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fr,„„ •/, /'.,,/, ,„«,„/r,„;,-<i' /.'I'.ft'-'i'orv "' ''" ./..''• Hi'iikiii.< I'liH, r.'lli/

H.r.-lVr.l I"..| Ml.lli-;itintl. I), .rri,!..-!' Iv. 1'J13

< .'\TK\ TS

I, liitr..(luit< ry
-'">

II TI.e method
-'""

HI The apii!ir;it\is. Tvpi- ni..| ;ii. tl,f,.l^ uf iimstruftii'ii -'Ts

l\ . Tcchniciuc uf the (xpiTiinciii- -'"'>

W Prt'p:irati(iM (pf the leech i-vtr:i't 'ill"-

VI. Ijiiplipyiiiiiit iif the .lp|N.^.lti]^ nut ileiruiieiit;il n. lifr :!ii.')

VII. Quantitative .Inta ..:, tlie nlitniit.'itit'ii "I" Siili< ^ li M'i.l h\- tin- iippiira-

,„. :i(H.i

\III niKilitaiive i|:ita ui, .-..ri^i ir ij.'iil- ..f ihe l>l 1 ^epar iteil h\ the appara-

tu^ "•»

IX, Suiiiiti.rv 'W,

I. IS I i:(ii>r' rciiv

'I'licif ai-f iiuiii' i'>ii~ riih-titucui- i>l tlif MiMni (lcri\c(l tmin

\;irii)ii- (ir^;iii- iii.d "l ".it;i! -imiilifain'c to the ('((iiHiiny. and

pr('>('nT ill tiif lil.iinl ill unly miinitc iiii;;iiiit\- at an\- (-nc tiiiii'.

which can nut ht iMilatcd iri- idfiitificd l^y i!ic nifans ii(r,v at our

((iiiiiiiaiid. \\'hcii ilic jiidtcid- <<\ ilic iildiid. tor example, are

rc'iioved l)y iirccipitalicn iii the ci.ui-e ni an aiial>-i-. the luiniite

(|uaIltitie^ ot' tlie -uli.-taiice- in (|Ue>tiiiii arc cari'icd down with

thein and adhere firmly in them. Ndr do the kidneys or other

excretory wrgaiit- eliminate these -uh^lances in <|uaiitities that

'-ufTice for detection or study.

It is e\ ident that only l>\- some method which will remov(>

from the flowinp l-.lood tlie traces ol the^e ~iiiistances as fast

•P
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;i- llii'N arc ixMiird intu il, wilh'Hit :il iIji' -aiiir liliir ii'im i\ iim

prntciiis iii-ci'lliihif c-l<'iiii'iit~. 1 -all wrai'iiiiiillali' tlicm ill -utli'icMt

ami 'lints for >tuil\ .

Attain, llicic arc iiunii'inii- Im\ic -tatc- in wliidi tlic cliniinatihu

(iiiiaii-. iiiiirc c-pccialls tlif kiiliifv-. aif iiira|)alil<' "t n'ini".inu

Inmi the IhkIv al an aclr(|;ialr ralr. riihcr ihc au'ipclitlidiiMii-

(II- tlir fiilcitili -illp-taiiri'~ \vli(i-r |ii'i'~i'n<T ill i'\c(-.-i\ r alniiiiiit i^

(iririincnlal tn life |)iMC(-.-r~. In the iiii|)f <it |)ni\iilinu: a -iii)-

>iiluli' ill sufli I'lncr-iifiicii--. wliirli ininiit ride ii\ct a liaiijiciuii-

( ri-i-. a~ well a> fur tlic iinpurlaiil inluiinaticiii wliirii it iiiinhi !"•

(\|i('ct(Ml 1(1 priixiilr (•iiiccniiiiii llif -iili-taiirc- all'i'ailv ictci'lfd

111 a- iHiiniaily pic-i'nt in tlir MimkI, ami aUn t'nr liir linlit tlial

ininlil tliii- lir throwi iiiiniiirdiaiy -lau;e~ ut' nictnholisiii.

we 'lavc df\ ix'd a inriliud li\ whirli the lil 1 n\ a li\ iiif animal

ma.\ lif -iilimiltcd in dial\-i- uul-idr the li'idy. and aiiain ri'-

liiiiicd III liir naliiial rirriilatiiui wiilimil cvpii-iiic In air. inlri--

tiiiii li\- niii'iu-iirs^ani^m-. nr an.v alii'iatinn wliirli wuiiid iit'cc~-

>arily he prejudicial in li'c. Tiic piucc-- may lie appinpriatcly

rctcrrcd In a~ vivi-ditlii-inn." The a|)|)aratu- cniistitiilc-

wlial ha- lieen called an avtitici.ul kidney in llie mmim' that it

allii\v> the e-capc ul' the dit'til>iMe ciiii-titlieiit- nl' the hliind, hut

it differ- t'rum the natural nrfian in that it make- im distiuctinii

hetween thoe ciin-tituent>. the rate iil' their elimiiiatinii beiiii:

prouinahlx i>rnpiirtii>iial In the cneHiciciit- of diffu-ion. It will

he -hiiwn. hnwever. that any itiveii cnii-titueni nf the hlond. a-

urea, .suftar nr -odium chloride can he retained in the liody 1)\- a

simple expedient when -o desired.

Our fir>t demonstration of \ ividiffusion performed on. a rahhit

ran successfully for two hour- and wa- siivt'ii before colleagues in

Baltimore on Xoveiuher Ul. UHJ. On May li. I'.ti:^, we read a

paper with the above title before the .\>sociatioii of Aiueriean

l'hy>iciaiis' in Washington and during the past summer demoii-

stration> of the method were given by us in London- anil in

(Irniiingen. \'arious <'ircuni-Iance- have combined to hinder u-

from gi\ ing until now the detail:- of our methnd.

' Tr:iii>. .\.~si)r. AiMcr. I'liy.-iiniii-, I'M;

= Unti-li Mi-il. .Ilium.. \;i!i II. l'H:i
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Tlic |)iiiii-i|(li' lit lliv iiKthiMl i-,iii-i-t- ill ciiiinccliiiii ;in ;iili'i>'

ui' the ;i!iiii);i! !i> ;i r;i!i!!!!!;i \n ;i!! ;i|>|>;i!:i' u- niii'li' i4 rclluiiliii

III' (itlirr (lialx/inii: lni'iiil)i;iiic'. in the luria ut' tiilic-. iiiuiiiM-t'il

in ;i saline -nliilinn ui- -crmn, ainl iiiuxidinn for the ictiini "I lln'

IiIimkI 1(1 thr aninial- limls li\- aiiiillicr cannula attai'hrij tn a

\ciii. 'I'lic liilir~ ami cannular aic tillcil i'iiin|)l<'t('l>- licfuii- at-

tacluiiciil with a -aline -(iliitinii wliieli a|i|iiii\ilnale- in i-(iin|i(i-i-

liiiii \n the -alt i-iiiiiciit lit the -eruin i<\ tlie animal. Tlii> i-

(ii-plaee.i irtu thr liuily li\- the inlliiw ut liiuiid. wlieii the ciiTii-

lalinii in the a|i|iaratus i- e-t.ilili-hed. The liluuil lea\ inij the

ait(T\- fliiw- thiiiunh a |ieit'ectl\- elusril -\-tctii and return- to tlie

li(i(l\ within a minute nf two without havilin Ix'eii exposed to

ciiiitaet with the air or an\' hance ot mici'ohia! iiit'ertioii. wliilc

the dilTu-ilile -uli-tanee- which it contain- can |ia>- out. more or

h^^ rapidly IhroiiM:li the wall- of the tulie-. Coagulation of tlie

hlood i- prexcnled \>y injection of hirudin. The -iili-tit iilioii

in the animalV Imdy of -aline -olutioii for an i'(|ual \olume ot

hlood lea\(>- the pliy-ioloy;ical condition as nearly as |)ossil)le

unchanged, and chiMiiical re-ults ohtained hy this method may

he expected to represent normal conditions \cry closcl.w closer,

e.g.. than when larne (piaiitities of hlood are drawn otT tor iialysis.

The proportion of hlood li.e.. after adiuLxture of saline i' tem-

•'Tlir iiutir lliiiil iiKi.v, "f cMMir-r, lie w.iUT. Iiul this Iciuis vt-ry (luickly to

li;iiiiiolv-.i> iif llic red coiim-ili^. Any ciiiistitMcrit iif the hliidd wliicli it is di-sirrii

til retain ill tlie aiiiiiiiil's .^ystriii may lir prrviMitoil from ilialyziiiK out by tin-

ailiiitioii i.[ the proper amount to the outer tluiil Where tlie oliject of the experi-

ment IS Merely to reiniive from the blood abnormal ronstitiient.-'. as e.g., poii-on-.

or eonstitiients speiitiially -eereteil into the blooil by a certain oruaii, normal

MTUm from a similar animal may be used, tllll^ iiiMiriiin coinplete lialanie of all

niirinal i'onstitiient>. insiih' and out.

'The blood in such eases is. of course, riiriespondiinily diluted by the volume

of saline .-0111111111 originally proeiit in the apparatu:-, .-^o that, for example, if the

volume of a Iok's blood be taken at 74 ee. per kiloKram. an apparatus lioldini:

:i7 ic per kilogram, woulil. at the beKiniiiiiR of an experiment, hold not one-li'!l

but one-third of the total blood eorpusiles. serum proteids. eti'. Hut owiiiK to the

well known phenomena of the automatic regulation of the concentration of the

blood by ab.-orption by the ti-sues. it i- probable that the admixed saline i> re-

moved more or le<- rapidly, lliu- diiiiinishiiui the total volume and increa-inu

the proportion nit-hle ihe body.
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_'7^ ,1. I. \IIKI.. I. '• 1! . pWNTiaK \M> i<- H. n ii\r,n

,„„„,lv ..uIM.ir the l.n.lv u, Ihr .ll:ilv/u,tf ap|Mratu- luav l.r

v.Tv hitilr tor -li-t l-'i"-'- •' ''"^^ ^^'" "•''••"'^' .halv/.in« a|.|.a-

,,„u- l...l.l..m a^ tniirh a- »<• n'. |mt kiinir.aiu ol l.n-ly wriiiht

wlnlrnnrhnMiiijii^drc. „iav 1„. uM.llnrinaiiv hom~

Wl„.„ the r.r.-ulatiun ... th- appara.M- .- .Mahh^l.c-l thr.v

i. a lall i.. th.' l.ln.Hl pn-.i.v whirl, i- Hiva.n- ur h- arr,„-,l-

.,m tu Ihc M/.c of Ihr apimiat.i^ i., pinpnilm,, I,, that ol tl;c

.,„i,„:,l l,n, thr>v arc .... ntli.'.- i.,.....'cl.alc >ym]>Unu-. Ha|...l

,,„| ,.,„„plcf ...•"v..,v aft.M' a., ,.xpc.i....-..t last..,n ,nai..v hn.u-

,„MV hr ..t.ta....-.l lA .h.c rrt;a>-.l -o a-rpM~ a.ni raiv .„ the um"

.„ ,1,.. a..a..Mhcli<-, S,.n..,.~ 1— "i h\n,„\ .- av^Mlca l>y <l..v...K

,,„, „,„.„,, p;„-t Lack i.,tn th. an.,iiar~ l-dy at thr -,.1 ot th.'

..xpnn.H.it. Thi^ .i.av hr ,1 rithr,- l.v Mnwn.n a..', ...• I.ott.".-

l,v it.tnHh.cit.n a -aim. M.h.t.o., 1n.,„ a.. .h.vat...l l.u.vtt., ...to

,h.. a.-tc.ial .•lul uf the appafati.- aftr,' tvi..*; nl1 thr a.tr.N wh.h'

th,. v.„u„- ra,.....la i~ -1.11 attarhr.l- .„ I,y a M.„plrr at.-l ...<..v

rai.ld ..H'thn,!. whi.'l. tvt...... alMU.t ,hnM-ii,iM.-t...s n\ the bin...!,

an,l whi.'h it, a.. cm.M-tjn.cy ra.i Ur u-..,l .h..i.,« thr pn.n.r.s ,.t the

,.xp,,i,.,r.,t In Mwvv the th.--alc...'.l .-nltapM. uf a., a.,....al n. a..

.,l,„„n,,.,llv w..ak rnudmnn: thi- mnMM- ii, apply.i.is l..y«l."stat.c

pn.-u.v tu th.. hM.ii.l n,.t>.,h. lh. tulH.- vi/., I,y l.luwu.ii u.-

f,,,,-..,ti ...U.V li.,..i.l ii.lM tl... ia,-k..t wh.rh ..mtain- .t
.

ai.d ih.... -y

M,u..(./i.iti th<M„ flat. For p.i.cly rlu.n.ical i,.N .M.iiat.u„s thr

,.xp,.m.,r,it w ..-..ally p.M-fun,,..! nuArv rompU-U' rhlun-tu,..-

;,na(-th.-ia a.i.l allowed tu n.i. a- lu..ii a- tl..' a...i..al liv.>s. ( )w.i.«

tu th.. w,.akr..i..ti .tTpH> uf the ,,pe,atiu„, the a..a."sth.'tir, th.'

eunMnuncl poM.iun a..d th, lu-- uf M.l,~ta..ee- t.utn th.' sy.te...

,h,. length of .lialvsi< ol)taii..Hl l.a- ....t ..^ually ex.'CM le. ei^ht

.,, ,e>, l.u,n> with a., al.paratu- ...caMiri.iH SO re. per k.lu(;rai..

.,r l.uclv weifil.t. h.lt ii, une ...M. a .lu« M.rvlv.d for .-ixtee.. ho...-

„ilh ,. thii-.l of i'- l)loo.l i.i the .iialyzH.K a|.iia.-at.is.

III. TMK .\i>rAH.vr. >: tvi'i:> am. mi.tik.i.s nv ,
.,Nsnit;.TioN

I'h,, dialv/i'.j; M.h.ta...'.. whleli app.'ar- h.'-t adapted to the

purpuM. uf'ihe research, an.l the .mly une tried at p.-c>eni. i-

,.„ll,,„iin. The l,i-a..d which we have u-e,l ,. A..ll.o..y - Ncua-
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,i^,.(MttoM •.na.mlartmv.ll.vllx' AnM^ul n,n|.ai,.v, Hmnlia.n' n

N V •,- tlii~ pinvr.1 tn !.. n.'arlv fr.-.- In.in acul iva.-tu.ii. \

:„!„,,.',„ i^ ,ua,l.- u! K. ma.n^ uf tl.r .•.•lluuiin ... 10. .•-•. .tlMM"

.„„, ,„„ ,,. ,,,l,vl al.uhul: tlT -nli.l ^wlK MP aii.l .ii-.lv.- w>tl.

,„.,,.Mnnal K.M.tli- -tininK i.. aln.Mt 4S l..u.-. t.ut a- a -...all a.unuu

„, l.n.wM MMlin..M,t M.parat.- nn ^.an.lu,« .. w I.Ht.T .., alluw .t

,u mnain ihr... .,> iour .lay- l..n«.-.- an.l .l..,ant ,1... ..Lar upp.-r

,„,,,„„ ,„,. „.,.. M,.,l, tnu.. an.l mK-nuitv Lav Imm-u ..xp.;n.lr,|

;„ ,„,,Hp,s tu a..v.~. a pra.'ti.al.l. .M.-tho-l uf n.n^trurt.M^: a

whnV ^N-t.M.i n|- liix' l.ra.i.lM-.l lulu-- at un.- np,.ralinM hut -. .nauN

,litl,.ulti.- «•<;•<• ,.>.c.mnt.Me,l that it l,a- Imtm fou.Hl pn-tcrabl.- up

„. ,1„. p,v>.'nt. to n.ak.' ...(1. tub. -..paratrly and tasfu tlxMM

,„ ,.a.'h ntl....- an.l to thr intlnw, uuttluw and .unn.'.-t.i.H tub.-;

l,v tvi.in with thread. Th. .nuM -.Mvic.al.l.' m/..- uI tub.' ha^ a

.lu„n,.t..r fro.u b tn.n. to S nun. au.l a l.u«th fro.n -•d cu to ..( .-.a

Th..-.' ar- best n.a.l.. iuM.l. ul^-- tub,-, which -huuhl b.- about,

1 „„u to n in.n. larg.T i.i infrnal .liani.t.r to allow tor ^hrmk-

aK<' m Miauulactur. an.l M.ttici.M.t AvavMm- in atta.hm.-ut. 1
h.-

.n.all.-r M...1 tub.-^an. Mn.ply f.U.'d on.-, with tlw .•.lloi.hn m.x-

tun- whi.-h i- th.'u allow.l t.. .Irain ..ut wlul.' th.- tube .s h.'l.l

in a v,.rti,-al ,...sit.on, tluM, r.-v.Ms.-.l an.l ta-fn.-.l in a .vt..rt sta.ul.

Uter about 10 t.. i:. .ninut,-,' .luring whi.h th.- tub.'s may b,-

rev.-rsed ....<•. ..r twi... if th..v an- >\iin^ "i a.'.nnnulat...n ..f a I

th.- Hui.i at on., .nd. th.- tub.- i< .•..lil.l..'.l. tn-t at on.- .-.t. an.l.

alt.-r ab.mt .". nunut.-. a^rau, a. th.- oth.-v. inun.-r-nm n,.-a.-h <•.-.>.•

„„lv a f.xs .-.-ntiuH-t.-r^. in ..nl.-r to pr.,vi,l.- a tlu.-k.-r hhn at th-

,,Kl. f.,r ..a>.- «n.l -at.-ty in tvinji. The .-.-.Ural p..rt...n sh..ul.l

l... a> thin as p.,sMbl,- h„ .-a-.- of dialv-i. .•.mM>t.-nt w.th stitTn.-

Mitti.-i.-nt t.. pr.-v.-nt wru.klin^ nv kinkn.i; wh.-n han.ll.-.l, wh. h

,a.ilv pro.lu<-.-< pin-h..l.' h'^k-. l-ar^.-r tub,- an- b.-.I uuulo by

,,„a,inK th.- tube in th.- han.l- an.l .-.•v.-rMn*! tr,„u,-ntly. to k,-,-,,

„,, fiui.l ,v.-nlv <li<tribut,-.l till .Iry .-..oukI. n..t t., il-.w. lu all

,.as,- a ,-oupl.- of ,-entiin,-t,-r> -Imul.l b." l.'ft over at .-a.-h ,-n.l lor

, attin^!; olT. t.> avoid n-re^ulariti.-s.

Th,' proper tinu- .-f .-vaporati.m i- v,-ry in.portant a.ul ean Ik,

b.-st told by trial. Th.- >af.-t uuli.-ation i- th.' -.n.Ml t.. be iK.tU'.'.l

• These times will he longer in cold weather.

J
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l.y api.tvillfi tlu' un-r In llir Imn r .11(1 of ttic U|.ndH tulic A-

-.,',,.11 :is Cthcr can no loniicr Iw .Icticto.! in l!ii> luaniicr, itiviiifi

])lac(' to a Miu'll "f alinoM piiiv ali-.ilml tlic wliolr t,il>.' i< im-

mi.rs.'d ill water aiul allowcl in -,.ak <nv ah,.ut ID iniiiiit.'s,

when th.' tilni "1' .vlloidin will Icii.l t,. separate tnnii llie nla->,

having!: >!inmk .lijihtly a> the al.'oliul in it wa> replaced l.y water.

\fter peelinir "tV the iirntni.liiiu <Mid~ ami lifting the edt£e> away

iron; the ^ila-- cauti,nisly with .a k :ile nr iiee.Ue pniiil. the wlinlo

lilin can he >lid nut withmil umiil! ai)i)recial.h' fnrce. In case nt

,,l.stiiKite adheMnii. nr tui.e- ni irre.jilar diameter, a ^leiuler

p,,ii,t<'d filas^ n:d may tirM hr pii-.hed up hetween th.' film aii.l

the M:lii^>. which will .'aii-.^ lli.' inrm.-r tn p.'.d away mi''''' ''a-ily

Mhea.l ..f the eii.l ..f th.' m.l witlmut .laiiiier ,.|- puii.'ture. A ji,H.,l

,il,„. , lipped in wat.T at th.' i-mper < .'. will 1-.' --It an.l phat.l.'

as fine kid. v.'l pns.'-M'.l ..f .'nii^i.leral.h' teiiMle -tivniith t,.r

stea.ly imlls. Sud.l.'ii j.'rk- .-r hi.'al |)iiii'hinji .'a-ily t.'ars th.'

ina'l.'rial. which i- -•"n. wh.'ii m,,',' a t.'ar Mart>. tn I..' a> s,,lt a>

jelly. A film Ih.-it ha- dried t,.,. far will he Inu-lu'r and iii..r.-

,rl.,>sy. I.ut nwinji tn the -hrinkay;.' .>f th.' mat. 'rial an.l r.'.hictinn

ni til.' wat.'r , 'nut. 'lit in it- inli-rst ilial -pa.'.'-, it will ii.H .liive

Mi.'h iva.lv .lialy-i-. If .lipp.'.l in wat.'r to.. -n..n th.' •ilm will he

,ielici<'iit ill -treniith. an.l if mn.'h ."th.'r wa> l.'ft, it will turn

rlnii.ly ill wat.'r. ..wm.^ t.i th.' pr.'.'ipitatinn ,.f th.' .'.'Ihiidin whi.'li

ua- Mill di->nl\.-.l at th.' tim.' nf imm.'r-inii. Th.- thi.'kn.'ss

,,l the film, a.'.-nr.lin^ In pivhminary .'xperimeiils. app.'ar- in

pra.'tiee tn hav.' im appr.'.'iai.l.' inllii.'ii.'.' on th.' >p.'.'.l of .liffusi.iii

,.f suhstance- thmusiii it. within th.' limits t.>st.-d. 'I'lii- uii.'X-

p.M't.'.l r.'sult .'an ..iily !>.• .'xplain.'.l nn th.' th.'.iry th.'it ..win^i t,,

-tapiatinii of a layer ,.f fhii.l nf c,,ii-i.l.'ral.le thi.'kn.'s- ..n .'ither

M.le of the film the re-i-tan.v m .litTii-i..ii in th.' film itself is

,,nly a >iiiall |)art ,.f th.- t,,tal r.-i-ttiii.-.'. Th.' films us.'.l measure

in their central i)..rtinn ali.iui (Ml.', mm. t.. (1.1 nun. in thickn.'ss

in the lii.iisl Stat.', th.- thirk.n.'d .lal- h.'inn ahnut 0.2 mm.

I'la.'h iil-am ..f .•i'll,.i.lin will mak.' ahniit »(l(l -p .'m-. .,f .liffu-int^

siirfac.'. disreiiar.liiiK In—e- in inanufactur.'.

The .lialyziiui luh.'s aiv atta.-li.'.l .'it th.' en.l- tn -la— tiih.'s ,.f

lik.' diami't.'r and t!i.' wli.,1.' i- .niit.iiiied m a lila- jai'k.'t. like a



,n,M,.v,M. OF „n.rs,a..K simstancks ,n i..vlv>.^ :2>^1

,,„.,,„-s ..un.lens.M-. ,.n.vi.i..,l w>tl, an n,l..t :uul uu.l... for .!h>

•"';;;';:'
..... ... :.,„...... has ...... ti... ........ .^ n,u.h

„„„„1., a..d ,.x,H.,n.,....,. Nlax.n...... a.iYu<in. ..ria.. .o-ulH...

.m.;^...allav,.h...,.a~p.^.lU.is.hoH....t ,..,... n.v..u>
,„, ^^„^,i,„,a „i,l„..- l.y ..M,.« ...a.,.v v.M-y >,..all t,ilH> o. 1>

!: ,^,, ,„..,ho,l is H...i.o,l hy ,1..- ..mM.l.x.ty u, ,l.o .uv.-a

in vnv na,-.-..w spa.rs lu-twc... a «.vat .......Ikm' ., t, l..>-. as ^^. 11 a

,.;„, ,l„. ,lls,.,.n...rtiu.. of a hup- part ..t tt... appa.a.i^. H..

: ., ,,,,U.,.l ......s t,. pr-nnis.. p.o,hvM.l,Omt ,,w.... to a n.nn-

i:!;:fi,........t.l.ln,n.lu..swl.u.hw,ni,..lisn.s.. later WU!. ,1.0

,l,.-...,ipt..... of the apparaa.>, it i~ s„n i.. p.-.u.,.ss o t.-.a

.,,„! ,„,,„la.- tvpo of appa.-at,.s fo.- a.. a......al o ......le.at. u^

Hke a .lo,. ...av have fro.n about sixtee.. tn.es .,1 the --" '1-- "^

Lv.. ,.;,., two o.-.h,-eeti,nes that,. n.nhe.-. . .n,ovn..ty of flov

•;'

;,, ,.1h.s. whi..h i~ a v..y ....,.o,-.a..t ,.,.,....l...-at.,.n. .s ,.....,

,,,.;iv a,ta..u.a wh.Mv th.' -uunhe.- .,f tubes is a pow.M- ..t tw,., us m

,i,,,-..ase tl..> .list,.lmti..n of the How .'an he ..tt.vt.-.l by s.i.r.^^MN

.

,,„,,,.,„„„„us bra,.eh.ng: but i., any ea.. ,.-ea, ea.v nu.s, be takn.

„,,, ,11 b.a,..-hi..!; ehannels a.v as ..ea.-ly as po>^.ble ot th, ...n

;:;;,„, ,„„„h a...l .lu-eetness, while all sha.p a,.«le. a,..l ...1.1....

ii.Mi.ls must be av.)i.h'(l. . .

A,...,h...-in.p,>.ta,Ue..nsi.h.ati.,..
.st..keop.low., . a u

„,„. „... l....,th ..f all glass ..........eti.ms an. the an-a ;•>'-

«htss in e.,ntaet with bh.o.l, as the alkali wh..'!. is taken up bo.n

this surface tends t..imlu.T..l..tt.n«.'
„,,.,Ki,it.

Th.. .,ri,i..al apparatus u.f o,.ly tour tub..s. ,.s,.,l .,n a .abb.t.

.a. at.a.t.! to .he ..an>,.,l a.t.My a.Hl le.n,..-a v.nn. b.M,., ap-

„,„xi..Kitelv the same l.M.Kth as the annual > bo.ly.

'

A U" i.nprove.ne.n i.. p.-aeti.v w:is etT.-.ted wh... -he eourse

I f ,|„> I,,.,,.- ,!!.! tlir I'nlin.xlinn i:uinul;lr «Lth l>:ir:iHMl

,:;:;::-:;;:-:;::::.::;:::::..::...->.. ...i,

ta.lir.l.luiinntll.'ni.lis.. of Ml, rN|..Mll.H.|.l.



_'S2 .1. J. ABEL, L. (i, KOWMHtE AND U. B. Tl liNKU

„, „„, i,i.„„i in tho apimratus was nia.l.- tu return en \t>Ai alt.M

„,, ,„.^,„„, „f ;. r-tiihc. M, that inHuw a.ul ..utttow tul-.s wpn-

.,t tlH' ^ai.ic .Mul and dose together. This arrantiement. winch has

',H.v<"r <inee l^cen aha.uloned. all<.w> of attachment h.N <hort

c'lnniilae e.n.,tu tho can.tul artery an.l vein, ,.r femoral artery and

^cin of the s^n.c or usually of opposite <ide<. In an apparatus

,,t- lhi< type two or three forms of which are docnhed below,

the nil- i)arts consist of hranchin^j infl..w and outflow tubes at

,!„> pn.ximal end, and branching: tube> co.uu-cte.l by a I >hai.ed

l,..„d at the (hstal end and in M.me ca-e> where the blood is m-

„.„ded to flow twice or nioir time^ each way m the apparatus

at the proximal end also.

F„reaseiii tvingof the celloidin tubes, and avoidniK the chance

„f displacement, wrinkhng, or kinku.j£, with th.- t„rmation ,.t

l,.,k. it IS essential t<. have the two nlas> tubes to wlu.'h a .'el-

luidiii tube is to be tie<i at each end. riiiidly cmnected by a

framework, preferably independent of the outer .,acket or case.

\ central (jlass rod, or frame .^.rk of tw,, or more lateral rods

i. therefore used as a skeleton connecting the silu^ tubes at

auh end with each otlu'r and with the cork .,r stopper at the

,.r„xnnal end, into which i- i> faM...ted, -o that the whole can be

lifted out bv this .me cork: the rcll„id.n tube^ are then tied on

i„ ,h,. up,.n, when, everything .- acc-ible. and the hmshed

.vMcm in.t back into tlu^ jacket, whi.-h i^ clo-e.l I'y a -eparate

,.„rk at the other end. The «hi" rod or rod- .nay be !u~ed to the

tubes whe.i made, at the bl Av-p.i.c or. a- i< totuul pn'terable lor

,1„. „„„,. compl.x system-. conncMcd throu-ili the mean- ot the

,„l,lH.r<.orkat one end. and a cnrn-pundiiiK but Muailer rubber

|,l„,.k at the other. Thi> pn.v.dc, a little elasticity, which

„K,ke- for <'ase in tvuiK the inner tube-, and reduces tlic chance

,,1 breakage of gla-s ,.aits ur tearum u! tube- by .me(,ual -trams.

\ further not incm-iderable .•,dvanla.i;c i- that it allow- ot tight-

,,,uu. .11. all the tube- shsihtiv, aitc, tymu, In- iirurW -hdmsi the

,„hl„v block .... llf r...l-. riM' -hap.' n( lUr branching tube- is

,|..-ign.Ml -n a- t.. .•..mbin.' lh.> uiiif.'rni ui-t nbiit i..n ..1 tl..w alrea.ly

n.ferred t„, uitf. tl,.. -h..r..-t p..-.blc -ur n the on.' han.l

;,„d a K.....lulih/ati. .11 ..ItlM'aNailabl.. -!...•. ill tl,.. .,,,—-..tl. n
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, L,., on tho (.ther. Diffusi-.n is favored n.om.ver. by

„t the jacket, on tlie "" <

,,„..ible, so that there are no

^P-"^^''^^*"'T^:::f;^-e™:. tarn tubes, the U.uid u.

„,irrow stagnant >pa(.> "7''7' . •,.
^j,^ aitTusintJ sub>'anees.

which would soon becotnesaurat^tW^^ would rc,utre a

0„ the other hand, too wulel> -•
"^^ J

\^,,^. ,^^,^, ,,,u,n.e of

,„,, large jacket
"""•-""'f . ^ ,1^'^J 1^

"

(,'d results are

U..UUI, with a '--I-'-«'^,^^^
:::,:, ,wo tubes ts equal

rr;i;s'i::x::r^i-ers, a. .the following

--L.low. bloody wl,..d...d^

„„„,ected -m l.arallel, xmU Ih
.

i

; 1,-,^.,^ .^ttle

nation, and consecpt -p.>ra^;on
;^ ^

-^^^
^„.,^ ,, „., ,,..

along the lower side> of the ttibe nu
^^.^^^^.^^^^^ ^^^^^^

,„alV heart-beat becotues weake,
.

^ -^
;''•;

^^^^^^^ „t,,er

,nav tend to favor »>"; f"'"''''"".\;'' ";;,.. Eight tubes
aelHeriouscha,.gesnHlu.oo,nposmo

bl

J^^^ ^^.^^^

,,S,nm.dta,neterarea.tn.u. . a,^^^

=''""'='^"V ;;!T^;i "^nt^volutne .nore tuigh. be used

:

larger annuals with a great., pu
,,,- ^, i,,^. ,.„„,-

U.t experietu-e would .ndu.atha-^
^^^ ^^^^^^^^ ^.^^_^_

what below this .unnber. ]'" ^ "%.yy lo,>g cottrse be-

,,,.,,,, .,,, ,,„es,' so that the
';';'; ^^.iVi^u^Hn^lrodvna.uie

,,. returnuig to the

;;;'^.;;;;t ^ ^-l^l.scop.c capillar.es

::;r::d :^;irTu^^^^
t„ be much .langer of goi..g .00 '-^^^ ^ .^^ he appa,-at..s

T;.e tin.e that a g.ven port.o.t ot
' '^^^ , ,.,,V,,„, „r

th(> one influence.imealo..gercou.-se..ecessarll.vn.>'a..~

therefore, a g.ea.er velocity in that channel,

exactly balancing il'c other.
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Tho a])i):iratiis shown in tiKiirc 1 has sixtcon cclloichii tubes (if

S nnn. (hanictcr and 120 cm. h'n^th of free surface. Tho arterial

cannula .1 is connected iiy a rubber tuix- to ihe inflow tube I)

whicli bifurcates in a \('rtical jjlane at /' just beyond the rubber

stoi)])er. The blood in each chainiel afjain di\ ides into four equal

.streams at <J and R res])ecti\'ely. The blood thus flows through

eittht tubes "in jiarallel'' to the further end of ihe ajjjtaratus re-

ttu'ninu by ei^ht tubes on the other side. The k1:'^> rod through

the centre of th(> rubber sto])])er at /•' forms the skeleton of the

ap])aratus. lirancliina; in a \'ertical i)lane at the further end at (i

to the jioinls // and K. where it serves to sujijiort the two sys-

tems of filass tubes to which the further (>nds of the celloidin

tubes ;ire tied. These are similar in -lia])e and each consists of a

I'-tulie in a horizontal iilane with (luadrui)le branches at each

end similar to those at Q and R. The sujiporting rods are fused

onto the walls of the I'-tubes at tho center of each bend. Hy this

means the blood in four tubes is collected into one (viz., at A') as

shown by the arrows and again distributed to four tubes on the

further side. The outflow tube, which is exactly similar to the

inflow tube, collects th<> blood from the eight return-flow tubes,

and is conn(>cted at K by rubber tubing to the \enous canmila B.

A thermometer i)ass(>s through tlie cork at T.

The outer li(iui(l is introduced and withdrawn through the

glass tube M which runs along the bottom of the apparatus to

the end nean^st the animal, while the short tube at (> serves to

let the air in or out as the case may be. Figure 2 shows theeross

section of the sixteen tubes with their connections: tho letters

refer to the same ])oints as before. The jacket in this apparatus
has a length of about 'M) cm. and a diameter of S.5 em., which
allows of s])acing the nearest tubes about lt> mm. a])art from cen-

ter to center, or S nun. between adjacent sides. The central

rod is S mm. diameter.

The arterial camiulae used in all these <'xperiments are con-

structe<l with a side tube terminating in a fine glass jot which is

fused in at the bend as shown in figure 3. This tube (/' in tigs.

1 and 3) is comiected by a Tuirrow rubber tube to a burette i A,

fig. 1) and iis u.sed for the injection of hirudin solution, which,
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/'. leiitral ~U|i|piirt iiiu nul; /', |M)iiil nf (lliliotcjiiiiiii-- Urani'liln); of .-y-lcici nf

Jjlood tubes; <) ami H. (iiiailruiilc hiaiicli points. The sixtci'ii siiuill cirilrv >liow

the arranKiMiicnt of tlir nllouliii IiiIm-.; tin- Mood Hon'.- Uj) left-liaml ci^jlit and
down 111 the miiaiiHUr.

Kio -i. AUTKKl VI. I
' \\.\i \.\

('. point al whirli si,!,, \n\tf and iiinci- jrt foi liiiiidin an' fused in: O. end eoii-

neiieil l)j iilhliiT liihe to vividiffii-ioii apparatus. The arrons show the direetioii

..r 1,1 1 ttnu

286
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h'-iiiK (Iflivpipd by tlio jet cl()>e up inside the point of the cannula

prevents the formation of a clot at that point. The same ar-

rangement serves for the introduetion of other substances when

desired. For attachment to the portal vein cannulae of the

form shown in figure 4 are used. Here .1 and ti indicate the

open ends inserted into the distal end of the portal vein and the

proximal end of the same or into the vena cava respectively; C

and D are the ends to be a^.ached to the apparatus, while E is

the hirudin tube, the jet of which is fused in at F; <i is a short

glass rod fused to the walls of the hirudin and blood tubes to

hold them together and support them firmly. This is found to

be a useful precaution to i)revent breakage at the fragile joint

F. The cannulae are made with long vertical stems to allow of

reaching the bottom of the abdominal cavity.

For large dogs an apparatus is used which has 32 celloidin

tubes of S mm. diameter and 40 cm. length of free surface con-

tained in a jacket 10 cm. diameter by 53 cm. long. The plan

of the tubes is shown in ftgure ."). In °ach (piadrant arc eight

tubes connected together, through which the blood flows in par-

allel, while the course is four times the length of the apparatus,

twice uj) and twice down, the passage from quadrant to quadrant

being provided by three-branched U-tubes, two at the distal and

one at the proximal end. The framework consists of two glass

rods (S, .S" in figs. 5, D and E in fig. (>) fastened in the cork at the

proximal end i,a \iew of which from the outside is seen in fig. ti)

and carrying at the further end a rubber block or cross-piece

with recesses into which the I'-tubes are strapped. In figure (>.

/•' represents the thermometer (

7' in lig. o) while C represents the

end of a glass rod fu.sed to and sui)porting the branched U-tube

connecting the two upper quadrants: .4 and B are the tubes fo,'

the inflow and outflow of blood a d G is an extra hole leading

into the jacket.

The arrangement of the tubes in each <iuadrant, as shown in

figure .J is that of a nine y)omX s(|uare with one corner omitted.

The bifurcation is dichotomous throughout, the planes of bifur-

cation being at such angles as to bring the stream by the shor'^est

po.-sible route to points midwa\- between the two points reached



^I'.

lie;. I- Cannulak Kciii I'ouTAI. Vkin

.1, opiiiiiiK for iiifinw (.f 1)I(i'k1 from distill ciui of portiil vein; /(, oprninn for

outflow into proximal mil of same, or into vena eava; (
'. cn.l .onnoiliiiK with

inflow tube of apparatus; O, end eonnoelinii with outnow tube of same; K. side

tiube for hirudin, fused into cannula at F and terminating in inner jet
;
G, glass rod

eonneeting tubes for miilual sui)port.
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'--^'^

l-'lll. ~>- l.\l;(iKEi Al'l'Ali \T''S WITH 'rillllTV-'r\\ n TlllKS

View of 111(1 c.f a|ip:iniliis fnini tlii' iiitcricir. shiiwinu plan of Kla.-^H tiibi'> in vM-h

qUMdrant. The two lower (|UailraTils serve for llie intlow and ouC.jw of tlie Ijlood

at llie proximal end, while the tubes in the two iijjper quadrants are connected by

li ('-shaped bend mot shown in linnre). At the distal end similar t'-shape<i connec-

tions but in vertical planes connect the upper and lower riRht liand ipiadrants,

ami upper and lower left hand qiia''-ants respectively. The letterS .1 to H refer

lo the same points in the course if the tubes as in HRures 7 and 8. The crosses

show location of inflow and outflow or connecting I'-tubes respectively. .S', S',

supporting rods: T, thermometer; I', tube for inlet and outlet of liquid in jackit.
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it the next liifuii'iitlon. 'I'lm- il will 1»' x'fii ill 111'' i'l'"i *'»£•

,-)i that the cinlit tiilu- in niic ()iui.liaiit aiv (in.upca in tour |)aii>

,,„„„.,.t.>,l l.v r-sliap.>(l l..M.(ls, tlu-.M- uf which arc ii. a vcrti.-il aii.l

oii(> in a hoiizcin tal i)Ui lie 111 ithtT (•((nn('ctiun> arc nm-t

11 I

r,,, ,, Vinv ..1 I'lm^iMM. Kmi mk TFnirrv-lu..-Ti mk Aitmimi- Ih"M

( )rT>ii)h.

1 uril.iw lul.r In, 1,1 1; /(. imiHImw till"- fill -ainr;' .
end of ula- n.,1 -upiMHi-

,„n r-tiili.' whirl, , .,„„..l- nv„ iipiici- ,,ii;i,lraiit-; IJ an.l K fnds of ro,l-< v„|,|M,itu,>i

jrlusstiilirs ;,t ,liM:,l iMi.l; F. tlirrinoii.flcr; </, -i,ar<M>|>ciiiriKiiitojack,i. .
lo^r.l liv

tcUuiS stupiM I . Till- viiw -hows lucUioa of fastcniiisj nilihcr stoppers l.y :i nihbf,

,sh.ov.' slipped o\v>- both stopper and ciid of j,ic'ket and wiiv.l on to both ii-.lt,.

prrveiit leaks and acraleiHal dishxation of Moppet

.

(•l(3arly seen in the (liii^rranimatic sketch ligurc 7 in which the

axis only of each tube is shown, while tiKure 8 show> the outlines

„f tlie correspondina: tubes." Tlie lett.ns which refer to the same

;The various I -bends ale liere s|io« n «ith hinuei straiuhl stems aii.l btoiele,

curves than in the actual apparatus as otherwise the various portions ..verlai.

eaeh other in the sU,'teti in a manner too eomplieuted to be intelliRible.
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ri'fi'i

Til.'

lu;. 7 1 "' ^

7 mill N. DlAI.HA.MMAril Hl.ria>KM \n"\ ilK Uli Vs. MINI. i:ii.llT-Kii|,ll

DiSTHiBc Ti' X Triih:< m Imihty-Two-Ti iik Aim-akati s

hr littcis refer to corn'spdiiilniir p(iiiit> in Ipotli tijiiirer^. The liiie^ in liuuic 7

to the uxes of tlie tubes shown in ti(£iire s. The I'-tubes KKI. and M h.\ are

ihed from ''. tlie l)raneh rF licinn seen throuuh (i.e., hehmil ll;e tube (Mi

l-tnbes (XiP anil (Jlll{ an' -npplie.l from I). The three T-tubes KEI.. Mh'.\

(Jllli a,e in parallel pi:.ne< wlnle OCI' i< in a plane at right angles.

points ill fiKures "). 7 and S lia\f the luUuwiiin >igiiilicaiK't'; .1 i>

the inlet tulx- I iudicutcd by a .Toss in fi^. 5). which Infiirratcs at

B U-adiiig- to tlu' two i)oints (' and ]). The tube at C supplies

the four tubes A'. />, M and .V which are united in two I'-tubes

the planes of whieh are i)arallel. but wliich are arraiiKcd ( // Melon

in plan (stej) shape<l, RLMX. forming the tiRtire "L) while that

at I) supi)lies the four tubes O. I'. Q and R fjr(nii)ed in two i)airs,

the pianos ,,f the two I'-tnbes beinti at right aiiRlcs and luiited

f
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ia.\i<)\ \i. 'II i>n I I -iiuK >i ii>r \vi i.- in m \\.i >i- -"•:<

so tliMt lliivr IuIh--. /',
(J aiMi /.' aiv ill a n>w '

|ial:ill.'l Imi1,c

lines A7. and M\ . wliil<- ili" l"iiiili ""l"' " -tan.l-- .>iit l ic

>i(lc ami rdinr- in line uilli M ami A. Tlir n iniinM K m- uiU

lie ca-ilv -<'i'ii !)>' cnniipaiin^; tin' IW" liLiun-.

An aiiparatu- i- now licinii ron-lnirinl ulndi will lia'.>' I'.U

liihi- -.1 f> n,in. (liainctiT -pacMJ al.oiit II iniii. aparl from renter

to cenler .nnlamed in a jacket -Ml rni. .liameler. With eelloidin

tubes to rni. loii^ it i~ .-liinateil thai the mleriial voluin'
,

m-

(•lu.linti connection-, will he ahoiit 2] to :{ lileiv. Miitahle lor :i

call', a lartie i;oat .ir otlui' animal weiiihinn IrMm '.'(Id iiomnU iip-

wan!>. To lacilitate .the lalM,riou^ pio,v- of tymn on the tuhes

the sy-tem i~ made m m\ -ection- .'adi to he |iro\id<-d with its

independent -uiil>ortini: liainework. the section- to lie I'onnecteil

hy ruhher tiihmii. Thi- not onl\ make- the tuhe< much inonr

acce^-ihle, there heller \ erv lew luhe- hidden in the interior of

a M'clion, hut reduce- the diiiiculty I'ail-ed t>y leak-. I'.acii sec-

tion liein^i te>ted -eparatelx hut little extra work will lie in\()lved

in re])lai'in^ faulty tiilie-. or retyiny; m-ecure joint-.

The arraUiienuMit adople<l for .he tuhe- will he evident from

linure '.» which repre-eiil- one-half ni the apparatu-. I'.acli -ec-

tion contains :VJ tuhe- ihrou-ih wliich the hlood tlow^ in parallel,

the I.ranching heinj: on the same dichotoniou- i)rinci|)le already

descril)e(l. Owinji to the complicati.m of the connei't ion-. tli(^

l)riniary, secondary ami tertiary hifurcati'm- are omitted from

the l>lai . which shows only the (jroui)inii of the tulie- indicated

hy he,-i\y dot>' in four-, and the outline of thi> -eparate -(vtions

hy inean< of dotte'l line-. The hlood will tli>w up and down, in

alternate sections, three time- each way.

A -mall form of aiiparatu^. suitable for work on individual or-

gans is rei)resented in lifrun^s 10 and 11. the former a diajiram-

niatic view of the class ])art< and ruhher -tojjper only, the latter

showini: two unit- of \h\> tyjie united ton;eth(>r in a manner

which wil. lie pl.aiii from the le^;eiid.

All aiiparatus i- in cour-e of con-trtiction which will contain

four tube- 120 cm. loim of an oritinal diameter of al)oiit :5:<

111 „tliiT wunl.s tlir four pcint^ /•;, F, '/ ;iu.l // arr :H tl.r .rnt,.,-.- ul llu- four

U-tiil]cs A.7., M\, or :inil r<l/i' r.s|«rtivi'ly luni of ili,-.sr /-.'an,! /' ar iim.vtcl

to ' while a ami // arc laiiuM' i,m| io I).
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iiini. w hicli will he flattened out to a w idtl 1 ut .) cm. anil u

hickiK-ss (.f at.out 12 or :^ mm. For this purpose the tubes are

he eni'losed in li^ht frameworks of gilded \vir(>s w
til

to
uch wil

(„ilv cover a small fraction of the ditTusiii},' surface while providing

ts to i)revent the tubes buls^ins under
upports at numerous pom

uiternal jiressure Vnother 'ype of ajiparatus has heoi' desifrii

d is also in coiuseoi constnnan

an excessi\(' iium

h.ryier proportion of dilt'usin

this type celloidin tui

(1

tion in which, without n orthif!; to

ber of tub(>s of inconvenient dimensions, a nuich

ir surface to \-olume is oiil luiec 1. Ir

-mu

rryinfi salt solution are placed inside

hiV'tubes which carry tin- blood and which are themselves

"We therefore have the aiuuilar

1 withf ceijoidm tillei

surrounded by salt solution.

>pace 1 etween i)air- of concentric tulies o

l)l<Mid. I'lacinn the thickiu-> of this space at I m

into account that two >urfaces are exjxjsei

m. and takinsi

there will be about

-i\ to ei| dit ti ines as mu •h Hirfaco for a given xoliime of l)lood

as in the form> de-cribeil aliove

v. TKrllNIcjl i; OK KXPKHIMKNTS

The method of attaching the apparatus is alway> essentially

the sim- .dthough -light variation- in technic]ue are nece-si-

tated in attacking different problems. Thi' i)rincii)al factors

which may be varied are liie -it<- of attachment of the cannuhie,

the anaesthetic used, the precautions for asepsi-, the size ot the

apparatu- and the duration of the experiment.

The experiments fall into two groups according to whether

the recovery of the animal i- aimed at, or whether the collection

,,f dialyzing -ubstanco from the blood is the sole object. The

technique in the latter ca-e varies as I.; whether the material is

to be obtained from the general circulation, or from the |)ortal

vein, ,,r iv the blood leasing an individual organ (e.g., the

thyroid or the jiancrcas) with ;( view to obtaining specific .sub-

stance contained in the intern.al secretion. The techniciue

described in detail in the following paragraphs is that used Ul

collecting mat.'rial from the general circidation, while -pecihc

xariutions will be considered later.
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J. ,T. ABKI., I., i;

i(> animal u^uallv ex noriinent

TRKK AND I'. H. TlKNKU

bepii the do^;. n"' iim: ti) it> cnuvciupnt

0(1 on, up to tlu' piociit. lia-

size and availability. Tn

h -upply of products of dit^estioii in tiie blood, a full
insure a ik .-,,..
meal of meal i> siven '.) to \2 hours i)revious to th.' operation,

an.l in some ,aM-> a seeo.ul meal of 100 to JOO grains ot meat

al)out three or four hours before eomnieneement. The additional

meal, however, i- apt to lea<l to vomiting during the dialysis, lor

which reason the animal must be closely watched.

Because of it. abilit v to i)ro(hice i)roh>ni!;ed and linht anae.-the-

M. vlth relativelv little depression, tertiary trichlorbutyl alcohol

(commerciallv known a>
• chloretone" > has b.'cn u-ed bv pre

ereiiee. It i^ administered by >tomach-tube about two hour^

before the operation, using about O.lT) -jram per I k^m. of body-

weight. The pow.ler.Ml crystal, are washed down with a little

water This freiiuentlv produce, the desired aiuu-th.'sia without

other mean., but in .ome .-a-e. a Httlc ether ha. to b,. ^iven

at certain stage..

Immediatelv bdore. or preferably, if .utlicient as.istance i.

•tviilabh". during the (,peration. the apparatus L washed out

.cveral time, with di.tilled wafr and salt .olution, to remove all

,1,,. th.Miiob which ha. been u.ed to prevent bacterial growth

wliile the .•ii)paratu^ wa. n.t in use.

The tul)e. are Hlled bv a funnel and nibbei tui)e with a warm

.„hition ,ontaming 0... gram Nad in 100 re.'' Where the a].-

paratu. i. ot the return flow type, and .".|)eeially m tho.e ca..'s

m which the tube, are arranged to .give a tlow twice or otten.-r

. , ,„,nu t.. tl,.- a.n^i.i ih U -inall p.,,.,. !.- ..! il,y,u,.l n,:,y n-,na.n :ulli,Min^ u,

,|„.tul.-
,„.li..".ritntl,,.:mirM;,lV,ur„l;,n.i„l.v-nl„n.mauni,tlli.'.M""ii,..,i,

., „u,„M',nan. inu- s ,/,-„/..Mln I „M 1,. :„.,-:„„-, an.l -., .:,Ura,v

,„,, ,|„.n. ,. „.. ..ppn^.|^Ht^ P., ,. ,., rrvMallm. o,U, TIm pn-.-nt •"-"""-"

,„„ tl.vmol .mU u, ^\n .mlr, ,-.,Ul,„„ altr, ru.l. ,Ap.nin.'iP .vly.nt ..„ ,1- ,PIPi-

-,„„ llirOllBll tl,r rrllnia.l, t.. k,rp ll,.- I laiuM ,-.,,!,.

.o,^dnup,:n,apnt:,,-,UM, .I.I.mM, ^UM,^Hlua.a^, .IM -nlu,,,mn. i,,..:., .

..M...n,„,,P-, - .pi-NHU:,.. .1 ' O,.- ,n,„p„M.„.,. ot tl„. l.Inn,
.

...,. .h-

.,.1,., I.lnn.i.. U,c. U>..,1 U. >h- ,„„,..,„,:„,.„, oMMI «,:.„. >,, PXI
. . 1

Ih .:....,„

.Mnrnl.' «a- omittol tn ir.l.irv Oie rlian.-- of , lotting au.l Hi.' -"hun,
•
l.lundt

,,„1,„,,,1 ,,, ,,-lon. p.llMP.Ilv U,.. pl,y-.ioloKir:,l l-alul,.-,., :,- ..ilMU, ..l.-l v;.l um-

„„„. 1 ,l-,ul,.-,. p..,„,r,l t p:..-a..- of .A,. f -,1, .- ml.. .In

1,1... ..I
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in onch (lircctioii, it is iiuportaiit alwa; to hold tl>r apparatus

during tho procos of filling so tliat the liquid cntprs each sot of

tubes, in turn, from hrloir and to reverse the apparatus as soon

as the liquid begins to i)as> round the l)end. In this manner the

air i.s eompletely expelled ahead of tlie liciuid and few or no bubbles

remain to be removed by capillary pipettes at the terminal

openings." Th(> inlet and outlet tube;, whieh have been pro-

vided with short lengths about 3 to 4 cm.) of tight-fitting, but

not too small rubber tube, are dosed by clamps on the rubber,

leaving sufficient space beyond the clamps for the introduction

of the ends of the camiulae. The outer jacket is then filled with

the same saline solution which has been heated to such a point

that the temperature of the whole apparatus will l)e between

.3S and 4()°('. by the time the blood flow is started. Little heat

is required during the course of the experiment witii th(> larger

types of apparatus, the heat radiating nu-fac' of which is small

compared to their heat capacity, and one or two incandescent

electric lamp> phu'ivl (reside or under me jacket, with a towel or

two over the whole, answers to keep the temperature constant.

The arterial and venous cannulae, should be selected lu'lore the

experiment for suitable size and shape, to avoid delay at the

critical moment. They must lioth be carefully fitted to the

individual animal and the particular operation, so that wiieii

connected in position th-'y will meet the inflow and outflow tnl;; >

of the .'ipjjaratus in the proper line and allow of insertion through

the rubber connecting lube- >o far ;is to make : joint "glass to

glass," and at the same time i)e accurately in line with the l)loo<l

vessels and avoid all strain on them after adjustni(>nt. The

caliber <if the arterial aninda is selected as la, geas can be readily

inserted in the \ r--cl. while that of the venous caimula may either

he taken of maximum si/.e or the caliber may be in;ide somewhat

-mailer where it is doiied In reiiuce the rate of How and thereliy

lai-e the ])re>-ui'(> i" the app;ir;inis.'~

" (111 llir >.unr iniii. i|.l.'. Ill .iiiiilviiiti llir Miipariil US, uir is tilown in (V"m nhoic.

r. viT.iim: ;ii tlu< aiiiini|in:;ti' nioinciit a- in the oppii-itf iiriHCss.

I- This li:i.« been tried iii lliu liopc of iililaiiiiim -i luiiK< r iicriml of c.)i:ily>i-.

wliiMf the aiiimiil wa> tliciiidlit to lu' (lefiricul in rosi:<talue or .small for tlic appa-
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-n,,, u.u.l M,. M.l.-'l,..l fur tlH. oprration has h.n. th- nork

„,,.;,UM' 111 nit „i")i
r,-|

, ,.v ,<,• Kix'ii uii the

,i,,,, of tlu- aninud un whirl, th. apparatus ,> to u
.

t u n^

'7:; .;: T ..u.,iaart..yis..xposoaiow,lo.n,owa..U

;:;:;,::::-;::;:::,:-:\r:i";;:-:r..:-:"''»-

cari'iiiusi M. ....^. ., ..• -^
^ ,

. ., . .., ,,,t ..vncniiicnt.

,:
ulwav.wm,.lHMuav.hlT,.n.n.-..lK..lu.v:n.a,,.Mp,.^^^^

i J M l..^ak..n to ..run. all l.U..Mli.« po"
-

'.V tyu,., <.. n..

„„. „„.„,.ulalnhty ol tlu- hln-1 » th( m,

,J ,,|,„„|, ,,

:i;:rn;::;rr-';r;^-^,5:H

,,, II, ,w till th.'latlriislu

(ipcll -tclii''""~'"
, ,,,i. ,,,„. „ luM hrhl in the hun.ls l.y an

,I;:::-;rx::;tJ^^,..,.,;..^-;-;:;;;-,„:-;:

;::,;;r:-,::'::^:rtri:;;;:::t;.;».u ;;;.;:-;

to the llHiUth of the tuh.'s

„|.nl Ihccannulac.iincat a tnnr.aiHll he ciidsof (hf rubliiT on

d„r;,tic,n ni til.' ,A|.rnn,rnt Ol <,u,

V,.l.H>tv Liic, on L-lr>~ :.m.'lcMl.
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M

tho

I'll 111

jrrcspoiuliiiK tubes of tli i|):U' iitiis with saliiH' siilutiiiii

I ;i pipette while the openitur inserts the e;uiiii

elunips III' tl

The

from the ruhher tubes in (piestion,

l;ie pushed h<)in(> "Klass to yila^s" while Kn'Ut can
len renioN'ed

and the eannu

is taken to avoid -trains on tiie t)ioo(l ve-

and while w
porting elaiu]

•Is. The distal end

1 till slightly higher than th(> other,

itehiiiM; the jxisition relativ.' to the wound, the suj)-

)locks are hroiifiht into phivv and made firm.

of the apparatus is now raisei

The ap|)aiatiis, wliii'h may con venientlv rest on a table adjacent

to tl

at ri

le opera tins; table, extends in a nearly horu Hital direction

;;ht anj;les to the axis of the animal's body and just above

the level of the wound.

leT
le hur

\-enous clam]) is now removed and liirudin solution from

ette allowed to flow into the apparatus, dispUiciiif!; Jin e(iual

volume of saline solution int.. the vein. The amount of hirudin

retiuired to render the whole blood of the animal completely

incoagulable for twelve hours or more has first been estimated

from jirevious tests. It is found advisable to run in from three-

(luarters to nine-tenths of this amount at once, at this stage,

before the adinis-ion of blood to the ai)paratus, as the most dan-

frerous time for thr formation of clots, ajiart from the last stages

when the flow slackens and the lilood is beginning to stagnate,

seems to be in the tirst hour.

The arterial clamp is now reinov(>d whereupon the flow of blood

into the sy-' m of Mibes. displacing and partially mixing with

the saline sniiition. may be readily followed by the (>>(>. The

time of complete displacement of saline solution amounting to

30 cc. |)er kilogram of body weight is about 4.') seconds where full

caliber caniiulae are u-ed and the animal i-^ in good condition,

but ii satisfactory flow can be obtained with a venous cannula of

such caliber thai three to four minutes is reipiired for the return

of the blood to the \ eiii. This is prol)ably considerably faster

than the flow in the List few hours of a long experiment, in which

caniiulae of inaxinium size were used.

Information in regard to the coagulability of the blood ia

easibobtaii ed. As soon as theartiticial circulation is established,

2 to ") cc. of blood are withdrawn from a vein of the hind leg by
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])Uiictiir(' \v

tcii after

event of imiiK

,-itli a >iiital)le necUe. Tl

five ti> six ininules an

li (•()n( litiim
)1' tlie l)l(ni(l i-^

1 atrain at interval In th

(liate elottiiiK "" )!( hinulin i> allowei 1 to tlow int(

the arterial cauna

hours hiter a test may ajiani

la.- and the coagulation test is reiieat.M

n, wlien it may
\el

few luinu

l)e fouiK

he made witli 2 cc '

i that elottiiiK now oreurs witlun a

f hlood from a

th

te> although the 1.1. that was drawn earli.'r in the

,.x|)<'riment still remain > iluid. Kvf'ii then thi're is no

danger of hl.tod ''1"'^ f.)rinii i(r in the ai)p;i UU-. In.le.'d w.'

inim.'.liate

lia\.'

had no serious troii )le from this source smee our 11 r-t .'xperiments.

Another pr. cedure jjertaii to the study of th.' hlood il.>w

111 th.- .

poraril\'.

t the

lialvzer.

allowinti hirudi

This c..nsi>ts in clamping otT th.' artery t.'in-

,r saline soluli..n t.. Il.iw in and wa>ii

.III hloo.l m the caniuihi '•"> i'^"- On releasing the artery

clip th(> rat.M if flow may

Afiain. ii

he RauKcd with a fair .l.'Uive ..t ac.airacy

if.irniation m re Rard to the eirci lation in th.' api)arati

niav he ohtaine

Kct just enou

,1 hv inc;-easinK the presMir

ja(

th.'ii n.itiiif!; tli.- sp

frii t.> flatten the cell.)idin tuh.

within the outer

iinewiiat and

wit h which th(\v fill .'Ht ag: in when the

d. Alternate compres-ion an. 1 r(>la\ati.)ii . .f thf
nre^sure IS rem.iveU. .vii-...». i

i- 4i „

::;ioi..iu tuhes al.. ..ves t.. agttat.' th.' ihn.l
-:-;:;; ^^^

,„l,.,s thu^ pr.'ve.itins the formati.m .,f lay.-.- .4 .atu.ate.i >h.

tioii on thi'ir .inter -iirtaces.

Th.M.ate an.l f..rc.' .If the pttlse niay he .'a-ilv >..,'n in the arterial

,
,., ^., „„,,„„„ ,vluM-e hhi.i.l an.l hiru.hn solutu.u mee ,

:: tial a.l.mssi.ui of a sinall Muantity ,if the an^

„„. ,,l„.,.l forcing its way t...i far ha.'k m the M.le tuh.'. an.l ,n

„ ,,,,,„ line of ,l,'inaivati..ii. pulsating with .'v.'iy h.'at .it th.

a >harp lim'

heart

..U 'o 'he ..'n.'ral pressure may 1 h.am.'.i mUu' hill,.™

,,;,. Th.'~,op-...i,.k.if thehuiv,.. .•o.itainin, th.'hiru.lin is

,-,,,,,,,,,,,,,,,,,,,.ne,srai..dai,.ll..w..r.'duntdth.'^^

,„un.i at whi.'h th.- inriuiin soiuti.in no lun^.'r il.iws m .- th.' ...

/cr l.ut r.-mains at a c.instaut 1. Acl. Till' h.mht .if th.- .•.ihiniii

d.ovellii'h.-art i^iiow iin-aMir.'. ian'.l.-ai.nlaled iii t.'rms.if mer.'ury

I" csMir.-. Ill animal- thai ar.' ni ,.„,..l cuniiiti.iii th<- pressure
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">< iiic:i-uro<i isoltcii :W tii li') iiiiii. iHgi I'lirly in the ixporiincMit,

while hitiT it may he as liifili us .')() to iill iiiiii. and tnwanis the

• Mid ni a lonn cxprir.iient it may rcacli a low lc\cl of 2i) to 1.") mm.

DoK- liavc sometimes li\c(l as loiiR as two lioiiis when the i)re>-

-ure ot' theI)loo(' in tlie apparatus ohtained hy this jjioeediiro. was

down to l.j mm. At tlii- time the Kenoral iirtorial pres.siire as

measiii-ed forexampletroni ihefemoial artery would naturuUyhave

reached a low level and would proliahly he found to ho around •")()

mm. (Hfji. The dynamiral princi[)lcs whieli Knvcrn the flow of

li(|uids require a fall of pre>>ure wherever, as in this ease, a li(iuid

Mow- ra|)idly throufih a constrieted plaee in il> ehaniiel, the fall

lieiiiK f^reater or less, aeeordiiiM; to the \clocity :
heneo the pressure

measured in the al)o\e maimer will always he lower tlian in the

artery, on ai'count of the resistance to 'low in the narrow point

of the arteri;d camnila.

Alliichnii III til till jiniiiil rirriiliiliiin

If is of interot to study the difl'u>ate- from the portal hood

and a he^Mtmiiif; has l„.,>n made in this dirc-etion hy attaehiufithe

apparatus to the portal vein i four expe'-iinent-i. Special oan-

nulae. wliieii have already heen descrihed >ee lif^. 4) are needed

for these experiments, The portal cammla i- tilled with leech

<>xtract and inserted into the portal vein just helow the entrance

of the pancreatic vein, while the wide-mouthecj venous cannula,

also filled with leech extract, is introduced into the vena cava.

In one experiment this eanmila was iiilr(iduc(>d into the proximal

end of the portal \ein. hut the dilliculties encountered in the

insertion of the two lar^e camuilae into the short length of the

portal vein axailahle for this [,urpo,se were >uch that wel>''ve. for

the present at lea-t, -elected the inferior \ena ca\a as the carrier

of the ontdowiiin- hlnod.

Mliiiliiiii III III till ri ins of imlitniliiifl iin/iins

This has not yet lieen attempted hy us. tliouy;li an apparatus

suited to this purpose and cousi>tinf«; of separahle imits has heen

designed hy n~ .-ind i- -hown in hgures K) aiid II.

€(•
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( 'iir( of //(( ii iifi'iniliix

\\ tlic niiiclii-idii of ;in I'xpcriiririil in wliii-li :l i- iml (Ir-iinl

to ~;i\c the aliiliKi! the llwiil i- rcinovccl iVnii the (iiilcr jnckcl, llic

apparalu- i~ ilrlarlicil and the containcil hi 1 i~ \va-ii('<i out

(if tlic tulic^ Willi Slit solution wliicli lia~ hern -aliiiati'(l with

thvinol. The jarkct is also iillfd with tlii- solution. Tlic ap-

naraliis is then set aside until it is apiin ncc(lrd.

In i'us(> tlif cxpcritncnt has fronc on for many hours with an

ccoiioniical u-r of Irccli rxtract it may he t'ound that -ome of ihr

tul)C< can iKit he completely- emptied of Mood on account of the

formation of a few small clots. In this case the hi i is wa-hed

out of the tuhc- with salt solution as hefore. The tui)es arc then

tilled with an acid-pepsin solution, the jacket is filled with a

O.ti per cent salt solution acidified to the same decree ;uh1 the

apparatus is them kept at hody temperature until the clots are

completely dii;.-ted. The wliol- apparatii- i- then washeil out

thoroughly, iilled in the usual way and -et a-ide. If used with

c.are the apparatus can he employed many times without re-

placing the celloidi!' tuhe-. Our apiiai'atu- with :V2 tuhes, h-jure

."i. has remained in peifecl condition foi- .-i period of ei^ht months.

Two tuhes only have heen replacetl durins; this period, in which

the api)aratus lias heen used in ahout thirty exi)erimenls.

V. THI-; I'KKI'AHATIOX (iF lilt; I.KK.iM KXriiACl'

.Vs already stated, ;in extract oiiiained fi'om the medicinal

loecii is employed in our method of vi\ idilTusion to render the

hlood incoaKulahle. In eoiise(iueni'e of llu- liij;h price" of hirudin,

the anticoat!;ulative |)rin<'iple of the leech, we now pn'pa'c for

oursehcs an active extract of th.is principle, hasiiiK our method

on the work of .Iac<ihj" and his pupils. Franz. Hayashi and H(

" Hirudin rcisl.s $27. ."lO a urani. W r liavi- iiscil iimrc tluui half a uram in a -iiii:lc

cxpcrinicnt (if loni; ilur.iliiin nii a laiu. .ini;. C 1 incdicin.al locclics fnini I'ranrr

can be liou^li' in liit> "f "nc Ijuniln'.l i.r niuri' fnini cuppint? liarlMTs at the rale ul

$li a hnndrcil. Ilyn>-cin, Wi'sliaitt .v Co.. .if Haltirnnrc. inforni ns that thi'V hiip<'

to 1)0 able t(i furnish ^n- best li-irh,- at $.;il t<i S-J,"i .a thousand. .\s a siii';!.- I.i'rh

may yield .s niKin. of ai'tive hirniiin to cxlraction with water, the saviii); that

results from niakiiiK llie cxlr.ut is lajiisidiralilr.

" .Vreh f. Kxp. Tathul. ii. I'liartn. Hi, ii. :flJ.
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(li)liH.''' in\ i'-tiL!:;iliir- uhd li;i\r (ri\cii ii>^ inali\- \ aliialilc <iala iii

rrnaril In this sintiulai' -iili-laiirr.

^\| ha\c usually picpand <iur extract fioiii two liiindrfd

Icci'lii- tlmiimh lat('l>- we hnvv ii-nl a larKcr iiuinlicr at a lime.

()iil>' tliclicaci and the iriinu'dialcly ailjniiiint; ,-.ci;inrnts arr iisi-d.

The head is seized wiili a |)aii- of furcep- and tlii' liody is cut

tlirmiirli at the tenth or twelfth riuK. 'l"he liead [lortions ace then
Kfoiiiid up as line as po-~ihh', with or without th(> iise of >and
;is file case may l)e. lot) cc. of distilled water i.e.. 0.7.') ,;. per
head) and enough thymol in sul)staiic(> to ensure asepsis .are

added .and the mixture .-et aside in the ice-chest for twetitv-four

hours. The mass is thef 'ransferrcd to a Huchner funnel and
filtered under pressure and washed with just eiiouKh water to

Kivc 150 <<. of filtrate. The filtrate is brought ra()idly to a tcm-
peniture of S2 to S,')"( '. and acetic acid is added cautiously
until the solution is barely acid to litmu.s. The coagulated jjro-

teids are immediately rem()\cd on a suction filter and tho re-

action of the hot (iltrate is restored to the neutral point bv means
of sodium bicarbonate. Jacobj and his pujMls have shown that

hirudin is seiisitnc to acid and to heat losing.' much of its aiiti-

coaRidative power when heated for more than a short time at
100°('.

The aqueous extract just described retains its activity for a
long time if it bo kept on ice and all ba"terial cliaiig(> pro-

vented by the addition of sufficient thymol or chloroform. It is

made ready for use by the addition (jf enough .sodiiun chloride in

substance to bring it up to a O.tJ per cent solution.

If tho leeches are in good condition and have not been starved
for too many months" a .solution thus prepared is highly active.
Thus. 0.1 cc, of an extract (loOcc.) obtained from 200 leeches
wlien added to A cc. of dog's blood prevented clotting for forty-

eight hours, .\ssuming that rabbit's blood and dog's blood re-

(luire about the .same i iiount of hirudin to prevent coagulation
and knowing from the experiments of Franz that 0.001 gram of
commercial liirudi. will prevent o ec. of blood from coagulating

" .Vri'h f. K.xp. l':,il,ol. II. I'h.arm. .,.', p. 242.

'•S'c wnrk i)f ,r:i('(jl)j ;uiil hif pupils nlr(\ii!y cited.

\ I
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wr may a-Miinc rliiit .ur 1'>li <' "i tir-t .Miai't n.iiiaiii- in tin-

iiciKhtioilicnd of O.itOd Ki-ain <il' liini.iiii. (-(iiiiv al.ni te l^. H'um.

pt'i' U'ci-h. The li("aii< alf extracted a -eeniiil and a lliird time

with di.-lilled water; the -eecmd extract i- -oinewhat le-- acti\e

than that |U-t de>crit)(Mi, ha\ ini: ahoiit lhree-lil'th~ of it-^ cnanula-

tive power. Tlie itiird extract i^ a> a ruli' poured upon a new lot

,,f t're>lily KioiKid le.ch head-, thii< -er\ int a- the Ihiid i-i' a hr-i

extract of these.

We have latelv -implilied the method l.y ii-mu; the Kiiclmer

pre-s. .V thou>;ind leecli head- are uroiind up a- tine a- po-^-

-il.h" and c.)\cre<l with KMKI <;. ,>i water. Thymol i- thi'ii added

and the mixture i- ajiitated in a -^hakinn machir.e for a tew lioui-

and is then placed in the ice che-t over nisht. In the mornini!;

the clear (-.r slightly turi)id -upernatant lluid i- lemoved hy a

-iphoii and the >ediinent of crii-hed lieads i- placed in a piei'e of

lowelinj; and allowed to drip Wlien the e\ce- of Ihiid ha- l>eeii

removed, the towel with it- content- i- made into a parcel which

is then exposed for some hours to a pressure of :i(l() k^m. per s(|uare

centimeter in the I'.ucliiier pres>. When the cake is dry it is

romovod, allowed to -oak in water and ajiaiii pres-ed out. Fin-

is repeated once more. The coiuliiiied extract- aie treated as

liefore for the removal of proteids.

In tin- way a thousaml leech head- may lie made to \ield

1210 cc. of an a(|iieous extract of such -ticnuth that d.l") cc will

k<'ep 5 cc. of dofr's blood from clottiiis; foi- twenty-five hour-.

Calculated aK^dnst commercial hirudin each cuhic centimeter ot

the extract should contain about (i iiifim. of hirudin. In addition

to the al)ov.' extract there were olitained lirj re. of ••washmi^s

each cubic centimeter of which contained _'..") mum. hirudin as esti-

mated by the clottiiif; t(-sts.

Inasmuch as this extract contains -mall (|Uantities of c(,ii-

stituents of the leech's body other than hirudin, -uch a- mucin,

and no doubt al-o -mall amount- of amiiio-bodie- of noii-proteid

character, it was of iiitere-t to learn the amino ' content of the

extract. This was done by usiim \an Slyke's icro-api)aralu<

and it wa- t"oinid that each cubic centimeter of the extract con-

tained ().]_' nifim. of aliphatic amino-nitroiren. Ten inilliKrain-^
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'•i cnniriicicKil Ijinidiii li, the (mtn nt .Irv ^<'al.- a!i;ilyM'<! [)y tho
NJiinc iiictli(M|i' irav." (1. 1.-) iriKin. i.iriiiio-X. Fliriidiii i< lat.-.l tu I..-

a XMoiiilarv alhiiiiiusc ainl ha- I ii -howri l.v Kodoiii;" to h,. |,i,r

-hKlilly (litfii-iM... a- practically none dialyz.- thn.iifrh |)arch-
iMcnt iti nine hoiiiv Ina-imich as dur oxtract contains f, mgin. ..f

hirudin in ra-^h ciihic ccntimctc- it is evident that a Kuod part of
Its nitroKen may l.e (•on>idered to he present in this non-ditTusihle
form. A consideration ,f the analytical data jiist Kivfii shows
clearly tfuif wo are introducing into the body of the dog with our
leech extract only little more amino-nitrngen than would he the
(•ase if we used th<' conuiiercial article. We have confined „ur
attention for the present to a consideration of th<' ammo-nitrogen
of the extract as compared with that of the commercial article
for the reason that we are now engaged in the studv of the amino-
bodies found in the dialysate of our apparatus, if the neces>ity
arises we sliall later differentiate more carefully between the
various nitrogenous constituents of the extract.

VI. km:>uiv.mk\t ok tiik .u'l'Mivrrs not uKTuiMK.vrAi, r.. i.ifk

A> far as our j)resent studio have enableii us to determine,
tlie apparatus, even under tlie jjresent conditions, may be at-
tai'lwd to an animal and the blood be allowiMJ to course "through
it for several hours without inchicing a.ny untoward efTect.- or
iii.iuriiig the animal in any way.

This was established in two experhnents in which the ojjer-
ation was jjcrformed under >uigical a.sejjsis, the one being carri"d
on for two. the other for three hours. In each case the appa-
ratus was attached to the left femoral artery and the right
femoral vein. A solution made up of O.li per cent XaCl and
(1.1 per cent KCl was used for filling both the dialy.sing tubes
and the jacket. The amount of hirudin solution used, the inter-
vals betwe(-n the tapjiings of fluid from the dialvser, anaesthesia
(ether only) and other factors approximated as nearly as possil)le
to the conditions of experiments pnniously deseribed. Hotli ani-

.I<iur. B)cil I 'ln.ni. wi. p, 121.
' Knc. cil.

I'lli.

m
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I
1 ... .l ,.,., .,,,.1 HI ill.' n.'('U~ Idll'iWMIL' illi:illU

IlKli- lll.'iur .1 ipiliK it.'l.llN ,111.1 111 .11

whi.li tli.'N \MTr krpt niiilrr nl ,mt\ at ini, iiulliinii .'il uh .iiniil \v;is

,,,,,,.,1. ,,„'ili.' cnntnuA ;.~ i^ mmkiI hi -urh ra-i-, llir mmiiuiiI- ini-

p|-,,Vr,l HI cnn.litinn -AuA t..uk..n W.'llillt l.riMU-i'ol 1
hr t^n, m

1 .:, I
.•

thc\ itciIm'iI.

II i- .lll!;( ult to -IT liMW tlir r\pcniiiriil r;in I"' ill'" lil.Mltal In

litr ulirii carnnl on lor oi,ly tlnvr or tour lioui- In lApn-

-

ni.-ht- of loiii; ilunition il,r rciimval of Mih>t:iiic.- mvilliil to tli,'

...•ohoinv. Midi a- Mitral. ainiticM'oinpouiuU. fiMinclit--, .'tr. .'an

|„. prcMMitc.l l.y the Minplc .'xpnluMit of putlmu; into tlir llunl

lliat .-iimuiiul- til.' ilialy-inn tilln'.^ an amount of rarh ol th.-r

-ul.staiiccs |U-t iMiual to tliat .•oiitaiiinl in tlic lilooil. \V.' I.asr

,,ui- liclicf in the tion-liurnifulncss of tlir prondurc nlini tli.^

pn.p.M- satVduanls atv taken not only on ur ..xpcri.Mac witli

:iniinals tliat have iccov ncil {n.iu the ,|M'iation Imt also upon

tlir following coii-iili'i-ations;

1, •riic hiriuUn solution is not .Wrini.-iital tolifc. 'o.loiin'^ luis

-.hown that the cautious injection of luniaiii into a vein of the

rahlut even in aiiioiuit> a- lat'tie a- .M lo To niKin. pro kilogram

of h.ulv weight has no uifluence ui>on the circulation or the

respiration, and is in no otluT way hartnful to the aiiiiual. Our

conMileral.le .xi.erience with hiriidin li-eU us to believe that this

is true also for ilo^-.

•J. The celloiain iiiemlM-i-"- ' not -ne up to thi' hlooil aiiy-

thitifi as, (.<:., a trace of nitn.ceuuioM'. which m any way atTects

the blood pres-ure. .Assurance on tlfw point was obtained in

the following; way. Four hundiv,! cubic centimeters of blood

was taken from a do^ and allowed lo ,ni\ with the quantity of

hirudin sohition necessary to i)reveiit clottiiin-^ The blood was

then divided into four portions .V. .V, B and IV.

A = 10(1 ce. To this was added Iti tubes of eelloidin, 24 cm.

loiifj; and S iiiiu. in diameter, which liad been cut up into small

pieces.

A' = lOOec. Controlhlooil, nothing added excejjt the hinidin.

A and A' weie kept at body temperature for sixteen hours.

' Arrli. f. ixii. ratliol. u. l'lKirm:ik(il., .'/J. •-'')4.
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'"^'"^ " 11" -i'"i >i HM\Nri,, in i.ni.^M- .(07

" "•'•'' i"'"iiii iii (iiccc~ anil ((iii;,l
'" Mi'J'iitii; i<i tlijit iiM(i III A.

'^ ""'' < "liliMl 1„ I, .•unt;,ii„.,| .„, f,,iviiri, Mili-tanr..
•x<'''|il liiniiliii.

I> :iiiil n wn. krpt Ml, iiT tnr M\t..|'ii liuiii-.

Ill' l.liri-. .,f rrl|,,i,li|, wrn lr|Mn\ .(! fnun A .mil 15 ;,|lil thr
'"'" '"'~ "' '''

'
"'•" '^•'""

I 111 n-|irH tu tlinr .•,rtl.,|| ,,M
the 1,1, „„1 |,n -Mill' anil iv-plralinn nf a -mall ilut; uriu,l,i'M.

"

'"^"'- ''"''' ^ ""' ^' tiail .•i--uinril a vrnou- mlnr Inmi thr lunt;
:''"'-"" '" ""• 'li''niH.Mal at ;;:.:, (

. ami in tli.. l,i,, f ,.,,nv..i-
"it; ilii- r.iiiililii.n uxyiini wa> allnwril to hul.l,},- ihnriul, tl„.|n
!'" .1 I'W niiniiti-; |)ri,,r I,, tin' injrrtioii.

\\li-'iMii,:iTtr.| iiit!a\.'iinu-l,\ i.rit liiT A imr j
', |,a. I 1 1

„• -1 !> h-t
'""'"'"•' "11 '!"• I'l'""l |ir.->uiv a> inraMiivil t,v il„. nirniirni
"'•'""ii't<''-: iIkti. wa- no .litTrirniv ulwcrvahli. hriwrm thnr
•'"""" ""' "'•" "' ""•'I- i'"iitruU. A' an.: IV. IihIi.,m1. nui„.
"I ll,i-i. -.iirrnnrn.- i if 1.1,„„1 hail any imm. actii.n on ll„. 1i1,h,,|

[>i'>-nii' than a -imilar iinantity of O.S pi-r ci'iit salt M.lulion.
'' Tlir ailriial pii-Hiiv U lowrrnl liiTaii-r of thi' nm-iiliTaMr

'"""""' "' '''
1 "'•" I" wilhilraun for riiviilalion through ,1,,.

'li^'K-inii apiiaiatu-. Imt ih,. fall in p.r-uiv is not -o mrat a-
t" mflurniT -riioii.ly any of i|„. vital funrtions, -iirli a- ll.r
'"'Illation or tl,r ir>pi,-ation. pioviilnl that the voluni.' of MooW

^witli.lrawi, l,y thr ilialysiM- i> not too jii-rat.

^^^^>
iv|i''.-il''liv -tatiMl in this papiT, thr low Matr of thr rirni-

;'""'
'

''^•"'' "" ''"' "''
-^ very Ions rxpiTiiniMit itcii or niori-

'"""~ '" "'"''' II'" 111'"'' tl'an :i(l .v. of hlooil p,.r kilof-rani of
""' a'ii"i:il> wiifiht is rontain.'il in thi. dialvsiny; a|iparatiis, is
'" '"• "'I'Trcil to !l„. ,-,,i„l,i,„.,l iiifhiencc of srvcral fartors, surli
;i> 'ill' lo--, ,,1 Miinulatiny; ronstitut'iits;-' till" i.in, lint? ilown of an
•"""'•'1 '" "II'' I'lisitiim for many hours ami thi. lonu-i'iintinuod
anac-ihi-ia.

'•'li'' f"lli.win- protorol of an cxpiM-imi'iit show- rlrarly that
•1" ^ipparatu- wlnHi holils ,.vcn :.s much as ;{(i .r, prr kiloKram

- W. Ii.m h.un.i th:u 1 1,1' iilriihol s.iliil,!,. .Mil,-tiiM.v. Huniii.'ilr.l in ||„. drilvs.T r:u>,. Ihr ;,rtrri;il pressure of u nnniiii! ,|„u when mj,.,tr,| iiilnvriKmsiv.
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of ImmIv w.-iiihl iiiay.f..r -.inc timir^ at Ira^t
,
hr attacluMl \n th,-

caioiid art.M-y ami t(i the jiiKular vein by cannulaf of Midi widf

caliliiv a- to allow of a rapid and !n".' flow throusili \ho :ipi)aratu-

witliout dcpn—iiiu; tlir l.lood piv-iiiv to a point iucompatihl..

with lift'.

Exinnunnt of M,irrh ir,. l9lS. Dot; of .'i.S kniii. ll:id lir.n k.pl

on meat and w:it.T for tivr d:i> -. I^'d a inodifird l!i.ij;ri- Miluliou

coutaiuind only (Mt p. r <;-nr Na< 'I and n.l p. r r.ni K'T' for thr iu>i.lr

,,f the dlaly-insi tiiln- and for tilling tli.^ oul>r ja.krt, rii.' dialv-.T

had It; crHoidin ml"- --''I ru\. in Imnth :uid s mm. in diamrtrr: tlii>>r

wit!i their romi.rtim: tul..'- iirld --'lli rr. Thf apparatus wa- atlarlicd

to the left carotid artery and riyiit jugular vnn. The mcnurial maii-

oinrtrr for rcui-trrinc the hlood prcssurr wa- attacla-l to thr Int

fcni..ral artrry. A raiimila wm> iuMTtrd int<. the riplit femoral vein.

(•hl,,reloiie Triihh.r-tertiary-; utyl ah'ohoh «iven hy month wa- the

aliae.-thetie u~eii.

VJ 211 .\iterial iM-e.-snre, 12(1 mm.

I'J
2." 'I'-'' iirain of hirudin ni 7-') (a\ of -aline .-olution.

P2 27 The avteri.d ehp wa- reniove.l atid Mond allowed to flow tlirouijh

the .appaiatil.-.

12 2s'. H'". .\rtenal prej-Miie, tif mm.

12 :i."i .\rtenal pre>^ure. iiOmm. inje. ted 1 uram of -odium -ahe\ late

into the femoral vein. Thi- cui-ed at tir-t no alt, lation

in til.' mean arterial pre-ure .ilthouiil. nidniins: eon-ider.alile

\ a-eular relaxation.

_> (Kip HI. t haniied the thud in the miier j.aeket ;
arterial pre-iuv

ti'l nini.

2 ."id .\it.iiai pie. -lire IS mm. L. !l \ .aijn- eiit ;
artenal eaiinula lorn

,iiit while tryiui: 'o free t he rej it vafiu-. l-Aperimeiit tenni-

nated.

In tlioali'iNcexporiliHMit- too iniieh lilood \Mi-allowe(l t.i roiir-e

throiijrli the ai)!iar.,,u- and the arterial Idood inv- iiiv w:i- lower

than wo eaie to lia\<' it in expoiiiiient - of lliis kind. The arterial

piv--uie here app'. 'aelH'> tliiit -ecu in -uf;iicul <!iock.

"
( Hviiig to tlio fa. t tluit solution^ of llio IukIi -:ilt content e;,iise oodomn aiul

|,os.«ilily also iiijuio the heart becuuse i>f the potassium chloride, we now m-

onlr a II. .''w to niiO jier eont N:»C1 -olntioe

til
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„„.,l„„ls; !•_>, that it i- a Hil.M.'Uirc nl avcia-r .liffuMhilily.

and (:?i Iliat l!ic time iv.iiiiiv.l lur its r.uuplt't'' •li'iii''^'""" ''>'

tlic naltiral .limiiialiiisi <iry:;iii, the i<i(lii<'.v. is kiiuwii.

Til.' follnwiiiir in-oto.Mil -iv.'s \hv detail^ ot' an rxprnini'iit uii the

,.xrivtiui, ni ^alirvlic arid l.v an appafatus iiaviiii; :i-' r,l!..idiii

ml,,., ,.;,,li -)(i ,'ni. in lciii:lli and s nnn. diainctcr wliicli \va- at-

,..„.li,,l,,,,|ir,aiwi;,lart('iyand tlic jutiular vrin <il' a du- u,'ii;iiint;

•Jl'..') I<!:in. ( Mic ri-ain nf -ndiuin -alicyiatr wa- in.ifctc(l ^luwiy into

Ui,.P' ral \cinandat lirM InMuly. and later t«n-li. urly analys<>>

xwiv made ..1 t!ic diliti-atr, it.i- l.cin- tapped ..ff and iv|.l:"'i''l ''V

In-h ~alii,r. Kacli ditVil-ate wa- shaken tiiive tinu- >\ilii etiicr

and alter reni.,xal o| ilie eilur tlie aniniint ..f -alicxlie a.-id and

,.|- salicvlnric acids piv-ent in the rendiie was d,.t,.rnn,ied enl,,ri-

i,„ trica'ilv, n^in- ierrie ehlcnde in the usual way. In lliis expen-

„„.nl, dinmji the (ii-t M.v,.n Ih.nr- nf wliieh there wa~ a -(mhIIIuw

,.| l,l,H.d thrnud'. the apparatus. .\ e reenveivd l.y thi~ nietlmd i(),)

nifrin. i-f salicvlic .'icid m tin- time, wlneti ,enre-.ent- an (Uitput in

the<evenliniu-.'; VM nitini. ni -, -dium >alieylate, nr l!l. 1
jiereent

,„ ,h,. i,,til aninnnt ^isen. A~ -.me ln~- i- nnav ni.lal.le in the

inaiiv inain,inl:itien- invul\e,l n, tla^ M'parale tmnrly ,.Mnn:il miis

it is'-a!e tM ,a-.--unie t'lKit the .aetu.al niitput n' ~;lliryl;it(- in t he

appai-a.tu-- i- - 'ulial hi'j:hei- than that tMund.

It |, 1 ivMiii'j; In l.Mrn that the urine in tlie l.ladder nt the

d..tr- UM.,! in experiiiieni- ..t thi- kind i- u-ii.allv entirely live In.in

-alievlie .arid. The tnt.-d a nil "i urine in th.> Madder at the

,.|,d ni thi- exp.Mi.nenl ua- ies- tlian 'Jd r.-. We have always

,,l,M.rve<l th.il little nr im urine is M.ereted hv the kidnes- m

(.xperiinent- ,,! tin- kind. Thi- laet i- i.nl -nri>ri-in- in view .-I

,h,. ,.,,nil.ined elle,-!- nf I h. anae-t het ie, the -niiiewhat Inwered

art. .rial pre-ure aii.l the .aitpmirin- nf dilTu-iM.' -ul.-tanees

Ihinuuh the arli!ir,al kidn-v. Tlu> la-i laelnr i- -urelv ut iin-

,„,,lanee, .a- the natural kldnev helehv In-,- the ehiei- .-tunulus

tn art i\ it \ .

h ,n;iy 1 1 intere-t tn enuipafe the rate nf eliniinaiinn nl

silicvlie .'irid l,y nur app.aratus even in it< pre-eiit very iiuiier-

fect -tale, with the rate .>f elimiiiat inn l.y the kiilliey- nf an anl-

,,,al that I- nnt ,1, pre-,'.! \^^ anae-thetie- nr np(>rative prn d-

••
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r,nt NaCl plu- (M p,T cnit K* 'li -olutiuu inti-."lnr,M|. >ali-

.vlir ui.l I. r, Arrrd tVniii thi- iiM tioiir .lialv.-atr 18.7 inHMi.
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m,,,,,,!!,..,,,- .|ial-

I
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l,llv-atrrrm,J"''''sal,rviKa,a,ln.r.A,.,,,lMh,nll,ouv.l,aK-

-ali'i - -':!•'-' Ilium.

;,:;: DnU^a,,. nninv,-.!, >al„^l,r a,a,l r....^.n.l >t..urtl n

,ri;,lv-.air> J2.(i iimni.

7 :is D.alv.,.. n.unv.,1. Saluvhr ari,! nr„v, av,! .hill, an.l mmL

Inmr- :ill-- 'iili'ii
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S ;„, l),alv~a,. .v,nnv,.,l. >al„vhr ar„l nr„N,av.l -^-ntl n,

.lialv-.alr' l.-).! mmii.

,„,,u |),alv~alr,vn„a,-l. Sal.rx 1,. a. ,.| n .u^ .m ! -i^M L !-"> 'I'^''-

,;i((- 9.:i iniini

,.j ,„ |.,:,lvs,t. nan.A,,! a,.l ,,„u1.,m..1 unh ihal l.-n, .!. i.M
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..,{ r, ...\ciid iinnlli I" l"i lllii
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llurl.-m. 1,
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21'
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Mciil ivc.vcn'd - •-'.:> iniliii.

"i |(! .\iiiliial ilia'l.

\„,.xaMHnalinnnltlH.al,nx..protn,.„l .how- Ihal llM..H.tlHit

„r -aliryl,r an.l iH.^an .„ ,lr..p railuM-liarpW al ,1h rn,lni ilir
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\ \ iiiiiImmI li.i- lii'cn (lc\ i-('(l li\ wlilrli (iiffii-ililf cnn-titiifiits

lii:i\ \'f ifiiHi\fi| liMin Ihr Mixid iif;i li\ iiiti .niiliKil. v licli ilocs

IK.t iinnU ( ;iil> lildcrclllic |;l "jUilii'ial In III"'.

_'. Tun ;niiln;il> li:i\ r maili- r:i|iiil ;iiiil i i.in|ili'li' ircdv ci y ;iIIit

Ki'iiiji ~uli|ccti'il 111 llir piiii-rdiilT fur t \\ .
i .illii itllCi' lnMir-.

r(~|>ri'ti\ .Iv .

:;. 'I'lir iiifllii'il Iki- hern -Ihiuii III 111' ;i\:iilnli!i' fur inllci-tiiiii

In, II, ill,' liliKiil, muiiT llic iiiiliii:n\- cnniliiidii- .if |ili\>i(iliinii';il

r\|irniHi'iil,-il Mill. -uli-l;nii-('- inr-cni milv in -.innll ;iiii(iunt at uiii'

lillU'.

I. St'.rial l\|ir- (if a|i|i:ii;itu> li:i\<' ticcii ciiii^lnii-lfd aclaptcil

111 \:iliiiil~ |illl liii-r-. ami lull ilctail- a> In inrllliids of ((iiistnic-

I mil .-llr iilN I'M.

."i. lA|Miii'iH'r ha- lit'i'ii ai-cilinulatcd nii llic iim' of hirudin.

iiail ihr piiicrdiiri' ad'ipli'd fur the ('('ulinlMiral inrparat inn 111 --ii-

hiliiiii- 111 I hi- a(ii\ r priliripic flnlii It'crh hi'ad> is (liscn in detail.

ii. \-- an iiiy:an ul I'liniiiiiitiiiii nf almninial -uli>tancfs ir.fi.,

pni-iiii- . i|U;ilititati\ r rr-iills ohlaini'd with -alicvlic acid show

il,; 1 t hr appaial ii> in il> pri'x'lit fnrin ciiiiipair- iidl uiifa\nral)ly

u II h I 111- kidiii\ .

'11 ir diifcliiiii nf iinpiox I'lnrni i- indicati'd and

r\prllllirlil- ill tlli^ dilcrlinll all' ill piniilf--

.

7. Data a> In the I'llrcl nf llii' plnrrilillr nil hlond pri'SSUff

;ii,. t;i\cii. ll i- -hnwii that iifucral ncdi'ina in -trikint; dt'^i'iM'

liia\ li'^llll flnlli ncjilri't ni rt'ltaill plrrailt inll>.

s, \lalriial ha> liccii rnllrctcd ill laiiir i|uaiitity fni' tilt" study

nf I lir 111 111- pi I it rid ainilH i-l indio prc-cill in I hr lilnnil. Till' clll'in-

iral -rp.al ;itinn nt llir-r lindir- i- ill pinion-- and niily prcliliiiiiai v

I r-nit- air hi'ir lii\ ell.

1,1. I )iirrl inn- ill whirli llic liicllind ln:i\ lie utili/cd, liiith Inl'

the -liid\ nf pi'nlilcin- in ph\ -inlni;ical chcnii-l rw and a- a prnin-

i-iiili I hi'iapi'iit 11- ;ii;cnl, ha\c lici'li ilidiralcil.
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