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Introduction: It has been demonstrated that the adrenal medullary
transplants into the spinal subarachnoid space can alleviate
neuropathic pain behaviors. The aim of the present study was to test
the possibility that histological changes of the sciatic nerve in a
neuropathic model as well as sensory dysfunction are repaired by
adrenal medullary transplantation.

Material and Methods: Left sciatic nerve was ligated in three
groups of rats by 4 loose ligatures (CCl). After one week of nerve
constriction, rats of first group were implanted with adrenal medullary
tissue (CCl + adrenal medulla) and rats of the second group with
striated muscle at the level of L1-L2 (CCI + muscle). The third group
received only left ligature (CCI) and in the fourth group the sciatic
nerve was exposed and then muscle and skin sutured (sham).
Behavioral assessment was evaluated before surgery and 2, 4, 7, 10,
14, 21, 28, 42, and 56 days after the onset of experiment. According
to behavioral results, 4 rats in each group were anesthetized and
then the distal part of sciatic nerve were isolated and prepared for
histological quantitative investigation of nerve regeneration.
Results: The results showed that CClI was accompanied with
hyperalgesia and morphological changes in the distal part of sciatic
nerve. In animals with adrenal medullary transplantation, not only
hyperalgesia was markedly reduced or even eliminated, but also the
number of myelinated fibers in the distal segment of nerve increased
to nearly normal.

Conclusions: Our findings showed that the implantation of adrenal
medullary tissue might have caused regeneration of ligated nerves
as well as alleviation of pain behavior.
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Introduction

A mononeuropathy induced in rat by 4 loose
ligatures around the common sciatic nerve
(CCI) has been recently proposed as a
model of experimental pain. There is now
growing evidence that chronic constriction
injury model produces behaviors in the rat
such as hyperalgesia, thermal and
mechanical allodynia, and spontaneous pain
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that in some aspects are reminiscent of
reports from  patients with  painful
neuropathy (1, 2). So this model has proved
useful for testing the anti-allodynic or anti-
hyperalgesic effect of various therapeutic
interventions (3). Lindenlaub (2000) and
Gillespie  (2000) have shown the
microscopic evidence for the relationship
between maximal hyperalgesia and
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histological changes in the distal part of
sciatic nerve in CCl model (4, 5). Two
weeks after nerve constriction, at the peak
of pain, large myelinated fibers were
massively degenerated. Moreover, a large
proportion of the small myelinated fibers
were also interrupted at the site of injury and
the remaining fibers distal to the ligation
showed pathological properties (6). As a
general rule, peripheral neuropathies
involve large as well as small fiber
dysfunction (7).

The feasibilty of cell or tissue
transplantation into the CNS has long been
of theoretical interest, but has only become
of practical interest in more recent years.
Tissues implanted into appropriate regions
of the CNS can act as pharmacological
minipumps providing a continually
renewable supply of neuroactive agents (8).
In this regard, a lot of studies have been
focused on the role of chromaffin cells in
pain alleviation and reconstruction of neural
network. Yu (1998) and Siegan (1998)
demonstrated chromaffin cells of adrenal
medulla produced and released several
neuroactive substances including
catecholamines, enkephalins, and growth
factors, which could have analgesic effects
(9, 10). In addition, there are some evidence
based on the role of growth factors in
prevention of axonal degeneration and
promotion of fiber regeneration following
axonal injury (11).

Because of close relationship between
histological changes and induced
hyperalgesia, in this study we have
attempted to clarify if intrathecal
transplantation of adrenal medullary tissue
has any regenerative effects on the CCI
model of sciatic nerve in rat following
observed behavioral analgesia. For this
purpose, we used light microscopic semi-
thin section technique. A preliminary result
of this work was presented in 10th world
congress on pain, 2002.

Material and Methods

This study was conducted according to the
guidelines of the Ethical Committee of the
International Association for the Study of
Pain (IASP). Male Sprague-Dawley rats
weighing 250-300 g were used as both graft
donors and recipients. Animals were housed
in separate cages and had free access to
water and standard rat chow during
experiments. The animals were divided into

four groups (n=8 in each group). Prior to
peripheral nerve ligation, the pain behavior
of the rats were assessed to establish the
baseline responses, as well as 2, 4, 7, 10,
14, 21, 28, 42, and 56 days following
peripheral nerve ligation [left ligation (CCl),
sham (only nerve exposed)] and
transplantation [(CCl + adrenal medulla),
(CCl + muscle)]. These time points were
chosen based on the previous reports with
the CCI model. For histological study, 4 rats
in each group were used.

Surgical procedures

For surgical procedure, the rats were
anaesthetized with a mixture of Ketamine
and Rampon (60 mg/kg). Four loosely
ligations (by 4/0 chromic gut) were tied
around the sciatic nerve according to
Bennet and Xie model to induce the
neuropathic pain (1). In sham operated
group, the sciatic nerve was exposed, but
not ligated. To minimize the differences in
the technique used, the same person
performed the operation in all groups.

One week after nerve surgery, animals in
transplanted groups were anaesthetized
and implanted with either adrenal medullary
tissue or striated muscle tissue. Before
transplantation, the tissues were cut under
dissecting microscope into small pieces (0.5
mm?®) in cold nutritional buffer. The tissue
obtained from two adrenal glands was
implanted to each recipient.

Equal volumes of striated muscle tissue
from thoracolumbar fascia in the posterior
side of donor animals were implanted as
graft controls. At the time of transplantation,
laminectomy was performed to expose the
lumbar enlargement and the tissues were
implanted in subarachnoid space. Following
implantation, the musculature and skin were
closed in layers.

Sensory assessment

Mechanical hyperalgesia was determined by
paw pinch test. So a standard pinch of the
hindpaw midplantar skin was set up by a
forceps with smooth active surfaces which
made a consistent pinching force. The
animal’s response was scored as follows:
0= no response, 1= 2-3 second withdrawal
latency, 2= immediate hindpaw withdrawal,
3= immediate withdrawal of hindpaw and leg,
4= immediate withdrawal of hindpaw and leg
plus vocalization (12).
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Morphological and statistical analysis
According to behavioral test, rat sciatic
nerves (n=16, 4 in each group) in ligated
paws were prepared for histological analysis
2 and 8 weeks after CCl and one week after
transplantation. In this regard the rats were
deeply anesthetized with a mixture of
Ketamine-Rampon (100 mg/kg) and the
distal 0.5 cm of each sciatic nerve was
dissected. The excised piece of nerves was
immediately immersed in 4% glutaraldehyde
in 0.1 M phosphate buffer (pH 7.4) for 24
hours at 4°C.

Tissues were then post-fixed in 1% osmium
tetroxide for 3 hours, dehydrated in serial
alcohol concentrations, and embedded in
Epon. Ultramicrotome semi-thin cross
sections (0.5 um thick) were mounted on
glass slides and stained with toluidine blue
for light microscopic evaluation. For
qualitative and quantitative evaluation, 2
photomicrographs from two different parts of
the tibial nerve (the largest fascicle in sciatic
nerve) were taken from each animal. In total,
8 photomicrographs from each group were
used. Myelinated fibers were counted by
using a transparent paper, which was
marked out every 2 cm (2).

e
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Data were analyzed using ANOVA and the
Newman-Keuls test for comparisons. All
results were reported as mean = SEM. The
results were declared significant if p<0.05,
p<0.001.

Results

Behavior

The score of the hindpaw withdrawal reflex
in response to mechanical stimuli is shown
in Fig. 1.
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Figure 1. Withdrawal threshold to pressure at the same side of
sciatic loose ligature in experimental groups. CCI= left ligation,
Sham=sciatic nerve exposed and then muscle and skin sutured,
CCI + adrenal medulla= left ligation + adrenal medulla
transplantation, CCI + muscle= left ligation + muscle
transplantation. All groups were compared with the control day
(day zero).

*Indicates a significant difference (p<0.05), **Indicates a
significant difference (p<0.01).

Figure 2. Photomicrographs of toluidine blue stained semi-thin cross sections from normal sciatic (control or A). CCI2 or B = two
weeks after CCL. CCIS or C = eight weeks after CCI. D = one week after adrenal medullary transplantation with considerable
reduction in myelinated fibers. CCI + adrenal or E = seven weeks after adrenal medullary transplantation. CCI + muscle or F = seven
weeks after muscle transplantation. Appearance of a small regenerated fiber seven weeks after adrenal medullary transplantation
compared to its equal muscle transplanted control is obvious. Small myelinated fibers (arrows) are shown in A, C & E, ruffled basal
lamina (double head arrow) in B, Schwann cells or phagocytic cells containing myelin debris (thin arrows) in B & D, damaged axons
(thick arrows) in B & D. Phagocytotic lysosomes (small arrows) in D, atrophic axons (double arrow heads) and Schwann cells (arrow

head) and blood vessel (V) in B.
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Different scores were obtained in sham rats,
nerve injured (CCl), and transplanted
animals (CCIl + adrenal medulla and CCI +
muscle). In sham animals, the scores were
not significantly different when compared
with control day (day zero), but following
CCl, significantly different scores on days 4,
7, 10 (p<0.001) and days 21, 28, 42, 56
(p<0.05) indicated mechanical hyperalgesia.
The mechanical hyperalgesia reversed in
animals with adrenal medullary implants.
There were no significantly different scores
in CCI + adrenal medullary group on days
10, 14, 21, 28, 42, and 56 when compared
with control day (day zero), but there were
significantly different scores in CCI + muscle
group in most experimental days when
compared with control day.

Histology

All three branches including tibial, peroneal,
and sural nerves were seen in cross section
of sciatic nerve. There were no
abnormalities in light microscopic
examination of fascicle in sham operated
rats compared to normal rats. Two weeks
after chronic constriction injury, the
presence of small capillaries showed that
the ligation had not closed the vessels and
the nerve changes were not related to lack
of blood flow. Numerous fibroblasts with
long processes could also be seen within
the injured nerve (Fig. 2B). Phagocytic cells
could be macrophages or Schwann cells,
which contain a lot of myelin debris (Fig. 2B,
D). The presence of Schwann cells with
ruffled basal lamina suggested that the
cytoplasm had atrophied or that the thin
axons enclosed by Schwann cells were
shrunken or absent (Fig. 2B). Damaged
axons with degenerated myelins were
distributed more or less homogenously
throughout the fascicle with no obvious
consistent regional pattern. Interaxonal
space was greatly increased and the order
and packing density of the surviving
myelinated axons was  substantially
diminished (Fig 2B, C). Two weeks after
ligation, the number of myelinated fibers
decreased considerably (Fig. 3) and few
intact large diameter axons (A fibers) were
visible in distal sections (Fig 2B). Eight
weeks after injury, the number of myelinated
fibers was still considerably less than control
group (Fig. 3). Eight weeks after CCl, a few
small myelinated fibers were also present
(Fig. 2C). One week after transplantation,

the appearance of few fibers and numerous
macrophages with phagocytotic lysosomes
and large interaxonal space were still visible,
as in untransplanted animals two weeks
after CCl (Fig. 2D). Seven weeks after
adrenal medullary transplantation, there was
a significant increase in the number of small
myelinated fibers with a thin myelin sheath
compared to those in similar untransplanted
or muscle transplanted animals (Fig. 3). The
interaxonal space was also reduced
considerably (Fig. 2E). Increase in the
number of small myelinated fibers to near
normal values might be due to early stages
of regeneration and remyelination (Fig. 3).
Seven weeks after muscle transplantation,
there was no considerable change in the
number of fibers and the nerves were
apparently similar to those in untransplanted
animals (Fig. 2F).
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Figure 3. Total number of myelinated fibers in experimental
group, compared to normal rats. CCI2= two weeks after CCI.
CCI8= eight weeks after CCIL. CCI + adrenal medulla =
animals who received adrenal medullary transplantation. CCI
+ muscle = animals who received muscle transplantation. **
indicates the significant difference (p<0.001).

Discussion

The present study demonstrated significant
reduction in the proportion of myelinated
fibers, particularly large ones, in distal part
of fascicle two and eight weeks after CCI. It
is note worthy that these histological
changes in sciatic nerve were simultaneous
with decrease in withdrawal latency to
mechanical pressure as reported by others
(8, 7). In our experiment, all fascicles lost
nearly all of their large myelinated fibers as
well as most of the small ones. However
Basbaum et al. (1991) reported different
characteristics in axonal damage in their
experimental animals (13).  Although
Nuytten et al. (1992) reported regeneration
of small myelinated fibers 2 weeks after
ligation (6), but in the present investigation
no fiber regeneration was seen in the
second week (Fig. 2B). However, a few
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regenerated fibers were observed eight
weeks after ligation (Fig. 2C).
Transplantation of adrenal medullary tissue
considerably increased the number of
myelinated fibers in distal part of the sciatic

nerve seven weeks after transplantation (Fig.

2E). The differences between our results
and theirs may be due to looser constriction
of the nerve and technical variation. Adrenal
chromaffin cells are currently used for
lumbar transplantation in rat and human
models for chronic pain. Several animal
models have demonstrated that these
transplants can alleviate both acute and
chronic pain behaviors (14, 15). Chromaffin
cell transplantation in a model of
neuropathic pain and partial nerve injury
was capable to reverse the behavioral
hypersensitivity induced by the injury.
Chromaffin cells capable of delivering
neuroactive molecules offer a novel
approach to cell therapy (16). Adrenal
medullae were initially selected as donor
tissues as they secrete several neuroactive
substances including catecholamines,
opioids, fibroblast growth factor, TGF-(,
interlukin-1, neurotrophin 4/5, NGF, and
BDNF (17, 18). So it is difficult to assign the
anti-nociceptive effects of a single agent
produced by the cells. It is also likely that
adrenal medullary implants reduce chronic
pain by an alternate mechanism, since
neither phentolamine nor naloxone reversed
the beneficial effects of the implants on
abnormal pain behavior (10).

It is note worthy that in various models of
nerve injury producing chronic pain, the
levels of neurotrophins such as BDNF and
its mRNA is altered in DRG and dorsal horn
(19). It was recently shown that exogenous
BDNF had a direct positive effect on
regeneration of the injured and intact
neurons (20). In animals which the neural
stem cells were transplanted to, the
regeneration of axons improved by addition
of neurotrophic factors (21). Indeed, the
provision of repair factors by adrenal
medullary grafts has been suggested as a
possible mechanism for the observed
functional improvements in Parkinson’s
disease models. In the presence of
neurotrophins, budding of injured
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dopaminergic fibers is possible (15). In
addition, the hyperalgesia of peripheral
nerve injury can be terminated by fiber
regeneration (4).

Moreover, there are considerable evidence
that some neurotrophins such as FGFs,
BDNF, and GDNF are also important for
survival of DRG neurons under normal
circumstances and after nerve injury and
are also required for peripheral nerve
regeneration and remyelination (22, 23). It
has been reported that neurotrophins such
as BDNF and NTO3 have functions such as
an autocrine—paracrine survival factor in the
regulation of central dendritic and axonal
morphology (24, 25). So, production of
trophic factors by neural transplants may be
useful in the protection and restoration of
injured neurons.

The discovery of retrograde transportation
of neurotrophins by peripheral nerves
opened a new window on the role of these
molecules in  neuronal development,
degenerative neurological diseases, and
neuronal regeneration. Thus survival and
function of neurons depends on retrograde
transportation of neurotrophic factors (23).
Based on this evidence, it is likely that
neuroactive substances such as
neurotrophins  released by  adrenal
medullary cells are retrogradely transported
to DRG by nerve terminals, which in turn
may result in budding and regeneration of
nerve fibers. In this regard, the role of
macrophages should be notified (26). We
found that the cleaning action of phagocytic
cells on their environment prepared it for
fiber regeneration (Fig. 2B, D).

Conclusion

The results of this study indicate that the
adrenal medullary transplantation may
regenerate the peripheral nerve subsequent
to injury via its neuroactive substances and
this might have caused alleviation of pain
behaviors.
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