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INTRODUCTION.

That a relation existe between the structure of a
nerve cell and the integrity of its axone is shown, &as
Warrington points out, by evidence of three kinds.

(1) Gudden showed that section of a nerve trunk gives
rige to & complete disappearance or perhape an arrest

of development of the cells of origin, in newly bdborn
animals. (2) In sdult animals similar conditions

occur if & long time has elapsed since the.occurréncc

of the lesion. (3) An alteration in structure, as
noted by Nissl, occurs in the cells in so short a period
as twenty-four hours after division of the axone.

Thus there has been & considerable amount of work
done on the effect of an interruption of the continuity
of nerve axones. But most of the work was done from an
~anatomical or from a pathological instead of from a
physiological point of view. I have observed the chang-
es which occur after the section of an axone and shali
attempt to correlate these snatomical changes with fhoee
changes observed in depression.

First the nature of depression and ite relation
to functionsl metivity will be considered. There are
but two functional possibilities in the nerve cell,
namely, sctivity and depression. Physiologically,

sctivity represents an increase while depression repre-






sents 8 decrease in the intensity of vital phenomena.
Verworn (Genersl Physiology) says that excitation and
depression are merely quentitative opposites. He says
that the two are "merely different degrees of one and
the same phenomena, namely, life, excitation being an
increase, depression & decrease, of the normal intensi-
ty of vital phenomena”™. All nerve cells either work or
are inhibited from working and into one or the other of
these categories or into & combination of the two all
things relating to function must fall (Dolley 1913).
Thus according to Dolley the nerve celi exists only to
funetion. "It can be excited or it can be depressed.
There are no other possibilities. It 18 specialized
for irritability and conduction”.

The mode of response of all cells is the seme
‘whether from mechanical, chemical, tropiec, thermal,
or photic stimuli. The nerve cell is a specialized
cell which is developed to react only in one
particuler way. Therefore when the cell is stimulat-
ed by any form of stimulation the mode of response is
common and unvarying. The original statement of this,
as cited by Dolley, was by Hering (1884-1888) in his

doctrine of the specific energies of 1living substance.






Verworn especially noted that the different varie-
ties of stimuli produce wholly similar reactions in
the same object. He cites an example in the amoeba,
which may be made to retract ite pseudopodia and assume
& spherical form by chemical, mechanical, thermal and
galvanic stimuli. The cells of a ciliated epithelium
respond by an acceleration of their ecilisry motion to
chemical, mechanical, thermal and galvanic stimulation.
By all these agencies the production of light can be
induced in Nootiluca. This important fact, he says,
shows that in every form of living substance there must
exist an extraordinary inclination toiard 8 specifie
sequence of processes. This sequence is continually
present in& glight degree &nd finds its expression in
the sportaneous vital phenomena; but thé slightest
etimuli of all kinds augment the discharge of the pro-
cesses always in the ssme characteristic sequence for
each specific variety of living substance.

The finasl proof ot the above doctrine rests upon
an anatomical basis, and we find that the anatomical"
changes are the same in nature for representative types
of cells whefher produced by chemical, electrical or

any other form of stimuli. Dolley found that not only

the higher and umore differentiated cells of the cerebrum






or cerebellﬁm but slso the lower primitive cells of the
eninal and sympathetic ganglion &s well go through the
same sequence of chanpges, differing only in the degree
of reaction. The less differentiated cells usually stdp
'short of going as far as the more highly differentiated
cells, but they can be driven to exheustion, and if so
driven, they pass through the same anitomical changes
as do the specislized cells. Thus one can say that the
higher cells run their coursee sooner, i.e., they are
more easily exhausted, but the mechanism is preservei
throughogt the ontogenetic scale.

Dolley nated the effect produced by special forms of
stimulation. He found that trophic excitation: heat exe
haustion with its therumal excitation:'traumatic sh&ck with
its mecheniesl excitetion; and certein infectious diseas-
es, with the chemical excitation of bacterial toxins,
broadly typified by the sctuel study of infeetions of
B. diphtherise, B.tetani, B. pyocyanesus, &nd certain
pyogenic mieroescel, all produced up to the time the
cells pess into depression and degeneration anatomical
changes of excessive normel functional sctivity.

On the other hand there is the poesibility of de-
pression. Separate end distinct chenges in form and

structure underlie the physiologicsl conditions of
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depression as vell as those of activity. These cytolog-
ical changes will be described elsewhere. A depressant
stimulation may intervene at any stepe of activity,
block the miechanism in a uniform end constant way, and
cause activity to come to & standstill. Thus far de-
pression has been identified in the nerve cell after heat
stimulation, rabies, &and poieoning bromides, caffeine,
beta-oxy-butyriec acid, sarcolactic acid (Dolley 1913),
and, ar a finel effect, after infections of diphtheris,
staphlaococcus, &nd tuberculosis (Simmons, 1914 Thesis).
Cranting Verworn's theory, thst activity and de-
pression are merely quantitative opposites, &nd granting
thet the absence of sctivity is depression, would not
thke cutting of sn axone praduce & condition of depression?
For it is a physiological fact thet nerve celle are
in a state of uore or less continuous aetivity which is
designated as tonic sctivity or tonus. If the axone is
cut this continuous aetivit; is broken, the tonus is lost,
and degeneration results. The writer attempted to find
out if this degeneratian wae not really to & certain de-

gree 8 matter of depression.






THE SOUKCE OF MATLRIAL.

This study is based on materisl obtained from
dogs. Normal dogs were selected for operation.

First, a piece of the skull was removed so as to expose
the cerebellum. The cerebellum was then stabbed, in &
way to cut the axones of the Purkinje eells. A very
thin double edged and pointed knife was used. The first
stab was made parallel to the suriace of the worm and

at about 4 mym. depth. Usually a second stab in the
lateral lobe was made. The operations were done under
aseptic conditions, and in most cases aseptic healing
took place.

The operation was & very difficult one, as there
was always considerable hemorrhage from the sinuses and
.from the bone. This was unavoidable on account of the
place of the craniotomy. Eight dogs and one rabbit
either died during or immediately after the operation.
‘There was seven successful operations as follows:

Experiment 1 (9 days). Male Mongrel, weight
8.182 Kge. Operated Dec. 3, 9 A.M. Killed Dec. 12,
2:30 P.fe There was no signs of infection, and gran-
ulation tissue was abundent.

Experiment 2 (7 days). Black msle Mongrel, weight
6.800 Kg. Operated Dec. 3, 10 A.M. Much hemorrhage






from sinue caused dog to be very weak. I"illed Dec. iO,
2:30 P.M. The wound was slightly infected after opera-
tion but the character of the granulation tissues showed
recovery at time of death. There was no apparent infeec-
tion in the brain.

Experiment 4 (27 days). lMale lMongrel, weight
13.240 Kg. Opersted Dec. 12, 3:50 P.M. Killed Jan. 8,
4:15 P.Me« The tissue showed perfect recovery without
infection and there was no gross trace of the stabs.

Experiment 5 (2 days). Young male i‘ongrel, weight
11.540 Kg. Operated Dec. 10, 4:30 P.M. Made two deep
stebs in cerebellum. There was considerable hemorrhage.
Killed Dec. 12, 4:30 P.M. There was & large cavity fill-
ed with a clear fluid just outside of the cut through the
skull, evidently & collection of serum in en empty space.
Some blood clots were found in one of the cuts mesde in
the cerebellum.

Experiment 6 (2 daye). Opersted Mareh 3, 10 A.M.
There was considerable hemorrhage snd the wound was pack-
ed with cofton to stop the hemorrhage. On Dec. &, the dog's
head was found swollen,indicating infection. There was
opisthotonos and jerking as if from pressure on the brain.
Killed Dec. 5, 11 A.M. A bad infection wes found with a

was of cotton pressing on cerebrum, meking a slight pit,






Experiment 8 (4 days). Young lale dog, not weighed.
March 13, 4 P.M. Operation as before but the brain cavi-
ty was entered by means of a chisel instead of by the
trephine. Recovery good. Killed Msareh 17, 4 P.H.

Experiment 9 (12 days). Young male dog. Operested
March 13, 4 P.M. the brain cavity being entered by means
of chiseling. Hemorrhage was slight and the dog recover-
ed in pood condition. March 18, wound found infected.
The pus was removed and the wound drained. March 23, dog
appeared normal with complete recovery from the infection.
EKilled March 25, 4 P.M. The stabs were so healed that

they could not be mede out in gross sections.






MICROSCOPICAL TECHNIC

The material obtained for the study ot the cells
was placed in the following fixative.

Saturated corrosive sublimatee..ecceeeee95 ce.

40% Formaldehyde solutioNeeeccececsescccse 5 CCo
Much depends upon the shape of the cells in determin-
ing nerve cell activity and}depression. Mann (1894),
Flemming (1895), v. Lenhossek (1897), and Dolley
(1911) have all agreed that saturated aqueous subli-
mate is the most satisfactory fixing fluid for nerve
cells, and that undue distortion of shape is absent.
Therefore it is immeasurably superior to other fixs-
tives employed, particularly strong alcohol. Dolley
(1911) found that his results were esesentially constant
whatever the fixation.

After fixation for 24 hours,the blocks were run up
through the graded alcohols to 70%. They were then
placed in 70 % iodized ealcohol for 24 hours and then in
80% iodized alcohol until saturated, thence to 95 %
alcohol, absolute alcohol, slcohol-zylol, zylol, and
zylol-paraffin solutions. They were finally imbedded

in paraffin and routine sections cutb at five micra

thickness.
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Following Mann, v.Lenhossek. and Dolley the sec-
tions were stained in saturated aqueous toluidin blue.
Erythrosin was used as a counterstain in the solufion
recommended by Held, (i.e., one gram to one hundred and
£1#ty cublé meters of distilled water , to which is
added two drops of strong acetic agid).

The technic ie extremely simple. The paraffin was
removed by placing the slides in zylol for 5 minutese and
the cections were run down through iine alcohols TO wuter.
They were then steined for & minute &nd 2 half in eryth-
rosin solution warmed to 42° c. After thoroughly wash-
ing in water, they were stained in toluidin blue for 7
minutee, again washed, and differentiated in 80% and 95%
alcohol. The process was followed under the low power
‘and stopped when the internal cell markings were clesar

cut. After absolute alcohol the sections were cleared

in zylol and mounted in Csnade balsam.

~]ll=






DESCRIPTION OF THE CHANGES IN CORRELATION
WITH DEPRLSSION.

Activity is & continuoue process. A nerve cell
rassing from & resting stage to a stage of exhaustion
passes through continuous anatomical chengee. These
stages have been analyzed by Dolley and divided into
distinct stages.

Depression may interrupt the progress of activity
at any one of these stages, that is, depression may
occur at any time during asctivity. The normal chro-
netin content varies widely for cells in different stages
of activity. But fortunstely the characteristic changes
in depression are not of such & nature as to preclude
the accurate diagnosis of the degree of normal progres-
sive activity.

A deficiency of extr#-nuclear chromatin is one of

the most mafked and earliest of the alterationsnoted in

depression. In the early stages of normal activity the

cells show an excess of extra-nuclear chromaetin while

these ssme cells in depression will range from an

appreciable lessening to an absolute disappearance of chroms-
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tin. Discrete formed granules become less and less
apparent. The acid red staining element of the cyto-
plesm becomes more and wore evident, though before the
basic staining element disappears it is evenly tinged

or mottled irregularly in patches by a bluish color
(Dolley 1913). This is thought by Dolley to be chromatin

in solution. He says that in more advanced depression

the eytoplasm assumes & murky turbid appearance with finer
granulsr or somewhat flocculent structures. This corres-
ponde to the usucal description that whet is left of the

stainable substance appears as fine dust-like particles

or as & diffuse blue stain. Finally & cell in such ad-

vanced depression comes to homogeneity of its cytoplasm

with a red staining hyaline appearancee.
The nucleasr content of & cell in depression is main-

tained or is actuslly increased in smount. The elements

in the nucleus are chromatin and nucleolar substance

(plastin) .
In activity the chromatin is always present in the

karyosome, but outside of that it is only presmnt in

hyper-chromatic stages. In depression, however, basi-

chromatin sppesrs in the nucleus 8t any and all stages.

«13-






The chromatin which is consumed during sctivity,
is thus seen to be stored in the nucleus in depres-

sion. Therefore there is &an extra-nuclear deZiciency

of chromatin snd an intra-nuclear hyperchromatiem in

depression.

Thenucleﬁbr substance is slso increased. This is
especially marked in cells of later activity where there
18 normally a deficienty of tris substence. Insteed of
the normel loose reticulum and vesicular structure , the

nucleus is dense asnd matted, the acid-staining plastin

frequently férming definite masses or true nucleoli.

To summarize the changes: First there is a rela-

tive and an absolute incresse of the intra-nuclear
chromatin end an increase of the nucleolar substance.

Second, there ie a deficiency or loss of the extra-

nuclear chrometin. Expressed in terms of the nucleus-

plasma relstion, the nucleus-plasma bslance is disturbed

in favor of the nucleus. The chrometin does not pass

out of the nucleus, either in formed shape or in mod-
ified way in depressione

In severe depression there is & disintegration of

the karyosome. The chromatin which covers the nucleolus

gardually breaks up and passes out toward the nuclear

membrane as definite irrecular granules. These chromatin
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granules adhere to the inner surface of the nuclear

membrane. They have never been found outeide of this

membrane which indicates that they do not pass out into
thé cytoplasm in depression. After the chromatin dis-
appears and the cytoplasm is reduced to & homogeneous,
€osinophilie and hyaline meterial, the nucleus becomes

ver; shrunken and finally goes into solution. The cell
then appears &s & homogeneous or vacuolated, red-staining,

hyaline-like macss, devoid ot & nucleus. Thus profound

depression merges into degeneration, necrosis follows and

finally & disappearance of the cell is the end result

of & profound depression. All degrees of these degener-

ative changes were found in the areas most directly

affected by the stad wound. Such cells as just describ-

ed could not recovere According to Dolley's work

on recuperetion after normal sctivity (1911), & cer-

tain amount of recovery would be expected if any of the

nuclear meterial were 1eft still orgenized.
The intracellulsr deposition of yolk materisl in

excess and of glycogen is 8180 charscteristic of de-

The yolk material, in the sections studied,

pressione.
und and reddish staining glabules .

appeared ac definite ro
No special stein for thie materiel was needede.
The changes in the cerebellum where the steb was

nade Frave been found to correspond to the chenges just

-15-






described for depression and depression with degehera-
tion in all types of cells. The control sections which
were talken from the normal side of the cerebellum show-
ed normal activity but no depression. Depression was
limited to the part supplied by the cut sxones. This
was to be expected for the result}of cutting the axones
was the only depressant fesctor. The anesthetic, the

operation, and the cut itself were excitant stimuli,

causing inereased activitye

The experlmentc will now be discussed brietly to
bring out their esgential changes snd to show the

sequence at different periods of time.

Experiment € (8 days). In the convolutions in

which it is reas&nably certain that all of the axones

kave been cut, depression is slready marked, particular-

1y adjoining the cut. Here some cells have probably

diesappeared and mere traces of completely degenerated

cells are found. Further away from the cut the ecells

show depression ratner then degeneration and there are

a few cells which are but 1ittle affected.

The convolutions sdjoining the cut but definitely

notv involved.in it show in general no depression or

only a minimal emount in an ocossional cell. It is

possible that some of the axones in these convolutions

were atfected by the cub.

' =16-






Experiment &6 (2 days). This material shows the

same changes as above but to a more marked degree. In
the convolutions where the fibres have all been cut
there is a marked depression ot &ll the cells in the
convolution except in the lower or deeper part, whiech

is next to the cute. Here all the cells have entirely

disappeared.

Experiment 8 (4 days)e. The convolutions most in-

volved show advanced degeneration of such cells as are
left snd obvious disappesarance of the majority of cellse.
There are, however, & small number of hyperchromatic

cells still diasgnosticable which show & marked degree

of depression. The convolutions adjaecent to the cut

but apparently not involved in it show no appreciable

alteration. In one convolution where the stab appar;

ently cuts only & part of the axones, & few practically

unchanged cells appear which doubtless correspond to the

uneut fibres, while the rest of the cells show marked
depression end degeneration.

Experiment 1 (9 days)e. The convolutions evident-

1y involved and closest to the cut show complete ab-

sence of sll cellse. In other convolutions there is ¢

disappearance of cells but more unaffected cells also

appear. While these yet show indications of depression

their appearance suggests recovery chiefly in the point

of restoration of extra-nuclear chrometine.

-17-






Experiment 2 (7 days)e. In convolutions complete-

1y cut ,the seven day dog exhibits an appearance partak-
ing of the nsture of both the four day and the nine day

dog. Corresponding to the four day dog there are cells

in complete degeneration, hyaline and without nuclei.

A certein number of cells have evidently disappeared

and others show advanced degeneration. On the other
hand corresponding to the nine day dog there are cells
which are slightly in depression but which show an excep-

tional smount of chromatin to be loceted in & complete

cut as compared with the four day dog. This is inter-

preteted as beginning recovery with restoration of

chromatine.

Experiment 9 (12 days). In the twelve day dog &

large area is involved. In the blocks taken the cut goes

rather deep and does not involve the whole axone supply
to the area studied. Still in the parts most certainly

affected, the cells show very little alteration. Closer

to the cut there ia & moderate smount of depression and

some degeneration, &nd an apparent 1loss of cells. On
the whole though, from the evident completeness of the
ture is one of genersl recoverye. If it were

cut
u.)the pic

not recovering there would Db

tion, as in the shorter time anim

e & more widespread degenera-

als. In another block,
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in convolutions closer to the cut, the depression is

more uniform and general.

Experiment 4 (27 days). In the twenty-seven day

dog there is no depression whatever in the cells supplied

by the cut fibres. However, there is undoubtedly a com-

plete disappearance of a certain number of cells.
Occasionally areas ocecur, &8s wide as the diameter of the

low power field, in which the line of Purkinje cells is

entirely absent, and frequently there are shorter
stretches in which the number of cells is less than usual.

The generel conclusions drawn from this series of

experiments are as follows: Where the cut actually sepa-

rates a convolution from all connections with the rest of

the cerebellum, there is complete degeneration and dis-

‘appearance of the Purkinje cells. In other cases where

1t is uncertain whethe the cut involves all the cells of

the convolution and in still others in which 1t is certain
that the cut involves only part of the axones to the con-

volution there are varying degrees of depression and

degeneration. Presumably complete degeneration corres-

" ponds to a complete cut and separation of all connections.

Such Gegeneration as otveurs reaches its maximum on or

after the fourth day while reco
the seventh day and was definite on the ninth day,

very had its beginning on

=19~






The twelve day dog confirmed the progress of re-
covery and the twenty-seven day dog showed complete res-
toration of such cells as were not destroyed. Recovery
then begins at an early stage. It does not seem possible

that there could be complete regeneration of the &xone

within seven days. The average time for regeneration of

the neurone is said to be much longer. Marinesco
claims he found a difference in the cells whose axones
hed been cut sixty-three days after the operation. He
cut the hypoglossal nerve on one side and then examined
and compared the celle of the nuclei of both sides. At

the end of sixty-three days he says the cells of the

nucleus of the cut side were more voluminous than the

cells of the opposite side; the cells of the cut side
were more strongly colored not only becsase the fundé-
mental substance was colored but 8lso because the Nissl

substance was more voluminous than the normal and this

substance wes colored more intense. This description,

however, corresponds exactly to the hyperchromatiec cell

of the second stage of normal sctivity, as described by

Dolley. This description therefore can be regarded s&s

of 1ittle significance, 88 Marinesco probably mistook

normal hyperchromatic cells for celle affected by the
cut. He cleims thet at the end of one hundred and'twenty
five days there is 1o perceptible difference between the

-20-






1h
cells Ofn%WO sides. Regeneration of the severed nerve

fibres within the spinal cord and brain is, according
to Howell, very much less complete than in peripheral

regions. Nisel thinks thet after the sectioning of a

nerve, the majority of cells, perhaps through the for-
wation of other unions, begin slowly to recover,so
that by the fiftieth or sixtieth day it uay be aiffi-
cult for the inexperienced to distinguish them from

entirely healthy cells. Warrington, however, claims

that the alterations in the celle of the third nucleus
are less marked after sixteen days than after eight,

and in exact agreement with the present results found
no changes after twenty-eight days. The latter exper-

iment was performed on & monkeye.

It must be remembered that the cut was made by a

very thin knife &nd involved relatively only & few

fibres completely. Only the cells of such fibres cor-

respond to bore comvlete segregation of cells which
was accomplished by the experiments of Nissl and
Marinesco in cﬁtting a whole nerve. Of such cells
some g9 to death,and in others the depression and de-
peneration is still persistent in our series even to

the twelfth day which corresponds more to the results






ot others in cutting the whole nerve supply to a
definite part of the breine.

Without definite knowledge therefore as to how long
it takes the axone of & Purkinje cell to regenerate and
from the probability that it takes longer then seven
days, it is probable that recovery here does not mean
thet the axone had regenerated but only indicastes that
sufficient connections remained established so that the
cell)while'depressed from the cutting off of the main
connections,continued to receive impulses from the side.
It is such cells thet begin to recover at seven deys.
Cells more definitely segregated from all possibility

of connections are more profoundly sffected and agree

more with the generel results of others. From the -

asount of total disacpearance of cells, it is suggested
that in sgreement with Howell's statement abovenépecial-

ized Purkinje cell may have little or no power of regen-

eration of ite axone.
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REVIEY OF LITERATURE.

The investigators who have experimented by cut-
ting the nerve axone first studied the peripherasl or
Vallerian degeneration, then recognized the degenera-
tion of the centrsl part of the axone and later chang-
es in the cell itself. In reviewing the work,the
writer found that the cell changes were for the most
" part identical with those of his own work.

As early as 1839, Nasse and Valentin had proved
thet interruptioﬁ of the connection of peripheral
nerves with the central nervous system could lead to
their degenerstion. Waller (1850) made a thorough
study of the subject and formulated the tundamental
" 1aw of the physiology and pathology of the nervous
syétem known by his name. By Wallerian degeneration,
as cited by’Bdfker,is understosd the change which
takes place in fhe dietal end of & periphersal nerve
after it has been cut through. This change is deserib-
ed &s the coagulative breaking up of the myelin sheath
and the dissolution of the axis cylinder, the neurilemua

with ite nuclel reuaining for some time at least pre-

served. Weller claimed that the peripherel end degen-
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erated and that the central end remained appraently
intact except for degeneration as far as the first
node of Renvier, which was expnlained &s the direct
affect of traumas. Barker converted the Vallerian
'doctrine into terms of the neurone concept as follows:
"Whenever it has sufiered & solution of continuity
with & severing ot its connection with the cell body
and dendrites of the neurone to which it belongs, the
axone, together with the myelin sheath covering it,
undergoes in the part distal to the lesion acute and
complete degenerstion. This degeneration includes not
only the main axone, but also its terminals,together
with the collatersls and treir terminals connected |
with it". He therefore concluded and was supported by
many otiers in the belief that what are celled the"nerve
cells" represent tropiec centere for the nerve fibers
‘in general. Ranvier, Homen, Howell, &nd Huber, Tooth,
and von Notthaft have studied the histology of the de-
generation af the nerve fibers sfter separation from
treir cells of'brigin. '

Tooth in.hia Goulstonian Lectures on secondary de-
f the spinal cord says that it is probsable

generstion 0
that in men degeneration is slower than in animals. He

.

confirms Bouchards opinion that when a fibre is cut off
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from its center every point in its length degenerates
equally and at the same time as far as early chemical
changes are concerned. Ie claims, however, that the
actual histological changes pass along the nerve fibre
at verying rate. Tooth devoted his entire time oun the
subject to the degeneration of the fibree and failed
to no:tice the changese in The nerve cell.

~“hile this belief ot Waller held sway for more than
forty years, there graduaslly arose an opinion that the
nerve cell itself was extensively involved. Barker
gives a review of the litersture on both Wallerian de-
generatioh end the degeneration of the central part of
the nerve fibre and ot the nerve cell. He says that as
early as 1829 Berard had noticed at autopsy that there
| was distinct stropny of the ventral roots in the spinal
nerves supplying & limb'amputated sowe time before.
Marinesco convinced himselt that after amputation of
the limb or after section of a periphersl nerve, there
occur in tne central part,detinite pathological cnanges,
the intensi‘y of which dcpends upon the species, upon
the length of fime intervening between the injury and
death and especially upon the age ol the animal. He
at the younger tha anical at the time of am-

claims th

putetion the more mnrked are the alterations.
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Atter reviewing the work of Vulpain, Cruveilhier,
Hayem and Gilvert, Dickineon, Friedlaender and Krause,
Homen, Vanlair, Grigorieff, and Marinesco, Barker con-
cludes that the degenerstion in the centrel stump of the
divided nerve, although it appears later than in the
distal portion, preseats similar wmorphological appear-
ances and is apparently an analogous process, although
the central end still mainteins its continuity with the
"trophic centre™. He claime that the fibres of the
central stump of & motor nerve, after gection, gradually
diminish in number and thet & large number of motor eells
of the ventral horns dwindle in size end after a time
may be sctually lost.

Barker sites Bergman who established by the
delicate method of Marchi. that extensive and undoubt-
ed degenerative processes occur in the fibree.

' Marinesco, Nissl, Foa and van Gehuchten claimed

that if thé encs of a sectioned nerve fibre are brought
together, the axone will regenerate over its original
tract and fundtion will be restored. This is now a
wellvrecognized fact. But if the ends are not brought
togetier the cell will atrophy and finally disappesr.

This is the wa,/ he explains the absence of regenera-

tion of nerve cells in the anterior horn of the spinal

cord and the disappearance of these cells in 0ld amputa-
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tions. He also uses this thim same theory to explain
the reaction in the celle of the anterior horn in
subjects dead with polyneuritis, and in the case of
recovery from polyneuritis where the cells regenerate.
Forel (1887) end others experimented by tearing
spinal or cerebral nerves away from their connections
with the central nervous system, especially in new born
or very young enimals. These aniuals were allowed to
live for several months, when they were killed. The
centrsl portion of the nerve involved, together with
the group of nerve cells corresponding to it, weas
studied microscopically. The histologicel examination
revealed marked changes in the nucleus of origin. The
celle present showed distinct strophic alterations &and
4 many of them hed entirely vanished,.so that enumerations
of the cells of the groups concerned revealed & decided
discrepancy in the counts of the two sides. The nerve
fibres in the central portion of the nerve had suffered
degenerative changes, many of them‘having totally dis-
appeared. The different stages of the cells in degen-
eration &re not described. Forel obtained the same
results by cutting the facial nerve in two guinea pigs.

Darkschewitsch in 1892 also divided the faeiad and






hypoglossal nerves and found after six weeks that the
cells were dininished in number, atrophied and shrunken.

' Marinesco experimented by reuwoving about three cen-
timeters of the hypoglossel nerve end found that at the
end of a certsin tize the cells atrophied and disappeared.
Marinesco gives the factore capable of producing atrophy
af nerve cells,other than the severing of the nerves, as
follows: Intense trsuuatism, pulling out of & nerve, or
the attempt at pulling out of & nerve. DSecondary factors
which llarinesco seys have to do with the production of
atrophy of the cells are the smount of nerve resected and
the level at which the resection is mede. He claims that
if the repair is retarded or incomplete it ie very rare
that tre chromatophile elements return to the same vdlumé,
fhe gsme density or the seme form &c Was observed after
the simple section of the hyporlossal nervee.

nven atter simple section 811 the cells have uotv tne
same degree of recistance and a few succumb to the traucs-
tism produced b, the section. Another reason wiich he
gives for tre atrophy of the nerve cells after section of
their axis eylinder is the sunpression of the excitatiors

fram the higher centres wrich was the bessis for the

present work.
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Marinesco divides the process into two stages:
reaction, which is cheracterized by the breaking up
of the chrometic substences, the nucleus reteining its
centrel position end the cell its normsl contour; de-
generation, which is characterized by the occurence of
a chromatolyeis which begins in the neighborhood of the
origin of the axis cylinder and spreads towasrds the den-
drons. In this stage the nucleus sssumes &n eccentric
paocition.

In speakings of the reection of cells lMarinesco has
the following to say: The nerve cells are capable of re-
acting &ll the *ime sfter cutiting en axis cylinder. If
Tor exsmple after the first section the animal is allowed
to live until after the cells recover and then the nerve
is sectioned the second time, the celle will sgsin pass
into the phase of reaction. He gives the following ex-
ample: twenty-one days after the experiment of section-
ing the hypoglossal nerve, he again sectioned the nerve
and sllowed the animal to live ten days. In thiis case
the cells of this side of the section were very volun.in-
ous, and the nuclei of this ssme side were very eccentric.
If the enimel had been allowed to live for & long time

efter the second section the cells would hasve pacsed @&

gecond time from the phase of reaction to the phase of
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repair. He gives another example where the hypoglossal
nerve wes cut twice. The second section wes made twenty-
eix days after the first and the animsl wae then allowed
to live eight days. He says the cells were increased

in volume and were in a state of active repair. Some cells
however, he said were hypochromastic around the nucleus

and in the nucleus. In these cells the chromatin appeared
different in the nucleus and in the periphery. The chro-
matin in the periphery of the cell body appesred pale end
vacuolsted while in the nucleus it appeared dense, strong-
1y colored and consisted of compact blocks. This is ex-
actly what was found in the two day dog, &nd is & definite
deseription of & depressed cell. The repeated reaction

of the nerve cells sfter cutting the axone agrees with

the present results in showing that some cells rengain
-capable of response.

Merinesco also describes varistion in the distti-
bution of ckrometin, some cells perticularly showing a
perinuclear chrometolysis. He also states thet the Nissl
bodies may be nele and very voluminous when reformed.
Eowever, possible veriations in the functiosuel state of
is negleéted and in the opinion of the writer such

cells
differencee &s these in the Nissl substance much more

probably belong¢ to function. Certainl; they are charac-

teristic of verious stages of function. It is likely






that the depression he describes was superimposed on
such functional stagese.

Nissl,(1894) with his methylene-blue and soap stsin-
ing of alecohol tissues, found that he could actuelly dem-
onstrate definite alterstions within the nerve cells verysoon
after the solution of continuity of their axones. He
asserts that while the cheanges are most marked when the
eninals are killed after eight to fifteen days, to one
acquainted with them &lterations are recognizable within
the cells as early as twenty-four hours after the opera-
tion. He describes the changes as follows: At the end
of twenty-four hours the blue bodies undergo an altera-
tion &t one point in the cell which conesists in & loss
of their distinctive shape and errangement and a diéper—
.sion over the body of the cell. In from two to three
days this change epreads all over the cell. The Nissl
bodies becoume paler and peler until they eppeer as
uinute specke of coloring matter. On the fourth day the
whole cell is swollen and more globular and the processes
are homogenous. On the sixth day the cells appear as if
uniformly covered over with the finest colored particles
end the processes have disappeared. The nucleus passes
periphery and finelly disappears. He main-

towards the
tains that these changes tee plice with greater répidity
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in some cells than others. Nissl concludes from his ob-
servations that the cutting off of a nerve cell from its
end orgen calls forth regressive changes in the cell in
fully grown anicals. Van Gehuchten, Bach, Flatau, and
others have confirmed Nissl's observations.

He further states that these changes cen be made to
appear simply by rendering the nerve teuwporarily incapable
of functioning. This was done by the application of chem-
jcal substances to the trunk of the facial nerve, or by
the applying of a temporary ligature to it. Barker, after
repetition of Nissl's work, says that stter the changes
have reached & maximum (eighteen to twenty-two to thirty
days) the appearences for & time do not elter materially,
but Nissl, thinks that later a majority of the cells, per-
- haps through the formation of other unions begin to re-
cover slowly, so thay by the fiftieth or sixtieth day it
may be difficult for the inexperienced to distinguish
them from entirely healthy cells.

Sodovsky (1896) compressed a branch of the sciatie
nerve ol &8 rabbit between two h&lf cylinders of wood.

The rebbit wes allowed to recover and live for forty-five
days. complete paralysis of that pert of the foot
supplied by this nerve followed. After killing the

rabbit,he found that the nerve appeared almost normal to
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the neked eye at the level ol the compression except
that it wae smaller. There was & swelling of the nerve
for a distance of about one centimeter above and below
the comprecssed area. He found upon microscopical examin-
ation that the peripheral end showed swelling esnd frag-
mentation of the myelin sheath, dissppearance of the
axis cylinder'?:g;oliferation of the nucleus of the sheath
of Schwann. These changes weve not noted in the central
end of the nerve, but elight changes could be traced to
the fibree of the cord. The spinal ganglion cells of the
side operated upon were affected as follows: first, there
was & concentration sround the nucleus of thieck formed
rings of chromatophile substance which leaves the edges;
second, there was & displacement of the nucleus toward
_the periphery: third, trere was a concentration of.
chromatophile substance in the center. This is very
vaguely stated and he possibly means thet there is con-
centretion within the nucleus. At any rate his descrip-
tion readsllike one or depression.

Flateu (1896) cut the ocular-motor nerve or a cat
and ellowed tne animal to live thirteen days. Upon
examinetion he tound that the cells were blurred in

.colgr and changed in form, being anguler and drawn to-

gether. The cell body had undergone trenstormation and

appeared granulare The ganglion cells appeared flabby






> A
and dull as if covered with 1ine dust. The nuciggs
colored darker while the nucleolus showed no perceﬁ;
table chenge. Other cells appeared homogenous except
as regards the nucleolus. In & similar experiment he
stained by ihe larchi method and clsimed thst tne tipres
showed no clear degeneratione.

Warrington observed the changes in the spinal cord
after section ol several posterior roots. He opened the
dura meter and cut the roots in the region or the cauda
equina about one-third ot an ineh from their entrance
into the spinel cord. EFEe stvained the tissue by Held's
method and described the iollowing changes: The nucleus
was markedly eccentric, and had & clearly defined membrane
g8:1d well marked chromatin networke This is probably a
" definite statement of depression for the nucleus has nor-
mally no chremétin network except in hyperchromatic.
stages ot activity. The nucleolus was well derined.

The chrometin nasses cowpletely disappeared from the
greéter part of the cell, and localized round the nucleus.
Here the Niessl bodies retained their form as disecrete

He describes the red staining part of the cell

massee,
as being distinectly striated, and in other cells he says

the blue messes were broken down into the form of a
fine powder. He also described & cell increased in vol-
ume without & vestige of the coloring matter, without g
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nuecleus and of & rather hysline appearance. This cell was
proabaly an exhausted cell in the last stage of depression.
He claims that the changes which he noted were the result
of the withdrawal of the afferent impulses which normally
impinge upon the cells, in agreemént with the assumption
on which this work is based.Fe found that the changes
which occurred after section of the posterior roots were
of a very different type to those which followed division
of an anterior root. The changes from cutting the pos-
terior roots were much more intense, the process of chro-
matolysis advanced further and in many ceses to such a
degree that all traces of chromatic bodies were absent
and the nucleus disappearede.

0f the anterior root experiuents, the first animal
.was killed at the end of ten days, &nd the segment of
the spinel cord examined. Very few apparently normal cells
were met with and these were smell. The most frequent
change consisted in & loss of any definite arrangement of
the blue colored Nissl bodies. Fine blue granules wére
observed throughout the cell bodies and the cellspresent-
ed the appearaﬁce of being less deeply steined than normel.
" The nuclei of these cells were prectically normel. In
other cells he noted that the nucleus had lost its well
defined mergin, hed become wavy in outline and was

surrounded by & reddish zone from which chromaphitiec bodies
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were absent. The second animsl was killed et the end of
fourteen days. He describes the changes as having the
same general &appearance ac £bove but in & more advsenced
degree. The nucleus of a typically‘altered cell lost its
definite outline, and its wmewbrasne was not visible, the
nuclear chromatin had not the ordinary net-like appearance
but had the appearence otr an irregular homogenous star-like
body. The nucleolus was invisible but several dark blue
stained bodies, he thought, might represent it. The
periphery of the cell appeared sc & diffuse blue mass.
This is & very close dessription of a cell in depression
passing into degenerstion.

There is & complete agreement of all later investi-
gators in rerard to degeneration, strophy, &and disappear—
| ance of cells‘following cection of their axones. lMany
of the investigators definitely describe depression,
The mein points noted are the central masssing of the
chrometin end its increase within the nucleus, the chroma-
tolysie of the peculiar sort that belongs to depression,
+he npowdery”.chromatolysis)and the disintegraetion of the
karyosome. The test ot comparing my observations with
those of other investigators is complicated by the fact
as alresdy stated that they recognize no changes of ac-

tivity and so setivity and depression esre described to-

gethere.
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CONCLUSIOIS.

1. Then the axone o9f & nerve cell is cut, the
continuous acti&ity of thecell is broken, the tonus
ie 1ost, and the cell pesses into deprescion.

2. If the cell is completely cut »ff from all
¥inds of etimuli, this depression passes into degener-
ation which finally results in & disappearence of the
cell.

3. If, howe#er, sufficient connections remain
established, the depreesed cell will recover. Such
recovéry in the Purkinje cell evidently begins in from
seven to nine days, for it is at this period that s
restorstion of extre-nuclear chromstin is found. But
a cell completely cut off from all kinds of stimuli

and in profound depression ce&n never recover. Such

a cell will atrophy and dissppears

4, Complete recovery of the cells which were

st111 present took place within twenty-seven days.
5.‘ Complete depeneration is marked es early as

two deys end ceuch derenerated cells disappear within

twelve GaySe






6« By comparison with the results of others,
the physiological effect resulting from the cutting
9t the aXone is the same for less differentiated
types of nerve cells ac for the highly specialized

type of the cerebellum.
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