In vivo PK, side effect profile, and efficacy of multiple classes of analgesics in rats
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In vivo Pharmacokinetics

Background

In collaboration with the NIH HEAL Initiative Preclinical
Screening Platform for Pain (PSPP), we evaluated clinically
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Figure 1: Data points are mean values = SEM. A) Drug levels in plasma from male and female rats over 8 hours
(n= 4 males and n=4 females except n=3 at 2 hours in males and n=2 at 2 hours and n= 3 for 4 and 8 hours in
females) B) Drug levels in brain from male and female rats over 8-hours (n=3 for females and males at 2 hours,
n=4 for females and males at 8 hours).

paw tactile allodynia and spontaneous guarding behaviors.
SNL is a model of peripheral neuropathic pain resulting
from chronic nerve compression in which tactile and cold
allodynia are produced (Kim and Chung, 1992).

Figure 2: Heat map depicting the severity scores of the observed behaviors. Note: Severity Score = (Sum of Score Across Animals/Maximum Score) *100.
Empty cells indicate that a particular behavior was not observed in the 8 animals at the indicated dose and timepoint (thus the severity score would be 0).
This table does not indicate the direction of the change (e.g., increase / decrease in a behavior).

Figure 3. Latencies to fall off the rotarod apparatus following administration of duloxetine for male (left,
n=10) and female (right, n=10) rats. Data represents mean £+ SEM, with individual data points superimposed.
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Pharmacokinetics: Compounds were dosed in male and

female SD rats (n=4/group/sex) for serial plasma Morphine 1 hour 2 hours 4 hours 6 hours 1 hour 2 hours 4 hours 6 hours 1 hour 2 hours 4 hours 6 hours 1 hour 4 hours
collections. Separate cohorts of animals were used for 1 p<0.001/p<0.0001 p<0.01/p>0.05 p>0.05/p>0.05 p>0.05/p>0.05 p<0.001/p<0.0001 | p<0.0001/p<0.0001 p<0.05/p<0.01 p<0.05/p>0.05 p<0.0001/p<0.001 p<0.05/p<0.01 p>0.05/p<0.05 p>0.05/p>0.05 p<0.01/p<0.001 p>0.05/p>0.05
evaluation of brain exposures. 3 0<0.0001/p<0.0001 p<0.001/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05 | p<0.0001/p<0.0001 | p<0.0001/p<0.01 p<0.01/p<0.01 0<0.05/p>0.05 p<0.001/p<0.01 p<0.001/p<0.01 p<0.01/p<0.05 0>0.05/p>0.05 | p<0.0001/p<0.0001 | p>0.05/p>0.05
Irwin: The modified Irwin test (Irwin 1968, Mathiasen and 6 0<0.0001/p<0.0001 | p<0.0001/p<0.01 0<0.05/p>0.05 0>0.05/p>0.05 | p<0.0001/p<0.0001 | p<0.0001/p<0.0001 | p<0.05/p<0.01 | p<0.0001/p>0.05 | p<0.0001/p<0.0001 | p<0.0001/p<0.001 p<0.05/p<0.01 0>0.05/p>0.05 | p<0.0001/p<0.0001 | p<0.01/p>0.05
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assessments to evaluate neurologic and physiologic effects 10 0<0.01/p<0.001 0<0.001/p<0.01 0<0.01/p<0.05 0<0.05/p<0.01 0<0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05 | p>0.05/p>0.05 0<0.01/p<0.05 0<0.05/p<0.001 | p>0.05/p<0.0001 | p>0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05
of a test article in male and female rats (n=4/group/sex). 30 0<0.0001 /p<0.001 | p<0.0001 /p<0.001 | p<0.001/p<0.01 0<0.05/p<0.01 0<0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05 | p>0.05/p>0.05 | p<0.0001/p>0.05 0<0.01/p<0.001 0<0.05/p<0.01 | p<0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05
Rotarod test: Compounds were dosed in male and female 60 0<0.001/p<0.0001 | p<0.0001/p<0.0001 | p<0.0001 /p<0.001 | p<0.001/p<0.01 0<0.01/p>0.05 0<0.0001/p<0.01 | p<0.001/p<0.01 | p>0.05/p>0.05 | p<0.0001/p<0.0001 | p<0.0001/p<0.0001 | p<0.0001/p<0.01 | p<0.001/p<0.01 | p<0.01/p<0.0001 | p<0.01/p<0.0001
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an accelerating rotarod. The rotarod accelerated from 0-17
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RPM over 5 seconds and was then maintained at 17 RPM

. 0.3 >0.05/p>0.05 <0.05/p<0.05 >0.05/p>0.05 >0.05/p>0.05 >0.05/p>0.05 <0.05/p>0.05 >0.05/p>0.05 >0.05/p>0.05 >0.05/p>0.05 >0.05/p>0.05 >0.05/p>0.05 >0.05/p>0.05 >0.05/p>0.05 >0.05/p>0.05
for an additional 40 seconds. Latency to fall (seconds) was g /p P /p g /p g /p ? /p P /p 0 /p g /p ? /p ? /p g /p g /p g /p g /p
recorded 1 0>0.05/p>0.05 0>0.05/p<0.05 0>0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05 0<0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05 0>0.05/p>0.05

.« . . 3 >(0.05/p<0.05 <0.05/p>0.05 <0.05/p<0.01 >(0.05/p<0.001 <0.05/p>0.05 <0.01/p<0.05 <0.01/p<0.01 <0.01/p<0.05 >0.05/p>0.05 >0.05/p>0.05 >0.05/p>0.05 >0.05/p>0.05 >0.05/p>0.05 >(0.05/p>0.05
Plantar Incision model: Male and female SD rats received ? /p P /p P /p g /p P /p P /p P /p P /p ? /p ? /p 0 /P ? /p ? /p 0 /p
a2 1 cm incision in the plantar aspect of the hind paw 6 p<0.01/p<0.05 p<0.0001/p<0.05 p<0.01/p<0.001 p<0.001/p<0.01 p>0.05/p>0.05 p<0.001/p<0.01 p<0.001/p<0.001 | p<0.0001/p<0.01 p>0.05/p>0.05 p>0.05/p>0.05 p>0.05/p>0.05 p>0.05/p>0.05 p>0.05/p>0.05 p>0.05/p>0.05

Animals (n=10/group/sex) were tested 1-day post-op for

hind paw hypersensitivity or guarding score, and effects of Duloxetine reduced tactile and cold allodynia in the SNL model

Duloxetine reduced tactile allodynia and guarding behaviors in the plantar incision model
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Figure 4: A) Paw withdrawal thresholds (PWTs) and B) Cumulative guarding score for males (left) and females (right) prior to and post-surgery, Figure 5.: A) PWT and B) Acetone response in SNL male (left) and female (right). Data are presented as mean = SEM. *p<0.05, : :
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