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The lorphological Changes &f the Purkinje Cells cof the

Cerebellun in Feat Exhaustion in Ccrrelation with

the Changes of Normal Tuncticnal Activity.

The condition of heat exhaustion, insclation or heat stroke
has, in the past ten years, been thoroughly studied from a
clinical point of view by obgervations of the signs and symptons
of the recovery cases, together with autopsies of the fatal
cases. The candition is one of extreme exhavstion or depressiocn,
in which the temperature of the patient is considerably above
normal, and apparently beyond the centrecl of the heat regulating
appraratus; and in which, as is made evident by the changes in
thie parenchyma of the corgana, the metabolic processes are carxried
on at an extremely rapid rate.

In cages of reccvery the patient may show no permanent effect,
but in those cases in whigch there is a permanent disturbance,
it ie in most cases a le:ﬁon of the nervous system.

An autopsy of a fatal case will generally show a warked
congestion of the thoracic and &bdominal organe and of the
meninges. The blood is dark and fails to clot readily. The
kidney and liver show marked albuminous and alveclar degener-
ation, The heart muscle often showe albuminous degeneration
and the spleen and lunge a marked congestion., The post mortem
changes, especially those of the brain, cccur ghortly after death.

Thege conditiong, the exhaustion, the inability of the heat
regulating centér to control the temperature and the permanent
lesions of the nervous system, point to the brain as the center
of activity of the changee taking place in heat exhezustion. And
the object of this work is to determine the physiological pro-
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cesses by the morphological changes in the nerve cells. Tith
this in view, the Purkinje cell of the cersbellum of the
cerebellum was taken as the type, because of its size and the
ease with which the changes nay be recognized; and because of
the fact that in any condition in which the general nervous
eystem is concermed, the cerebellum will probably take a part,
owing to its function as cne of the higher senscry and co-
ordinating centers. .

The Purkinje cells have been studied here in thie laberatory k
under several different kinds of stimulation, and the results
were in each case those of normal finctional activity, though
the activity may be carried to the point of exhaustion. Dr.Dclley,
in a series of experiments of mechanical stirmlation by man-
ipulation of the intestines, found normal activity changes.
Again a chemical stimulation produced by the injection of the
toxins of certain bacteria gave gvidence of the same type of
reaction.

Reasoning, a priori, from these results we reached the
conclusion that heat, as another form of physical sgtimulation,
should produce the same changes.

If the morphological changee of the nerve cells are the
expressions of the physiological activity, this indefinite,
complex physiology must indeed produce a seriegs of changes,
thenselves complex in their nature. The ecrly investigators
of this subject began their work on nerve cells of a low order,
such as the cells of the sympathetic and spinal ganglia and
the sensory and motor centere of the spinal cord and in their

results there was a disagreement., Thie disagreement wag due
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to the fact that one investigator would find the changes of one
vhase while another worker would find the changes of a later
or an earlier stage.

Among the early authore, NWissl and Vas attributed the
augmentation of the chromatic substance to activity, Hcdge
and Mann to the state of rerose. As to the changes in the
size of the cell, one has admitted a8 a ccnsequence of activity
an increaso(Vaa), another, a decreage(Hodge). In the same way
‘Tas has described an increase in the size of the nucleus in
activity, while Hodge end lann have found a decrezze in volume.

Vas, experimenting on radbits, stimulated the sympathetlic
a short dietance above the superior cervical ganglion with a
weak faradic current and found the nucleus nctably larger. The
cell bYody wase increased about one third. The chromatic substance
was & little more abundant but modified in its distribution,
being sparse about the nucleus and lying in a coarsely granular
ring about the peripery of the cell body.

Mann found that during rest the chromatic substance is
accurulated in the cell body and congumed during activity.
Activity is sccompanisd by an increase in the size of the cell
body, nucleus and nucleolus in the sympa$hetic, sensory and
motor nerve cells., Tatigue is accompanied by the shrinkage off
the nucleus also of the cell and the formation of a diffuse
coloring substance in the nucleus.

Lugaro attributed the various findings of the different
authors, in part, to the remarkable difference in susceptibility
of different individuals of the same species. The game amcunt

of stimulation that would preoduce & certain decree of activity
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in one animal, might in another animal of the same species
show an entirely different stage. Tucaro repeated the work of
Vas and expressed his results as follows:
l. The activity of the nerve cell is accompanied by a state
of turgescence in the protoplasm of the cell body.
2. Fatigue produces a progressive diminution in the size of the
cell body.
2. In the moderate decrecee of activity, although the protoplosm
of the cell body becomes turgescent, the nucleus is not subject
to modification of volume.
4, Then the activity is continued and prrolonged for a long time,
the nucleus gubmits tc modification analogous to thode of the
cell body but less intense and slower,
5. The Quantity of the chromatic substance in the cell body
varies especially as to the individual characteristics by
ratio of the size.Thile it ie probable that the first phases
of activity determine a slow augmentation of the chromatic
substance, the latter phases accompanied by fatijgue, show &
diminution and more diffuse distribution,
6. The activity of the cell determines in the nucleus an aug-
mentation of volume whéch gives way slowly to the action of ~
reduction of fatigue.

Chiarini, Geurrini, Holmgren and others have described &
vart or all of these changes. These investigators have deter-
rined thdt in some stage of activity, fatigue or exhaustion, ~

there is a stage of hyperchromatism and that there are changes
in the size of the cell body and nucleus. Their main trouble

ig to agree on the sequence of events. The general idea
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cethered frow these rerorts ie that there is, with activity,
& decrease ir amount of chromatic substance and & slow in-
crease in the size of the cell. Tepginnirg with fatigue, there
ic @& slow ghrinkage shedrkage of the nucleus and perhape cf
the cell body.

Passing from the cells of the sympathetic and spinal
ganglia to a cell gomewhat higher in functlion and more
highly differentiated in morrholoegy, the'fﬁmkﬂnje cell of
the cerebellun, we fird a cell kore complicated in ite
changes yvet more distinct than thoege of the lower ganglia.

The stzges through which this cell passes from the
ptate ¢f rest tc that of complete exhaustion have becn
thoroughly descfibed ahd placed in their logical corder
by Tr.L.H.Delley. For his umaterial he did Pot rescrt to
the stimulation of an individual group of cells, but to
the fatigue of an aninal as a whele by muscular exertion.

An animal was rlaczd in a tread mill and kept running,withk
bn&&ﬁ intermittent reriods of rest, until thoroughly fatigued.
Itwas then killed with ether and the tissue fixed ir the
mercury-forralin fixative. Various modification of this
experiment, rerarding the degree of fatigue and the period
of recovery, were rade so that & complete picture of the
changes of activity, fatigue and recovery were obtained.
These experiments, though necessary for the determinaiibn

of the‘iogical sequence of the different changes, are not at
all necessary for the picture of the individuval stagee. In
the ceretellum c¢f the norrmal animcl are to be found all

the stages of activity and'fatigue as describved by Dr.lolley.






The changee he descrives a5 follows:
"l. The resting cell. Tt is lacking in intranuclear chronmatin
except within the karyosome(nucleolue) and the amount of extra-
nuclear chromatin varies with the individual. )
2. The stages of progressive hyrerchromatism, in which , in the
pure type, the initial enlargement reachee its maxiwur.
3. The stage of maximum hyperchromatism, which is associated
with the beginning of ghrinkage.
4 and 5. The ctages cf regreesive hyperchromatier together with
the maximunu of ghrirkage. Coincident in place bvt separated
origirally to denote the difference in shape, stage 4 bteing
rore gttenuated and spindle. Poth 5tagesv4 and 5 are to e
further divided into an early, the pure}%odge type, and a late
division, characterized by the sharp begirning of the nuclear
cdena.
7 and 8. Twe stages leading to the primary disarpearance of
cytoplacsuic chromatin.
© and 1C, The stages of secondary restoration of cytoplasumic
chromatin., The chromatin is firgt piled up about the nucleus
and then passes put. '
11, The stage of the secondary disaprearance of cytoplasumic
chromatin. With the complete using upr of the previous supply,
the karyosome is left containing the only vestige of basic
chromatin in a much more exhausted looking cell.
13. The disintegraticn and pacsing out of the ultimate content
contained within the karyosoue.
12, The exhausted cell.

The main idess in appreciating these stages are that this






extranucliear furctionirg noclear material, the so-called Niesl
substarce, is derived through the nucleus, that it is usesd up
ir the course of the work and continually replaced by the
rediation of the nucleus; that at first the supply ie in excess
of the demand, the hyperchromatism, but with leng coentinued
drain, the supprly falls shert ¢f the demand and there results

& progressive diminution in chromatin, the hypochromatisu, and
firally no chromatin at all",

Associated with these changes of the chromatir content are
changee in size of both cell body and nucleue. Trom the state
of rest cf stage 1 the volumes of the c2l) body and nucleuvs
are increased ir stage © to arrroximately twice their criginal
slze., Tut this increase is of ghort duration for in stage 3
the volumes are consicderably less than in the preceding stage.
In stages 4 and 5 the cell body is still more shrunken but the
nucleus at thie point begine tc increace in esize. In stage €
thg cell body has begun to enlarge, and from thie yeint until
the cell ie completely exhausted there is a gradual increage
in the volumes of the nucleus and the cell body.

Tollowing Hertwig's idea that for every cell the volume

of the cell becdy bears a certain relation tc the voluwme of the

~ - ‘s
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nuoleus,liﬁgtAréigtion(6éihg called the nucleva-plasma ccC-
efficient, Dr, DPolley has determined this coefficient for each
of the thirte%h different stages. These values when plotted,
complete z curve which appears congtant for homologous cells
of different individuale of & species. And although the value
of the coefficient for any estage is not the same as that of

the corresponding stage of another srecies, the trend of ths
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curve ie the same for man, dog and ratbit. The curves for ﬁhsw‘
dog as determined by Lolley is representsd in Zigure 1.

This nucleus-plaema curve was determined for the cells of
the rabbit ags folleows: For each of the firgt ten stages, ten
cells were measured and the average for each taken. The volumes
0f the cellc were measured in termg of m;}imetera from pro-
Jections with the camera lucida, the relative volumes giving
the game value for the ccefficient =2s would the absolute
volumeg. This curve is represented in figure Z,.

Source of material.~As an experimental animal for this
work the field of material was linited tc the cat, dcg and
rabrit; and as the same breed and size of dog could not be
obtained ir sufficient numbers, the cat snd radbit were chosen
for the experimente. A few experiments on the cat,however,
served to eliminate this animal as unfit material because of
ite excitability. The cats used, seemed, in their natural en-
vigkhments quiet and not easily excited, but vwhen placed in ~
the hot air oven they beczame very restless. Their excitement
increaced with the increase in temperature and reached a stgge
such as to make the rcsults(ﬁg)the heat worthleeg vecause of 1
conplication with the results ¢6f excitement., o for the remain-
ing experiments, the rabbit alone wzs used and the results are”
asgumed to be those of heat alone since no other factor seemed
to enter the experiments. The rabbits were not sxcited vhen
plcced in the oven and remained so regardles of the temperature.

The normal cr control brains were cbtained by killing a

rabbit quickly with ether. The brain was removed at once znd

placed in the fixative. .
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The exhausted brains were obtained by heating the rabbite
in 2 hot air oven. The oven used was one fitted with a dcor
in which there was & small window for cbservations throughnut
the experiments. A thermometer and a thermostat were placed dn
apertures in the top. The latter kept the temperature constgnt
within the range of two degrees centigrade. A false flcor of
wecod wag placed in the oven about four inches above the originsl
floor, beneath which were two small gad burners. A steady cur-
rent of air paesed in at bottom and through the top of the oven.

The animels were placed in the oven at a temperature only
& few degrees above the normal body temperature and allowed
tc remain at thie temperature for & short time. This was fol-
lowed by & very slow increase until they were taken from the
oven, The degree to which they were heated varied with the
individual susceptibility. In those animals which were to be
heated several times for the cumulative effect, complete ex-~
haustion was not always obtained because of the faot that, if
recovery was expected, the animal had to be removed bvefore
complete exhaustion was manifested. And in some cases they
were removed before they had been sufficiently heated to pro-
duce marked exhaustion, -

In every case the animal cied from the effects of the heat.
The brain and cord were removed as socn ag wae pocssible. Secticns
were taken from the worm, uvula, biventral and post, inf, lobes
of the cerebellum, from the cortex and basal ganglia of the
cerebrum, from the medulla and cord.

The duration :nd temperature of the individual experimente

are expreesed in Table 1.
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Note on clinical ocbservetions.—Pabbit né.'l when taken
from the oven had a very high respiration and heart rate and
was sweating profusely around the muzzle and feet. Then first
taken from the oven, the animal was still able to walk, but
within a very few minutes it was unable tc stand. Reflexes
were greatly exaggerated. Thirty minutes later the animal could
again stand and walk about thcugh the movements were not
rroperly ccordinated. Following this was another periocd of
depression during which the ratbit died. This fact wae noted,
when ratbite were allowed to recover in o warm room, that if
they survived the gecond depression, recovery was assurad,
if they died it wae during thie pericd. Tn several instances
cold arrlications were used to hasten tecovery. On three of
the aninalsg were placed cold, wet towels and the animels died
in a very short time. Two other animale were placed in snow
racks. The gnow when brought in contact with the warm skin
rroduced at pnce clonic convuleiong and the animale died with-
in a very few minutes. The brains of the animals dyirng with
convulsions were not used for heat exhaustion brains.

Téohnig,\m;croecopic. The technic used in thege experiments
for fixing, 1mt;E§I£g and staining has been the same throughokt
the work, Tor fixation, a solution consisting of 2C parts of
e saturated aq. solution of btichleride of mercury and ten
rarte of 407 formalin was used. The tissue was kept in this
golution 5 to 6 hours, the tiue depending upon the thickness
c¢f the sections, then run through the graded alcohols, 24 houre
in each, to 80% aloohol, The alcchcls from $07 to §57 were
iodized. In 807 the secticne were left for 48 hours, then
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rlaced in 957 for 24 hours, absolute slcchol for several houre
and irtedded in raraffin.
The gections were cut 5 micra in thicknesg and stained by

the following wetheod.

Xylel 3 min, 207 slcohol 3 min
g g n water  #

AEs. alcshol § il Trythrosin(40 deg.Cent.) 1 min.
n

o579 " 3 " washed in water

802" " n o n

707, " "o Toluidin blue 5 - 7 mir.

50 n non

waghed ir water,
sections then decolorized in 957 alcchol, differentiated in
a solution of 107 aniline oil in 957 alcohol, dehydrated in
absolute alcchel and cleared in xylol.

Dolley, in hie work on the nerve cellg,has used this
ethod for meny differcnt experimente and found it to be one

6f the begt as well as the most convenient methods for stain-
ing train tissue. And as the results have been consistently
satiefactory, no cther method has been used for the work on
heat., The erythrosin gives a good picture of the cytcplasmic
and linin structure and the tcluidin blue stains both the
chromatin of the karyosome and the extranuclear chromatin or
Nieel substance,

The resultes of heat exhaustion. The results @gjthoeo ex-
periments are in general the same, differing only in derres
of severity.

In taking up the changes of the fﬁrkinjo celle the firest ¢
thing which strikes the eye of the cbserver is the high per-
centage of the large, edematous, hypochromatic cells. In some

of the baminsg it would seem at first glance that all of the






cells have reached the higher stages cof activity, nevertheless
in every case are to be found cells, though few, correspond-
ing to the p¥perchromatic stages. The acturl percent of the
early stagee differ in the different individuals, owing to
their difference in susceptibility. Counts onseveral of the

brains are shown in the fodlowing table,

hyperchrouatic redium hypochromatic
Mormal 1 539 ©3 368
o 3 500 70 430
8 622 54 323
Rabbit 1 375 43 583
# 4 a0 8 202
5 8 62 12 019

Rabbite 1,4 and 8 were exhausted animals.
The changes which are found in these cells aprear to be

thcse of normal activity, since they show the usual changes

in size and chromatin, yet on closer inspection they are some-
what atypical ir their appearance. The different stages as
they are found in the heat exhausted animale may be describved

ag follows:

1. The cells of this stage show rarked changes though they are
considered the normal resting cell, or at least just beginning
activity. The amount of the sxtranuclear chromatin is about

that of the nromal cell. It is about evenly distributed through-
out the cell body and though it appears dimly reticulated, it
has & more homogeneous appearance than the chromratin of the nor-
mal cell, The nuclear substance is dense and has scattered
through it emell darkly stained granules of chromatin. These:
cranules zre algo scattered around the nuclear membrane, most

of them retaining their globular form, but a few are to be

found flattened against ike mermbrane. The karycsore aprears as
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a dehser area of nucleolar subetance in which are imbedded
several of the chromctic granules.

8, Only o very few célls:of this stage were to be found. They

are cells considerably larger than the cells of the resting

stage and having a latge rounded nucleus. The Niesl subistance
aprears as a homogeneous base with a fainf reticulum, with

small irregular nodes of heaver masced chromztin scattered
through it. The greatest concentration of the Niesl substance

is at the axon end of the cell and around the nucleue, and
gradually decreases toward the opposite end. At this end and

near the begirning of the dendrite, the cyteplasm is almost

clear of chromatin and is stained a deep red. The nucleus is
latge and rounded. The nuclear substance is dense and has the
chromatic granules in it as described for stage 1. But the
nuclear substamce as & whoie has a decided tinge of blue, as
evidence of a goluble intranuclear chromatin. The karyosome

is an irregular tody staining with the acid stain and dbeing

set with several granules of chromatin, remnants of the originsl
Yaryosomal chromatin.

2. The cell of this stage is smaller than that of the preceding
stage, with a variable appearance, owing to the difference in
chromatin contents and its affinity for erythrosin. The chromatin
of the cell of this stage may be so dense that the nucleus is
invieible. Tt appears as a dense homogeneous mass fading out

at the dendritic end. Tn some of the cells where the nucleus

is visible, the chromatin is arranged in areas varying in density
and giving the ce)l & mottled appearance. The cytoplasm where

it is vieible is a fine feathery network staining in some celle






- .
a light pink, in others a deep red. The nucleus of this stage
is erall and irregular and stainsg like the nucleus of stage 3,
though a deeper tlue. The karyosome and the karyosomal
chroratin have the same arpearance as degcrited for stage 3,
and in fact this condition holds true for all of the firet
nine stages.
4 and 5. In these two stages the cells are small and shrunken,
but the nucleus begine to enlarge in the latter part of stage
5. The contour cf the cell body as well ag that of the nucleus
is very irregular. The amount of Kissl substance is consider-
ebly lessened in amount and again shows the retioculated network.
At this point it might be well to describe certzin cells,
very abnormal in their appearance, but which, judging from
their size and shape, belong to stage 5. The nucleus is small
and 80 darkly stained that its structure cannot be determined.
The cell body stains & deep red and showe no evidence of Niesl
substance. This cell represents one extreme and the cell s&s
described above represents the other, and between the two range
&8ll gradations from one to the other. All of these cells have
about the same size and shape, and though some of the cells of
stage 3 regemble them to a certain extent, they occur only in
stages 4 and 5,
6, 7 and 8. Following the decrease in vcolume of the cell body
and nucleus of the stages four and five there is a gradual
increase in size and decresse in Niesel substance through the
stages 6, 7 and 8. The cell body is regular in outline and
edeustous and contains very little chromatin. The nucleuws is

large and the nuclear substance is more abundant than in the
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cells of these stages in undisturbed functional activity. The
erpearance ¢f the intranuclear chromatin is the gsame as in
stage 1.
9. Here again is to be noted considerable difference in cells
belonging to the same stage. The najority of the cells of
stage S differ from the cells of tho.prcccding stages only in
glze and amount of edema. PBut further differentistion is
marked in some of the cells of this stage by the fresh out-
put of chromatin. This new chromatin, which is characteristic
of stage 9 in normal activity, appears in the cytoplasm as a
crescentic body lying close to the nuclear memdbrehe on that
cide which is nezrest the dendrite.
lo and 11, During these two stages of activity the cell uses
up what little chromatin it has received in stage S and con-
tinues to increasge in gize. The cytoplasm seems split from
the outsr wall ¢f the cell by a large edematous area which
entirely surrounds the cell. The intranuclear chromatin is
gonewhat reduced in amount, the granules apprearing much smaller
in most cases, than in the earlier stages. The nuoleurs still
retains a goodly emount of the origirnl nucleolar substance.
12, This stage marks the :ntire absence of chromatin either
extra~ or intranuclear

These changes, though having the general appearance of
activity changes, may be contrasted with the changes of activity
as followe:

The intranuclear chromatin, which in the normal cells is
only found imbedded in the karyosome, making it appear as

heavy chromatic body, is broken up into fine granules and
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ecattered through the nucleus. This condition is found in the
celle of heat exhaustion in every stage, beginning with reet-
¢ng cell and disappearing only in complete exhaustion. In
stage one and two and in some of the cells of stage thres the
extranuclear chromatin is present in an amount ~bout that of
the normsl activity cells, but it appears much more homo-
geneous ag if it were dissolved in the cytolymph. In some
of the cells of st@go three and five the amount is below
normal. In the later stagee it is below normal in the greater
rroportion of the cells. The nucleolar substance is much more
abundant in the later stage & of heat exhaustion than in the
normal. The nuclei of the former increase in size bLut do not
get very edematous.

Tollowing the work of the cerebellum, sections were examired
from the basal nuclei, medulls and cord and the type of cell
found most abundant was & large, edematous cell. having very
little or no Nieel substance. In the cord,the cells of the
posterior horn were farthest advance in the scheme of activity.
In many of thece cells were to be recognized the same cghanges
in the intranuclear chromatin that have been described for the
Purkinje cells.

Revidw of literature.” Goldschfeider and Flatau, in 1897,
experimentally exhausted ratbits by placing them in a thermostat
at a temerature of 45 degrees centigrasde, The animals were
‘left in the oven for periodes varying from thirty minutes to
two and one half houf&fln these animals they found the anterior
horn cellg were entirely changed. Only a trace of the normal

arrangement and appearance of the Niesl substance remained.

v
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The celle were increased in size and had a pale blue homogenecus

arpearance. The nucleil corresponded to the normsl, The karyc-
gome wae irregular and stained darkly. The changes were found
in the spinal cord, in the motor nuclei of the medvlla and the
pens. The latter ghowing the changes scmewhat better than the
cord.

C.Marineeco in 1805 and 1906 produced in new-bern animals,
degs, cats, rabbits and guinea pige, exhaustion by exposure
tc the afternoon sun of the months of August and July. He
firdes that the cells have lost thelr striated aprearance due
tc the precsence of Niesl substance. The cell is pale and edera-
tous at the edges. The nucleue is swodlen and $lightly lighter
colered, showing no reticulaticn. The nucleolus was more or
lese vacuolar, MNarinesco describes certain cells in ¢the:guines
prigs, killed by insolation, vhich stain 2 peculiar yellew
ochre, and contain neither reticulum nor fibrillae. |
Angto's experiments are similar td those of Marinesco. Te ob-
tained expaustion by the same method, and his regults he exrrecses
ag follows:

Cerebral cortex. The emall pyramidal cells are greatly
changed, the nucleus is gwollem and eonetimes distorted and
nore diffusely cclored. The cytoplasm hae an irregular,reticulated
appearance. The cel s hrave entirely lpet their form. Other cells
have a thickening of the protoplasm lying closely around the
intensively colored nucleus. The large pyramidal cells are
better rreserved but the chromatic substance ie lacking in the
cytoplasm which staine a diffuse 1gcht color, thickened arcund

the nucleus and split around the edges with vacuoles. Tome of
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these cells have entirelylost their form. The polymorphic

cells are markedly changed. In some cages only & small dif-
fusely colored nuclsus is to be recognized. The intranuclear
chromatin is brecken up into small granules and scattered thrcuch
the nucleus.?hesc changes are the same as found by the writer,
Tor the'Pﬁrkinjc celds he describes the same change, an
¢denatous cytoplasm free from chromatin, large light staining
nucleﬁs and the intranuclear chrouwatin broken up inte granulés.
Ewing, for insclation, heated rabbrits in a dry air oven.
The brainsg were hardened in lang's fluid and stained by Missl's
methdéd. Me szgys of hies results, " In the medulla all of the
~ chrometic bodies of the nerve cells have disarpeared, although
sore of the cellg show a faintly visible network or a few dark
granules in the cytoplasm. Large clear vacuoles were seen in
the cells. The cell bodies 1obkf waxy, staining a light blue,
their putlines were very irregular. The nuclel were almost
without exception diffusely stained dark blue. About the nuclecli
were often two to five dark ~ranules, while the nuclear mem-
brane was irregularly invisible. In the cord the chromatic ~
bedies of the stichochromes had almost entirely disapreared,
the cell bpdies locking wax}y,swollcn and staining diffusely
light blue, the periphery being very pale. In many cells traces
of the chromatic bodies could be detected, (1) in the form of
very pale, racced macces of the same general shape as in the
normal ccndition.(2)In the form ¢f fine granules scattered
through the cytoplasm; and(3) as a diffuse colorization of
the entire cell, The dendrites showed an irregular network

composed of granules, or occasionally a racged spindle. The
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nuclei were very darkly stained, their pogition was usually
central, and they regembled the nuclei of the nmedullary cells.
Sunmary. FTollowing these changes through the different
stagees we have found that they correspond to the changes of
normal activity, in regord to their changes in size and shape
and in general in regard to their changes in extranuclear
chromatin. Judging from thodo resulte, the primary effect of
heat muet indeed be that of stimulation. But the chnages in
intranuclear chromatin, the subnormal amount of extranuclear
chromatin and the failure to uge up the nucleolar substance
roint to another sffect, éither directly due to heat or in-
directly to the producte of heat. Toc explain this effect, one
must congider the intrinsic function of the cell, the formation
of chromatin. The formation of chromatin, while apparently
taking place in all stages, is more proncunced in the sarlier
stages of activity and agdin the sfdgoe of.8 and 9. Tollowing
Hertwig'e theory of the formation of chromatin in gcncral, the
Tiesl substance is formed through the cooperation of the
cytoplasm and nucleus, and during its formation the aclid staim-
ing substance is consumed. There are the following points to
be interpreted.- First, in the cells of héat exhaugtion this
substance is hot consumed, as it undoubtedly is when there is
an active formation of chromatin unddr perfectly norzmal con-
ditions., Second, in all stages and particularly in the stages
where chromatin formation is normally most active, the marked
deficiency cf available chfcmatin showe that the:surply ie nct
Xseping up with the demand. Third, the chromatin of the karyo-

gome is normally the last to disintegrate, and this only occurs
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when the formation of chrematin through ordinary chanrels has

ceased. The premature dissclution of the karyosome then affords
stréng indication that it is under a similar influence, whan
taken in connection with the cther points. That is, the cordinary
continuous formation of chromatin has coasodin such 8 degree
that the karyosome is affected structurally, and ite reserve
supply is demanded. These facts point uniformly tc an impair-
ment of the chromatin formation and are considered to indicate,
anatomically, a state off depression.

If the first ¢ffect of heat is a stimulation, the secchdary
effect is in all probability not the direct effect of the heat,
but the eff:ct of the products of heat, as thw waste products
of metabolism are very abundant since the metabolic processes
are carried on at such a high rate. Trom physiological exreri-
menta, such wagte producte depress the functione of the cells.
It seems reascnable tﬁat this is tho'anstomical explanation in
part at least cof é?eiological depression,

In terme of this explanation the primary effect of heat is one
of stimulation, for the cells are not g0 altered as to fail to
show their generally exhaugted condition. On top of this, there
como/’thc wagte products, produced in exceesg by the overactivity,
not only of the brﬁin,'but &8 the peculiar feature of this form
of stimulation, of all the body cells. The mass e¢ffect ¢f this
is to throw the previously active cells into depression.

The intranuclear chromatin of the ;erinjc cells, if it
cannot be accepted as directly transformed into extranuclear
chromatin, is concerned in the formation of the Nigsl substancs

as the chromatin of the simple, unmodified cells is concerned






.
in any of the functione of that cell., Then the products of
rmetabolism have become sufficient to produce a depreasion of
the formation of Nigsl substance, this chromatin inside the
nucleug, in an atterpt at accomodation, is broken up and
scattered through the nuclnuqJ apprarently passing to the

nuclear membrane, near the seat of the formation of chromatin.
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