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Original Contribution

Dalfampridine Improves Sensorimotor Function in
Rats With Chronic Deficits After Middle Cerebral
Artery Occlusion

Jennifer F. Taci, MS; Tom J. Parry, PhD; Zhihong Huang, MD; Seth P. Finklestein, MD;
JingMei Ren, MD; Dana K. Barrile, BS; Matthew D. Davenport, PhD; Rui Wu, MS;
Andrew R. Blight, PhD; Anthony O. Caggiano, MD, PhD

Background and Purpose—Stroke survivors often have permanent deficits that are only partially addressed by physical
therapy. This study evaluated the effects of dalfampridine, a potassium channel blocker, on persistent sensorimotor
deficits in rats with treatment initiated 4 or 8 weeks after stroke.

Methods—Rats underwent permanent middle cerebral artery occlusion. Sensorimotor function was measured using limb-
placing and body-swing symmetry tests, which normally show a partial recovery from initial deficits that plateaus =4
weeks after permanent middle cerebral artery occlusion. Dalfampridine was administered starting at 4 or 8 weeks after
permanent middle cerebral artery occlusion in 2 blinded, vehicle-controlled studies. Plasma samples were collected and

brain tissue was processed for histologic assessment.

Results—Dalfampridine treatment (0.5-2.0 mg/kg) improved forelimb- and hindlimb-placing responses and body-swing
symmetry in a reversible and dose-dependent manner. Plasma dalfampridine concentrations correlated with dose. Brain
infarct volumes showed no differences between treatment groups.

Conclusions—Dalfampridine improves sensorimotor function in the rat permanent middle cerebral artery occlusion model.
Dalfampridine extended-release tablets (prolonged release fampridine outside the United States) are used to improve
walking in patients with multiple sclerosis, and these preclinical data provide a strong rationale for examining the
potential of dalfampridine to treat chronic stable deficits in stroke patients.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Uniqueidentifier: NCT01605825  (Stroke.2013;44:00-00.)
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ndividuals who survive a stroke typically show some

degree of functional recovery during the first few months,
but are often left with permanent neurological deficits. These
motor, sensory, and cognitive impairments can have sig-
nificant impact on activities of daily living and quality of
life, contributing to a significant healthcare burden for the
individual and society. An estimated 15% to 30% of stroke
survivors remain permanently disabled.! These permanent
deficits are addressed only to a limited extent by rehabilita-
tion, and there has been little attention to the potential for
pharmacological intervention. This may be based on the
generally held concept that there is little that can be done to
replace nerve cells and circuits that have been permanently
lost. Although the frank loss of neurons and glia in the infarct
core is permanent, the long-term neurological impairment
may be mediated partially by loss of myelin function in non-
necrotic central nervous system tissue.>® Significant white
matter involvement occurs in the majority of strokes* and
has been linked to poorer long-term functional outcomes.>¢

Additionally, oligodendrocytes have been shown to be par-
ticularly sensitive to ischemic insult.

The potassium channel blocker, 4-aminopyridine, known
in the United States by its nonproprietary drug name
dalfampridine, and in the rest of the world as fampridine,
has been studied for many years for its potential to improve
conduction in demyelinated axons.*'® These effects have
also been explored in a variety of models of injury and
demyelination,''"* and dalfampridine has been explored
clinically in a range of neurological conditions, including
spinal cord injury and multiple sclerosis.'”>'7 An extended-
release formulation of dalfampridine is available in the United
States and other countries to improve walking in patients with
multiple sclerosis.'”'8

It has also been demonstrated that endogenous plasticity
and remodeling occurs in both the ipsi- and contralateral hemi-
spheres after ischemic stroke." Dalfampridine may enhance
function by enabling activation of intact pathways that may
normally require a greater initial stimulus to propagate an
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impulse. Reducing the loss of potassium could alter the polar-
ization potential of the membranes and lower the activation
threshold of existing fibers, allowing action potential conduc-
tion at a lower level of stimulation than would normally be
required.?

The current studies used a rat permanent middle cerebral
artery occlusion (pMCAO) model of stroke to evaluate the
effects of dalfampridine on sensorimotor function at a time
when endogenous recovery has stabilized. This is the first
demonstration that dalfampridine can reverse chronic neuro-
logical deficits after stroke, possibly through enhanced con-
duction in areas of myelin damage or other intact pathways.
These results, coupled with a clinically available formulation
of dalfampridine, lend a strong rationale for the further evalu-
ation of dalfampridine in stroke patients with chronic neuro-
logical deficits.

Methods

Permanent Middle Cerebral Artery Occlusion

All animal procedures adhered to the Guide for the Care and Use
of Laboratory Animals and used the minimal number of animals to
appropriately power the studies. These procedures were reviewed
and approved by the Institutional Animal Care and Use Committee
at Biotrofix, Inc.

Young adult male Sprague-Dawley rats (300-350 g, 66-77 days
old; Charles River Laboratories, Wilmington, MA) were anesthe-
tized with 1% to 3% isoflurane delivered in N,0:0, (2:1) via face
mask, and focal cerebral infarcts were made by permanent occlu-
sion of the proximal right middle cerebral artery using a modifica-
tion of the method of Tamura et al.?! Briefly, the temporalis muscle
was bisected and reflected through an incision made midway between
the eye and the ear canal. The proximal middle cerebral artery was
exposed through a subtemporal craniectomy without removing the
zygomatic arch and without transecting the facial nerve. The artery
was then occluded by microbipolar coagulation from just proximal
to the olfactory tract to the inferior cerebral vein and was transected.
Body temperature was maintained at 37.0+1°C throughout the entire
procedure. Day of surgery was designated as day 0.

Randomization and blinding

Animals were randomly assigned to treatment groups (http:/www.
graphpad.com/quickcalcs/randomizel.cfm) for both the double cross-
over and dose-escalation studies postsurgery but before initiation of
dosing. In the double cross-over study, no animals were euthanized or
replaced, resulting in 15 animals per group at the initiation of dosing
on day 30. In the dose-escalation study, animals were replaced if they
were euthanized or died before randomization. Animals were exclud-
ed before randomization if they did not meet required performance
criteria (defined as day 49 forelimb placing scores >2 and <6.5). The
remaining animals were randomly assigned to treatment, resulting in
11 animals per group.

Dose solutions were administered by staff with no knowledge
of the identity of the test solutions. Functional assessments were
performed by observers blinded to the treatment assignment of the
animals.

Dose Solution Preparation and Administration

Dalfampridine (Regis Technologies Inc, Morton Grove, IL) was dis-
solved in water for injection (Cellgro) and sterile filtered. For the
double cross-over study with 3 treatment phases and washout peri-
ods between dosing, final concentrations of 0.315 mg/mL or 1.0 mg/
mL dalfampridine were delivered at 2 mL/kg by oral gavage, result-
ing in final doses of 0.63 mg/kg and 2 mg/kg, respectively. For the
dose-escalation study, solutions of 0.25 mg/mL, 0.5 mg/mL, and 1.0
mg/mL dalfampridine were delivered by oral gavage at 2 mL/kg for

final doses of 0.5 mg/kg, 1 mg/kg, or 2.0 mg/kg, respectively. For
both studies vehicle control treatment was water (water for injection,
Cellgro) delivered at 2 mL/kg by oral gavage.

Treatment Schedule

Double Cross-over Study

This study was divided into 3 treatment phases (I-1II), with each ran-
domized cohort of animals (n=15) receiving a different dose level
during each of the treatment phases (Figure 1). Starting on day 30
after pMCAO (day 30, start of phase I), the animals received gavage
dosing of solutions (2 mL/kg) twice daily =12 hours apart (BID), for
a total of 5 doses over 3 consecutive days. The same schedule was
repeated with different treatments on day 44 and day 58 for phase
II and III of the study, respectively. Animals were not treated during
the 10 days between phases (washout period). See Figure 1A for a
schematic of the study design.

Dose-escalation Study

Starting on day 56 after pMCAO, animals received oral gavage of
solutions (2 mL/kg) BID. The vehicle control group (n=11) was treat-
ed with water for all doses on days 56 to 65. For the treated group
(n=11), 6 doses of dalfampridine at 0.5 mg/kg BID were delivered
over days 56 to 59, followed by 6 doses at 1.0 mg/kg BID over days
59 to 62 and 6 doses at 2.0 mg/kg BID over days 62 to 65. Animals in
all groups were not treated during days 66 to 70. See Figure 1B for a
schematic of the study design.

Behavioral Testing

Blinded assessments of sensorimotor function were performed just
before pMCAO surgery, 24 hours after pMCAO surgery, and weekly
thereafter until the first phase of dosing, using limb-placing and body-
swing behavioral tests. In the double cross-over study, the animals
were tested 1 hour after the first and fifth doses of each phase (days
30 and 32 of the first phase, days 44 and 46 of the second phase; and
days 58 and 60 of the.third phase). Animals were also tested during
the washout periods on days 42 and 56. On days when blood was also
collected, behavioral testing was completed before blood draw. In the
dose-escalation study, animals were tested 1 hour after the sixth dose
of each dose level (on days 59, 62, and 65) and 5 days after the end
of the treatment period.

Forelimb and Hindlimb Placing

The forelimb placing test scored the rat’s ability to place its fore-
limb on a tabletop in response to whisker, visual, tactile, or pro-
prioceptive stimulation. The hindlimb placing test scored the rat’s
ability to place its hindlimb on the tabletop in response to tactile and
proprioceptive stimulation. Together, these tests reflect function and
recovery in the sensorimotor systems.”> Separate subscores were
obtained for each mode of sensory input (half-point designations
possible), and added to give total scores (for the forelimb placing
test: O=normal, 12=maximally impaired; for the hindlimb-placing
test: O=normal; 6=maximally impaired). Tests were performed 1
day before surgery (day —1) and then on days 1, 7, 14, 21, and 28
after pMCAO, then periodically depending on the study and dose
regimen described above.

Body-Swing Test

Each rat was held along the vertical axis (defined as no more than
10° to either the left or the right side) =1 inch from the base of its
tail and elevated an inch above a table surface. A swing was recorded
whenever the rat moved its head out of the vertical axis to either side.
The rat had to return to the vertical position for the next swing to
be counted. Thirty (30) total swings were counted. This test reflects
symmetry of striatal function,”® and a normal rat typically has an
equal number of swings to either side. After focal ischemia, a rat
tends to swing to the contralateral (left) side. The test was performed
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Figure 1. Schematic of the study designs. A, Double cross-over study: rats in each group recovered for the first 28 days after permanent
middle cerebral artery occlusion (pMCAOQO) surgery with weekly behavioral assessments. On day 30, they were randomly assigned to the
first dose level starting on day 30 and received 5 doses over 3 days, each =12 hours apart (phase l). Behavioral assessments were per-
formed after the first and fifth doses in each dosing phase. After a 10-day washout period (shaded area) animals were again evaluated
with behavioral tests on day 42 before starting treatment with their phase Il dose level on day 44. Treatment continued as described pre-
viously with functional testing after the first and fifth doses. Dose-level cross-over was repeated once more, with each group receiving the
final dose level it had not been exposed to yet as the treatment in phase lll. B, Dose-escalation study: rats in each group recovered for
the first 56 days after pMCAO with weekly behavioral assessments. On day 56 rats were randomly assigned to dalfampridine or vehicle,
based on functional inclusion criteria from day 49 behavioral assessment (Methods). Rats in the dalfampridine-treated group received
0.5 mg/kg twice a day (BID) for a total of 6 doses, followed by 1.0 mg/kg BID for 6 doses, and then 2.0 mg/kg BID for the final 6 doses.
Animals receiving vehicle were treated at the same time points as dalfampridine-treated animals. During the treatment period, functional
testing was performed after the sixth dose for each dose level and again 5 days after the last treatment.

at the same time as the limb-placing tests in both the double cross-
over and dose-escalation study.

Blood Collection and Dalfampridine Plasma Analysis
Approximately 300 pL of blood was collected from the saphenous
vein of each animal on days 30, 32, 44, 46, 58, and 60, 90 minutes
after dosing for the double cross-over study. The same volume was
collected on day 56 just before the first dose and then 90 min-
utes after the sixth dose at each dose level in the dose-escalation
study. Samples were collected in K3 EDTA tubes and centrifuged
at 10000 rpm for 10 minutes at 4°C. Plasma was obtained, frozen,
and stored at approximately —80°C. Samples were shipped on dry
ice to Covance, Inc (Madison, WI) for determination of dalfampri-
dine concentration, using a validated liquid chromatography with
tandem mass spectrometric detection method in positive electro-
spray mode.

Euthanasia and Tissue Handling
Rats were anesthetized and exsanguinated by transcardial perfusion
with normal saline (with heparin, 2 U/mL) followed by perfusion
with 4% paraformaldehyde on day 63 for the double cross-over study
and on day 70 for the dose-escalation study. Brains were harvested
and processed for histological assessment.

Infarct Measurement

For both studies, fixed brains were embedded in paraffin and 5-pm
thick coronal sections were cut using a microtome. Sections were
stained with hematoxylin and eosin, using standard methods. Seven
coronal sections (bregma +4.7, +2.7, +0.7, —1.3, -3.3, =5.3, and
—7.3) from each brain were photographed by a digital camera, and
the infarct areas determined by National Institutes of Health Image

(Image J Bethesda, MD) using the indirect method (area of the intact
contralateral [left] hemisphere minus the area of intact regions of the
ipsilateral [right] hemisphere) to correct for brain edema. Infarct ar-
eas were then summed among slices and multiplied by the distance
between sections to give total infarct volume, which was expressed as
a percentage of intact contralateral hemispheric volume.

Statistical Methods
Double Cross-over Study

Change from baseline behavior values were calculated for each
treatment group in each phase. Baseline is defined as the behavioral
value measured while animals receive no treatment before
starting a dosing phase (days 28, 42, and 56 for phase I, II and
II1I, respectively). Mean behavioral parameter data for each entire
dosing phase were subject to ANOVA. Data were also subjected
to mixed-model analyses examining dose, sequence, carryover
effect, and phase of the experiment as covariates using SAS
pair-wise comparisons between each pair of treatments using a
difference in least squares from the mean method. Values of P<0.05
were considered statistically significant. See online-only Data-
Supplement information for more detail.

Dose-escalation Study

Raw behavioral scores were compared between dalfampridine and
vehicle groups at each time point assessed after dosing. Mean be-
havioral data were compared by ¢ test and ANOVA. In this situation
ANOVA is appropriate for ordinal data.** Furthermore, data were
reanalyzed using a Bonferroni step-down procedure with similar re-
sults. When analyzed as change from baseline scores (day 56) the
lowest dose of the treated animals also reached significance, however,
the stricter interpretation of comparison of means is shown.
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Infarct volume data were analyzed by ANOVA. All data were ex-
pressed as means=SEM.

Results
Limb-Placing and Body-Swing Tests

Double Cross-over Study

Treatment was initiated at 4 weeks after stroke. All groups (1—
3) demonstrated a typical recovery response to the pMCAO-
induced ischemia with normal scores of O just before the
surgery (day —1) followed by a complete loss in function (score
12, forelimb; 6, hind limb) measured at 24 hours after the
occlusion (Figure 2, day 1). During the next 4-week untreated
phase, forelimb and hindlimb scores improved to =5.5 and
3, respectively and approached a plateau level of recovery
(Figure 2A and 2B). In the body-swing test, animals displayed
<5% swings to the right the day after surgery and had recov-
ered to =25% right swings by the end of the 4-week untreated
period (Figure 2C). Group 1 animals (Figure 2A-2C, blue cir-
cle with dashed line) received dalfampridine at 2 mg/kg during
the first dosing phase and showed significant improvements
in forelimb, hindlimb, and body-swing scores compared with
pretreatment baseline scores (day 28 versus day 32; P<0.05).
Between dosing phases I and II (washout period, days 33-42),
the effects on limb placing returned to near baseline levels.
During the second dosing phase, animals in group 1 received
dalfampridine at 0.63 mg/kg. All behavioral scores were sig-
nificantly improved compared with scores during the washout
just before dosing (day 42 versus day 46; P<0.05), though
they did not achieve the same degree of improvement as dur-
ing the first higher-dose phase. During the washout between
the second and third phases (days 47-56) the behavioral scores
declined to a level similar to baseline scores (day 56). Animals
in this group received vehicle during the third dosing phase
and saw no change in behavioral scores compared with the day
immediately before dosing (on day 56).

Group 2 animals (Figure 2A-2C, open red square, dash-dot
line) receiving dalfampridine at 0.63 mg/kg during the first
dosing phase showed significantly improved behavioral scores
in all measures compared with pretreatment baseline scores
(day 28 versus day 32; P<0.05). Between dosing phases I and
II, while animals were not on the drug, the effects on behavior
declined to levels similar to prephase dosing (day 42). During
dosing phase II, animals in this group received vehicle, and
demonstrated no change in behavioral testing scores. They
remained at that baseline level of function during the washout
between phases II and III (days 47-56). Animals in this group
received dalfampridine at 2 mg/kg during phase III of dosing
and all behavioral testing scores were significantly improved
compared with prephase baseline scores (day 56 versus day
60; P<0.05).

Animals in group 3 (Figure 2A-2C, green diamond, solid
line) had results similar to those seen in group 1 and 2 during
the different treatment phases. These animals received vehi-
cle during phase I. There was no change in any behavioral
score and animals stayed at this level of function through the
washout between phases I and II. Dalfampridine treatment
at 2 mg/kg during phase II and 0.63 mg/kg during phase
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Figure 2. Double cross-over study: limb-placing and body-
swing scores. A-C, Sensorimotor function was evaluated using
forelimb- and hindlimb-placing and body-swing tests. All groups
(n=15/group) demonstrated normal scores just before the sur-
gery (day —1) followed by a substantial loss in function within
24 hours (day 1), which recovered partially and approached a
plateau around day 30 when treatment was initiated. Treatment
phases occurred on days 30 to 32, days 44 to 46, and days

58 to 60. The dose order received by each respective group

is indicated by H, L, or V, with H as 2 mg/kg dalfampridine, L
as 0.63 mg/kg dalfampridine, and V as vehicle treatment (eg,
group 1 [blue circle with dashed line] received treatments in the
order of 2 mg/kg dalfampridine, 0.63 mg/kg dalfampridine and
vehicle, indicated as H, L, V). All groups responded similarly to
the respective treatments regardless of the order in which they
were treated, with the greatest improvements seen during the
high-dose treatment. In all cases, the highest dose during any
dosing phase resulted in significant improvements compared
with vehicle and the lower dose; and the lower-dose group was
statistically better or trended toward significance compared with
vehicle, depending on the statistical model used (ANOVA or
mixed-model analysis, see online-only Data-Supplement mate-
rial). During washout and vehicle-treatment periods functional
scores returned to untreated levels. Data are expressed as
means+SEM.
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Figure 3. Dose-escalation study: limb-placing and body-swing
scores. Sensorimotor function was evaluated using forelimb- and
hindlimb-placing and body-swing tests. All groups (n=11/group)
demonstrated normal scores just before the surgery (day —1) fol-
lowed by a substantial loss in function within 24 hours (day 1)

that recovered partially and approached a plateau by day 30.
Animals remained at this level of function through day 56 when
treatment was initiated. Dalfampridine-treated animals (green
diamonds, dashed line) first received 0.5 mg/kg dalfampridine,
which improved the forelimb- or hindlimb-placing scores, but not
significantly (A and B; day 59). Increasing the dose to 1 mg/kg
resulted in a measureable improvement in the hindlimb test (B, day
62; P<0.05), but not the forelimb test. The final dose escalation to

2 mg/kg dalfampridine demonstrated highly significant improve-
ments in both the forelimb and hindlimb function (A and B, day 65;
P<0.005 and P<0.0005, respectively). Withdrawal of treatment for 5
days, resulted in a decline in the raw scores, though they were still
improved in the hindlimb compared with the vehicle group

(B, day 70; P<0.05). Vehicle-treated animals (blue circles, solid line)
remained stable in their deficits during the course of treatment. The
body-swing performance has not been extensively characterized at
these later time points, and although there was a treatment effect at
the first on drug assessment (day 59) compared with the pretreat-
ment score on day 56, no conclusions could be drawn with com-
parison with vehicle treatment (C). Data expressed as means+SEM
*P<0.05; TP<0.005; $P<0.0005.
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III produced significant improvements in limb placing com-
pared with the off-drug assessments just before each phase
(day 42 versus day 46 and day 56 versus day 60, respec-
tively; P<0.05). Body-swing scores were improved during
the high-dose treatment in the phase II (day 42 versus day
46; P<0.05), but were unchanged with the low-dose treat-
ment during the third treatment phase. There was a return
to baseline behavior during the washout between phases 11
and III (day 56).

Taken together, all animals responded similarly to the
respective treatments regardless of the order in which they
were treated. In all cases, the highest dose during any dos-
ing phase resulted in significant improvements (P<0.05) com-
pared with both the vehicle and the lower dose. The lower dose
was statistically better or trended toward significance com-
pared with vehicle, depending on the statistical model used
(ANOVA or mixed-model analysis, see Statistical Methods
and online-only Data-Supplement information).

Dose-escalation Study

All animals demonstrated a typical recovery response to
the pMCAO-induced ischemia with normal scores of O just
before the surgery (day —1) followed by a complete loss
in function (score 12, forelimb; 6, hindlimb) measured at
24 hours after the occlusion (Figure 3; day 1). During the
next 8-week, untreated phase, forelimb and hindlimb scores
improved to =4.5 and 2.5, respectively, and approached a
plateau level of recovery (Figure 3A and 3B). Treatment
was initiated on day 56 after pMCAQO. The vehicle group
demonstrated small and statistically insignificant changes
in behavior compared to the last assessment prior to dose
initiation. Animals_that received 0.5 mg/kg dalfampridine
(low dose) had improved limb placing scores, but they were
not significant compared with vehicle-treated animals.
Increasing the dose to 1 mg/kg resulted in a measureable
improvement in the hindlimb test (P<0.05; Figure 3B, Day
62) compared with vehicle-treated animals. The final dose
escalation to 2 mg/kg dalfampridine was associated with
significant improvements in the forelimb and hindlimb func-
tions (P<0.005 and P<0.0005, respectively; Figure 3A and
3B, Day 65) compared with vehicle-treated animals. When
treatment was withdrawn for 5 days, the improvements par-
tially declined in the raw scores, though the hindlimb scores
were still greater than the vehicle treated group (P<0.05,
Figure 3B, Day 70). Only slight improvements were seen
in vehicle-treated animals during the entire course of the
treatment phase.

The body-swing performance has not been extensively
characterized at these later time points, and although there
seems to be a treatment effect at the first on-drug assessment
compared with the pretreatment score on day 56, no conclu-
sions can be drawn from the data as a whole, in light of the
divergence of the body-swing asymmetry observed between
the vehicle and dalfampridine groups before treatment initia-
tion (Figure 3C).

Dalfampridine Plasma Levels
In both the double cross-over and dose-escalation studies,
samples drawn when the animals were receiving vehicle
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Table 1. Mean (SE) Dalfampridine Plasma Levels:
Treatment Phase

Double Cross-over Study Treatment Phase

Group Phase | Phase Il Phase Il
Group 1-H, L, V 142.4 (6.7) 64.9 (2.3) BLOQ
Group 2-L, V, H 78.1 (10.3) BLOQ 1441 (7.4)
Group 3-V, H, L BLOQ 128.6 (5.6) 61.8 (3.3

Values are expressed as ng/mL. In the double cross-over study dalfampridine
plasma levels confirmed exposure in the animals at 90 min after dose
administration. For each dosing phase, the means of the samples collected at
each of the 2 time points during drug administration correlates with the dose
level (V, L, or H representing vehicle, 0.63 mg/kg dalfampridine, or 2.0 mg/kg
dalfampridine, respectively). Vehicle-treated animals had undetectable plasma
levels of dalfampridine.

BLOQ indicates below lower limit of quantitation (<1.0 ng/mL).

treatment had dalfampridine plasma levels below the lower
limit of quantitation for the method. Samples drawn when
animals received dalfampridine confirmed exposure at the
time of behavioral testing appropriately related to dose level
(Tables 1 and 2).

Histology

Mean infarct volumes (% of contralateral hemisphere) were
not different between any of the groups in either study
(Table 3).

Discussion
There has not been extensive research on therapies to improve
deficits that remain during or after the normal period of
endogenous recovery in stroke patients, other than-various
forms of physical rehabilitation. The rat pMCAO model used
here showed a recovery pattern that, in many ways, paral-
lels the typical pattern of neurological recovery in humans
after stroke. After pMCAQO there is a substantial loss of sen-
sorimotor function at day 1 after surgery, as measured with
specific tactile, proprioceptive, and sensory tests (forelimb
and hindlimb placing and body-swing symmetry). This is
followed by a relatively rapid partial recovery period during
the first several weeks. A similar, but slower recovery pattern
occurs in humans during the first several months after stroke.?
In this rat model the recovery begins to plateau by 4 weeks
after pMCAO, at which time there are still measureable defi-
cits in sensorimotor function. In the double cross-over study,

Table 2. Mean (SE) Dalfampridine Plasma Levels: Dose Level

Dose-escalation Study Dose Level, mg/kg

Treatment 0.5 1.0 2.0
Dalfampridine 68.3 (3.3) 114.0 (5.5) 184.7 (13.1)
Vehicle (water) BLOQ BLOQ BLOQ

Values are expressed as ng/mL. In the dose-escalation study, a single blood
sample was collected 90 minutes after the last administration of each dose
level (0.5 mg/kg, 1.0 mg/kg, and 2.0 mg/kg dalfampridine or vehicle). Plasma
levels demonstrated a corresponding increase in dalfampridine concentration
with each escalation. Vehicle-treated animals had undetectable plasma levels
of dalfampridine.

BLOQ indicates below lower limit of quantitation (<1.0 ng/mL).

Table 3. Mean Infarct Volume

Group Mean (SE) Infarct Volume, %

Double cross-over study

Group 1-H, L, V 45.0 (1.8)

Group 2-L, V, H 41.4(2.3)

Group 3-V, H, L 39.0(3.3)
Dose-escalation study

Vehicle (water) 38.5(2.4)

Dalfampridine 40.0 (2.3)

The infarct area on hematoxylin and eosin stained sections of brain was
determined by National Institutes of Health Image (Image J) using the indirect
method (area of the intact contralateral [left] hemisphere minus the area of intact
regions of the ipsilateral [right] hemisphere). Infarct areas were then summed
among sections and multiplied by separation between sections to give total
infarct volume, which was expressed as a percentage of intact contralateral
hemispheric volume. There was no difference between the groups in either the
double cross-over study or the dose-escalation study. Data are expressed as
means=SEM.

treatment was initiated at this 4-week time point. Although
not statistically significant, there was a slight improvement
from baseline (pretreatment) behavioral measures during
the drug-free periods between phases I and II and phases II
and III. This may be because of slow continued endogenous
recovery, training effects of repeated behavioral assessments,
and possibly carryover effects of treatment. For these reasons,
treatment in the dose-escalation study was initiated on day 56,
at a time point even more remote from the initial ischemic
event, to allow the animals to reach a more stable level of sen-
sorimotor deficit after endogenous recovery. Additionally at
this later time, to.limit potential floor and ceiling effects, a
performance criterion was applied, requiring day 49 forelimb
placing scores to be >2 and <6.5 for randomization into the
treatment phase of the study.

In the current studies, dalfampridine was administered
twice a day to rats with MCAO. The doses chosen were
based on previous animal experiments, which have typi-
cally used dosing in the range of 0.5 to 2 mg/kg.***® With
a short time to peak and a short half-life of 1 to 1.5 hours
(unpublished Acorda good laboratory practices toxicology
studies, but similar to guinea pigs and dogs),*** this regi-
men would not be expected to sustain long-term plasma
levels of the compound, but it did allow for repeated daily
exposure in the animals and significant plasma levels at the
time of behavioral evaluation. Behavioral evaluations were
performed at 1 hour after dosing to ensure adequate expo-
sure during the time of assessment and the 3-day sequence
for each dosing phase may have helped adapt the animals
to the stress of oral gavage before conducting behavioral
assessments. Blood was drawn 30 minutes later to confirm
a dose-associated level of dalfampridine in the animals, on
completion of behavioral assessments (Tables 1 and 2). It
must be noted that it is not possible to equate the doses used
here or the plasma concentrations obtained with what would
be expected in patients treated with a sustained-release for-
mulation of the drug, where the pharmacokinetics are very
different. Notably, there is a delay in the peak concentration
measured in cerebrospinal fluid compared with that in the
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blood, which is approximately an hour in human subjects.’!
This delay also leads to a markedly reduced peak plasma
concentration in the cerebrospinal fluid (=50% in the human
after a 2-hour intravenous infusion). Therefore, the concen-
tration of dalfampridine achieved in the central nervous sys-
tem for a given plasma level is likely to be much less for a
transient plasma peak after gavage compared with a similar
plasma concentration maintained at steady state. The plasma
concentrations that are effective clinically in multiple sclero-
sis are in the range of 20 to 30 ng/mL, which are lower than
the peak levels achieved with even the lowest doses used here
in the rat (=60 ng/mL) though the associated peak CSF levels
would be expected to be more similar, based on the observa-
tion of delayed transport across the blood-brain barrier in
both rats and human subjects®*? and the significantly dif-
ferent duration of plasma peak concentration. Higher doses
(2.5-6x%)"333 of the clinical formulation have been studied in
human subjects with spinal cord injury, who do not have the
lowered seizure threshold observed in people with multiple
sclerosis.

Although lowered seizure threshold is an acute comorbidity
in the stroke patient population, this is expected to be less of
an issue in people who have experienced a stroke >6 months
previously and who have not had a seizure in that time. The
safety of dalfampridine in this specific patient population (ie,
>6 months poststroke with no history of seizure) is under
investigation in a clinical trial. Although not specifically mon-
itored, no seizure activity was observed in these studies during
treatment periods, when the animals were frequently assessed
for behavior and daily observations.

Both the double cross-over and dose-escalation studies dem-
onstrated significant reversible and dose-dependent improve=
ments in forelimb and hindlimb sensorimotor function during
times when dalfampridine was at detectable plasma levels in
the animals. The body-swing test in the=double cross-over
study also indicated dose-dependent effect on recovery of pos-
tural function. This may be evidence of effects on tracts in the
striatum, or perhaps effects on subcortical white matter areas.
Although body-swing asymmetry changes were not interpre-
table in the dose-escalation study, it is important to note that
the size of these animals was considerably greater than in the
cross-over study (Table 4). This may have played a role in
the general motivation and performance ability of the animals
during this particular test.

There was a clear and dose-dependent response to treat-
ment in the double cross-over study, within each group and
between groups at each phase. All animals received each of the

Table 4. Mean Body Weight at End of Study

Double Cross-over Study Mean Dose-escalation Study Mean
(Day 60 Post MCAQ) Weight, g (Day 70 Post MCAO) Weight, g
Group Treatment

Group 1-H, L,V 495.8 Dalfampridine 516.8
Group 2-L, V, H 483.0 Vehicle (water) 532.3
Group 3-V, H, L 485.1

Rats at the end of the dose-escalation study were larger than the rats at the
end of the double cross-over study (488 vs 525 g on average, respectively).
MCAO indicates middle cerebral artery occlusion.
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treatments by the end of the study. In addition to being evalu-
ated weekly before treatment, assessments were performed
twice during any given dosing phase in the double cross-over
study (after the first and fifth doses). Slight improvements
between these scores were noted (Figure 2, eg, group 3,
between day 30 and day 32, when animals received vehicle
treatment). These improvements could have been because of
acclimation to the stress of oral gavage, or perhaps are indica-
tive of a learning response as the animals become familiar
with and anticipate the tests. This effect was not observed in
the dose-escalation study (Figure 3, see vehicle group, day 56
and on) where the animals were tested just once during each
of the 3-day dosing periods. Because the baseline was still
slightly improving and all possible dosing sequences were
not tested, it was not possible to determine whether a previ-
ous exposure to dalfampridine predisposes animals to greater
or lesser response when dosed with dalfampridine at a later
phase. To eliminate this potential carryover effect from dose
order variability, the second study was designed as a dose-
escalation study without washout periods.

In the dose-escalation study animals were dosed in 3
phases, starting with 0.5 mg/kg and escalating to 1 mg/kg and
then 2 mg/kg dalfampridine. With each increase in dose level
there was a correlating improvement in limb-placing scores.
When treatment was withdrawn for 5 days, these improve-
ments declined, though the hindlimb score remained better
than in the vehicle-treated group (P<0.05; Figure 3B, day
70). It may be that the prolonged and consistent dose period
needed additional time to wash out fully compared with the
vehicle-treated group. Given the short serum half-life of dal-
fampridine it seems more likely that there could be a training
effect from the repeated testing, which occurred in a relatively
short period of time:

Infarct volume analysis of the brain tissue was included
in these studies as a typical outcome measure for preclinical
stroke studies. Dalfampridine was not delivered as an acute
intervention, but rather as a chronic therapy to improve func-
tion in demyelinated and therefore dysfunctional areas of the
affected brain. As expected, no differences in infarct volume
were observed between any groups within a study, and were
also similar between studies. Although necrotic tissue loss
because of infarction was assessed by infarct volume mea-
surements in the work presented here, we did not quantify
myelin loss or evaluate axonal staining. More sensitive micro-
scopic techniques should be used in future studies to further
characterize axonal integrity in areas of hypomyelination at
late time points after pMCAO.

The effect of dalfampridine on enhancing function post-
stroke has been characterized with these studies, and there are
several possible mechanisms of action that may be involved
in eliciting these improvements. Dalfampridine is a potassium
channel blocker and has been studied for many years for its
potential to improve conduction in demyelinated axons.* '
Oligodendrocytes are particularly sensitive to ischemic and
oxidative stress,”*** and there is a correlation between white
matter involvement and poor long-term functional outcomes
after stroke.>¢ It may be that dalfampridine is acting on demy-
elinated but intact pathways that are functionally impaired yet
have synaptic connections in areas remote from the lesion, as
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has been demonstrated in spinal cord injury studies.**’ If this
type of situation exists in ischemic brain lesions, then this may
be one way for dalfampridine to have a beneficial effect on
function poststroke.

In addition to possible effects on hypomyelinated intact
fibers, dalfampridine has been shown to increase the electri-
cal response from the ipsilateral hemisphere when the contra-
lateral tracts are disrupted. Brus-Ramer et al* demonstrated
that there is endogenous excitability between the primary
motor cortices of the ipsilateral and contralateral hemi-
spheres. Unilaterally silencing the pyramidal tracts does not
completely abolish perilesional networks in the ipsilateral
hemisphere, and transmission through these networks can be
enhanced with dalfampridine treatment. Functional MRI stud-
ies in both animals and humans with unilateral stroke have
also shown that there is endogenous activation of the contra-
lateral motor cortex with ipsilateral motor recovery.*®* These
intact networks contribute to sensorimotor improvements and
represent pathways that may be further enhanced with dal-
fampridine treatment. Still other studies have also suggested
that low doses of dalfampridine may modulate synaptic trans-
mission and have effects on muscle tension,* and that this
effect is beneficial, independent of its effects on demyelinated
axons. It should be noted that the full effects of dalfampridine
in the central nervous system independent of demyelination
have not been fully explored. In the present study we could
not conclude which possible mechanism of action, or combi-
nation of mechanisms, may be responsible for the functional
improvements that were demonstrated while plasma levels of
dalfampridine were detectable.

Enhancement of neuronal excitability at any level from
dendritic to synaptic may be part of the mechanism of dal-
fampridine in these studies. A nonspecific increase in reflex
excitability might result in improved scores in the impaired
limbs. The body-swing test, however, measures the balance
of lateralized sensorimotor activity from the intact and dam-
aged cortices. The observed normalization of the body-swing
scores is not consistent with simple hyperexcitability as a
mechanism for the dalfampridine response. The body-swing
test should not be sensitive to dalfampridine if treatment were
simply enhancing overall excitability and reflex gain.

Although much of chronic stroke research has focused on
rehabilitative interventions, understanding how pathologi-
cal processes such as demyelination contribute to long-term
impaired function has received little attention. The ability
to enhance the function of intact pathways or capitalize on
some of the endogenous remodeling that naturally occurs after
stroke are viable targets for a therapeutic approach using dal-
fampridine, given its ability to reduce the stimulation required
for activation of those networks. The results presented here
are consistent with the premise that by restoring the capability
of axons to carry electric impulses with dalfampridine, some
therapeutic benefit can be gained. Dalfampridine represents
a potential therapeutic opportunity for clinical evaluation in
poststroke patients, given that an extended-release formula-
tion is now used to improve walking in patients with multiple
sclerosis. Current studies are evaluating the ability of dalfam-
pridine to treat long-term deficits in people poststroke.

Disclosures

Acorda Therapeutics, Inc, markets dalfampridine extended-release
tablets. Drs Iaci, Parry, Huang, Blight, and Caggiano are employees
and stockholders of Acorda Therapeutics. Dr Finklestein is an act-
ing consultant for Acorda Therapeutics. The other authors have no
conflict to report.

References

1. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden
WB, et al; American Heart Association Statistics Committee and Stroke
Statistics Subcommittee. Heart disease and stroke statistics—2012
update: a report from the American Heart Association. Circulation.
2012;125:e2—-220.

2. Chida 'Y, Kokubo Y, Sato S, Kuge A, Takemura S, Kondo R, et al. The
alterations of oligodendrocyte, myelin in corpus callosum, and cogni-
tive dysfunction following chronic cerebral ischemia in rats. Brain Res.
2011;1414:22-31.

3. Aboul-Enein F, Rauschka H, Kornek B, Stadelmann C, Stefferl A, Briick
W, et al. Preferential loss of myelin-associated glycoprotein reflects
hypoxia-like white matter damage in stroke and inflammatory brain dis-
eases. J Neuropathol Exp Neurol. 2003;62:25-33.

4. Ho PW, Reutens DC, Phan TG, Wright PM, Markus R, Indra I, et al. Is
white matter involved in patients entered into typical trials of neuropro-
tection? Stroke. 2005;36:2742-2744.

5. Lindenberg R, Renga V, Zhu LL, Betzler F, Alsop D, Schlaug G.
Structural integrity of corticospinal motor fibers predicts motor impair-
ment in chronic stroke. Neurology. 2010;74:280-287.

6. Liou LM, Chen CF, Guo YC, Cheng HL, Lee HL, Hsu JS, et al. Cerebral
white matter hyperintensities predict functional stroke outcome.
Cerebrovasc Dis. 2010;29:22-27.

7. Pantoni L, Garcia JH, Gutierrez JA. Cerebral white matter is highly vul-
nerable to ischemia. Stroke. 1996;27:1641-1646; discussion 1647.

8. Targ EF, Kocsis JD. 4-Aminopyridine leads to restoration of conduction
in demyelinated rat sciatic nerve. Brain Res. 1985;328:358-361.

9. Sherratt RM, Bostock H, Sears TA. Effects of 4-aminopyridine on normal
and demyelinated mammalian nerve fibres. Nature. 1980;283:570-572.

10. Bostock H, Sears TA, Sherratt RM. The effects of 4-aminopyridine and
tetracthylammonium ions on normal and demyelinated mammalian
nerve fibres. J Physiol. 1981;313:301-315.

11. Shi R; Blight AR=Differential effects of low and high concentrations
of 4-aminopyridine on axonal conduction in normal and injured spinal
cord. Neuroscience. 1997;77:553-562.

12. Jensen JM, Shi R. Effects of 4-aminopyridine on stretched mamma-
lian spinal cord: the role of potassium channels in axonal conduction. J
Neurophysiol. 2003;90:2334-2340.

13. Blight AR. Effect of 4-aminopyridine on axonal conduction-block in
chronic spinal cord injury. Brain Res Bull. 1989;22:47-52.

14. Hayes KC. The use of 4-aminopyridine (fampridine) in demyelinating
disorders. CNS Drug Rev. 2004;10:295-316.

15. Cardenas DD, Ditunno J, Graziani V, Jackson AB, Lammertse D, Potter
P, et al. Phase 2 trial of sustained-release fampridine in chronic spinal
cord injury. Spinal Cord. 2007;45:158-168.

16. Goodman AD, Brown TR, Cohen JA, Krupp LB, Schapiro R, Schwid
SR, et al; Fampridine MS-F202 Study Group. Dose comparison trial
of sustained-release fampridine in multiple sclerosis. Neurology.
2008;71:1134-1141.

17. Goodman AD, Brown TR, Edwards KR, Krupp LB, Schapiro RT, Cohen
R, et al; MSF204 Investigators. A phase 3 trial of extended release oral
dalfampridine in multiple sclerosis. Ann Neurol. 2010;68:494-502.

18. Belavic JM. Dalfampridine (Ampyra) for multiple sclerosis. Nurse
Pract. 2010;35:7-9.

19. Stroemer RP, Kent TA, Hulsebosch CE. Neocortical neural sprouting,
synaptogenesis, and behavioral recovery after neocortical infarction in
rats. Stroke. 1995;26:2135-2144.

20. Brus-Ramer M, Carmel JB, Martin JH. Motor cortex bilateral motor rep-
resentation depends on subcortical and interhemispheric interactions. J
Neurosci. 2009;29:6196-6206.

21. Tamura A, Gotoh O, Sano K. [Focal cerebral infarction in the rat: I.
Operative technique and physiological monitorings for chronic model].
No To Shinkei. 1986;38:747-751.

22. De Ryck M, Van Reempts J, Duytschaever H, Van Deuren B, Clincke G.
Neocortical localization of tactile/proprioceptive limb placing reactions
in the rat. Brain Res. 1992;573:44-60.

Downloaded from http://stroke.ahajournals.org/ by guest on May 8, 2013


http://stroke.ahajournals.org/

23.

24.

25.

26.

217.

28.

29.

30.

31.

Iaci et al

Borlongan CV, Sanberg PR. Elevated body swing test: a new behavioral
parameter for rats with 6-hydroxydopamine-induced hemiparkinsonism.
J Neurosci. 1995;15:5372-5378.

Berry DA. Statistical Methodology in the Pharmaceutical Sciences.
New York, New York: Marcel Dekker, Inc; 1990.

Cramer SC. Repairing the human brain after stroke: I. Mechanisms of
spontaneous recovery. Ann Neurol. 2008;63:272-287.

Blight AR, Gruner JA. Augmentation by 4-aminopyridine of vestibulo-
spinal free fall responses in chronic spinal-injured cats. J Neurol Sci.
1987:82:145-159.

Blight AR, Toombs JP, Bauer MS, Widmer WR. The effects of
4-aminopyridine on neurological deficits in chronic cases of traumatic
spinal cord injury in dogs: a phase I clinical trial. J Neurotrauma. 1991;8:
103-119.

Gruner JA, Yee AK. 4-Aminopyridine enhances motor evoked poten-
tials following graded spinal cord compression injury in rats. Brain Res.
1999:816:446-456.

Rupp SM, Shinohara Y, Fisher DM, Miller RD, Castagnoli N Jr.
Pharmacokinetics and pharmacodynamics of 4-aminopyridine in anes-
thetized dogs. J Pharmacol Exp Ther. 1983;225:351-354.

Capacio BR, Chang FC, Spriggs D, Byers CE, Matthews RL, Benton BJ.
Pharmacokinetics and pharmacodynamics of 4-aminopyridine in awake
guinea pigs. Drug Chem Toxicol. 1997;20:151-172.

Donovan WH, Halter JA, Graves DE, Blight AR, Calvillo O, McCann
MT, et al. Intravenous infusion of 4-AP in chronic spinal cord injured
subjects. Spinal Cord. 2000;38:7-15.

Dalfampridine Improves Rat Chronic Stroke Deficits 9

32.

33.

34.

35.

36.

37.

38.

39.

40.

Lemeignan M, Millart H, Letterson N, Lamiable D, Josso J, Choisy H,
Lechat P. The ability of 4-aminopyridine and 3,4-diaminopyridine to
cross the blood-brain-barrier can account for their difference in toxicity.
In: Lechat P, ed. Aminopyridines and Similarly Acting Drugs. Oxford,
United Kingdom: Pergamon Press; 1982:222.

Hayes KC, Potter PJ, Hsieh JT, Katz MA, Blight AR, Cohen R.
Pharmacokinetics and safety of multiple oral doses of sustained-release
4-aminopyridine (Fampridine-SR) in subjects with chronic, incomplete
spinal cord injury. Arch Phys Med Rehabil. 2004;85:29-34.

Dewar D, Underhill SM, Goldberg MP. Oligodendrocytes and ischemic
brain injury. J Cereb Blood Flow Metab. 2003;23:263-274.

Petito CK, Olarte JP, Roberts B, Nowak TS Jr, Pulsinelli WA. Selective
glial vulnerability following transient global ischemia in rat brain. J
Neuropathol Exp Neurol. 1998;57:231-238.

Hayes KC, Kakulas BA. Neuropathology of human spinal cord injury
sustained in sports-related activities. J Neurotrauma. 1997;14:235-248.
Kakulas BA. A review of the neuropathology of human spinal cord injury
with emphasis on special features. J Spinal Cord Med. 1999;22:119-124.
Cramer SC, Nelles G, Benson RR, Kaplan JD, Parker RA, Kwong KK,
et al. A functional MRI study of subjects recovered from hemiparetic
stroke. Stroke. 1997;28:2518-2527.

Dijkhuizen RM, Ren J, Mandeville JB, Wu O, Ozdag FM, Moskowitz
MA, et al. Functional magnetic resonance imaging of reorganization in
rat brain after stroke. Proc Natl Acad Sci U S A. 2001;98:12766-12771.
Smith KJ, Felts PA, John GR. Effects of 4-aminopyridine on demyelin-
ated axons, synapses and muscle tension. Brain. 2000;123:171-184.

Downloaded from http://stroke.ahajournals.org/ by guest on May 8, 2013


http://stroke.ahajournals.org/

SUPPLEMENTAL MATERIAL.:

Statistical Methods Summary — double crossover study

Within each phase, the baseline has been defined as the measurement on the first day of that
phase, which is Day 28, Day 42 and Day 56. Change from baseline has been taken as the
difference from the measurements on other days to the baseline. The average change from
baseline for each subject was calculated by summing the two changes from baseline values

within each phase (e.g. Day 30 & Day 32 in phase 1) and divided by two.

Change from baseline was calculated at different phases per treatment group (N=15), regardless
of which day within the phase the measurement was taken. Within a phase, one-way ANOVA
with treatment as the only covariate was used to compare the means under different treatments.
The null hypothesis was the means were all the same under different treatments. With a p-value
< 0.01 (for body swing) and < 0.0001 (for hind and forelimb), the statistical significance was
strongly demonstrated. We could reject the null hypotheses at the 99% confidence level and
concluded that the three dose levels show the significantly different treatment effects on the

studied muscle functions.

Two sets of mixed models have been used to further investigate other effects on the outcome. In
the first set of mixed models, the outcome variable was the average change from the two post
baseline measurements within a phase. Fixed effects included the covariates: “dose”, “seq”, “co”
and “phase”. “dose” referred to the three treatments, and “seq” referred to the treatment sequence

assigned to each group( i.e. “high-low-vehicle™). “co” was the carry-over effect, defined as the
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dose from previous phase, in which the carry-over effect for phase 1 was set to 0. There was only
one random effect, id, which was the subject id nested in sequence.

In the second set of mixed models, the outcome variable was the raw change (without taking the
average of the two post baseline measurements) from the baseline within a phase. Day as a fixed
effect was added into the model so that fixed effects included the covariates: “dose”, “seq”, “co”,
“phase” and “day”. “day” was the day when the measurement was taken, and it was nested
within the phase. The rest of the fixed effects are the same as those in the previous mixed model.

There was only one random effect, id, which was the subject id nested in sequence.

In both mixed models, there were two parts of outputs from SAS obtained. The first part is the
“Type 3 Tests of Fixed Effects”. With a statistical significant p-value ( 0.05), a conclusion
could be made that the effect is significantly predicting the outcome. The second part was
“Differences of Least Squares Means”, in which the pair-wise comparison was conducted
between each pair of treatments, i.e. high vs low. p-value less than or equal to 0.05 claims a

statistical significance in difference of the outcome under different treatments.

For Forelimb function, the first model has shown that phase, dose and carry-over effect were
significant effects but not sequence. High dose significantly improved the forelimb function
compared to low (p = 0.0334) and vehicle (p = 0.001); while low didn’t show statistical
significant improvement compared to vehicle at level 0.05. In the second mixed model, day was
shown as another significant effect and all three treatments were shown as significantly different
from each other (i.e. high vs low, high vs vehicle, and low vs vehicle) with p < 0.0001.Overall,

for forelimb function, both models have shown that phase, dose and carryover effect were
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significant effects but not sequence. Both models have demonstrated that high dose would
significantly improve the forelimb function compared to lower dose and vehicle. The second

mixed model seems more sensitive to detect the treatment effects based on the smaller p-values.

The same analysis procedure was applied for each outcome measurements, including forelimb,

hindlimb and body swing.

For hindlimb function, the first model has shown that phase and dose have significant effects but
not sequence or carry-over effect. High dose significantly improved the hindlimb function
compared to vehicle (p < 0.0001), and low dose significantly improved the hindlimb function
compared to vehicle as well (p = 0.0027), while high dose didn’t show the statistical significance
at level 0.05, compare to low dose. In the second mixed model, all effects except sequence
showed significant effect, and all three treatments were shown as significantly different from
each other (i.e. high vs low, high vs vehicle, and low vs vehicle) with p < 0.0001. Overall, for
hindlimb function, both models have shown that phase and dose were significant effects. Both
models have demonstrated that high dose and low dose would significantly improve the hindlimb
function compared to vehicle. The second mixed model seems more sensitive to detect the

treatment effects based on the smaller p-values.

For body swing function, the first model has shown that only dose was a significant effect. High
dose significantly improved the body swing function compared to vehicle (p = 0.0131), and low
dose significantly improved the body swing function compared to vehicle as well (p = 0.033),

while high dose didn’t show the statistical significance at level 0.05, compare to low dose. In the
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second mixed model, phase was shown as another significant effect. High dose significantly
improved the body swing function compared to low (p = 0.006) and vehicle (p < 0.0001); while
low didn’t show the statistical significant improvement compared to vehicle at level 0.05.

Overall, for body swing function, both models have shown that dose had significant effects.
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