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3.1 INTRODUCTION

An estimated 400,000 people in the U.S. have permanent paralysis as a consequence
of spinal cord injury and an additional 10,000 are injured each year. Patients with
spinal cord injuries (SCI) can live 25 to 30 years after their initial injuries. Each
patient must cope with a lifetime of neurological dysfunction including paralysis,
bowel and bladder dysfunction, sexual dysfunction, spasticity, deafferentation pain,
loss of skin integrity, and autonomic dysfunction.! Thus, SCI can be a devastating
neurological disorder in terms of the years of disability caused and the associated
physical and psychological complications. However, patients can remain highly
functional with the use of modern aids, such as wheelchairs; they can participate
fully in work, sports, and activities of daily living despite the obvious disability
associated with the loss of function.
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For thousands of years, physicians have been pessimistic in their approach to
treating SCI because of the lack of innate recovery and secondary complications
such as infections that usually ensue. Writing around 1700 BCE in the Edwin Smith
Papyrus, an ancient Egyptian physician described SCI as a “disease not to be
treated.”> Now, almost 4000 years later, the treatment of SCI remains largely pal-
liative: preventing injury progression; implementing bowel and bladder regimens;
managing complications of sensory loss and skin breakdown; treating spasticity,
dysautonomia, and deafferentation pain syndromes; and teaching patients how to
cope with their disabilities. While such palliative care is highly successful and now
results in nearly normal lifespans and functional capabilities, most affected patients
still would like to enhance their mobility and regain more normal function. Fortu-
nately, ongoing advances in neurobiology coupled with initiatives to facilitate the
translation of this research into medical therapy promise to change this paradigm
from palliation to cure.

Broadly speaking, current approaches to the treatment of SCI fall into one of
four categories: (1) the prevention of secondary injury and delayed demyelination
or axon loss (neuroprotection), (2) the repair or replacement of interrupted neural
circuitry (spinal cord repair), (3) the use of aggressive rehabilitation techniques to
optimize recovery through residual spinal cord plasticity (rehabilitation), and (4) the
augmentation of function through prostheses (prosthetics). In this chapter, we will
review advances in each discipline, the current hypotheses, and their future appli-
cations. Figure 3.1 outlines these potential treatment options.

FIGURE 3.1 (See color insert following page 146.) Targets for the treatment of spinal cord
and peripheral nerve injuries. A: Genetic or small molecule treatments to induce a proregen-
eration response in the cell body. B: Inhibition of myelin associated growth inhibitors and
chondroitin sulfate proteoglycans at the site of injury. C: Neuroprotectants to prevent the
spread of injury through secondary mechanisms. D: Transplantation of stem cells, olfactory
ensheathing glia, or Schwann cell bridges to span the area of injury and replace lost cell
populations; transplantation of macrophages or neurotrophin-secreting cells to prevent cell
loss and promote regrowth. E: Use of synthetic grafts infused with Schwann cells, extracellular
matrix, or neurotrophins to span the area of injury. F: Infusion of neurotrophins or use of
electrical stimulation to improve the pace and accuracy of axonal regeneration.
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3.2 SPINAL CORD NEUROPROTECTION

3.2.1 MATURATION OF SPINAL CORD INJURY

SCI can occur when the spinal cord is lacerated or macerated by a sharp penetrating
force, contused or compressed by a blunt force, or infarcted by a vascular insult.
Blunt force injuries are the most common causes of SCI, accounting for up to 50%
of cases.! This form of SCI has been well modeled in animals, using weights dropped
onto the exposed spinal cord. Initial histopathological studies suggested that sec-
ondary events that unfold after the mechanical injury enlarge the contusion and are
responsible for a substantial portion of the ultimate functional deficit that results —
the so-called secondary injury. From this came the hypothesis that identifying the
components of secondary injury could provide rational targets for pharmaceutical
interventions that could significantly limit the morbidity of SCI. This approach has
dominated SCI research for much of this century and spawned many promising
therapies. However, in reality, patients rarely lose additional function after they
present with initial levels of injury, suggesting that, in practical terms, very little
secondary injury occurs and most of the damage results from the initial impact.

In experimental models of blunt SCI, the initial mechanical force delivered to
the cord results in a necrotic core that involves the spinal grey matter and spares a
rim of white matter around the contusion site. Electrophysiological experiments have
shown that neurons that survive the initial trauma become hyperexcitable and fire
repeated salvos of action potentials. Intracellular and extracellular electrolyte con-
centrations are altered measurably as a consequence. Intracellular concentrations of
calcium and sodium and extracellular concentrations of potassium increase signifi-
cantly, making normal neuronal activity impossible. Clinically this is manifested as
a flaccid motor paralysis below the level of injury and can last several months
(“spinal shock”); it is eventually replaced by spasticity as the spinal cord slowly
recovers innate tone. As a result of the flaccidity, a systemic hypotension (“neuro-
genic shock”) may ensue. Meanwhile, petechial hemorrhages and progressive edema
develop around the injury site along with a collapse of the microcirculation with a
measurable reduction in spinal cord perfusion. As cells lyse, excitatory neurotrans-
mitters reach toxic levels in the extracellular fluid and free oxygen radicals are
elaborated. The consequent lipid peroxidation hastens cell death and promotes for-
mation of cytokines — major components of the inflammatory cascade. Neutrophils
enter the contusion within 24 hours, followed closely by lymphocytes. These cells
start cleaning the debris while elaborating more cytokines and chemokines that reach
measurable levels within 48 hours and continue the inflammatory cascade. Whether
this form of inflammation is restorative and necessary (to clean up debris) or
destructive in some manner remains highly contentious.

Meanwhile, apoptosis occurs in cells surrounding the initial core of necrosis,
causing the lesion to grow further. Neutrophils are eventually replaced by macroph-
ages and fibroblasts. With time, areas of extensive necrosis are replaced by the classic
glial scar. Areas of milder injury develop scars rich in astrocytes; areas of large
hemorrhage are replaced by glial-lined areas of myelomalacia that can sometimes
lead to late (years later) post-traumatic syrinx.
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Secondary processes continue to play a role in the clinical features of SCI even
chronically. Robust local sprouting of injured and uninjured axons within the spinal
cord segments produces circuits implicated in spasticity. Changes in the distribution
and excitability of ion channels along with changes in excitatory and inhibitory
inputs cause permanent hyperexcitability in some cell populations, possibly leading
to chronic pain syndromes and hyperactivity causing motor spasticity; chronic demy-
elination can block signaling in other pathways.

The response to SCI can be divided into acute and chronic phases. Acutely, cell
loss occurs due to the mechanical injury associated with excitotoxicity, lipid perox-
idation, and inflammation, as the lesion is cleaned up. Chronically, cells that survive
the initial events may go on to regenerate in a limited and imprecise way or they
may succumb to apoptosis or demyelination.>* These insights suggest several prom-
ising targets for pharmacologic intervention, assuming that the primary injury can
be overcome.

3.2.2 SeEcONDARY NEUROPROTECTION TREATMENT SCHEMES

To date, the only clinical treatment to emerge from neuroprotection research is high
dose methylprednisolone (MP) therapy. Since the 1960s, corticosteroids have been
used in the treatment of SCI. Initially, these agents were used for their ability to
limit inflammation and spinal cord edema. Optimal therapeutic schemes with ste-
roids involved pretreatment prior to injury, which provided better benefits than
treatment after injury (which obviously is beneficial for spinal cord surgery). How-
ever, the initial National Acute Spinal Cord Injury Study (NASCIS) a nonplacebo
controlled comparison of high-dose versus low-dose MP failed to show any benefit
in the treatment of SCL.>

In the early 1980s, it was shown that key components of secondary injury
included post-traumatic alteration of spinal cord blood flow, elaboration of free
radical oxygen, and peroxidation of membrane lipids.®’ Trials in rodents, cats, and
dogs demonstrated that MP can improve functional recovery from SCI by catego-
rizing these processes, but it must be administered in intravenous doses of 30 mg/kg
— much higher doses than those used in the NASCIS trial.®-!° Incorporating some
of these findings, the second NASCIS trials found that sustained high doses of MP
administered within 8 hours of injury caused a statistically significant improvement
in neurologic function although new SCI scales were required to measure this
improvement.!'-' Again, no placebo control was used and the initially determined
outcome measures were abandoned and a new system for evaluating neurologic
function in SCI was devised to show the benefits of treatment.

It is not apparent whether the statistically significant improvements translated
into clinical benefit. Although the design and statistical analysis of the trials were
widely challenged,' the high dose “Solu-Medrol Protocol” is almost universally
applied in the emergency room management of SCL.!¢ This is perhaps more reflective
of physicians’ desperation to offer some treatment to SCI patients than of the
scientific validity of the studies. However, this high dose, short-term protocol is now
considered the standard of care.
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These studies lent credence to the hypothesis that secondary injury mechanisms
may be important in the clinical evolution of SCI and spurred the development of
multiple agents, each of which has been shown in some animal models to be
somewhat efficacious. Among these is the 21-aminosteroid, tirilazad mesylate (TM),
that scavenges free radicals, inhibits lipid peroxidation, and maintains spinal cord
blood flow in animal models. Because it lacks the glucocorticoid activity of MP,
TM is a safer drug and considerable interest in its clinical efficacy was generated.!-"°
Unfortunately, the NASCIS 3 trial concluded that TM does not appear beneficial in
the treatment of SCI.!2

Based on the premise that acute inflammation is deleterious to nervous tissue,
specific inhibitors of the inflammatory response have been evaluated for benefit in
SCIL.? Among these, IL-10 has been shown to limit axonal loss, contusion size, and
functional deficit following SCI in rats.?!?> So have the broad spectrum chemokine
receptor antagonist, VMIPIL,>® and the selective cyclooxygenase-2 inhibitors.?*>
These latter drugs are already approved for human use and are well tolerated; it
would be relatively simple to verify their ability to provide benefit to human victims
of SCI. However, in many instances, the initial inflammation after a CNS lesion
may actually be considered favorable for axonal recovery and regrowth and for
enhancement of cell survival, as demonstrated by placement of neural grafts into
lesions at short postlesion time points (see Chapter 2). Other pathways considered
for treatment options include blockade of excitotoxicity,?6-33 treatment of apopto-
sis,>*4% and application of hypothermia.*!

Although most neuroprotection research produced promising results in animal
models (similar to results shown for stroke research; see Chapter 4), the natural
history of human SCI suggests a limited role for neuroprotectants. First, most patients
with incomplete SCI and some patients with complete SCI at the time of presentation
spontaneously regain some degree of neurological function over time.*> This spon-
taneous recovery creates difficulty for treatment study design because it is difficult
to attribute an improvement to treatment without a randomized control group. It is
also rare for a patient’s neurological injury to progress significantly after presenta-
tion, i.e., an injury is at its worst at the time of presentation. This suggests that
secondary injury mechanisms do not play a major role in determining the clinical
extent of injury. Furthermore, only a narrow window of opportunity exists for the
administration of neuroprotectants. The best results with the different agents men-
tioned above were obtained when animals were pretreated. As in the case of stroke
treatment, the degree of clinical improvement obtained by preventing secondary
injury may be minor, suggesting that neuroprotection as a clinical field may represent
a failure of application of animal models to the human setting.

This is not to suggest that secondary injury is not important. It simply may be
that the mechanisms at work unfold so rapidly that a patient’s deficit is relatively
fixed at the time of presentation. It is therefore important to develop treatments
that can be administered by first responders or alternatively to develop treatments
that deal with the sequelae of secondary injury mechanisms. One such treatment
is 4-aminopyridine, a potassium channel blocker. It has been shown that many of
the axons that escape the initial injury become demyelinated, possibly due to
inflammation, excitotoxicity, and apoptotic death of oligodendrocytes. Demyelina-
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tion causes redistribution of sodium channels and unmasks potassium channels,
both of which interfere with the conduction of action potentials.*** In laboratory
studies, 4-aminopyridine re-enabled signal conduction in demyelinated and partially
myelinated axons.***” Following preliminary clinical evidence that 4-aminopyri-
dine can improve motor and sensory functions in SCI patients, Accorda Therapeu-
tics initiated Phase 3 clinical trials.*®4° Hopefully we will soon know whether this
promising drug can be added to our meager armamentarium for treating SCI.

3.3 SPINAL CORD REGENERATION

Ever since the seminal observations of Ramon y Cajal early in the 20th century, it
has been known that CNS neurons have very limited abilities to regenerate following
injury and primarily generate local collaterals rather than long-distance axonal
regrowth. This is the reason for such impetus for the development of neuroprotective
agents. Allowing even a small number of neurons to escape the initial injury could
produce profound functional benefit. Conversely, inducing even a small population
of neurons to regenerate effectively could restore a significant amount of neurolog-
ical function.

Both neuronal and non-neuronal factors limit CNS regeneration. The neurons
confined to the CNS do not upregulate the expression of growth-associated genes
unless they are injured close to their cell bodies.”*>* CNS neurons that also extend
axons into the peripheral nervous system (e.g., dorsal root ganglia) can undergo
proregeneration cell body responses if their peripheral processes are also
injured.>*->¢ These findings suggest that CN'S neurons possess the genetic machin-
ery to regenerate, but they only express the necessary genes under very limited
conditions.

One approach to repairing an injured spinal cord would be to find ways to turn
on the regenerative machinery and effectively enhance axonal regrowth. A second
approach would be to bridge the injury gap or replace cells with neural grafts,
stimulating axon regrowth across the bridge or providing new cellular elements that
could promote regeneration.

3.3.1 ENHANCEMENT OF AXONAL REGROWTH

One of the first genes shown to be involved in axonal regeneration was GAP-43.57-6!
This gene, along with CAP-23, belongs to the MARCKS family of phosphoinositide-
responsive protein kinases and is important in the organization and stabilization of
growth cone components. Expression of the GAP-43 and CAP-23 genes in transgenic
mice is sufficient to induce a regenerative response following isolated CNS injury.®?
Our laboratory is working on gene therapy methods to deliver these proregeneration
genes to adult neurons. Other researchers have found that inosine, perhaps through
the activation of these same kinases, can induce the regeneration of layer 5 pyramidal
axons and promote reinnervation following SCI in rats.®

Other efforts aimed at inducing a proregeneration state in CNS neurons revolve
around the use of neurotrophins, small molecules that promote neuronal outgrowth.
The most promising of these appears to be NT-3, which not only promotes the
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regeneration of neurons following axotomy, but also minimizes atrophy and cell loss
following SCIL.%-70 Clearly, the cell body response to injury in the CNS that usually
does not promote regeneration can be manipulated to increase the chances for
neurological recovery following SCI.

Many researchers have shown that constituents of CNS myelin inhibit the growth
of neurons. Removing myelin from the CNS or using grafts lacking central myelin,
for example, are two ways to promote regeneration.>!3371-73 Another way to promote
regeneration following CNS injury is to antagonize these inhibitory signals. Three
inhibitory molecules identified thus far are all components of CNS myelin: nogo,
myelin-associated glycoprotein, and oligodendrocyte myelin glycoprotein.’74-77
Strikingly, all these molecules bind the neuronal receptor nogo-66.”-° This receptor
has been shown to complex with p57 and activate the rho kinase pathway.’88
Inhibiting the rho pathway in itself allows neurons to grow in otherwise nonpermis-
sive environments.3!-82

Several experiments with antibodies to nogo (IN-1) and peptide inhibitors of
the nogo receptor (NEP1-40) induced axonal regeneration and provided some
degree of functional recovery following CNS lesions.?3-% Interestingly, in one of
these experiments, IN-1 treatment caused the unlesioned corticospinal tracts of
rats to sprout and reinnervate targets on the contralateral side. Despite this clearly
erroneous regeneration, the animals regained use of their affected limbs, suggest-
ing a role for enhanced plasticity.’* In an important study, researchers showed
administration of NEP1-40 up to 1 week after spinal cord hemisection induced
growth of corticospinal tracts, upregulation of growth proteins, functional refor-
mation of synaptic connections, and locomotor recovery.?® This has significant
implications for the treatment of human SCI because the therapy can be admin-
istered at delayed (and much more convenient) times after the injury. Hopefully,
the interests of pharmaceutical companies in inhibitors of nogo, will soon bring
this mode of therapy to human trials.

Another class of inhibitory signals is the chondroitin sulfate proteoglycans
(CSPG). These are expressed on astrocytes, oligodendrocyte precursors, and
meningeal cells, which are all avidly recruited to the site of a CNS injury.”'-** The
CSPGs commonly found in glial scars are versican, neurocan, and phosphacan. Each
contains a glycosaminoglycan (GAG) domain that is essential to their function.
Fortunately, several bacterial enzymes specifically target and digest sulfated sugar
GAG chains. Recently, the intrathecal infusion of one such enzyme, chondroitinase
ABC, following SCI in rats was shown to degrade CS-GAGs at the injury site, up-
regulate GAP-43 in injured neurons, and promote regeneration of both ascending
sensory projections and descending corticospinal tract axons. Postsynaptic activity
below the lesion was restored and significant recovery of locomotor and
proprioceptive behaviors ensued.* These findings have been validated in other injury
models,”% suggesting that the antagonism of CSPGs has an important role in the
treatment of SCI.

© 2005 by CRC Press LLC



3.3.2 CELLULAR OR INERT BRIDGES AND NEURAL GRAFTING

An additional pathway around the problem of CNS inhibition is to use bridging
materials or cellular implants to guide regenerating axons around areas of
significant tissue loss and glial scarring. The peripheral nerve has been known to
have growth-promoting properties since the early 20th century.®” The Schwann
cell (SC), a key component of peripheral nerves, was the first graft material
candidate. In an interesting set of experiments, researchers used a PVC polymer
tube filled with SCs to reattach the two stumps of a completely transected spinal
cord. After 1 month, they noticed significant growth of axons into the graft from
both stumps. However, they also noticed that very few corticospinal axons had
grown into the graft; that virtually no axons had grown out of the graft; and that
noticeable tissue loss occurred at the graft—cord interfaces on both sides. Treating
with MP prevented scaring and tissue loss at the interfaces and caused limited
growth of axons back into the CNS environment. Very limited corticospinal fiber
growth appeared in the graft.

Treatment with BDNF and NT-3 caused brainstem nuclei to extend axons into
the graft and increased the total number of axons in the graft. However, again, very
limited extension of graft axons was found in the cord.”® This may have been due
in part to the lack of synaptic targets in the vicinity of the graft. For example, optic
nerve axons have been shown to grow through an SC graft and extend into the
superior colliculus where they can form synapses.”” The inhibitory mechanisms
reviewed earlier may be the other causes of this seemingly unidirectional growth
from host to graft. Axons are simply not easily persuaded to leave whatever growth-
promoting environment that might be presented to them to enter the relatively
inhospitable environment of the CNS. It will be important to study the combination
of these grafts with nogo and CSPG inhibitors.

Other types of cellular grafts have shown exciting results in the treatment of
SCI. One study with embryonal spinal cord implants showed that when neurotro-
phins were delivered with the implants, some host axons grew all the way through
the implants. Furthermore, host axons formed synapses with the implanted cells
and axons from the grafts extended for some distance into the host spinal cords.
Thus it is possible that these grafts serve as relays for regenerating axons. This
produced very impressive functional recovery from complete spinal cord transac-
tion.®® Washington University is conducting an ongoing clinical trial with the
transplantation of porcine fetal spinal cells to assess the hypothesis that grafted
neural cells can either enhance regeneration (function as a bridge) or provide key
cellular elements.

Recent advances in the understanding of the olfactory system have led to what
might be the most promising approach to overcoming CNS growth inhibition.
Neurons in the olfactory mucosa are constantly dying and are replaced by new
neurons that must extend their axons into the CNS. A special group of cells known
as olfactory ensheathing glia (OEG) form sheaths around these axons, express
growth-promoting phenotypes, and accompany these growing axons into the
CNS. 1% In one study, OEG transplantation into the site of SCI was associated with
the extension of corticospinal, raphe-spinal, and coeruleospinal axons through the
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injury and into the caudal spinal cord for at least 1 cm. This was associated with
recovery of both locomotor function and sensorimotor reflexes. Other researchers
have seen similar results. One study showed significant recovery of function even
when transplantation was delayed for 7 days following injury.'%!-19 QEGs can also
be combined with SC grafts allowing further axonal growth into the host spinal
cord.!%4

Not all research with OEGs has been successful. Takami et al. transplanted SC,
SC and OEG, and OEG alone into rat SCI sites. They found a higher number of
myelinated axons and better functional outcomes in the SC-only grafts. However,
more axons extended beyond the grafts in the OEG-containing transplants.'® These
results may represent differences in the techniques for purifying and transplanting
OEGs. The body of positive results with OEG transplants cannot be overlooked.
Based on positive research findings, OEGs hold great promise for the future surgical
treatment of human SCI.

One other cell implantation strategy for treating SCI bears mention. Schwartz
et al. felt that the immune-privileged status of the CNS played a part in its poor
regenerative properties.!% Noting the prominent role of macrophages in peripheral
nervous system regeneration, they implanted homologous macrophages activated by
exposure to segments of peripheral nerves into the transected spinal cords of rats.
They found that when sufficient macrophages were transplanted, partial recovery of
both functional and electrophysiological activities occurred.!® Based on these find-
ings, Proneuron is in Phase I/II feasibility clinical trials with homologous activated
macrophage transplantation in Belgium and at the Weiszmann Institute in Israel.
The results of these trials are eagerly awaited.

Much more work must be done before we achieve the goal of regenerating the
injured spinal cord. For example, the problem remains of ensuring that correct
synaptic patterns are reestablished after regeneration takes place. None of the existing
studies have shown that axons are sufficiently elongated to reach targets. Achieving
synaptic specificity upon reaching distal spinal cord targets may in and of itself be
a very difficult challenge.

The work reviewed above highlights some of the important leads that are
currently being pursued. From the preliminary evidence, it seems that the first
practical applications will be with agents that remove CNS growth inhibition. After
that, molecular approaches to replacing damaged cells and reestablishing severed
connections will hopefully be perfected and will probably lead to new challenges
in reestablishing appropriate functional connections.

3.4 REHABILITATION

It is important to consider possible noninvasive approaches to help functional recov-
ery from SCI. Chief among these are aggressive neurorchabilitation and assisted
ambulation. At least five clinical trials are currently assessing the utility of assisted
ambulation with body weight-supported treadmill training in promoting locomotion
after SCI.

The key concept in these trials is that the spinal cord contains local pattern
generators that can function independently of descending input. This was
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demonstrated in cats whose spinal cords were transected at the thoracic level. Edg-
erton showed that appropriate limb loading and manual stepping on a treadmill for
4 weeks enabled the cats to regain the ability to support their own body weights and
walk on the treadmill over a range of speeds.!?!% Tt was later shown that the
lumbosacral grey matter responded to locomotion-associated patterns of stimulation
and started generating rhythmic patterns of activity that could initiate stepping and
perhaps support ambulation.'®

The human lumbosacral spinal cord also has the ability to respond to the sensory
stimulation of locomotion and generate locomotion-like electromyographic (EMG)
patterns after training.''®!'> The basis of this training is Edgerton’s proposal that
providing the specific sensory activity associated with a task and repetitively prac-
ticing the task can lead to motor learning and plasticity in the human spinal cord.!®
Based on this research, the University of California at Los Angeles, the University
of Florida, The Miami Project to Cure Paralysis, the Ohio State University, and
others are enrolling patients in assisted ambulation studies.

This approach, if successful, could be combined with invasive interventions to
treat SCI. For example, transplanted cells and nogo inhibitors both may increase
neuronal plasticity. These treatments could be combined with aggressive physical
therapy and may stimulate the reorganization of intrinsic spinal circuits and allow
coordination among multiple segments to dramatically improve locomotor function.
Unfortunately, budgetary constraints may limit application of aggressive physical
therapy techniques, although all patients with SCI receive intensive rehabilitation
currently, and as new techniques arise, this training could be redirected to different
patterns.

3.5 NEUROPROSTHETICS

Another therapeutic avenue that will play a prominent role in the treatment of SCI
patients is functional electrical stimulation (FES) and the field of neuroprosthetics
in general (see Chapter 7). By stimulating muscles, lower motor neurons, and
peripheral nerves, FES aims to return some functional modalities to patients who
have complete SCI. Surgeons are implanting phrenic nerve stimulators to preserve
respiration in high cervical injuries, sacral nerve stimulators to aid bowel and bladder
function, and ulnar and median nerve stimulators to allow grasping movements of
the hands.

Clinical studies sponsored by the Veterans’ Administration and the FDA are also
evaluating systems to restore arm function, enable patients to stand, and assist them
in walking. These devices have the potential to significantly improve the lives of
patients with SCIs and the results achieved with such devices will improve as
progress is made in the field of electronics and new ways are developed to interface
nervous systems and computers. The theoretical approaches to and current research
and progress with CNS—machine interfaces are reviewed Chapter 7, but in general,
these approaches use external actuators instead of a patient’s own musculature to
provide enhanced motor function.
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3.6 COMBINATION THERAPIES

Future treatment of SCI will probably involve a synthesis of the approaches
described earlier. Specific interventions can activate regeneration-associated
genes and antagonize inhibitory signals within the CNS milieu, allowing surviving
neurons to start to reestablish severed connections (Figure 3.1). This can be
augmented by the transplantation of embryonic cells, olfactory ensheathing glia,
and neurotrophin secreting cells to support regenerating cells, act as relays, and
replace lost cell populations. The residual functional deficit after optimal treat-
ment could then be ameliorated further by advances in FES, aggressive rehabil-
itation, and improved neuroprosthesis. Thus, any improvement in axonal regrowth
will likely require significant patient training and rehabilitation to achieve clinical
improvement.

3.7 PERIPHERAL NERVE REPAIR

Attempts to surgically treat peripheral nerve injury have been more fruitful than
attempts to repair the injured spinal cord. Additionally, the two conditions are closely
related as insights into the behavior of regenerating neurons obtained from the former
are being applied to the latter, and vice versa. The first reported surgical repair of
injured peripheral nerve was in 1608. The wars of the last two centuries, starting
with the studies of Mitchell during the American Civil War, provided much material
for the study of peripheral nerve injuries and repair techniques.? Suture repairs of
severed nerves, directly or by autografting, became standard practice by World War
II. Unfortunately, the results were disappointing. The key problems were inadequate
realignment of fascicles, the formation of neuromas, and the difficulty of filling large
gaps with autologous peripheral nerve cable grafts.

The development of surgical microscopes helped improve these results. With
good microsurgical technique, it became apparent that direct repair with microsur-
gical alignment of fascicles provided the best results. However, if damage to the
nerve was severe enough to leave a gap greater than 2 cm, an autologous nerve graft
had to be used for a tension-free repair. Unfortunately, the use of normal donor
nerves from another location can be limited by tissue availability, the risk of causing
secondary deformities, the failure of graft survival, and the differences in graft
diameter that could complicate the repair.!'3 Current research on peripheral nerve
regeneration focuses on developing engineered graft materials and improving spec-
ificity of reinnervation and thus functional recovery following peripheral nerve
repair.

3.7.1 NEerve GuiDE TUBES

The development of nerve guide tubes stands as a critical example of translational
research in neurosurgery. The use of tubular conduits in peripheral nerve repair was
proposed as early as 1964.''4 By the late 1980s, researchers had tested polytetraflu-
oroethylene (PTFE), silicone, polyvinylidenefuoride (PVDF), arteries, preformed
mesothelial tubes, collagen, polylactate, polyesters, and polylactate/polyglycolate
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copolymers.'> From these studies emerged the following criteria for useful nerve
conduits; collagen was one material that met all the criteria:!®

1. The nature of the material is important in determining whether axons can
grow on it.

2. The rate of resorption of the material must be on the appropriate time

scale for axon regeneration to take place.

The mechanical properties must be stable in vitro.

The material must have appropriate permeability properties.

The material must not induce a deleterious inflammatory reaction.

The material properties must allow for easy manufacturing of different

sized conduits.

AN

Initial studies on rodents were carried out to identify the specific permeability
properties that the collagen tubules would need in order to promote nerve regener-
ation. Collagen derived from bovine Achilles tendon was purified, gelled, homog-
enized, and deposited by compression onto a rotating mandrel to form tubules.
Varying the amount of compression allowed control of the amount of permeability.
Researchers implanted different tubules into rodents and found that making the
tubules permeable to molecules the size of bovine serum albumin allowed four times
greater axonal regeneration than the less permeable tubules.!'” These results were
attributed to the fact that the tubule could concentrate molecules such as growth
factors and adhesion molecules within its lumen, creating a “reaction chamber” that
promoted axon growth.

After these initial promising results, based on funding from the National Insti-
tutes of Health and the Department of Veterans Affairs, the researchers planned to
move ahead with trials in nonhuman primates. A New Jersey biomaterials company
became interested in the product, assumed responsibility for manufacturing it, and
also contributed funding for the trials. Fifteen median nerves and one ulnar nerve
were transected above the wrists of eight Macaca fasicularis monkeys; a 5-mm
section was removed from each nerve. One nerve in each monkey was repaired with
the collagen tubule, and another with an autologous nerve graft. Four other nerves
were repaired by direct suturing in standard clinical fashion. The nerves were studied
for motor and sensory conduction, response to tactile stimulation, and morphology
over a period of 42 months. Researchers found similar amplitudes and latencies of
tactile-evoked potentials, similar recovery rates of compound muscle action poten-
tials, and an increase in the number of myelinated axons in the distal stumps
following both nerve graft and synthetic nerve conduit repairs. Thus, a synthetic
material produced results similar to autologous grafting.!!® Based on these findings,
the company obtained approval for use in humans and has been marketing the conduit
under the brand name of NeuraGen® (Integra LifeSciences Holding Company,
Plainsboro, NJ).

This example illustrates true translational neuroscience research, beginning from
a technical concept in a small laboratory to large animal research with the support
of a biotechnology company, to human trials, and clinical application. However, as
is the case with many FDA-approved products, additional postapproval clinical trials
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(now ongoing) will be critical to determine whether the product remains a useful
clinical entity over time.

Current research in nerve conduits centers on many of the same interventions
attempted for spinal cord regeneration. As noted earlier, SCs are critical components
in peripheral nerve grafts for axonal regeneration. They express specific cell adhesion
molecules and bind specific extracellular matrix molecules that allow axon exten-
sion; they produce and secrete neurotrophic factors for neuronal support and axonal
growth; and they possess receptors for neurotrophic factors and may act as neurotro-
phin-presenting cells for axon pathfinding. Some researchers are thus attempting to
incorporate SCs into nerve conduits to improve the current results.!!%-123

Other researchers are experimenting with the incorporation of extracellular
matrix components into nerve tubules to promote axonal outgrowth.!?*12> Some
research aimed at improving the growth of axons into nerve guide tubes and distal
stumps focus on the delivery of neurotrophins within grafts'?® or by genetic manip-
ulation of SCs to express neurotrophins distal to grafts.!?”128 Other translational
research in peripheral nerve repair focuses on the technical aspects of nerve repair.
Researchers are studying different types of fibrin glues, fasteners, and laser repairs
for treating peripheral nerve lesions in animals.!?-133

3.7.2 ENHANCEMENT OF SPECIFICITY OF REGENERATION

Merely increasing the number of axons that grow into the distal stump is not
sufficient. Care must be taken to promote appropriate axonal pathfinding. If axons
fail to reach the correct sensory or motor end organ, patients will not achieve clinical
improvement, and even worse, may be left with painful consequences. The rat
femoral nerve that divides into a motor branch to the quadriceps and a sensory
branch to the skin serves as a useful model for studying axon pathfinding. Research-
ers have found that motor axons are better at finding appropriate motor fascicles in
the distal stump than are sensory axons — a process called preferential motor
reinnervation.'3*!35 Pruning may be the reason for this.

Following injury, regenerating axons form many (redundant) collateral sprouts,
and these enter SC tubules in the distal stump in a random fashion. However, with
motor axons the branches that enter distal sensory fascicles are pruned back. Sensory
axon neurons, on the other hand, do not necessarily trim back branches that have
inappropriately entered motor fascicles in a distal stump. The result is that over time
more motor axons find their targets. This suggests that local signals within SC tubules
influence axonal pathfinding and under specific conditions can significantly increase
specificity of regeneration.!36

In support of this, it has been shown that SCs in contact with motor axons
express different membrane glycolipids than do SCs in contact with sensory axons.!3’
Also, blocking certain myelin proteins in the distal stumps can increase preferential
motor reinnervation.'® If the local determinants of axonal pathfinding were identi-
fied, it would then be possible to manipulate the expression of these signals to
improve the specificity of regeneration across synthetic grafts.

Other promising interventions include noninvasive measures to enhance periph-
eral nerve regeneration. Electrical stimulation is felt to be beneficial in nerve repair.!®
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Recently it was reported that stimulation of the rat femoral nerve proximal to its
repair site increased the degree and specificity of motor axon regeneration.!*’ These
effects were shown to occur by influencing the cell body to increase expression of
BDNF and its trkB receptor.'*! Since electrical stimulation is already used clinically
in the treatment of orthopedic injuries (for bone regrowth), it would be easy to extend
its application to the treatment of peripheral nerve injuries.

The success rate with current peripheral nerve repair techniques is still disap-
pointing. A recent report of the largest clinical series using the latest microsurgical
techniques to treat peripheral nerve injuries reported at best a 70% return of function
in direct repair of the ulnar nerve.'#>!4> We have been able to produce synthetic graft
material that can support regeneration. Future refinements of these materials will
likely incorporate cells and signaling molecules to improve the pace and accuracy
of axon regeneration (Figure 3.1). We still face significant challenges in the treatment
of peripheral nerve injuries. One issue still to be addressed is the prevention of end
organ atrophy prior to reinnervation. Aggressive physical therapy may also be useful
in this context. If we can take control of the processes of axon regeneration and
pathfinding, we can get closer to the goal of full functional recovery.

3.8 CONCLUSIONS

SCI and peripheral nerve injury share the problem of long-distance axon regrowth.
These problems are in many ways distinct from upper CNS regeneration schemes,
in which actual neuronal cell loss may be the critical event, leading to neural grafting
schemes for cortical lesions in stroke or epilepsy (see Chapter 2) and Parkinson’s
disease (see Chapter 8). A considerable number of research schemes are under
consideration for translational approaches based on promising preclinical data. How-
ever, the major problem remaining, even after axonal regrowth is achieved clinically,
will be the issues of specificity when axons reach their targets and appropriate
synaptic connectivity. Perhaps rehabilitation or neuroprosthetic approaches may
partially bridge this subsequent, very difficult problem.

REFERENCES

1. DeVivo, M.J.,, B.K. Go, and A.B. Jackson, Overview of the National Spinal Cord
Injury Statistical Center database, Journal of Spinal Cord Medicine, 25, 335-338,
2002.

2. Porter, R., (Ed.), The Cambridge Illustrated History of Medicine, 1996, Cambridge
University Press, New York, p. 400.

3. Dumont, A.S., R.J. Dumont, and R.J. Oskouian, Will improved understanding of the
pathophysiological mechanisms involved in acute spinal cord injury improve the
potential for therapeutic intervention? Current Opinions in Neurology, 15, 713-720,
2002.

4. Dumont, R.J. et al., Acute spinal cord injury. I. Pathophysiologic mechanisms, Clin-
ical Neuropharmacology, 24, 254-264, 2001.

© 2005 by CRC Press LLC



11.

12.

13.

14.

16.

17.

18.

20.

21.

22.

Bracken, M.B. et al., Methylprednisolone and neurological function one year after
spinal cord injury: results of the National Acute Spinal Cord Injury Study, Journal
of Neurosurgery, 63, 704713, 1985.

Hall, E.D. and D.L. Wolf, Post-traumatic spinal cord ischemia: relationship to injury
severity and physiological parameters, Central Nervous System Trauma, 4, 15-25,
1987.

Hall, E.D. and J.M. Braughler, Role of lipid peroxidation in post—traumatic spinal
cord degeneration: a review, Central Nervous System Trauma, 3, 281-294, 1986.
Hall, E.D., J.M. Braughler, and J.M. McCall, New pharmacological treatment of acute
spinal cord trauma, Journal of Neurotrauma, 5, 81-89, 1988.

Hall, E.D. and J.M. Braughler, Glucocorticoid mechanisms in acute spinal cord injury:
a review and therapeutic rationale, Surgical Neurology, 18, 320-327, 1982.

Hall, E.D., The neuroprotective pharmacology of methylprednisolone, Journal of
Neurosurgery, 76, 13-22, 1992.

Bracken, M.B. et al., A randomized, controlled trial of methylprednisolone or nalox-
one in the treatment of acute spinal-cord injury: results of the Second National Acute
Spinal Cord Injury Study, New England Journal of Medicine, 322, 1405-1411, 1990.
Bracken, M.B. et al., Administration of methylprednisolone for 24 or 48 hours or
tirilazad mesylate for 48 hours in the treatment of acute spinal cord injury: results of
the Third National Acute Spinal Cord Injury Randomized Controlled Trial, National
Acute Spinal Cord Injury Study, JAMA, 277, 1597-1604, 1997.

Young, W., NASCIS: National Acute Spinal Cord Injury Study, Journal of Neu-
rotrauma, 7, 113114, 1990.

Young, W., Secondary injury mechanisms in acute spinal cord injury, Journal of
Emergency Medicine, 11, 13-22, 1993.

Coleman, W.P. et al., A critical appraisal of the reporting of the National Acute Spinal
Cord Injury Studies (II and III) of methylprednisolone in acute spinal cord injury,
Journal of Spinal Disorders, 13, 185-199, 2000.

Bracken, M.B. and T.R. Holford, Neurological and functional status one year after
acute spinal cord injury: estimates of functional recovery in National Acute Spinal
Cord Injury Study II from results modeled in National Acute Spinal Cord Injury
Study III, Journal of Neurosurgery, 96, 259-266, 2002.

Anderson, D.K. et al., Effect of delayed administration of U74006F (tirilazad mesy-
late) on recovery of locomotor function after experimental spinal cord injury, Journal
of Neurotrauma, 8, 187-192, 1991.

Clark, W.M., J.S. Hazel, and B.M. Coull, Lazaroids: CNS pharmacology and current
research, Drugs, 50, 971-983, 1995.

Francel, P.C. et al., Limiting ischemic spinal cord injury using a free radical scavenger
21-aminosteroid and/or cerebrospinal fluid drainage, Journal of Neurosurgery, 79,
742-751, 1993.

Bethea, J.R. and W.D. Dietrich, Targeting the host inflammatory response in traumatic
spinal cord injury, Current Opinions in Neurology, 15, 355-360, 2002.

Bethea, J.R. et al., Systemically administered interleukin-10 reduces tumor necrosis
factor-alpha production and significantly improves functional recovery following
traumatic spinal cord injury in rats, Journal of Neurotrauma, 16, 851-863, 1999.
Takami, T. et al., Methylprednisolone and interleukin-10 reduce gray matter damage
in the contused Fischer rat thoracic spinal cord but do not improve functional outcome,
Journal of Neurotrauma, 19, 653-666, 2002.

© 2005 by CRC Press LLC



23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ghirnikar, R.S., Y.L. Lee, and L.F. Eng, Chemokine antagonist infusion promotes
axonal sparing after spinal cord contusion injury in rat, Journal of Neuroscience
Research, 64, 582-589, 2001.

Hains, B.C., J.A. Yucra, and C.E. Hulsebosch, Reduction of pathological and behav-
ioral deficits following spinal cord contusion injury with the selective cyclooxygen-
ase-2 inhibitor NS-398, Journal of Neurotrauma, 18, 409-423, 2001.

Resnick, D.K. et al., Role of cyclooxygenase 2 in acute spinal cord injury, Journal
of Neurotrauma, 15, 1005-1013, 1998.

Wada, S. et al., Apoptosis following spinal cord injury in rats and preventative effect
of N-methyl-D-aspartate receptor antagonist, Journal of Neurosurgery, 91, 98—104,
1999.

Panter, S.S., S.W. Yum, and A.I. Faden, Alteration in extracellular amino acids after
traumatic spinal cord injury, Annals of Neurology, 27, 96-99, 1990.

Olby, N.J. et al., Chronic and acute compressive spinal cord lesions in dogs due to
intervertebral disc herniation are associated with elevation in lumbar cerebrospinal
fluid glutamate concentration, Journal of Neurotrauma, 16, 1215-1224, 1999.

Liu, D. et al., Neurotoxicity of glutamate at the concentration released upon spinal
cord injury, Neuroscience, 93, 1383-1389, 1999.

Liu, D., An experimental model combining microdialysis with electrophysiology,
histology, and neurochemistry for studying excitotoxicity in spinal cord injury: effect
of NMDA and kainate, Molecular and Chemical Neuropathology, 23, 77-92, 1994.
Li, S. and P.K. Stys, Mechanisms of ionotropic glutamate receptor-mediated excito-
toxicity in isolated spinal cord white matter, Journal of Neuroscience, 20, 1190-1198,
2000.

Li, S. et al., Novel injury mechanism in anoxia and trauma of spinal cord white
matter: glutamate release via reverse Na*-dependent glutamate transport, Journal of
Neuroscience, 19, 10-16, 1999.

Faden, A.L et al., N-methyl-D-aspartate antagonist MK801 improves outcome fol-
lowing traumatic spinal cord injury in rats: behavioral, anatomic, and neurochemical
studies, Journal of Neurotrauma, 5, 33—45, 1988.

Yakovlev, A.G. and A.I. Faden, Caspase-dependent apoptotic pathways in CNS injury,
Molecular Neurobiology, 24, 131-144, 2001.

Takagi, T. et al., Caspase activation in neuronal and glial apoptosis following spinal
cord injury in mice, Neurologia Medico-Chirurgica, 43, 20-29, 2003.

Shibata, M. et al., Single injections of a DNA plasmid that contains the human Bcl-
2 gene prevent loss and atrophy of distinct neuronal populations after spinal cord
injury in adult rats, Neurorehabilitation and Neural Repair, 14, 319-330, 2000.
Liu, X.Z. et al., Neuronal and glial apoptosis after traumatic spinal cord injury, Journal
of Neuroscience, 17, 5395-5406, 1997.

Hostettler, M.E., PE. Knapp, and S.L. Carlson, Platelet-activating factor induces cell
death in cultured astrocytes and oligodendrocytes: involvement of caspase-3, Glia,
38, 228-239, 2002.

Keane, R.W. et al., Apoptotic and anti-apoptotic mechanisms following spinal cord
injury, Journal of Neuropathology and Experimental Neurology, 60, 422429, 2001.
Eldadah, B.A. and A.I. Faden, Caspase pathways, neuronal apoptosis, and CNS injury,
Journal of Neurotrauma, 17, 811-829, 2000.

Inamasu, J., Y. Nakamura, and K. Ichikizaki, Induced hypothermia in experimental
traumatic spinal cord injury: an update, Journal of the Neurological Sciences, 209,
55-60, 2003.

© 2005 by CRC Press LLC



42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Stauffer, E.S., Neurologic recovery following injuries to the cervical spinal cord and
nerve roots, Spine, 9, 532-534, 1984.

Waxman, S.G., Demyelination in spinal cord injury and multiple sclerosis: what can
we do to enhance functional recovery? Journal of Neurotrauma, 9, S105-S117, 1992.
Nashmi, R., O.T. Jones, and M.G. Fehlings, Abnormal axonal physiology is associated
with altered expression and distribution of Kv1.1 and Kv1.2 K+ channels after chronic
spinal cord injury, European Journal of Neuroscience, 12, 491-506, 2000.

Nashmi, R. and M.G. Fehlings, Mechanisms of axonal dysfunction after spinal cord
injury with an emphasis on the role of voltage-gated potassium channels, Brain
Research Reviews, 38, 165-191, 2001.

Gruner, J.A. and A.K. Yee, 4-Aminopyridine enhances motor-evoked potentials fol-
lowing graded spinal cord compression injury in rats, Brain Research, 816, 446-456,
1999.

Hayes, K.C. et al., 4-Aminopyridine-sensitive neurologic deficits in patients with
spinal cord injury, Journal of Neurotrauma, 11, 433-446, 1994.

Potter, P.J. et al., Sustained improvements in neurological function in spinal cord
injured patients treated with oral 4-aminopyridine: three cases, Spinal Cord, 36,
147-155, 1998.

Darlington, C., Fampridine: Acorda Therapeutics, Current Opinions in Investigational
Drugs, 1, 375-379, 2000.

Tetzlaff, W. et al., Response of rubrospinal and corticospinal neurons to injury and
neurotrophins, Progress in Brain Research, 103, 271-286, 1994.

Benfey, M. and A.J. Aguayo, Extensive elongation of axons from rat brain into
peripheral nerve grafts, Nature, 296, 150-152, 1982.

Doster, S.K. et al., Expression of the growth-associated protein GAP-43 in adult rat
retinal ganglion cells following axon injury, Neuron, 6, 635-647, 1991.

So, K.F. and A.J. Aguayo, Lengthy regrowth of cut axons from ganglion cells after
peripheral nerve transplantation into the retina of adult rats, Brain Research, 328,
349-534, 1985.

Richardson, PM. and V.M. Issa, Peripheral injury enhances central regeneration of
primary sensory neurones, Nature, 309, 791-793, 1984.

Plunet, W., B.K. Kwon, and W. Tetzlaff, Promoting axonal regeneration in the central
nervous system by enhancing the cell body response to axotomy, Journal of Neuro-
science Research, 68, 1-6, 2002.

Chong, M.S. et al., Intrinsic versus extrinsic factors in determining the regeneration
of the central processes of rat dorsal root ganglion neurons: the influence of a
peripheral nerve graft, Journal of Comparative Neurology, 370, 97-104, 1996.
Kalil, K. and J.H. Skene, Elevated synthesis of an axonally transported protein
correlates with axon outgrowth in normal and injured pyramidal tract, Journal of
Neuroscience, 6, 2563-2570, 1986.

Skene, J.H., Axonal growth-associated proteins, Annual Review of Neuroscience, 12,
127-156, 1989.

Neve, R.L. et al., The neuronal growth-associated protein GAP-43 (B-50, F1): neu-
ronal specificity, developmental regulation and regional distribution of the human and
rat mRNASs, Brain Research, 388, 177-183, 1987.

Benowitz, L.I. and E.R. Lewis, Increased transport of 44,000- to 49,000-dalton acidic
proteins during regeneration of the goldfish optic nerve: a two-dimensional gel anal-
ysis, Journal of Neuroscience, 3, 2153-2163, 1983.

© 2005 by CRC Press LLC



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Skene, J.H. and M. Willard, Axonally transported proteins associated with axon
growth in rabbit central and peripheral nervous systems, Journal of Cell Biology, 89,
96-103, 1981.

Bomze, H.M. et al., Spinal axon regeneration evoked by replacing two growth cone
proteins in adult neurons, Nature Neuroscience, 4, 38—43, 2001.

Benowitz, L.I., D.E. Goldberg, and N. Irwin, Inosine stimulates axon growth in vitro
and in the adult CNS, Progress in Brain Research, 137, 389-399, 2002.

Bradbury, E.J. et al., NT-3, but not BDNF, prevents atrophy and death of axotomized
spinal cord projection neurons, European Journal of Neuroscience, 10, 3058-3068,
1998.

Bamber, N.I. et al., Neurotrophins BDNF and NT-3 promote axonal re-entry into the
distal host spinal cord through Schwann cell-seeded mini-channels, European Journal
of Neuroscience, 13, 257-268, 2001.

Tuszynski, M.H. et al., NT-3 gene delivery elicits growth of chronically injured
corticospinal axons and modestly improves functional deficits after chronic scar
resection, Experimental Neurology, 181, 47-56, 2003.

Bradbury, E.J. et al., NT-3 promotes growth of lesioned adult rat sensory axons
ascending in the dorsal columns of the spinal cord, European Journal of Neuroscience,
11, 3873-3883, 1999.

Coumans, J.V. et al., Axonal regeneration and functional recovery after complete
spinal cord transection in rats by delayed treatment with transplants and neurotro-
phins, Journal of Neuroscience, 21, 9334-9344, 2001.

Schnell, L. et al., Neurotrophin-3 enhances sprouting of corticospinal tract during
development and after adult spinal cord lesion, Nature, 367, 170-173, 1994.

Grill, R. et al., Cellular delivery of neurotrophin-3 promotes corticospinal axonal
growth and partial functional recovery after spinal cord injury, Journal of Neuro-
science, 17, 5560-5572, 1997.

David, S. and A.J. Aguayo, Axonal elongation into peripheral nervous system
"bridges" after central nervous system injury in adult rats, Science, 214, 931-933,
1981.

Savio, T. and M.E. Schwab, Lesioned corticospinal tract axons regenerate in myelin-
free rat spinal cord, PNAS, 87, 4130-4133, 1990.

Vanek, P. et al., Increased lesion-induced sprouting of corticospinal fibres in the
myelin-free rat spinal cord, European Journal of Neuroscience, 10, 45-56, 1998.
Caroni, P. and M.E. Schwab, Two membrane protein fractions from rat central myelin
with inhibitory properties for neurite growth and fibroblast spreading, Journal of Cell
Biology, 106, 1281-1288, 1988.

Caroni, P., T. Savio, and M.E. Schwab, Central nervous system regeneration: oligo-
dendrocytes and myelin as non-permissive substrates for neurite growth, Progress in
Brain Research, 78, 363-370, 1988.

GrandPre, T. et al., Identification of the Nogo inhibitor of axon regeneration as a
Reticulon protein, Nature, 403, 439-444, 2000.

Wang, K.C. et al., Oligodendrocyte-myelin glycoprotein is a Nogo receptor ligand
that inhibits neurite outgrowth, Nature, 417, 941-944.

Fournier, A.E., T. GrandPre, and S.M. Strittmatter, Identification of a receptor medi-
ating Nogo-66 inhibition of axonal regeneration, Nature, 409, 341-346.

Liu, B.P. et al., Myelin-associated glycoprotein as a functional ligand for the Nogo-
66 receptor, Science, 297, 1190-1193, 2002.

Yamashita, T. and M. Tohyama, The p75 receptor acts as a displacement factor that
releases Rho from Rho-GDI, Nature Neuroscience, 6, 461-467, 2003.

© 2005 by CRC Press LLC



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Borisoff, J.F. et al., Suppression of Rho-kinase activity promotes axonal growth on
inhibitory CNS substrates, Molecular and Cellular Neurosciences, 22, 405-416, 2003.
Lehmann, M. et al., Inactivation of Rho signaling pathway promotes CNS axon
regeneration, Journal of Neuroscience, 19, 7537-7547, 1999.

Merkler, D. et al., Locomotor recovery in spinal cord-injured rats treated with an
antibody neutralizing the myelin-associated neurite growth inhibitor Nogo-A, Journal
of Neuroscience, 21, 3665-3673, 2001.

Raineteau, O. et al., Functional switch between motor tracts in the presence of the
mAD IN-1 in the adult rat, PNAS, 98, 6929-6934, 2001.

Schnell, L. and M.E. Schwab, Axonal regeneration in the rat spinal cord produced
by an antibody against myelin-associated neurite growth inhibitors, Nature, 343,
269-272, 1990.

Blochlinger, S. et al., Neuronal plasticity and formation of new synaptic contacts
follow pyramidal lesions and neutralization of Nogo-A: a light and electron micro-
scopic study in the pontine nuclei of adult rats, Journal of Comparative Neurology,
433, 426-436, 2001.

Z'Graggen, W.J. et al., Functional recovery and enhanced corticofugal plasticity after
unilateral pyramidal tract lesion and blockade of myelin-associated neurite growth
inhibitors in adult rats, Journal of Neuroscience, 18, 4744-4757.

Thallmair, M. et al., Neurite growth inhibitors restrict plasticity and functional recov-
ery following corticospinal tract lesions, Nature Neuroscience, 1, 124-131, 1998.
Li, S. and S.M. Strittmatter, Delayed systemic Nogo-66 receptor antagonist promotes
recovery from spinal cord injury, Journal of Neuroscience, 23, 4219-4227, 2003.
GrandPre, T., S. Li, and S.M. Strittmatter, Nogo-66 receptor antagonist peptide
promotes axonal regeneration, Nature, 417, 547-551, 2002.

Asher, R.A. et al., Neurocan is upregulated in injured brain and in cytokine-treated
astrocytes, Journal of Neuroscience, 20, 2427-2438, 2000.

Asher, R.A. et al., Chondroitin sulphate proteoglycans: inhibitory components of the
glial scar, Progress in Brain Research, 132, 611-619, 2001.

Morgenstern, D.A., R.A. Asher, and J.W. Fawcett, Chondroitin sulphate proteogly-
cans in the CNS injury response, Progress in Brain Research, 137, 313-332, 2002.
Bradbury, E.J. et al., Chondroitinase ABC promotes functional recovery after spinal
cord injury, Nature, 416, 636-640, 2002.

Moon, L.D. et al., Regeneration of CNS axons back to their target following treatment
of adult rat brain with chondroitinase ABC, Nature Neuroscience, 4, 465-466, 2001.
Moon, L.D., R.A. Asher, and J.W. Fawcett, Limited growth of severed CNS axons
after treatment of adult rat brain with hyaluronidase, Journal of Neuroscience
Research, 71, 23-37, 2003.

Ramon y Cajal, S., Cajal's Degeneration and Regeneration of the Nervous System,
DeFelipe, J. and Jones, E.G., Eds., Oxford University Press, New York, 1991.
Jones, L.L. et al., Neurotrophic factors, cellular bridges and gene therapy for spinal
cord injury, Journal of Physiology, 533, 8389, 2001.

Carter, D.A., G.M. Bray, and A.J. Aguayo, Regenerated retinal ganglion cell axons
can form well-differentiated synapses in the superior colliculus of adult hamsters,
Journal of Neuroscience, 9, 4042-4050, 1989.

Ramon-Cueto, A. and J. Avila, Olfactory ensheathing glia: properties and function,
Brain Research Bulletin, 46, 175-187, 1998.

Plant, G.W. et al., Delayed transplantation of olfactory ensheathing glia promotes
sparing/regeneration of supraspinal axons in the contused adult rat spinal cord, Jour-
nal of Neurotrauma, 20, 1-16, 2003.

© 2005 by CRC Press LLC



102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Li, Y., PM. Field, and G. Raisman, Regeneration of adult rat corticospinal axons
induced by transplanted olfactory ensheathing cells, Journal of Neuroscience, 18,
10514-10524, 1998.

Li, Y., PM. Field, and G. Raisman, Repair of adult rat corticospinal tract by transplants
of olfactory ensheathing cells, Science, 277, 2000-2002, 1997.

Ramon-Cueto, A. et al., Long-distance axonal regeneration in the transected adult rat
spinal cord is promoted by olfactory ensheathing glia transplants, Journal of Neuro-
science, 18, 3803-3815, 1998.

Takami, T. et al., Schwann cells but not olfactory ensheathing glia transplants improve
hind limb locomotor performance in the moderately contused adult rat thoracic spinal
cord, Journal of Neuroscience, 22, 6670-6681, 2002.

Schwartz, M. et al., Potential repair of rat spinal cord injuries using stimulated
homologous macrophages, Neurosurgery, 44, 1041-1045, 1999.

Lovely, R.G. et al., Weight-bearing hind limb stepping in treadmill-exercised adult
spinal cats, Brain Research, 514, 206-218, 1990.

Lovely, R.G. et al., Effects of training on the recovery of full-weight-bearing stepping
in the adult spinal cat, Experimental Neurology, 92, 421-435, 1986.

Edgerton, V.R. et al., Potential of adult mammalian lumbosacral spinal cord to execute
and acquire improved locomotion in the absence of supraspinal input, Journal of
Neurotrauma, 9 (Suppl. 1), S119-S128, 1992.

Dietz, V., Central pattern generator [comment], Paraplegia, 33, 739, 1995.

Dietz, V. et al., Locomotor capacity of spinal cord in paraplegic patients [comment],
Annals of Neurology, 37, 574-582, 1995.

Dietz, V., G. Colombo, and L. Jensen, Locomotor activity in spinal man, Lancet, 344,
1260-1263, 1994.

Millesi, H., G. Meissl, and A. Berger, Further experience with interfascicular grafting
of the median, ulnar, and radial nerves, Journal of Bone and Joint Surgery, 58,
209-218, 1976.

Kline, D.G. and G.J. Hayes, The use of a resorbable wrapper for peripheral nerve
repair, Journal of Neurosurgery, 21, 737-750, 1964.

Li, S.T. et al., Peripheral nerve repair with collagen conduits, Clinical Materials, 9,
195-200, 1992.

Li, S.T. et al., Semi-permeable collagen nerve conduits for peripheral nerve regener-
ation, Polymer and Materials Science Engineering, 62, 575-582, 1990.

Archibald, S.J. et al., A collagen-based nerve guide conduit for peripheral nerve
repair: an electrophysiological study of nerve regeneration in rodents and nonhuman
primates, Journal of Comparative Neurology, 306, 685-696, 1991.

Archibald, S.J. et al., Monkey median nerve repaired by nerve graft or collagen nerve
guide tube, Journal of Neuroscience, 15, 4109-4123, 1995.

Komiyama, T. et al., A novel technique to isolate adult Schwann cells for an artificial
nerve conduit, Journal of Neuroscience Methods, 122, 195-200, 2003.

Wang, J. et al., Study in vitro of populating autogenous Schwann cells into chemical
extracted allogenous nerve, Chinese Journal of Traumatology, 5, 326-328, 2002.
Timmer, M. et al., Axonal regeneration across long gaps in silicone chambers filled
with Schwann cells overexpressing high molecular weight FGF-2, Cell Transplant,
12, 265-277, 2003.

Fukaya, K. et al., Oxidized galectin-1 stimulates the migration of Schwann cells from
both proximal and distal stumps of transected nerves and promotes axonal regener-
ation after peripheral nerve injury, Journal of Neuropathology and Experimental
Neurology, 62, 162—172, 2003.

© 2005 by CRC Press LLC



123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Geuna, S. et al., Schwann-cell proliferation in muscle-vein combined conduits for
bridging rat sciatic nerve defects, Journal of Reconstructive Microsurgery, 19,
119-123, 2003.

Ahmed, Z., S. Underwood, and R.A. Brown, Nerve guide material made from
fibronectin: assessment of in vitro properties, Tissue Engineering, 9, 219-231, 2003.
Dvali, L. and S. Mackinnon, Nerve repair, grafting, and nerve transfers. Clinical
Plastic Surgery, 30, 203-221, 2003.

Xu, X. et al., Peripheral nerve regeneration with sustained release of poly(phospho-
ester) microencapsulated nerve growth factor within nerve guide conduits, Biomate-
rials, 24, 2405-2412, 2003.

Zhang, F. and W.C. Lineaweaver, Gene transfer with DNA strand technique and
peripheral nerve injuries, Journal of Long Term Efficacy of Medical Implants, 12,
85-96, 2002.

Zhu, J.Y. et al., Expression of adenovirus-mediated neurotrophin-3 gene in Schwann
cells of sciatic nerve in rats, Chinese Journal of Traumatology, 6, 75-80, 2003.
Jubran, M. and J. Widenfalk, Repair of peripheral nerve transections with fibrin
sealant containing neurotrophic factors, Experimental Neurology, 181, 204-212,
2003.

Karaismailoglu, T.N. et al., Histological and electrophysiological assessment of the
results of primary and secondary neurorrhaphy in a rabbit model, Journal of Ortho-
pedic Science, 8, 88-91, 2003.

Menovsky, T. and J.F. Beek, Carbon dioxide laser-assisted nerve repair: effect of
solder and suture material on nerve regeneration in rat sciatic nerve, Microsurgery,
23, 109-116, 2003.

Scharpf, J. et al., A novel technique for peripheral nerve repair, Laryngoscope, 113,
95-101, 2003.

Wieken, K. et al., Nerve anastomosis with glue: comparative histologic study of fibrin
and cyanoacrylate glue, Journal of Reconstructive Microsurgery, 19, 17-20, 2003.
Brushart, T.M., Motor axons preferentially reinnervate motor pathways, Journal of
Neuroscience, 13, 2730-2738, 1993.

Madison, R.D., S.J. Archibald, and T.M. Brushart, Reinnervation accuracy of the rat
femoral nerve by motor and sensory neurons, Journal of Neuroscience, 16,
5698-5703, 1996.

Brushart, T.M. et al., Contributions of pathway and neuron to preferential motor
reinnervation, Journal of Neuroscience, 18, 8674-8681, 1998.

Martini, R., M. Schachner, and T.M. Brushart, The L2/HNK-1 carbohydrate is pref-
erentially expressed by previously motor axon-associated Schwann cells in reinner-
vated peripheral nerves, Journal of Neuroscience, 14, 7180-7191, 1994.

Mears, S., M. Schachner, and T.M. Brushart, Antibodies to myelin-associated glyco-
protein accelerate preferential motor reinnervation, Journal of the Peripheral Nervous
System, 8, 91-99, 2003.

Nix, W.A. and H.C. Hopf, Electrical stimulation of regenerating nerve and its effect
on motor recovery, Brain Research, 272, 21-25, 1983.

Al-Majed, A.A. et al., Brief electrical stimulation promotes the speed and accuracy
of motor axonal regeneration, Journal of Neuroscience, 20, 2602-2608, 2000.
Al-Majed, A.A., T.M. Brushart, and T. Gordon, Electrical stimulation accelerates and
increases expression of BDNF and trkB mRNA in regenerating rat femoral motoneu-
rons, European Journal of Neurosciemce, 12, 4381-4390, 2000.

© 2005 by CRC Press LLC



142. Kim, D.H. et al., Outcomes of surgery in 1019 brachial plexus lesions treated at
Louisiana State University Health Sciences Center, Journal of Neurosurgery, 98,
1005-1016, 2003.

143. Kim, D.H. et al., Surgical outcomes of 654 ulnar nerve lesions, Journal of Neurosur-
gery, 98, 993-1004, 2003.

© 2005 by CRC Press LLC



	Modern Neurosurgery: Clinical Translation of Neuroscience Advances
	Table of Contents
	Chapter 3: Advances in Treatment of Spinal Cord and Peripheral Nerve Injury
	3.1 Introduction
	3.2 Spinal Cord Neuroprotection
	3.2.1 Maturation of Spinal Cord Injury
	3.2.2 Secondary Neuroprotection Treatment Schemes

	3.3 Spinal Cord Regeneration
	3.3.1 Enhancement of Axonal Regrowth
	3.3.2 Cellular or Inert Bridges and Neural Grafting

	3.4 Rehabilitation
	3.5 Neuroprosthetics
	3.6 Combination Therapies
	3.7 Peripheral Nerve Repair
	3.7.1 Nerve Guide Tubes
	3.7.2 Enhancement of Specificity of Regeneration

	3.8 Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-AltBold
    /ACaslon-AltBoldItalic
    /ACaslon-AltItalic
    /ACaslon-AltRegular
    /ACaslon-AltSemibold
    /ACaslon-AltSemiboldItalic
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-BoldItalicOsF
    /ACaslon-BoldOsF
    /ACaslonExp-Bold
    /ACaslonExp-BoldItalic
    /ACaslonExp-Italic
    /ACaslonExp-Regular
    /ACaslonExp-Semibold
    /ACaslonExp-SemiboldItalic
    /ACaslon-Italic
    /ACaslon-ItalicOsF
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-RegularSC
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /ACaslon-SemiboldItalicOsF
    /ACaslon-SemiboldSC
    /ACaslon-SwashBoldItalic
    /ACaslon-SwashItalic
    /ACaslon-SwashSemiboldItalic
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AGaramondAlt-Italic
    /AGaramondAlt-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-BoldItalicOsF
    /AGaramond-BoldOsF
    /AGaramondExp-Bold
    /AGaramondExp-BoldItalic
    /AGaramondExp-Italic
    /AGaramondExp-Regular
    /AGaramondExp-Semibold
    /AGaramondExp-SemiboldItalic
    /AGaramond-Italic
    /AGaramond-ItalicOsF
    /AGaramond-Regular
    /AGaramond-RegularSC
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGaramond-SemiboldItalicOsF
    /AGaramond-SemiboldSC
    /AGaramond-Titling
    /Aggstock
    /AmazoneBT-Regular
    /AmericanaBT-Bold
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /AndaleMonoIPA
    /Antique
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /AudioLH-Pi
    /AuroraBT-RomanCondensed
    /B0bmono
    /BakerSignet
    /Balzano
    /Banco
    /Banshee
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /BaskervilleBE-Bold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleCyr-Bold
    /BaskervilleCyr-Inclined
    /BaskervilleCyr-Upright
    /BassettNormal
    /Batang
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoniBT-Bold
    /BauerBodoniBT-BoldItalic
    /BauerBodoniBT-Italic
    /BauerBodoniBT-Roman
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /Bauhaus-Light
    /Bauhaus-Medium
    /Bavand
    /BazookaRegular
    /Beesknees
    /BellCentennial-Address
    /BellCentennial-BoldListing
    /BellCentennial-BoldListingAlt
    /BellCentennial-NameAndNumber
    /BellCentennial-SubCaption
    /Bellevue
    /BellGothic-Black
    /BellGothic-Bold
    /BellGothicBT-Black
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Belwe-Bold
    /Belwe-Condensed
    /Belwe-Light
    /Belwe-Medium
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-BoldItalicOsF
    /Bembo-BoldOsF
    /Bembo-Expert
    /Bembo-ExtraBold
    /Bembo-ExtraBoldExpert
    /Bembo-ExtraBoldItalic
    /Bembo-ExtraBoldItalicExpert
    /Bembo-ExtraBoldItalicOsF
    /Bembo-ExtraBoldOsF
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-ItalicOsF
    /Bembo-SC
    /Bembo-Semibold
    /Bembo-SemiboldExpert
    /Bembo-SemiboldItalic
    /Bembo-SemiboldItalicExpert
    /Bembo-SemiboldItalicOsF
    /Bembo-SemiboldOsF
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothic-Bold
    /BenguiatGothic-BoldOblique
    /BenguiatGothic-Book
    /BenguiatGothic-BookOblique
    /BenguiatGothic-Heavy
    /BenguiatGothic-HeavyOblique
    /BenguiatGothic-Medium
    /BenguiatGothic-MediumOblique
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BerlinerGrotesk-Light
    /BerlinerGrotesk-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BermudaLP-Dots
    /BermudaLP-Open
    /BermudaLP-Solid
    /BermudaLP-Squiggle
    /Bernhard-BoldCondensed
    /BernhardModern-Bold
    /BernhardModern-BoldItalic
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardModern-Italic
    /BernhardModern-Roman
    /BernieNormal
    /BickhamScriptMM
    /BickhamScriptMM-AltI
    /BickhamScriptMM-AltII
    /BickhamScriptMM-Beg
    /BickhamScriptMM-End
    /BickhamScriptMM-Lig
    /BickhamScriptMM-Or
    /BickhamScriptMM-SwCaps
    /BiffoMT
    /Birch
    /Blackoak
    /BlissNormal
    /Block
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /BlueMirth
    /Bodoni
    /BodoniBE-Bold
    /BodoniBE-BoldCn
    /BodoniBE-BoldCnItalic
    /BodoniBE-BoldExp
    /BodoniBE-BoldItalic
    /BodoniBE-BoldItalicExp
    /BodoniBE-BoldItalicOsF
    /BodoniBE-BoldOsF
    /BodoniBE-CnItalic
    /BodoniBE-Condensed
    /BodoniBE-Italic
    /BodoniBE-ItalicExp
    /BodoniBE-ItalicOsF
    /BodoniBE-Light
    /BodoniBE-LightExp
    /BodoniBE-LightItalic
    /BodoniBE-LightItalicExp
    /BodoniBE-LightItalicOsF
    /BodoniBE-LightSC
    /BodoniBE-Medium
    /BodoniBE-MediumCn
    /BodoniBE-MediumCnItalic
    /BodoniBE-MediumExp
    /BodoniBE-MediumItalic
    /BodoniBE-MediumItalicExp
    /BodoniBE-MediumItalicOsF
    /BodoniBE-MediumSC
    /BodoniBE-Regular
    /BodoniBE-RegularExp
    /BodoniBE-RegularSC
    /Bodoni-Bold
    /Bodoni-BoldCondensed
    /Bodoni-BoldItalic
    /Bodoni-Book
    /Bodoni-BookItalic
    /Bodoni-Italic
    /BodoniOldFaceBE-Bold
    /BodoniOldFaceBE-BoldExp
    /BodoniOldFaceBE-BoldItalic
    /BodoniOldFaceBE-BoldItExp
    /BodoniOldFaceBE-BoldItOsF
    /BodoniOldFaceBE-BoldOsF
    /BodoniOldFaceBE-Italic
    /BodoniOldFaceBE-ItalicExp
    /BodoniOldFaceBE-ItalicSC
    /BodoniOldFaceBE-Medium
    /BodoniOldFaceBE-MediumExp
    /BodoniOldFaceBE-MediumItalic
    /BodoniOldFaceBE-MediumItExp
    /BodoniOldFaceBE-MediumItOsF
    /BodoniOldFaceBE-MediumSC
    /BodoniOldFaceBE-Regular
    /BodoniOldFaceBE-RegularExp
    /BodoniOldFaceBE-RegularSC
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bodoni-PosterItalic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Bold
    /Bookman-BoldItalic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Bookman-Medium
    /Bookman-MediumItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BorderPi-OneFiveOneFiveNine
    /Boton-Bold
    /Boton-BoldItalic
    /Boton-Italic
    /Boton-Light
    /Boton-LightItalic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /BoulderRegular
    /Boulevard
    /BriemScriptMM
    /BriemScriptMM-Exp
    /BriemScriptMM-SC
    /Broadview
    /BroadwayBT-Regular
    /BrushScript
    /BulmerMT-Bold
    /BulmerMT-BoldAlt
    /BulmerMT-BoldDisplay
    /BulmerMT-BoldDisplayAlt
    /BulmerMT-BoldExpert
    /BulmerMT-BoldItalDisplayAlt
    /BulmerMT-BoldItalic
    /BulmerMT-BoldItalicAlt
    /BulmerMT-BoldItalicDisplay
    /BulmerMT-BoldItalicExpert
    /BulmerMT-Italic
    /BulmerMT-ItalicAlt
    /BulmerMT-ItalicDisplay
    /BulmerMT-ItalicDisplayAlt
    /BulmerMT-ItalicExpert
    /BulmerMT-Regular
    /BulmerMT-RegularAlt
    /BulmerMT-RegularDisplay
    /BulmerMT-RegularDisplayAlt
    /BulmerMT-RegularExpert
    /BulmerMT-RegularSC
    /BulmerMT-SemiBold
    /BulmerMT-SemiBoldAlt
    /BulmerMT-SemiBoldExpert
    /BulmerMT-SemiBoldItalExpert
    /BulmerMT-SemiBoldItalic
    /BulmerMT-SemiBoldItalicAlt
    /BulmerMT-SemiBoldSC
    /BundesbahnPi-One
    /BundesbahnPi-Three
    /BundesbahnPi-Two
    /Caecilia-Bold
    /Caecilia-BoldItalic
    /Caecilia-BoldItalicOsF
    /Caecilia-BoldItalicSC
    /Caecilia-BoldOsF
    /Caecilia-BoldSC
    /Caecilia-Heavy
    /Caecilia-HeavyItalic
    /Caecilia-HeavyItalicOsF
    /Caecilia-HeavyItalicSC
    /Caecilia-HeavyOsF
    /Caecilia-HeavySC
    /Caecilia-Italic
    /Caecilia-ItalicOsF
    /Caecilia-ItalicSC
    /Caecilia-Light
    /Caecilia-LightItalic
    /Caecilia-LightItalicOsF
    /Caecilia-LightItalicSC
    /Caecilia-LightOsF
    /Caecilia-LightSC
    /Caecilia-Roman
    /Caecilia-RomanOsF
    /Caecilia-RomanSC
    /Caesar
    /CaflischScriptMM
    /CaflischScriptMM-Alt
    /CaflischScriptMM-Sw
    /Caliban
    /CalligrapherRegular
    /CalvertMT
    /CalvertMT-Bold
    /CalvertMT-Light
    /Candida-Bold
    /Candida-Italic
    /Candida-Roman
    /CantoriaMT
    /CantoriaMT-Bold
    /CantoriaMT-BoldItalic
    /CantoriaMT-ExtraBold
    /CantoriaMT-ExtraBoldItalic
    /CantoriaMT-Italic
    /CantoriaMT-Light
    /CantoriaMT-LightItalic
    /CantoriaMT-SemiBold
    /CantoriaMT-SemiBoldItalic
    /CaravanLH-Four
    /CaravanLH-One
    /CaravanLH-Three
    /CaravanLH-Two
    /Carolina
    /Carolina-Dfr
    /Carta
    /CascadeScript
    /CaslonBookBE-Bold
    /CaslonBookBE-BoldExp
    /CaslonBookBE-BoldOsF
    /CaslonBookBE-Italic
    /CaslonBookBE-ItalicExp
    /CaslonBookBE-ItalicOsF
    /CaslonBookBE-Medium
    /CaslonBookBE-MediumExp
    /CaslonBookBE-MediumSC
    /CaslonBookBE-Regular
    /CaslonBookBE-RegularExp
    /CaslonBookBE-RegularSC
    /CaslonFiveForty-Italic
    /CaslonFiveForty-ItalicOsF
    /CaslonFiveForty-Roman
    /CaslonFiveForty-RomanSC
    /CaslonOldFaceBT-Heavy
    /CaslonOldFaceBT-Italic
    /CaslonOldFaceBT-Roman
    /CaslonOpenFace
    /CaslonThree-Italic
    /CaslonThree-ItalicOsF
    /CaslonThree-Roman
    /CaslonThree-RomanSC
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastellarMT
    /Catull-Bold
    /Catull-Italic
    /Catull-Medium
    /Catull-Regular
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CentaurMT
    /CentaurMT-Bold
    /CentaurMT-BoldExpert
    /CentaurMT-BoldItalic
    /CentaurMT-BoldItalicExpert
    /CentaurMT-BoldItalicOsF
    /CentaurMT-BoldOsF
    /CentaurMT-Expert
    /CentaurMT-Italic
    /CentaurMT-ItalicA
    /CentaurMT-ItalicAlternate
    /CentaurMT-ItalicExpert
    /CentaurMT-ItalicOsF
    /CentaurMT-SC
    /CentaurMT-SwashCapitals
    /Centennial-Black
    /Centennial-BlackItalic
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-Bold
    /Centennial-BoldItalic
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-Italic
    /Centennial-ItalicOsF
    /Centennial-Light
    /Centennial-LightItalic
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-Roman
    /Centennial-RomanSC
    /Century
    /Century-Bold
    /Century-BoldCondensed
    /Century-BoldCondensedItalic
    /Century-BoldItalic
    /Century-Book
    /Century-BookCondensed
    /Century-BookCondensedItalic
    /Century-BookItalic
    /CenturyExpanded
    /CenturyExpanded-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightCondensed
    /Century-LightCondensedItalic
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraCondensed
    /Century-UltraCondensedItalic
    /Century-UltraItalic
    /Cerigo-Bold
    /Cerigo-BoldItalic
    /Cerigo-Book
    /Cerigo-BookItalic
    /Cerigo-Medium
    /Cerigo-MediumItalic
    /Cezanne
    /Chachie
    /ChaparralMM
    /ChaparralMM-Ep
    /ChaparralMM-It
    /ChaparralMM-ItEp
    /ChaparralMM-ItSC
    /ChaparralMM-Or
    /ChaparralMM-SC
    /Charlemagne-Bold
    /Charlemagne-Regular
    /Charme
    /ChaucerRegular
    /Cheltenham-Bold
    /Cheltenham-BoldCond
    /Cheltenham-BoldCondItalic
    /Cheltenham-BoldItalic
    /Cheltenham-Book
    /Cheltenham-BookCond
    /Cheltenham-BookCondItalic
    /Cheltenham-BookItalic
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /Cheltenham-Light
    /Cheltenham-LightCond
    /Cheltenham-LightCondItalic
    /Cheltenham-LightItalic
    /Cheltenham-Ultra
    /Cheltenham-UltraCond
    /Cheltenham-UltraCondItalic
    /Cheltenham-UltraItalic
    /Cheq
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Christie
    /City-Bold
    /City-BoldItalic
    /City-Light
    /City-LightItalic
    /City-Medium
    /City-MediumItalic
    /Clairvaux
    /Clairvaux-Dfr
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /Clearface-Black
    /Clearface-BlackItalic
    /Clearface-Bold
    /Clearface-BoldItalic
    /ClearfaceGothicLH-Black
    /ClearfaceGothicLH-Bold
    /ClearfaceGothicLH-Light
    /ClearfaceGothicLH-Medium
    /ClearfaceGothicLH-Roman
    /Clearface-Heavy
    /Clearface-HeavyItalic
    /Clearface-Regular
    /Clearface-RegularItalic
    /CloisterBlackBT-Regular
    /Cloister-OpenFace
    /Cochin
    /Cochin-Bold
    /Cochin-BoldItalic
    /Cochin-Italic
    /Colossalis-Black
    /Colossalis-Bold
    /Colossalis-Medium
    /Colossalis-Regular
    /ComeniusAntiqua-Bold
    /ComeniusAntiqua-Italic
    /ComeniusAntiqua-Medium
    /ComeniusAntiqua-Regular
    /ComicSansMS
    /ComicSansMS-Bold
    /ConcordeBE-BoldCn
    /ConcordeBE-BoldCnOutline
    /ConcordeBE-Condensed
    /ConcordeBE-Italic
    /ConcordeBE-ItalicExp
    /ConcordeBE-ItalicOsF
    /ConcordeBE-Medium
    /ConcordeBE-MediumCn
    /ConcordeBE-MediumExp
    /ConcordeBE-MediumItalic
    /ConcordeBE-MediumItalicExp
    /ConcordeBE-MediumItalicOsF
    /ConcordeBE-MediumSC
    /ConcordeBE-Regular
    /ConcordeBE-RegularExp
    /ConcordeBE-RegularSC
    /ConcordeNova-Italic
    /ConcordeNova-ItalicExp
    /ConcordeNova-ItalicOsF
    /ConcordeNova-Medium
    /ConcordeNova-MediumExp
    /ConcordeNova-MediumSC
    /ConcordeNova-Regular
    /ConcordeNova-RegularExp
    /ConcordeNova-RegularSC
    /CongaBravaMM
    /CongaBravaMM-St
    /ContinuumBold
    /ContinuumLight
    /ContinuumMedium
    /Coolvetica
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Black
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /Copal-Decorated
    /Copal-Outline
    /Copal-Solid
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyAB
    /Copperplate-ThirtyBC
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyOneBC
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoAB
    /Copperplate-ThirtyTwoBC
    /Copperplate-TwentyNineAB
    /Copperplate-TwentyNineBC
    /Coriander
    /Cornerstone
    /Corona
    /Corona-Bold
    /Corona-Italic
    /Coronet-Bd
    /Coronet-Regular
    /Cosmos-ExtraBold
    /Cosmos-Light
    /Cosmos-LightItalic
    /Cosmos-Medium
    /Cotillion
    /Cottonwood
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /Crate
    /Cremona-Bold
    /Cremona-BoldItalic
    /Cremona-Italic
    /Cremona-Regular
    /Critter
    /CronosMM
    /CronosMM-Ep
    /CronosMM-It
    /CronosMM-ItEp
    /CronosMM-ItSC
    /CronosMM-Or
    /CronosMM-SC
    /CronosMM-Sw
    /Cuckoo
    /Cushing-Bold
    /Cushing-BoldItalic
    /Cushing-Book
    /Cushing-BookItalic
    /Cushing-Heavy
    /Cushing-HeavyItalic
    /Cushing-Medium
    /Cushing-MediumItalic
    /Cutout
    /DeftoneStylus
    /Denmark
    /Diner
    /Diploma
    /DomBoldBT-Regular
    /Effloresce
    /EgyptoHeavy
    /ElephantBold
    /ElephantBoldItalic
    /ElephantItalic
    /ElephantNormal
    /Elephant-Regular
    /ElvenSSi
    /EmeraldIsle
    /EngravedBold
    /EngravedNormal
    /EngravedThinBold
    /EngravedThinNormal
    /EnviewBold
    /EnviewBoldItalic
    /EnviewCondensedLightBold
    /EnviewCondensedLightBoldItalic
    /EnviewCondensedLightItalic
    /EnviewCondensedLightNormal
    /EnviewItalic
    /EnviewNormal
    /EricBold
    /EricBoldItalic
    /EricItalic
    /EricNormal
    /EurasiaBold
    /EurasiaBoldItalic
    /EurasiaItalic
    /EurasiaNormal
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /Eurostile-Oblique
    /Executive
    /Exotic350BT-Bold
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /FalstaffMT
    /Fenice-Bold
    /Fenice-BoldOblique
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FetteFraktur
    /FetteFraktur-Dfr
    /FifthAvenue
    /FillmoreRegular
    /Fitzgerald
    /FlairNormal
    /FletchBold
    /FletchBoldItalic
    /FletchItalic
    /FletchNormal
    /Flora-Bold
    /Flora-Medium
    /Flyer-BlackCondensed
    /Flyer-ExtraBlackCondensed
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /Formata-Bold
    /Formata-BoldCondensed
    /Formata-BoldCondensedItalic
    /Formata-BoldItalic
    /Formata-CnItalicExpert
    /Formata-CnItalicSC
    /Formata-Condensed
    /Formata-CondensedExpert
    /Formata-CondensedItalic
    /Formata-CondensedOutline
    /Formata-CondensedSC
    /Formata-Italic
    /Formata-ItalicExpert
    /Formata-ItalicSC
    /Formata-Light
    /Formata-LightCnExpert
    /Formata-LightCnItalicExpert
    /Formata-LightCnItalicSC
    /Formata-LightCnSC
    /Formata-LightCondensed
    /Formata-LightCondensedItalic
    /Formata-LightExpert
    /Formata-LightItalic
    /Formata-LightItalicExpert
    /Formata-LightItalicSC
    /Formata-LightSC
    /Formata-Medium
    /Formata-MediumCondensed
    /Formata-MediumCondensedItalic
    /Formata-MediumItalic
    /Formata-Outline
    /Formata-Regular
    /Formata-RegularExpert
    /Formata-RegularSC
    /ForteMT
    /Franciscan
    /FrancisGothicNormal
    /FrancisHighLightedItalic
    /FrancisHighLightedNormal
    /FrankCondensedNormal
    /FranklinGothic-Book
    /FranklinGothic-BookCmpr
    /FranklinGothic-BookCmprItal
    /FranklinGothic-BookCnd
    /FranklinGothic-BookCndItal
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-BookXCmpr
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiCmpr
    /FranklinGothic-DemiCmprItal
    /FranklinGothic-DemiCnd
    /FranklinGothic-DemiCndItal
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-DemiXCmpr
    /FranklinGothic-ExtraCond
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothic-MedCnd
    /FranklinGothic-MedCndItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Black
    /FreestyleScript
    /FrizQuadrata
    /FrizQuadrata-Bold
    /Frosty
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /FujiBold
    /FujiBoldItalic
    /FujiItalic
    /FujiNormal
    /FusiNormal
    /Futura
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /Futura-Condensed
    /Futura-CondensedBold
    /Futura-CondensedBoldOblique
    /Futura-CondensedExtraBold
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-CondensedOblique
    /Futura-CondExtraBoldObl
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Galahad-Alternate
    /Galahad-OsF
    /Galahad-Regular
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /Garamond-Italic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Gaslight
    /GazetteLH-Bold
    /GazetteLH-Italic
    /GazetteLH-Roman
    /Geometric231BT-BoldC
    /Geometric231BT-HeavyC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-XtraBold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Black
    /Glypha-BlackOblique
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Light
    /Glypha-LightOblique
    /Glypha-Oblique
    /Glypha-Thin
    /Glypha-ThinOblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-BoldItalicOsF
    /Goudy-BoldOsF
    /Goudy-ExtraBold
    /Goudy-Heavyface
    /Goudy-HeavyfaceItalic
    /Goudy-Italic
    /Goudy-ItalicOsF
    /GoudyModernMT
    /GoudyModernMT-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Goudy-SC
    /GoudyTextMT
    /GoudyTextMT-Alternate
    /GoudyTextMT-Dfr
    /GoudyTextMT-LombardicCapitals
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GraphiteMM
    /Gravity
    /GREEN-Normal
    /Grinched
    /GrotesqueMT
    /GrotesqueMT-Black
    /GrotesqueMT-Bold
    /GrotesqueMT-BoldExtended
    /GrotesqueMT-Condensed
    /GrotesqueMT-ExtraCondensed
    /GrotesqueMT-Italic
    /GrotesqueMT-Light
    /GrotesqueMT-LightCondensed
    /GrotesqueMT-LightItalic
    /Guardi-Black
    /Guardi-BlackItalic
    /Guardi-Bold
    /Guardi-BoldItalic
    /Guardi-Italic
    /Guardi-Roman
    /Hadriano-Bold
    /Hadriano-ExtraBold
    /Hadriano-ExtraBoldCondensed
    /Hadriano-Light
    /Haettenschweiler
    /HardwoodLP
    /HeatherRegular
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /HelveticaCyr-Bold
    /HelveticaCyr-BoldInclined
    /HelveticaCyr-Inclined
    /HelveticaCyr-Upright
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInseratCyr-Upright
    /HelveticaInserat-Roman
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-BoldOutline
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinExt
    /HelveticaNeue-ThinExtObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /HelveticaRounded-Black
    /HelveticaRounded-BlackObl
    /HelveticaRounded-Bold
    /HelveticaRounded-BoldCond
    /HelveticaRounded-BoldCondObl
    /HelveticaRounded-BoldObl
    /Helvetica-UltraCompressed
    /Herald
    /Herculanum
    /Highlander-Bold
    /Highlander-BoldItalic
    /Highlander-Book
    /Highlander-BookItalic
    /Highlander-Medium
    /Highlander-MediumItalic
    /Hiroshige-Black
    /Hiroshige-BlackItalic
    /Hiroshige-Bold
    /Hiroshige-BoldItalic
    /Hiroshige-Book
    /Hiroshige-BookItalic
    /Hiroshige-Medium
    /Hiroshige-MediumItalic
    /Hobo
    /HorleyOldStyleMT
    /HorleyOldStyleMT-Bold
    /HorleyOldStyleMT-BoldItalic
    /HorleyOldStyleMT-Italic
    /HorleyOldStyleMT-Light
    /HorleyOldStyleMT-LightItalic
    /HorleyOldStyleMT-SbItalic
    /HorleyOldStyleMT-SemiBold
    /Impact
    /ImpressBT-Regular
    /Incised901BT-Black
    /Incised901BT-Bold
    /Incised901BT-Italic
    /Incised901BT-Light
    /Incised901BT-Roman
    /Indubitably
    /Informal011BT-Roman
    /Intrepid
    /IntrepidBold
    /IntrepidExtraBold
    /IntrepidOblique
    /Invitation
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JaakSSi
    /Janis
    /JesterRegular
    /JoltBold
    /JoltBoldItalic
    /JoltItalic
    /JoltNormal
    /Julius
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KosherBold
    /KosherBoldItalic
    /KosherItalic
    /KosherNormal
    /LAstrologyPi-One
    /LAstrologyPi-Two
    /LDecorationPi-One
    /LDecorationPi-Two
    /LGamePi-ChessDraughts
    /LGamePi-DiceDominoes
    /LGamePi-EnglishCards
    /LGamePi-FrenchCards
    /LHolidayPi-One
    /LHolidayPi-Three
    /LHolidayPi-Two
    /LibrarianRegular
    /LongIsland
    /LucidaConsole
    /LucidaMath-Extension
    /LucidaMath-Italic
    /LucidaMath-Symbol
    /LucidaSansUnicode
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /Machine
    /Machine-Bold
    /Madrone
    /Magnum
    /ManitoLP
    /Map-Symbols
    /Mariah
    /Marigold
    /Market
    /Materhorn
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MaturaMT
    /MaturaMT-ScriptCapitals
    /Maximus
    /MediciScript
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /Memphis-Bold
    /Memphis-BoldItalic
    /Memphis-ExtraBold
    /Memphis-Light
    /Memphis-LightItalic
    /Memphis-Medium
    /Memphis-MediumItalic
    /MendozaRoman-Bold
    /MendozaRoman-BoldItalic
    /MendozaRoman-Book
    /MendozaRoman-BookItalic
    /MendozaRoman-Medium
    /MendozaRoman-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Mesquite
    /Metro
    /MezzMM
    /MICR
    /MicrosoftSansSerif
    /Minion-Black
    /Minion-BlackOsF
    /Minion-Bold
    /Minion-BoldItalic
    /Minion-BoldItalicOsF
    /Minion-BoldOsF
    /MinionCyr-Bold
    /MinionCyr-BoldItalic
    /MinionCyr-Italic
    /MinionCyr-Regular
    /MinionCyr-Semibold
    /MinionCyr-SemiboldItalic
    /Minion-DisplayItalic
    /Minion-DisplayItalicSC
    /Minion-DisplayRegular
    /Minion-DisplayRegularSC
    /MinionExp-Black
    /MinionExp-Bold
    /MinionExp-BoldItalic
    /MinionExp-DisplayItalic
    /MinionExp-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Regular
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-ItalicSC
    /MinionMM
    /MinionMM-Ep
    /MinionMM-It
    /MinionMM-ItEp
    /MinionMM-ItSC
    /MinionMM-Or
    /MinionMM-SC
    /MinionMM-Sw
    /Minion-Ornaments
    /Minion-Regular
    /Minion-RegularSC
    /Minion-Semibold
    /Minion-SemiboldItalic
    /Minion-SemiboldItalicSC
    /Minion-SemiboldSC
    /Minion-SwashDisplayItalic
    /Minion-SwashItalic
    /Minion-SwashSemiboldItalic
    /Minister-Black
    /Minister-BlackItalic
    /Minister-Bold
    /Minister-BoldItalic
    /Minister-Book
    /Minister-BookItalic
    /Minister-Light
    /Minister-LightItalic
    /Mistral
    /Moderne
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModernMT-Bold
    /ModernMT-BoldItalic
    /ModernMT-Condensed
    /ModernMT-CondensedItalic
    /ModernMT-Extended
    /ModernMT-ExtendedItalic
    /ModernMT-Wide
    /ModernMT-WideItalic
    /Mojo
    /MonaLisa-Recut
    /MonaLisa-Solid
    /MonolineScriptMT
    /MonotypeCorsiva
    /MonotypeOldStyleMT-BoldOut
    /MotterCorpusMM
    /MS-Mincho
    /MSOutlook
    /MT-Extra
    /Myriad-Headline
    /MyriadMM
    /MyriadMM-It
    /Myriad-Sketch
    /Myriad-Tilt
    /Mythos
    /NationalCodes-Africa
    /NationalCodes-America
    /NationalCodes-AsiaPlus
    /NationalCodes-Europe
    /NationalCodes-Universal
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-BoldItalicOsF
    /NewBaskerville-BoldSC
    /NewBaskerville-Italic
    /NewBaskerville-ItalicOsF
    /NewBaskerville-Roman
    /NewBaskerville-SC
    /NewBerolinaMT
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Fraction
    /NewCenturySchlbk-FractionBold
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewZurica
    /NewZuricaBold
    /NewZuricaItalic
    /NovaCondSSi
    /OceanSansMM
    /OceanSansMM-It
    /OCRA
    /OCRA-Alternate
    /OCRB
    /OCRB-Alternate
    /OctavianMT
    /OctavianMT-Expert
    /OctavianMT-Italic
    /OctavianMT-ItalicExpert
    /OctavianMT-ItalicOsF
    /OctavianMT-SC
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldCentury
    /OldClaudeLP
    /OldClaudeLP-OsF
    /OldClaudeLP-SC
    /OldStyleSeven
    /OldStyleSeven-Italic
    /OldStyleSeven-ItalicOsF
    /OldStyleSeven-SC
    /Olympian
    /Olympian-Bold
    /Olympian-BoldItalic
    /Olympian-Italic
    /Omnia
    /Ondine
    /OnyxBT-Regular
    /OnyxMT
    /Optima
    /Optima-Black
    /Optima-BlackItalic
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-DemiBold
    /Optima-DemiBoldItalic
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Medium
    /Optima-MediumItalic
    /Optima-Oblique
    /Orator
    /Orator-Slanted
    /Ouch
    /Oxford
    /Ozwald
    /Pakenham
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /Palatino-Black
    /Palatino-BlackItalic
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-BoldItalicOsF
    /Palatino-BoldOsF
    /Palatino-Italic
    /Palatino-ItalicOsF
    /Palatino-Light
    /Palatino-LightItalic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Medium
    /Palatino-MediumItalic
    /Palatino-Roman
    /Palatino-SC
    /Paperclip
    /PaperPunch
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Partridge
    /Patrick
    /Pegasus
    /Percival
    /PersiaBold
    /PersiaBoldItalic
    /PersiaItalic
    /PersiaNormal
    /Pickwick
    /PlaybillBT-Regular
    /PlazaP-Ultr
    /PMingLiU
    /Poster
    /PressWriterSymbols
    /PrincetonItalic
    /PrincetonNormal
    /PrincetonSolidItalic
    /PrincetonSolidNormal
    /Pythagoras
    /Quill
    /Rivanna
    /Rockstone
    /RoomyBold
    /RoomyBoldItalic
    /RoomyCondensedBold
    /RoomyCondensedBoldItalic
    /RoomyCondensedItalic
    /RoomyCondensedNormal
    /RoomyItalic
    /RoomyNormal
    /Saloon
    /Sandoval
    /Sceptre
    /Scratch
    /ScribbleRegular
    /Sedona
    /SherwoodRegular
    /SignatureRegular
    /Signboard
    /SimonciniGaramond
    /SimonciniGaramond-Bold
    /SimonciniGaramond-Italic
    /SimSun
    /SnellBT-Bold
    /Sniff
    /SniffBold
    /SniffItalic
    /Socket
    /Sonata
    /StageCoachRegular
    /StandoutRegular
    /StarsStripes
    /SteamerRegular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-BoldItalicOsF
    /StempelGaramond-BoldOsF
    /StempelGaramond-Italic
    /StempelGaramond-ItalicOsF
    /StempelGaramond-Roman
    /StempelGaramond-RomanSC
    /Stewardson
    /Stonehenge
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /Storybook
    /StylusRegular
    /Submarine
    /SubwayRegular
    /Swiss721BT-BoldExtended
    /Swiss721BT-RomanExtended
    /Symbol
    /SymbolMT
    /Tabitha
    /Tahoma
    /Tahoma-Bold
    /TechnoBold
    /TechnoBoldItalic
    /TechnoItalic
    /TechnoNormal
    /Teen
    /Tekton
    /Tekton-Bold
    /Tekton-BoldOblique
    /TektonMM
    /TektonMM-Oblique
    /Tekton-Oblique
    /Teletype
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /Tiepolo-Black
    /Tiepolo-BlackItalic
    /Tiepolo-Bold
    /Tiepolo-BoldItalic
    /Tiepolo-Book
    /Tiepolo-BookItalic
    /Tiffany
    /Tiffany-Demi
    /Tiffany-DemiItalic
    /Tiffany-Heavy
    /Tiffany-HeavyItalic
    /Tiffany-Italic
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /TimesEuropa-Bold
    /TimesEuropa-BoldItalic
    /TimesEuropa-Italic
    /TimesEuropa-Roman
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSC
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesTen-Bold
    /TimesTen-BoldItalic
    /TimesTen-BoldItalicOsF
    /TimesTen-BoldOsF
    /TimesTenCyr-Bold
    /TimesTenCyr-BoldInclined
    /TimesTenCyr-Inclined
    /TimesTenCyr-Upright
    /TimesTen-Italic
    /TimesTen-ItalicOsF
    /TimesTen-Roman
    /TimesTen-RomanSC
    /TobinTax
    /Toolbox
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /Trajan-Regular
    /Transistor
    /Transit2Bold
    /Transit2BoldItalic
    /Transit2Italic
    /Transit2Normal
    /TransitBold
    /TransitBoldItalic
    /TransitItalic
    /TransitNormal
    /Treasure
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tribune
    /TribuneBold
    /TribuneItalic
    /Tristan
    /TrumpMediaeval-Bold
    /TrumpMediaeval-BoldItalic
    /TrumpMediaeval-BoldItalicOsF
    /TrumpMediaeval-BoldOsF
    /TrumpMediaeval-Italic
    /TrumpMediaeval-ItalicOsF
    /TrumpMediaeval-Roman
    /TrumpMediaeval-SC
    /TubularRegular
    /TypoUprightBT-Regular
    /Umbra
    /Unicorn
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-Black
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-BlackOblique
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlack
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-ExtraBlackObl
    /UniversityRoman
    /UniversityRomanBT-Bold
    /UniversityRomanBT-Regular
    /Univers-Light
    /Univers-LightOblique
    /Univers-LightUltraCondensed
    /Univers-Oblique
    /Univers-ThinUltraCondensed
    /Univers-UltraCondensed
    /Utopia-Ornaments
    /Vagabond
    /VAGRoundedBT-Regular
    /ValhallaBold
    /ValhallaBoldItalic
    /ValhallaItalic
    /ValhallaNormal
    /Valiant
    /Varsity
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VogelBold
    /VogelBoldItalic
    /VogelItalic
    /VogelNormal
    /Vogue
    /WalbaumBook-Bold
    /WalbaumBook-BoldExpert
    /WalbaumBook-BoldItalic
    /WalbaumBook-BoldItalicExpert
    /WalbaumBook-BoldItalicOsF
    /WalbaumBook-BoldOsF
    /WalbaumBook-Italic
    /WalbaumBook-ItalicExpert
    /WalbaumBook-ItalicOsF
    /WalbaumBook-MdExpert
    /WalbaumBook-MdItalicExpert
    /WalbaumBook-MdItalicOsF
    /WalbaumBook-Medium
    /WalbaumBook-MediumItalic
    /WalbaumBook-MediumSC
    /WalbaumBook-Regular
    /WalbaumBook-RegularExpert
    /WalbaumBook-RegularSC
    /WarningLH-Pi
    /Webdings
    /Willow
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /Xenotron
    /ZapfChancery-Bold
    /ZapfChancery-Demi
    /ZapfChancery-Italic
    /ZapfChancery-Light
    /ZapfChancery-LightItalic
    /ZapfChancery-MediumItalic
    /ZapfChancery-Roman
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /Zebrawood-Fill
    /Zebrawood-Regular
    /Zelda
    /ZeldaItalic
    /ZiptyDo
    /Zodiastic
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [150 150]
  /PageSize [612.000 792.000]
>> setpagedevice




