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Short Communication

Anti-Inflammatory Treatments during the Chronic Phase
of Spinal Cord Injury Improve
Locomotor Function in Adult Mice

Sheila A. Arnold'™ and Theo Hagg'™

Abstract

Our previous data suggested that ongoing inflammation in the spinal cord 6 weeks following spinal cord injury
was detrimental to locomotor function. Others have shown in the acute and sub-acute post-injury phase that
microglial/macrophage activation and T regulatory cells are detrimental to recovery. Here, C57BL /6 mice with a
moderately severe T9 contusion were injected intravenously daily with minocycline, which reduces microglial/
macrophage activation, or with CD25 antibodies, which reduce T regulatory cell function, starting at 6 weeks after
injury. Both anti-inflammatory drugs caused an improvement in hindlimb locomotor function over the 2-week
treatment, as measured by the Basso Mouse Scale (BMS). The improvement was functionally important, with mice
having problems with coordinated stepping (BMS ~ 6) before treatment to walking essentially normally (BMS >7)
at the end of the treatment. The effects diminished within 1 week after termination of the treatments, suggesting an
ongoing and dynamic inflammatory process. The area of white matter or the inflammatory markers CD68 for
activated microglia/macrophages and CD45 for leukocytes were not different between the groups. These data
suggest that inflammation during the chronic phase following spinal cord injury reduces conduction through the

epicenter, possibly by release of cytokines, and is amenable to treatment for improved neurological function.
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Introduction

INFLAMMATION AT THE INJURY EPICENTER following spinal
cord injury has detrimental and beneficial components
(Alexander and Popovich, 2009; Barrette et al., 2007; Blight,
1985, 1992; Donnelly and Popovich, 2008; Ghasemlou et al.,
2007; Kigerl et al., 2009; Pineau and Lacroix, 2007; Popovich
et al., 1999, 2002; Rabchevsky and Streit, 1997; Weaver et al.,
2005; Yong and Rivest, 2009). Among others, anti-inflammatory
treatments such as antibodies against CD11d integrin reducing
neutrophil and macrophage infiltration (Gris et al., 2004; Weaver
et al., 2005), depletion of macrophages (Blight, 1994; Popovich
et al.,, 1999), and CXCL10 inhibition leading to reduced T cell
infiltration (Gonzalez et al., 2007) have been used. Administered
during the first week, these anti-inflammatory treatments are
neuroprotective and promote functional recovery. Minocycline
reduces activation of microglia and macrophages (Hains and
Waxman, 2006) and has also been shown to have neuroprotec-
tive effects following acute spinal cord injury (Festoff et al., 2006;
Lee et al.,, 2003, McPhail et al., 2004; Stirling et al., 2004, 2005;
Teng et al., 2004; Wells et al., 2003; Yune et al., 2007). Regulatory

T cells (CD4+ /CD25+) seem to underlie a detrimental auto-
immune response, and their removal leads to better outcomes
after spinal cord injury in mice and in eye injury models (Kipnis
et al., 2002, 2004). Besides the well-documented detrimental ef-
fects of early inflammatory responses, there are beneficial im-
mune cells, including the recently identified M2 monocyte
(Barrette et al., 2007; Kigerl et al., 2009). There are potentially
important differences between rats and mice in terms of the
waves of inflammatory cells entering the spinal cord. Therefore,
whereas T cell infiltration into the spinal cord in rats is an early
event, itis delayed in mice to the second week, after which T cells
double in number up to 6 weeks post-injury (Sroga et al., 2003).
By and large, the human inflammatory response to spinal cord
injury is similar to that seen in rodents (Fleming et al., 2006;
Norenberg et al., 2004). The rapid and transient expression of
cytokines also seems to be similar (Streit et al., 1998; Yang et al.,
2004).

Whereas much is known about the role of early inflam-
mation in secondary degeneration following spinal cord in-
jury, less is known about the effects of inflammation within
the spinal cord during the chronic phase. Relatively few
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studies in the rodent spinal cord injury field have gone be-
yond 6 weeks post-injury. We (Han et al., 2010), like others
(e.g., Kigerl et al., 2006, Rosenberg et al., 2005,), find inflam-
matory markers such as CD45 for total leukocytes and CD68
for activated microglia still present at 6 weeks post-injury in
rats and mice. In humans, activated microglia/macrophages,
as detectable by CD68 immunostaining, are also present for
weeks to months following spinal cord injury (Fleming et al.,
2006). It is unclear what the functional effects of these
chronically activated or infiltrated cells are. Although we do
not know the mechanism, mice treated with angiopoietin-1
plus an ovf3 integrin agonist peptide during the first week
after a T9 spinal cord contusion had better hindlimb loco-
motor function at 6 weeks than did mice treated with either
drug alone, despite similar white matter sparing (Han et al.,
2010). In the same mice, the CD45 and CD68 levels were de-
creased more than in the mice treated with either drug, sug-
gesting that ongoing inflammation at the epicenter might
reduce function of the pathways that course through spared
white matter during the chronic post-injury phase.

Here, we set out to find proof-of-principle data for this idea
by starting anti-inflammatory treatments, minocycline or
CD25 antibodies, 6 weeks following a contusive spinal cord
injury in C57BL/6 mice, and assessing their hindlimb loco-
motor function.

Methods
Animals

A total of 18 female C57BL/6 mice (8 weeks of age; 18-25 g;
The Jackson Laboratory, Bar Harbor, ME) were used. An-
esthesia was provided by an intraperitoneal injection of
Avertin® (0.4 mg 2,2,2-tribromoethanol in 0.02mL of 1.25%
2-methyl-2-butanol in saline per gram body weight; Sigma-
Aldrich, St. Louis, MO). All experiments were performed ac-
cording to University of Louisville Institutional Animal Care
and Use Committee protocols and the guidelines of the Na-
tional Institutes of Health. All animals were microchipped for
identification.

Spinal cord injury

All 18 mice received a contusive injury at T9 spine level, on
the same day, from an Infinite Horizons impactor (Precision
Systems and Instrumentation) set at 50 kdyn with the spine
stabilized using steel stabilizers inserted under the transverse
processes one vertebra above and below the injury. After-
wards, the wound was sutured in layers, bacitracin ointment
(Qualitest Pharmaceuticals, Huntsville, AL) was applied to
the wound area, 0.1 mL of a 20 ug/mL stock of gentamicin
(ButlerSchein, Dublin, OH) was injected subcutaneously, and
the animals recovered on a water-circulating heating pad.
They received 0.1 mL of a 15 ug/mL stock solution of bupre-
norphin (Reckitt Benckise, Hull, England) as an analgesic
twice daily over the next 48 h, starting after they were awake,
to prevent lethal interaction with Avertin. Bladders were
manually expressed until automatic voiding returned spon-
taneously, which generally was within 7 days.

Basso Mouse Scale (BMS) analyses

The mice were tested weekly for hindlimb locomotor
function to ensure that they reached a plateau in their recov-
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ery and to ensure that similar levels were used for the control
and treatment group. The BMS values were stable from week
5 to week 6 post-injury. In short, mice were placed in a 47-inch
diameter dry pool, where they were observed for 4 min by
two people trained and certified by Dr. Michelle Basso at Ohio
State University. The scores were on a scale of 0 — 9, where 0 is
completely paralyzed; 1-2 represents slight (<90°) to exten-
sive (>90°) ankle movement; 3-4 ranges from occasional to
frequent dorsal stepping to occasional plantar stepping; 5 is
defined as frequent to consistent plantar stepping and absence
of or some coordination with rotated paw placement; 6-7
designates frequent to consistent stepping with some to
mostly coordinated stepping with paw rotation and severe
trunk instability; 8 indicates almost normal stepping with
points taken off for trunk instability and whether the tail is up
or down; and 9 represents normal coordination, paw place-
ment, trunk stability, and tail up (Basso et al., 2006).

Anti-inflammatory injections

At 6 weeks after the injury, the mice were assigned to three
groups, each having on average an approximately equal 6-
week BMS score (6.3+£0.4, 6.1+0.4, 6.5£0.4, standard error)
IH impactor force (53+0.7, 51+0.4, 52+0.6), and spinal cord
displacement (529+11, 535+61; 517 £44) during injury. The
latter is a better indicator of injury severity (Ghasemlou et al.,
2005). Care was taken to perform the study in a blinded
manner. The mice were only identifiable by the number of
their randomly selected microchip. The BMS, treatment in-
jections, and histological analyses were performed by differ-
ent people who were blinded to each other’s results. These
three groups received intravenous injections (0.1 mL) through
the tail veins with vehicle (saline, given daily), 200 ug mino-
cycline (Cat.# M9511, Sigma-Aldrich, St. Louis, MO) in saline
(given daily), or 100 ug rat monoclonal anti-mouse CD25 an-
tibody (clone: PC61.5.3, BioXCell, West Lebanon, NH) in sa-
line (given every third day). To reduce potential confounding
effects on the tail, whose position is used in the BMS scoring,
mice were not injected on the day before and, if treated on the
day of BMS analyses, were injected only afterwards. We did
not see any overt changes in tail function caused by the in-
jections. The doses are informed by other mouse studies that
used systemic intraperitoneal injections, where 1mg/day
minocycline had neuroprotective effects after spinal cord in-
jury (Wells et al., 2003) and 0.5mg CD25 antibody blocked
function but not numbers of T regulatory cells in mouse
cancer studies (Fecci et al., 2006; Kohm et al., 2006). This CD25
antibody is widely used to selectively target regulatory T cells,
perhaps made possible by their particularly high expression
of CD25. Our preferred route of administration is intravenous
with a 10-fold lower volume than the body, translating into 10
times less reagent. Therefore, the 200 ug/day minocycline and
100 ug CD25 antibody used here are approximately twice that
used in the systemic injection studies, possibly compensating
for faster excretion. The treatments lasted 2 weeks and the
locomotor function was assessed on a weekly basis using the
BMS.

Histological analyses

One week after the treatments were terminated, to allow us
to potentially see a washout effect, the mice were perfused
with ice-cold phosphate buffered saline followed by 4%
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paraformaldehyde in phosphate buffer. Their spinal cords
were collected and post-fixed overnight on a strip of dental
wax to straighten them out and cryoprotected in 30% sucrose
overnight, after which 20-um transverse sections were cut on a
cryostat from an 11-mm segment spanning at least 5mm on
each side of the epicenter. All the spinal cords of this study
and a reference tissue to orient each slide were cast in a single
block of Tissue Freezing Medium (TMEF-5, Triangle Biomedi-
cal Sciences Inc., Durham, NC). Every other section was col-
lected onto SuperFrost plus glass slides (VWR, Radnor, PA) to
produce five series with each section in a series separated by
200 pm. One series of sections was processed for Eriochrome
cyanine staining to detect white matter as described elsewhere
(Han et al., 2010). The section with the least myelin for each
mouse was viewed as the epicenter, and all additional stain-
ing and analyses used this as the epicenter reference. Adjacent
sections spanning from 1 mm rostral to 1mm caudal to the
epicenter section were immunostained for CD45 or CD68 as
described elsewhere (Han et al., 2010). Digital images of the
entire transverse area of the spinal cord sections were taken on
a DM 6000 Leica upright microscope at a 20 x magnification
using the automated stitching capability of Surveyer software
(Objective Imaging, Cambridge, U.K.) combined with an Oasis
Automation Controller (Objective Imaging, Cambridge, U.K.)
driving the motorized stage. The total number of pixels of white
matter, CD45, or CD68 was determined using the thresholding
feature of Image] (Rasband, W.S., Image], U. S. National Insti-
tutes of Health, Bethesda, MD http://imagej.nih.gov /ij/, 1997-
2011) and calculated to total stained area. Area measurements
are the least variable and most time-efficient method across
different types of injuries and between users for quantifying
activated microglia/macrophages (Donnelly et al., 2009). The
white matter sparing was calculated from three sections span-
ning the epicenter. The CD45 and CD68 values were derived
from three sections each at the epicenter and 1 mm caudal and
rostral to it, and the nine values averaged for each mouse.

Statistical analysis

Statistical analyses were performed with the paired Stu-
dent’s t test to compare differences in BMS scores within each
mouse over time, or ANOV A with post-hoc Tukey analyses to
compare averages of the three injected groups at different
time points. A value of p<0.05 was considered statistically
significant.

Results

Anti-inflammatory treatments improve locomotor
function after spinal cord injury

The average BMS scores of all groups were not significantly
different over the first 6 weeks after the T9 contusion (Fig. 1).
The mice were assigned to their treatment groups to achieve
similar displacement and 6-week BMS scores and then treated
daily for 2 weeks. Vehicle-treated mice showed no significant
improvement in their BMS scores either over the 2-week pe-
riod of injection or in the week afterwards (Fig. 1). In fact, the
BMS score decreased from 6.8 to 5.8 between weeks 7 and 8
(p<0.05by paired f test), similar to what can be seen in one of
the few studies that also have used the BMS in mice beyond 7
weeks post-injury (Salazar et al., 2010). In the minocycline-
treated group, BMS scores had increased from 6.1+0.4 to
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FIG. 1. Anti-inflammatory treatment during the chronic
phase following spinal cord injury improves hindlimb loco-
motor function. Mice received a 50 kdyn T9 injury and were
assigned to treatment groups to achieve similar injury dis-
placement and 6-week Basso Mouse Scale (BMS) values. The
mice were injected intravenously daily over a 2-week period,
starting at 6 weeks when BMS scores had stabilized, with
vehicle, minocycline, or CD25 antibody (=6 each). The anti-
inflammatory treated mice improved over the 2-week period
compared to the 6-week BMS values, and the effect was lost
1 week following termination of the treatment. Note that the
vehicle-treated mice show a decrease in BMS between 7 and
8 weeks (p=0.034), which may indicate newly occurring
detrimental processes. *p <0.05, **p <0.01.

7.2+0.5 by 1 week of treatment and to 7.7+0.4 by 2 (p <0.05
by paired t test; average + SEM). The minocycline-treated mice
still had a higher BMS score 1 week after the treatment was
terminated (7.1£0.3) than before the start of the treatment. In
CD25 antibody treated mice, the BMS improved only after 2
weeks, from 6.5+0.4 to 7.1£0.5 (p <0.05 by paired ¢ test), and
1 week following termination of the treatment, the BMS score
(6.5+0.5) was not different from that seen at 6 weeks. At the
maximal BMS levels, that is, with 2 weeks of treatment, the
minocycline and CD25 antibody treated mice had signifi-
cantly higher values than the vehicle-treated mice (p<0.01
and 0.05, respectively).

Improved function is not caused by overt changes
in white matter or presence of inflammatory cells

Histological analyses of the cords showed no difference in
the white matter sparing among the three groups (Fig. 2A-C)
with vehicle, minocycline, and CD25 antibody treated groups
having average values of 29+2%, 27+2%, and 29+3% (Fig.
3A). CD68 and CD45 staining at the epicenter revealed an
overall similar pattern and density in the minocycline (Fig.
2E,H) and CD25 antibody (Fig. 2F,]) treated groups compared
to the vehicle-treated group (Fig. 2D,G). The core region of
degeneration at the epicenter in mice is filled with mesen-
chymal cells and contained most of the CD68 and CD45
stained cells. In the white matter, CD68-stained cells appeared
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FIG. 2. Anti-inflammatory treatment during the chronic phase had no overt effects on white matter or inflammatory
markers. Adjacent transverse sections of mice representative of the groups (A,D,G =vehicle; B,E,H=minocycline; C,F,I=
CD25 antibody) as defined by the average values in Figure 3, were stained for white matter (eriochrome cyanine; A-C), the
activated microglia/macrophage marker CD68 (D-F), or the pan-leukocyte marker CD45 (G-I). Note that the CD68 im-
munostaining is more evident in the white matter rim than the CD45 immunostaining. The CD45-positive cells often could be
seen around blood vessels (insets), including the large vessels in the ventral sulcus (arrows). Insets are higher magnifications
of the boxes indicated in D-I and show the cellular nature of the staining. Scale bar in A is 200 um for A-I. Scale bar in the

inset of D is 20 um for the insets in D-I.

more numerous than CD45 stained cells, whereas around
blood vessels, CD45 positive cells were more numerous, po-
tentially representing infiltrating leukocytes. There were no
obvious differences in these patterns seen among the treat-
ment groups. Image analyses of the epicenter and at 1 mm
distances from it confirmed that the average white matter
sparing and CD68 and CD45 positive areas were not signifi-
cantly different among the three groups (Fig. 3A). Therefore,
the minocycline and CD25 antibody treatments do not appear
to change microglia/macrophage activation or leukocyte in-

filtration, or the effect is lost within 1 week following termi-
nation of the treatment.

Inflammation during the acute phase generally correlates
with functional deficits, most likely because of its role in tissue
degeneration. Here, during the chronic post-injury phase, ve-
hicle-injected mice showed no correlation between the area of
inflammatory markers and the BMS score at 9 weeks (Fig.
3B,C). In minocycline-treated mice, both CD68 and CD45 cor-
related inversely with BMS scores, perhaps indicative of a
treatment effect by reduced microglial/macrophage activation
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FIG. 3. Anti-inflammatory treatments did not affect aver-
age area of white matter or inflammatory markers: quanti-
fication. (A) The total area (stained pixels) was measured and
recalculated as percentage of normal white matter or of the
total area of the spinal cord (CD68, CD45). Neither mino-
cycline nor CD25 antibody treatments affected the average
area of white matter or of the inflammatory markers. Only
minocycline-treated mice had a significant and substantial
correlation between total CD68 (B) or CD45 (C) area and 9-
week BMS locomotor function scores.
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(Fig. 3B,C). No significant correlation was seen in CD25 anti-
body treated mice (Fig. 3B,C). Surprisingly, the amount of
epicenter white matter did not correlate with the BMS scores at
5-9 weeks post-injury (data not shown), contrary what we and
others have seen before at 6 weeks (Basso et al., 2006; Han et al.,
2010).

Discussion

The main finding of this study is that treatment with anti-
inflammatory drugs during the chronic phase following
contusive T9 spinal cord injury in adult mice improves their
locomotor function. This suggests that chronic inflammation
is detrimental but is treatable. The decline in function seen in
the vehicle-treated control mice between 7 and 8 weeks post-
injury suggests that there are ongoing and dynamic changes
in the chronic inflammatory process. This is also suggested by
the rapid decline in function once the treatment was termi-
nated. This dip in function can be seen in another study using
the BMS in mice (Salazar et al., 2010). This late- occurring
progression of dysfunction is also suggested by the current
surprising finding that the amount of white matter did not
correlate with the 9-week BMS scores, whereas it does at post-
injury times of <6 weeks (Basso et al., 2006; Han et al., 2010).
Our treatments coincided with this second progression of
inflammation showing that this is very appropriate for the
early chronic phase. Whether initiation of treatments at even
longer post-injury times would also be effective remains to be
seen, but would have important clinical implications. There-
fore, one could foresee testing anti-inflammatory treatments
in people long after the spinal cord injury, potentially im-
proving their function or improving the efficacy of rehabili-
tation. The downside of our finding is that the beneficial effect
appears to diminish after termination of the treatment. If
chronic inflammation is a lifelong detrimental process, this
would suggest that anti-inflammatory treatments might have
to last longer, possibly requiring a lifelong low dose mainte-
nance. On the other hand, it is unknown whether chronic
inflammation resolves in rodents or humans after longer post-
injury times. In humans, there is still evidence for ongoing
inflammation in the form of foamy macrophages 1 year fol-
lowing spinal cord injury (Fleming et al., 2006).

The injury epicenter is the most likely location of the
detrimental chronic inflammation that was reduced by our
treatments. There was a striking presence of both CD45-
positive perivascular infiltrates, indicating an ongoing pro-
gressive inflammatory process, and leukocytes within the
parenchyma and white matter. The CD68-positive activated
microglia and macrophages were also abundant and were
also robustly present in the white matter. Although we did
not see an effect of the anti-inflammatory treatments on the
total area of the CD68 and CD45 markers this should be
considered in light of the loss of the functional effects 1 week
following termination of the treatment. Many other studies
have shown that functionally beneficial effects of anti-
inflammatory treatments given during the acute phase are
related to reduced inflammation at the injury epicenter
(Blight, 1994; Gris et al., 2004; Gonzalez et al., 2007; Kipnis
et al., 2002, 2004; Popovich et al., 1999; Weaver et al., 2005,).
Moreover, the idea that a substantial proportion of the in-
flammatory cells at the injury epicenter are detrimental dur-
ing the acute and sub-acute phase is widely accepted
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(Alexander and Popovich, 2009; Barrette et al., 2007; Blight,
1985, 1992; Donnelly and Popovich, 2008; Kigerl et al., 2009;
Pineau and Lacroix, 2007; Popovich et al., 1999, 2002). During
the chronic phase, B-cells have been shown to play a detri-
mental role, possibly by activating intra-spinal complement
through release of antibodies (Ankeny et al., 2009). Astrocytes
also play a role in inflammation, rapidly responding to spinal
cord injury and pro-inflammatory chemokines, contributing
to the initiation of the inflammatory cascade (Pineau and
Lacroix, 2007; Pineau et al. 2010). This response continued to
be elevated at the injury epicenter at 28 days post-injury
(Pineau et al., 2010) and potentially continued to contribute to
the detrimental effects of chronic inflammation. Neurons at
the injury epicenter also contributed to the innate inflamma-
tory response to spinal cord contusion through a caspase-
associated inflammasome (de Rivero Vaccari et al., 2008). It
will be important to assess whether it is still present during the
chronic phase.

An alternative explanation for the functional benefits seen
in this study is an effect on chronic systemic inflammation,
which has been recognized as an ongoing and detrimental
process (Popovich and McTigue, 2009; Riegger et al., 2007,
2009). However, the increase in the BMS scores represented an
improvement of 6 to >7, which functionally means that the
mice improved by achieving coordinated stepping and cor-
rect paw placement. This improvement is unlikely to repre-
sent decreases in systemic infection, although this is not
impossible, as minocycline has bioactivity as a broad-spectrum
antibiotic against various bacteria. However, our surgeries are
performed under aseptic conditions; the mice are treated with
topical bacitracin and systemic gentamicin postoperatively.
Also, the minocycline treatment was started 6 weeks after
spinal cord injury when cystitis, which occurs in some mice,
would have resolved. In contrast, minocycline is known to
affect activated microglia and macrophages, which are clearly
prominent at the spinal cord injury epicenter. In addition, the
inverse correlation between the 9-week BMS scores and the
inflammatory markers at the injury site in the minocyline-
treated group suggests that it acts primarily by reducing in-
flammation at that location.

The mechanisms at the injury epicenter by which the
anti-inflammatory drugs might have improved locomotor
function during the chronic post-injury phase remain to be
determined. Our study was initiated based on our findings
that mice with similar white matter sparing had much
better BMS scores when treated with angiopoietin-1 plus an
integrin agonist C16, and that this was accompanied by
reduced inflaimmation at the epicenter (Han et al., 2010).
This suggested that conduction of action potentials through
the epicenter white matter might be reduced chronically
after a contusive spinal cord injury. We also found that C16
reduces transmigration across an endothelial layer in vitro
(Han et al., 2010). In the same study, C16 treatments be-
tween 28 and 34 days post-injury did not improve BMS
scores. This suggests that the current functional improve-
ments are not caused by reduced infiltration of leukocytes.
The finding here that minocycline improved function de-
spite a similar extent of CD68 at the epicenter could be
consistent with a recurrence of microglia/macrophage ac-
tivation 1 week following the termination of the treatment.
Alternatively, minocyline may have reduced release of
detrimental cytokines that otherwise reduce axonal func-
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tion. For example, pro-inflammatory cytokines such as
TNFw, IL-1, and IL-6 can reduce neural activity in normal
dorsal roots of rats in vivo (Ozaktay et al., 2002) and TNF«
can induce a central conduction deficit in guinea pig spinal
cord white matter strips (Davies et al., 2006). The mecha-
nisms underlying the beneficial effects of the CD25 anti-
body are not entirely clear. It is thought that administration
of CD25 antibody causes a downregulation of the receptor
and/or causes shedding of CD25 located on surface of T
regulatory cells, rendering them nonfunctional by blocking
their ability to bind IL-2, which is needed for activation of
these cells (Kohm et al., 2006). The T regulatory cell func-
tion returns back to normal in 10-14 days after last injection
of the CD25 antibody, explaining the loss of activity of our
treatment after its termination. It has been proposed that
suppression of CD25+ T regulatory cells enables beneficial
autoimmunity to promote myelin clearance and protect
neurons following spinal cord injury (Kipnis et al., 2002).
However, those studies were during the acute and sub-
acute injury phase, making such mechanisms less likely to
be involved during the chronic phase, when myelin debris
should have been cleared and neurons are no longer dying.
Finally, despite the exciting observation that chronic in-
flammation can be targeted to improve neurological function,
much more refined immunological methods need to be uti-
lized to pinpoint the underlying molecular mechanisms. That
should help to develop more specific anti-inflammatory drug
treatments for chronic spinal cord injury. It will also be im-
portant to replicate the current findings in rat and primate
models before initiating more costly human clinical trials.
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