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BINTRODUCTION
Spinal cord injury (SCI) is a catastrophic medical -—E — Normal Laminectomy
problem that leads to loss of sensory, motor, and B = at
autonomic functions. To date, no therapy has been
proven to be efficacious in fully restoring neurological e S 2l Bovps 145 14.=
functions post SCI. Systemic high-dose v A meteemter etomes
methylprednisolone (MP) treatment improves - | Day 1 (Before) Day 1 (1h)
neurological recovery after acute SCI in both animal
and human. The utility of high-dose systemic MP in [ [
acute SC| remains controversial due to its modest om-T oIt -5, [ o T o
effect on functional recovery and the accompanying i = o i~ i
adverse effects. To overcome the limitation of MP G e e e e e s
therapy, we have developed d N—(2-hydroxypropyl) z<_g}:§,(\~§“ o L. CZ';'\«’f‘}: oo underwent complete T4 spinal cord transection or Iaminectomyonl.y. Nano-MP-
methacrylamide copolymer-based MP prodrug o e et e o'y oot wsseas
nanomedicine (Nano-I\/IP) that can Selectively deliver Fig 1. Synthesis of HPMA copolymer-based methylprednisolone prodrug were not detectable in the rat ear. (B) Nano-MP was detected in the injured
MP to the inﬂamed SC| site when administered nanomedicine (Nano-MP) and labeling with fluorescent dyes / J[S;Iirelillj);;dga;Eﬁé%é)?;ggtggf;gtzga&j;Il3r=n1|r(1fctomy-only rats. Images were
systemically in a rat model of acute SCI, aiming to
improve the therapeutic efficacy of MP while minimizing / Fig 5. Functional \
unwanted distribution to and actions on other tissues, L‘m":rBVBegzt‘;?d
thereby, reducing untoward side effects. after SCI. Vehicle.

SCLMP SCHNano-MP ‘ , : '/ free MP or Nano-MP
| / was administered

immediately after SCI.
n=3 each group;
*p<0.05, **p<0.01,

K unpaired t-test. /

BMethods

Nano-MP was synthesized (Fig 1). Both complete
spinal cord transection and moderate contusion SCI
models were used. Immediately after SCI, a single dose
of Nano-MP was administered to the SCI rats via

intravenous (i.v.) injection. Unconjugated MP and ™ -
vehicle were subjected to a bolus i.v. Iinjection and £ 15
followed by 24-h infusion with the Bracken protocol. ix E
16 ¢
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. RESU LTS e & é SCl+Nano-MP K— SCl+Nano-MP —
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_ Fig 4. Nano-MP decreased SCl-induced motor neuron apoptosis in the spinal Fig 6. Systemic MP’ not NanF)-MP, reduces body weight.and muscle
After a Single 1.V injection Nano-MP preferentially Fig 3. Nano-MP attenuated SCI-induced oxidative stress and cord after acute SCI. Representative images show the caspase-3 (A) or Bax (B) mass (A) Body weight. (B) Weights for skeletal gastrocnemius. Data are
lated to the SCI ini | it tered (Fig 2 lipid peroxidation in the spinal cord. A-a. Representative images immunofluorescence staining in the spinal cord (longitudinally sectioned, n=5-6/ expressed as Mean+SEM. "p<0.05, ***p<0.001 versus the indicated group by,
dCcumuiated to tne INJury site, sequeslere ( g ) showing the nitrotyrosine level in the spinal cord (longitudinally group). Caspase-3 or Bax stain in green; SMI32 (red) and DAPI (purple) stain motor one-way ANOVA plus Newman-Keuls post hoc test. n=10-12 per group.

sectioned) and fluorescent intensity quantification (A-b). B.
Malondialdehyde (MDA) level was measured using TBARS assay.
Data are expressed as Mean + SEM. n=5-6/group. *p<0.05,
**p<0.01, ***p<0.001 by one-way ANOVA. Scale bar=40um.

neuron and nucleus, respectively. Scale bar= 20um. Arrow, co-localization.

and retained mainly by CD11+ infiltrating inflammatory
cells. The Nano-MP significantly inhibited lipid
peroxidation (Fig 3) and inflammation of the injured
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spinal cord, resulting in reduced neuronal damage and é
enhanced neuroprotection (Fig 4) after acute SCI. TN ERREA T SRR S g '
Compared to conventional i.v delivery of free MP, - Y Y PRARLH ALl AR A '
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improvement after acute SCI in rats (Fig 5) and had far O g% = o Rt o e R Sy
fewer systemic adverse side effects—that is, less . 7 e [ e SR el 0wl O\ AN |
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effective and safer than standard MP therapy and it 4 s DB £ _ EBsCienolp ;. % B % o /%
may be translated as a new treatment for acute SCI 2 o 7 3+ 7 . "o N Nl [- o
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patlents with ImprOved functional recovery, social // RN PP TIPS PPN Fig 9. Nano-MP administration reduces MP-associated impairment on bone
. . . 0.0 0<
Independence, and quallty of life. Fig 7. Glucose metabolism. Changes of fasting glucose at 2 days Fig 8. Nano-MP administration reduces MP-associated muscle structure integrity at 56 days after acute SCI. (A) Areal bone mineral density (aBMD)
(A) or 56 days (B) after SCI. Levels of glucose metabolism-related defects after gcute SCI. (A) .Representative Hematoxylin.-eo_sin-staining_ im-ages measurements in eaph an.imal group are shown at the distal.femur (ela) and proximal tibia
. AC KN OWLE DG FME NTS mRNA GLUT 4 and G6PC (C) in gastrocnemius muscle are shown 2 c?f gasjtrocnemlus .muscle sections are shown. The arrows |nd|.c.ate.necrot.|c fibers or (l?). (B) Representative micro-CT 3D images of trabecular microarchitecture are
days after SCI. n = 12/group except the SCI+MP (n=8). Data are fibers invaded by inflammatory cells. Bar= 100um. (B) Quantification of fiber cross- displayed. (C) Measurements are shown for: (a) BV/TV, (b) Tb.N, (c) Tb.Th, (d) Tb.Sp,
This work was supported by the Veterans Health Administration, Rehabilitation Research and expressed as mean + SEM. Significance of differences was sectional area (fCSA). (C) Fiber size distribution between experimental groups. (e) conn.D , and (f) SMI. Bone stiffness (g) was estimated from yFEA. Data are
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Data are expressed as mean + SEM. n = 6-8/group. Significance of differences expressed as mean + SEM. n = 6-7/group. Significance of differences was determined

determined using one-way analysis of variance with a Newman-—
Keuls test post hoc. * P < 0.05, ** P<0.01 and *** P <0.001 versus
the indicated group; NS, no significant difference.

was determined by using one-way analysis of variance with a Newman—Keuls tes
post hoc. * P <0.05 and ™ P < 0.01 versus the indicated group.

by using one-way analysis of variance with a Newman—Keuls test post hoc. *P < 0.05
P <0.01 and *™*P < 0.001 versus the indicated group. NS: not significant.
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