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f'l fr..tti I lU. I'll US \i <iV l*H \ KM \i I't M.,Y *M» I'M't

IM.AS.MA Ui;.\I<»\AI. WITH l{KTri{\ ( »F (OHI'l S('l,i;s

il'I.ASM \I'H AIKKSIS)

HI4ST I'Al'Kll

JOHN .f AUII.. I. (;. ROWNI'UKK AM. li. ». ITRNKR

h'rtit,, II,, l'hiti-m,i,',,hi,i,iiil I.,ih,,r,il„ni ,,f Ih, .l,,li,.> //.././. //.- riiinrxili/

Hcccivcl fur iHil)lic;ilinri, .liilv If,, I'lll

I. Ill cninicctioii witli our oxiicriinprits on viviilifTusioii' with

;i view to the iiltiiiiato \is(> of tlio motliod for tho relief of toxae-

mia liie idea suiinested itself to try the etTe<ts of the repeated

removal of eotisiderahlt^ (iiiaiitities of hlood. rejilaci'ifj the plasma

liy I.oeke's solution and reinjecting this together with the sedi-

inented corpuscles.

While this work was in i)njnress our attention was callcil to an article

in a recent nunilicr of Husski Watch (\i). 14. pp. ti;i7-().3!t, St. Pcters-

liurg, ^hly U). I'.ll t); l>y \. \. Yurcvitcli and X. K. Roseni)erg, entitled:

Washing the IMood Out'^idc the ( )rdanisni an<'i the Survival of the F{ed

('ori)uscles, in wiii<ii c\i)crinicnts similar in (icneral outline to our own

are reported. The authors worked on ral)tiits, usinj? sodium citrate to

ohviate clotting. ( )nly ahout .")() ])cr cent of the lilood volume was witli-

dravTi (carotid) and the »ashed cori)uscics reinjected. In two ex])eri-

nients a second amomit of l.lood, alioiit iialf as great as the fir.st was

withdrawn! to sliow liy the survival of tlic animal that the corpuscles

reinjected were jthysiologically active.

The fact that washed corpuscle^ obtained from one animal can be

introduced into another animal of the same species idogsl and function

naturally for a ninnlier of ihiys at least, also follows from the exi)erinients

made liy V. Morawitz in the course of his st\idies on the restoration of

the i)roteids of the hlood. although no lil 1 coimts are given (Beitr.

z. cheni. Physiol u. I'athol., vii, l.")0, l'.K)(')i.

Moruttau Nagcl s. Hil'li. iler Physiol, dcs Mensih. l>ginzungs-

hand, )). '.V2. HUOi states that the ccntrifuged cori)\is<'l(>s of dcfilirinated

' This .loui'icil, V. p 'J7"i. l!Ut, :inil tlic |im'ifiling |i:i|iit.
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liiainlnM.aii M..o,l in:,x \>r n injrrt.'.l ;,n,l lunrti.... n..nn;,llv :itt,r l.;,vin(!

ImtIi kept (111 [<! liir lour or tl\.- iImv~.

n,. ,|u,>tM.n «I.hIh,- .!. n.l M I .nn.u-rl.- ..I ,„„ an.n.Ml r;,n

.Xi.t pcniiMIM-Iillv 111 tin la I
ol :ii,ntl,rr ;,li.l,i:,l mI ll.r >aiMr sprrR-s

:,nn,.Mr> I.I rr,,,nrr luitlur r,,,,-,,!. r:.ii.m Armnlnin m •ruiiil nn.l \\ Int.'

• \'v,u U,,v.S,ir.,Ml-. IVvol.Sl.Ii. 2.V1, nUJi 111 till- lasi". tl.c llij.rtfd

,„riiu-rlr. arc trratnl liv llii ir l."-l a- foivimu ami in lart ai'l a- auturni-^.

If tlii> ih.'IIkmI rail lie .inpluycii witlmut lianiilul rnn-..(,uciic.-.

it i- prulial.ic that it ciiilii lie ai.|ili.Ml 111 a Imlil.T luaiUHT ati.i m u

irrcat.T variety of iniirlml Mat.- than the t iin.' lu.iiniv.ltmt .ittni

,l,,l,;,tal.l.' v.'ii"c~(vti il liiciiiral piacti.av An .Miipiri.-il im'thi.-i

Ml uiiiv.M-sillv iirai'tHV.I >iii.a' prchipii.i.'fati.' .lay- alin..-t .av-

tau.iv.„itain>al.aM-iittn.-li. 'ni.' .h'cHi..' 11, it^.M- wa~ iKam^ht

;,l„,u't iii.iiv iiv 111.- ill r\lvr\- 111 till- aiia.Muia .•.,iis.'(iuctit «u it-

ahuM', an.! t.v'it- natural liinitatinn-, than hy any .lispro.it <>t its

intrinsic merit-. A- nviv.-.i affiin in nm .iwii time and usr.l with

,liM-ivti,.n, •111 Uettii- n.it .inly reliev.- ^Mnpl.niis Imt iiiay

.av.' th.' patienlV liie a- in .MipuTe.l .•.in.litii.n- .if the rinht si.le n\

the heart. wlieth.T .In.' t.i niitral ine.mipeten.a. .ir ptlliuniiaiy

afficti.ins."' ,111 1

In vi.-w .if the \v.'ll kn.iwii an.l appallinti .x.'e- t.. wlueh I.I.i.mI

l.-ttinn was at .me liiii.' .•arne.l. a- may In' iva.l 't.i tlive hut mie

exaiiiplei in -Marshall Hall'- •(.liMM-vation-- xm' w.ml.l hav.- it

.listiiietly un.lerst.).).! that ih.> -ufi^.-ti.m- h.'iv ma.le are tl'ven

with all reserve siihject t.i further experiments.

Til.' .>xperienee ..f the jiast ha- -h.-wn that it i- p,.-il)le .mly m

the .'ase .if vifror.iiis a.iult- t.. rem.iv.' at .m.' titn.> mure than .me

thin! .if the til.i.iil withmit -uli-e.iuent .lander, while ehildreu. the

age.i the ..Ix'se ami e..mah-een1s .l.i not t.il..rate the loss of this

• luaiititv.^^ Veneseeli.m pra.'ti.T.i at intervals .if two or more

.lay- iKTiiiits .if the with.lrawal .if a ..m-i.l.aal.le am.iunt of hhiod

th.'iunh this meth.i.i als.i is ii.it with. ml it- ilatin;'rs.<

'Sirl.au.lMHiunn.n: Tli.T;,,..M,t „- ..f > I,,- Cn ub.l .,„, \.nuA:„ tans, p. 17J.

• lloniiimirs IImii.1I.. .I.t IMivm.iI ISNU. \"1 iv, ;• l:i'i

• K.ir install,.- of tl... ^itli.lruwul of h.rp- ;.M,..unis „f 1.1
1 ;! sai > ini; i.U.. v.-.U

...e UaKn.TV Ila.i.lw,.rl,Tl„Kli ,lrr iMi> s,.,!.!..,.., ^..1. 1. I'-
-t)7. IS-J-. The ..Mt,-

m..nt h.T.nia.l.^ tlii.t I'i.irrv alistra. t.-l an a,i...,nit ..f 1.1.....I from uy.iung dog alni.iM
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Till' ilr;i\vli;irk- ni venocct inn ai'i' d.'piMiiliMit uii the iiiiiiuMliato

(.svin'!>pi') iir -uli-CMiiciit ('tV"''t- "I 'ti'- MM.'ii'iutM. TIh' removal of

so laruc !i iiiimlirr ot cell- 40 per ciMit of tin- l)loo(l voliiiiicl entails

a prolonncil cnoit on tlic part of ilie hacuuipoicl ic organs for their

reneneration. 'I'his i^ naturally a ~lo\v process, Imt the organism

is uenerally in a po>ition to furni>h rai)iilly the li(iui(l tneiliuni of

the hlood either from store- of re>erve material or by syt, thesis

from sulistances aii-oriied from the dine-tive traet.

If the immediate, or more e>peeially. the later elTeets of the

anemia I'oUowinK v enesectioii can he ohviated liy the speedy return

of the eorimscular elements of the hlood. the value of this thera-

peutic ]>roee(lun> would be ^I'^atly pnhani'ed and its field ot

application extended. The possibility of increasing or ileereasiuK

I if only temporarily!, the vohmie of fluid in the vascular appa-

ratus, or of removinn an exce>s of deleterious sul)stanees with ttie

pla-ma opens the way for the use of a method of this kind in ca-es

where bleeding has hitherto been contraindieated beeauseof the

danger of reducing the oxygen carryiiiM; capaeityof theblood.as tor

example, in aneurysma, in cardiac decompensation with a low

blood coiuit and in various toxaemia.-, i'lt especially would a

method of this kind ap()ear to be advantageous for the patient in

most of those instances in which venesection is now being done

admittedly with good result-.

( )ther api)lications of such a procedure also suggest themselves.

In view of the fact" that mammalian corpuscles retain their

stability for line four days when kept on iee a sui)ply of human

corpuscles might possibly b(> ke])t in this maimer in operating

rooms for rapid injection in emergencie- that would otherwise

|)rove fatal.

In the i)rei)aration of antitoxic sera, great economy might be

effeeted in the use of horses if the method were found to be apjilie-

.•iliial ti) lialf It.'* woinlit in live days i.s iiiamrcsilv a iiii.sciuiitation. I'iorry ! iiiisolf

>lal(>stliat Iii>withilii'w2|i(mnils<>f liloo'l in fifteen ilay.s from a yciunn iloK weiuh-

inv: 11) pi.nn.l.s. See Areli. iiOn de Me.l.. v.il 10, p. 130, l.S2t). .Sec als.) Marsliall

Hall: ObscTvation.s on liloo(l-I.pttinR. London, I.S*), and Fiorry, Proi-.-de Opera-

loire. etc., et folkitioii de Menioires. I'aris et Londri'S, lS;il, pp. '-'(IS Jfll.

• Navel's II. Ill del- I'liy^inl des Mens. -lien. Kri-aii/unu-lian.l, p, :!'-'
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..1,!.. .mr.. ,M-tra.l ol I.N'.Ml.Mii iilHHit l,v,. t.. njilit litn-s cvnry

two wefk^ p,-,,l,al.lvtilto..nnilw.M,tv litres M,l^iht Im- lakn. ii, the

...ni.-nr .-vn at >l.ort.-r .ntr.MiK if tlir aimual ,1..! .u,t l.av.- t-

n.H..„..rat.. a.,v ,n..rph..!nK..-al .Ir.n-.nt^. Oth.-r applfat-ms,

wt.icl. will i...t I..' ais.ni-Hvl at piv><M,t Mi«H'-t thciMs,.lvrs

It i< sl.nwii l.v 111." f..ll<Av.nn .'xporiin.M.tv that it is possible t..

withdraw l.v ivpoat.Ml hleciin^s. in a Mnple -lay. a vohiin." of hl.»..i

n„>rc thanuviee that ordinarily c-.,tain.>.l in tin- ImhIv with no

,pparent injury to the animal if onlv the eorin.M.le- suspon.le. m

I „,U,.-., solution 1... retur 1 alter eaeh Meedm^. On the .by

,„llowinft the ani.nars e,.n.l.tion i^ .,u.t,. n,.nnal an.l w.- have n.,t

hesitat.Mlt.M-onthmethe i.r.,.'.-> on th." -..on.l an.l the thir.l .lay.

,Kvi„n to te.-hiu.'al ditii.'ultie^, whi.'h we hop.- to eon.iuer. the

limits of th.' metho.i hav not y.'t been nwh.'.i.

II. Mi-.n >

Tw.. .l.tT.T.nt .n.thoas W.T.. UM.l n> LI... !.'.»
.

..». hv in^-rtinKa h.)ll..w

„..,dle int., a vm., th.. ..th.T hy .•attn.^; .l..wn .m . v,.n an.l tymu in

canmila.'. . , , .,

rn th.' lonn.r nu.th.»l tl,.' hl.-.'.linn api.aiat.i- .'.m-Ms .,t a lar^.. t.'M

,„b,. ur tia-k ..I at l.'a>t •-'(M. n-. .-apa.-.tv titf.l with a ruhb.T >t.,pp.T

,,,rrvin« ,wo ^h..rt !,.•», «la» ...h--. • •„,. „f these >..rv..s tor s„.non

while th.. oth.-r ,s atta..lu.l hy a -h.Tt rnl.l...r tub.' to a N... M ne...ll.-. -

,„,h..s l.mn an.l tl.lHil hhI, .hanu.fr. Th.. n.n.TMirta.v .. the nee.lle an,l

rubb,.r tub., is e.,at,-d with a tlun laveref -oft va>,-lni.. whMe the ^lass mlel^

and eoll.rtnitJ tub..s ar.. ...at.'.l with parathn. Sntti.-ient hirudin ,s phu-e.l

,n each tub., at th.. start, to l.r..vr>nt t..r two .„ thr..." hours the coagulation

of th.- ainouni .if bl.i.Ml to be drawn

\fter <h..vinK tl... -kin, an.l wa-hinn Nsith al.-..hol ..r tm..ture, of lodin...

,he vein pr..f.rabiv th.- ..xt-rnal jugular, ..r one .,f th.' ,.r<mnnent l.^n

veins, is .hlat.-l bv applying; pr-^sur.- with th.. tinp.r between th.. site

of operation an.l th.. h.art, to fa..ilitMt,. the intr.,.hi..1...n of the „e...lk..

-Phi' pn,.....hire is ab.. ,„aintain...l thronjihout th-. ..,.erat...n to inrrei^..

,he tl.Av ..f bloo.l. The n...-ll.. i< ins..rt..d and su,.ti..n appli.-.i.
1
he

bk....lini; at a rat., not .x.......hni; about 21t .... a n.inut.-, i<i eontmued till

ttu. eolor ..f Ih.. nni..ous ni...nbran..s, and the stat.' ..f the heart or respi-

ration in.li..at.. th.' appn-a.-h of th.' limit of sah'ty.
,

. . . .

Tlie r..p..at...l uitnnin.l mn of tl... nr.dk. in..vitably r..s«lts in injury to
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111.- \v:ill>,,t |1„. \,..-, I ,.,11,1 III liMcnionlijur iMldnriiililtrati I llii' p.-ri-
x.iviiiMr livHi..:- :,. uril .,- 1,1 -,.|l„m in-.- I l,ninilM,|,l;.M ir Mil,~i:,„n-., all
"I wliiili Irak.' Ilic imircjin-,. timii- i|illi,ii|t each tiiiic.

Till' u-c (il ,annular Mrr.—ilairs iiiir ,„• tw,, small in<asMiii> o\ ri- a -iipcr-
firial \( in and is.,lati(m of tli vr>s-l ,,vrr a l.^nmli of at IrasI, _' rni. I'lir

(•annular arr inlnMinnl in llir uMial wav. ,.nr ,|,rrrtni prriplirrallv for
.'Mraclinn ..f 1,|,,„,| airi llir .itlirr rrnlrally for rrinjr,ii,,„, |{„||, arr
«'••"''''' ''>• ^'"'1' '"ill 'i'l: '1: '< "liirli ,1,. not rxrri <iiirnMrnt jirr- iirr
lo injiirr tlir intinia.

In tliis ini'tlioii wr iiijr.'lr.l into thr aniinal mtravriioii-lv MiHirirnt
hiru.lin to <lr,Trasr inatrrialiy tlir roauulaKilit v of tlir hloo.'j. I.iit with
llir rarr to avoid injury to tli,. vr»r| walK it i^ prol.al.lr tliat this nunlit

I'c <iis)irnsrd with. l5loo,l i. rollrrt-.l in (hr Hirtioii apparatus already
dr-^cnhrd. rontainiiiK at thr roniinrnrrinrnt an appropriatr a-nount of
liiiMKhn. Aftrrra.-h Llrrdirm ,|„. yrin is rlani,.rd anil hoth raimiila and
v.-in arr washrd hw of l,|o,,d and tillrd with hiru.lin ...lution. lU
l>lug«inK 111.. ..ii.i .,f th.. .aiinula 1,'inporarily aii.l frrriniL' tli.^ riainp, a
little hiru.lin may with ailvaiitani' '"• foivr.l hai^k into thr vrin.

Kor the separation .,f i.lasma. th.^ hloo,! .•.ilhct.Ml is diluted with an
r-iual v.ilume ..f Lo.kr s s.iliition .•.mtaiiiiiiK ll>"> ' ,' -\a< 'I an.l the mix-
tur- .-..ntrifimali/,..! lor I.", niimito at Mm r..v.,luti.ms p.T mmute
A surtioTl l.ipett.-. on the familiar wa-li Imtth' i.laii. is us,..l t.. .Iraw off
Hie supernatant plasma. With jira.'ti.-.. an.l .ar.. a vrv .•lose s..parati,.n
.an !,.• ..tl..,-te,l r.^nMivim: fr.im .so' ; t., S.V ;. .,f the volunf of the .lilute.l
l'loo.| with.mt r.niovm^' n.,r.. that, a >ni:dl i.r.>p.,rti<m of the whit.. ,.„-
imseh- whi.'h form a fairiy .'olLn'tit -kin-lik.' lav.T on to)) of the er\-1li-
r.iryf>. Th.. I.hiod plat..!et> l„.iii(r Miialler an.l sLiwr s.ttlint; 'n,-i\
w.ll haw li..,.,, reni.iv,..l to a khmI .xt.'nt ni .mr .•\|>erim,.nls. The ]m>,-
.--..f dilution an.l .•.ntrifii^'alizinn may of eourse he reprat.^.l if desir.-d
hut It w:,s ,i.,t .•onsi.l.Tr.l ,|,.sirahl... i,i vh-v of the time .•.msumed an.l
.•.m.s,.,,u..nt r.,lu.^ti.m in amount ..f M.io.l ..vtrn.f.l. For n'injeetion the
.•orpus,.h.s are mix.'.l with a I.orke'.s s.,luti.m ••ontaininK onlv <i<-
.Nat I. u.sniK suffi.^i.'ut to r.'stor.. ai.proximatpiv th.. original volume of the
l'l..."l an.l p.MirinK hark an.l forth from tul... to tul... to produre a w.ll
mix...l,.niulsi.,noftheror,,„srh.s. Th.. smaller proportion of .salt was used
I.' av.ii.l intr.i.hii^inn .'.xc'ssiv.. amount- of this .siihstan.^e: where this
pr.'caution wa- n.it .il.served the animals -h.nv.-.l great thirst.
This im,,.,.. ..hire, hleedinn, r..i,trifut;alizinc and n.inje.^ti.m of eorpusclo«

was reiu.al...l as ..ffn as ,,ra,.ti,.ahle (4 t., S tim..>: .luring the dav the
mdivi.hial M,....hn(;s varyini; fr..m 2 t.. :5..-, p,.r ...nt ,,f th,. animal's body
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wnnht. Hh'ciliiit: and lajmrnii w,-iv ,iKva,\~ .lour -Icwiv al.out lincni
iiiinutcs lifiiin nM|uiicil for rarh niaTiiimlalidii.

Hlfcdins thn.UKli a ii,,>,llr i> -•itist'actdrv only lor the rcnmxal of
imHliTatf>,!nantiti(s,.lM,,,,.l. I'li,. pn.c,..., i-, iikcly to l.c intrrriiiUcd l.v

the formation ol' (•|ot>. Nrv,i-|lic|,.~> w,. |,a\,. drawn from tli.. vein.- in

this \\ay a vohinic of li|o,„l ,.,|ual lo three i iinr> the normal Mood vohinie.
The ne.'die method involve- the ii-e of -cwral of I he larger voir swhere
nmch l.lood i- ih-awn aiel on the thir.l da\ it will l.e fouiiii diftieult to
introduee the needle or tiseeur.'a freetlow oi Mooil from veins tiiat liave
iH'en re|)eateilly ,, ricked. In -..vera! ea-e- wr were ohlifrrd to disiam-
tinue work on dojjs on the third day on aer,,imt ..f the dillieultv of insert-
ins the holhiw sieedje.

< 'ainnihii' tied into :i vein allcjw of more rapid and effective lilecdinK
and one vein may ii-ually serve for a wliojr dav, the c.ammla lieins left

in and the wound |iropcrl> ...n.|.m,.d ni llic inlcrvals lietw.Tn Meediim-
and iiije<>tion-.

III. I'll. Ill M oi,-

Phe tollouim: two protocol- are ir 1 .x.imples of the experiment-
carried out.

lAperiment s, ^ounL' exiat.ali

!t.ti kfi.

•'"""-'* I'-'l'- l.-iltp'ii. Divu |,v nccdl,. iiieth.Ml 200 c,-. 1,1 1,

diluted to KMI <•(. with l.ocke'- -.iliilion. cciiirifiiiialized 15 imn-.. sep.a-
ratcl plasma .and reinjected corpii-de- ni.i.lc up to !7.-, ,.,•. at

''
1.") p m

2.30. l)rew2H7c,>,

2.:i."). Do^r ,|,..i,|i^
I

pi. milk eaiicrly.

:i.20. IJeinji.'Ied eor))ll-ile- m.ade up to 2.'iO c,-.

:(.:).). I)rew2:{(lcc, Doir rather i',-, tinned, hin still walk- alM.in vohm-
taiiiy. !',as-e- -lool-

l.:i."). i{eiliji.lid i(irpu-cles made upt.,2MI vr.

lion somewli.al dcpri—cd imniedialclv after opiT.ition. vomit- milk
I'nl.se at .'> jun.. IsO. Hecovcr- after a da.n time and .•al-meat .and
drinks milk.

Total amouiil ilr.awii in afternoon (itiT c( . li. turned 70.') cc.

\'oliinie of l,lo,,d in doc's liodv estimated al 7..'. per cent of ho.lv ucanht
= 720<a'.

riiisi-ia se|,;iraled 1200 <(
. from 1 100 i-c. dihued lil 1.

June ;iO. Dot' is \|.,-y li\ily and cxcitahlc .air.ain.

Il.a- eaten meat thi- niorniiiu.

<a:. at'c .(lioiit months. Weitht
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I'l.ASMA liEMOVAL WITH RETrUN OF i i.iilT^i l.h- HM

II a. in. Drew LVid ,-,. I.|,i,„l. ililutiil t., .')(H) <•,. S^paral...! \'M) ,•,•.

nltiT rriitrifufializiiifi. I'la.-iiia vitv milky.
ll.-).i. Hcilljcrtcil (•()r|)U>clcs iiiailf up to _'_'()

i r.

12.1.".. Drew 2(1(1 (c. Iilood. I'lasma still imlk>

.

r-'.;ir,. I'ui.,,. inu. i),ini.s,|uirt, ii,-,i(,wti.

iJi'ilijcctcd 21(1 (!. aliiiul i2.i:i,

2 p.Mi. I )rcu 2 i:. iv. 1,1, mkI. I'la>iiia clraivr.

2.2.".. Di.K .suImIuciI. I'ulx- Ki.") ivniilar, |(i\v icii.-ii.n.

•i p.m. i^i'injcctcd cnrpus,'!!'.- inaclc up t<. 2.H() cc
:?•">(). Puis.. Kid.

-t.lO. Drew ,itr 220 re. I'i.istiia nearly clear. Den i.s in sj,,.).! r,.n,|i.

timi. Mot (lepre>,<ei|.

t-'!lt. Reinjected c(.rpuscle,- made up t(. 2(iO cc.

n(.n ill frooil <(iii(|iti(.n: eats heartily.

Tot.'d fi.rday: l.jood drauni 07.") cc, corpuscle nii.xture returned 1(H)() cc.

Julv 1. I)o(r is in tine condition, has eaten well.

10.4.".. I)rp\.ofr ISOcc. I.lood. Diluted to :iS()cc. S.'pHrated :i20 CI'.

I'la.snia moderately milky.

11. -50. {{einjected 180 ce. corpuscle mixiuic.
12.1.-.. Drew off 2 1.

-J ci;. blood.

I.:i0 Heinjected corpuscles diluted to ISO cc.

Stopped on .account of ditliculty with vein>. .\o si^iis (.f Imemolysi.s.
Total for day: l.li.od ilrawn m". cc: corpus.'le nii.xture rtturnnl m) cc.
Total for wli(.le experiment (j.arts of :{ d:iysi. Blo(.,l rlmwii 20.S7 cc.

Iietuined 2d(i.". ci\

l':\l.enment 11. Small full nn>wn female dot;: weinnt S k^.
Inly (ith. Prepared vein in lef; .and in>erted liernheim canmilai' uiide--

ether anesthcsi;i.

12.1.".. Drew (.If i;C. cc. I.lood. Took 20 cc tor analysis. Diluted
remainder (o2(idcc. Separated 21.'. I'c pla-ma,

I. •"..>. Heinjected corpuscles diluted t(. I."i0 cc
2.10. Drew off l,S:i cc. hlood.

^ p.m. Reinjected corpuscles ni.ade ii|i to l!'d ic.

:i.2.->. Drew olV i(i,". cc. M(.<.d.

t.l.">. Reinjected corpuscll'S dillltc<l to 17.". If.

."> p.m. Drew olT 10 cc

•).:<5. Reinjected 70 cc Wound sewed u|. with lieiizoy lp<.ro\id.'.

Dot; is \er\ well ;Hid lively, runs .alioiil. eats meat.
Tot.d for d.iv. lilood drawn .".2:! ce. Reinjected ,".H."> cc
•'"1.^ ""' ''*'' a.m. Cannulae inserted under ether into external

jui;iil:ir \i'iii.
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;-J7 re. Mi""l-

M) ri KNF.K

\mbr <nviiic 'o

:;i";";;:,,""i'::" ,.-;
--

-*is;"™;:-- —•

,,nuUnn>..a. NV'--^ --" ''7',; '.„,,;. up, clnnk.

About ^:).-'>l> 'l.'C i~ lu nn

,.,-l,U.,.aiuiiu<in.'nr..air,nr,l,>"l.
l)re^^

-ae-n.u-i'-'j;;;'4;;';;;,^,,,,,,,,.,,tun..

12 10 Hi'Ui,ititftl -1" II •

2 p.,n. l).vw off -It' I--. '""">
.,„„ ,,, ,,>a :,„ ,..., left fn.in

;5;,„., H.m.,-"-'i '"nm-u-
"'-''"'•'" --

''^^!"^'''''r"..,.....Hm,..f.i.tl..uUvn,an>w.n.>Ao.a.
Do, > very ..11

St01)p<'ll nil !!'
>">'""

TolMltur .xpimarnt ,p;,rt. ul -5 aa>, i-

turn..! 'JOKlrr.

'^''""' "''""" ''~'""
..

. n-a u.i-ount of ou.- otlHT oxpcnn.ents.

'"•• f""'^^"'"";;'::"op;u N.,rmai.io.W''>'kt:.
KxpiTuu. ui 1

Mn^ -^ H.turn.a H.(l -•.

., ,,,
., .,„ ,,„,, Hlnna a ,i%Mi .

Hfiuriu.i Ul(t .v.

-'-"'•^^'"'
p::::;^!;;::: u,.iu....a .:..,.

,,,.-,,o.-,.(Up..n. ''""'•'''1,.
.,, H.'turn.'ar.'Hl.T.

TotalfoMk.v: HI I ''^^'^"
;;;" \'

,
'

„ 20-2 .v. H..tunu.a IWc..
M,,22,^:.o.o:;.u^pu. ^;:;;^;^,:\f"H..,unu.a7s.......

-;-v;:-™::::,::;;;;;;;:ix:i^ ....-^^>--=-'--
\ / -nii- .loi:\\:i- 111 nooil ."111

^"''
' ,„.n„ii.i.

a,-.nh..aoup:.i:i"-5"

Kxprnnuii. ". .lulvl.MM-l. Hr

7.75 ke.



ri.\sM\ 1!i;mi)\ Ai, WITH ijr.rir.N i>k roiii'i sci.ks tw:?

J.l."> to .'{..)(). lUiiiiii drawn '2'o'2 i r. Ki'turiinl '2'A) cr.

1 ]).iii. to .") ]).iii. I5loo(l ilrMwn '-'70 CI'. Kcturiit'tl :110 cc.

Totals. Hlood <lr;i\vii "id'i cc. Hctu.ncil 'M) ic.

.Vc^ . Disconliimcil cxpcriincnl ou .ccnuiit of ~iiki1Iiic~> of riot's

veins and difficulty in lilct-dinn.

Ivxpcrhncnt HI. .Iiil\ 2. UMl. Matuic do^ aliout 2 years old.

Weinlit 12.S ka.. H)..")() to 12 noon. Hlood drawn :il') cc. Returned

3tiO cc.

Clots due to weak liir\idin caused lo>s of '>{) to tiO cc. Mood. 12.4.") to

1.4(1. Hlood drawn :i(t2 cc. Heturncd :5(t.") cc.

\A'> to :?.!."). i^lood drawn :570 fc l{etiirned H7() cc.

.M)out 2.") cc. more blood lost in clots.

:?.;i()to J.20. Hlood drawn 17(1 cc. Het\nned 2ti.") cc.

i.M) to (i |).ni. IMood drawn KM) cv. He(urned »(iO cc.

Total for day. Hlood drawi\ l(i77 cc. Returned iS.")(l cc.

!)(»H in t^ood condition, eats meat, drinks.

.I(ily:5. 10 a.m. to 11.2."). Hlood drawn 2t)4 cc. Retvirncd 27(1 cc.

1.1.") to 2.f.">. Hlood drawn !()"> ic. I^eturned !.")() vr.

Total for day. Hlood drawTi, :l(i'.t cc. Returned 420 cc.

Total for exi)crinieiU Hlood (Uawn. 204() cc. Ueturned 2270 cc.

Kxiieriinent was discontinued on account of difficulty in netting into

veins. Some haemolysis was otiserved due to a mistake in tisinj: hirudin

solution without salt. Ixit this disappeared rai)idly. Hop in good condi-

tion at end of experiment, hut less lively for .several (lays. Lost 1 kg.

by July S liut regained this by .luly 10.

I\'. I'lasmaphacn^sis after hilateral iiophroetoiiiy.

Soveral exporiineiits ^v('^•^ carried out to ascertain the efforts of

plasiiiai)ha<'n'sis on iioj)hreetoini/^e(l animals. It is stated by

Ascoli, \itzou, Stnibell und otliers'^ that after this operation dogs

usually live from aiiout 4S to 7'2 hours wliieli is supporte<i by our

control exj>erimiMits (see experiments Nos. 3 and .') below i. A longer

life was observed in some cases by Jiicksou and Saiki." Possibly

the ditTerence is due to tlie low nitrogen diet given in the latter

case some days before the operation. Our results except in one

' .\si(ili Viirlcmiiip'n iihiT t'niiniiv .Fona. I!t03. Vitzoii: .(inirn. do Physiol et

I'athol.nenorali', iii,'.K)l,',)2ii, VM)\. Stnilicll : VVion, klin. Woclipiischr., vol.14,

p. (iSO. 1901. I'Mincndorf: lii.iclicni. Ztschr, vol 00, p. 4.')S, 1014.

' .Ardiivcs of Int. M.mI., vol (», |i T'.i, 1913

•))ll
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Pl.ASMA HKMOXAI. WITH KKI'IHN I >1 (nl(|•I^^.LE^ 03:

tried the ctl.'ct^ of wliicli ciUn proved liarinful. Tliis doji was iiii

doiil)tfdlv liled too faM and the treatment was het^iiii too late. Tlii

blood injected from another animal was (h'signed partly t

dental losses aiu

tioii onthe mormnci

1 i)artly to rei>leni>h serum prot< The (1

o eoNcr aeci-

og s 'ondi-

it'tiu' fourth da> after operation, while serious, did not

appear worse th

i.e. on the seeon

ill that of the control do); twenty-four hi

d da\- afti'r oniration.

I'foredeatl

lAlxriineiit H. lune H. I'.U I. :< I).m. ( 'ontr.il. Hila' ral nephrec-

Dog. i|\ kjj a.m. .lune ti. postoperative life tiS hours

I'Apcriment I. Juiic 1."). 2.:{0 p.m. Bilateral nepiu-ectomy. Dot;

weit;lil 1 1 kp.

,Iune lt>: 2. 1'l to 1.

tainint: 1 n.

HI, awn .'(Ml cc. l{elurnedH2(l rr. coii-

>odiinn acetate.

4.2(1 to .").2(). Blood drawn odcc. Heti

June 17. 11 am.

I Uh

to 1 p.m. Blood drawn :5(l"i

litie solution rontauimn \\ urams

Injected 2.')0

Na^l '('-,. Heiurneil cor|)US(>le

, saline solution 12.') cc . half strenRthni.\tmc:5:?(t cc, distilled water 7r)cc

ialine KMIcc.

2.1") to I |),m. HI I lirawii

', gram Na/ '(
>;.

1.2(1 to .").l(). Blood drawn M't cc. InjecK'd 7.") I'c. .saline .-ulutii

;il(l re. Returned H.').') cc'. containing

with 1 Kram

saline :il ') cc

Xa.CO,. lieturneil cor)iu~cle mi \ture with half -itrenutl

IS. 11 a.m. to 12.4.") p.n Blc drawn H.")(l cc. Injeett

saline 2(Hlec. uith 1 «. Na..('<),. Returned corpn.scleis diluted with half

strent-rth saline lo :(.">() i-c.

.V(i(<. l)oniiiKo<ulcon(htion,taUesinti'lliKei!' interest in sin roimdint;!!

.1.") to :?.:<."). Blood draWTi .W."! Iniected 70 ec. of fresh lilooil

troir. normal don ami i- half strenntii -ahne. Returned corpu >,'lc

mixture ..")(! ontammn 2 tiram:s Xa-j» '<
>:i. l)o(i seems hright.

,Iuiie l!l. 1(1 a.m. to 1.2(1. Blood drawn 200 Injected H(HI

fresh Mood from iiormal do).'. Immediately aftenvards lilood drawn

210 ec. IJeturned corp

I)o(I iiipear- ui fair co

.iscles in 4.")0 I'c, together with I jirams NalK '< >„

nditi<in; weitrhs ll.isktr. though he ha-^ taken

pr.actieally ni' iood >ini'e operation.

2,:{0, Blood drawn 1 1
igns of collaiise. Immediately injected

200 ec, saline solution containiiis!: 2(1, XalK'di

Blood dr.awn 0(1 ( l)( >); dies si! Idelilv a t :i,10 p.m. I'ost mortem

ition showed ureal internal haeinorrhaue. aliout .")00 vi\ heinK
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IT lU.HMianwn'.HlOc.'. Inj.vtra I l.._.

IM BU.(.a anwn to:. .T. luj.ctr,! '.•.•)

Totiil-- tor cxiirrii.iriit. '-'(mO

|.;„,..,.i„>.n. .-.. ( o„tn,l .Inn. ..I
>

,,,,„. ,r„iv,. lif. loss

tlKUi liH lumr-.

Kxpcnm.iit tK .luuc 2.2 :< I'.in.

wfliilit 1 l.l-')kt;

Jihitrral iwi.lircftoiuy. Hon.

, .» iM-. to '().-.. Hlooaarawi,Jl.-..r. IMun.ra IV-'tUr.

.luiir J.i. l..i)io_.".
,,,;,.Llv 'lir liuntttT shown ill

tUM blrrain,' Sonu. riots, cuus.u^ U- ot ,o,,.u,l

hinulin

2Jo lo ;5.H(I. 1^1-'"1 'trawn \>o .r. Krtun..

D()j£ still very aiiafinic

;M.-, to4.5(t. Hlooaaraw

a -J.M (•'

no.>tillv,.,,a.KU.,nu.^^^^^_^^^
H-tunu.! 2.. .. I"i-'^ n;-

fn-h l>looa fr. .Ill normal aon and ••?•') ''I'.

H,.artinM>rova.!.uls..nrarly normal.

,.„ -.'TT .T. Don ainl ot hciirt fa.lun-Totals for -lav: Hlooa arawn (lOo ..^ Inj.Tt.a '.S.l

,

J„„r 21. a:«).
'<l'""V'''''";n";V„n,nr FvHl,ntlvth..anm.al.

who>,. anaon.i. .oi.aition was notura at th. >ta.t,

„,„,,,„ iv.. Uf. 12\ hour>
|^^,^^^^,_,^^,

„,,,,,,vtomy.

KxiHTin.-nt ,. ,lun." 22. 1.11.
>^ '

,
;

,,.,„,,u,..nt I. Sinrctliat

San... ao. .hat was „s...l U. ^'^--;^;^2^ ^l^ n. Un. ....n.U-

tim.' has l.rrn kr,,. m.vara wi.h law, -lo, .

tion. w.'inli>'."'l<«:.
i ,lr.,u.o ilU rr Initrtcl UK) <<.

,-rs:;;:":;;;.;»^;^..
"-=''--'- '-'

inj:2i:ranisNaH( (>.,.

,,-,,.,. with " "lams NaMC*):,

l<hM,.l .Iraw.i ICo <<•. U.^tmn.d .o._..u.tl. -.>.

U..tnin.'a 1«N> <'.

IMurnr.l ;iSo <.•. w.th \ ;i.an. NalK •»;,HI0...I drawn 2.M> .r. U.'tuin.a I'm .'.

lili,.>a ilrawn 2'.»o <' .
'*
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2 i).iii. Don ill fairly ycjod ciiiKlilioii, ilr.ink 21) (( <l ritaiiicd

it.

K.'llUllcii 2(M) cc.

I{('turii('il M') vr.

lictiinicd 1K1 cc.

Hctunicil 2:i() cc.

:! p.m. ISIdiid drawn Iti.") cc

t(» Blood drawn 21(1 cc,

about Blood dra\ni |.')(l cc,

() p.m. lUood drawn VM) cc.

Xnti. .')() CC. cor])us('l{' mixlurc kept over till next day. Totals for

day; Blood drawn ITOo cc. Hctiirncd 2210 cc, in( ludinn corpu.sclos

from 277 cc. hlood of other animal.

XiiU'K. i'nlso was vcrv irregular (hiycniiiiali at a.m. .Vt ti i).m.

pulse good 140. Drunk 10 n-. milk. 10 ]).m.. pulse 122.

.lime 2t). (1.30 a.m. Dojj in fair condition. I'ulse about 120.

10.40 to 1 1.05. Blood drawn 1(18 cc. Injected oO cc cori)Uscle mixture

from previous day and 120 cc. blood from normal dog.

11.1.5 to 11.45. Blood drawn 200 cc. Heturned 215 <c.

11.50 to 12.40. Blood drawn 120 cc. Heturned 150 cc. with 1 g.

XaHCtK.
12,50 to 1.05. Blood drawn 120 cc.

2 p.m. Injected 2 cc. pituitrin intramu-cularily. .VImost immedi-

ately dog died with exi)iratory scream, l'o>t operative life !(}.' hours.

This exi)erinient also was cut short by a mistake in nr.iceilure. The
amount of pituitrin given was evidently an oxcrdose umler the circum-

stances. It is probable that the heart wa:' unable to resjiond to the

sudden increase" in vascular resistance. The clinical imi)r()vement

effected b\- iilasma])haeresis gave hope of a considerably longer life

even if ali treatment had been diseontimied at this i)oint.

\ . \u cxainiiiatioii of tlic al)i)\<' ])r(ito('(i]s ix-ars out tlio

statciiipiit made in an earlier jiart of this |)aper that it is possible to

rpinovc in a -ingiodayii volumoof l)io(i(l more than twice that ordi-

narily contained in tlH> body at one time, witli no ai)parent injury

to the animal. i']v(>n in an animal wliose kidneys have i)een

remoxed two days )revioiis!y this large amount of hlood can he

withdrawn not only without disadvantage init with actual Benefit.

In experiment 7. for exam])le, 1705 cc. of i)loo(l were withdrawn
ill one day from an animal weighing 11 kg. which is more than

twice the normal iilood \-oliimefor an animal of this weight (7.5 per

* ,V siiiiilur |ilii'ii(iincii()ii lias l)ecn ficquently olisojvcd in tins laboratuiy in tlio

aiKiiiuiloiis and ((Miikl\ I'.ilal ailinnef very ininiitedD.siw of adrenalin (indo("s under
the inflwoni'C of clhci ,,, cMorofonn. and lOlliott has also lalled altciition to tliis

fait. .lour, of l'li\-h.l,, vol, I!:.', p, lU."i. CM\:,

•
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i'LASMA ItKNKlVAI, WITH UhiTlKN OF COIU'rsci.ES r.39

Our studies in rchitioii to these puiiits are (iiily preliiuiiiary hut

tliey agree with the tiiuliiigs of ^urevitch and HosoiiherK'" who
noted that the red eorpuscle count in ral)hits fell from seven or

eight niilhons to hve millions or a little atio\c this tuuiiher in the

eourse of twenty-four hours after the withdrawal of half of the

blood" with reinjection of the red corj«'S( les. We see iio reason

for helie\ing that the lowered eount of red corijuscles is to he inter-

preted as proving the raj)id destruction of a large numher of these

cells. A t(>mf)orary dilution of the hlood, a temporary lodgtMiient

of red corpuscles in the haemajxiietic organs or a conihination of

these factors may well hring al)out the ohser\'ed roult. It has

been stated that the urine is free from urobilin and it may also be

added that in two instances in which the faeces were tested for

bile pigments, though oidy (Hialitati\ely, it did not ajiiiear that

these were present in larger amount than in the stools of normal

dogs. While at i)resent, therefore, everything poin;s to the con-

clusion that destruction of red corpuscles does not take place to an

abnormal degree after plasmaphaereis in healthy animals, we

adnut the possibility that the proceedure may lower somewhat the

resistance of these cells to haemolysing agents in vitro. "I'heobald

Smith'- has shown that r(>p(\it<'d bleeding of horses as in the prep-

aration of diphtheria antitoxin lowers the resistance of the red

coriniscles, in most instances producing in them ;i change that

r.irres))onds to a slight rise in osmotic tension of 0.04 0.09 |)er

rent salt s(>lution. The normal range of resistance foi the

corpuscles of the horse extends from 0.42 to 0.(>0 pt>r cent salt

solution while in the periodii'ally bled hor.s(>s it extends from 0.46

to O.tUt per cent salt solution. Numerous other investigators have

foimd slight changes in the fragility- of these cells as the result of

various pathological conditioTis.''

'" i.iic c II .
\i. cas.

" It i^ to lir iiiili'il liowi'ViT that these .•iiithiirs have taken thi> total bliMiil iif a

raliliit as beiim only .') per cent iif itM liixly wei>;hl. ie , iliey wiihdrew at i.-i. opera-

Mon ;tlj(tiit Jl per eent. The relative lihuMl volume is placeil higher hy certain

.uitliors S<'e Nacel s IMli. der Hhysiol. iles Mi-nsehen. KriianziiTinsliaml. p. '2(^ )

".louriL of M-.l. Kewarch. xii. ••»,'.. HMH.

"Seed i; Miitler The 1 1 ability of the re.l tiloo I .orpiiseh's. (.^iiart .limrn.

of \ie.i . VI n:. i!UJ i;{

f ' m



tH )
AHKl., K.iWNTHKt: AND TIUNKU

,„ ,,-ij:.nl tu th.' |uot,.m ••ontcnt ol th.' l.luocl im.n.vhiitelv afh r

,1„. nMUuval ..f hi.«.' quuMit..- uf l.luna ,,h.M.m Htul m n-Kanl to the

l,.;,«,h uf tin,.. n.quinMl fur th. hlno.l to attain attain .ts normal

, .position in ov.-ry way w. have at the tno.n.Mit no .ata to ot -r

,,„,:,u,h ssork on th..M. ,>on.t- .^ in pro.n-ss ..' I'";.-';';"-'

,.,„„,i„.,„ ,,f „„, ,„i,H,l. in th.- .lays att.l WM-ks nun....hat..l> M-

l„win« tlu- n.aoval of ,.la>.na fonv- ..s t,. h.-h.-v.; that a la.^.'

,„,,or of ^af.-tv obtain, h.-tv a> .•Wwh.-r.- in th." annua .-.•.m.-ny

.,,,,1 u,' aiv .M.nli.l.-nt that w,- hav.- not y.'t r a.-lunl th,' .la.,K.-r

p.,iH, in ,,laHuapha..r-M. -rh.- ..xp.-rinu-nts ..f MoraAV.tz' ^.m th.

n.ir,.n.'rali.M> of th.- 1.1.....1 pr,.t.-in> in .tarvin^ <lnKs. att.-r .-xt.-n>n

.

h-i.-n,orrhaK.. with sinmltan. ..u> infusion of wash.-.l .•.>rpus.-l.-s

tak,-n from oth.-r .h.^s, .how that th.- t.lo...l -'an nearly .-.-.-..v.-r it.

„,„.„,^^, ,„„.i„ ,„„t..nt of tlper.-ent n.thn-e.lays. alter havn,^ fal-

U,, Hs low a. •-' p.'r.-.M,t. Our meth...l niv.-s a (;r.-at.-r ..l.portunlty

fo^ mter.hanp- hetw.-en the ...ntouts..f tl.e vaMular apparatus ami

„f ,h,. t.-sn,- .pa.-.s of the ...jratus and it is h.-u,v prol.ahle that a

danner..uslv low i-r.-t.-in n.ntent of the hhunl will not he so ,,uiekly

ol)taii.e.l as in th.- eNp.-rimenls ..f M..rawiti:

I, this ,.„nn.-.-tion ,t is interestinK t.. ivall h..w ra|.i.lly hl.n.u.-

Ken is r.-j;.-.u-rat...l wh.-.i a small a.iimal .s transfused with a large

iiuantitv ..f .letihrinat...i hl...>d fn.m an..th.-r auinml of thP same

spe.i.'s.as sliown i.y \Vhii)i>le an.l Co'xlpasture.'''

SlMMARY

1 It is shown that (luantities of hhrnd plasma may be with-

drawn from an animal without apparent injur:, that exceed several

tin.es the maximum .luautity ..f hlo...! that ean l.e safely .Irawn hv

,he usual metho.! ..f ven.>seeti..>. pn.vi.l.Hi that the .-orpuscular

el,,nents of the hloo.l su>pen.l.-.l in Lorke's s.^luti.m (U.ti per cent

Na( V 1..- return...l to tin- vascular system aft.-r .-ach l.lee<l,nK.

> This ,,ro.M-,lur.-. whi.-h w.- have venture.i to .-all plaMua-

pt,a..r.-sis from d.-a.p.a„ a with.lrawali has l)een ai.i)h.'d by u. n>

|,,V.-lM'lMllH:,.|r!.^ . ln:l:!;ikl. Z-i'

,„ 1,1,,,, 1 ,-,.ncrHT!iOon ;ifi.T v,>n.-s,M'ii,,ri

I Hh,l.,i!i.-, ^"i, |.|- 7Ttll'•^ I'.HlTi.
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a imniher of i)r('liiiiiti;iry cxiHTiiiu'iits on dons for the relief of the
syiiiptonis coiiseciueiit on bilutenil iie])lirectotiiy. The iiiiprove-

nuMit ill tl.e cliniciil <-oniiiti()ii of the iiiiiiiials treated was marked,
and ill all i)Ut one (•a>e of accidental overl)lee<iiiin they lived dis-

tinctly longer than the control animals. It appears j)rohahle from
this preliminary work that a considerably j^reater prolongation of

life hy this method will he atta'iied in future experiments, when
the limits of the procedure and the details of the most advaul le-

ous techni(|ue have been de\ ('101)0(1.
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