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* INTRODUCTION

Ever since I first learned that nervous tissues of the
central nervdna-systen once differentiated will never again
undergo mitotic division I have been fascinated by the mys-
tery lying behind this fact. When I heard a lecture by
C. W. Bodemer of the University of Washington Medical School

~on regeneration, I began contemplating this particular mys-

tery of life. From Doctor Bodemer I learned that animals
very iow on thi phylogenetic scale were capable of regenerat-
1ng complete organisna from a relatively small part of that
organism; however, thla capability decreases as the phylo-
gonotic scale is ascended. In his experiments, Doctor
Bodemer used a frog which is normally incapable of regenerat-
ing an amputated limb. But when the sciatic nerve of a hind
limb was packcd into the stump of a fore limb, a blastema
was induced and regeneration of a new limb began. It was
Doctor Bodemer's contention that some factor aasoci#ted with
peripheral nerves was inducing this regeneration of whole
limbs, including the innervating nerves.

With this in mind, I pondered the possibility of central
nervous system neurons also possessing this factor, but for
some reason had not been discovered or was being inhibited in
some way. Therefore, I chose this topic for my thesis with
the thought in mind of some way inducing regenerative
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‘phenoncnon in the central nérvous system. I soon learned

that such research has been going on for over two hundred
years and many positive advances have been made. Nonethe-
less, I pursued the subject further to learn more of this

puzzling mystery and planned an experiment to test some of

my own ideas. Because of an allergy to the experimental

rats, I was forced to abandon the project, but I will dis-
cuss some of my ideas at the end of this paper.

As I mentioned priviously, regeneration in the central
nervous Systol of non-ﬁammalian vertebrates is generally
accepted now. In these lower vertebrates, the spinal cord
can be replaced by cut axons and "embryonie" neuroblast |
00115 from the ependyma. in mammals, on the other hand, there
are not a large number of potential neuroblast cells. These
higher vertebrates must depend on regeneration rather than
neural restoration, as is the case in embryonic and adult
forms of lower animals.

According to D. Scott and C. D. Clemente, regeneration
of the spinal cord and return of physiological function are
divided into two phases. In the first phase, the spinal
cord neurons enter, penetrate and proceed below the tran-
sected site. The second phase of the problem is the ability
of the neuron, once grown, to make synaptic connéctiona with
the internucial neurons associated with motor hora cells and
thus complete the neurons pathway to the periphery (1).

The important’factors in non-regeneration are the absence
of "embryonic™" neuroblast cells to help restore the gray

matter, and lack of Schwann cells, lack of neurotropism and
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CHAPTER I

HISTORY OF SPINAL CORD REGENERATION
Until the time of sophisticated histological technique
and staining.‘énly sporadic and unconfirmed reports on spinal
cord regeneration in mammals were made.
Studies on\rogenqrative capacity date back to 1795
uhbh Cruikshank performed an experiment with vagus nerves.

| He severed one vagus nerve in a dog, then three weeks later

'Qéverod the other vagus nerve. Death did not result; there-
fore, he concluded that the first nerve had'régcnqratod and
became functional before the second nerve was cut. Since
Cruikshank and other early experimenters, there has been no
serious question of the fact that effective regeneration of
peripheral nerves does occur. However, the mechanism and
details of the regenerative process are not clear even today.
(2)

Inveatigatidns on spinal cord regeneration began and were

carried on as long ago as 1873 by Dentan; Eichorst and Naunyn

1874; and Stroebe, 189%4. (3) :

Ramany Cajal, working in the early part of the century,
began the trond of the present day attitude toward spinal
cord regeno:;tibn in mammals. In 1906 he found numerous
intraspinal axons of rats sprouting new processes with cones

of growth similar to those observed in peripheral nerves.
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After four or five igeks; the number of regenerated fibers
diminished, and he cdgcluded the processes of regeneration
were followed by atrééhy and absorption. (3). Cajal's work
and conclusions were duplicated and supported by Marinesco
and Minea, 1906; Bielschowsky, 1909; Lee, 1929; and Rossi and
Gastaldi, 19354(1). Most of the experiments following Cajal
were rejected on,groundsvof incomplete transection br re=
growth of spinal nerve roots (3). GCerard and Koppany, 1926;
Gerard and Grinker, 1931; and Nicholas and Rudnich, 1933,
havd;prasentéd qvidencq of greater regenerative capacity in
the embryonic or newborn animal (1). These peoplé establish-
ed that central nguroni sprout new processes, but appear to
~make no effective connections.

. In 1940, O. Sugar and R. W. Gerard undertook an experi-
ment to elucidate the factors involved in non-regeneration
of adult mammalian spinal cord, and to attempt to activate
the abortive process of regeneration (2). Their positive
results revived interest on the problems of spinAI cord re=-
gdperition. Davidoff and Ransohoff, 1948; and Feigen, Geller
and Wolf, 1951, are among the investigators who have reported
failurn to obtain any type of regeneration in mammalian spinal
cords. Since these, other researchers have reported funce
tional regeneration. The use of drugs and the beginning of

a new era in spinal cord regeneration began in 1950,
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CHAPTER 1I

TRANSECTION PROCEDURES
In order to test for'regoncrative capacity, the apigal
cord must in some way be damaged to stimulate the regenera-
tive process. There are two or three ways to accomplish
this. One method is by laminectomy, whereby the vertebral

- spine and laminae with the articular processes are removed.

A scapell can be used to cut the cord and dura when they are
exposed. An alternaté procedure eliminates excessive de-
struction of spinal cord neurons. After laminectomies of
one or two vertebrae, a longitudinal slit about 15 mm long
is made in the dura. A blunt ended, fine curved probe is
gently placed intradurally completely under the cord, then
the cord is cut from the dorsal to the ventral surface.
When the cut is made, the probe is lifted through the in-
cision to insure complete transection. Another method is
used when the vertebra and cord are both cut through the
area of the centrum. Sugar and Gerald felt this procedure
produces better results. This will avoid excessive lesions
and reduce the possibility of missing part of the cord (2).

Transections are usually nadc'botwncn the sixth and

lpn x-acto knife which can be purchased at any toy shop
is ideal. Vor{ sharp blades with various shapes convenient
for inaccessible places can be obtained.
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ninth thoracic vortobrau hectian above the fifth interferes
with forolimb movcnenta and respiratory funcziona. The cut
is made above the vuelfth thoracic to avoid_a large artery

Just caudal to that ﬁoint. Any transection below the thir-

-teenth thoracic vertebra leads to degeneration of the caudal

sﬁumﬁ of thoﬂppinal cord and an incapacity té regain urinary
bladder contrql.z

| Nervous tissue is delicately sensitive to interference
with the oxygen supply. Therefore, spinal cord regeneration
1s'zngnt1y afrgcﬁad by tissue vascularity which provides

. 6xyz§n and metabolites. 1In raté. the cranial stump of a

tranaocted cord receives a sufficient blood supply from the
spinal arteries. However, the caudal stump depends on aortic
branches for its vascular supply. If the cord is cut below
the thirteénth thoracic vertebra, this supply is disturbed
an¢.rngonoration does not occur.

. The arterial distribution varies among species. The
cat“diffars from the rat: and these differ from man. Any
disturbance of the anterior artery of man will inhibit regen-
eration and will cause paralysis in normal individuals. In
the rat, damage to this artery leads to no extensive damage

to the cord.

2Due to operational shock animals temporarily cease
urinatinf and urine must be expressed manually, but function
returns in several days.






























































































































