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On the relative distribution of the
Uranisl contents fellowing injection ints the
veing of solutions of vericus coneentrations.




: W - & Beldbhben {i}. while &‘&mﬁiﬁg 5 doteds
wing mtm* f ,zmmg intrevenous injection of ryeverionie
solutivee of sodium ochloride, an incrsused upt of this
salt mzﬁ be detected in the gersbrospinal Iutd, ohserved,
st within a Short time after ihe intFavenuus fnjection,
.ﬁgizw% fluid could not be obiained when the sube
SpHGe WaS 2= %3 %ﬁ%&&ﬁ%aﬁm iz %o

the mg@% aﬁ’ paiting é%%iﬁﬁ@m rmﬁiagz of the carebyo=
spinal fiuid pressure follewing such intravencus injaciions
of hypertenie sclutions of sodlum &ﬂﬁa“iﬁm W founéd
not only that the sverege initial cerchvospl id
after an iffi%ia& :risa* pressure of 1319 mm. of mﬁw

: . £ reduesd, but thet sotuaily negative velues

- 3 a‘ﬁ%ﬁm@ This fsl1 @i’ yressure m
mt&i&aﬁﬁé&m&;&iﬁﬁmg $he injection oi
aaline oy of Rl 's soluiion had mzﬁv
gfieck, whils the £iuid wus being Mw&ﬁg njected.
The ingection of t@'wm golutions was fullowsd E;{ &
st tesporary, usnd then o susisined rise In ihe prente
ure of the sevebrespinal fluld. These W@ﬁﬁ. both
@if&&& hyperesad with hypotenie solutions renched thelr

wrivus within en hour alfter the mﬁwﬁw' ' ‘

The marked changes in the WWSWE finid ware
soon found [2) e heve & dsfinite yelation %s the results
ant volume of ithe braie $tseif. Thus, folluwing intra.
@mgm m %t&ws ﬁ;? ﬁwiggzy ‘fasr@a »m mhﬁi%@ ﬁ&i@

iﬁmﬂm msﬁrﬁ%im of wm%ﬁaﬁ aﬂmﬁm, whiah
ruised the pressure of ihe cerebroepinal fiuid. Shey
found such changes in the %mﬁ repidly snd mifmig
Brought sbout.

They fwg ﬁi‘iﬁt iﬁé%ﬁ!&ﬁ Eintiiled water inires
genously, fizing, snd after atripping off the bony
materisl, thai the durs was tense, the snnveiutions
Flstiened mﬁ the sulel mot ss sasy to distinguish ws

» nornsl. Un seotisning ithe cure wus femas ws
vafore noted, wnd diffeventistion b grey and white
matter mmismﬁﬁ " The convelutions. ware fmﬁ dafs
mi%%g f&m&m&é wé m sﬁlﬁ were very mw. B
Ma»%’id&ﬁ%@mc ¥he gupeyisy iins
o ﬁ%ﬁﬁa

. aTter jnjeeting 8 = 20 ces. of 30 per sent scdium

- ¢hi :%é& solution into cats and sscrificing the enimal
3@ - 36 &iﬁm later, they found on the other hand &
\ 36 decrease in the bulk of the brain m m

m @‘ﬁm Mﬁzy appited, and the bra

posunying mﬂ? a part of the in radural




The gyri appesred markedly rounded, snd the sulel
wide and deep. On sectioning they found grey wd
white matier mors shardly contrasted. The dure wes
loossly spplied, touching sn the dorsal surface only
ihe highest mﬁm%a of ﬁw ori. ks suled sre wide
gpes. & gyrus hog & younded conlowr on mectioning.
he superier lengitudinsl fimswa fros = gﬁ&ﬁig und the
falx seers do heng 3¢ ';;_gs},g withie thic 809G«

» It is subaitied @%% @&w ﬁm methods of
fizstion ussd in ihese sxperinents these observations
do pnot give & proper Ldew of ths condition within the
witouched braln ssse. In both sases the stripping
of bore fron s é@ﬁm mupt ‘mm @Z%amﬁ the fine
duliente relutionshipe batween this mesbrang and the
e matey brain w‘mmaﬁ. This m@’aé be W@ asgﬁea»
ially %?%iﬁ to havpen in those cosey shere shrunk

CBraine scen as hivs the gyrl, ot balng 80 ﬁw&g

3&# - 3 t@g&%&&g would tend o a1l apart and becose

rounded. The motual lnpressions ﬁs e %ﬁ&t&m bullk
sﬁ‘ the Braing ars andoubledly se ate. The point

- Beve being sade iz thal ithese a EoRe a? Jossensns

of the duwa, the rounding of the gywl ond the inerease

in the widih of the ﬁﬁiﬁi ars probably ariefeacis.

The undoubied Wﬁﬁm% of thase ﬁ&ﬂﬁ@mﬁw
BsKibben, and thy probabilily ﬁ? their beoos
%ﬁg af gmat pructiosl value not only from the Mi&ﬁsﬁiiﬁ
point of visw, but frop e elinifonl miﬂﬁa of view se
mﬁz* rmém ii; mast desirstile €0 have Yight tivowm
Y henawane frow &1l gossible angles.

, Ix wurk of thie ot @l with materisls of
 the nature of the Brals and iie bowy ﬂwﬁﬁﬁgg, the

‘%3@#& aﬁé @m mm§%m§ ﬂt&iﬁ, it is obviens thet

the seth loyed ars likely prefoundly to aifect
the resulis obtained. The dure £irsly aftached tv the
W salvarise sennat be siripped off without greuter or
EE ﬁiﬁzwmt mﬁ &i&@mﬁm pf those {ine velalion~
ahips thai sonstitut : viorsas vitkin the gmm
eavifye

B ﬁa daubl mush aay ‘ﬁe %mﬁ, even with :r.h&

waual sonewhat orade nethed of removing the brain, with

aF ﬂ%ﬁmﬁ i%ﬁ miageg, from its bony enossement, and

%ﬁm fmneraing 4% In o Tining fluid. The shrunken

spnvelntiong and vide aulal of the parefie or of the

, ,mﬂa &mm aﬁﬁ Wﬁmk e in 5 luvge measure
. » ftandengy of thisn nethed is To gy

hene EagGs. 4t is als mﬁw‘ﬁzﬁﬁ
: of hydroossy 6, or of inpreassd intrasrsaial

..mim ﬁa@ m se S ey WE11 show flattening of the

res, and perheps eyen same narrowing of the injervening
sulgl. The inpracsed size of the ?ﬁﬁ%&i&i«% in thess




S3a

@ﬁ. #ven i7 the bruin stem im out
sine im finds an outlet. It

. 5 & hewever, that the csenditions sbove

mﬁm@ﬂ m& %akm & mg time %o develep, und ihat

time to tuke pluce, Se that . . eollspse of the
%mtﬁﬁat ar maﬁéiﬁg zm% of flatiened gyri, would

 ub mush to 4 *«  But vhen the relationshiyp N
hese structures is mﬁ‘am}; changed within o fow
hours time, or even in an bour's time, &8 may coeur

in zerialn cases, 1t beconed obhvisue that iF the feotors
which produce thess asltersd relationships ars renoved,
- the resiliengy of the beain mmm and tissue sdound
aﬁ% assert i%ﬁif nnd the argen tend %o return to the

' s {2) tried ts overc Ehese
genious seihod of injoeting & strong
ﬁﬁi&a i‘lﬁiﬁ, 1% §%ﬁ’ gent formalin, mm the blood
?ﬁﬁﬁﬁiﬁ af the sard

o

o Tnay {2) descride their aaﬁaaﬁ w8 followas=
- PAfter the lupse of tise necesenyy Tor ithe
of the solution intravenously introduced, the animal
were ¥illed with ether. In routine expariment 10 w

eont forsalin was injescted impediately afier deuth
thraugh the soris, st & pressure of not sore fthan é@&
am,. of sater. Then the crunisl vessels were well
£43la8, the cantrsl nervous sysles was ramoved iﬁw
skull and vertebral asnul being purtially opened) 22}

%&;e ng fomereed in 10 por sent f‘m&iiﬁy
gusment ov this zethsd as followsis Pln g@im of &3.3
i%ga& %ﬁm % wap @%ﬁﬂﬁg $o exsreine, it was soun vary
e¥idont fhat By this zed of fisstion, the foys snd
gise zaiaiions zxf tkm eenteal neFvous sysien prevalling
grioy % the dualr of ihe sninmal fmww nod baing aecure
ately g@%maﬁﬁ . Brains %W?g phrnken during iife,
or st dautk of fthe unimnl, &gm}&w ‘almost noxsal
promortions aftery such fixstions, and braine mariedly
herpniated aﬂm gubsided percaptibly during sreservation.”

In aﬁ%ﬁﬁim s thisc method it may be peinted
aut in the ﬁmt g&m‘ thui the Iunjeciion of 100 formaliin, ;
& fiuid of soertoin semolls posaibilitiesn, inte ithe am& 1
strems in sases iﬂm %:mgs wirs the resstione under
mmﬁigmmﬁ ars dus pro by to verfstions in relative
¢ je w s BEy huve & warked snfluence on the oute
W, w%ﬁw&w@* in view of ihe well lmown fasi, that
alteraiions in the relative dislribution of ths intra«
sranial sbnionits nay take _;&%@ posdk morten. Howel (3}
suy s *&fﬁﬁi‘ death, alse, the Eiaﬁﬁﬁ present in the sube
sruchanoid space is sooh @%ﬁ%ﬁ‘%&ﬁ

_ in the sgound place i% ey be poluted oul
that though 10% formalin scis fairly ¥apidly se » figing
agent, ii doos mot aof wiith suffiecient speed fo held
tissues in plase, when their suppori is resoved within

T @B BOBY OFr 0. smma&%‘%é%f“' 5 I




shyink, as ingiested by bulging o¥ Sspression when

the eranial vessels wiih the forsalin, they removed
#he seniral SoDVOUS ayslen, sud as they sinte, e _
skuil snd veriehrsl cansl wore yartically epened, In
fhese sircunelances they would almost eertsinly lose
mere or less serebrpepinst fiuid, whether the durs '
was syensd or mot, and so remuve sone of ihe fluld-
thet was surserting the tissue of the bruin, Re@e,

the walls of the ventrieles sad the sulei. Bven

mere no fiuid lost, ithe spening of the ekull and

vertebral gconal would alter the “elomed tox® status

of the systen ghish warld in the e msmﬁ :mmz%

$n lessening the suppert ziven o ithe semi-aiheronuions
train tisuue by ibe cerehrospinsl £luide TIr thay
contenied themselves with injecting the 108 forsslin
und ihen leswing the mmmxa izs;%w% ioy & @wfﬁ@wﬁ
ericd, & week or tow, rencwisg the injeviioen of 0%
Torealin from tine o ti:%, ‘E?‘%F would aluest cevieiniy

shisin pueh zore dependsble resulis, supecially 1Y they

- gouid @ﬁ%ﬁ&fﬁ’ the bone st the sase %ﬁz@&f

In conueobion wiih e tendensy of sheunken
$u 45 swell beaek to neresl and of spelisn ﬁ%&i&w s

euwsd through & deconpression wound, il is desived
peint out, m & ﬁ%ﬁi’ﬁé g@iﬁ% fﬁw ﬁ@%ﬁﬁ%ﬁaﬁ, that

otmply saising or lewsring the ! _ »
relation to ihe went @% %%z% %ﬁs@v. ”‘%ﬁa@ %ﬁw %@gg
observed by the wiRter in e derr s s s

i% ie the purgoee Y $his 3 : %
that the sane old fashicned znd woll m@m wﬁh&& ot
snatenical study a6 was nasd in Part 1 is eapalide of
giving considersble infurpation on thisy subjsel, of the
relative éﬁ%ﬁk&ﬁm of the crenial eontents, and
ﬁwﬁ&ﬁk ihian od te show some very intevesting o

te place in these relutionships after ibe im%iil-,
tiona ﬁﬁ&wﬁy

ation of solutions aaf varices concentru
intw e blood siress.

: ihis oid feshioned method iéi sonséois then
in frecaing the sxperisonisl animal ss soen a@w its
dosth and a8 yapidiy s sossible, and then Laking
sectiong, in these ecases veriicle tranasvVerse Wﬁ%@a,
st various sonsiont levels. The advantsges of this
sethed in deniing with otiuetures, such as the brain,
& wﬁ'&. alwost atheropatous nuterial, enoused in a
pesbrane which itself is fienly adierent %& %iaa
rﬁg&% %W Box in shich the whele is snelosed, sve
@&?&aﬁ. Thare will Be heye & mdnisum of displacement
s of aytafacts in the groess Felctionships, sa ggm*
ﬁeiﬁg $¢ fiznly fived in pouition in e fgﬁﬁvw very
ehaprt spsce of tize = & fow hours,~ the ¢ nud zeyie
in & for winutes, It is g&sﬁhl& that ﬂmﬂ iz sone

, ﬁl&ﬁi@% digloention of eovebrossinal Tiuid dus to the

Mﬁg sf thene melipt structures in freesing, the
i kﬁ*&a@g to feres some Tiuid ovt of the ’mﬁmgiw
dugt j&? %yﬁiw %ﬁi& _ﬁw subarashnoid

This would




B t%w mw, ug the dogs head §m§a§ i‘w
without ine 2, and, Lhe %ﬁﬁ %aisag w&iﬁg@* i%xm ﬁaﬁ
hady, the %miﬁ ﬁwid, bably be froses 33

tine ’%ﬁgm the verisbral sunal, sspe Yo Ipm &
suags shars the smlsuls &aﬁ%& m gﬁyﬁ ﬁ&a&y ﬁ%ﬁ& ﬁfsis%e
% g&g ﬁwﬁ*@g %}m 1@*&%@&5 af fyvsasziy .

Bags m:m m sxslusively. The lotrse
waneus injeeilions of the various selutions were given
Iran » byretie, sownsoted é&m&tiy with the Tesorai
wgdn. For hypertonis solutise 30 ver zodim aﬁi&ﬁﬁ&
salution wuymed to Ludy lenperaturs wae used. %&
Bypetenie selution, $istilled water propsrly wam '
wag useds The anfveds were in all onoes Wﬁ%ﬁk&&%ﬁ
with sther In ihe avrdineyy way during the zrersiien
and i&iﬁﬁg&%%, . 9 ﬁmﬁ%iw of ths injestion 833
’mi w@._ ,im-s . aniials 3 thed $o PEOGVEY. In

2 spigals were Xilied with an vverdoss
&3“ aﬁsﬁiﬁ?gﬁ The tampersl muscles were then rapidly

: 2 fm %&m Mm&m méam@sﬁmtﬁ%
1 o EBey m ﬁﬁﬁ?@ %gam m %&m&%&

he. anis 3~ ﬁ% 1afd %&wm for g@@?&i ﬂayas.
@wgﬁ& #he wark Iin these mﬁ&i ss%;mw mww einfe
$hat & guerter of Weef Lfresges thiuy tean iyt
kours. The doge were then a%@'mﬁ, m&kgw%ﬁ
verdisle fransverpe sectioning »iik & fins foed
 pest sa%s | Ther the suv In sbhord and the ﬁﬁ%@i«%ﬁ
well Treuen, there iz no visiblis fcaring of $issus,
- et & subeth elown sut surfues is exvosed when &
i m of snle [9%C) watsr is pluysd on the surdage
s wash wway the debziee. In addition the differsnt
siructuras and Lizsues ﬁ%m’wﬁ sul fmmﬁa%?@f sonirasied
%i“é%% ol %&ﬁ%ﬁm :

%ﬁ&aa@% ﬁ%@%}ﬁ%iﬁ hod %ﬁm pers Leien
fmmedintely ﬁ*‘*“%ﬁ@ w@@% the dahvis from the sul
mriaag, in iHds % diffarontistion nnd
mi«mﬁ% %;@&%ﬁim af zzﬁrm % obinined, As 5 secnyd
mediae, %?s@ Trasen szetjons were Smpersed in 30 ney

i*%#’ﬁ?% faraaiin which %ﬁ %@iﬁé #1ightly below Bog,

mé ket Jusl Soave I : :

smavaad for & m@a : ; time : :
wose loss of solor, %;w a*&mﬁmﬁs were e well fiﬁiﬁi
*%%mﬁ the gestions could e bandlad witheut injury, and

‘g8 shatoprerhed. 5%&% aﬁ thae seatimng thesgelven,

, %ﬁmwm BEE B snfble Suae fuialy «ftey hwiy i@mx@iw
ﬁ&ﬁ ‘tff%ﬁ ‘*’5, ming f‘&.ﬁé, it the regeiaelon ueed weve fiat
LBOH - Jurs, ATter mrelongsd Tizstlion 38
wma.’%iﬁ the grey m%@@ %ﬁ’ﬁ?iﬁ% %ﬁ Mﬁe mere tan O




white, and this leads to sewe distortion.

. Some snivels bud ap pusk se 10 oos. en

%%ﬁ aﬁ 0 pey %%?ﬁff% soedinm chleride solntion injeotud

» sive Iwas 1 5 sot. wers uged.
%mi fnjections @sm tigmed te vum in at mboui ihe
rate of 1 = 2 sus. per ninubs, there wus buil ilitie
vigible rosucijon ou the purt of the anizsl. Thern zore
rupidiy aduninistersd, dispnes woulsd seb in, the rese
piration would besope gradually more shallew uwntil it
would csage ailtogsther. The ﬁw&g in fhese sauss,
would stop very Joom siter. et tationg after
respizaioyy failurs wus ﬁfmmafﬁﬁy porforeed in twe
cusgs ~ Isiled &n one cuEd.

from 3086 =~ 500 gom. of éintilled watay

wers injested into %%m gther #et of anisals. This

was ofien run in falrly rapidly withoul sy spparent
11 effsct syos the sunimsl. 4 sonsidersble inciresse

45 gelivation sas sbserved, over snd sbove hut already

bioed or brain tissue, Iif a

varintions within the )

geneet by he awﬁ«h

& gm@ar o mmﬁ@ sie tn all, wers
peiscted sy contirel suinala, & ware 4w
ethey and sst sut o f{reese is ?@@‘ii&%ﬁ gmi ang. Ton
ware Srosen Iyisg su thelr sides. = ' - WE
by the snyet, =nd bws were suspended by t}z&iy ?s::iﬁé Tegy
ond frogen in %&%m g@%ti%m Fige § iz v typinsl
SRGBHI0 . hie wninal e Iying on its side.

Of the others, frosen hesd up ond hesd dewn, 511 that
gur b aald wﬁ, that thevre is enly very wlight a%t&mﬁiw
in the Pelative distribution of & ';;ﬁ%%'"ﬁ?imﬁ fiﬁiﬁ.

nh Ay P iation “in the

in the down pueiiion o)

‘sige of %%air ventriclen. ?ﬁg‘ i3 shows & seelion of

the brain of an aniscl froges in $he head dows position.

Fige 14 wus Irozen hesd up. fhe luteral wentrisles

fn %‘ig' 3,3 are obviously larger then these of Ho. M.
The sase sort of ihing, b to & semosiad slighter sxtent,
was ﬁ%ﬁ%ﬁ% in the ¢ » got of snimals. Shis ie the
aﬁgﬁﬁim to whaut one wmxiﬁ pxpset frop & eonsiderstion
of the ralative gmifi@ grovities of ihe Blood and
sevobruspinsl fiuid. ‘o8 ihly, had the anipsls besn
suppended in thess %&im&w sonitions while under the
smmenthetic and kept so for o time gricr %o killisg,
giTfernnt revulis wounld Lose heen obilained. Uf the
rélative distension of Blodd vessels no differences
sould be detected bulween the {we sels of aninais.

A1% @m snimele were taken % r&grmﬁg
;2 enyecinily in 30 far as

. "mﬁm@iﬁa aﬁ bone, '%ﬁm ‘m %xsg&iﬁ tense ower the

a&%&#mak surface of ihe w&&mi vantricles w ‘congerned.




e q -

g solutian: % animale were injectéd with
oot a a&a en per femorsl vein. Cross sections
ssf fmeize %%:iﬁa gshovs & 81ight paling of the grey w
- Flg. 1 m isteral venirisics ave 3

%ﬁtw fits snugly up

kation betwsen Mﬁg 8
_ : : i The mmi, suggasting
: : ‘m ﬁmmﬁ‘ﬁmﬁﬁmma st closey o
taet. #ulel are & little more diffioult to trsce
than in the novsul. Ho flattening of wyri could be
baserved. The diffsrences, however, sre very slight.
The durs 4ips down sosowhat betwesn the gyei as in ihe
mormel. It is kept im this position by the bone of

the skull., These observations may be taken, bowever,
wit gonfizsing those of Yeed and Helibben _miativa to ths
mliiﬁﬁ of Brain bulk under these conditions. ﬁaﬁ*& af

p iia %&m &iw ﬁf’ the Brain s =% the exnense

. 3 B¢ T gﬁ%&&#@?ﬁ& éaawy%&im %ﬁ‘fﬁm
on ons gsém " the aninsl was then injected with 500
ees. of 4i6tiY1led unter. %@ were thar killed, f?%%
and seciionad i ihe wsusl manner. ine of these snisals
showed an enexmeuely dis #d @gwﬁri&:&@ an the trephined
side. Un Further investigetion, however, It turned out
that this anikel had evidently at one iiuse io life
suffered fyum one pided internsl hydrocephslus. Sgome
s s sure had evidently taken pluce through destruetion
: af‘ broin tissue belweon %’i@ 41 lated ventyicls and the
bony salvariue well Yereurd. In this vegion Tine stvunds
traversed th suaee, and ww spase opsned out ueen durs
snd bone diveetly. s shnereality of hehavier ov @it
kﬁé besn observed in this animel srier io death.

The other animal, Fig. 10, ghows o slight
bulging of the brain and durs %i@%m% } tavsugk the '
reghing opening. There was no m&a@iw aany fron e
trevhing ¢ dg when ithe snfwel's besd wus yolsed
s3ightly sbhove the rest of the body. The differentiation
vetwesn grey and white maller is g&?ﬁa@% 8 1it%1e neurer
noreal. There iz & distinet, Thougk siight iﬁmﬁg in
the size #f the venirieles.

The subsracimolsd ﬁm over the mbm
hemish s8 sre not sooreninbly sltered frosw thelr nurmal
m&iﬁm‘ The sulel sre essily itrsced, In & nusber
af sthey mmza an m suboceipital decomprousion had

e ; the nuk iﬁﬁmaﬁmﬁ,wﬁw :
fmrernesble giﬁg mw e aguadu st of Sylivius,
’%@ﬁf@@& é%&ﬁiﬁﬁﬁ waiey m mg%m, ’%%%@ﬁ gheeyvations
ware gonfirsed, The ingreased aize of the venizicles
would peint to &n incrcssed gecrelion of cershrospimal
fisid ﬁf‘&&g i@@ﬁg&ﬁ&; of distilled water vhere there was

BRLUBELN .




This i8 ip iine with incresse salivelion, itour
formstion asnd urine seeretion shuerved undsy these
wz%@iiiwa in wg&ﬂ%@ai&i spisals g&s@mqﬁy«

Sypertonie solutisns 5 E&xﬁ, & geries of 8ix andeuls
%ﬁe iﬁé%ﬁ%&% With gﬁmﬁg@ hyuertoniec solutiong as
sbove deseribed. The brain snd spissl column had all
bone ané meningeal coverings untouched, 86 thei the
&1@&%&% ber eondition a%’ the gysies wse noi affscted.

, %@ brains ot %h&w mﬁmzﬁ :m franaverse gociion

prasented striking aspenrana She prey palier was
811 ef & browmish color, ﬁﬁ’%‘&iﬁgg aﬁ‘ the while muiter
very strikingly. There is no vislible spses beltween
brain and durs, nor are the seiel 4ilated into spaces.
At mest one cul say thet the lime of dessrimtion bulween
benin and bone is o litile vore distinet than in the
ease of antuals theil had dietilled uwater injecisd iﬁ%ﬂﬁ*
venouslys The differenece fros the norsal is perhais
datinite, but 1% io slight. The sume appliien 4o the
sulad, Thile they are only & little move defindte

then in the case of the roymal anisal, they arve dise
tinetly pove gefinite than In anisals Injected with
dietiiled water, But é@fiﬂi% B us desaribad
- azyf?é snd HeZibben between b noandg durs do not
- BEIETe :

the 41lated appes e uf the &aﬁmz swtxie&m& @f
the bPait. iﬁ% third vantrisle shares this dilstion
to only & siight exteni. e dilation of the lsteral
yentricles, hovevey, sus striking in fTour oul of asix
animals used, narked in one, and definite, but slight,
$n the sixth. The sninsl showing the most siriking
dilntiom was su oldish dog » teeth begiuning to show
the wear und tear of sge, budl not badly gone by any
EBENS. i?ig- ﬁ}; in Fige 11 is presevnied n cade
with the sverage d4ilation of the ventrisles sbtained
as & result of the istravencus injection of hyrperitenie
#slt gelution. The ventrieular gontents iﬁ ail thess
guges waE o ¢lany %?%,_ spanh fo.

o als » & series of four animsls

had & mﬁ ‘widec snberel deconpression perippsed
mﬁ&? sther | theain prioy to regeiving the injectien
of hypertsnie sult selutien. They were killed in
the feve DanneP s the sthers and after the suue
Tength of 2ive and frosen. Un ersoss seetion these
anipsle show 88 GDPRUPBRSE nere sgpresching the nuinal.
- She gifferentisction belween grey ond white matier is
& 1itile sove distinet than noreally seeurs, The
o ied sve of shout normal distinetness, and the line

spariing bralr fron durs end bons is »f shout norsel
ﬁiﬁ&m&zm, Tre avinals were frozen with hesd at
the saxe lavsl ss ‘&?‘ﬁ reat @;f %‘W body. The durs and
%mﬁ& wa not detrasted awsy from the decoupression




#wﬁsga fhere wag ne goncavily of ithe durs as
ihrough the trepbine opening just prier io
%ém is being sacriijoled unless the bheand was
raiged slighily sbove ithe level of the bedy. If
this vas done o concuvily was cusily cbserved.
%im ventriclen in these sninales ave not diluted
beyend nersal lisite, cerisinly not comparehis te
%ﬁ@ & lntion of the ventricles sbuerved iIn antusls
whose grania and meninges were left intset.

%ﬁ% shaeryntions weuld eonfire these
of Wsed and HeKibben {2 %m ﬁmg&g W‘%Mﬁ%
‘&ﬁ&%ﬁm iﬁgwmﬁ iﬁzm :wm

iﬂéﬁﬁﬁ% TOrY é@ﬁﬁi’m&y t%%&& ﬁw ﬁ«’ﬁ%‘i
rain bulk is eoupen
cerebrospingl i‘mﬁ,&* not en ﬁm mﬁaﬁ% z&f the
brain, but within the cerebral, espesiaslly the lateral
- wentriclies. Ihis Jucressed cerebrospinel Ziuid
within the ventrvicles is probably due to in wgam
&&ﬁ?ﬁ%ﬁﬁﬁ seused by the lowered intracy snial
- with the cupillazy pressuve.
, S . i‘&zm don of the cershyal veniricles hﬂ%ﬁﬁ gotd
S ' z &8 the central nervous systes is %ﬁ%ﬁiﬁ&ﬁ
@i ﬁm% s vigid slesed sevity. JAnd thus m&iﬁm}ﬁaﬁy
these a’&%ﬁ&%&@% sonstitule m&%&;&r 3 £ of e

thag :ﬁm %%az %ﬁﬁ mw mxﬁ %ﬁ mﬁwwﬁ@
fﬁ&‘ %‘k&?&tiﬂm in the glize of Lhe brain is plaved, not
%)z:y the %ma, 32?&% by the cefebroupinsl finkd.

Iz would therefore seem Lo be & persissidle
pgenerallization, %m&# within sertels linite, voriations
in the bulk of the bredn in dogs #rs ponpsnsated for
by variations in %@s size of the eavitien of the lsteral
ventrinles, and by corresponding variations st leust in

- part in &%@ %&%&% gunntity of earsbrospinal fiuid.

b - She wm nethads of ﬁ*ii@iﬁﬁ relationshipe
within $he crapial %ﬂ ties are slmost certsin to resuli

 in disteriion and ervor of i?&iﬁ?}%ﬁ’&%@%ﬁﬁ, beosuse of

mechanisal ddiTioultien.

2s : m frozen goction nethod z@amitﬁ of & bigh
degres of soocureqy in judging voriations in iz**&m&mnm
ﬁ@@&&i&ﬁﬁi;@ﬁm

3. Injeeiion of hypotonie ﬁﬁ'ﬁﬁ‘kiiﬁﬁ intravencusly

- rasults in ineressing the sppavent brain bulk as peresived
ja trausverse sections of the frozen aniwal. This
inerease of bulk is 2% the sxpense of the size of the
gevities of the lutews) venirviclss.




4, ' pdenpy to iﬁar%m sseretion

af a&m@fiﬁ%} fiﬁiﬁ £ :%iae’aﬁ :7:3 ix%g% ong of distilled
waler inito an woilsals weling. & OEes apparent

only vhete o deconpression has ’-ima:z g@ﬁfﬁm in
undeconpressed cused the incressed brein bulk doas not
pareit room for increused seersiion of Tiuld. It 3w
gggsﬁxia thiz apparent increass g dug fto ihe m&m;gmssiw
HBIDNE.

e Intravenous injection of E@gﬁwﬁﬁiﬁ sule sole
gﬁgﬁ :‘x%ﬁﬁ te definite diminuibon in ihe bulk of the
SiBe

By ’i‘é&ia ﬁgﬁiﬁxﬁiﬁa is ﬁmy&ﬁa&wﬁ for %y inereane

in the cerebrospinal fiunid.
“?, hie ineresned seount of %rﬁ%xmsgsim% £iuid i

Toaund not on the exterisr of the bBrain, bul within 2he
ventricles, particulasly the Jatersl venizicles sf the
bBruin. ‘-f% siher gsopds, disduuiier in Tie bulk of the
bruin is conpenpeled for by an inereuse in the eise of
the Wﬁ%ﬁ@ﬁ af isnteral vsntrigisg.

He : in decompressisn csses, injsetion of Wessrienie
salit solution duse not lesd fo distsnaion of the mﬁamx
veniriclien, or to Incresse in the corebiesrinal Tiuid
2L ;:»;gm in the mie& mﬁ@*.
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Hand m EgKivhen {1}, ss pointed ouf in
ﬁm fsgmssiﬁg puvers have shows that yaristions in the
- geyebrestninal Tluid pressures follow the injection of
fiﬁié& of various conssmiutions ints ithe bhloed stream
of cats. Later the same suthors (2] showed that these
varisiions iv yressure wers found to correspond with
definiie Wﬁaﬁ%& i;s @m ik of the bralsn imi‘.
The ineressed gersbrospinal Fluid mressure folls :
,,iﬁﬁmmm ém,,%ﬁm of ¥potonie sl sution wag
ﬁ’m ﬁs 5 nd with & frank weiiit;g in m W
gk of the brain. 4And they found that the decreoansed
&*@m& of the gsrebreaspinal fluid fellowing injeciien
of byperionie solutions was found to correspond with &
irenk disinution in the setual ﬁm of ithe brain. And
they stete Duriher {2) "Hithin certudn linits, these
sheservaetions substaniiate %ﬁ.& sssunption, nasely, that
the amount of full in preusure st the cerdbrospinsl
finid is an indox of the &xﬁwt to which the wvolume
1 mwmmmzmm.

Follewing the publicution of fhis werk in
1919, there appeared s musber of sontributisss to the
subjset, in vhich the gmmz shysiologlon) Findinge
were coniimeed and sonevhal extended. Buden {3}, In
& a@r’% m%&, mmm sm W&imﬁm ot the gymptons
£ dnt ik pr re in two meningitds putients,
gﬁﬁi%ﬁ% the intrav NS miﬁiﬁwﬁﬁw af é@mmm
gluvsse solution. Cushing snd Foley {4) desen
%&w sfpnificant faot that sinilar reducilons of ﬁm :
- pressure of the serebrospinal fluid eeuld be chisined
asiter the W&ﬂim af strongly hyperionie solutions.
Foley 1 {5} sanfiveed the Tindinge of ¥sed and
W@*&m ﬁmﬁi@gﬁ seave, that the changes in the core~
pinal Tluid pressuve nere scpoupanied Wy chanpes
%ga % ﬁaa aﬁ' %%a mim Thay sre of the opinium,
bowevar . “The manemeter readings vhisined after
a1t iﬁg&iﬁ&m m mz& mﬁﬂg dus to changes in the
brain veluse and ﬁw sapanily of the cervbrespinel
£luid spagss, but ¥ *$1y yepvesoul now :%%iﬂs betwesn
seeretion and absorpiion of serebrospinal fiuid.™ 2‘2&@
aleo extended the previcus work of Cuphing und Foley
{4), showing that veriation in the gerebrospinal fiuld
preasures follewed the aduinistraution of solutions of
Yazima aammw@tiﬁaﬂ mm tha %1@%&%& were ggi’ﬁ’w

wiﬁ:z & m‘mmwmi éaamf 3. %m" P
poried & nerked full is Wiﬁtﬂ‘ﬁﬁ% of iﬁg&r&&%
%iﬁﬁwﬁ, m axn swmw in the pressure after owal
& : tion of a@,fzss‘ m, @i‘ WW. ’




| Ejf & %&ﬁm&@i iﬁmt&i&i e&w@&, gmigaiwﬁ %&%

 duee internal Hyé
.4 @@iﬁﬂﬁ In
had ¥ weed

: ;m&w §§ %33 m* ag:? m%ﬁx per yeo

he other arieel bad tean siven sater, of which it Iy
- un shoad HO8 veh. Iss 9

- »f Biekeon snd B

thia &8 scconplished by ssiines. This hus led @ the
wiaw thad ams@za&&iaa i%&ﬁ’ iﬁ mw@&ﬁ?a 8% sush
ﬁm@ﬁ@“ mr mmﬁm ‘@f

k}’ ?ﬁt@ s aquedua!
. mg rather ﬁa@% wg%m g&%ﬁa
: ¥ 163' =4 i

ﬁ@%@f cersbral Lryitation ? inis
- ‘One of these animals m

SOBNG e Fr "ma* snd ’E&m wm
tose in e %‘%m@w and died within e mw._

‘M mm m&aﬁy %&m o
Iy ressvered, however, und has

in woes 80 minutes Bime,
would enpire, % &

oen alive far #?@-'m months ui ﬁ%ﬁ_t%m af %ﬁ&iﬁg.

A% aulopsy the ﬁ‘ﬁﬁ%ﬁ@%@ﬁ af the Tirst
Found %ﬁi@%w’zy aigtendsd with ﬁﬁiﬁq

e fiﬁiﬁ g&i %ﬁﬁg e *las of W@ﬁﬁg
mmﬁs& yariationy &3 & resu it af ﬁiﬁ%. s&% {;ﬁ mmw

o oef izzw@iﬁh

. 3% would net seem % be fﬁ&*&g w&si eatablished
by the work of Da m& 3': {8}, and slse b that
allivurion (g wﬁ mmmw ndy {16)
s@m ﬁ%ﬁ& m ‘ ﬁ

x% i& w%i known {» 1 .

prozptly I
@%ﬁ%@% ﬁaiaki@ ;&ﬁ%ﬁ ﬁ:?e P gwm, etures
af ke buse of the akull, for instange, &%m ﬁm& has
been ohserved o drain off stesdily st the rate of 200
mawﬁw %&igtﬁwgiQM§ﬁﬁmwiﬁw
eranial presoure is i :m in thess cases, i %
w@i@mm&%&%ﬁmﬁ% : ure
Back to norssl by the pouring mx& a;i’ this ¢

_ @ﬁ m @%M and ﬁ;? one injents g&gﬁi«iﬁgﬁaﬁ m:im'

wnduer suse prescure it iﬁ '

riaing 'mﬁﬁw.




i@ %e to be noted ¥hat the only %@@w of the
fluid mﬁﬁm vm&ﬁﬁ% w %&& s%;m %y %3%}

snd so ﬁimﬁﬁﬁ % m& ﬁg& iﬁ%&* &@%ﬁ%ﬁ%&a’ﬁ w&&m it :3.&
ponsidered ihat 11 19 surysonded by tissuse and fivids
af greater specific grevity %}am the fiuid &o be drained
rough $t.  The work reported in the firat part g&f
mzi# W M&a ggmg&zy w mi‘im thin g&z’ﬁ %i’
3%3 éi i&iiﬁ# af ﬁx@ v&tﬁﬁw.

The noymsl course af the finid, =9 set oub by
v 130) 38 fros the lstersl and third ventricles
i the aqueduet of %&?i& 3&‘&% %3%% fam m&z%—»
& Tros which §%1 pasges thyoush inge
;mé ia&%& ints the mméﬁﬁ ag%m @hﬁf& i% w&a
%0 selilent iv the bamsl ofe ' ﬁmﬁa G |
iﬁ ﬁam,

 spreuds wp slong the chewnels af the subas
znd the mﬁ@i tn bve spread wsw the amm boniny

B ia&; iz his work on hydvocophalus, bas
 ghown z}mz &t lesst four iﬁma ﬁi‘ $he %ﬁ&ﬂ’&%ﬁ&ﬁ of
the verebrospinal luid teles pluce o B
Thave iv praciioally no %ﬁﬁ%‘?ﬁi% ftm the ventriglien,
By the use of phoholdphthaleln up & physiclogiesl dye and
by the injestion of Sfndle ink inie ithe }a%&x’ai rentrisles
ang mamg ite ssurse, Gogether with the productian of
- the communicuiting Yype of Wydrocephslus Iy the forsstion
of & Wﬁ of udhesions sboutl the meounceshalsn, he bas
waen abie to sstabliish f@i?‘i r gonclusively thet it is
o¥sy the sres of the serebral hemispheres that by far
e ﬁ?&&i&ﬁﬁ amount of mx‘gﬁﬁa of cevebresvinal
’ﬁﬁé 3&3.&%* :

%% ban been shown in Fart 11 of the present
paper ﬁs&i varistions the bulk af %3@% brain in doge
is, within gertain iiﬁi‘%ﬁg gompensuied for by varistions
in the sise of Lhe cuvities aﬁ‘ the ;iazgz%im%ﬁ&%,
mﬁ. fﬁy corresponding waristions, =% lesst in parg, in
shrssninal fluld, s bolds good ulss omly se long
aw %& @m& sonditione for the Bunre-fellie dosirine
. This basal condition iw well sat forih by
mﬁ% {12}, quoted by Weed & Hughson {12) *1ve
eranius is & somplete shheye of bone, whiech is exaetly
fiiled By $ts gontents, ﬁm ‘tradn, and by whieh the
Brasin is elssely shut uny fras a@m&gﬁaﬁg preasours and
froe 81l inflyenges from witbout, ewospt wiaﬁ s ::.j' -
i ' m hiﬁ@& Tensalsy ﬁfﬁiﬁ% enter $%.%
i stantialll coufiymed by ithe wark
by %‘sm &aﬁ By

ghson in this paper iiﬁi-
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it would alse sesn sonewhat odd, fres s sons
sideration of the relative smﬁ‘se mﬁ@r of the sere-
brospinsl flulg and ibai of the brain substavcs and the
blovd thut the cerebral ventricles are not always dooe
pletely collapsed, snd that the lurge sisternse of the
subarachnoid space shauld veeur, 8t the base of the
brain, instead of sl the topmost point ofthe eranisl
eavity whither one should expest the fluid %o gravitstis.

Bow 211 these observaiions seem to have &

U eerisin cless f&hﬁmﬁhﬁy whon siewsd fros & certsin

© point nf views et us sumnarize those sboervations
‘%ﬁ%ﬁ% Isr the sake of ﬁif‘ SPnese

Xe¢  ihe brain veries in bulk frex time fo tise
fYen N8 & result of the ingestiion sf esricin Mﬁmﬁm,

l'ﬁt ihe persbrospinel f1uld is secrefed inte the
Iateral snd thivd ventrielos by the shorsid plezus and
at & eartain wressure.

3,,. these ventricles heve & vonsidershie potentianl
savity . ’
thaus wavitien iz the

- Ihe only sutlet fsus
sunpsredively suell sgueduet of Sylvius.

g, The serebrosyinal fluid is 29hscrbod over the
suplace of the cersbral besischeres, in man the kighead
poriion of the centrsl neyvens sysiok.

6. Yuristions in the wilk of the %&&iﬁ HTR GoBipEne
suted Lo¥ by veriaiions of the cersbral veniricles.

¥ ' he bratn suhstance i @wiﬁi%ﬁy m&s&
heavier thanihes sereébroepinel Ivid whish bathes 1L méd
which forus an wﬁnw a@*ﬁmg 32; wi* ?mmg fhicknese.

%m Wm@ wsgam;ﬁw and i}@ﬁ %m§%§§iﬁﬁi Tuid bus
suggested 1tself to the writer which may be of %ﬁw é&s
st snly sxplaining the relationship of the warious
shespvations and vhenoners shove liﬁ%ﬁ, but which suy
suggest, it le boped, cerialin lines of ensuizy ehieh W
ggeam not wm&ﬁfﬁfi £ carvied oute

mements censidevation of %éw m& Mﬁm
a5 ﬁ‘iﬁ ﬁmﬁg ard soinsl shard is he IBBHN]

N he spinal a&s&»&* mﬁﬁwﬁﬁﬁ tn the sgam »
53, & f&mﬁki@ tube of Iosg ¥ ge and the Igasents
fting Uwm hue the pore dolisate dispus of whisk i% s
ik, the rey setioy situsted in the ganires of the
hords 3 Bly e grey maiter iothe more inportseni
vaf i}m kw kinds of nerveus tissue. alse, Ires its
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enaracter thig gray Yiesne is the leus sble of the il
te withetand siternstions of strefching and om
‘we it would inevitebly be subjestsd o wers i%,'ﬁf»ﬁ#
o ihe exteriay of the flexibie sherd. It 4s %ﬁfﬁm
found in that place whore 1t is asfest frew injury,

und wheye 12 iz lsust subjieer io sivelehing oF seeuression
igg ﬁg@@w% of the apine, namely in the contye of ihe

rd.

' %g%&;iﬁ the sraniws, on the other hangd, &
. ,mry ﬁéff%%m% state of affairs axéé%a. Bare is &
- wigid inflexible box, with u somevhat roughaned oy
. wavy interior muvifsse. s Ma inflexivle rough
Rex 1w almest sempletelsr £illed by & mi&%w, slsost
porridge«iike stracture, the bPain. 4% wouls sess
that the ares of grest protection Bare lies sgsinst the
Plgid gmzmim, ?W?&%ﬁﬁ thers 18 sooe mechanise
guard sgeingt spvesent of the tisnue vver the wuwy
internal swrface. 3‘& ig & fasd %E*sai; in the brain the
pore Selissts, =@ se¥e ijmpertunt [Howel 1%} of @e
%am slguenis af %ﬁ% braln tisvue, &m eortex is haye
fovud wet 1ining e ?%%ﬁ@iﬁﬁ, 33%% un ageinet this
mﬁy L sous. % i submd & hat the corfex
uf Lhe pradn i in 8 %?méf% @wﬁ%ﬁm suly 4f it is protectsd
£ Any wnsidersblis noverent of the deljeate

ﬁﬁ?ﬁ% evar the »r &éﬁim& #f the bows weuid carisinly

. Btudy a?ff %mwmw& %ﬁ%ﬁﬁ@& of the mm of

L mm snipsle ghows hat in 211 cuses the coriex i&

- Sipsely wrpiied in ﬁm hane m%?irgﬁf the skull, the
yralections of bone Titting betwvesn gyrd Hhore %!3"3 ’

- volume of the Brsiv hue shrunken the myﬁeﬁ doen i
‘rooede Trom 1t sovering, But the veniricles 4ilute
?@% corebyenpinel fiuld, spd uo tuke up the I fornnee

B ‘%@M&. ' o :

It ip thervefore comeceived ns the spesial
fﬁﬁﬁ%i@ﬁ of the veptrioles, the lutersl anss $n sertie-
wlay, t& afford, ss it veve, the apring cushiom which
tokes up the veristions ir the bulk of he Lrain, ¥hich

ey cegur irom o leng list of concsivabile assdldents,
espedially those of Ingestion, svd so o coniribute %o
tee safely of the snimsd by keeping the delipnte cortex
of the brain et il Eim in ﬁiﬁﬁ# &?&;@ﬁi%& %zz the hony
ealvariun.

E@g&aﬁw@% f&&%&fﬁ zﬁgzyiag f;ﬁ?&%}%ﬁéﬁ
‘ mwﬁm on the purt of the cerebrospinal fiuid smﬁ
@g%ﬁ‘mﬁﬁg to i sune and arete

e - Tre seereiion of the %x&@mmmm ﬁzﬁﬁ at
& DPrEssurd. . ii‘ ies ﬁwﬁlﬁgt in kiﬁﬁk&é B hydrecephslus
yesnite.
2 %ﬁ% to this sooreilon taking y%wg in dla=

tenaibls ’mﬁs%x%#m‘ -ﬁh‘iﬁﬁ huve & ﬁz%g.}& annll m&ﬁ;




w fh o

rather fnoonveniently situsted from the point of

view of draimnge, there is s gertein tendency o dip-
tension of these cavitict, This ilends sechanicnily
e push ihe m&in subntonce wa%m %ﬁmm the bony

ww&zﬁzﬁm

. . The shsoy '.‘I'fiaﬁ of §§“ﬁ ﬁﬁ?&‘i&fﬁ@g&ﬁa& fiuid
sainly over the sorebral surfaces. Tnis of ftesis
tends fo keep the presanred belwsen he vorlen wnd
durs goevered bore less (hak the preseurs within the
portey ey und Lus Intevior oF ibe bhradn and iis

- wemtrieles, Thus tending Yo fovee 2% sgelnet the bony

ssivariys. Dat is o sey, the sbaurpiion ol the _
Finid tend# o produss & %‘ﬁﬁ&%ﬁ?@ negative sressure in

the peborecineld mpase aver this sen, and this vl

fsnd fo suppeti the Brals %igm #y sguingt 9o bonee
Ihin ney be & peberial fecter in oversoning Uw Siifere

enee in evesific eravily between the cerebrdeninal

Fruld =0F the bruin subelongs. Thig would ﬁm Lond
tﬁ kees ’%‘;M Besal giﬁ%&? g Elea.

#e Fhanlily 4t iz sl tted that the general

thape 5f the venbyrisles, moritenlsrly ke latersl, and

theiyr contany upsn disfengion isa ﬁ&;&?@% sdnpted to

tdn fumetion of keaping the veriome pexivhessl paris

g the Wroin mfﬁm?q vragsed %ﬁ%ﬁﬁ% {ks Lowy novere
S
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