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ABSTRACT

Defined regions (septum, substantia nigra) of
the embryonic central nervous system (CNS)
were transplanted into the sciatic nerves of
young adult rats. Immunoeytochemical tech-
niques were used to examine the expression of
neurotransmitter related enzymes and neuronal
cytoskeletal proteins in the grafts.

The origin of the septal grafts was confirmed
by immunoreactivity in neurons to choline
acetyltransferase and the/-nerve growth factor
receptor (192-IgG). In substantia nigra grafts,
neuronal perikarya and processes were
identified with an antibody directed against
tyrosine hydroxylase. Typical spatial
distributions of phosphorylated (Mr 200,000)
and non-phosphorylated (Mr 168,000 & 200,000)
neurofilaments were observed in the short term
(1-2 months) grafts with the monoclonal anti-
bodies RT97 and SMI-32 respectively. Dense
dendrite arbors and neuronal cell bodies were
immunostained with an antibody that recognizes
a high molecular weight microtubule associated
protein (MAP2).

In the long term (1 year) transplants,
prominent cytoskeletal changes in the somata,
axons and dendrites of neurons were evident.
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The cells showed a shift in phosphorylated
neurofilament staining from the axon to the
soma accompanied by a reduction in axonal
immunoreactivity in the adjacent neuropfl,
Other abnormal features included swollen peri-
karya, hypertrophied axonal segments and Short
segments of kinked axons. Regression of the
dendrite trees in the long standing grafts was
also apparent when sections were reacted with
the MAP2 antibody.

These experiments indicate that grafted fetal
neurons, isolated in the peripheral nervous
system, differentiate and express markers like
their counterparts /n s/re. After extended time
periods under these circumstances, cytoskeletal
modifications become apparent in the neurons.
These aberrant changes are similar to morpho-
logical characteristics associated with aging and
neurodegenerative disorders. This experimental
paradigm offers a new approach to study cyto-
skeletal disturbances in neurons and provides a
unique opportunity to examine conditions that
may modulate the abnormal changes.

Key words: Rat, peripheral nerve, graft,
neurofilament, microtubule associ-
ated protein, immunocytochemistry,
cytoskeleton, aging, dendrite.

INTRODUCTION

Regions of the embryonic central nervous
system (CNS) have a remarkable potential to
differentiate, grow and function subsequent to
transplantation in the CNS. A number of condi-
tions have been developed to obtain a high and
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reliable level of graft survival and growth (see
review by Bj6rklund and Stenevi/5/). In addition,
sites outside the central neuraxis can be used to
support the growth of embryonic neural tissue.
In particular, the anterior chamber of the eye
/41/and the peripheral nervous system (PNS)
/1,4,46/have been used to study specific regions
in isolation from the CNS.

Based on the initial observations of filamen-
tous changes in telencephalon subsequent to
transplantation within sciatic nerves /15/, this
CNS-PNS paradigm has been actively studied to
examine the cytoskeletal profiles in a number of
defined regions of the CNS. In consideration of
the neural centers prominently affected by cer-
tain neurodegenerative diseases, the analogous
regions of the rat brain have been implanted into
the PNS to assess changes in the neuronal cy-
toskeletal framework.

In this paper, neurons in septal and substantia
nigra grafts are shown to survive in the PNS and
express markers like their counterparts in vivo.
The spatial distributions of the microtubule as-
sociated protein termed MAP2 and phosphory-
lated and non-phosphorylated neurofilament
proteins were studied by indirect immunofluo-
rescence. After long periods of graft survival,
abnormal immunoreactivity to these cytoskeletal
proteins was evident in neurons. The types of
cytoskeletal changes are illustrated and discussed
with reference to other systems that show similar
changes.

MATERIALS AND METHODS

Dissection of fetal CNS

Timed pregnant Lewis rats were used as the
source of fetal tissue. The rats were injected with
a lethal dose of sodium pentobarbital
(Somnotol) and the embryos taken on embryonic
day 15 to achieve optimal survival of the CNS
primordium/51/. Fine forceps were used to dis-
sect the septum from the basal forebrain region
and the substantia nigra from the ventral mesen-
cephalon in sterile lactated Ringer’s solution.

Fetal transplants to sciatic nerves

In young female Lewis rats (approximately
200 grams) the sciatic nerve trunk was transected

about 0.5 cm from the spinal cord and the sev-
ered ends tied with suture I week previous to the
grafting procedure. This initial operation clears
the majority of host peripheral axons from the
sciatic nerves and creates a favorable substratum
for introduction of the embryonic tissue.

The recipient nerves were prepared for
transplantation by an incision (2.0 ram) of the
epineurium. Single grafts of septum (n= 12) and
substantia nigra (n= 18) were aspirated into the
glass needle tip of a tuberculin syringe and in-
jected into the distal aspect of the sciatic nerves.
The epineurium was then dosed with 10-0 suture
and the overlying muscles and skin were sutured.
Half of the animals for each graft type were an-
alyzed after 1-2 months (short term) and the re-
maining animals were studied after 1 year of sur-
vival.

Immunocytochemical procedures

Anesthetized host animals were initially per-
fused with cold saline and followed by 4.0%
paraformaldehyde in 0.1 M phosphate buffer.
The sciatic nerves were dissected and post-fixed
in 4.0% paraformaldehyde at 4"C overnight. The
following morning the nerves were frozen in 2-
methyl butane cooled to -55"C. Longitudinal see-
tions of the graft-nerve complex were cut 10
thick on a eryostat anti collected in 0.01 M phos-
phate buffered saline (PBS). Sections were ini-
tially floated in 3.0% bovine serum albumin to
reduce non-specific binding of the antibody im-
munoglobulins. Free floating sections were then
rinsed with PBS and incubated overnight at 4"C
with primary antibodies against the phosphory-
lated Mr 200,000 neurofilament unit (RT97), the
non-phosphorylated M 168,000 and 200,000
neurofilament protein (MI-32), mierotubule as-
sociated protein 2 (MAP2), tyrosine hydroxylase
(TH), choline aeetyltransferase (CHAT) and the
rat r-nerve growth factor receptor (192-IgG). All
antibodies have been previously described and
the epitopes they recognize have been deter-
mined: RT97/27/, SMI-32/37,53/, MAP2/58/,
TH/47/, ChAT/3,6/, 192-IgG/9,55/.

Subsequent to incubation with the primary
monoelonal antibodies, the sections were thor-
oughly rinsed and reacted in goat anti-mouse
IgG secondary antibodies conjugated to fluo-
roscein (Jackson Immunoreseareh Laboratories
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Inc.). For the sections reacted with the poly-
clonal ChAT antisera, a goat anti-rabbit IgG
linked to fluorescein was used. Control sections
were checked by substituting normal serum for
the primary antibodies and by the omission of
the primary antibodies from the reaction. No
specific immunofluoroscence was observed in
the control sections.

For microscopic observation of the grafts, the
sections were placed on glass microscope slides,
rinsed with distilled H20 and completely dried.
The sections were then coated with a 1:1 ratio of
glycerol and sodium carbonate buffer (pH 9.0)
and coverslipped. The buffer contained 0.04% p-
phenylenediamine to reduce the fading effect of
the UV light on the fluorescent probe.

RESULTS

Expression of neurotransmitter related enzymes
and the NGF-receptor

In short term (1-2 months) septal grafts,
groups of neurons were imm_unoreactive to the
choline acetyltransferase (CHAT) antibody (Fig.
la). The majority of the positive neurons were
bipolar in shape. Staining was strong in the cell
body and proximal segments of the processes.
Lightly labeled delicate fibers in the neuropil
were also visible in some areas of the grafts.

The 1 month old substantia nigra implants
consisted of numerous tyrosine hydroxylase (TH)
positive neurons (Fig. lb). Surrounding networks
of processes were intensely immunofluorescent.
No cells or extracellular components of the host
peripheral nerves reacted with the TH or ChAT
antibody.

Nerve sections reacted with the nerve growth
factor (NGF) receptor antibody (192-IgG)
showed intense immunoreactivity in the Schwann
cell columns (Fig. lc). The boundaries of the
grafts were sharply defined in the peripheral
nerve matrix. In the septal grafts, neurons and
fibers were labeled with the 192-IgG monoclonal
antibody (Fig. ld). The cellular pattern of
immunolabeling was typical for basal forebrain
neurons in situ. Strong immunofluorescent gran-
ules of different sizes in the perinuclear region
and punctate marking of the processes charac-
terized these 192-1gG positive neurons.

Distribution of phosphorylated
phosphorylated neurofilaments

and non.

Short. term" The Mr 200,000 phosphorylated
neurofilament antibody (RT97) defined dense
networks of axons in the short term grafts. The
RT97 staining characteristics (density of axons,
directional patterns) varied according to the type
of transplant (Figs. 2a,b and 3a). In the young
grafts, expression of the RT97 epitope in neu-
ronal perikarya was seen in the septum, but not
in the substantia nigra. Regenerative and/or de-
generative axons of peripheral origin were evi-
dent around the perimeter of the grafts. These
peripheral axons were easily distinguished by
their large diameter and uniform direction, i.e.,
parallel to the Schwann cell columns.

Similarly, the antibody to the non-phospho-
rylated neurofilament (SMI-32) outlined the ex-
tent of the grafts within the peripheral nerves.
Subsets of neuronal perikarya and dendrites in
the septal and nigral grafts were labeled with the
SMI-32 (Figs. 2c and 3b). The largest stained
neurons were intensely fluorescent. In contrast,
smaller neurons were identified by weaker fluo-
rescence in the somata. A population of the
peripheral host axons also expressed the epitope
for the SMI-32 antibody.

Long term: In addition to graft shrinkage, dis-
tinct differences in immunostaining were appar-
ent in both types of the aged (1 year) transplants
(Fig. 4). In sections reacted with the RT97 a re-
duction in axonal density was observed in many
regions of the grafts. Numerous perikarya in sep.
tal and substantia nigra grafts showed strong
RT97 immunoreactivity. The reversal in staining
from the distal axon segments to the cell body
and the dendrite shafts was accompanied by a
loss of staining in the adjacent neuropil. In cer-
tain cases, neurofilaments in the axons and in the
cell bodies were tortuous and disorganized;
other neurons were characterized by a granular
type of immunostaining in the somata (Fig. 4e).
In some transplants, very short segments of
kinked axons were apparent (Fig. 4d). Other
prominent changes included swollen axon pro-
files and end-bulb swellings (Fig. 40

Aberrant SMI-32 immunoreactivity was also
seen in the 1 year old grafts. Rather than a uni-
form distribution of labeled neuronal processes
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(b]

(c)

(d)

Expression. of neurotransmitter related enzymes and the/-NGF receptor in the CNS-PNS graft complex.
Low magnification of ChAT staining in a one month old septal graft. Neuronal cell bodies [open arrows) are
intensely fluorescent. Solid arrow shows a bipolar ChAT positive neuron with delicate processes.
Portion of a one month old substantia nigra graft reacted with the TH monoclonal antibody. Perikarya and
dense networks of processes characteristic of fine branching dendrites are labeled.
Micrograph of the peripheral nerve-septal graft interface stained with the 192-1gG. Strong immunostaining
in the Schwann cell columns (open arrows) contrasts with the delicate 192-1gG positive processes in the
graft (G). Solid arrow points to a positive neuron in the graft.
Neuron in Fig. lc magnified to show the typical granular expression of the rat NGF receptor epitope
identified by the 192-1gG.
Scale bar for Figs. a, b and c 75/m, for d 20/m.

throughout the transplants, dense aggregates of
processes were surrounded by completely nega-
tive areas of SMI-32 immunoreactivity. Some of
the SMI-32 labeled neurons appeared abnor-
mally large and contained circular bands of
neurofilaments that were strongly stained in the
perimeter of the somata.

Microtubule associated protein (MAP2)
Short term: The antibody to the microtubule

associated protein designated MAP2 (originally
termed MAP 2.3) clearly outlined the perimeter
of the substantia nigra and septal grafts within
the host peripheral nerves. There was no im-
munoreactivity to this antibody in the host sciatic
nerves. The interface of the graft dendrites with
the peripheral nerve matrix was sharply defined.
It was difficult to distinguish the shape of the
dendrite arbors in many areas of the short term
transplants as a result of limited section thick-
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Fig. 2: Indirect immunofluorescence of phosphorylated (RT97) and non-phosphorylated (SMI-32) neurofilamentpatterns in short term grafts. Longitudinal sections of the graft-nerve composite are shown.(a) Appearance of RT97 immunostaining in a one month old septal graft that has distended the sciatic nerve.Profiles of fine axonal processes are distributed in all areas of the transplant. Labeled peripheral axonsare indicated by arrows.
[b) A two month old substantia nigra graft [G) in the sciatic nerve. Swirls of RT97 positive processes contrastwith the regenerative peripheral host axons (arrows). Compare pattern of immunoreactivity with Fi.g. 2a.(c) Example of a one month old substantia nigra graft reacted with the monoclonal antibody SMI-32. Arrowsmark neuronal perikarya.

Scale bar for Figs. 2a, b and c 250/m.
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Fig. 3:

(a)

(b)

Appearance of normal RT97 and SMI-32
immunolabeling in short term grafts.
High magnification of a one month old septal
graft reacted with the monoclonal antibody
RT97. Fine axonal processes contrast with
RT97 negative perikarya indicated by the
arrows.
Area of a two month old substantia nigra
graft showing sites of immunofluorescence to
the antibody SMI-32. Characteristic staining
of the neuronal somata and sections of the
dendrites are evident,
Scale bar for Figs. 3a and b 50/m.

ness and the high density of stained processes
(Fig. 5a). However, in certain regions not tightly
packed with processes, arbors in their entirety
could be seen. For example, in substantia nigra
grafts, neurons with elongated narrow dendritic

fields could be identified (Fig. 5b). Neuronal so-
mas were also immunolabeled with this antibody.

Long term: Dendrite immunofluorescenee
patterns in both types of the long standing grafts
were considerably different in appearance. In
addition to a reduction in immunoreactivity (Fig.
5c), some neurons had only a short, single den-
dritic shaft with few or no secondary branches
(Fig. 5c). Extensive hypertrophy of the perikarya
and irregular somato-dendritic contours were
common (Fig. 5d). The dendrites of some neur-
ons appeared swollen and truncated. These
disturbances in dendrite morphology were not
present in the young grafts.

DISCUSSION

Application of immunocytochemistry to study
the cytoskeleton

Immunocytochemistry has proven to be a very
useful technique to study the temporal regula-
tion and distribution of specific proteins (e.g.,
neurofilaments, phosphoproteins, tau and high
molecular weight MAPs) in the developing and
adult nervous system /21,23,26,35/. Based on
immunohistochemical results, certain cytoskele-
tal proteins integral to neuronal form and func-
tion/36/have been shown to be differentially lo-
cated in the dendrites, axons and somata of neu-
rons /7,39,43/. Phosphorylated and non-phos-
phorylated neurofilament proteins represent a
prominent example of asymmetric distribution in
the neuron. Under normal circumstances, high
molecular weight phosphorylated neurofilaments
are found in the distal part of the axon and non-
phosphorylated neurofilaments are located in
the proximal axonal segments, dendrites and
perikarya/53/. When these same antibodies are
applied to sections of brain affected by
Alzheimer’s or Parkinson’s disease, abnormal
patterns of immunoreactivity can be identified
that offer important insights into the nature and
extent of the cytoskeletal disturbances/2,54,57/.

Changes in distribution of the phosphorylated
neurofilament epitope

A primary cytoskeletal change in the present
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Fill. 4:

(c)

(d)

(e)

Abnormal neurofilament (RT97) staining in long term implants.
Low magnification of a one year old septal transplant. Neuron with prominent perikaryal immunoreactivity
is located at the perimeter of the graft. Compare graft size and loss of axonal immunostaining with Fig. 2a.
Scale bar 200/m.
Upper part of graft in Fig. 4a enlarged to show the neuron with abnormal neurofilaments in the cell body.
Note the presence of thick axons (arrows). Scale bar 50/m.
Low magnification of a small one year old substantia nigra graft. Dashed line marks the boundaries of the
transplant. Numerous regenerative profiles of peripheral axons surround the graft. Compare reduced size
of this graft with Fig. 2b. Scale bar 250/m.
Loss of normal RT97 staining in the neuropil of a one year old graft of substantia nigra. Profiles of short
segments of kinked axons (arrows) are evident. Scale bar 50/m.
Neuron in a one year old septal graft with aberrant perikaryal immunoreactivity to the phosphorylated Mr
200,000 neurofilament unit. Scale bar 30/m.
Swollen axon with end-bulb terminations (arrows) contrasts with delicate RT97 positive axons in the
neuropil of a substantia nigra implant. Scale bar 20/m.
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Fig. 5: Somato-dendritic profiles of MAP2 immunoreactivity in short and long term isolated grafts.
Appearance of labeled perikarya and dendrites in a one month old septal graft. The neuropil is tightly
packed with processes.

(b) Neuron with bi-directional elongated dendrites (arrowheads) in a two month old substantla nigra graft.
(c) Section of a long term septal graft illustrating the reduction in MAP2 immunoreactivity. Arrows note

hypertrophied perikarya. Compare with Fig. 5a.
(d) Abnormal features of MAP2 staining in a one year substantia nigra implant. Open arrow indicates a swollen

neuronal cell body. Closed arrow indicates a faintly stained neuron with extensive regression of the
dendrite arbor.
Scale bar for Figs. 5a, b and d 50/m, for 5c 1 O0/m
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study- the perikaryal expression of a high
molecular weight phosphorylated neurofilament
protein- has been observed both in neurons
with axonal damage and in neurons affected by
neurodegenerative diseases. Axotomy of nervous
system pathways has been explored as a model
to determine the types of neurofilament re-
sponses subsequent to injury. Several groups
have illustrated the abnormal reactivity of neu-
ronal perikarya with axon specific neurofilament
antibodies subsequent to axonal damage
/18,25,38,48/. The change from an axonal to a
somata neurofilament distribution after axonal
lesions has been suggested to result from alter-
ations in neurofilament phosphorylation rather
than from changes in the transport rate of phos-
phorylated neurofilaments/25L Recently, Koliat-
sos et al./34/have examined cytoskeletal changes
in a central eholinergic pathway and reported ec-
topic perikaryal phosphorylation of neurofila-
ments in the rat medial septal nucleus following
transeetions of the fimbria-fornix. Unlike these
axotomy models, the alterations in neurofilament
expression in the present graft system occur
without any experimental intervention subse-
quent to the transplantation.

In neurodegenerative diseases, various phos-
phoproteins are expressed in the neuronal so-
mata and associate with abnormal inclusions
/40,44,52/. Neurons affected by Alzheimer’s dis-
ease express aberrant phosphorylated neurofil-
aments in the perikarya /12,54/ and antibodies to
phosphorylated neurofilaments define charac-
teristic filamentous accumulations (Lewy bodies)
in the somata of substantia nigra neurons in
cases of Parkinson’s disease /20,22,24/. Cyto-
skeletal changes in hippocampal neurons of
Alzheimer’s disease have been hypothesized as
markers for the disconnection of and isolation of
the hippocampal formation from the limbic and
association cortices/30,52/.

Another aspect of altered neurofilament
staining was noted in axons of only the long term
grafts. Many profiles of short, thickened axonal
segments that showed kinks or sharp changes in
their direction were apparent. Descriptions of
axonal disruption and fibers with similar mor-
phology referred to as "kinked" processes have
been made in Alzheimer’s disease using anti-
bodies to the phosphoprotein tau- an axonal

marker /14,31,32/. Duyckaerts et al. /19/ have
also examined fiber architecture in 3-dimen-
sional space in sections of Alzheimer neocortex
after Bodian impregnation and shown a high
correlation of the density of "kinked" fibers with
the severity of the disease. Explanations offered
for this abnormal cytoarchitecture in Alzheimer’s
disease include atrophy of the brain tissue, neu-
ronal death and altered physical properties of
the fibers in connection with changes in the cy-
toskeleton/19/. These possible explanations are
supported by the appearance of kinked fibers in
the present CNS grafts that undergo tissue
shrinkage and neuronal death.

Dendrite morphology monitored by MAP2

The MAP2 antibodies are described as spe-
cific, optimal tools to label the entire dendritic
fields of nervous tissue/13/. Furthermore, they
preclude certain drawbacks of the Golgi impreg-
nation technique such as inconsistency of den-
drite impregnation and failure to identify the
neurons in question. It is most likely that the
MAP2 antibody did show complete dendrite ar-
bors in the present study. For example, the arbor
patterns of grafted nigral neurons outlined by the
MAP2 antibody resembled horseradish peroxi-
dase filled dopaminergic neurons in the substan-
tia nigra identified by electrophysiological crite-
ria/56/.

This protein has been used to evaluate den-
dritic changes after experimental ischemie dam-
age/33/and to monitor arbor morphology in the
hippocampus and septum subsequent to lesion-
ing/8/. Results by Ceeres and co-workers/8/
have suggested that MAP2 changes only in
neurons in which denervation is accompanied by
a significant remodeling of dendrites.

In the aging CNS and in disease, dendrites
change in form/11,50/. Loss of an afferent input
and the death of neighboring neurons are two
factors thought to be important in changes of the
dendritic trees/10/. Age-related changes in den-
drite arbors of the human and rodent brain,
identified by the Golgi technique, include
swelling of the cell body and dendrites, followed
by loss of the dendrite and spine populations
/49/. In the present study, aspects of somato-
dendritic hypertrophy and regression of the ar-
bors were dearly illustrated by MAP2 ira-
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munoreactivity in the long term grafts, lending
further support to the importance of an appro-
pfiat afferent supply and the loss of nurons in
rgulating th dndritic extent.

Role of targets and trophic factors in cytoskele-
tal changes

The reasons for the cytoskeletal changes in
these intra-sciatic CNS grafts are unknown at
this time. Inappropriate neural targets and/or in-
adequate trophic support are two factors that
may be primarily associated with the formation
of the abnormal cytoskeletal characteristics in
the present experiments. This transplant model
is amendable to explore these two perspectives.

Evidence that terminal contacts with appro-
priate targets may be important in normal neu-
rofilamen patterns has been obtained from an
immunohistochemical study of phosphorylated
neurofilament (RT97) staining in long term in-
tracerebral septal transplants/16/. In subgroups
of septal neurons without apparent axonal con-
nections to the host hippocampus, strong
perikaryal labeling to the RT97 antibody was
observed. Regions of the grafts with long axonal
projections never showed this reversal in neuro-
filament staining.

Perhaps the closest paradigm to a neural graft
isolated within the peripheral nervous system is
the intraocular transplant. Grafts of neural and
non-neural tissue in the anterior chamber of the
eye have been studied extensively by Olson and
his colleagues to monitor cellular and trophic in-
teractions between selected tissues/41/. The in
oculo CNS preparation has recently been used to
examine the effect of a target on cytoskeletal
morphology. In one year old intraocular septal
transplants, a number of disturbances in im-
munoreactivity to axonal and dendritic proteins
is evident. These cytoskeletal changes in septal
neurons can be prevented by co-grafting the sep-
tum with the hippocampal formation/17/.

It is also clear that these CNS regions, grafted
into the peripheral nerves, are subjected to a va-
riety of chemical factors at concentrations that
they would not normally encounter in the CNS.
Identified neurotrophic factors, including basic
fibroblast growth factor /42/, platelet derived
growth factor/45/and nerve growth factor/28/,
are all synthesized in sciatic nerves and are ele-

vated subsequent to peripheral nerve injury. In
short, the diverse variety of substances in pe-
ripheral nerve, either alone or in combination
must also be regarded as possible factors in-
volved with the disturbances in cytoskeletal mor-
phology in the present experimental model.

On the other hand, trophic requirements for
these CNS grafts may not be sufficient for the
PNS to support the neurons on a long term basis.
The very early appearance of ectopic neurofila-
ments in neuronal cell bodies of the septal grafts,
but not in substantia nigra or telencephalic grafts
/15/, indicates that regions of the CNS respond
differently on a temporal basis in the PNS. This
finding may relate to specific synaptic inter-
actions and CNS trophic factors that are re-
quired by subpopulations of central neurons to
maintain a normal cytoskeleton.

CONCLUDING REMARKS

The results have extended the initial findings
of cytoskeletal changes in central neurons when
grafted into the PNS and have further classified
the immunoreactive determinants associated
with the aberrant changes. The data presented
indicate that the septal and substantia nigra
regions of the CNS survive within the peripheral
nerve environment. Normal molecular and
cellular characteristics are initially expressed by
the neurons in these transplants. In the long
term, graft shrinkage and gradual neuronal
death is accompanied by a series of cytoskeletal
changes. Many of the aberrant changes that
develop are akin to events in the aging CNS and
are similar to degenerative neuronal profiles in
specific neurological diseases (Alzheimer’s and
Parkinson’s disease).

Furthermore, this model can be manipulated
to investigate possible causative factors in the
process of cytoskeletal change under controlled
conditions. An approach to examine the con-
ditions that influence the cytoskeleton in these
transplants will involve co-grafts of source and
target tissues in the peripheral nerves. Ex-
periments currently in progress have animals co-
grafted with substantia nigra and a portion of the
adrenal medulla to evaluate possible modulatory
effects of a catecholaminergic source on the
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aberrant cytoskeletal characteristics in the intra-
sciatic nigral graft.
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