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Abstract

We have analyzed the ultrastructural and histopathological changes that occur during experimental chronic nerve entrapment, as well as
the immunohistochemical expression of chondroitin sulfate proteoglycan (CSPG). Adult hamsters (n = 30) were anesthetized and received a
cuff around the right sciatic nerve. Animals survived for varying times (5 to 15 weeks) being thereafter perfused transcardially with fixative
solutions either for immunohistochemical or electron microscopic procedures. Experimental nerves were dissected based upon the site of
compression (proximal, entrapment and distal). CSPG overexpression was detected in the compressed nerve segment and associated with an
increase in perineurial and endoneurial cells. Ultrastructural changes and data from semithin sections were analyzed both in control and
compressed nerves. We have observed endoneurial edema, perineurial and endoneurial thickening, and whorled cell-sparse pathological
structures (Renaut bodies) in the compressed nerves. Morphometrical analyses of myelinated axons at the compression sites revealed: (a) a
reduction both in axon sectional area (up to 30%) and in myelin sectional area (up to 80%); (b) an increase in number of small axons (up to
60%) comparatively to the control group. Distal segment of compressed nerves presented: (a) a reduction in axon sectional area (up to 60%)
and in myelin sectional area (up to 90%); (b) a decrease in axon number (up to 40%) comparatively to the control data. In conclusion, we
have shown that nerve entrapment is associated with a local intraneural increase in CSPG expression, segmental demyelination, perineurial
and endoneurial fibrosis, and other histopathological findings.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Entrapment neuropathy is a group of clinical disorders that
are produced by existing anatomical arrangements that cause
compression or constriction of a peripheral nerve, interfering
with nerve function mostly through traction injury. Such
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syndromes occur at specific places where nerves are confined
to narrow anatomical pathways and therefore are intensely
susceptible to constraining pressures. In those neuropathies,
the neural lesion is directly attributable to local causes
comprising disturbances to nerve vascular supply [23],
axonal transport mechanisms [10,52], degeneration of myelin
sheaths [26,60], axonal damage [61], and/or connective tissue
changes such as endoneurial edema [27,43,59]. Both
ischemic and mechanical factors are involved in the develop-
ment of compression neuropathy [33].
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Proteoglycans exert recognizable influences on aging and
plasticity of the nervous system [20,48]. Chondroitin sulfate
proteoglycans (CSPGs) are important molecules in deve-
lopmental events, such as axonal growth, pathfinding, and
boundary formation. Interestingly, CSPGs are generally
inhibitory to neurite outgrowth [54], albeit during develop-
ment CSPGs provide cues for axonal guidance. Notwith-
standing, following nervous system injury in aging and
degenerative diseases (e.g., Alzheimer’s disease), CSPGs
block thorough regeneration and hinder axonal regrowth after
neural lesions [12]. This fact can be undeniably supported by
the finding that axonal regeneration is enhanced following
treatment of the injured central nervous system (CNS) with
enzymes that cleave CSPGs, such as chondroitinase ABC
[5,20,25,28,39,53,64,65]. CSPGs are also overexpressed in
various neurodegenerative [13,40] and demyelinating dis-
eases [58]. Besides, CSPGs are regularly present in peripheral
nerve sheaths and interstitial tissues [28,67]. In the present
study, we investigate the ultrastructural, histopathological
and immunohistochemical expression of CSPG in chroni-
cally compressed sciatic nerves endeavoring to clarify a few
of the intricate processes associated with nerve entrapment
syndromes. Peripheral nerve lesions induced by chronic
compression were also qualitatively and quantitatively
analyzed by light and electron microscopy in order to detect
tissue changes evoked by entrapment.

2. Materials and methods

All procedures in the present investigation are in full
agreement with the regulations of the Animal Care and Use
Committee of the Federal University of Rio de Janeiro
(Brazil) and conform to the standards for use of laboratory
animals established by the National Institute of Health
Guide for the Care and Use of Laboratory Animals (NIH
Publications No. 80-23, revised 1996) and also by the
European Communities Council Directive of 24 November
1986 (86/609/EEC).

2.1. Animals

Adult hamsters (Mesocricetus auratus, n = 30) were
deeply anesthetized with a 25% pentobarbital solution and

each animal received a surgically applied silicone cuff
(length = 1.0 cm and luminal diameter = 1.0 mm)
embracing the right sciatic nerve. The normal sciatic nerve
of adult hamsters presents a diameter of approximately
1.0 mm. The left sciatic nerves were not operated and
represented the control group. After surgery, animals were
kept under veterinary care for variable survival intervals (5—
15 weeks), after which they were sacrificed by ether
inhalation. Thereafter, animals were immediately perfused
transcardially with saline (0.9% NacCl) followed by fixative
solution (4% paraformaldehyde in 0.1 M sodium phosphate
buffer, pH 7.4). Sciatic nerves were meticulously dissected
out and divided into segments based upon their distance from
the site of nerve compression (proximal, entrapment and
distal). Proximal nerve segment (length = 5 mm) was
considered to be a nerve region that was separated from
the entrapment segment by an intermediate zone of appro-
ximately 3 mm in length (Fig. 1). Entrapment nerve segment
(length = 10 mm) was collected at the site of compression.
Distal nerve segment (length = 5 mm) was obtained from a
region separated from the entrapment segment by an
intermediate zone of approximately 3 mm in length. For
immunohistochemical study, nerves were immersed in
graded (10—20%) sucrose solutions diluted in 2% para-
formaldehyde in 0.1 M sodium phosphate buffer, pH 7.4 for
cryoprotection.

2.2. Immunohistochemistry

Immunohistochemical labeling was performed using
primary monoclonal antibody for CSPG (CS-56, Sigma
Chemical, USA; dilution 1:200). The following secondary
antibody was used: Cy3-conjugated goat anti-mouse IgG
(Jackson ImmunoResearch Laboratories, USA, dilution
1:100). Antibodies were diluted in phosphate buffer saline
(PBS) mixed with 0.05% triton-X-100 at pH 7.4.

After sucrose cryoprotection, nerves were embedded in
a medium appropriate for frozen tissue specimens (Tissue-
Tek, OCT compound, Sakura Finetek, USA). Cryosection
was performed (Cryocut 1800, Reichert-Jung, Germany) at
7 um along the sagittal, coronal and horizontal planes of
different nerve segments. The resulting sections were
collected on gelatin-chrome alum-coated slides that were
left drying for a few hours at 37 °C. After 3 washes in PBS
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Fig. 1. Schematic drawing of the compressed sciatic nerve. A small silicone cuff was surgically applied embracing the right sciatic nerve. After variable
survival intervals, the nerves were dissected and divided into segments based upon their distance from the site of compression. We represent the proximal (A),
the entrapment (B), and the distal (C) nerve segments with chronic compression. Distances are shown in millimeters (mm).
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mixed with 0.05% triton-X-100 for 5 min each, and 40 min
in 10% normal goat serum (NGS, Sigma Chemical, USA),
primary antibody was gently pipetted (50 pL/tissue section)
over the slides that were subsequently maintained in a
humidifier chamber overnight at 4 °C. After three further
washes in PBS, secondary antibodies were applied to the
sections for 1.5 h in the dark at room temperature. Tissue
sections were rinsed in PBS and immersed for 1 min in a
solution of 4’,6-diamidino-2-phenylindole (DAPI, Sigma
Chemical, USA): one crystal in 10 mL of PBS, for nuclear
counterstaining. N-propyl-gallate (Sigma Chemical, USA)
was used as an anti-fading agent, and coverslips were applied
to the sections. The sections were examined under a
fluorescent microscope (Axioplan, Carl Zeiss, Brazil)
equipped with rhodamine (Zeiss BP 546/FT 580/LP 590)
and ultraviolet filters (Zeiss BP 365/FT 395/LP 397).
Photographs were scanned (Hewlett-Packard 4C Scanner),
contrasted and sized appropriately using a photo-editing
software (Adobe Photo Shop 8.0).

2.3. Light and electron microscopy

After animal perfusion, nerve segments were excised and
immersed in a glutaraldehyde solution (2% glutaraldehyde
in 0.1 M cacodylate buffer, pH 7.4) for 2 h followed by 1%
osmium tetroxide with 0.8% potassium ferricyanide and
CaCl, in 0.1 M cacodylate buffer, pH 7.4 for 1 h. Nerve
blocks were subsequently dehydrated in graded acetone
solutions and embedded in PolyBed 812 resin. Semithin
(500 nm) and ultrathin (60—70 nm) sections were stained
with toluidine blue, uranyl acetate and lead citrate, respec-
tively. Ultrathin sections were examined under a Zeiss EM-
900 (Carl Zeiss, Oberkochen, Germany) electron micro-
scope. Semithin sections of both control and compressed
nerves were photographed with a light microscope (Axio-
scope, Zeiss) and then analyzed morphometrically (Image
Pro Plus 4.5, Media Cybernetics, Carlsbad, CA, USA).
Measurements were taken for linear dimensions (maximal
and minimal axonal and myelin cross-sectional diameter and
perimeter), cross-sectional areas (axonal and myelin sheath
areas) and counting of axon number in the central and
marginal regions of the nerve. All morphometric evaluations
were repeated for at least three consecutive trials and average
values were calculated thereafter. Morphometrical proce-
dures were performed in agreement with well-known
methodologies for systematic nerve quantification [51].
Central nerve regions were compared to marginal nerve
regions in each experimental group. The central region of the
sciatic nerve was defined as the inner circular zone
corresponding to 50% of the nerve diameter, surrounded
by an outer frame or marginal region corresponding to 25%
of the nerve diameter on each extremity of the transverse
section. Myelinated axons in both nerve regions were
systematically counted with the use of a uniform sampled
area (3600 pum® grid) and the data were respectively
expressed as a percentage of axon number (mean + Standard

Error of the Mean—SEM). It was assumed that axon number
in the central or marginal regions of the control nerves
represented 100% of the normal axon population in each
respective region. In addition, axon sectional area (AA =
axon area), myelin sectional area (MA = myelin sheath area)
and also the total fiber sectional area (TA = data including
both the axon and myelin areas) were analyzed in each nerve
segment. Moreover, the g ratio (axon diameter/total fiber
diameter) was calculated for each nerve fragment analyzed.
Statistical analysis of the data was performed with a
computerized package (SPSS 12.0 for MS Windows, SPSS,
USA). Data were shown to be homoscedastic (Bartlett’s
test) and to follow a Gaussian distribution (Kolmogorov—
Smirnov’s and Shapiro—Wilk’s tests). Detailed comparisons
among different groups consisted of bivariate analysis of
variance (ANOVA) with Duncan’s multiple range post hoc
test (P < 0.01).

3. Results

After surgery, the main pathologic findings were already
thoroughly established after a 5-week survival interval and
most alterations followed a similar pattern of presentation in
animals enduring longer compression (up to 15 weeks).

3.1. CSPG overexpression in experimental chronic nerve
compression

Immunohistochemical assays revealed an overexpression
of CSPG within the compressed sciatic nerve segment in
comparison with the control group (Fig. 2). CSPG was
observed to be concentrated in the perineurial and adjoining
endoneurial layers in close proximity to the site of compres-
sion. Both perineurial and endoneurial CSPG labeling were
more intensely detected on cross-sectional areas from
entrapped nerves in comparison with similar areas obtained
from control nerves. Often, high CSPG expression could be
identified both in the marginal and along variable portions of
the central nerve regions, forming a densely arranged
proteoglycan mass, and leaving only a relatively narrow core
of unlabeled cross-sectional area of the nerve. This CSPG
altered pattern could seen as early as after 5 weeks of survival
(Fig. 2C) and is remarkably accentuated after 15 weeks of
nerve compression (Fig. 2A). Control nerves exhibit low
intensity of CSPG labeling (Fig. 2E). Furthermore, DAPI
counterstaining revealed a severely disorganized cellular
arrangement located in the marginal and juxtaposed central
nerve regions, exhibiting a circumferential pattern in entrap-
ped nerves (Figs. 2B and D) instead of the laminar arrange-
ment observed in the control group (Fig. 2F).

3.2. Tissue changes promoted by entrapment in nerve
morphology

Ultrastructural nerve morphology exhibited endoneurial
edema, in association with thickening of both endoneurium
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Control

Fig. 2. Immunohistochemical labeling for CSPG in transverse sections of the sciatic nerve. (A) CSPG overexpression (white arrows) after chronic nerve
entrapment (about 15 weeks); (B) same field as (A) with DAPI counterstaining, exhibiting an altered pattern of cellular layers (white arrows). (C) CSPG
overexpression after 5 weeks of nerve entrapment; (D) same field as (C) with DAPI counterstaining, exhibiting a moderate disarrangement of the cellular
layers. (E) CSPG basal expression in control sciatic nerve; (F) same field as (E) with DAPI counterstaining, presenting the normal cellular pattern of the sciatic

nerve. Calibration Bar = 150 pm, same for all figures.

and perineurium, implying a distinct displacement of nerve
fibers. The vasa nervorum pattern was also altered in
compressed sciatic nerves comparatively to the control
group. Intense myelin sheath degeneration was also observed
at the entrapment site and mainly in the distal segment along
with a concomitant influx of fibroblasts and Schwann cells to
the lesioned regions (Fig. 3).

We also observed loosely-textured and whorled cell-
sparse structures, ranging from 15 to 145 pm in diameter,
found in the subperineurial space of the compressed
sciatic nerve (Fig. 4). These structures represent Renaut
bodies that represent nerve cell-sparse structures with a
predilection for sites of nerve compression and mechani-
cal stress [2]. In these areas, we often observed isolated
nerve fibers surrounded by collagen fibers. In transverse
semithin sections of the entrapped nerve, Renaut bodies
display a roughly spherical outline with a whorled cell-

sparse appearance and always lie in a subperineurial layer
(Fig. 5). The adjacent nerve fibers sometimes appear to
be displaced away from the Renaut body, although such
nerve fibers generally show no pathologic changes. In
longitudinal sections, Renaut bodies are seen to extend
for large distances, frequently ending in an abrupt manner
as a rounded extremity. In electron micrographs, the
Renaut body is composed of loosely arranged, randomly
oriented collagen fibers and large amounts of fine fibrillar
material. Most of the cells within a Renaut body are
identified by electron microscopy as fibroblasts. This
finding is based upon the nature of their cytoplasmic
processes and organelles, and the absence of basement
membrane. An occasional cell may be observed partially
enclosed by a basement membrane, suggesting an alternate
identity, possibly representing either a pericyte or a peri-
neurial cell.
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Fig. 3. Transmission electron microscopy of the sciatic nerve. (A) Normal sciatic nerve exhibiting well preserved perineurium (arrow), endoneurium (white
asterisk), and myelinated nerve fibers. Figures from B to F display entrapped sciatic nerves after 5 weeks of survival. (B) Thickened perineurium presenting
alternating layers of collagen fibrils (black stars) and perineurial cells and processes (arrows). At the right side of the picture, we can observe myelinated nerve
fibers and endoneurium (white asterisk). (C and D) Transverse sections of the nerve displaying myelinated nerve fibers among areas of endoneurium thickening
(white asterisks) and edema (black star in Figure C). Also, in figure C, we can observe myelin sheath debris (black arrowhead) in the endoneurium.
(E) Endoneurium vessel presenting a thick wall formed by enlarged endothelial cell wrapped by a basal lamina (white arrowhead) and perineurial-like sheaths
(white arrows). (F) Cross-section of a myelinated nerve fiber displaying extensive vacuolization of the myelin sheath (white arrow). Calibration bars are in A =

1.5 pm; B=2.8 pm; C and D = 2.0 pm; E = 1.5 pm; F = 0.8 pm.

3.3. Morphometric analysis of the sciatic nerves:
investigation upon the morphological effects of chronic
entrapment after 5 weeks of survival

The number of myelinated axons in each nerve segment —
control (CTR), proximal (PRX), entrapment (ENT) and distal
(DIS) — was analyzed according to axonal position either in
the central (CEN) or marginal (MAR) region of the nerve.

Data are reported as a percentage of the respective control
region (Fig. 6). Interestingly, the results observed at the
entrapment site displayed a remarkable increase in the
number of small axons either in the central (26.36 +
12.48%) or marginal (53.54 + 8.92%) nerve region after
5 weeks of survival in comparison with the axonal number
in the control group. In addition, the distal segment of the
compressed nerve presented a distinct decrease in axon



R.A.D. Prinz et al. / Brain Research 1044 (2005) 164—175 169

Fig. 4. Transverse section through a Renaut body showing a thick wall
composed by alternating layers of collagen fibrils (small black stars)
fibroblast/perineurial cells and processes (white arrows and white arrow-
head), and a probable smooth muscle cell cytoplasm (SMC) and elongating
lining cells (LC). Entrapped sciatic nerve after 5 weeks of survival. The left
upper corner of the picture represents the lumen of the Renaut body filled
with amorphous material (big black star). Scale bar = 0.7 pm.

number in both the central (34.29 + 4.44%) and marginal
(24.04 + 3.68%) entrapped nerve regions comparatively to
control nerves.

The sectional areas of myelinated nerve fibers in each
nerve segment — control (CTR), proximal (PRX), entrap-
ment (ENT) and distal (DIS) — were also analyzed
according to axonal position either in the central (CEN)
or marginal (MAR) region of the nerve (Fig. 7). Further-
more, we compared each morphometric sectional area

Fig. 5. Semithin section through an entrapped nerve segment (after 5 weeks
of survival) displaying a spherical pathological structure (Renaut body).
Inset shows the relative position of a Renaut body in a transverse nerve
section. White arrow points at a magnified view of the same region,
evidencing the displacement of myelin fibers by the Renaut body. The
luminal space of the Renaut body is marked by a black asterisk. Calibration
bar = 20 pum.
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Fig. 6. The number of myelinated axons observed in semithin sections of
each nerve segment — control (CTR), proximal (PRX), entrapment (ENT)
and distal (DIS) — was analyzed according to axonal position either in the
central or marginal sciatic nerve regions. The number of axons in the
respective region of the CTR was assumed to be 100%. Data are reported as
means + SEM (standard error of the mean). Entrapped sciatic nerves after 5
weeks of survival. All symbols placed on top of bars represent statistically
different groups (P < 0.01) compared with respective control nerve region
(Duncan multiple range test).

analyzed with other areas of all experimental groups (Fig.
8), as well as the axon/fiber ratio (g ratio) in each nerve
segment (Fig. 9). The mechanical compression determined
an increase in number of myelinated fibers with small
sectional area (<3.5 pm?) both in CEN and in MAR of PRX
and ENT nerve segments. In the entrapped nerve region,
clusters of small regenerating axons could be distinctively
identified and were surrounded by other isolated and
variably myelinated axons (Fig. 10).

4. Discussion

The present study has investigated the effects of experi-
mental chronic nerve compression on the morphology of
entrapped sciatic nerves of adult hamsters. The entrapment
procedure used in this investigation produces the formation
of recognizable neuropathological signs [7,34,38] at a faster
rate than previously described for the compressed sciatic
nerve of the rat [45]. A possible explanation for this
discrepancy may be related either to intrinsic differences
between the species used (hamsters instead of Sprague—
Dawley rats) and/or to the methodology employed. We have
used a silicone tube (length = 1.0 cm; luminal diameter =
1.0 mm) in order to compress the sciatic nerve (diameter =
1.0 mm) of adult hamsters. O’Brien et al’s experiment used
silastic tubes (length = 1.0 cm) with luminal diameter
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Fig. 7. The sectional areas of myelinated nerve fibers in each nerve segment — control (CTR), proximal (PRX), entrapment (ENT) and distal (DIS) — were
analyzed according to axonal position either in the central (CEN) or marginal (MAR) region of the sciatic nerve. Axon sectional area (AA = axon area); myelin
sectional area (MA = myelin area); and total fiber sectional area (TA = total area of the fiber, including both the axon and the myelin areas) were analyzed in
each nerve segment. Entrapped sciatic nerves after 5 weeks of survival. All symbols placed on top of bars represent statistically different groups (P < 0.01)

compared with respective control nerve region (Duncan multiple range test).

varying from 0.6 to 1.5 mm in order to compress the sciatic
nerve (diameter = 1.3 mm) of adult rats. They observed
Wallerian degeneration in experimental groups with tubes
varying from 0.6 to 0.9 mm after 1 month of compression,
displaying an intense reduction (50 to 75%) in nerve
diameter. Interestingly, the experimental group with tubes
of 1.1 mm presented perineurial fibrosis and reduction of
myelinated fibers at the nerve peripheral zone due to chronic
nerve compression after 2 months; the same results were
obtained after 4 months with tubes of 1.5 mm in luminal
diameter [45].

Mosconi and Kruger studied rat sciatic nerves previ-
ously submitted to chronic constriction with polyethylene
cuffs of 0.028—-0.030 in. inner diameter with the aim of
inducing a standardized nerve injury. In such a model, they
examined the temporal sequence of axonal degeneration
and regeneration over a 6-week postoperative period [41].
In that chronic constriction injury (CCI) model, they
compared the fiber-size spectrum between control and
distal sciatic nerve sections and found that the number of
small myelinated axons (<7 um?® area) was significantly
elevated at 10 days postoperatively and remained higher
than control values through 42 days. In addition, they
found the number of large myelinated axons in the distal

nerve sections to be reduced even at day 3, with maximum
decrement at 7 days postoperatively, and remaining dep-
ressed through 42 days [41].

Most researchers agree that the primary morphological
effect of CCI on the nerve distally to the ligatures is a pro-
found disruption in the populations of large- to medium-
caliber myelinated axons [3,8,9,18,22,41,42.44].

Chronic compressive neuropathies were analyzed by
various researchers on both human nerve tissues and
experimental models [7,11,29,33—37]. Electrodiagnostic
studies revealed that in the majority of patients with com-
pressive neuropathies, the symptoms related directly to
problems involving the connective tissue of the nerve rather
than pathologies of the nerve fiber [33].

Along the entrapped nerve segment, it was also possible to
identify Renaut bodies that contained a loosely textured
amorphous and fibrillar material [16,55,63]. Originally
described in 1881 by Joseph Louis Renaut, the structures
which carry his name, the Renaut bodies [50], were
characterized as large (20 to 500 pm in transverse diameter),
well-demarcated elliptical structures with an onion-skin
arrangement of loosely textured, filamentous hyaline strands
intermixed with sparse numbers of dark spindle-shaped
nuclei [16,46].
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Fig. 10. Electron micrographs of the proximal segment of the compressed
sciatic nerve showing clusters of regenerating axons (A and B—black
arrows) and remyelinating fibers (white arrowheads). In C, partially
demyelinated axons (white arrows) are observed. Entrapped sciatic nerves
after 5 weeks of survival. Scale bar for A, B and C = 1.0 pm.

Renaut bodies exhibit mostly fibroblasts of perineurial
and/or endoneurial origin with the extracellular matrix
comprised of collagen fibrils, basal lamina material, and
oxytalan filaments [55]. Renaut bodies seem to be derived
mainly either from primary connective tissue elements of
the endoneurium or from the degeneration of formed en-
doneurial structures such as capillaries. The latter possibility

emerged from the study of human nerves showing close
association between thickened endoneurial capillaries and
Renaut bodies [2]. We have detected similar changes in the
sciatic nerve of hamsters. Histological characteristics that
differentiate Renaut bodies from malignant neurotropic
infiltration are: (a) a cell-sparse mass, (b) absence of nuclear
atypia, (c) a less extensive inflammatory infiltrate, and (d)
well-defined borders [55]. We have observed in our
experimental model, the basic morphological stages found
in Renaut body formation [46]. These stages encompass: (a)
endoneurial spaces appearance in the compressed nerve site,
delimited by concentric layers of fibroblasts as an onion-like
structure; (b) Gradual fusion of endoneurial cell-sparse
spaces along with a concomitant formation of a fibrillary
and amorphous material, rich in collagen fibrils, at the interior
of'the Renaut body. We have identified an increase in number
of collagen fibrils, as well as in the total number of fibroblasts
and Schwann cells in the endoneurial space, besides the
thickening of the vasa nervorum (affecting the intima and
media layer of the endoneurial vessels). In addition, we could
also observe a segmental demyelination in both ENT and DIS
segments, with a remarkable reduction in myelin sectional
area of axons in those nerve regions.

The present model of experimental chronic nerve entrap-
ment has been shown to promote a significant increase in
axons of small diameter (less than 3 pm) at the site of
compression. This finding may be largely attributable to
axonal sprouting in response to nerve compression. This
biological phenomenon was distinctly evident in the
marginal region, where it could be statistically verified both
in the proximal and in the entrapment nerve segments.
Furthermore, we have found an important axonal degenera-
tion occurring at the distal segment both in the central and in
the marginal regions that may be considered as a plausible
direct consequence of mechanical stress upon the sciatic
nerve.

In the distal nerve segment, we have noticed endoneurial
thickening with a prominent decrease in number of
myelinated axons, as well as a decrease in myelin sectional
area. Moreover, we have also verified a reduction both of
MA and of AA parameters either in CEN or in MAR nerve
regions. In contrast with ENT segment, where we have
detected an increase in the number of myelinated axons of
small diameter, DIS segment presented an important
decrease in the number of myelinated axons affecting both
CEN and MAR nerve regions.

The immunohistochemical analysis has revealed the
overexpression of CSPG at the nerve entrapment segment,
particularly in the MAR nerve region, and affecting both
endoneurial and perineurial zones. We collected experi-
mental evidences that the expression of CSPG in our
model is proportionally increased with longer duration of
nerve compression. The nuclear counterstaining with DAPI
revealed a conspicuous increase in cell number at the
entrapped nerve sites, in which we identified overexpres-
sion of CSPG, both in perineurial and in endoneurial
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spaces. Previous findings support the idea that high
concentrations of sulfated proteoglycans may regulate
axonal growth during neural development and regeneration
[1,4,6,48,57]. Although most studies implicate sulfated
proteoglycans in the poor regenerative capacity of the
central nervous system [17,19,21,30,40,54], inhibitory
proteoglycans also may play an important role in the
successful regeneration and guidance of axons within
peripheral nerve [47,49,62,66,67]. An interesting and
corroborating finding is provided by the enzymatic diges-
tion (with chondroitinase ABC) of CSPG expressed at sites
of CNS injury [5]. The consequent decrease in CSPG
promotes significant axonal regrowth in a few experimental
models [39,65]. Our electron microscopic results have
revealed an increase in fibroblasts and Schwann cells
mainly at the entrapped nerve sites, associated with clusters
of sprouting axons, probably committed to regenerative
processes. Based upon the aforementioned evidences and
considering many of the roles attributed to CSPG in adult
animals by several researchers, it is possible to suppose that
CSPG may play a relevant pathological role involved at
least with two important events observed in compressive
neuropathy: (a) as a nonpermissive agent that could hamper
regrowing nerve fibers and myelin formation; (b) as a space-
occupying element that could produce an anfractuous path,
highly unfavorable for recomposing normal nerve histology.

Sciatic nerve morphometric analysis in the central nerve
region (CEN) has unveiled that: (a) TA (total fiber area) was
similar between the control group and all three experimental
nerve segments analyzed (PRX, ENT, and DIS), indicating
that the central region of the nerve was roughly unaffect-
ed by this experimental chronic nerve entrapment model;
(b) AA (axonal area) in all experimental groups was also
statistically similar to the control central nerve region; (c)
MA (myelin area) in all experimental groups in the central
nerve region, was also comparable to the myelin area ob-
served in the control sciatic nerve.

On the other hand, sciatic nerve morphometric analysis
in the marginal nerve region (MAR) clarified the following
points: (a) TA was dramatically affected both in ENT and
DIS nerve regions, with a remarkable decrease in total
sectional area of their nerve fibers; (b) AA exhibited a
significant decrease in ENT and DIS, but was unaffected in
the PRX nerve segment; (¢) MA was drastically reduced
both in ENT and DIS segments, but was also unaffected in
PRX nerve segment.

The g ratio (axon diameter/total fiber diameter) for both
CEN and MAR has displayed a distinct alteration in MAR
observed in both ENT (0.92 + 0.16) and DIS (0.84 + 0.15)
nerve segments (Fig. 9). The g ratio is closely related to
nerve fiber morphofunctional integrity [24,56], and stresses
the fact that, in our results, a major chronic compression was
exerted on the marginal region of ENT and DIS segments,
although the central region of those segments presented a
compensatory increase in axon number, probably through
axonal sprouting of regrowing nerve fibers.

Acute and chronic compression of a nerve affects its
blood supply, the blood—nerve barrier, and the endoneurial
fluid composition. Relatively low pressure impairs intra-
neural venous flow, alters vascular permeability and hence
the blood—nerve barrier producing endoneurial edema.
These changes modify the biochemical milieu of the nerve
fibers, and the increased intrafascicular pressure may further
contribute to nerve fiber dysfunction. Even modest pressure
applied to a nerve impairs axonal transport, which may be
another important factor in producing dysfunction in nerve
compression [10,31,32,52].

The major histological changes that occur in large
myelinated fibers submitted to chronic compression are
similar to those seen in acute nerve compression and
reveal combinations of segmental demyelination and
Wallerian degeneration. Similar abnormalities are seen in
experimentally-induced recurrent nerve compression and in
an animal model that mimics chronic angulation and
stretch [14,15].

In summary, we have provided morphological eviden-
ces of some major effects determined by experimental
chronic entrapment of the sciatic nerve in adult hamsters.
Certainly, further functional studies are necessary to
clarify many of the neurobiological events related to
peripheral nerve entrapment syndromes and their potential
treatments.
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