
time of 15.00 s was set to prevent tissue damage under conditions of complete nerve
blockade. The procedure was repeated on the nonoperative paw to serve as a control. Three
measurements taken on each paw at every time point, and the mean values at each time point
were used in the analysis. Measurements were recorded every 30 min, beginning 30 min
after the second perineural injection, and were carried out to 300 min postinjection.

Statistics

A previous study demonstrated a statistically significant increase in the duration of analgesia
from the addition of dexmedetomidine (34 uM) to 0.5% ropivacaine when compared with
ropivacaine alone. The difference in the time to return to normal sensation was 150 + 45 min
in the dexmedetomidine plus ropivacaine group versus 90 + 21 min in the ropivacaine alone
group. Based on these data, we estimated a sample size of six rats per group (two-sided, o« =
0.05, p = 0.01). An additional two rats per group were included due to the potential for
technical failure during the peripheral nerve block. Therefore, there were eight rats included
in each group.

Data were analyzed using SAS 9.2 (SAS Institute Inc., Cary, NC) and GraphPad Prism 5.0a
(GraphPad Software Inc., La Jolla, CA). The distribution for each set of data was
systematically examined to insure that it met the assumptions of the underlying statistical
models. Time course data were analyzed using a two-way repeated measures analysis of
variance with post hoc tests to compare between groups at individual time points. A
Bonferroni correction for multiple comparisons was used (o = 0.00833 for each
comparison). For the comparison of the time to return to normal sensation between the
ropivacaine dexmedetomidine group and the three forskolin pretreatment followed by
ropivacaine plus dexmedetomidine groups, a Kruskal-Wallis test was conducted followed by
the Dunn’s Multiple Comparison test. Data are presented as mean + SEM.

Results

ocq- and ocy-Adrenoceptor Antagonists

Neither pretreatment with prazosin (c;-adrenoceptor antagonist) or idazoxan (-
adrenoceptor antagonist) attenuated the increased duration of sensory blockade caused by
the addition of dexmedetomidine to ropivacaine (fig. 1). There were significant time (p <
0.001), drug (p = 0.0028), and time-by-drug (p < 0.0001) differences for the four groups. In
post hoc analyses, there were multiple individual time points of statistical significance when
all of the dexmedetomidine groups were compared with the ropivacaine alone group,
regardless of the pretreatment (saline, prazosin or idazoxan; p < 0.005 for each significant
comparison noted in fig. 1). Only at the 210-min time point was the prazosin pretreatment
group significantly different from the idazoxan pretreatment group (p = 0.0019). Otherwise,
there were no significant differences between the different individual time point assessments
between the three dexmedetomidine groups. There were no significant time by drug
interactions found in the control (unblocked) paws between the groups (p = 0.47, control
paw data not shown).

I Current Antagonist (ZD 7288)

Pretreatment with ZD 7288 did not enhance or attenuate the duration of analgesia for
dexmedetomidine added to ropivacaine (fig. 2). There were time (p < 0.0001), drug (p =
0.0006) and time-by-drug (p < 0.0001) effects. Post hoc analyses of time points 90 — 180
min between groups ZD 7288, dexmedetomidine, and the combination of ZD 7288 plus
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dexmedetomidine showed significant increases in the duration of analgesia when compared
with ropivacaine alone (p < 0.004 for each significant comparison noted in fig. 2). There
were no statistically significant differences between the ZD 7288 group and the
dexmedetomidine group, and the combination of the two together with ropivacaine did not
enhance or attenuate the sensory effects of dexmedetomidine (p = 0.17 — 0.39 between
groups at time points 90 — 180). There were no significant time-by-drug interactions in the
control paw between groups (p = 0.06; control paw data not shown).

I Current Agonist (Forskolin)

Pretreatment with the highest dose of forskolin (786 pM) attenuated the analgesic effects of
dexmedetomidine added to ropivacaine (fig. 3). There were significant time (p < 0.0001),
drug (p < 0.0001), and time-by-drug (p < 0.0001) interactions. Post hoc analyses
demonstrated a significantly longer duration of analgesia in the dexmedetomidine plus
ropivacaine group when compared with the other three groups at time points 90 — 180 min
(p < 0.0001 for each significant time point noted in fig. 3). Individual time point analyses
from 90 — 210 min between the ropivacaine alone group and the group receiving forskolin
pretreatment followed by dexmedetomidine plus ropivacaine showed differences only at the
90-min time point (p = 0.0002), but there were otherwise no significant differences between
the groups (p = 0.05, 0.35, 0.71, 0.89 for time points 120, 150, 180, 210 min, respectively).
Pretreatment of forskolin with ropivacaine alone decreased the duration of analgesia when
compared with ropivacaine alone with a saline (placebo) pretreatment. Significant
differences were detected at time points 60 (p = 0.0001) and 90 (p < 0.0001). There was not
a significant time-by-drug interaction found in the control (unblocked) paw between groups
(p = 0.068, control paw data not shown).

Three doses of forskolin (384, 576 and 768 uM) doses followed by ropivacaine plus
dexmedetomidine were studied. The highest dose of forskolin (768 uM) significantly
attenuated the dexmedetomidine-induced duration of sensory blockade when compared with
the ropivacaine plus dexmedetomidine group (median 180 min [25, 75t interquartile range
180, 210] vs. 150 [127.5, 150]). While the study was not powered to detect a difference
between the forskolin doses, there was a downward, but not statistically significant, trend in
the duration of analgesia with each increasing dose of forskolin pretreatment (384, 576, and
768 uM forskolin; 180 [150, 180], 150 [127.5, 172.5], 150 [127.5, 150] min, respectively).

Neurobehavioral Assessments 24 Hours After Nerve Block

There were no differences between any of the groups for operative or control paw
withdrawal latency when reassessed 24 h after the placement of the nerve block. There were
no gross motor abnormalities or wound infections noted the day after the nerve block.

Discussion

Perineural Dexmedetomidine Acts Peripherally by Blocking the I, Current

In this blinded, randomized, controlled study, the effects of dexmedetomidine were shown to
be likely due to the blockade of the hyperpolarization-activated cation current (figs. 2 and
3). This is the first in vivo study to investigate the mechanism of action for peripheral
perineural dexmedetomidine. In a recent study, we demonstrated that the analgesic effects of
dexmedetomidine were significantly greater when administered perineurally versus
systemically (subcutaneously) in a ropivacaine sciatic nerve block in rat model;® however,
the underlying mechanism was still not known. The present study design employed was
comparable to Kroin et al.13 As with clonidine, a blocker of the I, current (ZD 7288) did not
have any effect on the duration of analgesia associated with the addition of
dexmedetomidine to ropivacaine, while an enhancer of the I, current (forskolin) attenuated
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dexmedetomidine’s analgesic effects. Interestingly, the dose of forskolin required to fully
attenuate the effects of dexmedetomidine added to ropivacaine (fig. 3) was higher than that
which reversed clonidine added to lidocaine. The present results encourage future clinical
studies designed to determine whether more potent inhibition of the Iy, current by
dexmedetomidine will cause a longer duration of analgesia when compared with clonidine.

Perineural Dexmedetomidine Not Reversed by ocq- or ocy,-Adrenoceptor Antagonists

The peripheral analgesic effects of dexmedetomidine were not reversed by either o - or -
adrenoceptor antagonists (prazosin and idazoxan, respectively; fig. 1). Dexmedetomidine is
approved for intravenous administration for sedation and analgesia in intubated and
mechanically ventilated patients in the intensive care unit and for non-intubated patients for
surgical and other procedures.1® The described mechanism of action for intravenous
dexmedetomidine is o,-mediated. The antinociceptive properties of neuraxial
dexmedetomidine were previously demonstrated to be ,-mediated and were reversed by a
proportionally much lower dose of idazoxan than that which was used in the present
study.16:19.20 Consistent with our findings, an in vitro study of frog sciatic nerves
demonstrated a dose-dependent decrease of compound action potentials with
dexmedetomidine, which was not reversed by o,-adrenoceptor antagonists.1% When
compared using the same compound action potential model, the effects of clonidine were
only 20% of that which was seen with dexmedetomidine.

Mechanism of Action for Peripheral Perineural Dexmedetomidine Similar to Clonidine

The present study indicates that the mechanism of action for peripheral perineural
dexmedetomidine is similar to clonidine.12-14.21.22 Clonidine has been used as an additive to
local anesthetics for peripheral nerve blocks for many years, dating back to the first human
descriptions in the early 1990s.23-25 Despite demonstrating clear efficacy with short- and
intermediate-acting local anesthetics, the effects of clonidine added to long-acting local
anesthetics for peripheral nerve blocks has been questioned by some experts and the data are
conflicting.2627 Based on the available data, it was concluded in a meta-analysis that
clonidine increases the duration of long-acting local anesthetics by about 2 h.27 The limited
analgesic benefit, potential side effects (hypotension, bradycardia, and sedation), and current
cost ($46.93 for a 1,000 pg vial at the University of Michigan) have tempered the
widespread use of clonidine in clinical practice. Some institutions, such as ours, have elected
to have pharmacists prepare ten sterile 100 ug clonidine syringes from a 1,000 pg vial to
control cost; however, this again has issues of labor costs and resources. Dexmedetomidine
is currently more expensive than clonidine ($68.86 for a 200 pg vial at the University of
Michigan), therefore efficacy greater than clonidine should be established to justify the
additional cost.

Laboratory studies of perineural dexmedetomidine conducted have all shown impressive
efficacy when combined with long-acting local anesthetics (bupivacaine and
ropivacaine),>~’ whereas the preclinical clonidine data have been confined to combinations
with short-acting local anesthetics (lidocaine).1213 There are limited human data to date
using dexmedetomidine in peripheral nerve blocks, but both studies have clearly
demonstrated efficacy when added to long-acting local anesthetics.8 In a randomized,
double-blind, controlled trial, Obayah et al.? found a statistically significant increase in the
time to first analgesic request from the addition of 1 pg/kg of dexmedetomidine added to
bupivacaine versus bupivacaine alone in greater palatine nerve blocks for cleft palate repair
in children (mean 22 h [range 20.6-23.7] vs. 14.2 h [13-15], respectively). There were no
noted differences in sedation, heart rate or blood pressure between the groups. More
recently, in a randomized, double blind, control trial, Esmaoglu et al.® studied 150 pg
dexmedetomidine added to levobupivacaine compared with levobupivacaine alone for
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axillary brachial plexus blocks. The investigators used a nerve stimulation technique for the
axillary block and large volumes (40 ml). Dexmedetomidine prolonged the duration of
analgesia and motor blockade, while also decreasing the time to onset of sensory and motor
blockade. Systolic blood pressures and heart rate were lower in the dexmedetomidine group
for the first 2 h; however, there were no adverse events. While the dexmedetomidine group
was clearly superior to the control group, the analgesic effects may have been undervalued
in this study by the use of high volumes (lower concentration of dexmedetomidine) and
failure to use ultrasound. Advances in ultrasound technology allows for placement of the
injectate closer to the peripheral nerve, thereby concentrating the drug(s) at the site of action
and decreasing the required volume.28 The side effects of dexmedetomidine clinically are
likely to be dependent on the total dose and systemic absorption rate, rather than
concentration, while the analgesic effects appear to be concentration-dependent.”

Dexmedetomidine is not approved for neuraxial or perineural administration. To our
knowledge, there have been eight human studies on the subject to date, including two
peripheral perineural 89 one intrathecal,2° and five epidural studies.3%-34 All of the studies
have demonstrated efficacy. Side effects have been noted, but the data are not consistent.
Some of the studies have noted dexmedetomidine-associated decreases in heart rate and
blood pressure834 and increased sedation.32-33 The other four studies found no differences
in side effects associated with dexmedetomidine. The sedation associated with intravenous
dexmedetomidine has been termed “cooperative sedation,” which may mean that any
sedation from perineural administration may be beneficial, especially when compared with
the type of sedation associated with benzodiazepines and opioids.3®

The analgesic effects of dexmedetomidine were attenuated by pretreatment with forskolin;
however, forskolin has many effects in addition to blockade of the Iy, current and other
membrane transport and channel proteins. Forskolin stimulates adenylyl cyclase and thereby
increases intracellular cyclic adenosine monophosphate.36 Forskolin can inhibit platelet
aggregation and mast cell degranulation, and it can increase cardiac contractility, insulin
secretion, thyroid function, and lypolysis. In addition, forskolin can cause vasodilation,
which could affect the duration of the nerve block independent of its effects on the Iy,
current. As with clonidine, 12 pretreatment with a known blocker of the Iy, current (ZD 7288)
provided a comparable duration of analgesia to dexmedetomidine without additive or
synergistic effects when combined (fig. 2). Whereas there are multiple in vivo and in vitro
studies demonstrating Iy, current blocking effects of clonidine and dexmedetomidine,11-15 jt
is possible that other actions of forskolin reversed the analgesic effects of dexmedetomidine.

The primary outcome measure of the study was the duration of sensory blockade as
measured by the time to paw withdrawal to a thermal stimulus every 30 min after a sciatic
nerve block. The duration of motor blockade was not assessed, as it would have required
handling of the rats and handling would have confounded the sensory testing. The duration
of motor blockade in regional anesthesia is important and should be included in clinical
trials, as a selective sensory block without motor blockade offers clear advantages in
facilitating comfortable postoperative rehabilitation. There are preclinical data to support
that clonidine more selectively blocks C fibers (pain fibers) than Ao fibers (motor
neurons).22 Whether this is also true for dexmedetomidine is unknown, and is open to future
investigation.
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—e— Idazoxan / DEX + Ropivacaine
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Time (min)

Figure 1. Prazosin and Idazoxan Did Not Attenuate the Analgesic Effects of Perineural
Dexmedetomidine Added to Ropivacaine

Each rat received a pretreatment perineural injection followed by a second injection 10 min
later. The duration of sensory blockade was measured by assessing paw withdrawal latency
(PWL) to a heat stimulus every 30 min following the nerve block with a maximum response
of 15 s. All of the groups containing dexmedetomidine plus ropivacaine had a longer
duration of sensory blockade when compared with ropivacaine alone.

Groups are noted in the upper right by the “Pretreatment/Second Injection.”

o = (0.00833

* indicates a significant difference for all three DEX groups when compared with the Saline/
Ropiv control group.

+ indicates Saline/DEX+Ropiv and Prazosin/DEX+Ropiv are each significantly different
from the Saline/Ropiv control group.

# indicates Prazosin/DEX+Ropiv significantly differs from both ldazoxan/DEX+Ropiv and
the Saline/Ropiv control group.

BL = baseline; DEX = dexmedetomidine; Ropiv = ropivacaine
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Figure 2. The I, Blocker ZD 7288 Did Not Increase the Duration of Dexmedetomidine-Mediated
Analgesia

The duration of the sciatic nerve block was measured by paw withdrawal latency (PWL) to a
thermal stimulus every 30 min. Both ZD 7288 and dexmedetomidine increased the duration
of sensory blockade when compared with the Saline/Ropivacaine control group. There was
no additive effect when both ZD 7288 and dexmedetomidine were coadministered with
ropivacaine.

Groups are noted in the upper right by the “Pretreatment/Second Injection.”

o = 0.00833

* indicates the Saline/Ropiv control group is significantly different from the other three
groups. At 150 min, there is also a significant difference between Saline/DEX+Ropiv and
ZD 7288/Ropiv.

# indicates Saline/DEX+Ropiv and ZD 7288/Ropiv are each significantly different from the
Saline/Ropiv control group.

BL = baseline; DEX = dexmedetomidine; Ropiv = ropivacaine
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Figure 3. Forskolin Attenuated the Analgesic Effects of Dexmedetomidine Added to Ropivacaine
When the Iy, agonist, forskolin, was given as a pretreatment to the dexmedetomidine plus
ropivacaine combination, the duration of analgesia mirrored that of ropivacaine alone and
was significantly different than the Saline/DEX+Ropiv group. Forskolin pretreatment also
attenuated the analgesic effects of ropivacaine alone, as noted by the differences between the
Forskolin/Ropiv and Saline/Ropiv groups.

Groups are noted in the upper right by the “Pretreatment/Second Injection.”

o = 0.00833

# indicates that the Forskolin/Ropiv group is significantly different from the other three
groups.

+ indicates that the Saline/Ropiv control group is significantly different from the other three
groups. Forskolin/Ropiv is also significantly different from the remaining two groups.

* indicates that the Saline/DEX+Ropiv group is significantly different from the other three
groups. At 120 min, there is also a significant difference between the two Forskolin groups.
BL = baseline; DEX = dexmedetomidine; PWL = paw withdrawal latency; Ropiv =
ropivacaine
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First perineural injection

Second perineural injection (10 min after first injection)

Forskolin (768 uM)

Group 1 (n = 8) Standard of care Saline Ropiv
Group 2 (n = 7) Study (DEX) group Saline Ropiv + DEX
Group 3 (n = 8) &;-antagonist Prazosin (238.2 uM) Ropiv + DEX
Group 4 (n = 8) &x,-antagonist ldazoxan (62.3 uM) Ropiv + DEX
Group 5 (n = 8) Iy, blocker ZD 7288 (5.55 mM) Ropiv
Group 6 (n =7) Iy, blocker + DEX ZD 7288 (5.55 mM) Ropiv + DEX
Group 7 (n = 8) I, enhancer Forskolin (768 uM) Ropiv
Group 8 (n =8, 4, 8) I, enhancer + DEX | Forskolin (384 uM)

Forskolin (576 uM) Ropiv + DEX

In a randomized, blinded fashion, rats received two sciatic nerve blocks separated by 10 min. The effects on the duration of analgesia following
nerve block were assessed. Each rat received a pretreatment (first sciatic nerve block) of one of the following: 1) an o1- or «2-adrenoceptor

antagonist, 2) an Ip agonist, 3) an I antagonist, or 4) preservative-free saline. Blocks were achieved using either 0.5% ropivacaine alone or 0.5%

ropivacaine plus a fixed dose of 34 uM dexmedetomidine. For Group 8, three different concentrations of forskolin were studied, and the highest
concentration (768 uM) was used for all between-group comparisons (fig. 3). DEX = dexmedetomidine; Ropiv = ropivacaine; Saline = preservative

free normal saline.
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