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Research Highlights

(1) Intrathecal injection of encapsulated biodegradable poly(lactide-co-glycolide) nanoparticles
carrying brain-derived neurotrophic factor can elevate the expression of brain-derived neurotrophic
factor in sensory neurons of dorsal root ganglia in dogs with acute multiple cauda equina constriction.
(2) Injection also lessens neuronal degeneration, and contributes to the repair of neurological
function in dogs with acute and severe cauda equina syndrome.
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INTRODUCTION

Dorsal root ganglia (DRG) should not be overlooked
when considering the mechanism of lower back pain,
sciatica and sensory disturbance in the legs. It is
therefore important to understand the morphologic and
functional changes that occur in primary sensory
neurons of the DRG as a result of nerve root
compression™. In models of inflammatory and
neuropathic pain, brain-derived neurotrophic factor
(BDNF) synthesis is greatly increased in different
populations of DRG neurons'. This has been well
demonstrated in the rat rubrospinal system (a motor
control system) after acute and chronic spinal cord injury.
Following a cervical spinal cord injury in which the
rubrospinal tract is cut, the immediate administration of
BDNF into the site of spinal cord injury promoted
significant rubrospinal axonal regeneration and
prevented axotomy-induced atrophy and/or death of
rubrospinal neurons®*. The acutely injured rubrospinal
axons at the injury site are responsive to BDNF and
therefore initiate the appropriate intracellular signaling
pathways to augment the intrinsic growth propensity of
these central nervous system neurons. The development
of effective therapeutic strategies that use the
administration of neurotrophic factors (such as BDNF)
will require an understanding of the biologic
responsiveness of the target tissue. Furthermore, this
responsiveness may in fact change with time and thus
differ between the acute and chronic injury settings.

To verify the involvement of BDNF in the repair of injury
to sensory neurons of the DRG, an experimental
constriction injury of the lumbosacral central processes
of DRG neurons, resulting in the cauda equina syndrome,
was performed in dogs. Fully developed cauda equina
syndrome is accompanied by sensory and motor
disorders such as low-back pain, saddle anesthesia, and
motor weakness of lower extremities, sometimes leading
to paraplegia or bladder dysfunction®®. These clinical
symptoms are associated with a sustained stimulation of
the cutaneous, muscular and visceral nociceptive
afferents®®. Thus, BDNF protein expression in the
neurons of corresponding DRG induced by multiple
cauda equina constrictions could be expected. This
hypothesis was tested in the present study using
immunocytochemical analysis of BDNF expression, after
surgery, in DRG cells following 4 weeks of cauda equina
syndrome. Since BDNF, not nerve growth factor, has
been known to be one of the powerful survival factors for
spinal motoneurons!”, we investigated the levels of
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BDNF protein in compressive DRG cells using
histopathologic studies (hematoxylin-eosin staining).
Immunohistochemical methods were also used after 1, 2,
and 4 weeks of acute and severe cauda equina
syndrome in experimental dogs. Thus, BDNF expression
in neurons of the DRG and neuroprotection and
prevention of apoptosis could be expected in this
experimental model of multiple cauda equina
constrictions. BDNF may play an active role in
neuroprotective processes, partly by maintaining
intracellular protein integrity and preventing neuronal
degeneration in this experimental paradigm.

RESULTS

Quantitative analysis of experimental animals

A total of 18 dogs were equally and randomly divided into
the sham surgery group (laminectomy only), control
group [which removed multiple cauda equina
constrictions (ligations) from the cauda equina after

48 hours] and experimental group (model established as
the control group plus intrathecal injection of BDNF). One
dog from the control group died at 13 days postoperation
and another from the experimental group died at 21 days
postoperation because of diarrhea. A total of 16 dogs
were involved in the final analysis.

General morphology

Control and experimental group animals, in which the
cauda equina had been constricted by 75% and the four
ligations removed after 48 hours, had significant
weakness of the posterior limbs, paralysis of the tail and
urinary incontinence, although no clinically important
changes were noted in respiration and heart rate.
However, activity of the lower limbs in dogs of the
experimental group improved after 2 and 4 weeks
compared with control group animals. Severe arterial
narrowing, venous congestion and inflammatory reaction
were present at the level of the constriction and the
corresponding dural sac of the cauda equina, roots and
dorsal root ganglia.

Pathological changes of neurons in compressed
DRG

Light micrographs of DRG at the level of L; in the sham
surgery group showed that nuclei were round, lightly
colored, and centrally located. The nucleoli were distinct;
and the striped Nissl granules in the cytoplasm were
almost normal. After 1 week of removing compression,
control and experimental group samples displayed more
obviously central chromatolysis of DRG neurons.
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Neuronal nuclei with chromatolysis were present at the
periphery and the number of Nissl bodies in the central
cytoplasm decreased more visibly, with extensive
infiltration of inflammatory reaction. After 2 and 4 weeks
following the removal of compression, the number of
neurons with central chromatolysis was increased. There
was a certain Wallerian degeneration of the neurons and
nerve roots in the control and experimental groups, as
well as extensive inflammatory cell infiltration.
Degeneration of sensory neurons and inflammatory
reaction in the control group were significantly more
visible than the experimental group (Figure 1). The rank
order of animals according to severity of pathology score
is shown in Table 1. This ranking revealed statistically
significant ordering based on intrathecal injection of
BDNF and multiple cauda equina constrictions, thus
indicating that intrathecal injection of BDNF prevented
pathological changes of DRG at the L, level.

BDNF expression in neurons of compressed DRG
Acute and severe multiple cauda equina constrictions in
experimental dogs could induce extensive and varied
expression of BDNF-immunoreactivity in sensory
neurons of L; DRGs. This immunoreactivity could persist
for at least 4 weeks, with the BDNF expression in the

cytoplasm of sensory neurons from the experimental
group being significantly greater than that from the
control group. BDNF-immunoreactivity in the sham
surgery group was negative (Figure 2). All three groups
had different expression of BDNF in neuroglia and nerve
fibers of DRG at L, but all immunoreactivity was strong.

Neurological function in experimental animals

Given that the neurofunctional assessment of the sham
surgery group was normal, the ratio of Tarlov’'s motor
scales was performed between control and experimental
groups. The results of the neurofunctional assessment
after 1, 2 and 4 weeks of removing compression are
presented in Table 2. No significant difference in
neurofunctional assessment between control and
experimental groups was observed after 1 week of
removing compression. However, there were significant
differences (P < 0.05) in motor disturbance between
control and experimental groups after 2 and 4 weeks of
removing compression. This observation showed that the
neuronal function of the experimental group had greater
improvement than the control group, and prophylactic
intrathecal injection of BDNF could improve the
neurological function in the experimental dogs
experiencing acute and severe cauda equina syndrome.
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Figure 1 Morphology of dorsal root ganglion (DRG) from level L7 in dogs with acute and severe cauda equina constrictions
following intrathecal injection of brain-derived neurotrophic factor nanoparticles at postoperative weeks 1, 2, and 4

Examination of the sham surgery group showed almost normal sensory neuron structure (red arrow) and surrounding tissue
morphology. A small quantity of inflammatory reaction (red triangle) was observed.

Experimental and control group samples displayed central chromatolysis in DRG neurons. Neuronal nuclei with chromatolysis
were located in the periphery and the number of Nissl bodies in the central cytoplasm decreased. The control group had more
significant evidence of neuronal degeneration compared with the experimental group. Extensive inflammatory reaction was
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Table 1 Rank order of histopathology in dogs from the sham surgery, control and experimental groups after 1, 2 and 4 weeks
postsurgery

Least severe Most severe

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
| | | | | | I 1 I} 1l I I I 1 1l Il

Ordered from least to most severe signs. |, Sham surgery group; Il, control group; Ill, experimental group. Mean rank scores: | =
1, 11=2.88, Ill = 2.13, where 0 represented a lack of pathological findings and IV represented a severe inflammatory reaction
that involved surrounding tissues and structures. There were significant differences between control and experimental groups (P
< 0.05) using nonparametric Wilcoxon’s signed-ranks test.

Sham surgery group Control group Experimental group

Postoperative time (week)

Figure 2 Brain-derived neurotrophic factor (BDNF) expression in the dorsal root ganglion (DRG) from level L in dogs with
acute and severe cauda equina constrictious following intrathecal injection of BDNF nanopatrticles at postoperative weeks 1, 2,
and 4 (immunohistochemical staining, light microscope, x 100).

Arrows indicate BDNF immunoreactivity.

BDNF immunoreactivity was not seen in the cytoplasm of the sensory neurons in the sham surgery group, but present in the
control and experimental groups.

BDNF immunoreactivity in the experimental group was more intense than that in the control group. BDNF expression after 4
weeks was essentially similar to that observed after 2 weeks, but immunostaining was more intense. BDNF expression in
neuroglial cells and nerve fibers of the L; DRG varied among all three groups.

Table 2 Effect of intrathecal injection of brain-derived DISCUSSION
neurotrophic factor nanoparticles on motor function [ratio of

Tarlov's motor scale (%)] of rats in control and experimental . . . .
groups While the cause of cauda equina syndrome still remains

obscure, mechanistic analyses favored by some
authors™*® may underlie the basis for the persistent and

Postoperative time (week) Control group Experimental group

1 809 7515 _ .

5 6545 55452 unvarying background symptoms of paresthesia and

4 6345 40+9° numbness of the feet and legs observed in some patients
Data are expressed as mean * SD. Five, four and three at re_st due to "’_1 mechanlcal compression Of_ th-e-cauda )
dogs were evaluated at 1, 2, and 4 weeks after model equina. To verify the involvement of BDNF in injury repair
establishment. “P < 0.05, vs. control group using of sensory neurons, experimental constriction injury of

two-sample t-test.
P the lumbosacral central processes of DRG neurons

resulting in cauda equina syndrome was studied in dogs.
Thus, BDNF expression in sensory neurons of

Lower ratio of Tarlov’'s motor scales indicates higher
improvement of neurological function.
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corresponding DRG cells could be expected. This
hypothesis was tested in experimental dogs that had
sustained severe constriction of the cauda equina for

48 hours. BDNF expression was performed, using
immunochemical analysis, in DRG cells from L, after 1, 2
and 4 weeks of removing constriction.

Establishment of a canine model

Several animal models mimicking cauda equina
syndrome have been used to study and explain the
pathophysiology of the polyradicular symptomatology of
the syndrome**!. A model of lumbar spinal stenosis in
dogs™® was developed consisting of the constriction of
entire cauda equina at the seventh lumbar level with a
nylon electrical-cable tie, 2.8 mm wide, placed
circumferentially around the dura and, after a
laminectomy of the sixth and seventh lumbar vertebrae,
the cauda equina was constricted by 25%, 50% or 75%
to produce chronic compression. The symptoms of
intermittent neurogenic claudication are most possibly
the result of stenosis at two levels®™”. This view is
strongly supported by the circulatory anatomy of the
cauda equina and with myeloscopic and experimental
studies™ ™. As a result, the chronic double-level cauda
equina compression model in the dog®?” is a modification
of the earlier presented model for chronic compression in
the dog®®*? to allow for compression at two levels.
Double-level cauda equina compression closely
resembles two-level stenosis and induces more
symptoms™” 22,

Multiple protracted cauda equina constrictions are
characterized as a model of somato-visceral pain in
dogs®!, and are more comparable with pain models
using peripheral nerve ligation. Lumbar laminectomy of
the sixth and seventh laminae is carried out in multiple
cauda equina constrictions, thus gaining access to the
cauda equina. Constrictions of the dural sac are
produced by tying four loosely constrictive ligatures with
2 mm spacing causing protracted constrictions of the
central processes of the DRG cells of L;, S;.3, and Co,.5
segments along with the ventral roots of the same
segments. In dog models of multiple cauda equina
constriction-induced cauda equina syndrome,
constrictions of entire cauda equina with different
degrees can cause different neurological deficits, cortical
evoked potentials and histological abnormalities. For
example, in dogs, in which the cauda equina had been
constricted, 75% had significant weakness, paralysis of
the tail, and urinary incontinence. Dramatic changes of
cortical evoked potentials and complete nerve-root
atrophy at the level of the constriction were also

observed. There was blockage of axoplasmic flow and
Wallerian degeneration of the motor nerve roots distal to
the constriction and of the sensory roots proximal to the
constriction, as well as degeneration of the posterior
column. This experiment confirmed that dogs of the
control and experimental groups had significant
weakness of posterior limbs, paralysis of the tail, urinary
incontinence, severe arterial narrowing, venous
congestion, and inflammatory reaction of the constricted
dural sac and nerve roots. Therefore, an inadequate
blood supply acting as a dynamic factor of severe cauda
equina syndrome may intervene and, more probably,
both mechanisms, mechanical and vascular, might be
operating in combination, and also may have other
participative pathogenesis. As a result, different
constrictions of cauda equina may present different
motor and sensory deficits occurring as well as blockage
of axoplasmic flow. However, constriction of more than
50% was the critical point that resulted in complete loss
of cortical evoked potentials and in neurological deficits
and histological abnormalities™®. From an analysis of the
pressure changes within the cauda equina following
constriction of the dural sac, it was found that pressure
started to build up at a cross-sectional area of the dural
sac, ranging between 60 and 80 mm?*?*?®, Once this
critical size was reached, even a minimal further
reduction of the area caused a distinct pressure increase
among the nerve roots'®.

This study has proven that cauda equina injury will be at
a significantly greater ischemic risk from a multi-level
compression than from a one-level or two-level lesion.
This investigation has also identified that the cauda
equina had significant disorders of blood and
cerebrospinal fluid circulation, and pathological changes
of Wallerian degeneration and demyelination after
multiple cauda equina constrictions in experimental dogs
from control and experimental groups. Mechanical and
vascular factors may participate in the development of
cauda equina syndrome.

Role of DRG in acute and severe cauda equina
syndrome

DRG has an important role when considering the
mechanism of lower back pain, sciatica and sensory
disturbance in the legs, so it is important to understand
the morphologic and functional changes that occur in
primary sensory neurons of the DRG as a result of nerve
root compression in experimental models of multiple
cauda equina constrictions. This study investigated the
changes and development of BDNF protein in primary
sensory neurons of the DRG after cauda equina
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compression using immunohistochemical methods.

The characteristic axonal transport system of DRG
neurons, which comprises anterograde and retrograde
flow, plays an important role in the movement of
neurotransmitters and neurotrophic factors, as well as in
the transmission of information relating to environmental
changes in the axon itself and the target organ.
Disturbance of axonal flow therefore threatens the
survival of neurons and appears to be one cause of
neurological dysfunction. Axotomy of the peripheral
branches of primary sensory neurons induces retrograde
cell death in DRG neurons®?”?8, which is more abundant
in neonatal rats than in adult rats. Groves et al "]
showed that a reduction of 7-14% in the number of both
L, and Ls DRG neurons occurred 1 to 6 months following
axotomy. Schmalbruch®®® transected the sciatic nerve
and found reductions in the number of DRG neurons
after 19-22 weeks. Certainly, the expression of
neuropeptides on primary sensory neurons can be
influenced by several factors.

This study investigated the effect of acute and severe
compression of the central branches of primary sensory
neurons in the seventh lumbar nerve root of dogs and
resulted in the impairment of axonal flow and central
chromatolysis in the neurons of the DRG, where the
central branches of these neurons originated.

Kobayashi et al ® noted a decrease in the number of
ribosomes attached to the endoplasmic reticulum and an
increase in free ribosomes in these neurons due to
fragmentation of the rough endoplasmic reticulum
making up the Nissl bodies. Nathaniel et al **! observed
an increase in nuclear clefts in rat dorsal root ganglia
after direct trauma, and found that nuclei from dorsal root
ganglion neurons began to show increased numbers of
membrane clefts 2 to 4 days after a crush injury to the
nerve root, and that these clefts contained increased
numbers of nuclear pores. Nathaniel et al *" speculated
that these clefts developed in response to injury to
facilitate the transport of ribonucleoproteins from the
nucleus to the synthetic mechanisms of the cytoplasm.
The triad of increased nuclear clefts, increased density of
nuclear pores, and the aggregation of metabolic
organelles suggest a relationship between mechanisms
of cellular metabolism and, possibly, peptide or
neuropeptide synthesis®’.

This experiment proved that severe compression of the
central branches of primary sensory neurons in the
seventh lumbar nerve root of dogs can cause
pathological changes of neurons in the dorsal root
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ganglion because of disturbances of axonal flow and
axonal reaction, such as neuronal degeneration, central
chromatolysis in neurons and degeneration of glia and
nerve fibers. If the disturbance of axonal flow caused by
compression and the resulting central chromatolysis are
mild, neurons can recover fully after compression is
relieved. However, it seems likely that sustained
mechanical compression of nerve roots could result in
irreversible damage to DRG neurons.

BDNF promotes the repair of injured DRG neurons
BDNF has very extensive neurotrophy and can maintain
the survival of various kinds of neurons and directly
promote their axon growth®?. The mRNA and protein for
both BDNF and its major receptor, tyrosine protein
kinase B receptor (TrkB), are made by discrete
populations of neurons in the adult central nervous
system. BDNF, which is synthesized in primary sensory
neurons, is anterogradely transported to the central
terminals of the primary afferents in the spinal dorsal
horn, where it is involved in the modulation of painful
stimuli®’. In models of inflammatory and neuropathic pain,
BDNF synthesis is greatly increased in different
populations of DRG neurons™!. BDNF plays a
neuromodulatory role in spinal cord dorsal horn via the
post-synaptic TrkB receptor to facilitate pain
transmission'®!., Certainly, the activation of
mitogen-activated protein kinases occurs in sensory
neurons and contributes to persistent inflammatory and
neuropathic pain by regulating BDNF expression. In fact,
BDNF upregulation in the DRG and spinal cord
contributes to chronic pain hypersensitivity!> 3*. The
present study showed that acute and severe multiple
cauda equina constrictions in experimental dogs could
induce extensive and different expression of
BDNF-immunoreactivity in the sensory neurons of L,
DRGs, and the immunoreactivity could persist for at least
4 weeks. BDNF expression in the cytoplasm of sensory
neurons of the experimental group was significantly
higher than the control group. Simultaneously, this study
also suggested that the primary sensory neurons in DRG
not only are effector cells of BDNF, but also can
synthesize and express BDNF as a neurotrophic factor.
This BDNF, coming from autocrine and paracrine
secretion of neurons, can stimulate unactivated
neuroblasts to proliferate, differentiate and play an
important role in neuronal survival and regeneration. We
believe that BDNF binds to full-length TrkB and then
undergoes retrograde transport to cell bodies to produce
biological effects. BDNF can also undergo anterograde
transport from the cell body to the axonal extremity to be
released to participate in synaptic plasticity after
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absorption and utilization by secondary neurons®™. The
normal DRG has mechanisms of anterograde and
retrograde transport to increase the activity of sensory
neurons.

Previous studies showed that deficiency of endogenous
neurotrophins is associated with poor neuronal survival
and cell death®"), Thus, it is conceivable that chronic
mechanical compression of the spinal cord induces both
neuronal regeneration, mediated by neurotrophins, and
cell death®®. Several investigators have suggested that
direct neurotrophin delivery provides neuroprotective
effects to the spinal cord that has sustained traumatic
injury®>*!, These studies demonstrated the
effectiveness of neurotrophin delivery in promoting
neuronal cell survival, alleviation of neuronal atrophy,
and facilitation of axonal regeneration. At 7, 14 and

28 days following surgery, the degeneration and necrosis
in the primary sensory neurons of DRG in the control
group were more remarkable than that of the
experimental group, which received intrathecal injection
of BDNF with persistent and slow-moving copolymer
nanoparticles. Meanwhile, BDNF expression in the
cytoplasm of the sensory neurons from the experimental
group was significantly greater than the control group,
while DRGs from sham-operated dogs did not reveal any
specific neuronal staining of BDNF. The results of
semiquantitative scoring and ratio of Tarlov's motor scale
also suggested that intrathecal injection of BDNF could
effectively prevent the degeneration and necrosis of
primary sensory neurons in the DRG. The present study
is considerably consistent with previous studies***®! and
clearly shows that a certain dose of intrathecal BDNF
which cannot cross the blood-brain barrier may
effectively prevent cell death (apoptosis) of sensory
neurons and protect against experimentally induced
lesions or damage. BDNF can adjust gene expression
(such as c-fos and c-jun) in neurons by modulation of
upstream elements to inhibit development of cell death
and necrosis, and this effect may be completed by
increasing the expression of the TrkB receptor®. Our
findings showed the remarkable positive reaction of
BDNF-immunoreactivity in the cytoplasm of the sensory
neurons in the experimental group, which may represent
enhancement of certain neuronal activities to
compensate the compromised function of sensory
neurons at the level of mechanical compression.

This experiment also confirmed the expression of BDNF
protein and TrkB in neuroglial cells using
immunohistochemical analysis. Astroglial cells produce
BDNF and other nerve growth factors. In a model of
spinal cord injury, Frisén et al “*! demonstrated that trkB

mRNA, the receptor for BDNF, is strongly positive in
motoneurons and astroglial cells, and axonal
regeneration was more marked at the site with significant
increase in trkB mRNA immunoreactivity within the white
matter. Uchida et al “*" speculated that the presence of
BDNF and neurotrophin-3 in neurons and astrocyte-like
cells is proportionate to the severity of chronic
mechanical compression and may contribute to the
heterotropic neuronal reserve and survival.

In summary, BDNF may play an active role in
neuroprotective processes partly by maintaining
intracellular protein integrity and preventing neuronal
degeneration. Intrathecal injection of BDNF with
persistent and slow-moving copolymer nanoparticles had
obvious therapeutic effects in experimental dogs
modeling acute and severe cauda equina syndrome.
Nevertheless, when BDNF is considered as a
therapeutic agent for the treatment of neurological
disorders, it is important to recognize the extreme
diversity of neurotrophic factors and their functions. In
addition to the complex cytoarchitecture of the spinal
cord, it would be unrealistic to expect that the
administration of a single trophic factor will, by itself, elicit
a comprehensive regenerative response in all relevant
neuronal and glial cell populations necessary for full
recovery after spinal cord injury®.

MATERIALS AND METHODS

Design
A randomized, controlled animal experiment.

Time and setting

The experiment was performed at the Animal Care and
Use Department of the Navy Institute, China, from
September 2005 to June 2006.

Materials

Atotal of 18 adult mongrel male dogs, aged 18—48 months
and weighing 10-15 kg, were purchased from the
Institutional Animal Care and Use Committee of the
Institute of Navy (license No. SYXK (Hu) 2007-0003).
Animals were housed in individual runs, given free
access to water and fed a dry certified canine diet.
Animal room temperature and light cycle were controlled
(targeted conditions: temperature range 18.3-25.5°C,
12-hour light/dark cycle). Humidity was not controlled but
recorded regularly. Dogs were allowed to acclimate for a
minimum of 7 days after receipt and conditioned to vests
for 3 days prior to surgery. All protocols were conducted
in accordance with the Guidance Suggestions for the
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Care and Use of Laboratory Animals, formulated by the
Ministry of Science and Technology of China.

Methods

Model establishment and intervention

Each animal received intramuscular injection (i.m.) of
penicillin G procaine (20 000 U/kg) and atropine

(0.04 mg/kg) before surgery. Dogs were anesthetized
with a parenteral solution of Su-mian-xin Il (0.08—

0.10 mL/kg, i.m., made by the Military Veterinarian
Institute of the Academy of Military Medical Sciences,
Changchun, Jilin Province, China), endotracheally
intubated and artificially ventilated on a respirator with
halothane (1-2%) in a mixture of oxygen and nitrous
oxide (1:1). Lumbar laminectomy was performed and the
dural sac of the exposed cauda equina comprising dorsal
and ventral roots of L;, S1.3, Co..5 segments was tied by

four loose 4-0 ligatures (Shanghai Jade Weaver Co., Ltd.,

Shanghai, China) with about 2 mm spacing. The entire
cauda equina was constricted by 50—75% by the first
tightened constriction, and the lower cauda equina was
constricted by 25-50% by the other three tightened
constrictions (Figure 3).

Figure 3 Procedure for the establishment of multiple
protracted cauda equina constrictions model.

(A) Schematic drawing depicting the position of four
tightened constrictions (about 2.0 mm wide) around the
cauda equina (L, L). L+—G and S;—G point to the
corresponding dorsal root ganglia to produce acute and
severe compression, and the entire cauda equina was
constricted by 50-75% by the first tightened constriction.
The lower cauda equina was constricted by 25-50% by
the other three tightened constrictions.

(B) Protracted multiple cauda equina constrictions during
surgery on an experimental animal.

(C) Severe arterial narrowing at the level of the
constriction and venous congestion of the nerve roots and
dura mater of the corresponding lumbar and sacral levels
were present after 48 hours of multiple cauda equina
constrictions.
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The central processes of the L,—Cos DRG neurons were
permanently constricted. The sham surgery group
underwent cauda equina exposure, without ligation.
Forty-eight hours after surgery, dogs from both control
and experimental groups were again deeply
anesthetized with the Su-mian-xinll (0.08—0.10 mL/kg,
i.m.). The four constrictions on the cauda equina were
removed through the original operative incision, and
dogs in the experimental group were infused through
intrathecal injection with 15 mg of encapsulated
biodegradable poly(lactic-co-glycolic acid) nanoparticles
carrying 2.5 mg of active BDNF (Pharmacy College of
the Second Military Medical University, Shanghai,
China).

DRG (L;) preparation

Two animals, one from the control and experimental
groups separately, were deeply anesthetized with the
Su-mian-xin Il (0.08-0.10 mL/kg, i.m.) after 1, 2 and

4 weeks following the second operation. Animals were
transcardially perfused through the heart with 2 L PBS
followed by 2 L of 4% paraformaldehyde in 0.1 M PBS
(pH 7.4). The corresponding DRG (L;) was removed and
sliced into 5-um transverse paraffin sections for
histological and immunohistochemical study.

Neuronal changes and damage in compressed DRG,
observed by hematoxylin-eosin staining

Samples were taken from DRG at L; and embedded in
paraffin, before preparing 5-um transverse sections.
The sections were stained with hematoxylin-eosin and
examined for the density of neurons in the DRG, and
then observed using a light microscope (Olympus,
Tokyo, Japan). To count the neurons, we chose a slice
thickness of 5 um and gap interval of more than 8 pm.
Cell nuclei stained blue-black and cytoplasm stained
salmon pink®?.

Semiquantitative scoring of pathological sections was
performed independently by two pathological
investigators who were blinded to the animal groups.
Thus, tissue sections from each block were described
qualitatively with local reactions, local inflammatory
cells, and pathological change, such as chromatolysis,
neuronal loss, edema or necrosis being noted. For
comparison purposes, material from each animal was
rated on a semiquantitative scale of 0 to IV, where 0
represented a lack of pathological findings and IV
represented a severe inflammatory reaction that
involved corresponding tissues and structures. These
values were reported and submitted for a rank order
comparison®Y.
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Immunohistochemical staining for BDNF expression
in DRG neurons

Samples were immersed in PBS containing 30% sucrose
for 24 hours at 4°C for cryoprotection. Free floating
sections were immediately sliced into 5-pum paraffin
sections, deparaffinized and dehydrated. Sections were
subsequently washed in distilled water and then PBS,
followed by microwave retrieval with citrate buffer
solution (pH 6.0) for 3 minutes and 30 seconds. Sections
were then rinsed in distilled water and PBS again after
natural cooling. Specimens were exposed to 0.3% H,0,
in PBS for 10 minutes to inactivate endogenous
peroxidase, and then rinsed in PBS. Sections were
subsequently incubated with a rabbit monoclonal
anti-BDNF antibody of low-density lipoprotein (1:50;
Boster Biotech Corp, Wuhan, Hubei Province, China) for
1 hour at 37°C. BDNF was immunostained using the
ENVISION system (DAKO, Carpinteria, CA, USA)
according to the manufacturer’s instructions. Staining
therefore continued by rinsing in the PBS, incubation with
secondary sheep anti-rabbit IgG and labeled with
horseradish peroxidase (1:250; Sigma, St. Louis, MO,
USA). After washing in PBS, the sections were
developed with 0.05% 3,3’ diaminobenzidine
tetrahydrochloride (Sigma) and 0.006% H,O, in PBS for
10 minutes. The slides were counterstained with Meyer’s
hematoxylin for 10 minutes, differentiated with 75%
hydrochloric acid-alcohol for 30 seconds, and then the
sections were washed, dried, dehydrated and mounted
on neutral resin. Positive signal was located in the
cytoplasm of neurons and gliocytes and stained with
buffy®®® under light microscopy (Toshiba, Tokyo, Japan).

Neurofunctional evaluation

Neurological evaluation of motor function in the posterior
limbs of each animal was performed independently by
two investigators blinded to the animal groups. Each
animal was graded three times for 40 minutes each time
according to the Tarlov’s scoring system®. The average
value was obtained before deep anesthesia and
transcardial perfusion.

The ratio of Tarlov’'s motor scales was applied to assess
neurological function. The calculation used is shown
below®?:

Ratio of Tarlov' s motor scales (%)=
(Tarlov' s motor scoring of forelimbs—Tarlov' s motor scoring of posterior limbs)
Tarlov' s motor scoring of forelimbs

x100%

Statistical analysis
Nonparametric Wilcoxon’s signed-ranks test was used

to compare the semiquantitative scoring of the three
groups using SPSS 10.0 software (SPSS, Chicago, IL,
USA), and two-sample t-test was used for the analysis
of Tarlov’s motor scale between control and
experimental groups. Data are expressed as mean +
SD. A value of P < 0.05 was considered statistically
significant.
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