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Th . orph 1 eic 1 Chang of-th Pur kinje C 11 of th 

Cer 1 .um in . t Exh uation in Corr 1 tion ith 

t h Ch .. n s of . ~orl1l 1 Function 1 Acti it~T . 

Th oondit on of h t xh u tion~ i n l' ti on or h t trok 

h ~ i n the t t n y ~r ) b en thoroughly tldi d from a 

c11nica oint of vi w by ob TV tion 0 t n nd eym 111 

of th r!cov ry cas ) to t r with utop i i 0 th fatal 

cs-a • Th c ndition is on of xtr m xhau t ion or de r 810n" 

in which th t mp ratur of th pati nt is aoneid r b1y a ov 

normal; and pp rwnt y yon t he control of th h t ree;ul tine 

p r tua; !:I nd i n wh i ch" a is m. e vid nt y th ch n a in 

the p r nc ym of th or . an J th m t bolio roc 6 ar c r i d 

on a.t n xtr m ly r a i r a t • 

In 0 e of r cov y th tie 1t . Y aho AT no perm nent ff ct , 

but in thoa c a i in h~h t r ia Wt . rm&n nt di t u rb nc ~ 

it is in mos t oases 1 'on of t. e n rvous syet m. 

An utopsy 0 f tal ca.s ri 1 g n r 1y sh ow a marked 

con' etion of the thor cic and ~ bdominal organs a.nd of the 

m nine; s. Th blood 1 d rk and f a il s to clot r dily. Th 

kidn y and liv r how m rk d lbuminou and a.lv ola.r deg ner-

a tion. Th hart muso l oft n shows albuminous d e 11 r a.t i on 

and the spl een and lung m&r d cone;estion . Th post mort m 

chang 8, epecial1y thoa of the br 1nJ occur hortly aft r d ath . 

Th condition, the xh uet ion~ the inability of the h at 

r gul2,tine; c.",nt r to control the t rep r :tur n th rman nt 

1 ions of th n rvoua eYit m, point to th br i n & th c nt r 

of .. ctivity of th ch ng staking pl ac. in h at xhRu ation. And 

th obj ot of thi work i t o det rmine th physiological pro-
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c sa a by the morphological cnangea in the nervI cella. With 

this in view, th~ ~rkinje e.11 of the cerebellum of the 

cer.bellum was taken && the typ.~ because of ita size and thl 

.as. with which the ch~nels may be recognized; &nd because of 

th taot that in &ny condition in which the z.n.ral nerVOUQ 

syst.m is coneerBed~ the cer.bellum will probably t.k a p~rtl 

owing to its function .a one of the high r i nsory and co­

ordinating canters. 

The Purkinjs celle hay been studi!d here in this laboratory 

under several different kinds of Qt1mulation J and the rlaults 

were in each cas. thoee of normal fmnctional activitYI though 

the activity may be carried to tbl pOint of exhauation. Dr.DolleYI 

in a s.rili of experiments of mechanical stimulation by man­

ipulation of the intestin~il found normal &ctivity changes. 

Aeain ~ ch.mic~l stimulation produced by the' injection of the 

toxins of certain bact eri& gave vidence of the aame type of 

reaction. 

ReaioningJ a priori l from these rlsulte w reach ti d ' the 

oonclusion that h.at J as another form of physical eti!nulation l 

should produc the sam. ohanges. 

If the morpholoeical chang s of the nervI cells are the 

exprsssions of the physiological activity, this inde!inite l 

complex physiology must indeed produce a a.ries of chan~e8, 

themselves complex in their nature. The a rly investigators 

of this subjeot began their work on nerve cells of a low ordor l 

suoh as the cella of the sympathetio and spinal ganglia and 

the G.nsory and motor cent.rs of the spinal cord ~nd in their 

result s there waa a disagreement. Thie diaaBre~m.nt waa due 





to the fact tha t one inv st1gator would find th chang.s of one 

phaa. wh11 anothsr worker would find the changos of. & lat.r 

or :anearlier stag •• 

Among the arly authors~ Nissl and Vas attributed the 

augmentation of the chromatic aubetanc. to &ctivity~ H(.~ge 

and Mann to the stat. of rel'0l'. Ai to the ohang •• in the 

size of the oe1l, one haa admitt.d &i a consequence of activity 

, n incr ail (Va,s' , anoth r} a d.creaa. (Hodg ,. In tho awn way 

Va. haa deacribed an increaa in the size of th nucl us in 

i.~. cti vi ty) whil Rodg a.nd rl:&nn have found a doer ail in volum • 

Vai~ exper1mentine on rabbits) stimula t d the sympath tic 

a short di et nee abov the superior c.rvical ganelion with a 

wc&k faradic curr nt and found the nucleus notably larger. The 

co11 body was increased abcut one third. Th chromatic subst~nc. 

W&a a little more abundant but modified in ita dietribution l 

being sparse about th nucleus and lying in a ooarsely eranular 

ring about the periplry of the c.l1 body. 

Mann found that during rest tlt. chromatic aubat&.nce 1a 

accumula t d in tl1 cell boo.y i.nd coniumed, during act! vi ty. 

Activity is accomp~ni e~ by an incraa' in the siz. of the cill 

body, nucleue and nucleolus 1n the aymp&)h.tio, 8 neory and 

motor n rve cilla. Fatieue 1; acoomp&niod by thl ahrinkag. o! 

the nucleus a1eo of the c 11 and th forma.tion of II, d1ffuao 

coloring substance in the nucllui. 

tugaro attributed the various findings of th diff r nt 

Quthors 1 in p~rt1 to the remarkabl differ nce in eusc ~t1bility 

of different individuals of th aame sp oila. The liame .mount 

of stimulation that would produce a certa in d gre of activity 
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in one animal l might in another animal of th sam sp ci 

sho'w an ntire1y diff rent stag. !Jur,ttro r p a.t d th ",T ork of 

Va. and expr.ssed his r eults as followa: 

1. '!'h aotivity of the nervI e.11 1&3 &ccompani.d by a state 

of turg soene. in the protoplasm of th c 11 body. 

2. Fatigue pro~c.s a progr.ssivi diminution in the e1z1 of the 

cll1 body. 

3. In the mod rat. decrCi:.e of activity, altn.ough th protopln.Gm 

of the cell body becomes turg sc nt~ the nucleus 1i not subject 

to modification of volum •• 

4. When th activity is continued and prolonBed for & lone tim} 

th nucleus lubmits to modification n a1ogou to thoa. of the 

c.l1 body but 1 ss int net and slower. 

5. Th ~uantity of the chromatic substanc. in th cell body 

vari a specially as to th individual characteristios by 

r&tio of th@ 81zl.Whil it is pr obable tha t th first ~h~Qi 

of activity d termine alow 2.ugm ntation of the chromatic 

euostancI 1 the latt r phae i accompa.nie 1 by f&tittuoJ show a. 

diminution nd mor ... diffue distribution. 

6. '!'h activity of th cell d.t rm1n a in th nucl .. us a.n aue­

mentation of velum whlbch give way slowly to th &ct1on of 

r duction of f&tigue. 

Chiar1ni~ G urr1ni, Holmer nand othera h av d scrib d a 

part or ~ll of th s. ohang "e. Tn a inv.stigators h&ve d.ter­

~1n d thlt in some stage of activity) fat1gu or. xh~uition) 

there ia a atag. of hy~erchromatiem and that th r. ar chane & 

in the size of th cell body and nuoleua. 'rh ir tni.1n trouble 

ia to a.gr on the 8 quence of ,venta. Th g n ral 1d,a 
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r,athere~ frou theo e r e~ortQ Is that there 1 ~ with &ctivity: 

~ decre~se in amount of chromatic substance and a elQw 1n­

crease in the s~ze of the cell. reginnir-e with f~tigueJ th ere 

is Ii, slow shrinka.ge Ihl'a.,,].;ag-e of the nucleus Q.ndperhii.~i of 

the cell body. 

P~siin~ from the cells of the aympatbetic and apin~l 

e~n~lia to a cell iomewh&t higher in func t i on ~nd more 

h ighly di ferentiate~ in morphology" the'1trki.nje oell of 

the oerebellum~ we ri~d a cell ~ore complicated in ita 

chanees yet more dietinct than tnose of the lower £;a.n~11&. 

!he it~~es tbroueh which this cell pa6 s es from the 

state of reat to that of complete exh&ustion h~ve be en 

th~rouihly deecribea ahd placea in their logical oreer 

by ~r.D. H .Dol 1 ey. For his materi 1 he did ~ot rescrt to 

the stimulation of an individual ercu~ of celle" but to 

the fatigue of a.n animal as a whole by muscula.r exertion. 

An animal was p1ac '2 in a. tread mill and kept runnine,w1tb 

bi~ intermittent ) er iode of rest, until thoroughly f tigued. 

Itcwas then killed with ether nd tr.e tissue fix ed i n the 

mercury-forn&11n fixative. Various modificat ion of this 

experimentJ re~arding th e degree of fatieue ~nd the .eriod 

of recovery~ were ~~de so that a complete picture of the 

changes of activ1tYI fatigue and recovery were obtained. 

'!'hese e'xperiments J though nece s s a ry for the determinaiti:on 

of theloi1cal Beq~ence of the different ch&n~esl &re not ~t 

all neoessary for the picture of the i ndividual ta~ee . In 

the cere e_ lum of tbe norr.lal anir:1c,1 r e to be found &11 

t he st r ees of activity and fatigue ~e described by Dr.Dolley. 
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The chaneee he describes ~8 follows: 

"l. The reetir.g cell. It is l~ckini in intranuclear chro~~tin 

except within tbe k~ryoaome(nucleolue) and the amount of extr&­

nucle~r chromatin variee with the individual. 

2. The stages ot progressive hyperchromatism, in which ~ in the 

pure type l the initial enlargement reaohes ita m&X1mu~. 

3. The staee of maximun! hYrerchromatism, which is aSioci&ted 

\'iT i th tbe beginning of shr1nl<aee. 

4 and 5~ The stages of reerecsive hyperchrom&t16~ tOGether with 

the n:axinrun:. of ahrir..kage. Coincident in pli.ce bvt 6eparate~ 

originally to denote the difference in shape~ stage 4 being 

mor~ attenuated ~nd spindle. Eoth atages 4 and 5 are to be 

further divided into an early, the pure ~odge type l a.nd a late 

divie1on~ characterized by the sharp beginning of the nuclear 

eelema. 

, and 8. ~/o stages leading to the prirr£ry ~is~rpearanc. of 

cytoplasmic chromatin. 

9 and 10. The 8t~ges of secondary restoration of cytopl&smic 

chromat1n. The chromatin is firat piled up about the nucleus 

and then p&6leS ~t. 

11. !he ataee of the secondary disappearance of cytopl&sm1c 

chromatin. With the complete uling up of the previous supplYJ 

the karyo8ome is left containing the only veetiee of b~sic 

chromatin in a much more .~aueted lookinB oell. 

12. The d181ntegrat1on and paeeing out of the ultimate content 

contained within the karyosome. 

13. The exhausted cell. 

The main ideas in Appreciating the.e et&gee are that th1a 
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~xtr .. nucl ear i'urctionir..e nUc1ear materii.l" the ao-c~ll ed Nieol 

6ubstiX.ce J 1e derived throu£;h the nucleui" that it is us ed uI; 

in the course of the wo%k and continually repl~ced by thc 

reedi&t1on of the nucleus; that &t f1rat the aupply 1s in excess 

of the demand" the hyperchron1at1em., but with lone contin".1ed 

drain" the supply falls snort of the demand and there results 

a progressive diminution in chromatin" the hypochrom~tiam, anQ 

fina~ly no chromatin at ~11". 

Associated with these chanees of the chrQl1&tir.. content ara 

clu~.nee8 in si""e of both cell body iUld nucleue. From the sta,te 

of rest of .stac;o · 1 th e -,]olurree of the cell body a:r.d nucleu£l 

are increased i r stage 2 to arrroximately t wice their nriginal 

size. But this increase i6 of short duration for in stage 3 

the volumes ~re considerably less than in the ~receding sta~e. 

In s t~eee 4 ~nd 5 the cell body is still more shrunken but the 

nucleus ~t this point begins to incre&ce in size. In st~ee 6 

the cell body haa beeun to enla,reeJ ~d from ·this roint until 

the cel l is completel y exh~uste~ th ere is a gradual 1nc ~eaee 

in th volumes of the nucleus and the cell body. 

Fol1~wing Hertwig's idea tha t for every cell the volume 

of the cell body bears ~ q~rtain relation to the volume of th~ 
< ,l i-t 1 t c;.,,/ -.., r ,Al.'\.J- I!.( / '-" ,") 

nucl eus, - th~ r elation 'heine called the nucleus-~l~sm& co-
1\ 

efficient, Dr . Do:'.ley has deterznined this coefficient for-eQ,ch 

of tne thirte~n different stages. These values wh,n ~lottedl 

complete a curve which appears ooneta,nt for homoloeoue cells 

of different individuals of • species. And .1 though the value 

of the c oef! 1c ien t for .. ny s t.ge is not the sam. i.e tl1' t of 

the corresponding etaee of another spec ies) the ,trend of tr.1 
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ourve is the same for man,,-dog and ra.bbit. The curves for the ,; 
"' ...... ~. 

00£ as deternlin ed by Dolley is repreaent :-: d in fieurt"! 1. 

This nucleus-plasma curve waa determined for the cells of 

the r&bbit as follows: For each of the first ten etag •• ~ ten 

cells wire measursc1 and the a.verage for each ta.ken. The volumes 
f 

of the cellD were measured in terms of m~11metera from pro-

jections with the camera lucida~ the relative volurr-es e1ving 

the same va.lue for the coefficient as woulc thl absolute 

volulliel. This curve is represented in rieur~ z. 
Sourc~ of mat erial.- .As an experimental. a.nimal for this 

work the field of matsria.l was 11~it ed to the c~tJ deg and 

rabciti and a& tne same br~ed and size of dog could not b. 

obt.1ned in suffioient numbers" the cat ~nd rabbit were chosen 

for the .xperimente. It few experiments on the cat~however~ 

served to eliminate this animal as unfit material because of 

ita exoitability. The ca ts used, eeemed l in their n&tural en­

v1~~ments quiet and not e~e11y excited) but when placed 1n 

the hot Q.ir oven they bec ~,me very restless. Their excitement 

incre&e.d with the inoreas' in temperature and reached a atiS. 

such as to make the results (~the heat worthless because of 1 

complicEl.tion witll the results Of excitement. So for the rema.in­

ing experirr.ent&~ the r~bbit alone was used and the results are 

~ssumtd to be those of r..e~t a.lonoe since no other fa.ctor seemed 

to ent.r the axperimcnts. The rabbits were not excited when 

pl~ced in the oven and remained eo reeardles of the temper~ture. 

The normal cr control br&ine were obtained by killing a 

r&bb1t quickly with ether. The br~in was r.moved at onel and 

placed in the fixativ •• 





The exhausted brains wire obtained by heating the rabbits 

in a bot a.1r .oven. The oven used v:as one fi tted wi th a door 

in which there W&a a emall window for observations through0ut 

the experirr.ents. A thermonleter and a. thermostat were placed a.n 

apertures in the top. The ' l~tter k~~ the terr.peratur. cone~t 

within the ranee of two decree; c.ntigr.de. A falA' flcor of 

wcod wae ~lacod in the oven about four inches above tho or1e1n~1 

floor l beneath which were two amall gaa burn.rs. A steady cur­

rent of air paeesd in at bottom and through the top of the ov.n. 

The animalA were plac.d in the oven at a t.mperature only 

a few degrees ~bov. the normal body t,mperatur. and allowed 

to remain at this t.mper&ture for & short tiffie. Thie wa& fol­

lowed by a. v.ry slow incrtas. until they were taken from the 

oven. The degree to which they wert heated vari ed with the 

individual Busceptibility. In those a.ninlals which were to 'b. 

h'~t.d aevlral tim.s for the oumulative effect l complete ex­

h~uet1on was not always obtained because of the fact that~ if 
recovery was expected l the animal had to b. removed before 

compl.te exha.ust1on was manif'sted. And in soma cal'i they 

were r emoved before tbey l1ad been sufficiently hea ted to pro­

duce marked exha.ustion. 

In every case the animal died from the .ffects of the heat. 

The brain &nd cord w.r. r.moved as seon a8 waa possible. Sections 

wers taken from the worml uvula.~ biventral and poet, in!, lob8£ 

of the cereb.llu~1 from the cortex and basal ganglia of the 

cerebrum~ from the medulla and cord. 

The duration ~ ),nd temperature of the individual experiments 

ar, expressed in Table 1. 





- -Nets on clinical obeervations.-P.abbit no. 1 when taken 

from the oven had a very high respiration and beart rat. ~nd 

was sw.ating profusely ~round the muzzle and feet. When first 

taken froru the oven j tbe animal was still able to w~lk~ but 

within a very few minutes it was unable to stand. ~cflexes 

were greatly ex~eger~t.d. Thirty minutls later the " animal could 

again stand and walk &bout though tb. movement. were not 

properly coordinat.~. Following this was anoth.r p.riod of 

depreseion during wJJich the ra.bbit disd. '!'hie fact 'was not ed" 

when rabbits were al1owt~ to r.cover in Q. wa.rm room J that if 

they survived the second depression} recovery w~a assured; 

if th.y di.d it was durine tbie period. Tn e.v~r&l instances 

cold arp1icatione wer, 'used to hatten tecovery. On thr •• of. 

the a.ninlals were !'llQ,c,d 001(11 wet tow.ls a.nd the aninl&l& di.d 

in a very ahort tim •• Two other animals were plao.d in snow 

packs. The anow when brougbt in contact with the warm akin 

rroduced at ~nc. , clonic convulej.ona and the animals died wi th­

in a very f.w minutes. '!'he bra.ine of tb. &nima.1a dyir..e with 

convu1Aions were not usod for hea t exhaustion brains. 

'1'~chni?, " 'I?,:croeooPic. '!'he technic used in th'e' .xp.r1m~nts ----for fix1ne, imbedding and etainin& haa been tb .• same throueho""t 

the work. ror fixation) a solution consist1ne o! 90 p~rtg of 

e saturated aq. solution of bichl~rid, of mercury and ten 

pa.rte of 40% formalin WitS used. Tt .. 8 tissue w :;r .. s kept in this 

solution 5 to 6 hours, ths tim. d'rronding uron the thickness 

of the s.ctions, then run throu~h the srad.d &lcohols/ 24 hours 

in each) to 80% aloonol. !he alcohols from ~O% to '5~ werc 

iOdized. In sof the sectione were left for 48 hours J then 
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placed in 95%, for 24 hours,) absolute Rlcohol for scv\Jral hours 

ii1.nc1 imbedded in paraffin. 

The sections w.re cut 5 micra in thicknase ~nd etaineQ by 

the following w.thod. 

~ylo1 3 min. 
" " " 

~O% a,lcohol 3 min 
water "" 

Abs. ~lcohol 2 ft 

" " !" 
Erythrosin(40 dog.e=nt.' 1 min. 

95~ " 3" 
8~ " "" 

washed in water 

70~ " "ft , 'ro1 uid,in blue 5 - 7 min. 
50~ " "" ~ -. - - - . -. . - --- •. --- - - - _. -

washed ir.. water, 

sections tl: en doco~-oriz.d ir. 95~J e .. lcohol, d1ffer e:ntiated. in 

a solution of 10~ aniline oil in 95% alcohol l dehydrated in 

absolute alcohol and cleared in xylol. 

DolleYI in hie work on the n.rve c.lls,has used this 

!:ethod for many different experiments ~nd found it to b. on. 

Of the best as well as the most convenient methods for stain-

ing brain tisau •• And as the results have b.en consistently 

sati6f&ctory~ no other ~.thod has b.en ueed for the work on 

hlat. The .rythrosin gives a eoad picture of the cytoplasmic 

~nd linin structure and the toluidin'blue stains both thl 

chromatin of the karyoeoDl1 a.nd the .xtranuclear chromatin or 

nisel substance. 

'rhe results of h.at exha.ustion. The results ~ thle •• x­

periments are in general the same, diff.ring only in de r,re. 

of severity. 

In ta.king up the ohang.s o~ the l.'urkinjl 2.11s the first ~ 

thine which strikes the lye o:t the observer is the high p.r-
-centage of the larg., ed.matous, hypoch'rmnatic cells. In soma 

o! the b ..... ins it VT ould ae.m at first gla.nce - th&.t all of the 
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cells havi reached th ~ hiCh.r at~g'8 of activity~ nev.rth.l ~ ea 

in cvtry case are to be found colls, though r •• , corrospond­

ing to the pgperchroma,t1c eta.g.ee The actual peroent or the 

early st&g'B diff,r in the differ.nt individual. J owing to 

th.ir diff.r.nce in Busceptibility. Counts ons.veral of the 

brains a.r. shown in the fo~lowing table. 

hyperchromatic medium hypochromatic 
lrorn:a 1 1 539 92 369 

" n 500 70 430 
t1 

" , 

623 54 :3Z3 
Rabbi t 1 375 42 58~ 

" 4 90 8 902 
" 8 69 1Z 919 

Ra.bbite 1.,4 and 8 were exhausted a.nimals. 

The changes which are found in th.ee c.lls app.ar to b. 

thoe' of normal activity~ since they show the usual chani.a 

in siz. a.nd chromatin" y.t on closer insp.otion th.y art som.­

what atypical in th.ir app.aranc •• The diff.r.nt stag •• &. 

th.y art found in the hlat .xh~uated animals may b. d.scrib.d 

aa follows; 

1. The cell. of this etag. show rrark.d chane.s though th.¥ ar. 

consid.red the normal r.sting cell" or at l.ast_just b.ginning 

activity. !.he amount of the axtranucl.ar ohrom&tin is about 

that of the nromal cell. It is about ev.nly distributed through­

out th. cell body and though it app.ars dimly r.ticulat.d l it 

has a more homog.n,oul appearance than the ohro:matin of the nor­

mal cell. ~e nucl.ar substanc. is dins. and haa Icatter.d 

through it small darkly stained granul.s of chromatin. Th.s ~ 

~ranul.e art alao sc&tt.r.d around the nuclear membran' J moet 

of them retaining their £lobular torm~ but a f.w &r. to b. 

found flatt.n.d against ille m.mbra.n •• The karycaom. app.ara as 
" 
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a debe.r aria of nucleolar sUbstanc. in which are imbedd.d 

sev.ra.l of the chrom~.tic granul.s. 

2. Only a v.ry f.w c.11a ~· ot tb is Ita-g. were to b. found. 'rl:.y 

are c.11s consid.rably l&re.r tban the c.l1s ot the r.sting 

eta.g. and having ~ l~e' round.d nucl.u •• !he Nissl su&etanc. 

app.ars as a homog.n.ous baa. with & f&1ntr.tlculum} with 

small irr.gular nod.s of heaver maseed c'hro1'!latin sca.tt.r.d 

through it. The great.st conc.ntration of the NiGsl substa.nce 

1s at the axon .nd ot the c.ll and around the nucl.u8" and 

gra.dually d.cr.as.s toward the oppoeit •• nd. At this end and 

near tbe b.gir.n1ng of the dendrite" the cytoplasm is almost 

clear of chromatin and is stain.d a d.ep r.d. Th. nucl.u. 18 

la~g. and rounc1.d. '!'he nucl.ar substance is dens. and hQ.s the 

chromatic eranttl.s in it as describ.d for stage 1. But the 

nucl.ar eubstaaoe as a whole has ~ d.oided tine of blu." as 

vidence of a soluble 1ntranucl ar chromatin. The karyosome 

1s an irr-eular body sta inin~ with th. acid stain and being 

a.to.· with severa.l granules of chromatin" remnants of the original 

~a.ryoeomal chromatin. 

3. !h. cell of this stage is small.r than that of the preceding 

st~g." with a variable appearance" owing to the differ.nc. in 

chromatin contents and its affinity for erythros1n. The chromatin 

of the 0.11 of this staee ~&y be 80 dens. th&t the nucleus i. 

invisibl •• It appears as a dens. homogeneous mass fading out 

. at the d.ndritic .nd. In eom of the cills wh.r. the nucl.us 

1s visibl." the chromatin is arrane.d in ar.as varying in d.nsity 

and giving the c.~l a mottled app.aranoe. The cytoplasm whir. 

it is vis1bl. is a fin. f.ath.ry n.twork sta.1nine in some c.lls 
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a light pinl, in others a-deep red. ~. nuoleus of· this stag. 

is small and irr.gular and staina 1ik. the nucl.us of stai' 21 

1:bough a d •• p.r blue. 'rhe karyosome s,nd the karyoeomal 

chron:at1n ha:v. the sam. app.aranc. as d'lcr1't.d for stag. Z" 

and in faot this oondit~on holds true for all of the first 

nine stag ••• 

4 ~nd 5. In th.s. two stag •• the cilla are email and shrunkln, 

but the nucleus begins to. enlarge in the latter part pf staeo 

5. The contour of the 0.11 body as w.ll &8 that of the nucleus 

ia v.ry irr.gular. !h. amount of Niss1 substance is ooneid.r­

ablyl.ss.ned in amount and again shows the r.tioulated n.twork. 

At this point 1 t "might be w.ll to d.sorib. c.rtn.in oel18 4f 

v.ry abnormal 1n th.ir app.arano' l but which, judeing from 

their size and ahap'l b.lons to stag. 5. !h. nuol.us 18 8mall 

and so darkly stained that its struotur. oannot b. d.termin.d. 

'!'h. 0.11 body stains .. d.ep r.d and shows no' '.videnoe of Nisel 

substance. This c.ll r.pr.s.nts on. Ixtreme and the cill &8 

d.Bcrib.d above rlpr ••• nts the oth.r l and b.twe.n the two r&ni' 

a~l gra,datlona from on. to the ether. All of th.s. o.lla have 

about the aam. 81z. and ,hape l and though soml of thl 0111a of 

st&g' 3 res.mbl. th.m to a c.rtain .xtlnt~ tb.y occur only in 

stages 4 a.nd 5. 

6., 7 a.nd S. Following th. <iecr.a.e in volume of thl c.l1body 

and nucl.us or the .tai's tour and five th.rl 18 a gr~dual 

incr.asl in siz. and d.crlas. in Niesl 8ubatanci through the 

stag.s 8, , and B. !h. c.ll body is regular in outline and 

.~.matou8 and oontains Vlry l1ttl. chromatin. 'he nucleus 1& 

large and the nucl.ar 8ubstanc. is mort abundant than 10 the 





cells of thes. stages in ~nd!sturb.d functional activity. The 

appearance of the intranuclear ohromatin is the same as in 

sta.ge 1. 

9. Here asain is to be noted considerable diff.reno. in oel1e 

belonging to the s&m' stage. !he rrajority of the cella of 

st~g. a diff.r from the cells of th.preceding st&gl only in 

size and amount of .d.ma. Eut further diff.r.ntiation is 

m~rk.d in some of the cells of this atai' by the fre.h out­

put ot chromatin. This n.w chromatin~ whioh is oharacteristic 

of stag. S in normal aotivity ~ al'p.a,rs in the oytopla.sm as til. 

cr.sc.ntic body lyine c10s. to the nuclear membrane on that 

Eide whioh is nearest th. dendrit •• 

10 and 11. During th.s. two stag.s of activity the cell us.s 

up wha.t little chromatin it has r.o.ived in stag. 9 and oon­

tinues to inoreas. in, siz •• The oytoplasm seeme split from 

the outer wall or the cl11 by ~ large ed.matous area whioh 

entir.ly aurrounds "ths c.ll. Th. intranucl.ar ohromatin is 

eomewhat r.duo.d in &mount~ the granules &ppearing much smaller 

in moet oae.s, than in the .ar1ier stag.s. The nuol.us still 

r.ta.ins a goodly amount of the ori8'in~ l nucleolar substano •• 

12. '!'his etae' marks the '~nt1r" absence of chron:atin ,i th,r 

extra- or intranucl.ar 

These ch&n~.s~ though having the elnoral appearance or 
aotivity cha.ng.s~ may b. contrast.d with the ohane's of a.ctivity 

a.s foll OV{E: 
I 

The 1ntr~nucl.ar chrornatin~ which 1n the normal c.11s is 

only found imb.dd.d in tb. k&ryo80m.~ making it appear as 

h.avy chromatio body~ is brok.n up into fin. granul.s and 
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soatter.d throu&'h the nucl.us. '!'his condition is found in the 

cells of heat ,xhaUition in Iv.ry st~Be~ beginning with r.et­

ing c.l1 a.nd disapp.aring only in complete .xhaustion. In 

stag. on. and two ~nd in some of the o.lls of etagl thr~. the 

.xtra.nuclta.r chromatin is present in an amount 8.bout that of 

the normal activity 0.118 1 but it app.ars muoh morl homo­

e.n.oua aa if it .,re dissolv.d in the oytolym~. In some 

of the o.lls of .t~ie thr.1 and five the amount i8 b.low 

normal. In thl later st&g" it i& b.low normal in the great.r 

proportion of the cells. !h. nuo1.olar sUbstanc. is muoh more 

abundant in the later stage,----, of h.at exhaustion tban 1n the 
'--- ' 

normal. !.h. nucl.i of the former inoreas. in siz. bUt do not 

g.t very edematous. 

~ollowlng thl work of the cerebellum, s.otions w.re examir.ed 

from the basal nucl.1~ m.du1la and cord and the type of oe11 

found most abundant waa a large, .d.matous c.l1 " havins v.ry 

little or no Niesl substanc •• In the cord~the cells of the 

postlrior horn were farth.st advanoe in the Bohem. of act1vity. 

In many ot thee. cella were to be reoognizld the same chansea 

j .n the 1ntranuclear ohromatin that have b •• n describ.d for th. 

Purk1nj e cilli. 

Jtev~.w of 1i terature.- Ooldeot/e1dlr and Fl&tau l in 1897, 

.xperim.ntally exhausted rabb1ts by plaoing th.m in a thermostat 

at a t.m.ratur. of 45 degr.es c.ntigrade, Th. animals wire 

l.ft in the oVln for p.riods varying from thirty minutes to 

two a.nd onlbalf hOU~\ .. In thisl animals ~hey found the anterior 

horn cells were Intirely chang.d. Only a trace of the normal 

arrangement an~ appearance of the Nisel substanc. rema ined. 
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'rh. 08116 were increas.d in aiz. and h&4 a. pal . blue homocanoous 

appaaranc •• '!'h e nuclei corresponded to the norm~.l. '!'he karyc-

e onli wa s irregular &.nd. et~J in.d darkly. '!'he cbane.s Tv"l" found 

in tb. spinal cord" in the motor nucl.i of the m.dulla &nd the 

~ons. !he latt.r showing the chang.s somewhat better than th e 

cord. 

O.Marin.sco in la05 and 1906 produc.d in n.w-born aninlale, 

dogs l cats~ r~bbits and guinea pigs, exhaustion by .xposure 

to the aft.rnoon sun of tho months of Auguet and July. R. 

finde tbat the cells havo lost 'lI.lr str :ta,t.d appearance du, 

to the pres.nc. of Nieal subs~~nc •• '!'he cell is pal. an·1 Idezr&­

t ous a t tho .d~'i. !hI nucl.us is 8wo~1.n and slightly light.r­

eolor.d" ahowing no r.ticulation. -rho nucleolus was mol" or 

1 8ss va cuola r. Marinesco describes certa.in c.l1s in th. ~ ': guine .. 

pigs, killed by insola tion .. ""Thich stain 2. peculiar y~11o,v 

ochrc ~ and contain neither reticulum nor fibrilla •• 

Amato'. experiments art similar to tbose of Marineeco. R. ob­

t a ined e~aust1on by the same method J and his results he expr eoses 

as follows: 

Cer ebra l cortlx. '!'he snHall. pyran:idal cells are greatly 

cl'lang.d l the nucleus is aVl ollem and eoutet1mes distorted and 

more diffusely colored. The cytoplasm bas an irregularJreticula ted 

appearance. '!'he eel"' e 'have ~nt irely lost their form. Other oells 

bavo a thick.ning of the protoplaem lying olos.ly around the 

intensively colo~cd nucleus. Th e large ~yran1 idal cells are 

better ~reeerv.d but the ohromatic substance is lacking in the 

cytoplaam whioh stains a diffuse l*eht color" tbick.n.d around 

the nucleus and split around the edges with vacuolese Some of 
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these celle have ~ntirely-lost their form. !he polymorphic 

0111a ar e mar kedly chang.d. !n sonle caeca only .. small dif.­

fU 6e1:r colored nUOltU8 is to b r cognized. '!'he intra.nucloa.r 

chromatin is broken up into small granul.s ~nd soattlred throush 

the nucleus. These changes are the aame as found by the writer • 
.. 

For the ~urk1nj. c lis· h. desorib •• the au. chang'" a.n 

ealmatouB cytoplasm fr.e from chromatin" lar~. light et~ininz · 

nucl~ui and the intranucl.ar chrQm&t1n broken up into Iranul.a. 

Ew in~" for 1neol~tlon~ heated r~bbits in a dry air ovon. 

Tho br&ins wire hara..ned in tang's fluid ana sta.ineo. by nis$l' s 

methOd. He 6~¥e of his results; ft In the medulla ~11 of th 

chrOnl(? tic bod1 a of tho nervI oella hav..o dieaT'z;ea.re Q,J .,1 t h ough 

s om~ of the 0 118 ahow a faintly visibll network or & f.w d&rk 

gr&nules in the cytoplasm. L~rge cltar vacuole s w re s e en in 

the col1 •• Th e 0,11 bodi.s l OOkr w~xVJ staining a light blul J 

their put11n e were v ry iTre~l&r. The nucl,i w:ro &lmost 

without oxclpt1on d1!fusely stained da.rk blue. About the nucl.oli 

wIre oft en two to fiv. dark ~ranule s~ whil th nucl •• r mem­

brane was irT.~1&r1y invisible. In the cord the chromati0 

bodies of the -at ichochromla ha.d almost ent ir.ly disa.pp.&r.~, 

the cell bpdio. looking wax/YJswol1 n and staining diffusoly 

light blu ., th~ ~c ripb.ry being very pal •• In many cella tr~c.a 

of tho ohromatic bodi •• cou~d b. dltlot.d,(l' in the form of 

very p~l., r&ggld m~8 S" of the sam gl neral shape as in the 

normal cond1t1on.(Z'In tho form Cf fin. granul a scatt.r.~ 

th r ough the cytoplasm; andC3' as a diffus. ooloriz~t1on of 

th ntir. cell. Th e dendrites show.d an irrei;Ula.r network 

composed of gr&nulls, or occasionally a rage d spindl •• Th. 
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nuclei Wlrt vlry darkly at&1nldJ thlir poa1tior. was usually 

c.ntra.l l a.nd they l"'i~mbl.d the nucl.i of .thl m.dulla.ry c.l1s. 

Summ&ry. Following these chang.s through tbe d1fr.r.nt 

stae.s w. h&VI found that thlY corrlapond to the changes ot 

norma.l aot i vi ty I in reg~.rd to ·the ir oha.ni". in size .mel ah&pc 

and in ien.ral in r.gard to their ohang.s in Ixtranucl.ar 

chromatin. Judgin~ from th ••• results" the pr1m&ry effect of 

hlat must ind •• d b. that ot at1mulat1on. Eut the ch~.a in 

intr&nuoll:i.r ohromatin" the subnormal amount of extrQ,nucl~a.r 

chromatin and the failure to ual u~ the nucleolar substance 

point to another Irflot l tithlr directly due to heat or 1n­

dirlotly to the products of hlat. ~o explain this Iff.ot l on. 
must oona1der the intrinsic function of the c.ll l thl formation 

of chromatin. The fOrmAtion of ohrom&tin l while &ppar.ntly 

taking p1ac. in &.11 stai;.8, is mOl'e pron·ouncld in the aarli.l' 

stag.s of activity ilond again thl stag.s of e &nd a. Followini; 

Hertwig's th.ory of the formation of cbromatin in glneral l the 

Nissl subetance is formld ' throu~h ' the. coopera.tlon Qr the 

cytoplasm and nucleui, and during ita form&tlon the .o1d et&ift­

iPS substanc. is oonBum.~. !hOI" ~r. the rollow1n~ pOints to 

b. intorpretld.- ~irstl in the o.lls of heat exh&uetion this 

substano. is bot con6um~dJ al it undoubtedly 1& wh¥n th.r. 18 

an &ct1v. formation of chromatin unGar perf.ctly norm&l oon­

ditlons. S.cond" in all stages and part1oul&r1r in the etagi. 

wh.r. chromatin formation is normally most &otiv.~ the marked 

d.fici.ncy of available cbrcmat1n shows th&t th' ~ 6urply is not 

keoping up with the dlmand. 'hird l the ohromatin of the k&ryo­

sorn. is normally the last to d1sint.grat' l and th1e onl, occu:a 
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wh 'n tb form&tion of chrom ~in through ordinary oh~n~ le hal 

c &s d.!h pr.maturl dissolution of th karyosom th.n affords 

streng indioation th&t it 1s under & similar influlnce~ whan 

taken in oonn etlen with the other point •• '!'ha,t 1a l th ord1nary 

oontinuous format1on of chrom tin has ce~sld1n suoh • dlgr 

that thw karyosome is aff o't d. structurally,, ' i.nd it s r s rv, 

supply is d.man,.d. This f acts point uniformly to ~n 1mp&ir-

m nt of th chromatin f'orm&tion and a.r consid.r d to indicat " 

an&tom1c~11y~ • atat. o~ dpr ssion. 

If tb first rf ct of h at ia a. s timulation" the s.conda.ry 

frlct is in all probability not th dir at eff ct of the hlat, 

but the If_ot of the products of hlat" as thw w~at proQucta 

of m tabolism ar vlry &bundant sine th metabolic procissia 

nr o&rrieo. on at suoh a high rat •• ~rom physiological .xp ri­

m nta" suoh waat p~Oduote dlpr sa th functions of the 0.11s: 

It s .ms r.a8onabl th&t this is tho an&tomica,l xplan tion 1n 
J. 

part at 1 ~it of pyaiolo~ical d pr.ssion. 
A 

In t.rms or this xp1an~t1on th primary tr.ct of h.at is on. 

of stimulation, for the c.11a are not so alt.r.d as to tail to 

ahow th.ir g.n.rally .xhauat ~ condition. On top of th1a~ th.rl 

com I the waat products, 1?roduc d in XClsa by the ov.ract1vity" 

not only of th br in, but as th peculiar feature of th1a form 

of It1mu1ation" or all .th body celli. !'he ma,s. fr.at of th6. 

is to throw the previoualy act1v c 11 8 into d pr.ssion. 

The intranuclear chromatin of th ~rkinj' ell." 1f 1t 

cannot b acclptld. as . dirlctly tr&neform ~ 1nto xtr&nucl.a.r 

chromat1n l is oono.rned in th rormat1on of the N1aal aUbetanc 

.8 th chromatin of tb a1mpl" unmodified c.l1a is conc.rned 
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in ~ny of the functions of that cell. TIhen the product. of 

m.tabo11am have blcom. sufficient to produo. & d'prlaeion of 

the formation of U1aal Qubata.nc • ., this chroma.tin ineidt: the ., 

nucl ua~ in an attoffipt at &ccomodat1on l is brok.n up and 

eoatt.r.~ throuSh the nucl,u'J ~p~r.ntly pasa1ng to the 

nucl.&r m.mbran • ., near the seat of the formatiQn of chromatin. 
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