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IN,TRODUCTION 
t. ,.:'\;)'.·,' 

the lite'rattire theories • .. ideas and SQg~eat.1~n~ 
'cl . ,.: . .. , ···.':·:·····'·.•:·_: '..,·i·:·. ' "·.·•··•······ ... :•,:., ... , ...... . , .. , ....... _I. , . .. . .,,..,· .. ,. .. . ... · ··, • .. , ·. ·•: . 

1P-:.f8-S:fl~d. ·~o· ._t:he S~R.3e~:t.s, .. ire,;~teci to , tlle . axp~t.; ... 
. . ' .. : -. ' . ' ~. ,: ;/'.·: ::- . . ·; . . '• :·} . . ·,, ' . '. -, .. ·. 

,, !Jo .,: A.~~~~P~ .• ;s..111.~g.e ,J;o ,.~-~v~~ al:L,_ of. t>:iE! ~(3~-, 

la~~-<-t,.Y{C>.~~ .. ,, '.b.~'.t; ... ~~Cl_U,gliyr,;~~ .. ~~'.. ~()l'l~.;d~xies. 't<>. ~;y~· 
th~ . :' ~~,r .:r~n.t ... ~gnie .J>f.J~l:!.e original. theor1~s. of 

th~ ~(3·•· .. ipa,;l .· SU\:?_j 13.~1S . 

. The experimental work ia divided into f'ive 
,., , .. -. -·, -· _'··;: •- ... ,._.· . •·.· · . . - ,-;:·.• .. · · _ . , .. ,._.: . -;- ;; ,,- • __ ,.:. ' .. ' . _,·, . ... : .. . . . - ' ,··. . , , - · . .. · , 

se<l~t9P.~;; _ ,e.Ei,c~., .d.~.e.l..~€ .. . W11i~ -~ .~e.P,at~te. ph~~,E:' ~ 9t' 
tha work done ·· .. . yet all are correlated to the , end .. ,, .... , .• ·/: ' •,· .. ·: · ,, ·: .. •;. ,,,, .,' ... ,.•. ,., .... ,, ., ... .,. •>'"''-°··•··, :· ·" ,. •, .. ·.·.,_,, ., •. , .. . ..... · ' .. ;; ,. •,: ; • ' .. , .' . . ,, •. . , .. -; 

, r 

of,;,S,~ .. t.E:w~;p1i;Il.g _tp. _y~e, ~~~~1::~tlC_f:3 ,.J>f, EJe>me, sitni~ 
•·;-,,, 

.·_~ar!t;,J,, <:>_! ,~A.~;i~;9.c;>P:~ ,.~.t, •:-i!l.~ ..• ~,:p~!l8-.~ ... etl:~ _j?,h~i.~f;Utl7 

mal~ .. ,,, .. ,~P~9~~--~ .. P~i~ ~~Ji~gio~ relatiC)pship is 

quite.remote. 



1. 

I. HUNIAN BtOOD G-ROUI>S · 

A. :Eii_st9l'y 

.. · The disoqyery p~ human· bl.ood groups by, L$1d• 

st~:tner_ (lt .hi. l90l. 1ias .an cmtgrowth qt>a se:ri~s o~ 

imtrlUl'lo+<>e;!~lll, ,s_tUd,iEl~ Jvll:t~b. . llsd b~en. SC?ing on}t'ox{ 

-SontEt t1;rn.e,,~ . ~e . . phell,qtnt:)na .ie>f ty~is ;and, :taggluti.ha.tiQn 

of bactex-ia . and red . cells had . been . deso:ribed. ian,d -even 
• · , .. ... •, ,·· · .. . .. ,- _,. ,_ .,; . • . _ _ ,. · .... · ·_ '" ' ·. • • . } ., . . .. , --:-- ;,·:, ,- -.-.. , , _. ;, .. - ·,, , , -• . , . . ' ".•' ,,.".> '.,,. ··'· . ·_: ··- .. ... , ' ,; . , ; . . ·. ·-:,· '·: -: ·-:• - -: ·;' · '·, .. ,.< .. , ·,:•.: '" ·-· ; .,,··,;· 

exte:rided_ 'to . t,h0 cJ.Jstingu.1sh_irlg . c,f ls<.t, ari~l lle_~~po--
.· bemo.lyf31ne and aggl'lli;in,itls.. ffh~ 1dent1fiea.ti~n of . 
!so, a.gglutinat1on probably gave 1mpetua to . th.el work 

' ·.: . ·, _. . ·· . • ,- ' _, . . '.· . -·.' -• . ,.-_. ., ."' ,._ ·-. .. ·. '. ' . -, .. ' '-: .-· -, ., ' ' ·-,•· ' : . . . . '- •·, ; .. / _. .·, ·, .... · . . .. . : . . -: · , . . ·. ·, ·: · .. \_ ·.'. ' . , .. , . ... . , .. _ · .. ,. i .. -~ 

whicl'.l. lllt1n:ta;el.-y; , gave ,lls b;99d_ StO,llPinS:Q 
. . . . . . 

Added interes_t to . this field of<, 1nv~at1g~t1.on 

wa~ p:r-o,'llgi+i; a.l;l<>1l.'t b.Y: n1any f ~v9r~l>le .. 8lld .'as _ .111.a1'Y more 

Uli.t'avorable reported _I"esult_e- ot· tr.an~fueiions·~ This 

·aspeet of t:11EJl'B,Pe'llt1oa J1e.d und~rgone a ;,series '<:>f 

. favorable and unfavor.able . stages 1n its . d.evelQpment 
. ..·.'·,.' . ·-.·.· . .: ,·.·, .;' .· · .. . ,' ·, . _ _., . ''. ._. .·:<· ,•. _. .. . : ' •, .. ; ,, "'.· .. , ' ', : _· ,",:·· ·:• , -. ,• ;· . . ,: .. ,,, -.:-_, . - ' ' > ·· . •··.'···: 

an<i, -,as }1- who,le, the rE3aults <>'btainad _h_acl :t?.aen,, ;va.ry 

un~a,t:tsfa~Jo:ry .• _ The idea of the trmisfusion ·dr; blood 

fr<;>nt .~ l:J.eti'.l.tAY . t9 a sick .1_11<3.iviti~~' .. ~~~<3~'-:~~P.Y:,.:Pract1• 

cal, but -~esults were tar from_ .Ple.~~ng. So •great 
.. ... · , ·: .. ' ., . .. . . ... . -,·:•. '. . .: . . . . ,. ' . . ·,. . ·-· . · .- . 

. . 

was the dis.fniror to this pre.ct ice that a · periQd. ,_oi' 
.. . ·. •. · • . '· .. • . . - . . . • ... ' ;• ,, . _. ' ·-'. ,.· . . .'• , .. . . ,• ' . . ,.; ,,, ·, ,,., , t:•.• ·•.··· ,· . : -,• .: :, ' ' .. ·• : :.'. : ' . . ,' ·: ·•. . .-_ . . . 

app:roxmatelt fifteen years e;lapsed · a.fte:r- ~1t~ .ici1,s-.. 
,, . ..... .. -' ,: ··'' '· . ... ·. , . . - . ., ·. • . . -· • · . . ., , ,. ' · ' _. _ .. ··: . .- · ... _., .. ·. · .. · . . • 

eovery or hu:man blood, ,g~uptJ ·befe>re it' f .otllld. ,1tts 

ri~tf.u,J.. p~ac~ J.n., the ·l>.rac,tice .of medicitlet, .· ~llis 

. placement may _b_a _ llttJributed dix-ectly ~o ·t .lle. V19pld,/, a~, 
" ".·.• , . ,:-.,·,· . ' . : . . , ... ·" .- .· •-· ' ·. , ,' · •, ' ·. · ; . ·- ' ·' ' . . . , . . . ' 

.. when a· grant many oases arose where trartsfus1qns were 
' ' '. " 



pf. real. value. , 
'-. · . .. • • .. !- •.·-•-• ('o ... •·C- -.. ;;, • •. ' ' .\~ , . · _• • •• •, •i'•''·••' ' ' C 

La.ndstahl~r .was -able to classify the smaii•:;;;'1es ,. ;:.,._; ... '· ·,; ·--~- .·:\· < ._,__ .. i·'•;, : ' _; ' -" : ,:" .. _c: . ·,,· .... , . . • ·: ;•· . ,. ;• \' -; ' .. ·' ..... -. '·.'/' ·: : .; •-: ,,,, · . . · -'. ;·· •. ·,, ,,•,, :.' ·' : ,, ..... . ,. ·., .. . :·,: . , ; .. ·, ' ,'· -_, ·" .. ·., -•.-- -: ; : ,;"; _ .. _, : . • -·,, ;.·;:; .; ,..., ·· _,. . . . . 

of bl9~<i~ ,-~-~am~d .bi llint int<:> tb.ree groups ,pll t~ i . '• ·· ... ·•··.· '" J:· \ .. ·····, ' ',,' ,·· .. < ,- ·'< ,i . :' •·.i' 
bas.~,! .:- .Pf"t-.El,.~P,:~~~~&~-~t~~~;g;i., ....... .~ -. .. S:r;'~'U;~~ . 

• :· . ' . .. ;,., ·:-: .. , ·• -~ •; ·, ·,,., ;_·· ! • ' .. ' ·_ ' . . . . . , .. _. ·, ¥' • ; . ' ' . _; " . . ·: .. • . •. · , ,' ~; ,.-, -_: · .·,'.·:•, : , · : · -_ • • • . _-.:· _·,·, : ' 

. Af ~---,~ o," .J.yrC>¥-l) , ~-.s.~~ ~gg1utine.~<ld, ()ei~s, ,of\ . 
. ' : -. ·_:.-. ··'.···:····. ' ·:$~~_11~· y· · __ :;;:,:_~'1' _:· . ' _·· ,. _.-._.',_: . '.' ' . : _-· : . ·.-_ ',• _. \:·_·_: :;. :_' .;_:>-/ t· 
61'9':-1-P-.lt l?~tfn~t, g~c>UIJ .. '-', . whil~ A g~lls. :were,. aggliu:t~ated 

.. ', : " . ' . ' ... ' ' ~.-· ' ';,· . . : _.. :·;; ·... , . .. ·, _ _. . ., .. . ·. ' .. • .. ; ·: ·•,·'_ ·._. ._., .. ' .. ,· "· . . _: ··, -, .. ' '. ··.: . . ' . ·•.i ··,; '.; . f ,_::·' :· ·: ,._ :-_-,- . . t; :" · .... ', .,' 
i . . 

, h~\.-~,~~ .~f}?ot.~ ~-fµ1d 9, .~re>11f.S• .}JfO~~, J:J.,s~.~ .e.~~t~t. 
t 1n~_te,c.t .... ~lle, ,o~.+.~s ... ~t .. sr<>1lP, .A. ,b,~t ... 11ot,;.,~~---~ro~~:. g,; ,,,;~c:'l 

. . . . . ; .. 

grg:tJ.P,J3 .,~~'.l.l.$ ._ .'We.:rc1 .. !.\ggiµp_in~tt34 r,i. ~em~ ,9f ;,§9~~:.si"O'UpS 

A_ ~g J!•. ,_. fl:r.~~P,, <? .. ~e.~--'"""~.ecS+J1.~-~~~,~-d ,Q.~f1~ ._ ~r _g~,0R:I>f.i . :~ ·, ,., ; :;· :._ ·· ' ··. :.·-,:: ··:-· :·' .- '.t . ' :_ ·· .. _·:' ,::-',' __ ;·\\ __ :_ 
A ~c; ,~, , ;t>~~ gx-pll,p 9 _,:,~;lt! ,~~e no-t; ,t:tgglut1rie.te~ ·~11':. 

, .. _: . : ,_ •·· . • . . . \ • - '" - - .. · ·!_ • l· . -- ··:-- . . . . . , \-.-. ·i : _: 

't~. J)'~'~,--~:1r :0 ,~~~t-sr,°:11?.. i tJrr ·~t ' ,' ' '' ' 
, The .following ~ar von \Dece.stello and Stu:ri1 . (2) 
y"'?· .- _- ··:< '/: ·1·_._··:'i'·' ··, . ., ---~-,;,_.-.. . _:::-· :i __ 1 >•,":'-' : ·,r ,·, ·/·' \-'.,·:·'· :~,: ... ;' :·,-··•-::/:;,,;_r'.:.-.:: •-:1 / \'· '/ <·•, ;_,.' .' "< ·:: -:-··,_/'? _: '. ·, "'·::• ;c:, :('> ~·_\ :;. ·.,i '~ :- ·,: · .. . · . .: .. ;;.-, .. ::,.:-\_,::. 

d.e a30:r,;p~ct .. -~~Y~.r .f4.: .. . ~~.r., ... .. ~hiQ~,,-t~--,~~~ .• 4,1.9-.),19,1'~., 

::~:!:P:~:.::!~::.~:~:~:;.:~~~::!:it1k,~~~ 
. gl'~u:e, ~c. ·:,~<'i~~1~;one.;,,,. _in!~~~ 1~'.9. ,!h!>Y'~.cl\ · yh~ ~e> t!'?< 
be+ow,; ,:o". ~ " p~q;t~,9~~~-, gr?u1;1.~ .. , .. corµ:i;pm~~+o~ ,P:f'.th~·sel .. 

;,, .. , _;. ;: _. ,: ' . .. -.. . ' ·· :' ,· ' ' : ·- __ .. :. '.'. . . · ,._, .. ,·"· ..... . , ,: ,· ,.,... ... . '{ ( . ' .-::_·._,_·' 

four.,.,g:rpups .... Wf!S , ;n~4~. ~Y'. .J1~.yer@~_}.p.v~ ~.t .1ga1:q~a . Jm~ .. J.n . 
• _190,t .~:¢~~,:;.· ( S,t~m~de .. t~fln t;rs; ._ .c+~~s-~fJo.~ti,o~•--·ot,•t11~ se 

·.· . . . . ·' . · - , .. ,,,·· . . .·- . ·. . .. ' . : . . . , ...... . • .. ' ; ' . . 

. fe>~~ ~·.gr,()µp~,-~ t.W4 )),a1l.ep.,,,~ll~m,. ;c,,.+,f~·'· _II)i, .. ,,~4 ~IVo ,,. ~>. 
191o,,,:~o.a~ .,y~4); ,D:~~J3:~~~fl,:'~~9n;~~b.9.0 ,C;l.,~!~'.$,~19,8.t~()n,'._ ~.t .,. 

; ___ .fAi,n\µ~~e~.}~ ,,s~c:o;t~l_P}.e.$.,s1:f'ip~:t;.o,~.Af ,,~lle se _ 
tour groupf4, and 1n his classi.f1cat1on reversfld groups 

• • , , , / ;: ·.' · . ' , • , - , : ' . ·~, • • . · I•,. '.' ;• , , ; • • " , '> J • . • ; j · , 

X and IV of Jansky. 



ba~is.J>f' tl:le . agglut1nogen content · of the · calls 'Of :thG · 
~. ··· · ·. ; _. . , - . · ·c-• '· •., ·-.· '' :c .. ·. ·. · ·· .. • .... ··:•• .,. ' ' ··· • ·,,··-·, . •·- ,.-, . ' _ .. ·.. . , :;· · '• ·. -·,'··· ·· · , ·,.,i ·;,.. ,_< ••:·._,:.'·· •• -, ._'··: Z:.•·.'; ·· • 

·fc,~~ grpup:3_•., 'J:'l:l~~etfq~r, ,g:r-o,~p~ a~,.c,a.li~d. Q, ,~, .:·~~ -
and ~- - .. :0. ,1ndioat('EJ the a,bsan<lEt of'. agglutinogens :·.in 

.· . '.· ' ' . J :' . - ; ·· ·.,,--· . . . ,_ •: ,·:."' · -.-:·, ·. 

the ·cells .of this group, . The letters .A .and B· e.re .: uaed 
• ' . . _.:_._- .• , .. . ;;. _..,.,, -.:- . . ,._. - ·• •·~ ; ,·'.''':'·-·· ' ' "·'·.' " ,· ·.· . . · : .. ·-),-·, -,· . ·: ·.;. ,'-, .. ,\ ,_. , -.. -."-\ ·:_, - >···."' 

ca.tea .which of these agglutinogens e.re present in. the·. 
',. : \ ·.• ' .. ··:!'• ~-;,'•'. " •F ·· . ' . • : , · ··• ', · .c- •, •. •- ,_. '.' •-· '•,,· -: .; -'·: · · • •:. • ·.•.' :>::\ • , :. -' .:: ...... •.· ' _., ,._ ._, , ,. ' ·•· .'. ; •_ ·-,.~ ;, ."-'· .;. .,-. )'.: ;• :• .. ;.:. -: ::•·, '/--\" ;-, ,;, {• .. :. ; ·,.,. •~• ' •:: ,. : J,. :·",-. '·.' .,, 

. . ,,. . 

c~lJ.~", of,, .. ·.~ll:e~ ... ,~E),SJ)!)Otiy~.,. WOUP,~,• - •• ... ,'ffl!s. .. a;-"()'1g,;11~ .)1:1.,~ ,~E)E,~. 
recommended by a special heal.th oommtttee . of the µeagu.e 

. ., . . , • ... ,·.·: .,:-:.•-: . -,.•·:· ··'·'·•·.~!"•" '· ._.,~- - . ; ' • .. -.. ,, ... .;.,.·.• .. .. ·::, ,, ,_ · .,;. ::- ·. ·· .: :. ·~- ._,··: .·r•• ... : •'., c·• - •· _,.:· . ·_.-~,-:.- •. _. . > ;·-.,'. •· •·.·.::.,.t.,: •-.··~< ··> ·.·.: ' . ·., ',, . 

of Nations and the Amer1oan soo1aty of Immunologists• 
,.:, ,,,~~ ," ·• •:, . ·," •••- "-~• ••• :_.. • :\- •: : •~•· · • • • • ','. > ._ •_ "•.,· -~ • • ' <,·, " .-.. ; • •:• .,: -. ; ;, , . · . .' • ' '" . • ,•. '.- • •.• . .,~ : ', /. : , ' / . . : .. · .. > ;_ • • : ,, • • ; I •, .• , f""s•. ,_: ,• .'.'.' ••\:i.'::!, '"• ·• . .' '• •, : _/,. :·_- !"•-~: i • .,", •. . ·< 

. At the present tinie 'then we have . 1n use three 
." , . ' ' ,· • .-, '· ;- •· '-•. , . .; ·", ,, ..... • . • ' ,•• ' •• '··•· ' .. ,_.., ' . , ·: • • . _.~,, ' •.'·• ';. •'"·. '.·, .•_•: ., • , · •' ·:· • ·' • c • ••' • , -.. -~--~' • • • ,' • ' • .... • ... .. , •· _ i • ·_. --'.. · •. • , .I . ·• '. , : ... · 

. . :. . .. '. : .'._. ' 

met~94~ .. 9:f.' ,t:);t.a:a~;f!oa~ ~9:n., . the,l -~~:l.,~ii1onsh1p . of which 
; . · - ' .,. . ,', .· ' ·. . ,';. . ·.: .,. ' .. · · , ·--·•.,. '":-'' . 

can best be e.xnreased in chart form~ 
•' .- _ ... .. . .- ' .... ,· : . ' . ·, ... ' ,. ,. ' ~: . : ; ' ' . ' -~ ' ' . . ' . 

Moss Pt II 

New 0 A. 

III :.~·-·,:·:,• s.. , -

III 

B 

,Fl 
I . 

AB 

This new 'cle.ssi:f'1e.at1on 1s usdd _quite extensively 
-:: · - ·, ·. ·,.- •. •-•~:·'. -t .· ... ·,, ·• r;:-;·•··•·-,·;. · .. •- .. •.' ·.',' •· '·' ,' '.,'.<·:. •.:· ·.:.····_·. ·.· .. , ' > ~:•-· ... _,·:· .... , '·: ._. , .. -. . -.,' - ·.'-: ••:-:,_.,, , ,<, ,, ".', " 

in . the current.' li~eratµre : ~a· will p_i•obably r~pltioe . tp.e 
.·, , · • '. , <i • ; • • · .. · • ·, ; - ·~ • • ; · ' •-·:,· ' ; · _. • .. · .. · '. · . · . . , •'• , · ·, :-,·,- .. ~' , " . ' • • • , ' · ' · l , • • ·c ' · ;- , ".: ;-··• , ·, , • · ,, ·, · · .. • .J , •. ' ' ,/ • 

other two • . ,,' Tl:18, . ~se,, ():( t:tte.: Jan~ky arid ltlbss ' class;r1cat;;on 
. . ~· ; , .. . . . . ,· ' . . . ,.. . . -, ' . . . . ' ·, . ·. . . . . . . . '. ·,' . - ' ' . . . . 

has ca.used some confusion and occasionally disastroua 
.. . . . •• . .· ·. . ,: · ·: ' . .-". -• ·,' .-: :· --·; ·-' ·, ·,· . . ··-,.: ... : ; ::•· :••"."':i:,t ::·.•:, , .. ,; ·;,.":·: ,_, ,, .. :_, , .. 

res,uJ,t_s 1n .tta.nsfus1qnt3 .~ue ·:t() phe· rever~al of gp~ups . 

:t and n. . The new_ t~rmirlology will be used exolusively-

throughout this • WO,:t>~. 

Landsteiner 'in his early- work postulated the 



ie;g1~-~-$tlOe.,'JPl ~~, J;J:>.~,-,,ty;q'-. ~g«,.1u~,iµs.pl.e .. ~~µ1:>sj;~~~#,,.~:#1~. 
,,-~l,.,-~g.'"'~h~,";,~?Ei,~t~n~n~~.d?l,.~k,!2s,~.~$g!~~-~~~:ins:.,J¥~.~~,~~ia 

I~~fi!:t~t:z::~::t~-~::;;:;t::~:!;.!¥} 
_ •...•. Effi.~,~-::.:i!.I?!1.!.,,:~,s,iwi~.~;~t-,,.~t, . .,!i.,.! ... .!l:~.~:t~t~! .2mJ?.!,~!i~d~~:'.,;~hat· . . . ~- ' •. ,· ' :· ·' ;- ' ' ' . . . ' ' :-: ; ,-; 

:;.t~i:~:.,:t:~~.~-~?'Et , 6,_:r.e ,- ._P,r~-~i~~~~---,m,,.,t~~-;c~±R:~'~---;11'1. :··.a···f~f:' .•• 
•:·F~~¥!g,e~~~·:·~-~r~~~1P~.117.J~~~~-~-- ·1\ _:~~-.. :.,~plla.-,_ P.~-,-~;;,~~-,~:ta 
cyu1~_ no! ,2;J$M-'!. ,-~ . ~~<t !'.l.C2cl!~, ~ .c1:~.+~pw1!>g 
t~~1,c:JfJJ!~t.;~~~i- flll'~-~-l,.r~!~P~¼!l1J. .. ~ .Jl!¥!.8~.:if!~),~J:~t 
able and. aR11.lutinatin11.. factors;,· ' 

:·gI'2_~P-~.n:.2~,,-~~s~t9¥o~,.,J?,.f,,.,iJ?.~,:'"~!!.t~r.:~!1~~~P.l!tJj~~:,Jl .. J .~~~-S'.~i-,., 
The~·e . taotdrs, are callea Al. and l.2. 'W~th their eorx-e-. '~p:;;:,:;;~z~;;;;,;: ~:;z"~; c;,;;~:;;;; ·:;.~ . 
1S,~9f9,~c'"~"¾",,J!.~~,~~sh1~,11,~.E;t,$?.JM?,~,,)¥i,,-AJJ~~ft,,.~"~~r,!?.:ii.~~~-~-''g'l,_,,.,:••·,, 

• .. ·a?,:f>;~~~J~~\~~:~g~\~~~J?;~~-!L.~,!)~~!;~.~.t?!t.?.t.,,J~~'~'~~ ... ,,!P,:~-~~~ul?~?1 

1~;:. e.1,9~.: P<>.~siblE}·: 'by\,iusing~ -sera prepared again.Gt hum. an 
_,;; . . ,' 



cel1_ei. ! , ·~ott..o~·, ir,relt1~r fa~tor · whichhas ' been'. :d~- . 
, ... · .. · · ..... x -· ···.·.·····.• .. .. . .• ... .•. .. •· ·.···i ·•• ····.· ··•.·.··· •.· .. ··.·•····•.•.• ··· ·.•·· •···· .. ·•·.'· ,, ... •· •'/i ··c·: ::·:;:.>t··,\· -· 
sc:r,11J.~,.d., ~Y, .EJ~'V~P~ ... ,1nY~~:tigatOX'S ~Et b~~g ·pre~ati:t:> .~ · 

som; .. ,h}AA~ .• }>;q~,···w;;.,.ll&ar).1 .· ,qu~ .1:X'e~erte; ··~Ji~··· 
~()~ .. :gI19~~~,t ·-,,. J,, .. ,··,. t~~~~:r. .. r:~· . 

... -~ -, .. i~?~,,.I.:at1d~.~t3:1~~-r ~~d, pey~ __ ·(~1., t>r .. ~~ij-_ C-\,.~ _ 
, · . ·_: ··,' ' . '·. . ··, : ·. • ' .• .. ,.. __ ·: _'1 _ ·:,, , ·_ .· :, i , .. :,:··,_:.· .. ··. ·:-- ·_ ,"..:'. 

P~Jl~r~~-:•:~ .. .. . $~.f~, ... .. s£>.'1~~,J. .. ~~v,,::~sii~~---
, ' , . 

able factors in human-blood, Tha most .s1~1f1o·ant :., 
'·, -:,;:- .·•< _ :·:-r·< •\.-:·? :• _ :·:, 1 ·: · :•·,'. •:·I •<: '• ; ; -, :~;~ -f ;. ' ~ ' •· _ _. ~; ! - ;·"-:·. /- • . .-.. '.'.~ _· ;,_ ', ·.' , l. • , •~•· -~ ••,. :· ••._-i=• .. : _, ·< . • _,,. :'.-•_:--;: '• ,'C'_ '.,•'. _'. . · / • '·. t " , ~ •. < ,. • ' . . ·:. . .. :'. , ._.: . . ·._- .. . ·-~·: _ •._ .. ,:_ ,- ,.-, ? :: •,: j -;' ::•.· ', '.~._.:,: . 

. , '.: · , 

ot thase vre~e ;e·alled the M and ,N factors. - The ·.raotoi:'s '~~•.·•~:;;;;;~~~;;;;,.:,;;,~;,:,,~;"~'';~ •:~;~:;~:-~;;_;;i;,,~~,:• . 
. ~~~~~:~Ung.~~~.~~,,.P,t~~-~~.~.jl§~.~,~-•~ .• ~,~~;.~,~i\i~~ 
-~t.~~.s,.~ ·.:, t.~r .. :rvEo ~~,, B~.:? :J?r9,dµ9~-~ .. /t~~;r, ; ~A-~~~t1~·. :r~bbltt1 _,' 
W1~lt_1:>;tp9g, .. ~¾ .. ,..Sr'?~P .. ·Q._. ~g -~ypf_· ~!~~-- ··f -.-~f~ 1. ::.~}~~ • •• . . · ... ' . ' . ' · ,: ... -_ . .. ~.- . _ .... .. . ; ~· . ..- · .. .. :· • .'( .·:: -~·.: ··, ' , ~·· :.- /•:\:-_.:~' -... ·: -~-:··.·;:.' • .'' -',,., ' .. , •.: _. ·_:· 

to:r ..... ~·.·· .. ~1 ... ·.•.m,.3~.~;t11S. _gr~µl' ...... 9: .. ~4:c,~?:i ... :9#, ir~~ .. )lt~~, .... N'?~'3-l 
e.nt:t.b·od1es specific for M end N are · not pre.sent tn> ' 

-, _ _- ~-· .. · <•:·:·. -• ··,' .· ,,' ~· ,.. ' , ... \ :: ··.· . .. . -._~: <' ,;:, . ·: ·. _ .:~·-.' .... ::,,. :" "' .. . ·: ',;,· ·:· i,: ·:-i -· ·_':-- , : ;- ·•·_;._\ ·-- -: / '. ··; ,; ' : .' ." .. >·; ';.: . ~:· > ', ·, < .'; : . -,.-_ :-· ·' :, :-~· !. ~:_ ';-<<·· . · ... :_;, . .' .. : .: ·· :·: :- \ 

normal human serum • . · Upoh examining numerous· blood$ 
•,c·,:·_.' ,·•;.r"."••. • •-·;•'• ' •,,· ,-"; ••• • •, ' • '~, . ,J, , .. ,._-.: ~--•;: . . "; •.•.; _._·· : - . , •. ·, . .',,~._ ,•••,: ~ . • ••, , , •• :; :: : .'. _,~,.; ~;; ,'f:~ : 1_•,~_<.·•,•••r· : : -••_-;,_" ~,. , .'••, , : :, •.:• ,•,,.,"~:•• • ', ·_• -;_• . .-.;.-~--, .. : .,_, -_: _:: • ••" ,:•' : .','i • '• ::,; :: 

of .. ·. a.1,3. __ 9f, . tli~i _,. f .P~t,,:,, .. t.~~ ~L .J.J~b. -., tb.r:,.7····t:wp; __ .,~Wle .... at;>.X'A --
- ,• ·. . • ::,;- ' • J , , . • . \ • -_ . . ' • , ( 

de.f.ll).tl"!:i.~f!.di,19:ir~,,":caj:lc1•····••W~J!!mliu,~~a ,~~ti~.~.+t .. Ji~:t 
so~~~~,,![). t~.,,f .J~µi,;~~la.· . ~l,o~ .. ,,!\f?~~~.;c~~,;J'.~.~J?,'?r ... ~ . ; .. 
q,u~>~.~~f.P.~1,.:.:~~:r,1~2 .. ·~ ,~<: ,r,~.:.};.~~:~~-.,-•::~ 8.~~-.·fltEt .. . ,+~t, ... ::·:·•· 
!4+1,t.:,i~M:~tt,Mi•~~~!!~~.,~-hQ~~~~.J?;!J'.}~?,~'!, .. ~~?~-}?~,~; 
e~~~~,.:,~.,-~:1:1).'?c! .. .. Jil!~., ~--M~~t .. l(~;~;!~.r .... ~13.~ .. ; 

obse_ry:e~., ... ,: .. 
·, .. ·.~m.9.e._, -"~n~.~~-.:~j~r~~~ : .. .. ·.·J:i_~v~.,.~~c~n<,,f :oyh~_s}>.9·.-1?~:- •~·· 

, .. :~ '•' ~· >~~~~,~~A1.11~e,r.,0~fJq ··e.r~ H~7he g~~~P~,.;: 

O, . A, B; _~d AB, this~ offers possible o~mbirua~ions 



J;~ 

,t'? , .. ~~~11.~,·· J"-:<3,:LY.~. sox-,t~ ... P#.il~t111 ,bl.O(?d. Iii .ts ·po~}a1ble 
t~t.:. aq4~tio~a+ fac~o~s. 111,ay- eventual.ly ·be iticlu~~i ....... . 

·• : : • • :' • . . ' • • . • -,··•- • • •·• ; ' '• . • ' . • • ._ ' ·. . ·- ·,·: ' • • • ' "• · • : '• , · , ' •. ' • •• , . . , , CC - -:• • :/ ,:_:; ' '.' i\ .'_•.·' ' ;•:,;•_\:_~,c\ ,> , ' ':,!' ._;:C;":_,,'." :, 

, ~d $, grea.t~:t' number Of ,different bloods desenibJ~f 
·· .. .•...• :•···:: ... :± pe··•···;~~.~~·~~ ...•.•.. ~.~~t~~··•~:t.·.;pe ..... group,~~·. ~r•.· ,~~.•:~i~ocls 

._ : • ·• . . . . . . '" · • • • · . ·:- ·, . . . • • ·. 'i . • . - .•• ~--<· ·• .. ·', ., .,._ '· -: .· -, ,' _: ' ·_c ,,_.;:-- ' .··· ·.,, .. .. 

1~ ;,,;( • .t;~;:L9~a.!t ,, Jro~r., g:129µ;1>,~. :P, .. A- . ,13,, . Egld,,. ,Atf, .~1_t~::!iAe 
. po.s~l.~!J..; .¼V J~f, t;w~ J~~bsr9.~~. ,t.<>r .Jyt>~ a .••. A.·~~:, AA~)~d. 
- - . . . . . ' ' . 

the ; .)?~s.~l~!i.~.~1 : _qt ~11,f~.~ , t,lP,~~ J'~~.. e qop. S:t'P~~i· ,6~~±Y-1 
M+N.t, .Jv1'.f'.~--.J. ... ~4 .. M .. Nf• .: .. . •.~· .. f.f;> .. W:. _Q~h~_I"' ,. fe,01;9r~ • ,ll.$.'V'e.:· ~-fjert .. 

· . . ·.•. - . . . ' . . ' . . . . ,.. . . ' ... . '·,_. ' . . . ·- . . . ..· . •. -· -- .. :- ·.' ' '·i . ' ·. -- '. -. -,-·. . . ··-:, i·" '·._ : ·:' ; ·;, _., .• .- ~..: " • ~ . '· . . , ,.· ·:. _·;.:,c;", ,-, ,-, . . _ -·- •::,. ,, ,. '·, 

described but at the . p~l:'}sent are of' little imp6r.tahoe 
•' ' · .;· ·,, _, .... ...... .. .-. -.' ' _-· . , , ,_ ·,.;• • , ·_ , . ·, . ·' . ···: -,, . _:, . '· ·, .• ·. ' ; -

l3 • . ,:.!l~r.~.~!~:r .... S>t. ... :e.1~P~ ..... gre:u1>~ ..... 
. ·. .., ... .t~98. .. J!lP,~~;~¥t, .~d,. ~.9:Y.~f;m'l,~;rg PV ', sugg~lltfJd ''.~}:lat 

th~ , Ptp~dt,h(}E)·•··· <.>f. _tll.~. f.f.)~f . . !1~~+,. ,d,~:~111.~.<:t ~,lppd ~p9µi,~ 

might be aub3ect to .the laws .of Mendelian inheritance. 
,. : -~·-- "··-·,.•'.- --:_,.:: , : ._·-, :,.::' · ., .-, ._ -,,~.-- _·.~-•~--:·.,·:., ." ·,;;;i,·_, _,_= ;-•·· .. , - "·. ' ·:_·,·- ., -'.>i,· •.·.- .,.-,· -·c.,•·. ' • .i '.: , .. ,:·····., .... · .. _,:· .f ., .·:-;,·,r. 1: . ,,-_•.• ,.,·/ ·\, .'~ -·,.'·, .. ·;:.--.. :; .:··· · · • 

In. 1910 vop Ihlrl:Sflrtl. 8l1c1 i~r~~~i.d. (f3) ei3ta1>1;shecl, . ·:-.. ·.' ' . ·, ·,~. ·' . . . ·, . , ' ' : . . . ' . . . ' . ' . ·. ·; ·, . -· ' . . . . .• . . . . . 

by. a S.\-U.d.Y .... e>,f .. b~,0.9A gI'?'LlPS, .Jn #~il!e,s, ~111:\t . the 

1s.o.13.efl+'.9:~~~en~ . J, .. 811,d. .~ ... ar~ ~er1ted. ~.s ~}~9 pa1rs or 
, , 

Me~Q,fi,ll~-~,~~t,Qt~.t.c,J;,~~c"'.+~,9:~gg+:q~_~QS§l!l..~.,;,lL,.~ ---~-:P·~·m~.,. 

de>m.~~~-.. t :~.JMlt., ... r.~.~~Jl;,!!,tt,J~~t~~sat11.I~-:~ -~ .. ~9,,,.,~~'. ~ ,.,,, ,,. 
·.OnJ?»,i~l,,l;>.~~i~,,,,~;.:,~P~.~.UiA.,,;.~ggtJ!1t;tnQ&~.nr ~9~.~.,J1Q~,, ~l>P!M:lf 

1xi.."',.~,,.~!}.!l4,, .. ~l~-~.~.~,-..!.1t;,.,!!~.~"···ll~.~!.!>::t7. __ .~ ... ti~~ .. ,,?.!~Rg, ... ~f .,.21:1~ ... .. . . 

or.~g;1;:J:,t,,.ef ... !~~t.~~t~~t.~;!:.,,, 
' 

· 11his theory was accepted and apparantly confim• 
: • '· • •' ' • \ • • • •. ,._ • _· '· C ' : • • : I ~ . , •. • • . ,, ;• • . _. • • . ,_ .. . ' , ' .' 

ed ~Y ... ~~'Y' _w~:rkers., b,ut .a.~ .a. ._ ~reater mass of · sta"'.', 

tist1oal evidence was accwnulated 1 · it became eV'ip.ent, 
.. , .; -, . . . . . ~· . 



that, t~is tvio . s.p~~R~:nde.n.~ . .r~c~qr -~~9tr of' ,!9P. •',~Set~ ... 

. ~4. a;t,r~¢~elcl ,~C>U,lclJlO'.b _fit, the statistical.: ·re'Slllts 
, , 

whi~Jl had been obtained~ 
. '' \ .·· . ,; .... . ,. : '·. ' . . . . :-, ., .. ·- ,. ,-• , _; ,,., , ,.-,- . . ,: ·., . ,,. . '· , .. 

.,,Ix>. , l{)2~ ... ,~ .1•n,tJt~~. J~)._, £J.d'1.,a?lC~d. h.~? 1;r:il,)l:a .:·~i~e~oj•· 
~- . . . . . . . , 

nior~h, o,t .. t~ ~hE3:t'~,<:li,ty pt; . _bl99d. g:rollP.~} _,' wh,1~.11. .... . 
se~~ft tq __ ~~:re,e/ ·tlle sta.:t1st1~al results • _obtained 

by scores of workers. · 
\ :,. • ' .. - - • ,-' '' - • -·- ' •. •, • • - - ".' "'l> ' .. ,." ,/. '. .'' ·,.' • •• ·-,·. ' , ·-

mo:rpl'lJo. ge,x,.~s .• . ·.-~, . :B; ·, .tmd,, 9:i _on~ ... :,e>f , tvh1Jl:11 !~ :::~r,ese~t . in 

·-ea~~ ~effib,~:r _9+:,_..,,til"'"J,t~X~!l~!P p~i:r __ p,f. ·_o}:1r,q?!i('.B9pl~S\ ;:_ iGen~~ , 
- - . ·_ --\~·;1: -. l _ . . , - - -- . ·-· . . -, 

.A and B are . dominant ·pv~r Oi Since each- somatio cell 
'. ; ..... ,, .... .... ,_.,..,, •. ..,., .. ,:: ,· ·'>~- ' / .. ,.: .. , ... _. ·. ; :··_. ' ~ ':' ~-"',: :... . . ' ' ,_. ; ,> _.... . . · , . · .· ' .· • . ·, 

:pos~e,s~~~,:_1;w9,_; <>f ,pl19_S~/_:_ge:::ios,~:,:_f>P,8 '-d~r;ved ;fr?~ ~:ltll~r 
. . . ' .: , 

. parent· ,there _ are ,a~ possibl,e genetic type$ or g~n:o-... · .• , .. . , .. , ," " , , .. , ·•· , , , , , , .•· •, .. , ,, , ,,,, ,. , .. ,.,," , , ', ,, .... ·:•'· .. , .. ' · .. ' ,·. ·· ·•: , , 

typet1• .'• Fr0n1 :. ~hesa .. six gene>t~e_a it; .is p9ss;ble t,c, 
d<3,~~;v:~,i,tQv,.f,~~h~ll9.~zP~Q.1Jt..9.,~-.. -,t~~:·t .. f9Y:r .. ,f!~~QJ)P.~r.~1i.a,1;>_:1,._e ... J?l.9¢ ... 

sr~Y.-P~•~.·-. ::~ _;;,f 9i+.9Ji~rt.,t!l~.i~t.d~~9.~li,;·.~h~L:.~-~-,- ~Q~.~-*~+~.-.:" 

Genotypes .. . . 
. · ( o~~-~,-~c,~_i}':r.9~---~~g~--.lW:.r~nt) 

, Phenotype> 
(Blood. Group) . 

V ' • . • • • . . oo~ .. ~~--.... - ........................ .. --~~~----·~---~----.......... o 
. » ·· _ _.q "(. / -..... , ,. ... ~., , . .-1, r0j,,. l .,..l ,.\;:1·~ .. •·. ----~-:-.=·~ .... ) .. . ,,~. . . . . ~ t;-•- · r: . ...... h .... ...... . , . ..... ~,, .,., ~ , .. .,....._, " ' ~"', M""' ' . ·, . . .. .., ., .. .. . ~. : - .• . ... . 

oA·:\' "' ·. 
AA " ';c 

, , A,, 

OB 
BB-

. B ~--------~-----...... ---
,, 

AB • :- _.;., .. ..................... -...................................... : J\B 



~e · 1llh~:ritanQe o/, 1::hes·t3 factors <Hm bes~· b~y 

11;1.tJ.~trl.\t~cJ.. )?? ... ~ · ~;x:runplEa.. . .lie,t , ~s. ,,_ $~~ - .~1~e+t (lis~~~•~}'lg 
a:r~. -~C)iaf!;:t,:t~: J~,0111 .~'.h.(!3 mating _of the two genot;n,e_; 

. parents · OA and OB. 
- ._.., .,, '. --,_,_, . ·, .... ,• ........... , . .- .-. . : ... · .. ' ,•-· .. .- . ',-. ·-• . ··--~·-,·.,. 

' it ls evident that there is a possibility ot all • ' __ .,_. ,. :; .·-, -.:-. -> ·-· .:·-' ., ~.-. ,.•-•. _ ,,_ .- ·-· ·, •. , .... , .: .- '.·-,. ·. ," ··--•. ::. ·,',· ';_ -,. ,_ ·;. -: -,. :·-. ;_,_ c.-... , '., , ,_ ·,·-·•.· .. . ,: -•.: .. ' ... . '• .' • . • • •.. _.- ' -' ·' ·. -·-: .. , .... •. ·:, ... : . ·- ·:· .:; < : ., -; •· . .. . . ·_. ·. ' 

fOllJ:' .,Pll.~~9.'t;YP~.a :r~1311:t.t~s .. fr.~ . _this nia.iiirlg~ _ In like 

marme .. r ... ~~~t,~O~~ibl.e . rG_l:)ul.tjpg .P~µq1;ypea frc»n, , an~ ... 
geno~Yl?;~ .. ~P9;:l?. ()~P.. _b~ 9e.lclllated. 1he to;;~vi1ng 
table shows the possible and 1mposs1ble phenotypes 

• ,•· • -:'.; ,·, .... , ,~ -.. .-.. _ . .-,- -, , ·,_·:.'; . ..:.- .-:• -•·.: . ·'· ,,. ; , j: .: >· .. : . ' '· ·;_ .;, •·:,,,:-': '. -- -. < -;_,: ·•:.: ,..:-- ·,-.,:,: ' .. · • ; .:' ' \.' , , .,_ ·• ·.: .:· -:· -··· ,.- •-•_ ... , '. _. _ ... , __ , ' ·, · .. : · . 

.n,om any possible genotypie m~teh; 

o+o 
O+,A 

0 . .± .. . :a .. .,.:, 
Ai' + A - ~ - .~ :.,,.,.~ · ,v.-·,< 

1f·+ -~-· . 
. ·- · __ ...,:-~ ,. ·. « ..... -... <: ·••\, .. ,' 

, I .·.··.·•·-

· B + B 
,'- ---~-.. ' .• . .:- _, · .... .. 

. 0 t.,,_,m, ... 

A+ AB 
.. ~0 · ... ',• , .,, , ,~- -- .:· .,-.-;' 

ILt,,.,i!L 
AB+ AB 

0 

9,.4., 
e>,s •. 

.. J).J.;~Jl",·-

0 AB AB. •&, ·,., •• ti ... ,:, ... ,., ,.,,.,_ . . ; ... 

..... A,~•-,-· 
AB AB.' i•.•·,1;_,n,," .. l ,.:. ,,.1,I •!"""·:•,;,,.,,_-,,.,_" 

:tnip~ssi1?i~ i~Yt>es 
A;B;~• 
B,llB. 
A;,AB• 

B;~, 

. .. 9.~.@ .it.,, 

o. 
. .. 

o, 



!!<> ptllEJ s of .1nl'.v.=lr1 ta~ae, .· <?:f .9f oqct. ,}i,Y$3~~ , <?~J~ 
. . . . . . ·,. ·;• ;_-:,•_._: .:-,: 

to~ateg tx:om ~he, above oe.lcule.teq results. :, 1 •. {The 
. , "':'. :·· ,-- ~::.: ·, :•.' .. •. :r :- ';._. \;, --.-, . .. ; ' _,_. -- . 

dol!l~~~ -~ge;l-u't_inqge~s ..... '\ . ~4 .etmngi; appea_~ ,~ .:,t;#~ . ' . " ..... ·, 

off'spr1ng, unless tihey px-esent 1n ·e.t least tini . ' _.,: ·.. . . . ,,··: .•. •, ,' ' ·": · . ','_.·_,· ._ ·_· . · . ·-•, . _' ·.. • .. , . ,-·. ' ,'" ·. ' ·--.,,•.- -•:-.:•·, •,•_ .; ,· .<··,:- .,, _. ... -:_'· :•_ "(· 
. . . ' . 

parent. 2. An o parent cannot have an .ilB child arid 
•:. ·, ;-•·:, _; -·-. •.-_ ·• ·. ""- '' .,._ - ·- . ': · . -··.·_·•' · • • · · -· · ""· •:: · __ ,_._._ . • , _, · :- • -.. · . ,- · . •·. _ .. -• ·, ''· ••·: ' ·.' ,· i · · ' ·:·•·.'. ·- :. ··,_- ,- ·.·: i,.··r '>-';:, ·.·, . , 

:rula of dom1,nsnee .. was previousiy stated 1n cfonnaction 
_- · · • ' , ·. . 'h -: · •·,:, '.' •. ': ,.;, , • .· , ... , ' · . . ',"· .. -,. ; .. •', ··• .• ''· _. .. , , •- .. ,..,·.·,,,_ . ... ' : · .... . . •. • . .. : • ' . ,_., , ·, .. • • ,, • ' . : ._-· _·,.'. ' ~. ·, .·, ·. • :·- , ,.•· ·,. .,•'· . , , .- . ,- ,-_ , , ';: · , · .. •·:"• 

. . . . . ' . . . . ' . ' . ' . . : 

w1t~ J::J:i~ 1;11.~<?n 9t, ,v.o,n,, -~gep~ ~ciJti~~chf:e~d . and.\ iE.t . · 
common to . both theories. The second rule .1s called 

·,; • ,' ·- .. .- .. .. . ... •· . '·. , · '. ·•'· _.-:.,. , .. ",. , _ _;· ,', 1 . ,~-., .... ' ; .,, . · ... . _ : . . . ' ' ., :·, . ·, .. . ,. ··r,' : .( . • . ,. ; .. ,· . .. '··.• ' ., < ,. ,. ,,. -< 

only. _ .St'?-tist1cal evidence bee.rs out bc:>th of these 

l'lll.,~a• 
The P4 _arid N. , .f9:otcn"s ppeVi()llSly . 1ne11tionecl hav~ 

been a subjeo~ ot' investigation s,p.· t>egni'd tq .th$1r 
,. •.• .· ~; ·• ., •.. . .. ·: .,,, ", - ' r .. :: __ , .-_ . . .... . . ·• .. -, • . ...,_ .. · ... - .,·. . . ·, ... ·, ·.. ··'. .· .... , ·, .. -.... .. ' . . .... ·:., · , • ··_.· .. , ... · ... :.~'<.•. ··•· ;:, ~•.: . ,,,\· 

. . . . 

hera,c:lit,ar,y_prope,~~.ie,a. <c Invesliigt:1t,!QPJJ ,PE1.Y~ _pr~v.~tt,: 

thfl~ .-,~he agglllt1no~e~s . ~ , 9?ld N. arf)· genat.1ota11j d~~ -;, 
termined ·by two· allelomorphio · genes which #an · pl"od1+qe .· 

0 ' •• 0 •,: .: ' • •, ; , •.• •; • ,' ~ ' ', • -.,, • .. : .. , • •• • •. ; • . . V . • •. • •.-, •_. "• • ' , • ; • , • _. • • . . ._ '. • • · • • ,' . ·•.' : • • ••. ' ,. 0 0 '4•• _. •• • 0 ", •, ' : •. • . • •' • ' ' .- . • 0 .. : • 0 0 

ort1-Y t~e, gengty~s,, '_ MlVi, MN, Blld Ntt • . •. 'rhf ~act.or. NI 
or N' does not appear .in the blood ofa child uniess 

.. . ·, .. '- ·- ; . ·: .;. ; .. : ,; . _. ... ' ',' . .... ._, .· •- · .", -: . ' ,' . . •, '·;· . . ,' · : , · . .. · . 

;ri ~t .. ;E>e.~t. t.:>.nt3 _ p~rent .,an" ··a I',Sr~llt ot _tYl)c:'3 
M cannot have a child of type N, nor can a pa.rent , of 

..... _ .. ,_ ... , . ... . : . -, ... . , ·, · . ·, ' .. · • ' .. : .... ... .._ .. · ·. · .·' ' ·,. ; ._ . .. , 

type N have a child of 1:iype fl. 
•. ' .·· .. ' .. --.,. _-. ., . ·. . ' -· .. '. .. ' ~'• . , ' 

_A.ll ot these ru3:es, ;()onge~ing the_ P, A1 . B, M,. J11-id 

N.factors have been sufficiently cheeked bystat1stiosl. 



. . . . .. - . . . . .. •·· .. · 

aocepte4• Two. other theor1e$ have 'beenadvancJ&/bu.t 
do..,· ;;:~•· •. ;,;n:1:~~.-•. ;.~,a;;-~~~1;~i::-.. ~;;:;:;;~•···:_:~· .. • .. · .. v,;·l;~_,·-·;;,.-.t;~-f ;-; .. •, .. , 

· ... ·, • . . ·-· ; . .\ ' . . . . . . . ... . . . . . ( ,·, :_·.<·' .. .. ' .. ;·' ·.: ··>: '( 

B,e~1EJ_~,,.1n __ :.~~~pr;r,, ... ~~~re,.;:9J:'~ .. -.d<> ._ 11otbo;4 ,_~:.~1acE3 ,!A; 
the. }:stuctr • o# · t:tie h,e.rf3cli~y> llun1~ blood g~oll~s. 

C. ,. -~l-~9ct,:g:r<?~I>s. . pt_ ~o:rens.~~_l1~d1c1na 

Wll.E)_ . e.y,J:t.~)l;t.~ --~~e>,~1:\t;lf?n. ,9_Qt1e>.~l."µ;xte; . 9;9p4 , s~<>¥P.f ,, 
.·~ .... ha~ .. •)1~.~~ ~t!].1~~~ .. ~.t\~f ~.!~ •. pt,fp~ps;o nte~\t ... 
Cil?:.~;,,-~ -~~g, .~!~.,,;t>r,.~~tl'~+ .. J¥:l~S.! .. .... ~t ... Tt1a _, .. dEr~~i~ine.t+?-~··· 

of .. 119-11:~P~~-~-rpJ~:V -.-~ .a;~~-g~q/ 9a~~,~ .et .. 1ll.e$1~~!1?Y'.•. 
. . .... 

2~ ·•--• ~ --.9I'.~Y1.~ ... )?'.rP,R~A'1,~~f'. .. .. ~.ll~t .. ;ge,ri~1f;c,,~1,e>p Jl.(, .. _ 
the .. ,'.l>l,9_q~ . tYJ?e.. --~~ :_ ... ... P( . q:t.9<>,4,,, f¥.'.>,<:i ., .. ,P1?lle.;',., ~~:C\1,n:~:\o{ 
humElll,,,C?t;!g:trl,._; :.1.1'.h.~.s~ two phases w:11,1 ba discussed in. 

the order · given. ·. 
,-:•. _' :.- · .... , _, : •. ,; :: •··.;/•• .,;/.~}· •·•.. •• • '.' ,f . a,,,- • .-;'.·•·· .. • •; <: t 

. ~grt;1 a,ftier . the ._ ci1E3t1overy ()~ _ b:te>9cl g~o~ps 'l?r , . 
Land~tEt!~~:r:- ,.~ . _19011, . ~dd.it,lpn9--,l sep~logfo'3.l methe>da 

were introduced -into the . field of tor.en.sic medicine. 
,··, . ···• . ; .• . . . .. . . ,_. .. ' :,,·· . "· -. ·•' .. . ,. . . :·. , ·.·• · .. . , . .. ,.: . .. • . . ... .. . . ·:, ,,_ ·-····•.· ··.·:,· . . . , · .. .. · ·- ;• ······ 

.·Bs' )l.{}l(?, von: ~eern and llirschfeld (JU had ad'Val1C!3d 

·their theory of heredity of ;l:lunlan blood groups mid 
.,.,; .. , . ·• ·.· •,. .. ;, .. - . . . , ... · .... / .: ' , ,. · ._·-, . . ; ,; ,-. ·.. ' " :_; .. , - . ". ·.··.. '-.'.'· . ·.. ..,. ·• · : .: .· ·,. .•. •.· .,. ·:. · .. ,, . .. · . . •·.-···.· ..... , .. . 

ev!A.en:o~ .J~a.s ... :t'~.~$ , ~"-~~u;9:t€l~ 1p. _r~~ard, to ;J."-1~i119ne , 

bas.le ·ide.a ~h!,~ ... ,:t,1::J.~J,ryi,~~!§!l.J).~5!!t... .. 1.PJ.~,. fa°'t, 'Wt'.lS ,th,.,:it . . ·· · . . . · '" . . . . ·•.. . . . ' . f . . ·. -· .. · . ·. . . 
thf3 i~P':iSSlutJnElb,l~t~a.cto,rsj\A ~d.._ B· are never pres~nt 

·1n .children unle~Hl 1h~y ~re f~~a. ·1n one or both of 
•· :•"''··• · ::. ·-. ·. , .: 

the parents~ 

Although the ·newer theory o:r Bernsteiri ho.a replac .. 



11. 

ed, the no\'1 disproven theory of von Dungern · .. ana>H1rsch-. . . ,, "·' 't; ., ., . :·\';' . . , . . . . 'f : •; ·. ; ' . .. , . . -._,,.,r•:::r .. ,, 
feld the essential faot as mentioned above has not 

• • '. , :,. :; • > ·." •,· , . • > .• . ·., ., • • -. . ·. '·' · · ! ".· 0-,•;: .·· y~' .,· ' ', ·. -;: : -'- ·· i.< . ·, ; -' ·. :,'.\ ; . • i ', .• ~: ,- f ', ! ·. ,, ··. ·; ·: ·.·· , ·•,; _:'.: •! •_· .' .:, , :, ,: .: · '. • ,: .. ·•:/•,;,·,·•o!•:,1 ),.,;{:,:,:_.· __ ,. I·.•.:?; / :.'. ' 

~e(:)11, _ ~:tt~r~ci .. _ ~ ;, ~Y ,~1, ~p . that _ ~he ao~~t4ated 
evidence . 1a still useful, .. -· .,.:. ·:: '•' ·:· --~•·,:.'>,::-",-, ·. ·:-·· .. -_' (. ·,. ,, ·'.·:·' ·, ·. --·,1 •· '. ; .. , .. . ·- ·:·. : < ' :. ·,1: , •. ,:,; .... · ; 

. 'l'Ae .. lr(;)?~!l>J~~tr. ()f_ u~_;zig ,tll~.s ~ .fonnat1o1' .. _!S 

bast ~xpres~~<i .Jn.,t1'~ _P,~E:Jyiot1a+Y. _pr~.~!3A~e,<i .~~bl.e 

v1hioh '· a11ows 'v,hat types of cl11ldren are possible and 
,. ···. , .... ....... ·--.... ,•. •, •, ., ,_ ·''·' .. · . ,, .. "· ··,;:-··•. , .. .... . . ,· .. ' . .. - .. ..., ·;- ' ... _ .. ··::i .. ·t.• .'. ' :·.- , :·:· :, ·•;-. ·. ;/ .,.· , ,: 

wlit,_ch type.a .~re . not possib~e trom varioua matings o.f 
) ! • 

p'a:t>ents.·:. 
. . . . . 

It can be seen f,rC>~ _t~~s ta1bl9 t :hat exol.usion of 

paii~rn:~YY ,"BP,.I;>e . SeQUI'~d. Jn 9hi:v' ,a, pE¼t1COXltit;,· oi' .th~ - . 

c a~~·;3. ·. ~,Jto.r~~~~Q-~. ~~tq~ii~~JJP1~~~t~.: .. ~M,~µi.a,J.i~t ,i~,. 
-:,.<t(<::·:-?_:::.rt~(,:: __ ~:_.-,:_· ·>·:i:_._.:::·,;_~:-.. :,> : '. .r· ... :,.,:,, -. · · . . . . . . ,, . ·.r . . ,., _ .. . -·~-r:_ .: ·•: .. 

pa;r.~~n~:~s~J-~f .. _~;-~-~1±!:lit<?~!.i.''?t'. ~-~-°-1?-t; typ~L .. ~~-:~?w-i~:,~~~1? .. 
.. -- -, . .. _, : ··.".-:,-···.;··:r .-:":-~ ... -->·:··.: ·. . · _:_ .. . ~-;'..: . _, · . . .. \ . . .. · _:_k \ .. ·_,_ -. ; J·_·(. .•. , ·_: ,;· 

to be ' as. follqws, ·~YP~ . 9· .J. in ·s, .t#j,e A• l m 1r, 
' . '.,. . . . . ..... : . 

type, ~~.:I.::~.?,~· ~d .. t.yj)~.~.) . -~'.~t)~ -- e.~e:'ge · 
chance _of excluding .Paternity: is abo~i; sixteen 

percent~ _· Wiene~ (l.l) ·estimate~ the exelu.sion l)er-
•- · .. • . . , , • ·" ; ·- . . . '- . '.' .,. ... , ..:, . .. : ·.. . : .:o• • .. : .• • , ·.', . ·,, •. : . ' . '· . ,' . , ·•. '. - a . ·;· ;., "", '·.• • · •~ · ... .'.'• • , ' . ·.,· • ·•• ; : · . ", • ,. ... , . • . ,' . ;. , ..' \ ·, ; 

centage ,in GermSlly Jo be' somewhat higher, · 1t being 

about · eighteen perc9nt. 
- r·". • . , : - ; •'. · .• . . •. , : :. ' - : •·••. • , ·. . . . ·. '. . . • ,· . . • 

Schif'.f (12} :1n 1929 conip1l.eq. statistics, .obt9.inli)d 

:1n E,,ll'()PE)-,, vill!lre <1et~.rmt11e.tion e>f, b;lood types'J111ci· 'b~ep. 

accepted a.a legal evidence., with the following results. 



1ftifui'.ier· o,i · Paterrl:tty :eareijn;t ot 
ca~~s ·· ,, exclusions · exelua!ons 

Ge.~l;l.!l:f .. 
Austf.1a· 

·:o~z,3.g, . 
· DanmaX'k. 

'·· - t: ·· .- . , .... 

:i,§~~•·' 
700 ··· 

,E390 
50 

500 .,.: · ·<-~ 

,,_ . . . . . 

Norvia:v. sw1tzei1ana.·•· · rit: L1t~u:~1a: '; · -· · ,. ·-,···-:1 ·" ·•··" 

Total 

353 
•· ·· 63 

39 

6 

,::64 · 

l.7 

4, 

646 

·s.c>:, 
.G~S. ·· 

, -, '.. ,.' ._._···, 

12.0 .. 
• ,.: .. · · ..... , 

12.~ , 

· a.a -
lp.a • 

·8~2·· 

.·~11.~Et -~~1:>ie..,,~~~~~~~~; .. .. ,~Clll:Pt':l?p,tJy~-:1.y .widEt .~.t:t~. ot, . . . . ·. . . . ' . ,: ' .... ,. , 

bio_od,. :ey9~~,~g. t .~.~'!,:s. +~ ~;t-1,rQP~. arui th:~t ~ ., ·~*_tl'>.~r high 
perc~ritEige.. J>~ .. e~o~,;_$}9:0.fl_ has ,.P.~~I¼ pl>i;,,~ID.~d.:•· 

..... '!Ile • llis<:',B17<.ll'l1:,J>i:' .... ~-1:l~ .. · ... ,e.4fi!H!0,na,;i. .. e.$f{L'll:~.~c,g~p.~ .J~. 
and N by I,andateiner and Levine 1n 1928 (13) has. 1n ... 

. .. - '-" . _, .. . , .. .. , .. . _ .. :._ . .• ·, .•.,·--- ·,: '< " . --~• · ·, ; -. • '•-.>•· ·--. ;- ..... ..... .. , ·. •, _, ... . ... .. , .. ; ', ;, ., .. _.. , .. , ,. •· - ·· ··:' J• _· : .. · _- , . . •• ··· :.-,. .. ··• :. ·" ;, : ; ,'. ' ., •·· .. . .:_:,. :, : ... .. . ·. ' 

creased the possibility of exclusion considerably. · 
•_ •, _•;-' ' .:· •.• .. :',. .- .; ·.· ,, ,· , . . . :., . ·. < ·,: .. --~ . ._• -. ' . :.· ''. ,·.: ·.· . -._ -. ·. ·.· _· :• :. -:, ·. ' _-,,~,·.,·. • . ."; :: ·. ·. ' ···: : ' . ·, ... , . ,, . .-,, ,,'··; .· ; /<· .'·' .' " . .. _, ·,< ··-:-.: ,-........ , ,,. , : . •.•:.· • 

These additional agglutinogens may be u _t111z_ed ·to ' 
. .' · . . : ··. · .. '-... ·····.·' · · .. , ,. ·., .. -. . ,, .... ·· .. · •.' _•:.-·• .. ·. ·- •-• .· -·· .. · .'. ····.· •• . •' ,; ' :· ·.·.... . .. , .. • .. ·· . ..-·· .·- . -.. 

about t;he s~e ext~tt.t .. !-18, , _i;;he, A. ,~11d B fact.or.a• · Al,tihe>u@'l 

the ~~cxm1o is . 11.1ort.:1 ciitf~~ult, stat~.s~icEJ haye, born 
.. 

ou.~ _th'3, e~ic,_~lated:re.sultB f1.,~ va.rious mntine;s as.· 

expressed 1h the following ·table. 



Par!ll'l.ts 

M+M 

.N~.N, 

ivr i.:r :N 

MN +£ .MU .. ,_-....,.. · . . 

Children possible 
a· - ,< , , ·-•· '" , ,' :·. ,, .'. ·. , .. .- , _ __ a :,- ,. 

r&,. 
N. 

"o ·-:• • •-

.. o. h .ildren not . po~sible .. . , ... •- , . i r .- -- ' · · ·' · · · · · ~--'i ,':i , :.:,· 

N 'MN;;'. ' , '; • 

·M,~~.• 
ll.w. 

,_}{ . .. 
_14. 

Th ... ··~ .. ;ut11J:a~'tiiop., pr . !3-l.l., f'ou:r- poaEJ:lbl.~ .. t.'ao tors • . A, . . •·. · _. · · ' ' . · ... · .. . _ . ' . . · ... - .. · . ' , '. . ··, · ·• ' . _.,. , · ' . . ,•, .·_, .. _ ,· .··, _: ... , -_ , , , . . ·• 

. B, .. ~1 •. 811~, ;t:I, l:l.~1:1 , inypea:s~d . j;he po~s11:>1l~i.'t-y <J?t: _pa~~r>:lal 
' . . . . . . . . . '' ' . . ' : . ' 

e:xolus ; .o~. to . ~I?l?ot9f'-m~~~;L,~JJ~!.r~:r.~P,B,J'~R--:~~~~nt~.. . 
.. \ ' : . -· . -~ . ' . . ' . _- . . ' . . '. ' . ' . ' . ' . ' ' .· L~§:ltt~.+n~.r .. ,lli.t ,,~~,;t~-~ .. J~h~t; -,t~e.,.,ctl:i,~n~.~J:t ... r~.~--,..,C:l~.t~.~-tJAS,.,,, .· . . }1 .. ' ,, .. · .. ' . , . . . •. '•' ··' .. _, ·'-'· -·· \. ,, .. _,. ,,: ' . " . 

int.~-~gJ;~~1ai~---~f. ... Jl.~.i~PQ11!1,,,.:l!!!@:ll~t"!ri.,.!}_C).~,llJl~*-~,J~-.,i~!~~'~t . ., 
••· . ;- ' ' C •, •• •: •~••· • • • ' ·. .-·., ' .. ·- ; •-·. • • ' • . ' " .··co . .. <. , ·:- · . • . • . . ' . . . • 

to ,,.~\lQµ't.,.~E3,Y,~~tY:,J~~~~~J\t. .... ~Y: .. t ,l!~., :.~gf! 1JIJ~,n~t- .. ,J;nf,f>.~g.tJ,9µ."'··-
wh~J'~~,~-'···Yf!.~1-}. )?h:~ ,Jt~-@19;,JLJ'~~t<?,r .~,--1~.!.Rn,~., .. ,Pp~s~b,g!tY: .. .. 
Wal=! .. ,f~l?l?r.<?.~~~~,1§)..+.l .. J:llt,t.,.,P,.~,l',~~:~;~.,,.,,, . 

. ,-~!n~ti.lt .t~., .. '!?.-.§~~!+t, ... ~·.'0 .9~.§.~R..1-9n .... 2t".P.~t.~!!+,!~1., .. ,.:~~-······· 
. , . - ._ .• ·_ . . .. 1 - · · ,-_- ·,. • __ , t •·.· .. ' ·,, · - · - -·' -. ,. , ·.: ·- . , ., .. , -- .. .• <-· .. ,,_ .. -... . . :.. _._. - ·-· 

fo1l2Y!,~.,Jt~!?.1!L.!l!.B.~J1lr.-~~.9 .. li4 .... ~~~;,,~.~,~-:e?;.,/~l~?,g:,,.;.~,n~.S-,.!!!.,"' 
. l' 

me_4!P9t~l~s~i .. :P,-~~-~-e4~t~~~ .... .... 'J:'~~ ... al;);~.f.! .~tE3 .•. . e,J .. ~~.:rit ... §~Y:4~~-
( 15) . 1936. •· .~,.. ,.,,.,_ ...... ,, ... ;.~ .. •'• • ., ..• , .... , , ,_, , 

0 

0 

0 

A 

)3~:?§<!,,s~p,µp,: .l9, 
which .father 
.tlaiin~f ~e~~i· 

AB ·, ~-- ,-~ :.,,•.,,.:c. , 

AB 



(o,<int1p~E,4)·' 
B1ood 'gl"oup ·• 

·•·ot 'child . 
• , : .. ·•-:;'·•t •<--•·• . . -,· l . ,, • 

A 

A' 
.:••, <,, -:; 

B· . 

\-~ ~-,. 

AB . :. ,-- , 

A-~ 

N 

N 

MN 

MN 

·a1ooa.:groiip ,ot mother . · 

B 

0 
,.,,,·• . , 

."A-~,· 
A 

B 
, .. _, ., , -._; 

AB 

Type, ·of 
mother 

M 

MN 
f' - · ' , i::-

N ,~ 
M 

N 

. Blood ''.grouiiit~o • 
·whioh ' ta~liet,' _·. cannot belong· 

A~.,,.: . 
.<l , 9,~,;. 

0 B 
. , ·"'· 
o,A«L 

p,,Ai! .. 
O,B. 

.· _Type to. "which 
tather ctr.not 
b~l-~tl.g 

N 

u· 
'M 

M 

M 

N 

· The mass of ste:t1st1oal evidence which -has been 
. ,. •· · • 

.obtained by many workers in support of the above . cal• 
.\_.:·- ·:· ,' ', ; . ",_ , , :,_,, .. •_ . . •'.· .; , ,I •, . -," -'_· ' .. _· •I • .. . _,_.. __ •. •. ' .• · .'- •:\ :, , ,.~ , -~--·-:··i '•.' ·,·'• ~- :.-_-.,:, , --· ::.• . . ,, -. : · ..; . , -.-: -·. , · · •: ·:, . ··_ ,_ . .- : ··;:• --' ' .·· ; .. . , .-·:· 

In. v1ev, 
,. , . ,· . '· "'. , ,., . - .... ~-· 

ot-th1s _ma.s~ .of _ev1dence the n~ber, ot·oourts, aooep~-

ing this information as lega.l evidence has inoreasad 
• • ' . ·, . ' ·-:. • . _.. _._ .. ·· .· . . .. •; ' . ':- i ' - ' : • '• ' . '_. ," ._, _· . . •. ·, .. ' ,· , .. ·' · ' ,: ,., _, .,. i , , _ .. ..... , .. • __ ' ·_ . · , - · · ' _:-·- . '. • 

ma~er:1,ally in the last few years. The greatest . advance 



,,15., 

hat1 j~~~n mflde .....• ? ,.~~OP,J, .. ~d: ... a #~Vl:?f\_t~~ i;s~~¥i~ 
: Of.J~eJJn;ted . S;tates ~re formU.lating and . adoP,t.il,ls_':. 

la'w'Vs .. 1??,.;!n,t .~o<:1:11.0.e. this information as . lege.l ,evid~~~~•· 
. . 

1n :the courts. ' . . ,_ .. ·- ;- . "' ·:-·: ·.,, - ·_, ', -, .·.c: ,. . ' .. 

The cases reviewed by Schiff · (12) have, (dealt ·with 
.··.·:,... . . ; ' '·· . ·, .. , .. . •.' ,,,, .. ... . · . •, ' ··• : . : ' ' -.' - ,, ·.• . .. . . . ', ' . .· ,., . ' . ;- ' ' ·_ . . 

the .. ua~ .. Pf t~ A ~d p :t'~~~e>rs_ .exclttsiye:L;r,. '. . 9n: t1te 

basis or ,tt1e ~V:it!e.~ee, or ~ll~ J4_ .ll?ld 1'l fac:tor~, · m~#:,; ' : ' ' .. -
. I ., . . 

European countries have recently adopted the use of-
• . ·; ,. ' . ,. - . • •• • . . ' " . • • .• • . · .. ,·. • .·. < . ·,· ·. • ·1 .•. ' . . 

thes~ i"~ctors _in af.f111atio~ ease$.• .- :ro. d~te the~e 

factors have been utilized in h'urtdreds of oases • . , 
• . ,, ·-·· . . ... - ·••;., - .•.- .. -.. · • ... ... -:•· · · ' . • •. .. ·;-.·. . ,, .. · . ' , - ·. ; .· • •" : , .. 

It :ts rather· unfortunate thatJthe oour~s in the 
, .. - ,. - ·. ·- · •.. -·,. ··:-: •, ~- --: ... ·- . -l'-..:.1'!:'~'"< .,,,~ -,l'r,-,\.s·1,,:.,~,,., .. ~i '.;,·,,-_ ·, ·, . ,, ·: .. -,' . , .· , ~ ,. !' 

Uni~eci sta1'~.~-he_s,~t.t:l.~~:._ t() .· _r:ecq.c;nize; t,~~ yal.~~ ot this 

1nfonna,.t1on in ao'ea,.#o;f' ~ispu~~~ -~i~e-~~'t;~·· '. liowever 

a rll:tl:le~ ~~i;_iy~ _caitlp_Eiign_ h.a,~ beep _stari;ed ,r~.-flently/ to 

brille; abc,nt_ :the .:r.~_op~_;t1p:n. p,r th.is,, sCl;entif10; ,a;a in 
. . . . 

leg~ pre>_c~d.µre~• . . The . Journal of 'fi.he Atne;r:toan Madi~al 

Association has aided 1n this by establishing a seetian 
• , . ,. • _,-,:; ·. ; • . : -· . -· "• , .. ·· ." ' ',_ • · .-_ .- · . , .• ' " -• : . , _. '• - • ' -. · • • CC • .• ."- , . , ·' , • • • " - • .. ~' · • .~-: '. . " •' • •. ·' , , • ; 

1n the official. journal on forensic medio_ine~ This_ will 
·, ., •, · ,., - - - :. , .. , -; .-· ,'·- •· .•• ., , ·, .' _•. ,•, · . . ·'•• •' · , ·. . ' ... ,_ ,_ · , ; . 

, keep 1ihfl , que~~~9n ,be~6re · _th.a niembe:rs .. ot.- t~ ,~~;9~~,i, 
profess1o:ri,_ t3o ,that ul~int~telr they ,will :t>e«?oma mo_~ 

int~_res.~e~ .1-n. the J>.ossiR.;+1ties pf ,_this •. p}i~~~>pJ'.,. 

immunology._ Professor Wigmore, of Northwe:\(tern un1v-... 
.. • . , . , ,·a· _--. ·. •·; . , ' ••:. . . .; - . : • . ·•·. ' , . . , • . • .. ··. ,.~: / ... -~ . • •: ') . -·._- _ •.,•, ·; . ; ._..·:: ':. :; 

ereity School ot Law, who is .. a.'1 authority on legal 
,. . . . . , .. ., .· , .. -: ,. ." ,· ,-.. , .• . .. ..• ·, ... ,.-· '. - ,. --. . . ... . _, . . 

evidfJnce; states; "At tAl3. hands (?f _expe1•t apecialists- . 
• ' ' ·i " , ,.:_ ' ,, , . . · • . , , . . ,·. ' .·- --·_,• ..... --, , · ' . • · . • ·· . . _:· . • . .. ' ' .. ·. • ' ,., ,··, . 

- ' . 
but of speoialists only- the teats ought t~be mote 

' ' ' . ·._ .. '· . ' . -. . .' . ' ·- . . ·. '·: · ,·· ' ... .' '·_. . -. . ' -. . . • ·--·.' -; ' . ., . ~. ' -,-.. ,-___ 'f . ~-: 

widely knovvn and used 1n t~is country, within the _· 



y~~l~i'!.:J1,qe>,:p~ ... Q+:J~~i~i Pr·()~atiye• .. V~lu~~ -n . \Y!th/.th~sa 

·c,0µ1;.t~.i:~,,J(tli:~:· t.lQ,~~ . fc,llow ~het .leadersh1p .. of· th$ ·.·()ourts 
, ·_.. . '· . . · \ _ · ... : ' , , , C, ,, . ' •;! : ••. '.: .· • • ~·'·• ·'f- <0<- . '° ·' Y·, ., ... , ,. f ' "T ', ~••s . · /i .. ·• •-- ~· .. ,.,,,• -"• ··• .• , ,.-,, ,, ... ••• •'!'! • .,:.,_ •. ,-1,'),P . .., ... ,._ ;, ,_>•• <'.•:•·• ,. .• , • ." •,··••·•• · .. ,-·., ;,,-,.,.,~ t ••• '•·-;·:;• •;,,_· ~ ,,,I, • ;,,·,,'- ·•••; "'>•.,<• • ..... -;-,;¥ ·_,:.,, .,,.:.1,.C••·"'·" ' ,,,),-;,.;~•••.••, .. :: > .. .,; .,,. ,..:,;,..,. ._;,._:, 1,,,:,,.,_, ,'"••~ , ,., ,,.'•""1•~ 

\tn Europ· _· e · : · 
:,1"' __ .-_ 1:::-: . f., •: 'I.;!'.-:>··. At-:>~_•;_f!. _-_ ; . . , 

•······•~i':. •·iqq:!14 ... il>~~.~~•.::.~t .. ·.·:1,.~g~,::,~#;+.~~.~~;g1'1_,: •.. g.{ .. ~~~.9;'t,. ·. 
.. ~~;,,~~~i-,t~t~~~,Jl! .~ · .... t:lu3, ;#nt~f1t:~~;;~ 

.. •.o~ .. · .. s~~~Ef_.,;.P;f ,1 ... ~~ilP··., :.ff£t:\g~:·~-·.· 
i;; ,' _·' ' '. ' ',:.:' :. ', ', , ' ,· /,'' \-_/:_~t/: '. •,• ' i ·,. ' ·.' 

(J;,:~c!-~,t~.-~~fL,,;,~ :,t,!~.~-~~;tt,.J~.¢,J . !~. -~:~q3#:· ..... ;,1~~-; tA~11?. 
') 

the .,s.~}~:tJr.~.8.~~~-. ,,~~~--"~.g~:tp.~;~.m~. 41, J.1;~od .ape_ 
, qu;f?::~c:·!.t~ .. ~-~.~~·-•~·~t.;-~9 .... ~:s!nit .. :apcJ .... t;l~;~s.•.: .i' ;•··~~-~ .,;:~~~.~-,.~iA+. 
dence 1 and .more ac~u1red . since . this wot'lt, the de• _( 

., ~'.:- ,, ,: ·;>< : ... _.-:-.. ·.: .. ·, ·: ~;~-.. -: :.'. . .'; •; -:: ·, ::_ :.'.'.) ·. , .· :~.<: .. ;;,-, -. _·,.:-.''.:.i::: ": ·: ··-.' ··'<:>. ;_,.:, '•.- :: <- .)•._.-·.·t·,.-l'; . --!'.' ·.::•;:._•.' ,-·· _1.,, -'· ·• ·:_. /:. _.., . • _·. ·~ .,- _.:- '., / .. ;·'. •• ,;. _:_ . ·. ' _-: , ·:_ ;~, . ·.;_ ; • :u ._ . : -. :;'·_. : .. . ,.-._ 

. termination ot, blood. ·.type has·• become a ~outine ~. 
··- . , •/: ·:1· ·"·•··•: -:· , ·•.·, ··.•,',· . .,.:r.,_-·:·•·'· ·.•,. ·:,;c_.:•:··- ,. ·', ·' · •: , .. • ·. ,,, , ... ,. : )' · • ... ·.-': ,/.'· . . ,, . ...;, ,.,:·p ,. •,, ...... . ••,.· \•• . _.., ' t_-• · ;:"_'• · .. ':· •.'L···> ;-· ':,.· ,,:: ::.·.··:')'\.': . 

procedure, J.n :: the full . 1dentif1<nation lJf blood stains 
:· ·.,. ·,_: _: .·':_:• ; · •, '1 ' . ··f .' . ·, !if• 7•. I ,.... . . , . !- ,'· ,..... _1 ····;· ·;: _ •. 'i•<?-· ' ';' ·,., ·•~·;···,: ·."· :.• -· , ·' . ,., . ·.• "f / '-' \ . •,f',· ,.'., ·._ /.•· -- - ·. t · ,t . ' • • \•; -: ,: ·· \: ; ~:·· '.· _.:, l,, :'-.·,: _..; ,1 .. _'·-, ··: - ,: ·. •. :.· , ·:·_ ,;"'·.:t· 

; O~· .. · b~.~ J:>.r4g~.. rvt.rpl1\ .J~~Jr~JP~t,.9:~~.f.'.~•··; 1:ta;v~ ,,g~~~ · 
settled: by ~V1~nce . obtained in this v,ay., . 
, •. ·, . . :··, .. ·:: ~-. . . : :'. , ;~ :: :_ ,·i'. .. •·•.·•· .• ! '· , · .. • . . ,,. • .. :}, . . ·' _, , . , ;. :"·_ \' : , . .,:t:· ;.>:1 •.' .,: ': .. ·: c _·,•; ,: _· ./ ·••;; · , •· • ·, -: f _·:· \ ·;-<:• ,-• .. -~ ' • <I • __ • , . . ... ,. __ . \ ·._ · _,:; ·.: ' , • .: • ••( .• • _.: -·· · ; .. · ' 

( .. ,~~-··:·•Pr~~.1-~,~~,;~ ... _t;~~.~-: J1~.~ ... ·e,! ,.~~ •.. ,h~)e.~J$!}lz~1:,;1:f,~r+~~.9.m!-. 
~$·""~~~-~-.. ;cfi~~ll~~R~zt r.~•ll~f~~9~ibit~.~.'"~S?f. .. ~j?,R:~~,. im~~ ;~s ····: i~;,i-~~-

tio a. t 1on ·of unknown atains1 but :tn··man-y: .. ·c.asea_- th1s 
·.'": .. ' ·. :_' , _ :~ · _- ,. · ; · •. ·, ,, _,, ~- :I·, ':·-.. ,'..,: ,- :;_,: ,: ·t·.' ': i. ,: . ::•-_: ) '.. '. ';• ->; ,i. ·•·_·,'·,( -."'._..., ,•~." , :• . 1,. ', _> - '.; •._ ·:, f .:·._ i, " 1~·-. \ ;'··:. ,, ~ _>; .. : • , :: ·'·: ' ., . • , .. · ; <,. 1 )~.--.: _:·,;·_. t· ·. ··:j··~,>-•· ;,~- . j. :/ .. ·. _ )· · . . ':i ·. f.'. '· ·; '. 

.• !?-?.i?. :. ~A~~r-~Jr« .. ~ ·l.l.Y!f?~,\ ~A~ .. ,,~~~~.;P~ •. Q_ll.v.s.~ ,,-!~~-- ,~, . 

dir3~~~-• -r11,;s .,ac1ci!~i,Q?,.+, _:!.r;li,;<,,~~t-~o.~ ,,is .. . or :.1~s.t~-
ab1e value in mer.easing the .. emount . or evidence. 
·. "-·~:_ . .. -.-, _ _... , <·· •.· ··-v-_,.-.. ,_._. ... ,-..... --,· :: ;,,.,: ,-- ,----.,_''f-·•-",~· ... , __ ,:•: -·...- .·. 1 -• ·-•_,, .·,, .- .. ;, ... , ... . _, -,- - :··.:,---.J ·. · ·· •·. ;_ ;- .. ~-· _.·. ·\ . -. : ~_···.~.--.,•-_ · •. ·· ~ •( _• .·-'. -~ ! 

, .w~ener ·Jl7) •erv1ng ns a member of the ;~a_tio~al 
, · , _.·~~ • ,·. \ .: , -' . .',.: .. · . .: .··· , .;, ·,;,, .:. ,-: .- ·, .' ,· ... ·.- (·.·.· :·. ,'. ' .... : ·.-··/ ·-: _.. ,, .. ·._; · ... ,. ·. ·. ·,.· .. ' ·. " . . , ;1 ' ' • •' : ', ': . , ;· (' -• . · · ', ' '·,, · . .. ·.,- ' , ,·•, , -: ·.•·· :·>.- ... . -_ ; ,t,: ,·; ', \' •·,, . .... -.> ,: .·•'·:·: c ' :' ·•· •. · : ,_,," . 

Research Council Committee on Human Inheritancej has . 
-•- ., • .,_ • > •. : •. •.• ,_, .• • ·· .'. ·_ ,, ' • ·: ( ,. ': .... · • .• -• •• .' . .. : -~ • , . , - '-_ -:. . . . ... ·i . . ,: .. .•. , < ·-_ . . : .. :· . -· . ·' . . ,,•., : . _. :·' '.. . . . ·,;. ! . -: . --: .. ' . :-: · ._: _·_-. . -,._ . .' ' • • -~ . 

Prepare<1. a seri<~s ot model laws _for sta·tes to follow 



.• in·•J!~.1;\ ,,qri~i<l~l'~.~ i()Il o_; .• .. ~he, .• ~dop~}()Il <>t t;~e r .. ·• 
·e~Jt~~ •. ~9",e,ic.~e,.~f44~P!),e. ·1n ~gal .. pr9~~d~~.,i~.i': ~ -ee 

are · qu9ti~~~.,11Ll~!tf 11~;,, . . . . . . . 
l , •. Bl.Cod ~a.st~:, in• Illeg1t1mae;t Actions : 
•,. ;_-. "" •·•.•_· "_••~: , •'. ' ·• ··· -- · <:« ·• •- : -: r' ! • '.:>": •'> • ( ·. :···-~ - , )1".:. --.:~•q.« •1, ~:· ' "'';~ ~':'",.:.• :~ ,. .,,._. • •• .... •,: ~ -•. , • ...,, 1.,.: -... . + .. •~::•;'··;~~i•\ ._. , w -; ,, . ; • .;,~';,.;..,• " ,\ "<· .•~ ~·_;..;' ·~: ,, .,..., ;/,!;,; ~;--,:!',••',,i·~ '. 

-~~; ~()1lri,- ~~Otion. t)i' .. ~i'.E?Ilq9l1t;J . tJlf41: 
·, ,· ·.· .• ·. . < , , ; ., , ·· ti". ; . ·.·.·. ·•· . ·• ·.·. ,.. , . ' . . '. ,· ...... ·. 

ord~f; ~h,.~_.:m~lc~pfti~~;'}?Ae:· '-\-.>_r,.:.:pao~(:~:l,9_04 gl:'cµi?lng te,&a;t.s 
' : ··>· . ·'· .·· . '• , ·- '' :· ,' ' .'- . . ': .. ~= ' ' •,i ,. • • . •, ', ' ·., . .. '. _· - __ ,•: · ,": · · _-· ·_ ,, .: ,-. . , . · _: :· ·_-. · < - • '" . •· .. ·· ,· "'.•,;-~:·:· .. '. __ ·.·· .. ( ' . .. :~ -. :-:•:·_.- · ,.: ) 

bi. -~,Jq~;T;,,·,q'¼,+¥~~d . .: phis 1c .. ,, _ox- .. o~ll~ P;.'. ~~l. __ ;r,;~tcl ,'.· 
. . . . . . 

--~pe1t~9.1,t, .. ,.~?--, J~~ .P~~;t_~ .. ~ :~ _c,f ;.•~~l:;L,_.p,e_ f~~E3::1:'f~,~:,\~ 

ev;c,.,~:q,p,_f,;)_, _; . i~,. J)e>,s~ _e>.f' .. ·t:tt~ ~.,.te .~·1;~>.!.s_ ,:t;o, ... P.~ .. -~t .. by' _ :the 
,'. ' , ' .' ' '. '• ' .' ·.· ' .- ,·: •' ' . . '·.· . . · ·· .. . • '·, • "· '' ... , : ,·· .• · ,,:i:•."·' · .. . :··,.• ,· ,· . . · : ." .,.·._ .L 

;, 

_48,~~pq.~t,, .}~iP:C>,. ,:r?+,aJ; ,, S.~,~~9,µ_ P~ ,, E>>::P~ .. ,r~ ll'.9nl, # )!;~~ --
. ' . . 

. dra,y1!t,-~~"-P1 ... ~t_a};~ ,Me,tt;c11l,, §q~~-.~t;:t:_~f .. ~~qiv~d:qil·s __ 
• • • • ' . ' • • : ..• • • . . • • • • ' • • • • • • • ••; · .• , .• : . •_. _•C • • • • ' . ) _• 

who have prov~d their a.b11'1ty to '. do : su~h tests.. When• 
,. ', ' ' ', '• :, • •. , • ••• ·, •. ': ,: : • .. : • . ·:_ • ·, ·.,-. " • •• ·.' • ·• ... ,: \ • i .,, • •. ·'·, ' ,' / .-. . . _. ., • . ; ' ,: .' . • :.' ,' , •: · .• ·._-·· •• ':. ,-• ', • ' _· . ... ·' •• ·, •;, ·; ... . ' .• •• .-·. ,_ ' : · '.: •. " .•• . ' ' ' ·'.' ; _' ,;· . ; ' '.', -. "' ' • ' : • • .' :' , _".·., ·;. • . . •: . · • .- .. . -: .. ; . ;_ . ; .. ' '· ' • . ·.; '·.· •· .. : ' -~-- . : ; 

OnE3. ,_of, .. thfl :P~~t.tes:, Jm.~~ :r;ef'tlse,. t<t JfUJ'nn.~:t t~: such \ 
' • • •c ·, -· • • • •. • •, . :. . • . • . • • . . . . • • • - • • • . • • ;• :- . . ,• • . • • • ." . ' . . . • • • · •. •. • , . • . . • • • •,_ . • • • ' • ; • •• • •. '. ·:, .·.'. • ' • • •;_ • •" 

test:_i,_, ___ ,fac~ ..... sp9::J.~ -. b~ ... ~;~~+'?.fl~~ ~i:>e>,n .. ~r;11,l ·· ~-

le 8_8,. go:o.~: c~~s~ . Jz., .,.$C_\ffl,., 'liQ };~i ,~o,ntr,:q. tr . 

2. Blood Tests 1n Oivil Actions. 
. . - --• . . .. . . -.. ,- ~- _-:. , .. •." :, --- . . · .• ~- ~:--·-·,• .\ · ,, _,_ J•., .. ,,; ·.• ;'·~··.: . • , -•. 

11Wh.enever · it shall be · ravelant to the prosecution 
! . -. . ·... . . . , , ' ·.,:., .• .' . .... · , .. . . • • - •. . . . , • , . ' · . . , ,'. . . . . ' . .. .. : ' ' l . : .·: .• .. . ,': _, ... " \ . . . ·.· ' • . , .' · .. ... ' ; ; ; _. ; ·•,: ' ': . .• 

. ag~ cir . !d~hti~Y.~f ~1-._~h~lg, _ ,Per~oX'l, .~~-c~r_J>.~e, , -~¥ 
oou:rt, . by _ order, . shall . dire')t at1y p.a:rty t~ .. th.~ ~oti,cm 

•·. - ' .,'! · .... ..... ·, ·-.·· . . •· ... ,, • . . : ,• . . . . ' '' : . · . . · ... .. . ; ' . • . .. ' ' •. '. . ' ·- . ' ' ' ' ·". ' ' ' ' : '·" . '.. : . ' ' ,· . '·.- ·, .. ; . . . ,, ·. . . • . ·: . "'.. . . 

end any person involved in the controversy to submit 
'• . • 0' ' • ( ; :"' . • ,i •: • ' . ',:', • ' C . • , \ • ' ·. ' , ' ," .• .' '. .: . •• .,.; .• . • •, : · .• '. : • '• • ' -. , • ••" • .:. •·. . . •' ' ' "• . ,'' • • ( '~· ~•• I • : • ., ' 'I' ••" ' ", " • . · . . ·. , : : , ., .. • ; ·,' •, •' ,-.·.•.- •:.• 

to . one 9r mo.re blo~ti .. tests, t _o be_ ma.de by only a 
' . . '." . ! . . .. - . . . . . ' ·. ... - . . . . ,· • . -_: ' .. •: .. •. • - ·. . . . • . •·' . . . - '·. : ·- . ' . .• . . . . . . . . ·- . . . . .. . . . : . . - . . ' ; . -

qualified phys1o~en or ()th~-r . qualified •P()I'flon, and . 
' :' ·. ·, :: ·_ .._' .... ' ' ,:, '' ··, ,· .' " , ' . . . ·. ... ' . . • . . . '' ' ' . ' . ' ... ' ' . "'," . ·. ·.. ', ' . . --~ -.· : . ''' : . .' ,, . . •:. . . ·. ',- .. ' •, " .. ·. . ''· . •. ···, . . . . .- . _. . . . ;_ . .- : :·, ...... ' 

, 
' 

under such restrictions and directions as the .court or 
· t ·; ·: _ .. , .:- :- .,· ·•··• 

jude;e: shall daem proper. Whenever such test 1s o~der~ 



ecf.tind j made; the results thereof' shall be recel'U'ta.ble 
··. ; ,T:J>;•:··· : - ,.,:_.,,·:· -·_ .. · ··.••··" ·: , .. ' ·:·· .. ,. >o;tJ '' ·'' '.: ·,, 
1n ·evidenoe. The court shall determine how .·and: 'bll,' .. 

•:.• .. : · .. •,.•/~ ._•: ••·! " ;.•.' : .•;", , • ,•-:• • ' , ") •, i •_;,' C_ \f,._-:: ,1- C,' , ·•; ·:: ••••• •••. •, ::·-:. •• ',- __ ;:•-, ; , ,-• , •· . " ;, .~ !•, ' :·; t•._ ,, ,:,:,., : .·('.• '. :::. :•· :'.•• . •.:-,:'> ' :i, , .·,,,_.,..,.,: r,;.);_,;•,\ ~-<,>,\-,;:•;:• 

,whoni ~ho ' oo~ts of 'such examinations shall b~ p61<1i'* 
' ~ --,' r:- · •,t .• : , .;: ,;• , • . ,.-._ .• -.,_ ;: ·• _.1.- ;.:·:: ·. ,_: .,,._', .."··, ·, - ¥ ·:· , _ ., ,; ' • :_•• -._- :• \ --. :·.'." ,,,_., . i : ' ,.._ ·>, ' , -· .. ,. ; h ·.":- -- :;- ._::,: ·., 

' ' 

. ~h Code of,. Criminai . Procedure: ~de,;nt1fy:tri.g < 
,• , •·• . -~_'· ;- ~ ','·' ·,,·•_.- ; .L-.,-< ,; .. •:•,•,-.: .. _. -·· '' '.,.-~ , · • · ·•.:·· . .. ;• ,. · .. ·.-;, ·. :'. ···· . . , ,- 1 . .. . ••· -' .. ' .. : :•.·;•' ;•. •/." ' ' ·_.,·: 

: a;. 
Or~1~-~~,.~ ,~~k;~e; ,,.~,£ ,fip~erpr1nts,1 p~otograph~1, !\rid 

b~~.~P.-grc:,~plns t e,~_ts:._ · 
. "~. PPc1-.t;Jr,,.th.~t, .. :~-ri~ ;.•cou;•t.s . ~d, .P1}l'>;l.1:t; ?ff1eia1~ . . 

•-•-dee.;.1;i¢· y;1th, :_~:r~~A*~ ·_,in,~r. p,y~ --~~~11r,ate .. ~~t~tfllaJf,~~:. 
as ··J;.9 , ~h\f .~cle,p1;,~j:.y .9t P~t'~.q:ris ,cll~~g~9-., _y,ith .. ,q,~~':)., , 

there is .hereby oonte;red and impos~d upon th~ -ch1ef 
-·~· • • ·_-_. .•. - •·, ' •• :• ' • •. :• ·. < _ ' -:•··, .... -. ,-·, '/ ·;! ',C ·, ·•;· ,' ' 'T• , ," , · ., \ ";. _i, , i;\ •·: I,.. ·.' : .-;" ", • ·; · .-,_,,; : ., ;.·._. •. ,:_a, ;• \ ··.•:.·• .. ·.:°' '. ,.,.-./ ,., :;; ·'·:\ ;.;. '. _ ·. •,' . • .;: :.-., ... ~• 1 ·, ; , •· ·.: ·, :: <" ., ;_ -<· _ • , ·;:_, 

of·_ Pp.:t.;~-~·- 91.' .- ,l?~.,~~,,Rffic,E)~ P~.t.f,9~.:t~a ... :f1lri7ti9~~•-'· 

in ~~cll ,~+.tY.,~-- ~.o~---~d,,,r;~~.~s,,,.,:.~c1 ... ·upon, t~-, s~~f;1:',;~, .... 
membeJ•~ :-?f .. . ~ll~ }J~at~ ~$!lt.Jt!l~,11l.~~_. ,, ~P:f:J:"vil_!ase •~ol;?(i• . 
the., ,ll91.1,~~i.,9t p9:l.J~!:l.i .. ~i+, s:t.~:t~ p~rk_ po;JCJ.~ . SI?-4 ~11,, 

,• 1: 

othef,, .. i>~~9a . .,<>~f!~~-+'~.Jn.El'lci:~S _1.1r;r~.st,~., , ~he, ,r~ov,~r,, .~~ i, 

dut;-y-, "t .. :<3,~U~µlg_,,:t.9, };>,e. ~_~k~p ~POXl a:r1•es.tf;pger .. _ and ,, 
' ' 

. thum? ,P,r,1.I>:t,~,. ~cl .. tf n,e~e,~eaey photc:>gre.ph . apc3. bloocl. 
' ' ' , , /' .• ' , · ' .. ·. '. ' ' , 

grouping tasts • of every_ person a,rrested en~ oha.rg- · 
, .. ,. •. ·:--· ,_, '· . . . ...... ·, . . ' . . , ·,•·: .· ;-... , .. ·-:.,·.:··" -~,._.., .. .'• .. ,·, , .. .. ' ,-' .·, .'• • .. -,, ',. :, ,. " .. , . ' ' ·,; .. · -, _;. · ,·,: . . ·; '/ . ~·-->: 

. ed·,-~~~~ _felopy .. <>r. 'N.i't~ ,_e.~1 ,~:1; ~h,~ ,m,J_ade~eanor~ ·-~d 

offena<3s . ~pe~Jfi,Eld ~ :- -~(:1c.~;~~ ·~ .. C:lf' .th1s 'code'•" ,. 

The ,st,.~tas,, of'. )r~:r-k, _, .W1.sqo~~~,.-,Qe>Xll'.le_ot~eu~; 

Pennsylvan1_e., . Maryland, California, ., and Ne\'i · Jers~y 
' : . ,-._,. ... , ' . . . ·.·--. · ·,:•-· . ' .,·_ ·· , .,_. ,. ,·. : , .--" .''·'··•,,. . -; · • ... ' -:· '•, ." ' . · ' .. ;,' ·. · " .--, , ; 

have adopted laws s.1m1lar to the above models and 
I . ;., ; ' '•, , '\ .·,•. : _C •, . ' • • • , : ·I . ~. • • • • \ . . ' ,'._·: 

are leading the way for more complete adoption of 
- c,·" • .•· •. -: · : . .- " · · , , ·. \. , ., • •' , • . •. ' · ·.··, • . •• •••• ,- •. , • 

such laws in the United States• 



19. 

D., . ~;'??d qx-o~ps .~ Me.ci1o 1,11e 

.• . ~l, . In .R~~~t~c,1113,h~p .to T~ans!'u,tlio:n . 

il.EJ J1aEJ. l>ee11 prevJoualy me:ntioned,: tpe P.fllo~i~e. 

of p~oC>d. tr.Etnsf,lsion, llaa :b.a.d 1;t.· T/~fiy .~v~ntf'ul. h:ts-t;o1\V• 

Tr3?EJ!,):1,;JJ9n is. a11 ~<lie:nt. l)r,aetice wl11oh has oo~e 

down t}q:rgugri ~!le years with. very little to be said 

in .1ts favor. ·.· .·• · ··•-·. "' . ' _ . , - . ·· ., ., '. :, 

The use ot animal blood for trr:i.nsfus ion. in to 
· ';s' s ' I •• ••.·: ,·' · • 

mfl!l. ,;vl.a.s, .f1t>E3t. ,.t:r1,~ci .yritp, ... . ~S,.l'.'+E)~y 9f _:results • . 

Schii~ f<>uri.d :.th.air pat!ell_ts w~hlcl re(}OVer~ otlte:rs n.o· 
recovt:,r>y 9puld be .. bro.uSh;t. ab911t, f:ll'.ld ,in adclJ~ion 

many of the physicians lost their donors afta:r a 
,, . ·- • -. •,,·.· __ ,. ,. ;, .·. ,. . _ .·_ ·, __ , ___ · .·,. ··· _ ' .. _,-. .... , ·-, .- •. -·<- ,- -,·'.· -· ··, . _. , .,,· ' ,· ,. _·,_:_, , ._·• :- ·_ ; .' ', "• "··•. :',.' , 

In spite of these results with 
,, •· - ,· . : : . -1 ·,." . ·;· · . ... . . •. ,. , . ,:.· ·: :· :' :. , :··,: -, , ... . , ·, · .... •. : :-. .. ; . ·: • ·· .. • 

anintE1l ~lood, trs.nsft1~tone J'.rorn .. inan to :man . .were carried 

ou~!,, . l,{~ny._ of th~se .. eJ:1q()ei _verr, . dts~1:1t;ron,sl.~, f<:>1' the 

~oiplents and in other cases beneficial results were 
' ' •¥, , ' 

s~aure:d. 
\-•-~ 

In 1668 .the. i:>raotice of transfusion re<lf>ive.d 

another setback v;hen such praotioe was declared illegal 
.--• ·, ·:·. ·, : '. _;', . ', • ' • • : · .• ·.. .•• __ . . ; .• ·, ' . - · .. . ' ' . .... '.:'. : " . ' ', .. . " .. . ,_ ' •' • .·'1 >. • .. : ._; ' '' , '·. - ; • ·• ' ' _ . .. -. - ·, .. . : 

in Paris and Rome. The.re was a revival in. ,the ye,?' 

·1s18 due to the v;ork of Blindell in Lo.ndon. This 

increased interest_ was .mani;f'e~t fop .some tilne, atl.d. , 
its infl_uence existed _to the time of the discovery 

of blood groups by Landsteiner. 

'l'he description of tho four distinct blood types 



l~~~-;,t ... ~-~41;3t~il'lfJ:ra .... ~llge;a.sted-._~q!lt_ ,Pl .. t,l'a,n~~u~i.Ilg} 
· , .' · . - · . . _ . .. · '·· ·.-,. ' .- . ,.- · '' ·-:·• .;, :-... _:··- -- _. .'·: ,• ., '• ; 

oo~~~~J!fla , bt<?~~.• ,~ffects previously fc>?rtd 

v10uld be eliminated • . : .. , ·· ....... , ._ . >' '•. · ' · -" ··· ··•·•··-· ' -. , ·, ...... ·:, ,, ·-, .. ·, 

}?llttM .. ~.A~.-,.W.~!'.i!i War._ .:tll~-- Pl?A.:~l!~t3 . ot ·1:,1_o<?d 

t-ypipg _ :before .transfusions ca.me into its owl'l.· ... -_• 4l'h~ 
,· ,•- ·, .. • t ,'. ', <.~ -.• .. _·• ... ·•• .. ·C,_' ' _.-· ·'· . . " .. 1 ~•-.:, •~ ' ,':-•, ·• -• ·· · .'\' ·~ •-';. : "•,-C·":· · ••: ... . . •.'\ .• ,_' ; : __ .,:·_,. • ' ·. __ ,_ . -', ~ •: _ ; , : '· ' ·>··_.- _,,.',· • , . • .... ,:-;.,;, ·, ;_ ,",· '.' '_'' •~·_; ,,. -,:,_,_. _; , .. ,. . • , .;c,:;_ ... 1 • 

nee d, t.'<?.P , tt~Il:~f'll.s iop._ti : .v(~S gre..~~ J.11 , SIC) lllfl.n.Y. of. the 

t .9,.~:,..t~l:l. .. , ... gl:'e_#l'f; .•.. J.p~s pt_}~loo<i, ... ,~:t;~r .... 

sey~rE¼ J~~~:t. .. r~_f3"4:l.1;~, !~the>t1t ,p~y:+z:tg a~:v t;ttit~ntion 

tO .detefinlri:tng· the .bl.bod ·types of the .donor . and .the 
. ' :-, ,;. ·-:: -~ ,.•. '. ". _ _. . ,-, ... ', . ', ' . : .. · .. .. :, .... ,, -: ,·: ' . ,. ' . ' . :- .,, ·._ ..... : .. . .. . . . . ' ' . ,, .. ' ' - ' ,,.. ,; ·, . ' . . . . :. ·. . . ... ... ·. ' ' . ,: ' , ·, . . : :, . ·•. ,' : -_ .. - ' · __ ' . _,_ ,: . ' . ,'." . ,;, ' : ._ -,_ . :, . . ' 

re9~:p_;~1:1~ .. , .. ~gt:J;~,i,~ . . 4.~,1;:-~r,-pi:nt:t.tJon of ~y:p~s ~~s. re:~or.ted 

to with -excellent results. 
,., . . ;- , . • ~. · ' • · c ,· .• ·.·.·:-·>: ·-• •;, · · • •· .-. , ,. ; ,,;,,,'. , i ·_,; I .' 1' ·.• • ',. •:- .. ,; ._ •, •:· •···'''. ' '-'. ·, ." , .• :_ :_· •• 

,'. ~E) ,_ ,gr!B!.1'.1~:i. ~~t!'>c(?d.,t1 tt,8~~ fOr -t~e, __ ~e.~emina~iO;} 

ot ., 9914p~t;_i,bi:t;tr., . ar,e ... E!li.J.J .. ,:µ~e,<i_ pou,t:tn~l.1 ... b~f()re .. _ . . . · ' ":"- ·:·' . ·. · .. ' • •-_ . , . , _ . ', . . ·-·. ' ·. , ... ,., . . • •·· .. ' .• . . - · .:··· - · . . .. ··· . , •• ... .. - . . ' . ... .. .. _,,. __ . ; - ' ·.· 

·tr~1;1f-11,t;,!?tlS~ . ,_'l'he, !?1:~?9d,.~g~~on: .. <?t;,~hf:. ,p"tb.e,t age;lUtinabl~ 

f a<,_t9,rs , ar~ . oi:__ .!~~tl,e,, ,, 1lnpo:r;y,flB9~ m _i;h1s l"?ga:rd, . ~}?.e 

M · ,a,nd N factors may ,b~ negle_oted entirely s1.n~e agglu• 
, .. ,.-:, -.• ,., . .. . ; .. . ,-,• . . ·•·-.·. ··· ,· , ·. - , .. , , , • . , .•' .. . , . . , ·• .",·-· ' · " -·- .·' , .•.· • . , .. :' . . , .-. . \ .. .. . _ .. - , .. _ .. . · . . !·• . ' . -·· . • .· . . ,· . 

tin.ins do not. ex1at in human blood fo:r tht:;'¼ae factors. 
. . ' , .. . ,·.;· _·,. · ·• ·-· ' ·., . ·- • . . •' • • · . .. , .,. •··, .. ,·. · : ·. _, .. ',: ·. ·· ,- · .. - . ... .. ·. ·•• , · - .· • ..... ,-·, ,· ··. . 

.. · .l?r.~~f'.;Ly tlle :pro~edur~ Jor . ~lit; .. clet~rmi,n9:~iotl _pf, 

com,J?.EitJ~i;tJt.y_ls, tc, -~il'ett-_ (J.ete_rm1~a the tY1~. of .tl:lE>, ! 

. :re~Jp1.~n1i .. ~d .t.l"l~ 1;ype o, the __ ,Pro spec t~ve . de>A<;>r•. The 

usual method is· to use known _type A and known type B 
' ··_1 · .. , ·. •·'''• · ··• •. ,., •', : . . · . . ' , · ...... . , . .• .· ' . .. ,.'.• ·· ., 

saline suspension of the donors and recipients cells 



. ' ' ., ' . 

the 'type .of the blood under consideration may.be : 
;_ ':· ,.,-. -·, .. ,. . . ·. , . 1 :. -;-:·, · . . ... , .. ,. , . . ,. , .. :· :•··. -·.· .. . · ._ ;., . : _ •.- · · .· . · . ::,: ·· " , ·. :. , .. . ... · . . · .. . •.: .. ·:_. , • .. · . _' ,. 0·, 

determined .from this procedure• 

0 Cells !:,Qells B Cells AB Cells ......... .. , .... . . , .. . ... .__,.., .. , .. .. . . 

Type, A 
.Type B Serum .... .... 

• ... , ..... , .. .. · . 

- ... 

- + 

1.. Type A aell;fl + Patie,n,ts _serum., 

TYpe B cells+ Patientl3 serum. 

2.. 'J;YPE3,.,,A,, .~~.I,"llm + ;i,,t~<3nt,s. cells • 

. Type A cells + Patients serum. 

3. Type .!3 ser~. + Patients .9.,ells • 

Type B Patients serum • 

+ + 

+ 

.. These p<:>.flsible. comb;natie>ns ~how, t .nat blood ,typing 

cat{ ~EL de>rte. J!' a pe:x-son h~EJ . ~vailal>l.e .. e:1.ther Type A or 

Type B blood or the serum o . .f .both types .. 
c ·,· . .. .. ••• •' \ : ,;• • ; . - r,·:· . . ; .·,-,.'·-' • ', ., 

.In t:ldditior>. to .determining .t1te,· ttpes. or the :re.-

oip;f3rtt f,lBd .tl'l,e donor,, .a f'-1:rtheI' .cbec~ 1s d~~:1,rable • . 

Tht,I! J~ .. ~e.I,'I!lEt,ci .~ . compe.tibil~ty te~t and is per:forlll(:)c1 

as follows: 

Donora serum+ Patients cells 
' "' · ' ' . . , ·~ ' " .. .. ·_ ~-;. : t .. ,':. 



Tl:l~~~----~Y!P :fi~PJ>S _ SP:C>ll~d. _}>,E>, ipoubapf:)~ ,_f()~ _,_st . 1~:~:~r 
.· tw~~t;Y. ~~'l.~fJ~-- -.-~-11li .. -~xan:i,1,~~-li l?l_~~r.r>~_ce>p1()?l:L~_/?.~·:-~1~c,es . 
. . of, .~Se;!~'t:1:Yla:t;<?n~,-- .- ~_9111e. _t1o~~p1;_abl~ ;~~st for syppif1,s 

. . . . .. ·. ·, ·, ' .-. •-. ·,_• • · · •. · ··· .. , ." 

sho'tild be done routinely on the blood of thci \d.o~o;~ 
,. ' ·j -; : ".· : - . ' , . • ,, " i" .,, -'· --••. i ··-: ~-, .. • _ ._,. ' -·' ~-..... _---~"'-• ;'" ·. ·,\' .,f • ,_..,,·.:: ._: ;:, ·-·, ;. -'.· , ·-,:. -, ,,. -. . ... . • ---~: .,._ '··' ,, .·_ y ..• ·•. · , . ·-, ' >'-''' .. · ·. "i . ' •• .- · .• -··'_ .• ·'; -: '< _,. ·<;, -•.. ;.·_.. ' ''.!/ ·'; ,, .· •.; _., . •. : ··• . -,.· i ' :,. . _; :,.:, ; · .. 

. . . 

he111:~gg:t~~ !A!it.1.<>~ .,.-~~-. I,sol'.l_('.!,nt9l; y~ i~ ,lle t~"~ qn ·t;h~ twp i' 

b~c,g9:s. .. .. s1ues,~~C?~t .. )~~re __ .Jp.ifl _As .<;nre1'Pfl¥ • clone_, ._ 
ve:ri,. -~J1;,~!~c-!i.~rger ___ :r.~_ffRlt~-, .r:rpni ., PfElllS~Si,~ll-t · T;t'~~7., . 

£u~.;.2~,}!9,? ... l~ .. ,-~ ,.-~J~,7?~Q:e;1,, ,}$ :g ,,~. ,.,~;roeedure 
'. ,' . 

of,,.f~-tl .J~rfl~ t 1,_c,~; _ . l:m~e>r,t.SA9~ . ,µi n1e~1~ iji,e. 
;a • . :.J3l:99c,l, -~r9\l-P~. J~ 1'~::t,e,.,1;1<:>p. Jo,, n;se~.BEt 
.$rJ9;'~$ ... or _papers . have bee11_ wx-:ttt I)n( qri 'the q~es:tipn 

of the . rei'~t1onsh1~· o; gr~~~s . ~o • . tittle 
·; '.·''•·'• ''. ·•· ·:'"';,;,,; -<, -v.·.'': ·>,_s:. ·-•f·-: -: ••v_, '.·' ',!; ,.,. • ••_•· ,; , .:0 +,;:, -,_~ ;· '-:·' -: ' · ;'S: :• '.·'\· } -.. · ,· ~.: ;c.' 'c, -'.-: _, ·•-'; >" ... · . -': ' • ,-; .-_ ·.-. :: •; <., ·/. :· .. '. ' '.· ·: ,;_ ~, .. . · , _.; f ·_, .':···.· _·;- -.:· :. , ·: .- '·. '·" ,: .. ·• 'i• ,->i, _ ' ::->.:'"~ .-•. ,c ;-' . .,_._ ,< 

\ 

Va~~ . lHl_EJ p~4n, _pe.9~;iE?9-. f;"O.lll .thit;J .V19~~/ -µp ,,t _o, _date, but 
, ', c . . • • _• .. •, •·· •• ' , • •, ' . • • . '• ,'• .' ' ·. ,' ' - ' , ." ' ' • . '•'; • • .. ' . •, 1 . • ' 

thl~ :irt~y . ~-Y~11t~P:l.:ty_, pr,~yJ~ _ -~.? }>,'?-.v~:ry _'~sefll:l. ·.ip. _:r~S,Eltid . 
I t., ·J _ . · · . 

to .+roJd,.~.n:qe; __ di_s~:r_ibu~1on~ . and thf ~redita,ry- tr.e.r+EJ-· 
mission of disease • . ' ,.,· "· .. ·, , . . .. ,· : . .. ,.• . · ... ·;._: ." '- ~ ,,· · ... . ' . . . ' .·. ·, , . , ... 

Some of the most numerous researches have been 
. .. '. , .• ; . ' . '' • • ,, . ,· . •• ' . . .. : ' '· ,.. . • .. . '·,• ' . , ,c ··.~ . ., ., ., .. • . •-. . • :, ·.. . . . ' ' . • • . :. . ·• -· .: ,.•.', • 

Tub_eroulos:1.s l Poli,omye1it1s 
.- , .. , .. · . .. ... , ... ,., .. ,•· ••·'· · , . . , . . ·:.· · · . . . ' , ,'··. ' - - "·'· ,. 

Dys~r1tery; , Sc,~:rl.~,1?.feix(l~t ~~~c,E1:r;, .. §~~;;1s1 .. ~e.p~o~yj , 
'·'· , ... ',. , ,, -. ,, , .. , · ' .. ' . . .. • , " ,·. . . . . . ' , . 

Pn~wn.tj:t>JSJ; 1W?~~thyro1d1sm; . Paralysis; ~nd Allergi~. 
oondf,ti,ons,; ·. ~o.ore~ c,~ . _PaP~.rs llt~v.e, '1:>een wri:t;~~rt .. <;e>r+.: ., 
cern1pg t ,he relpt1~nsh1p o:f blood groups to various 

mental conditions. 



the -,,.._, ... 

Other eorralations have been attempted .v,ith : 

r:~~ov,~~~--; ·--•- -_ -~ui~l~e; ·--~~dime~t~t~on r~te ·::;· 
, ... . . . .. ... , . .-, -. " ·' ., • ·. •>: ,.•.- ··-• •e '•·.,.''i·'•·,: .•,,; .: ._.- ••.•·' ' .; ·· ... , ·. ,:.,._.·->_< '.: _: , ·: _., i , ,> · · < . ., .·.- ._;,_ . .-_.C:· · ··,·. · .. •. ··:c, ·· ......... ,., .. ,. ; '.,·, '. \ •.·.-., 

of -.~farii~;,, .. ~A4 .: ,1>.~p,i~~~~y-_,_~~i;~~~n.·e>_f._,_. f ,~pge:t>_,t, ,;p~:•:. -··-
.Although as a wh,ole these rf;l'&l:Ul_ts E1.~e not 'Very an-

':,• ' ~ -; -• ·, ·:. :.- '-. ' • ;·,. ' , , .. .-. " - • ' · • ' . • , . .. , , , . ·-• . · .. • . -,. . . .-. ' , , . , - . ' _/_•.:4' · . . , • l , : ; -.' ' _.-, ·,: _. -, - •. -_. _. _· • •· "· '' 

l igl}t,.11~~ _,s, yet 1 . this_. mf!;lss pf evJde~c~-. b~ ill~ ):1().0:i,trnu~ 

lateg. may eventually prove to be of some ve.lue;. · 
, ;- . •·-· ·, . ._ ,/ ;· _; :'. ' ~:,, ··,· :· ·, .. . . , .. ,._ -, -": .·..... ·.- ·· . : · ... . . . ' :-" - . :· .. , ' ' ., . : ·.·' ·. ·, . .. ·, . ·, ,·, ._. :,: ·... . 

Blood Groups 1n Lower Animals 
., .. . . _.-.. ;., . •, ·,: ·, . ·.· · .-· { ·., .... _·_,· . . . '.·/ ,, . . ·• . ···_•_:.·--·-. , , . , •,' .,·, .·. _·;.• .·· · . . ·-, . . ·, "' ·' .. J ·:) ·• : .• - .... . , ' .. 

T,he principal part of' the _ following e,xpf:)rimontal 
, ... -,, .•. -. ,,,, . . · .. :-· ·•,• - ·· ···'·- .. . , ...... • . . .. -; , , ··' :.·.·• . ·• ··.-·" _., ,, .····•' ··: '. ;,, • ·, • .•- ·1=·.,.·,:;. ' :-.- '"····: · : .-·. •. 

' . . . 

,lo.~,~t ,@intg:Ls, .Jlllc;l ,~l'.l~. _ppssl~~li.~Y .O.f. ti,J•~t.n,t;~9p.,~9:.!p , 

of.,,J9~se __ e.ggl11t~atin,g an,d agglu1;i~able fac~ol!s .' t~ , the 

is9~gg;J.~~i~ogeµ~ e;:nq, isoflggl:u.~;:n;ps p:f the, .\lun:an s:pe_Q,ies. 

The literature conoern1ng this -phase of J>lood < 
;-, ., ' -..... · ... :: <·· -. ., .. -· .'· ... . -~ ,. ''· ," ·,.'·, •. ··:·•-' ' .. : .. , ·- ' _. ;' . . . , ' ·• .. ·. \ , .- ,,, . :, ', . :'. ·, : ": · - • . ., . : ' . . •, ·.- •'., -:-· ' ' .. :•; .. : ~· -, . : : ' ··,:: .'' ·, 

gr01.1pixlg may ll~ ... d1scussed according .to _the followirlg _ 

a:r!'angemeri t. 

Dete:rm1nat ion of the prese~oe -ox- e.baenee 
. . . ···>• ·, ; •-· :-;• ' .. .. . . , , , ·., . , , .. ··- . ,- ·. •"•·- · ,.' -, ,,.,.- - •, -., .,.."'·•··· •·· ·:,. , , • ... . ·. •.• ,, ; _ .. · . . :• ··-: . . • •,,. , 

'or .1soagg~11t1P.at.ion 111 __ lowe.r an~Bls ~. 

The pe>EJsi'l:>_11,ity, pf lll9~d -,~,ouJ;>EJ . ba~ed; on 

the pres.~r,ice of' 1soagp;lut1nogens .and 

, isoagglut1nins,. 
i . ·-. _ • •. ··.· . --- -,.-. ~;, · ' • '" •.· : ' ' ' . .. ',> <: .. 

a. . .. 'l'he ;p:re~enoe or absenae. of agglu,-t;inin~ in 

. fffi.ima+ , s~r'\llll fq:r htunart ,f?~th:r9c:ytes.~. 

4-. _ The Pf~t1e11~a ~r abse:qdit . of aggJ11t~!r1s in 

human EJerum. .. for ariimal erythrpoytes, • . 

This literatulie will . be discussed in det0.:il iri.' .the 
: ; '·. , •; 



·111, .. ,.,F~~: .. :!J~:3~_., ll~s: .. J?~ett,. d<>ne· .. · :I.~:rgelz·,'op ·.the , bi~1i{6i the 
:_· . · . · · · ·• .. • . · . • . · . '· · · · , . ,. .· · -, .. . · ..... • ·· ·· ·. . ··. · , - : --:=, · . . -- · , ~- ): •· .... -· •. --:· ._ .. •r -- '. ,·"' "· -: , .,,.. •. _, ·· · " ·. •',, ::: f./ ·.>•·: :_,· .. ,.,.. > '. -.~~ ·./~,:>. :?·., :,-<:-; '.·':', !·.'(1:.'. '.~ -,; : ,, ,. _, ,•·-:· , .. '; 

• .. ' ' .: .. • , ,., 

p•r-~.¢.tP;~±P-_. ,~,fi<l-~.~9~::.· · -~e, ... €P~·•a1;e~1t .,eq11.t~i\litton) •. ~·o. 

.t11e •. ,.~§14i,.ot ,mi~ ..... t~i°'M0rtrJPJ;ps •. ?¥i.~j,a _lJl~t~~r \'T.f+fl •. 
maq_~ ,p:y:_~µtt.t1.l; ,J;1.~_J:,,.l~.J~~p1:1:.__ --~~e._ ._ya.~ue ()r .t~~s.~.?.~~Pt ·: 
oe_ci.:µr~,, .l?-~~:-, J-t~,-- +~+-t~~-~9Pfl,- ., tll. tpe __ ei111punt or information 

supR~-~~~i:·.· t~ ~--,:t.a .. ·•·.~·?-t.t~~~:i,y .. ua,er,u;.· · 
,_,g:~ , po~~t~!Et P,r~.~-en.c~ ~f,;b~e-~g .Sl?<?PP~ . ~ -. .. 

an:tmBls 1$ or 1nter1est·' from severtil standpoints. 
. :-:'·•:-\:·=:.• .. ,;•.'·\•,- __ :-_-:'·\:·,:;,'. :,-·.y; ..... . ~:-<: .·---',• , .. j : ·>-_:-- ._·•.- .,{.·: . :,,;>,:':--,.-·, .. ~.: ·.• .. !;·<~--.,::., ... . ·~ ·· · .. ·. ~.\ ;_.-.--_', : ~·: .·, .. ' .. ·.->~~--_-· ... , . . :·:···•.-. ~-:·_ ·;:< '.; :··-· <~-.}!; · :,.,'..:,_ .:_. --,;_.,..-:·~:-... 

1. · .. ,.l@ditional 1nform.a,tion as to the met;hoh,s, of in-
' ,!:;,>;·_<_•,-•- '.:~ " .•.,;• .-•:•···.'; •·._.": ~:': ' •:: \c, . ·:=," ·.• •-c . .. •~., • •:?.< :- •·-:,. - ; .:; ~ -• ·• .-. ·• . ' . / -.''.: :-';-_:· ;•. · .. ·:/ ' ,- •:·_. ,- ·-, ..•. _..: :",: ·.:-:· '·._, .--,,' '-· : •.'·;,, _; ;•-_ ; .-_ ' :_-: . , · .' ,• J; :' ,•. -- ;.- -:-- ' . ., _ • • .. -- ., -"_:·-·_ .. •; ·.', •; • • ; .-. :. ;' -- ._--:.' ,- ,;'.-._- .. \ 

her:ttanoe , of blood gpoups· could be seour~'d: · -g. . The-
. ·: .• r:: ', . ." ' •'::'· a-.·,.·.;: ·. ,· . > ; _..,,,. : · -!'.1 

./. ; 1 " ,. ; ... : . ·: · '. ·, ·• :_.'. ' '. ·.- · : : - ••• ,. .• •::· .• , . - ·•·. - •.. : 1-_·, ... :: .. ; ._': _- -;~ : :. ·•:, : _: . : , :. •i· -: _- . -. _- __ --- -_ . ,:·;:·, .. :·.· .. : . :·. - ~'· .-a::~. :,.•, 1, • . . -.. cl·. · '. _- :···;° , ._ / .• ~- · ; • '._·. '.· ·: ~: .-· .. , . . -. ·,.; ·. 

uncle~.rt~_qqd_ • .;,_ ,~•- .. ,-.1h~. _,:,elat_19n_sllip_ ,.of _l9wer animals ·to 
··. _• >- -. ,.-. ···;- ·,:·:·--.-- -: -_._-:_ - · .. - ' 1 . •,•. . -. -•-•. ·_.· - - _ .. : .. -. -. ,-. . :· "·"" , .- :·--., , .· . ,•- .. 

~~:p.dsteiner . and __ ~_ille:r (19} •. 1925 .offer Et valid 
~',',:•>··.,:; ._.::.-_<·;, .. :_:·,.;.-;·•·:.•· ... _:-- •_,;· ·,,. -_ , ::·-•;•.-• ·.•-_;; , ':-;-- ·:-·:· '":"-··_,_: ·._: _- ... ,,~ .• _.: •·-,~_;<·- '_( ~_;"'~--· • ·; ._ ::-, c-·_-. -. ·:· :·-- • .. -,.-_- . .. . :,;_ ~ .. __ . ,-·., .... -._-- -.-·_\. ",.' \ 

lower . anitnals • . . ''The/ :PrQble111/ ·-6f mEtn~H3 ·k~sh1p • to ;hf~ · 
c{:a::; x:;:t1;~: :•~ihf) ~1Jn~ .. ~1ngdo:~:s )jean .studied 

.. ;;,,-__ · '.'..· ', .. _·,.=·,::•,.-! ·-~_::-::··; -.- __ _ ,_-_;_.-_.1-' ,/'•' p_;~-_<-•_' .. :,-:--·. , • · .'·.,.; ~--'_-. -: : .. · · •• · ; , .. , _' ,.·_:,--,_·_·~: :"7·<-··_. -,_-· ,:· ,:•.c- ·-·:·-:-,._. ... ~_ ,·: --•-:-.-_., _-:,, ,·_-__ --1: ... ·;., . ,J -:, .• 1-:c : __ •-•, ,,··._.._.--; ~-:~• • .. :,.•.· - •. ,- . . , 

bi ~¼i::;11~.-t:M;s~t .c"1Itg~t!l,~;r~ .•. "1!1!t0lllr• EUid .• l).~$.~~~~e,~& 
an~ •. <t~a ;t'P.s~.~~ .. }?!",~~l!~ .. ,.~Yt~Msli.~J:0llil.)~t~.i<l~!f:lt9l}~ll 

·.· 1n t() ~l?~ c,,1al l::il:' ~()~ .. of ~fl El:t'lling~ · .. When Sf:) ro1o~ 
: . ·. ..... '; . . ' . ' . ' . -....:. . . . . .. ' . ·. . . . ·. . . . 

pre>v~a~~•- ,·~-· pe~ ·t~o~n1e ,.t9r.·.,r..~oe>g!3-~~~e; ~P.~.-1?.ic.,,c~;u,;~,:i. 
' ' . 

properties which , charao.ter1ze-' species Jt baqmnE) ;• izl~.:-: 
• . ...:., ' _ -_ -" - -• .' • • •. '",,,.. - .. ,_. · ,_, '. ! ,:,. , :, • :-· .~. l , ,,-_ .--,.-1,. , -', I,,: · '. -<'.; ! ; . • -, .- • : -' · ·_. . '. .. - _- - , - . _ ·. _ : , ·, . -,~-- -'_ - , . · , •, • ·' · ;· _ . .- - -- . , , ,, . .: .. - •. , __ ·. ·· <'. 1 I ~. · _-- -· _- · .. _ :- ' ' 

·evitable that the ·technic shouldbe appl1~cl to the 



problem of ma.n 9_s ancestry," 
:: 
,,:; 

More recently impetus ha.a been given to thELde"'." I , 

termination of blood groups o.f lower an.imals t1lldthe:1r 
, ' . -

relationship to the blood groups of man through it.h~,-

work of. Herman (20) and others in the ulls,.s.n. ) These 

wprkera were . espeaially interested in transfusion as e. 

ther:.~pe1.1t10 measure in the treatment of fine horses. 

Theiza sucoesa has opened up a. new .field ot vetf3~i~-

azar mecl~cine which seems to be quite important. 

A second phase of the above ,vork which may prove 

to be ot sriat importance, is the determination of 

the presence or absence of agglutinins, in prepared 

immune serum, for human erythrocytes. Itis very 

possible that some of the disagreeable results ob-

tained following th.e therapeutic . admirt1st:ra_t1on o.f 
I . 

immune serum, may be due to the presence of suoh 
.... 

agglutinating factors in the ··anim~; ~erum used. 

F. Blood Groups in the Science ot Anthropology 

One of the most important results of the disooV' ... 

ery of blood groups within the human species has been 

its utilization in the study of t~e racial distribu~ 

tion or blood gI"oups,. 

The initial work of Hirszteld and Hirsz:t'eld (21) 

du.ring the world was in. investigt:,ting the d:i.str1but1on 

of blood groups 1n five hundred soldiers on the 



I«a.cJdonian? front stimulated an 1nest1mati'ble •e.ffibunt 
;·.' ·.·· .. ··.:, ,·, 

.. . . . . . . . /" ~---• . ;_>J;:·;,.')i)_(.; 

\ofl i~ork\·by_1mmunologist£J1

~; gene t.io1sta,, and ~titfu1Ji~ 
pc,loglsts. 

·,: . , . • ,· • '. ·. . • - '!(-

'J.'his 1~:t.:tial. __ -work <i1'11ded the nation~lit!is· into 

'thxteEr.·_ types,~ 
lt The Eu.ropean type Which is made up o.t'tha· 

, English~_ French,· tta.lians, <le:t'mans, .Austria11s-,--~erbian.s, 

_G:reeks and ~ulgarians.!' In thita group the A ±'8.;c.~ol:'- :1s 

px,asent in .. from 41% to 48}( and the .. ,B :t'aetor pr~a~nt 
' ' . . '~ 

in from 10% to 20%~ On the basis of.the biochemical A+ .AB . ·; - - -- .; --_-._-_ 
index n D + :m " this t1!)e has index or 2.s. 

2. In the Intermediate type ii-lcl'liding,tb.e"'"Arabs, 
Turks, Russians ailcl. 3ewe1 -the A fac·t~r ra.nges· from 

~7;f to 44%, the B factor .front' 24% to 28% with an 
; 

index of 1.3. 

3 •.. In .the Asio.-Afrioan type including .thtl. ~ad-. 
agt1s9ans, Senegalese, ·•amese and the Wativeso!; 

:tndia the A factor 1a p,resent in fr,91n 27% J2>. ao~ 
.-and_ the.•B from ·2a% .. to 49,& i.dth an ·-1~dex of 1,0. · 

, . 1 . 
. '. . . ' .:,.,'l.c,. - '' .. , . •. ·. _;-

Additional statistical ds:ta. ~h.9~ed that this 

grouping was not satisfactory, si~ce s~me racial 

types could not be aatisfactorily placed in one of 

these three groups •. 

$n7der (22) 1929 divides the :raoes .into seven· 

· types, only the names of which ,v111 be given here. 



27 · ... 
l. _European type 2.Intermediate · a.Human ·4. -~ij~6-
.manchuria.n 5. .Africo-Malaysian e. J>ao1fio!"'Am~r'1cHm 
7. Atis.tralian. He states that this cla.ss1i'ic:at16n : 

will serve only as a ·working basis and. is sµbjeet to 
. ,!'•·; ·. 

constant revision. 

Snyder has :formulated certai-n laws which he offers 
as a basis :t'or serological .·race classification~ ,: I 

repeat those laws hare because of a lack ot any more 
recently formulated ones. 

l. "Any people be:t~ studied from the standpoint of 
.blood groups may be expected to show bloc,d gI'QUp 

f're 'quenc1es similar to those of other peoples known. to 
be related to them." 

2; " If any,, people ahow blood. group . f:r-equenote·s diff• 

erent from. those to be expected' based on the frequen-

· cies o~ other people known to be related to it, the 
conelusioll may be drawn that the former he.a under-

gone racial e1,oasing of some sort which the latter · 

have not undergone,.n 

s. " If any people show blood group f'requencies similar 

to a. group o:r peoples not knov~ to be related to it; 

the conclusion may be drawn that the former traces · 

be.ck to the la.tter ,somewhere in 'its ancestry. or 
else that the former has undergone crossing with . 

the latter group or some similar people." 



4. "It any people -lack one or -li'otn c:,f the bl.o~a. •g;oup 
•, a. ' • • :, .. ' . •. :' : ~ ' . ' f . - :: • •. , 

.mutations, it, may be aasumed._. th~~ ~hat pe.opiJ l)eicfune 
·.-.··::1·'' . "' . , --· ,1 .~ -~; .,' . ,. ;'.,;•_•· 

.. isolated -from, .. the rest· of m~.nld.nd befo1:~'" .. tbe) :r~_s:pe_9~-
<·.· ... . ·· . . · · ,_ :X / _:,: :. _.:· .. ;: : ... /(t\:··:\-: 

.; lve imitations took P+aoe, or l:iefore tl:leN% s;preaci 'flr~.;r.y · 

f~~' 
.. The .· application of the stttdy of. tliEt.:.hµman bl.odd · 

/ fi,;a()ups to the f ie:J.d · of anthropology has been 1ftell~ily 
. . : __ ·;, . :·:·,._.;· , , ., • ' - ; 

1noreEtsingi . so that it has been pqssible to prepa.,ri:l 
blood . group maps . of the .world, which show the pre...'. 

dominance. of' one group or . the other in CE?,rta.in · pl:lrta 

/ of the 'INOrld• AVailabie data Up to 1935 .has ;,.oeen_< 

., utilized by Wegman and Boyd (23Jo 
; , ·, ' ' . 

Since the. fe.ctoI•s A and 13., whose pr~senoe . or 

absence. determines the four blood groups, are in• 

beI'ited. · e.s Mendelian dominants,. and since their. . . . 

transmission 1s not affected by en\tiromnental .factors, 

. their racial peroent,ngea are of' mor•e significance. tlian 

any othe:vone single tact in the study ot anth:rO• 

·.pology. 

·· In addition to the study of the distx-1bution of 

. blood groups in the present raQes, recent pub• 

l1cat1ons indicate that another field of stuq.y, is 

available to anthr_opologista, which will increase 

our informavion considerably in regards to the origin 

of races. 

Matson (24) 19341 and Boyd and Boyd (25) 19341 



;].~trbduced a technic whereby 1 it \19.S' .poss,i'~le ' t9 :~~tD 
.ttarmitte the b;ood types ot }llwntnies • ];!atson <c<>rtl'in~ci : 

, K 

• his. in! tial work . to Indian Mum.mies from Arfzona·, .. find'. 
' .. ..-- ' ,, . :: ,' .-' -- _,· .". ' . - ,. . . , . . ' ·. {' . ·. . _.·.·_ -~' .. i: ':·_• _',·. __ :• .. <:-;· 

':.'/ ! 

latex- used Egyptian Mummies., Boyd and Boyd haAre ·ni~~e 
, · ~ . . • . • • . . i. ·. _:. ' . . . 

an eJtte~a~Ve study of Egyptian Mummi8£h . All. ·of t11.ik 
-. . 

work i .s important; and very s1gni.t1cant and shoµld<i~ad 
·,;;,,r · ' . • . . . ' . .. ' ', ·, •· . • ... '."·: 

. to . qu! t~ ~.,, eJ.i:tenaive, survey ot ,available ma.te~;ais~· 

Candela (26) 19361 taking advantage of the_ fa.ct 
' • •• .,,_;- - - • " < . ;' . ' ' . • • -; -

.tp.at l$e>agglu,1nogens haye · been demonstra~!9d in mo.a¥ 
c!,}· the, .. body tf saue, us.~.9-: ... EJ~~;l..etons. gf tl11rty . E~ypt·1tlJls. / . . . ·-. . . . . . }. . ,. , .. · ' .· . ' .- ··.. . .- . . ' 

s6me dating ;b-,G~ 51 500 years,'i and demonstr-ated/ the 
' ' . ' . . '' . .:· :: ' '.· .. _\ ·: . .... ', ' '' ; . . . '·?·. ':: ' ·, . ' ·. '. ; ·, 

inc,1dence. o~ blood groups ·.·-fro,W ... ~~ese• . . ij!! ,WO:t'k: co.r.t 

rrelates .w1tll tlle . fesults sec~~d 1~0lll th~ . ~Syp,;1~ 

~ies by Boyd and Boyd, in that he round a . h1gh 
. .- . ·~ . ' - : . , . . ' 

: per·oentEtge of type B~ 

All . of this , work ha_s been of para.mount impo:rtmios 

to :the so1enee 0£ Anthropology and v1lth -t;hese initial 

stimuli# much more should., ·and will follow, 



II~ COMPLEMENT 

In 1876 La.ndoia discovered that .. some trssh i 
: a~~al serum. woulp. cause hemolysis of the i,ry~~o'iW ; 

:_::,•·i::·,, ;·: _·.:."\:::,'. j 

e3ytes of othe:r animalaj but it was not until :later 

that any attempt was made to expl.ain this action;('· 
Nuttall (27) 1888• a·uohner -(28) 1890, Pfei:ffel' i. 

and others about the -same time. obser1ved· the baoterio• 

lyt1c. efteot of fresh serum on cert(a.in . organisms~ 

Many attempts have been made to explain this aotion, 

and although much has been learned, no complete e.xpl.ana-

tion is as yet available,.: 

It -was found by Buchner (28) that. this _ property 

was removed from normal f:resh sevum if it i,e.s inacti• 

~ated at 56°0.' torte~ to £1fteen m~nutes. Bordet in 

1899 found tha._t this property was due to the pvesence 

· o~ two distinct substances, one of. wllloh we.a thermo• 

s:ta.b+le and acted as a sensitizer; the other a therm<:>-

labile substance which caused the lytic action. 
;,Y' 

, ., .. _. , ,r :,...,.._, _ _ _ 

The--... na.mee which have been applied to these sub• . 

. stances are-varied. Buchner called it e.lexin, Ehrl~ch 

and Morgenroth called the thermostabile portion a.mbo-

ceptor and the thermolabile portion complement. The 

. term complement is used principally now in the same :man• 

ner as used by Ehrlich and Morgenroth. Complement. i :s 

usually defined as th~ thermolabile enzyme-like sul>; ... 
' '. _) ! 

sta.11:ce .found in the blood of animals, which will pro-



duce lysis of sensitized cells. The de.:finition many 
. .. ,. . .. _ • '.•.-,. 

timee includes the statement that 1 t is found .. in tl1~ 

blood of warm-blooded animals only. Recent reaef.lrches - . . - . ' . . 

indicate that it is present in Frogs (29) , .. Eels ' (30)., 

and this work shows the presence of complement in ,~nake 

serum. 

A. Origin 

Although it is easy to demonstrate the pres~ncEt 
. . 

of complement in fresh. serum, the question as to the 

.prigin of this substance in the animal body · is.· one which 

as yet has not been answe,red satisfactorily. 

Buclmer, Hankins and others have suggested . that 

complement is derived f'r•om the leUkooytea. Evidence which 

has been accumulated is both .in favor t:li' and against 

·this theory. Metchnikoff (31) maintained that the 

leukocytes and other body cells ai~e · a source of. comple-

ment only upon deterioration of the cells., This con• 

clusion we.a reached following several experiments in 

which complement could not be demonstrated in the plasma. 

Recently Hyde .(29) has demonstrated the presence 

of complement in the di:r>cule.t1ng blood by injecting 

washed" sheep ce11fi>l1nto a frog, and examined the c1r.-

oulating cells in the vessels of the web ot the foot. 

These sheep cells could be identified for at least ,two 

hours. Upon injecting antisheep hemolys1n these cells 

disappeared almost immediately. He further states 



that trog serum ta.ken f'rom the ·clot complements, to).the 

srune potency as guinea pig serum~ · 

Another source of complement which has :been ·.suggested 
. . 

. ' . . 
1a .. the liver~ Again evidence · has· been presented pre>, 

and .con~ Ehrlich (32) Dick (33) Moll'. and oth~rs : 

have presented evidenee in f'avor but Sher wood:; · Strtf.th., 

arid West {34) conclude<l. that the liver ls neithe~ 'the 
only, .nor the .principal source of complement. · The 

question as to .the origin of complement is as yetun ... 

decided~ 

a • . Structure of Complement 

Complement is undoubtedly protein in nature since 

.1 t is antigenic. ·· It serum, which contains· complement., 

· i _s divided into aero-globulins and albumins, it will 

.be found that each portion contains a f'raotion of the · 

.complement. The globulin fraction, according to Ehrlich; 

1,vill unite to • a.mboceptor which 1s · fixed to cells and. 

is called the mid-piece of the complement. The albumin 

fraction contains the so called end-piece, which will 

unite with the mid-piece attached to the sensitized 

antigen and cause lysis. Without the globulin mid-piece 

the albumin end-piece cannot unite with the amboceptor, 

.and 1n the absence of the end-piece the mid-piece cannot 

cause hemolysis. Two, or more additional components' of 

complement have recently been demonet:r-ated. 

Culbertson (35) concluded that al,l of the known 



components of alex1rt can be removed from human :~ei~UJ11 by 
:: ... ,>-:: : ,_·,•·.;, ·.,:·. , 

filtration through a series of Berkef'eld candle~J(} l'he 
... ·;-'•::</<:~~-/:;:·\ 

1:;hermolab:tle con1ponents, one and t\VO, are the ' ti~et .,to 

Qe renioved and are not demonstratable in the s,iririf ·' 
• • • • • I 

after 3,...5 filtrations. - The heat stabile cotrtponent.s) 

three and four, can still be detected a.ftex- n:tne\'tJ1.- . 
trations, but all of the components are .absent .from .the 

twelfth filtrate. 

o. Properties of Oomplement 
.-: -i 

Complement has been likened to enzynies. by E.suohher, 

Eh:rlich, and others. Sherwood (36} summarizes ·tb.e 
. . . 

enzyme-like p~opertles of complement · as follows. ·. 

l~ It {s colloidal in nature. 

2i The -presence of a small .amount 
' , .. _,,....,..\_ . . 

br>inga about extensive ohemioa.l 

changes in the substrate. 

3. It is thermolabile. 

4. The reaction is aboftt as re..: 
\ 

versible aa enzyme react1on.· 

s. The optimum temperature for its 

action is ·37 o. 
6. Ant1enzymes as well as ant1-comple~ 

ments have been reported. 

7. There is considerable evidence that 

its aotivit:V is interfered with by 

the end products of its action. 



As . ht\s been ste.i;edt Buchner lnl900 _derri6nstfs\ ed 
· _ _ - . . . . . . _ - ,' ,, --: -_- : _ _ :_ ·: :_· , . .:' :.:.":.::·:\: 

th$ .·the_rmolability ot complement, wh~n he :foun~ J;J:.t~t 
,--:·:.·.:,· 

:_~C'tive- complement. would . be inaoti vaJ;ed . by heatiJgF/to 
O . . - . -· :, . . . . . . . . , _ . . . _ .. ·.· .· . / . - . . : / , <·. -_\;: '.:,-i 

56 _. a • . tor ten to fifteen ,minutes. ·-At- lower- 'tE)mp~r.;.; :., 
' , > ' • _., • C • ; •• • ,·_. ••••,•• • ,' .;,, 

at;ures it weqttiree a greater pex>iod. ,Or, Mm~ to~ £#Ji 
·activation. 

-D. Dis trit?ution -_ 

Oompl_ement seems to be _a coneti tuent. of tlle bi.Cod 

ott- all ._ normal animals. 'l'_hr4 : amoUllt present var;ea · f :r\;om 

. animal, to animal, and -from tiltle to time for the $rune 

. ani:tttal , 

ID: ·ccm.ne~t_i_on _with ijhia diaousa:to~ som$ >observti• 

· ti9n~ _ot. Moo~e (7Ql~ Oo<,a -('71), .Ecker. (72 .) 1 . Hyd.~(37) 

andother.s shonl.dbe mentioned • . !t'hese. inyestigatora 
. . . . ' . . . ·, - ' ·- - . ·, ; : -. ' ;. :: -- -·; . 

~fud1e .. the b+oo(l .Gt? a @Jr~1~ 9f) ~i~s ' tAa:j :e 
different .. £!'om other guinea piss.l, 1~.,~ha·t complement 

.1a·.m1~sing_ from th<:31r blood. , _r.J,'hls,. stock .h~_a '--~risen. .. 
. . . ,· . 

supposedly .as a mutp.tion. - _By cros~, br~edirtg-it _}i'a:a · 
found that this charaeteristic_ :Ls inherited .as, .a 

simple reoeas1ve Men.deiianun1t. The missing taetor 
s~ems to b_e the third component, a heat resistant 

-coJnpone~t. · 

I~ is sufficient to say here that a defin1t1011·/of 

cc;,mplement. ·whioh states that _ it 1EL£l constituent or 



the '.:bl.ood of warm-blooded animals· ·1s not broad i~:rtpµgh. 
The work of Hyde (29) sho,ving the ·"presence of : co111plemf;}nt 

in Fross, and .the· work ·or Mita.no (30) showing tlie 
. ' : ' • 

presertoe of complement in Eels, and thisprese11t ·J~~k 

shovrn a greater distribution than just 1n the .·warm--'. 
blooded animal.a. 

s • .,. Preservation .of Complement 

At . the present the most prao.t!ca.l ntethod pf 

preservation of complement is to keer) ·the serum. troaen. 
,. • j . ' , • 

In th1£J way the p~teney may be retained. tor sotne time. 

Several, other mf>thods have been suggested ror preserving 

the potency •. :pesaication has p:ro,ren to be a value.bl~. 
' . 

means or prese_rving ,the comp_lement. titer. of guinea ,pig 
• . • I - . • • ' . , ,; • • • . ..·t ' ·. 

. . -- . 

serum. Salting methods h~ve ba_en used· with variable 

:results. · Valley and McAlpine (38) used various_ gasee 

in attempts to preserve complement.and.found that 
' . 

carbon dioxide · alone exerted a very pronoµp.ced :Pre:-: :S 
t' . -.. ; ·. . ' . . . _·- ,: --:> ~• .. • 

servative action of serum cofu.plemeritf;· :iVhen enclosed . ' . _. -:· - .... , " ' . . .. · ' ::· ' '. ,..~. 

in a carbon dioxide atmosphere. 111 ·an, a;}; , tight con•,. 
' ' • · . l-

tainer the Clomplement may be preserved for thve.e to 
' . -~ . • 1 I ; I 1: : , S • ·.I._:'~- " J 

. . 

five weeks without any loss ot I?o~ency. In another ·: 

paper Val:J_ey (39) states _ t11-at this procedure is based 

on the .hypothesis· th~t oomplemeni;; may be preserved . 

under conditions which ff:¼,Vor reduction an~ prevent 

•Oxidation. 



Fr' -~ynthet1c Complement 
' :• .. :· -_' . .' :.: 

An a~titicial compieme-r1t ·which woulcf" act \lq~iVa• 

l~nt _to xio':rmal animal, complement wouJ.cl be hlgh3.yi;:.d~sir• 
' .•, . ! • \ • •.: . h . ; . • • . : • • • ' 0 . •• ! ;' ; .. • .,.:_\~; --~ :• •, 

ablet :'' Such a complement was developed by Liel>errtiQXift 
: . . ' ,· : . . · . ·: · -. · .. ·:·. ·;· .. ,{· .: 

. : :, ; . ·,' :-~- . 

(40), which consisted of a · combination ot ·sodi.U?l't/h~~ate, 
·p;oteins· ( ~speQially globulins)_. and ~al<liwri . ;~l.'t~I:; . 
f9:rming .an emulsion in ,~ colloidal condition. , Thia \ 

:' : '' . '. : ,', ,.-·,:. :-. '.' •: ::_• . } ·-/.:··:~ .. -.·; . .'.-__ : :~ i :_~ 

artificial ' c·ompl.ement is• lnactivateq. by beEtt a?ld ·c~n be 
' ' ' . . 

used as complement in the Wasserman rea<!t1on, howeve:r 

lt has not been ,utilized to .any great extent. 



.III, Heterohemolys1ns 

In the .history of }the. davel'opm~rit -of · the. jtj-~ 
i '( :,:::: 

. . t:r-ansfuslon. we -find th,t1 t much o:r · t _h~ _diftie.ulty: en_: __ :_-_: 
' . . . . . . 

,J;~untered was noted to 'be due to . tl,Ie . fact ·· __ ,that-.~~$ ·:;::._· 
;, ~-· ·• 

mixing ot. two bloods, tnanf times, caused .a lak1Ug .:c>.f' ·_ 
the cells of one of the b.loods :used~ - In 1875 -Laiidois 

·. - - - ; 

found that ·the· deleterious :reactions were <de(fr•ea.sed · if 

bloods from the seJne species of animals were used./ '. 
. ' •, . · ,, ·,· ,·.\ 

Subseqttfjht .work by Bor-det, Ehrlich., LandsteiI1er'' a.~c1\· 
' . . 

others · showed that the laking of cells by a · h&te:rolpgous 
blood was due to the presence of a natural ooouring 

hemolysin (sensitiser .J and the compl·ement of the fresh 

·serum • 

. The- actual tnecb.aniem involved aroused much con~ 

troversy and led to the advancing of at least three: · 

theories. Ehrlich and .Morgenroth (41) tormu.lated ~he 

theory that complement v,111 unite,. 01,1171 wi~~ the an~,1.-

body or hemolysin and not with the re~_ !?_,ell, _but ._ ~¥,t 
) ' ' ' ' . . 

it acts upon tlle cells when, united 1nd1rectlyby· 

means of the antibody. Bordet believed that the · e.nt1• 

·body is not . an. runbooeptor for un1tin·g 'the ce11··· and 
. ,. .: ._· . . , __ .·- . 

complement, but that it sensitizes the, gall and __ renders 
··.-.I - __ -__ -. ___ · 

ft susceptible to the lyt1o action of ·:the ·oomplem.erit_. 

-Metohnikoff maintained. that both the ,hemolysin and ._ 

complement are ferments •. The a.mboceptor is liltened to . -



,1 

enterokiria.ae and complement tc> cyta.ae. 
:x Remolys1ns or. cell sensitJ,zers maybe d1v1deg 

tr ,, 

into two kindsJ normal and imttllll1e. 'l'he q.uestlon .bf. 
:immune hemolysins will .. be d1sin1sse~ c with the ste.~(:) .... 

<" • •• ••· . , , : .,. .. .. 

mant that these 8.?Je an.tibodies which a.re produ'.e;cii 
. .., . , 

by. the.injection of' foreign red cells into tne ,b;dy 
< 

of ., .. stUtable laboratory animal. The question of '. 
11. t 

n~r:mal hemolysins is ot more !mportanQe here since 
) :-.,_ 

lt has been shown tha.t heterohemoly.sins tor sheep 
' ·. . 

and human oells do exist 1n snake serum. 

The term natural heterohemolysin will be ·used to 
) 

designate a.natural. oecur1ng hemolysin• active on the 

red cells or an animal of another species. 

The presen.Qe of natural heterohemolysins in 

fresh animal serum can be demonstrated by simply 

mixing ·the· serum with the appropriate cells an1d utilit• 
. • , · . 

1ng .the complement of the fresh serum. If. l.t/is des1r• 

able to prove .further the presence of this factor, it 
can be separated .from the Qomplemant of the fresh 

serum by absorption with appropriate cells at o0o. 
Another method which oan be used to secure the .hetero• 

hemolys1n is to heat the fresh serum 1n order to 1n• 

activate the complement. 'l1he heterohemolyain being 

thermoste.b1le will be left 1n the serum, 



The literature in regard to.• the determ:1.nat:i.bri. . .. '. ' ·'• 

of the presence of . heterohemol'Ysins in various · · 

anim'al sera will be reviewed in sections II and III 

or the ·experimental work•· It is of interest to 

mention he.re that most of the investigations have 
revealed, contrary to expectations, that the 

occurrence of heterohemagglutinins and hete1 .. ohemolYsins 

ie largely .independent of the ·degree of' zoologioal · 

relationship between the species. 

The question concerning the reason tor the presence 

of antibodies in normal serum is one which has not 

been satisfactorj,ly,·a.riswered. Landsteiner (42) suggests 

that saveraf' pos··sibili ties must be considered. ~he 

presence of antibodies such as diphtheria . antitoxin ls 
generally attributed to an unrecognized contact or 

., . 
infection. · The regular occurrence of 1sohemagglutin• 

ins 1s proof of a physiologically genetically detepmined 
·'; 

formation of antibodies. A similar explanation .can :be 
. -. ' ·· . •,• , •.·: :• . .;\· ' ", 

offered for the pr<3~<;1ilc~ pf _ _p.ete:rohemo:iy~ins and 

heterohemagglutinins. Anothei-- poasibili'ty of .the 

presence of heterohemolysirts '"is the exp.Lanation otfJr-
ed by the presence 'or ·Forssmari 1s antigen in various. 

' . '. ·. . . '• ' · - -
organisms which may infect the host and ca.use the 

production of Forssman•s antibody, a sensitizer for . 
sheep cells. This aritigen may also be present 1n. · 
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al>s6rbed food., which could ofter the same 'pos~ib:tt1,j:tes.-
• j •. ·. • . _ (_ ' :}. :J/·/:}::· 

'rb.e evidence for snontaneoua origin of no:rma.lbemti .... + 
• ' ·•', , ' , · ·, -. ·--_ , .. _._ - · . ·· · ·: , ,, _ , ' .. ,· -- ' . ' . ' ·. . . ' .. . , ' ,- . .. ·_;: .. - " 

gglu.tinins and hemol.ysins is presented by ce:rt~f,n. ·.~~.• 

gularities in their distribution. Whatever tlle c~J~e 
. . _ .. ..... 

111ay be tor these aubsta.nees, no staist'~eto:ry answer< 

as yet has been offered. 

P'Ul'pose ot This work 
_j!.b4~tJ!Ol'.t.Jl!;\J~ .. );1E!d, ,p.e the paramount pu:rpose., a 

f . . .. ' . · : 
! ;_; 

aerologica:l, cemparisoni o.f thia very interesting eroup J· . . • .. _· \ + .- - r . , •· -. . , • . . . .. _'; 

" ~ .'·- ., · .. · . . 

of animalsi the se:rpen~es, to an u~elated .bi<>l.or,1ca.l . 
t ,,._ :·-_-_ _:-·_ .. :,.-, 

~mtpf' ' ~hti Alallllnal1.~. fnnnun(JlOgisto ; )'.u.1.v~ . col'lf:trietl .tric,st 
> . ·: .• . · • . . •. > ,,. .' . . _;:, _. '._ . ' . . . '.. -~ . . •. -,. ·: _,. . .;. . .. .. • ,. ' ' : . ., . 

, ot : thei~ work to the Mamtnalia. and th~ Aves; :vvith llttle 
' . · , V , --·. , ·.;_· .' ' 

... 

11egard for the lo.wel' animal Phyla.. . Tlle me.jor'ity of / the 

work·involving the ftepti;t.ia has been 1rt regard .to the 
venoms of the poison?us snakes• Thia has been a very 

· p11ac.t:tcal phase of immunology and a very eseentiar.o.ne, 

sinee this field is of commercial importance., With 

these facts . in mind. this work was started, hoping to 
' ' ' . ' . ·, . . . ' .• . ' ... 

·add.some usefu.1 bi~log1cal information t9 our meagex-

lmovrledge of the relations.hip of Immunology and Biology. 

Initial investigations developed many interesting 

lines of atudy,, but in. order to conduct a rather 

systematic study o:f this group, . certain quest,iona were 

definitely deoided upon and the work continued in those 

·direet1ona. 



81.nce the' 11tE3rature contained nianypapef iiL'ihC 
; <: • '· /'/ ' . ' : , .. ·· . • . . . . . . .• .• . ' l, . , ! , , , •· : • •i -;• ?,''}:.,. < •, 
· I'.egard to blood grouping · of' lowe!' anilna.ls, and .,v~i;:t:t:i\,the 

:'.:/1. ~: :.:-.r ,.; ··,. 

' statement , of Snyder concerning the iniportanoe ,o',f;;)'t'.>J o;od 
.. :i:.:/::_:/.':. :.·I_·· . . - , '. - . , ; . :: . - ·. . - -·'.. ·, ;:'· -\i:.·i, ·_ i.q\-\:_:'. /{:·~>J:('.·\\{:(\\fi 
grouping ,in lower animals~ . be:rore ,i.me, the 'firs~ }qt1.e:stion 

/ . . .·. . . . . •· .· . I . . . ~:i . . . . , i: .,'}\·,A';\ 
to be investigated vu,H3, is: it possible i. te> devis~ ;,;,a \;,;: 

,. ·. -' . . •: :- ' -:: :· .. /. ,.-_;, --<·i'··.·~--,, 
~· '. '·,- ;·' .. : .. , '; _· ' ·,: 

,blood group classification' f'or the 'serpetit~H~iL1Jl3.#ed./ 

ittl ,~OJ;Qii*!'l, •. ~il~J~.~~~J! §f' ,:~Q;~,egf 
The question of possible ·, se!'ologtoal relatlbnsll:l.p . . . ·' . ,' ... ·, ·,; .; 

·:_; , :····,; : -·r. 

of the Rept1111a and the Mammalia ·w~s flrst;. rittaok~ci by 

. attempting to determine whe~her snake erythro·o-s,-'-tea .) 
·"·\-':/_\i 

.contained agglut1:nable faato~s -which could .be aggittti~-
ated by the alpha and beta agglutinins in .human' se:t>llme 

In contrast to · this, the next question was to": dete1~m1ne 

. \vhether snake serum contained 0.ggl.ut1n1n.s· for human. .. 

erythrocytes, ,and if' so, their relationship to the A 

a.nd·B agglutinogena of human cells• 
. . 

These two questions are the only ones discusse4 
. , 'l 

in this work relative to the possible serol.ogical 

relationship of the Serpentes and the .Mammalia. Other 

phases such as relationship e.ccordin~~e preo1pj.t1n 
reaction will be .carried out in a later study:• · 

Some of the results noted in the above work led 

to a study ·of the cause or ·the hemolytic ef'feotot 

:fresh snake serum tor ·human cells. S1noe this . action 

depends upon the presence of a heterohemolysin and . 

a complement, and no reported results could be f'ounti 



i1r •• ~he literature, concerning the presence or' tJie~~ · 
> i:):'~ 

·.t'ao.tQrs in ·snake serum, the question . arose · .. as to}¼ll~ 
p9S$i'!'>:tl1 ty of demonstrating these two, f'a.oto:t:"s l.:l.i-1 
·snaite , se:eumi..· This is of impo:rtanoe because ·· it .i.~ 
llsUall°Y considered tha.t complement is a constituerttr ·, 

of the blood of warm-blooded an:tn:tals. · 
, . 

· Since the material was a~ailable·s, severa.l / 1ii;.. 

cidental facts were · determined about snake blood\ · .. ·- - - - - C - - ·. . - - : ·_· . 
' ' \>,. ". ' . ·, --j. .. , . 

These· are not or special importance and are included 

only fol' additional 1ntox-inat1on eonearn1ng this 

ExpGtt1inantal Work 

lo Hemagglu.~1nat1onW1tbin the Suborder Serpentes 

Since the d1soov.ery of human blood groupa .by 
., -' . . 

Lands~einer in l.9011 many attempts have been mad~. :tp, 
describe a similar condition In lower animals. . :. . ·, ·. .·. : ,' ' .. '. ··•: ;,_ .... ,.,. ·, •-, •:."•~ - ·1, , :_: ' . : • ... -. -.\ ". 

' ... These ... inveatigations have been mainly ~ong 
;, ··,,:·_,. : ;-i : •. .Y·• _.._ :, , _,., ·_ . :·i . .-·, -~ , ' . • · ' ." ;- ' · . :. ,• ' . " 

, . . ';1 : 
thl";ee line$; first, to d$termihE!J vthetb.e~ or. not·1 • 

~aopemagg1ut1nit;s and isoh&magglut;tnogens are pr.esent 

1n various . aiiima.l species, .and . if. so,· .thtt poas.1b:t:J.(1;y 
_:::.-"::>= ' 

of devising a gr6uplng plan; second, .to determine the 
.. . 1. · . ,,. 

amount ot hemagglutina.tion between species; _and, 

third, inveat1.gatioilS concerning the aimilarttyot · 

demonstrata.ble hemagglutinogens and hemagglutinitls 

in lower antmals to those of man .• 
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The value ot such investigations lies a.long( 
.. . . , 

· the following three linetiJ ~• tha , study.· of the:.p¥9J-ilem 
.· .. , ·,·:·'.~·<· .. <· 

of' eyolutionary development of man could be .aupplem~nt• 
'· -

.ed if serol.ogical ,:relationship$ could be dem9ns.~raiedJ 
·2 • . additional. informatton regarding taxonoroic.~elit.1.on-

,, . · . . . , :,,•·.: 

ship ot animals would be. ava1lnble-; .3:. a etud-, ,ot .the 
inheritance of these ra.ctors would be. mor•e posst~ie. :i· 
·than it is in man, 

A brief review of the literature along these 

l1nee will showthat, .a.lthough soma conflicting 

repo1,.ts are found, much work hEls been done and that:· 

a. definite advance is being made• The reported 

results may be divided into foiu-. groups: ·1•• those 

invest1gutor-s reporting the absenoe of isoagglutin~ i 

_atlon in lower animals: 2. those demonstrating iao~ 

agglutination in l<>'~1er Qnimals but unable to determine 
. " 

defini ta · blood grioups; 3• those who have been. ·able to 

d~~onstra.t~ blood g:-oup1ng. within species; and 4. 
those who have demonstrated hemagglutinationbetw~en 

species. 

Sev;era:i investigators represent the rirst gvo~p 

who repo~t the absence . of ; 1,so~gglutin~tion in lo\ve:~r 
a.nimals,. ~ktoen 1907 (43) i'ourid?io .1"1Qagglutj_n&tiin 

. ' . ' .... . .: . ' ; . ·.· . . 

in 11abbits, guinea pigs, .. dog.a, horses., and eattte•., 

Wesz~csky i920 (44) repo:rts negative :cesults in c~~:#le 1 
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rabbits, guinea ·p1gsf and ohi-ck:ens. ;Rhodenbe:rg .l..920 

(46) 'failed· to find iaoe.gglutl.nation in rats, JncDov,ell 

and Hubbard· 1922 (46l found onl7 2 cases. of ist>aggl.~--
. . .·_. '.:··_,,:. ·:; ::·:.::-::·r::'. 

tina.tion• 1n._ ll80 possibilities ,vitll. mouse blood,\. Boyd 

and·wal.ker .. l.954 (-47)· found no individual .blood d.itt,t..; 

e:rences 1n· guinea pigs or. •mice. 1«'1shbe1n 1913·. (48)" 

.found no 1·soe.gglu.tinat1on tn frogs. 

Whostr reporting isoaggluti:n-ation in· various. ;_animal 

species but· unable toform.Ulate·defin!te- grouping are 
•·. '·. ·,.: as follO\VSf Ingeb:r-egsten l912 (49l round- ·:1.t impossible 

to group cats 1;1,coording to isoaggJ.ut1nat1on. Fishbein 
1913 <(48J demonstrated 1soagg],ut1nation. ·l)ut no· group• 

ing in s.\Vine;. cattle, sheep, rabbit$, and dogs, Snyder 

1924. (50) found no <constant isoagglutination in :rabbits,1 

\Valsh ~924-, (51) could determine no -·evidence of group• 
· ing :1n. rabbits-._ Karshner._ l92S (52) demonstrated ·:t:so-' 
agglutination ,in bovitta blood although it occurred 

. ·.·.•, ;.·.,., 

very irregularly.. . Lawson -and Red..f1el.d' .·1930 · ( 5_3) , 

,touhd no group~ing in g~ne~-pigs. or rabbits. 

· Several i!}Vest_igai,o~s Jta.ve been, succasaful in , 

determining de.ti111te blGod g:voupa wlthi __ n species of: 
lower animals.· Newdowl928-{54) reported thepr,esence 
of four ,g:r-oupa in horses analogous to thahuman 

groups, Schermer 1929 (,55) reported simllaz, result~. 

tittle. l.929 (58) identified three principal groups 



:, :._ ·• ·-1~ . '. . ·. .: .· . ', . ·,_·.' ·' ·.,' ·' port a possibility c,t groups in monkeys _sitnil~r .to -

human groups, Weinert 19:33 (5'7) oonolucfos tha~ -~~:,, 

_thropoid apes may be divicied into _the same· gr~upa } 
' ' I ; 

. •. • - , : t 

8.s mtm~ ,r Burghat•dt 1,933. (58) coni'ir!!led the · g!'oupinrf: :·of' 

horses into .four groups _, Harm~ 1936 (20) groupe~ 

854 .. C>Ut · of 910 samples of.' horse blo9d into tour ' 
groups. Gorer 1936 (59) .found. a. clefin~t~ group:tng 

.ill mice~ 

A f'ew workers report on heteroham.agglutination 

o:r lack or heterohe:magglutination between sp~cies of 

lower animals. Kolmer and Mat~umoto 192Q (~O) .fbund . 
that horse serum contains agglutinins and hemo_lyslns 

tor rabbit cells. McDowell and. Hubbard 1922 ·(46) ._ 

round a.gglu_ti11-+n.§. ,ip. \ gu1ne!:l ,:p).gs and sheep serk for \ 
; . ' • ' ., .. · - ·, ! ; , 

mouse erythrpoytes., but:_rat se~um did not agglutinate . . . . . . 
' ' 

mouse cells, \Valsh :i924 tEl} ~~nnd., ,t.hlat : guigiea pig : 

a.nd horse serum gave . cohstant Ggglutination of rabbit 
-'. . 

cells. · 

Of the reported results dis·oussed above only 

two investigators have worked with animals iowe~ than 

mammals in the animal scale. Weezecsky found .no evi~ 

dence of isohemagglutination in chickens, and Fish-- ' 
bein found none in frogsi. 

It studies of this type are to be ·ofany value in 



'.'t~l'lO~f end in .the study o.t e·volu.tionary dev-eJdpm~~t, 
f~~· '\vofk. :ilmst be elltte®ed to ah poss1bie'. p}iyj;~/J1'.,~~$ 
·~int~l.._lti1159-om. With thls in mind these serol.ogica.lC 

;- . -~ 

'ij~Y.~e.s. f i';J;~y·~tpti3-h·• ~i-e ·••started• 
. ·. Fol' 'tO~;e~kJl~~ oi' a;l'ailge~:nt oi tbil €4l'lci tiOi:fow.. 

;-,,·. '•··, I • .,_. ·,, •J., , 

ing work, the irtit6;der S~rpent~{s Vla~ , aeleote,d. ~s :th~ 
_flr$t. group of this phylum tor studf. '.Vhe £1r~t qu;,t .. 
ions to .be. (tnswered· in the stud-y of this g~oup.~·werei, 

. . ' . . 

Do snak$ bloods exbibi t; isoa.gglutination and. ean 
snekes. be gfiouped ser.ol.og1cally _ on this basis.t 

. . 

Due ,to the, di,ffieulty of keeping e. nunlbe:F;oi 
. ' 

~?ecime:ns on hand. at one time/ the results must l:>a 

given 1n t\Vo sets. In all ca.sea the .. technic was the 

same. Serum. was· used undiluted and a one per cent·· 

suspension of cells made from packed cells, Equal 
amounts of serum and cell suspension were mi~ed. in an 

. ·- ·:, __ : . ·,_/- .·. /; 

open.paraffin ring on ··a glass slide by rotating on a 
flat surface. $a.ch set up was allowed 15•20 minutes 

.. . '•.'' 

1noube.t1on. with intermittent rotation. The·readinga 

,vere made witli e. compound microscope giving a mag-, 

nif1cation o:t 401 and results recorded in terms· of 

amount o.f agglutination, 

Preliminary tests to determine a suitable in-

cubation temperature were ca.r1:--ied out, Ider1tioal ·pre-

parations were incubated at 6°0.# 3'7°Q., and room 



1ien11)erature, Mioroscopio examination revealed :no : 

di.f.fe;ence in results with the three temperatures used; . . . -·,;,: . ' . . . . . . .. ·, 

there.fores all aubseque?lt tests were done at room 

~E)mpera tur.e •, 

Table ,m.:unber I represents reactions between s;p,ecies • 
,Table number II .shows reactions between 1ndiv1q.uais. 

.serum 

Oells 
6 . 17 ·5 5 9 . ';). .• .. l 

Timber Oopper- Bull . Black Prairie King ,. Water 
Rattle- .· Head Snake Snake Ra.ttle- . Snake ·snake 

-
--------· ..,s_n_ak __ e_· .... - ·- ................................ · ______ s_1w. __ k_e ____ ·....;;.;. .. ·:....·· __ _.._ 

5 .samples 
Timber 
Rattle~ 
snake ·. 

.. 
17 samples _ 
Copperhead . 
3 samples J. sera + 
Bull snake2 aera .. 
5samples 
Black 
··§na.lce .· 
9 samples 
Pra.iJ:>ie . -
;n,a.ttle-
;'snake 
1 · sample 
King· · .· . .. 
Snake . 
l · sample . 
Water · ... 
Snake · 

- -. 

- -· 
• ... 

. --
.. 

.. . 
-

Table . I 

. , . ·-

-
.... 

... 

-
-

.. . ... 
l sera +r .-
2 ser·a .... , 
l sera +. 
4 sera- ., -

-· ... 

5 sera 
+ 

l'"l 
sere. ·+ -

.. -
\5 sera + 

... 4 · aera -

... 

-
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. . . 

Tl>.a case,~ in which agglutination ·did oo.Qur were 
. . 

irr9gularf however, the serum of .five timber rattle• 
. . 

snakes, seventeen copperheads, and five out of 'nine .\ 
' . 

. . . 

prarie rattlesnakes did agglutinate erythrocytes of: 
. . . ~· . ·. ·; .. : . .-. . · ·-> / .. 

a. v,a ter snal~e Na_tx,ix sipedon. 'l'l'!e abcrve mentioned 

se:ra were from snakes belonging to ·the tamily _OrQ• _ 

.talidae, the water snake to the fami~y Colubridae. 

These were the only tests made involving _these two 

f aniilies together, 
\ ; 

From the above tnbies )it 1,s . e~ident that in no 

case · was agglutination founif be~we~n, trtdividuals of· 
-~': ·: ' . 

the same species, neither was 'agglutination found 

between species of the same genera. 

490; 

In table number II, most of the oases · of agglu~in• 

ati~n ·were found .with the sera of . two water snakes'· 

of' the stune species, ~atrix · sipedrq,tr:1. pict1ventris •. 
·: I . • ' , ··•. ·• 

Both of these agglutinated or hemolyied samples of-

cells from n;ne snak~s 01! four sptcies and three genera. 

This indicates that there is heterohemagglutination . 

between genera or the $rutle family,. the Colubridae. 

Mention must 'bE:! made of the three cases of he~ 

molysis found in table II, The serum of one speciirien 

or Natrix sipedon piotiventis hemolyzed two of fiye 

cell suspensions of Pituoph1s aay1 ·anc,1 one sample of. 

Pituophia mug1tas. In e.ll work done these were the 



t~ -{x,~~~~{ltf'9~-'«-~amo~,w-*~-t;?®Yc,',n .sn~~:jferurn,/5.0,l' '•· 
.; .. ~n~;-~_,_,--~!:-i!,~~-~'~:1l.E!?'.~:,t:- ,;: 

., .t~~ ;.t?.3:~_9Y{!P.'i!i 9.9-r~+P~-~~m~;_jJJ~Y.,.P.:~·0 • .m~%"t~ •. ,-~}-~: f ~g~fl4 .. 
- . . . . . . , ... ·,·-_. \- _._- .--·-:-:--_' <" -· ;· -~ -(_-".; ·> -\. 

to the series ; of specimens exrunlned. in· thi.'s .\VO~~', : 

a.lthougn the use of 01?he:r -species may alter these·' and 
:ipake other cop.elusiona . possibl~ •· 

_1· •.. Ieob~piagglutinatton -does not occur iri snakes •. 
, -: -· -.. . ·,:, .. •. : ·. 

t ,• •. ·~·· ' ;, ' . 

2, . He,magglutina.tion between. ~peoies -6f thee same 
·, 

genera we.a not found .. 
3.: Heterohernagglutina,t1on. oocura between gener~ 

bu'b rather 13:'regu{~l.Yt 
4.- R~t-erohem~g~lµtinatiq~_: families was 

' . ..-_ . ' ~ "" . ,, ' . :· . .. ' •" . 
"\ ' . '•, . . : 

found to be r'ather :constant. 
r• ·.·t "• -

5~ 'l'hp~e"0-,oe,ses -p~:::_~ElterQ>lt~c4ys1ns were· f~rund• .: 

II• The . Inc!denceof. JAggiutlnogens in Snake ·Eryt~o+ 
,.cytes t~r Human Alpha. and. Beta Agglutinins,, 

:.the . pr0,peJ?t:V or .~ggJ.U.tination of hoterologoua , 
. .. . . . . ;·,, -~-. -- . ' . . .. . . 

. ' • ' :.-,: 

;cells .by . nUll'ie.n serum has been . Very. well ' demo1ist:rt:tt-,:/_ 
. ·. . . : . '• . . . . . . . ..·.: . ··, ,.,.: 

.~d ·by seve~al. 1nv~.et1gators.. Some of thase ·ha.va::1-iJ,~n 
'. • .• ' . . . . '. ·, ' : ' , •. ' ' · .. . ' ' ·, • .. :',' ·,.·_' ) \:·'.\ (·: . 

• . · .. • ·1 \ 

conte~t with ·eatabliah1M th:ts fa.ct . alone,. while . others· 

: have· gone on ." t9 determine tvh~t .t~ato:rs in these het;·~ro.-
' , 

·. logous cells are resp?nsible .foJ.? this reaction· and ··to 

. see 1r these · faoj~ors are ln ~,ny way similar to :the•;; 
'' 'II, 

aggl uti~e>gyna, -iii-I?-~a~- .ca·:1:1~ 4f,•: 



1::1· ·' 
. V ·- • 

. vVe ___ find ,~:L-~_C> mt:iily v.r~~ke~s wli,o re,port g~c,~I/}#g 
1n e.nimale on the b_e.sis of _ isoagglutination a.nd?who 

'c .. C• ._ ,. ._. . . _. _ --~ . ' • I'· .. . • .' _' •·, • ,_· . __ .- ' : ·•- : · ' ··. ·• .. _- ._ : · · ., ·. ,'; ·' • . • • • .. ·, ' • ' - ·· • · . ' . ·• · , · , ..,_ . • ·. , · , ' • , • ," • , . ; . . •·: ' _• ' .'. ;.:. - '' . - . , _- -
1 

• '· _., .: ' ,.,- • '.' , 1'. ·, '• , • • \ : • • : / , 

. . : . . 

co~pg:r~ __ t1:1;s to tlle _gro1-1.p~ng in, 'lll£¾ll_ ~11,~hciut :s:~~~~g_ · 

whe~hett 9r_ ~he tte~agglutinating factors are 

similar. _to, __ tllose 1n mru,1. 

Lepd_~_;a_i~e:r _and (_~l._J fo~d the . 11101'.lgglii~in• .. _. . . :· · -. · :· ,• :-.- ___ . __ .. _ _,, ·, .-.•· .. ,: ; . ··._ . :· . 

oge~_s -.<>f .. SA~}?.:raop<:l!d apes -to ba identical ,cv\1ith those 
0 V • 0 . 0 0 ' ' • • ' • 0 0 • •• ' < 0 0 o• • . • ' • ,•, • • • . : • • 

of il.µm~ pl.c)9ci, and 1n +.C?Ylt3~ mon~ey~ _ r.t facto.r similar · 

to_~~~ ~1:11,~_al'l_, is,oa_gg~ll~µtogen FJ ,va~ ;'J<>.~d• Herman J .~o) 
dete:rmined a reseltlblanc a bet·w.een horse and human -

" .: • . . • •. _._ . ... ' . . • • ';-: • • • , • ,. •• . < . . • "' . - • . • • 

aee±r·t-+X}98,~.lJ~•--· ., .. . <iP:t!.~,~ ·•:-:(.~_~J, , .. :f p~~---:~::::·.7-~.--~!}:K:i~t:?~ e,., -~·~-~ ~ ~-~Qn. 
;' • 

Btlohbinder ( 62) c·ould find no 
,· ; .. . -· ,: ,_· .-';'' ,.- ' . , · · __ ,. ·,•·. ,._,_ .... '<.- ·• -_. :_ .... ·.,. ' :·, · .• ·· i -: , . •', ' . ' · . .-· :··: : .: , __ . : :--.- ,·; ·- .. . · .. :. :,. ·, ,,,; 

' ' 

ngglutinogens _ 1dent1oa.l ,vith _ or closely relate1d t<> 
-- · .. ' ' .... ; . :-~- ·, _. . . . . . . .. ·_ -. ~--· -: . . - .·: . -· ' .. . - ... .... · . .--.:-. ·- . .. _ . . ,· . . . . . ,, . ·. : .. _. . . . ; .. '. . . . . . . . . . . . _ .. : . -: ' - : -. : :, .'. . ·- : ·... '-. . . 

those in human cells in Ma.oa.cus rhesus erythrocytes. · . ,. - ·:· -·. .. . '· .. .- •·· . . .. . . . ;., . ,; . . . -~.- -·, ' ·. : ' ·: . : ' . . •. ' :-:· . . •," ·,. ·, , ' ;-. . .. -· .... _ -_·· .. ; -.~- . -. . .-_ .. . ' .· . ,". ... ' . . . .. . ., ·. . . ~; . ·. . . .._ .. .... ·: 

HirElnO . ( ~:3) J'ound thllt ~h,e. cel)~s ()!' rhilipr)ina me>_n• 

ke_yfl are_ ~ggl-µ.tinated by ~oms, :n-gnian _ s~-~ i~respe~.1?~ 

1ve __ ()_f blood. __ group_fl.• Lov1,er . (64) concluded .i;~_at the 

agglutinins and _agg~ll,tinogons . ~n the _b~ood of dog;s 
.. · ·> "-"'_ .. .' -·. · · .. _·. ' . .' .- · : ., •.,·. ·_-; ._·, . . ·' : . . ·, .. " .. . -._- ·' ,: : " . : ., . -·. : , .. _. - .- . 

a~~ _._ very, ,~~~tlartto __ l?'.f-c:>up. -~ o~ man. , _ 
. . . ; 

~ -- . . . ' 

-. ~~oe, ,ve..rY lit~lO c_:tnforma.t_ion . 1s available con-

cern,i,11:g ~_ember,s_ of_ the animal scale loV,mr t19-,a!! ~amtllal.s, 

this work was done in order to see if t~e SerP,en~t:) s.. 

migllt have llg_glutino~ens ,in their er:y-~hrocy'lh~S 

lar to -the A and B agglutinogens of human erythrocytes, 



(. 

:::e.gglut1nable factor$ !Ii,, snake e.x-ytbrocft;es. 
:~ 

1l'he taollll1c used fpr these determinations: .w'a:s :'_.·to 
< • -- - --- -- , - _ - _ t . . , . -__ -- . H _ -_ -_._--.-_ ;·:· ·,,;: ',"-;,'<:\•-' 

~~a~e/ eqlial yolumea 0£ hWlla.n ael'~ 0£ each <>1Ltll; 8t 
t;rne.s 8.lld one pe~ cen~ suspension of tl:l.e snak~ c~J!:1;; 
tO l)e studied in_ open paraffin rings ort $, g].fiJ' &[[d.e • 

.. Th~se. \Vere .mixed .·by 1nte:rmi'ttent .rota.tion of' .-the ·slio.e 
. . ' . . . ., . . '·- ' . , ·;. .·,:· :,;_ :: f.: 

mic,rosc~1,1cally tor ;amounts of. aggl.utiXIa.t1on. · J)re~ 
.. l.iminary tests at 8 to., 37° Q., and room .temperature, 

' . -.. 

sbow~d;:)io __ di.f'terence -. in _,mounts ot agglutintttion; .-. 
:, - , 

. ; . 

_·.'.therefore, &.11 ·· subsequent tests were. done ~t _room --

·. temperature • 

. Human sera of . typea o, A, _,and B :p:rpv1ded the .f4pha 

and\,.~Beta agglutinins . to . ·test fo_r .A . and B agglutinogens in 

.the • snake erythrocytes., ;'1:ype AB serum was used fa:, -· 
'.·.··.·1.· ' , 

·determine whethet- any other- agglut1nogen.-agglut1nin.':, 

-- oomplex:inight batound for human serum :and .. ,snake o~~ls. 
;_ ; __ . ·, 

In the .first ~feries_ of 465 tests, £1fteen :spe'oi-

mens or snake cells representing s~ven species .c,ffi,re 

genera. were, set up with ten samples or t:ypa 01. ten' ·or 

_type A, eight of type B, . and three of type , AB sera. ): 
. . ···: 

Only three cases or agglutination we_re found in 

.·.this series. · 'l'he cells ot one of five specimens o:ft i the 

.b.ull snake, Pituophis sa:yi, were e.gglutin~rted by .two 

samples ot .type O serum and by one sample of type .. A· 



/serum. These reactions were not complete• .beirig 

recQrded as one plus ~nd two plus . a.gg~~t,in9:t10.3z~\. 
. . .. ,· ' . ... , 

A second series 0£ twenty-seven ,speoime:ns:.,;,f 
. s~iake cells repre se1~ ting f 1 ve speoie_s ?f fiye gerier(.i 
:; ,gitinst .ten samples or human aera rep:rese~t1nS ;:aii·::r 

;. . '·. - . ·, · ,:, -.· 

f'ollr _lmown types was <H1r1')ied out in ~he same, ,1;11~nner:~ 

o~y two. cases of \Vealt agglutination could be f .oµnd.-) 

in :t~is series., one with cells of a bull snake,. 

Pitouphis sayi, and one with cells of a ,va.tel." sn:ake, 
Natrix sipedon. 

From the above r .esult~ 1t 1s eviden~ that the 

snake celi ·srunples used in this work do not c.ontain · 

agglut:tnogens for human Al __ •- pha. and _ Beta. agglutinins• 
l . ', ' 

The inconstancy, in regard to Alp~a an,~ B~ta f',ao~ors, 

of the few positive agglutinE1~ion re~cttons found 

would ·indica.te this. 0£ ,the five positive agglutination 
. ' ' ' 

reactions found• lit~;a ca~ 
1
be said _except that,'. -~ 

larger series will be necessary to .determine the cause 
1, . 

of these results. It may be tht1t some huma.n . ae:ra 
i . . . . 

contains agglutinins for snake cell agglutinogens, 

the~se pPo~&bl·~· :6:~ving no correlation to t~e . A _and. B~: 
c., ·.:..~: : -. \ . . ,; ' ,. . . 

factors. 

Even though agglutinogens for A Bn:d B agglutinins 
could not be demonstrated by the agglutination-- reaot:ton, 

, ' 

it was th()ught possible that such facto.r~ might e_.x1st, 
: , ' . ' • . !· -,.- _ :· ; : · ·; 

yet foi- some reason aggluti:nation might not ocour. 
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·\As·: :a rurthet.1 ell.eek on the ' s.bo'Ve wo:rk ,; the abso~pif~tt 
<t~_chn.io was · used. 

The titers _ of a knovm human type · A aerlllll fuicf-i a. · 
; ktloWJI. type B l38X'llltt were • dSterlllined b,' usin/l} ~kt~ji'f ate 
~'. . : . ' . . . ' . . _- . -_;·. ._ .... . _. . ·, ': . ' . : : ·'' -~.-. • _; . ·'. ; : ,'-~'. 

>.cells. Each s~rwn vrrs.s then absorbed with ·•·two::.p~~tf 
:of washed pa.eked snake cells of v~io-us spet,l_f>·,. ~:;".?~is 

'l!tbsorp~f on was earriecl · out at ~o.am · tempe·re.ture . w:tth-: 

agitation ·of the mixture tor one hots.P in a __ shakirig ·· 

·me.oh1n.e ·tollow$d b7 overnight incubation in·the .loe 

• box~ · the tit.er or . the supernatant" ae.rum :from the.se 

rilixtures was then deter.mined~-- ' Before· absorption ·th~ 
tYPe .. A ·serum used had a titer· ot 1-e Vlith B Qeils and 
B.aerum had a titer ot 1•52 with A cells, ·After 

· absorption both sera ha.c:i the . sam~ titer as· in · the 

·original titration. 

These results are in accord with those previousl.y 
; . \ ' ' . ' 

.discussed, It would _ther-efore appear .·that· there ia,::no 
\-

evidence of agglutinogens 1n snake, ·cells for. hilinan . ' 

Alpha and Beta agglu'tinins·•· Where 'is a possibility of 

other: agglutinln•agglutinogen reactions betwe.en hm1um 

sere and snake 6el1s, but ras_ults .. ~rom lf larget ·series 

would be neoessa:ry before any definite conclusions 
· · could be made. 



I~I.. Studie,s . c;,£ .. B;em~~gt 11t.1Ail?,~ 1n Snake Serum}. 

_, tqr Hum~ Erytl:tro'.bytes ,, ... .. ,· ... . ,• •· .. . . · .· ... ' , .. ... ··, ··••···. ··•. ·-- ·r . •· · .· .· .• 
.f -. 

.• T-l:le •·-P.re.~ .. en<le ··.·o?'· .. ,b.seric~.- o# .~g5lu~.~i?l.s·;~:'.~~ _'.:~ ~!ll 
se:rWP .. ,f<:?..P,. ,h,~~ .• .. e.rtt~r~gyt<;~:! . h~~-.J~ee.~.,.st;'.l?-4!~~, ~-lt. 
several investigators vr:tth the idea in m:ind .o.f·' 

- ·· .. ·-':.. - ;_ : . -_:•-:,.'--,/,·-. ', •.~ : _.,-;- .-'._.. __ ,,.·:.. · .. · .... . • ,,_.·_~-'--. ,,-_-.• ;,,\ . ,.. ;·· ,:·"-.,-:-• ··-i·:·•··, - :- · __ . ·;-·.-• _·_.- ,_..--.·:· .. .... ... ,:,-., .. .-, ,···.·· __ , ._ ,-. _:. - . -' -'•·<- _:_·:.··. _,,. __ ,· .. · :·. 

es~~:t:fl.l~ht9g,, _ _1..f,, l)0~-~1b.lE3,j , ~C>~e ·. :se~.Ol(.)~;~,i, · .•. r~_l.t!i.'t.l0.11 ... 
-ship bet-wfJen. man end .. lower animals. Xt has _·be~11 \ 

. . ·,: ·,. ,·::·."' ~--. ·_.--)·.: '.'. "'•' ·, --:,. ·f, _··-:·:,.•. ,-, .. ::_ ,-. :. ·_· .... · •, :':· :.:· -.·. :<-.. ,: .. ,'·.' . / ..... "/ -_,. .,- :•.·; : ,~--, .:.-.. ~" .> . . ·,: . ... . ... ·:.. ,·.- -.,_. :·.. • ·- .. : ,) '. . · . . :· . . . :. ; ,,.·. ·,·:. : . -.. • .. ·. <.:-- .. ; .. .. ; .. ;, . -, -;:_;•; ( 

suggestE)d in :another- seot1on, .that .the study of ev-o• ,; 
, ,· .. . • __ . · ... · . . ' .. _. ·, , . ·.· •· :·. _._ ·; : .·= .. ·-' ... . • '. -:• . ..... , :·• .. ·,·.·'. ·~. ,, ·. :· . . · . . , . ,·· ·.,•·:•:. ·· . . ·,'._· ·:_:· .. •. -.•. ·.> _. • . ;.· • .: ·,. ·. , . -.. ·-.,_. ,_- -:'_ .. :· r· ·' :, '.:. ., ., ·•', , ., . .., ... •_ .. : . , .,.·.:_ ''. ;·,;_:• ._' ,.• '• ·· .. , ~-- ·: ·.:·•··> ':<--·.:.. •; :\• .. 

:lU.~t()na.r,,- ciev~~o,pmEl,~i; , .. ~~··· m,an.. 1111.gh~ .~a s~1>pl9.~~tl~,¢t.\ ., ,· 

if ,,~/I'Ol<.lgic:,t3.-~_ '"r,e.lat1pnEJh1I?S could be deffl:?:;ti?.tr~i;~~- . 
. . 

This , ipf()~at1pn is .. of valu.a onlr when> ~p~:r;q~~.ri~:.: 
ev~A~PC(?_ llas_ )>ee.n. -~~c~µl_ate_d ~op~~:r:1~:t,~g .'t.!!&, .e.~~t,J.:'~,, . 

. . .. 

Da.t-e in the nature of this work can 
'' ' ' '. . ·, ' . ; . . . . ' . . . . . . _. ' ' ' . . ' ' . : :, ; . ' ' ' ., . . . ... . ' . ' ' ' ' . ' . ' ', : . ; .. ' .... . ·, .: ; ' / ) . 

SU.1lP+E3~~D:t_ .~P.Jl.t fy~ri..1.~~~.d. . py .other .. types _ o.f _test.~ .. as 

the pre~~p_1t;n .:re~c-ti,on. • 

. W~l;LJ~~-. --~¢1 Pat_terso,n ,l~.1~ .J~5) _ f _(>:und that .. 

with _n1p~te~R-~atr1pJ.e.~ pf hO:t'EJe s._e~, twe:i.~~ P.~()~U,qfld 

s~m.:~ . ~ggl.uJ1-Jla~1,(?n, 01_ )>.um.an _ce.1+~ •._ Ko~l9r a_~ci · 
Matsµmo:t<>, l92C)>J6C>} .f:9llJ1d.. thnt Pr~ctio~~l.Y a;; }:1.9?'8:, .. 

sera ~x~~~.d, oon,~ain~d a_ggl~~~ins _fpr., ·~8:~:_ tri~ .. ;: 
thro_oytes., N_~t,\vdo'W' , 19'28 ,(54) and _Salleriner (,99_} ,·.;~?g 
repor,t.ecl ~he t>;-es~noe of four blc>,(?d _sr.~llpf4- in hqt~~~.,-.. 

an~logous_ to P.,tlm.B.n groups. . Kars~.mer 1~28 (t?2).: f?~B~ 

that bovine and ohic~en SE-?ra oon;aistently_ a,gg;l~~;:qEJ._~!3,d 

·human cells. Hirano 1932 ( 6G) . oonclud~.d. that the_ 
• . -. . • • . ·•_ ·., . _: ',, -~••. _-,.· .. • ,- . •' . a . . 0 .. • -• .". -- . , .. ·• . ': ' . . ·• _·, - .; -... . . ·.' • • . • ' . ' • (·. •: _"· ; ... :c: .• ·., .• l : , •..• '.-. ' ' .. . . ·. ' ",' • <· :-•-·; ,. • • : ', \·.• •: • : , ' • • . • ' ;i, • · •. ·:. of'. . , • \ ' • • • ·.' • •. ' , ,, ' • •.• ; _. _. ~- ' : :, .. • .', ,-

anti' A agglutinin . sc~rum ' of Philliplr!e monlteys . is 



' ' -. 

d.~;t~.~~~p,,;_f,t9m .tl!~ ... .. ~1.l~; ... 4.:}:~ggJ.~~in.i~ 1n humtfu ·s~;ilin 
.. ~;t,,,~~~,~ .. 8-1rn1ll .. ,~~.·.P~ .... ... •~· .PJ;a~e.\i. tr;t:~;·~;;. 
8~.~ :,f9.\ts, .. P.2'll,:.t~~ ., t:YP~B:'t ., .~uo,p.p.1p.deJ,:t\ +.~q,3- ,: (~~): : .f.~~~ . 

; .-_ =·,' '·, .• . . . . . • . . . ' ' . . . - . ' . . ' ·_ - . . . . .- :·· . · .. 1 : ; ... , ·.-: :· . . _·: ' ·.,-i ·:._. ·. . ' 

fil?.~1t ~.,9~~°4~, r~E3~µ~ _ .. SC9~.~ .. . c~;n,t3:iµed . a f18ltU~.ggiµ-t~>:1~. 
, ...... •.• ,:: .- ' ':.•.•, .. ,.,, ··.-·:: ···-_ -.-,,-.. ........ ·. ·: . ·-.•'. ., •.,., .·,-:·_- -::· '· ,, · . . · .- _---,_. "·:· ·---- ........... , · ': ._-: ," .,.•:,'" ·\ '-.. :·.,:,· ·, ' .····.·' ',':· ·:·' ·< ... ,_. _·_-_,:··, . .-;•, ···1 :,: ·_' ,.''. 

-.-. --- ' ' . , ' ' : ' ":- ', ·, '._ · ,- ·-. ! ,• ,., 

. Vvi>.!~~ .. ,.~~t~.~.~g~~1~11.~p;t..~ , t.'t~~ . ~~J?~tl __ .. ;~.'7lage;:¼~t~ij,. 
.of,_hµm£µ1_ ,se:rt~m •.. ,Braid.o 19:33 ·{68) .· found that. nonrial '. 

,• •• ·• . .-'••. • .. •: •. ~- •. _•'•. ·_-, .· •• .•: ' •., ••, :'.";c_ . ;•_. • ,•: j ';'" ;O: ;; ':' . .- .. : • ••' ~•' ;. \". ~-- -~• .• ,, ' •,:• ",•· : •_'_ • --.•.' :,,:• '.: • ••" ?•.-·.•, -_:_f.·c ••_', • • ,: • < • -:-: (. '_ .. • • , : •,_ •' h , ,, .. ;_:_." __ , • 
0 

•: 0 • :-< • ··:; . ,.' .. ~?••, ',':, <;>- •.·; • ;" ,•• .-: ' :•;,._; '• •< ~--.-., ', 
' ' ' . 

.. ser~,.J?t .. ,l?-tl .. ~l?., ... .... ... ~'??.~~:. J~ag;11:t,.;~~_te ._hE11.1~ -. ~:tY;'; ,, 
th)?qgz~~ i1., .. .. 151,<>~1 .. ,cl:f.ft:~:r~~;tlr., ., . . an.~ ... c1.;t,'{t3 .. ~rt.;r. _J;.rC>~;,?, 

·hu~fVPJ.., ... .. ~ ·~.. .·. ~:~1.1~,~~.; ... •••·•··~~"·~~,: ... · .. !i:t'1~ .. ~.·l.~ .. P.i, ~4 .. ,;=>.~ t~~Y' . •t .~.3.~ 

(6J~·J . E3~~a,gl1shed .. t~e. pr,~seno~ .. ·~~. _group _ s,pecifi,c •··• 
• • • -. • - --- • ' ·• " .• - • • , •• .- - .. -. • •--' -'. , 7 ·• • - • · ···- , -: ·- - , .. '.·:· i. ' -_·: · :-,--, --·- · '_·. · · · :,~: •' , , .. _ -_-_ ·. , · ·', • ,. .-- _. , .. :- .· '--- - -,.- .- . :·. .. · •/ -_ __._ ., : · - -:- . -,: ·-- · _ :·· . · , , - . • • .... •. -. -- : :. --- . -: •. -- . . __ : - : __ ·;._ ·:·: .·,· . . , , , .. r . :; --- , 

agg;t.,µ~.-~~.-~t ... ~ ,.-,r,~~~~~ .... .. .. ,~.~P ... 11Wtt8Xl. .. ,•·~·.~l,.l.,, .. ;t;ndtBS-. 
t~.~t ... .. ~f .. ~,!1:~ .... t~b,~.+t .. ~43 :1?~ .~S,S!c.i1, , <l(?:q~~:l~·~c\)iE!P~-~1,!;~ ..... . 
agg:L:µt,~i~$ .. f<>.r: ... ~., g~_i .:t.Jb.,.·. ~.6~ ... ·.sp~a,~1~9 . ,aggl.p.1.;~~.:t'.l~.,.Jor . 

· B }}~·*·+.s., .. ,t1;t~ .~?~.- ,t~;;i.~c1. ..• ... ~ggl,p.~.+n.~/t~ . e.~,r .. -~:P~ .. ?t ~1ll?lan 
cells. · .. Herman .1936 (2<J) round a :vesemblance . between 

,.• ·.·, -..·.·,-,,~-.-' '•• ~-\ . ''.'c ·•.·'. :"i:•'·'·: •,: .:." .,.- -_. -~.,- -.. •,·.·•. ·. -:'·•- ·.: .- :::;·,:•t; '. ,_.-,··. :: ·n ·:--:~-'•;;: · .. ,: .. ,. ;• j .. _.,_ ,.·.";• '· 1 •. , , -. • • 

horse and .human agglutlnins. -
: • . ·.-:_-::;,,:'. : _·: ~ -:; :_'.;,";.'._'::~.:-!·'·:• : • .-- • ~: -.:-:_· . ,,:._ -- ,, .: ,.••~·!·,, ~--_ .. __ • . . _, -. , -_ : ·- ~--: : ·, .-·,,; . ,_ : .- ,-:--.--:-,- .. ,: ,.:· ·. ::, ·; 

Of the . above pa.pars reporting agglutinat1.on of 
-;-;-~,:, :_·• --1 1~·::-:'·•· ·> ·:••;:·'.•.- ,- ·~-- ·. -_· . .-·: : •. ' _; ·:.-_-----)"·' -' •·'."'" 0

: · , ·:~-- --· · :-- ; · . • •• - _ • - • • ·::· ; -· ·_ ·: · ·.: : · , .. · • • _;•.·· • )·_:·-· . · _.-:'·,·., . .. _ - : _:_ ·::. ·.:-,:-_·-, __ • ;--.-• • ::• ··. ·,·,-, •• : · 

hum,~,· .9~;:t,.~,, .. l?Y. ... EU?:~m..~J ,.,~•~,ra,; .P~Y· .. c,n.e· .. ··•·:reppI'tS ....• th.e .·.·?~SeJ 

of .se~p;ni. ,trom ;~niml\:l.~_ le>~e:r the z~.CJloe:i,~t:t; .,tJc~l~ · 

than Mammals. Karshner- found .. that. . qh1oken serum .cop-
. -~ ,. --.. . _.---"•'. ;, _., .,, .· ·.- -, .. • .. . ' ,., . :- --. ( '. ·- .': ' -· - .'· -·: -~- . .. t· _-;:,: ·. _: \ · ·-·" ·: ·.· ... :-:_-... ··: .-; .. ·:_ ·_. •' -~ ... . '·. -: ·: "! ." • .. -- .·· . : ... '. 

ste.11:~l-y- e.gg,~µ.~;re.i;e,d .bll:~~ C_~ll.~ .• 

. . . . S1noe it had been found in previous \l'lOrk that 
.-~ . ,_ , -•. -_,•_-__ ._-.- ._ ;, ; •i-·• -• · .. { .. : . • , •• -,·--•. ~_-, , -:;_,.,. , _ .. .. _; , _- --• ··, ,·•::·-. 1 ... -. . ·: '- ·· .· .• .• .--,, __ __ __ , __ ··· ... •. ·' ·.- ., - .· __ , .- ·,-__ ,,_ • •, ·,. . _ ... ·_ ; 

snake .•. fl~~ .. eJCllil>~~ecl .va:t:-i<Ytts def6reea ... .. of . hamC>lys1~ 

or agglutination of human cells, it seemed desirable 
' ·-,·_--·,._. ' - • ',· .. : .. .' "} ,,-_;, •, ,..-: , .. ·• ~ ,• :, . ;'" _,_--: --.--.- -_-. - ,· ,:, ,_-' - :- .- - ·_ , . •;.' :· - -_· - I·_. - : • " ,, _,., 

to m.e..~~. ,,.~ .... ll!"?t~"·" .~.9lI1P.~~1i El ., .. f\ _t-µd,y 9.t, . tpi.~. .t.Q 4e>:~~ ,:-mi,~ . the 

distribution 1n snakes of this hemagglutinating 



.57. 

pr~pE:lftY't .' 

Preliminary work showed that freshly drQvm dnake 
. . , ·, . .. ,: .. ; :- - _. ,._ •. ··' .. _ _ . . • • - . . .• ,! ·.•·_, ' '. · , , , . . , · .. . • '·• • •; . '. • . . , · ·. ·,, ' . •.- ·;, -:-- ·- ,; . , • . . ·' ·-•.· ' . •l ' -~ - • . . .,; , 

sel'l.tnl l'l~molyze_d httman .c.ell,s, . but that olp. . SAJr,Uln .;t 
serum inactivated at 56°0 •. for fifteen minutes did · 

· · ' ·, .. , , , ;, -· ·• · ' - . ' . • ,• . • '• • . . ' '" -· . ' : • • • ·•I , '· ',, ' . . · :. ', ' 1 • ' · ' • • • ' ,: ' • ' · .-'. ~, ·1- j,,_ •• •• • 

not .. · __ _ In. a.ll qf the f oll_ov1.1ng .wo:rk snak~:) s~~um _ ,yhi9J:>._ 

·exh,1bited tllis lytic action we.a ine.ct:tvated befol"e 

use_.· _.-

. -~he _t;eo~io use,d w,os to _place equEtl yol.ume~ 

of _Uildilut~<i _,s,Il~e ,, serum e.nd a .one percent· suspens;on 

of. h~rr1 .. oEill._s, _Jn ~ --- OJ)(!ln J>r3.ral.'fin _ring __ on E3. g~ass 
slide~ These were mixed by intermittent rotation .. ,.- -: -·-;::.'.' · -:.•· ·. . . _· ·,,·. . . ..... .... • . . ,.,. ... ,. . ' . '. . ' ' ' •····: . ' . . 

· of the .·slide for f:tfteen to twenty minutes, arid then .. ,.• ... , ·. -• .- ,.. :· , ,, ..... , ' ""· ·. ,· ·; ... ,-;-_ ... •· .. · ... 
' ' ' 

exemipe.<i Illicrosce>pj_Qal:ty :for_., ·.-_Olll9unts _ of: e.ggluti_-na,1?1.QP..• 
. . ' . . 

Prelimin~.I'f test~ at s0p. L ~f c. __ and roo11t , t~113:perat'll:r~ 

showed . no difference in ' amoll!lt.s ,c,f ,agg~:ut.~ra.~~or>:, · 
therefore · all of the following v10rk was carried on at 

.. -. ·'• · .. ';: ' . ' . . . . .. - '.: ·. :~ ' .· . . ., '. _. . . .. . . ' ; . ,. . . . . . .., . 

room temp ere. ture , 

A totai of 11g. samples of s.hakfJ ~erµm :t'epr~sonting 
•., .·. •. ·,.,,,.'" .' , ... 

ten g~~ere. ,al'.l.d e:t,gh,t;ee_en ~pe_cief! were tl~_t 11p :.,!;th 
,. . .. _ -. ... : . . , . .. _. .. . ,.' . ' ." · . . ' . ,. . . .' ' ' • ." ' "' ·. , . , · .· 

least ten samples of hunisn cells, :representing al:l. .. ,.. . ." .... , ..... ' ,. . . ,. . -.. .. , -_. . ' . . .. .. .. " . . ·. . ··. ' ' ·. . . ." 

four ~ -OVJrl typef3.' o.t these _ ll~, _Semple~ tl:l~jt,Y--.t;ye 

(3l.;.2%)' did not a~gfti'tin.ata . htrinQrt· eellsj two Jl.8%) · 
. - . . 

agglutinated A and AB ' ce~ls, twenty-two (lJ).6ft} ~gg;ll~ 
•• • •• • .• ·,.. • • · - . -. • • " · • ' . . .. , . . • • • ,· ,. . •• , __ .. _· '. i . . . . • -: :.. ,- ~ .; ·.' • • ;, . .-· " :· " . :· " ' ' ' ' ,."' -, 

tinated A:, _B., and AB eells,_ thirty-seven ( 55%.) _a.g~~-µ-

tina~ed al_l f'our typ,es of human oella and sixteen (14.4%) 

gave irregular results, 



.. . ,~\.}~9.~r~!-E?-~~pp · ~¥f;t11 ·.•·•$8~~, .. .. ,<?~ .... sp~~~e,er: ... 9°.Ef~\t.~~ :. 
d.et,.~rmihed from these resul.ts. As an )!ilustration 

• . . ,' ·: . .. : :~ .'. :.~ . ; . • I, ; -:,. a·-.:. ' •:_' ; \ {>_•·:, _-' .~-·• ·;,, I · \•:'• ~::• J • ' ,,'' ' ' ." -' -/ : , • ;' .::.. , •• -. c_ • ;_-; ! . •·.'"' . • \ . -, •-~ _·-: , . ·:·.", ·• <. ;,_:_, <_:'~·:•~{° .. , ;. ',' , .'. ;.-- ,..:· •' . ,, ', I -. · , ,·•' ~' · , •.• , .·- . · I .~ , • •,_ l •. · '··•--~•·f",' \_,~}'i,."'~ -•t~""•!""'.""\ ";"<..-c ._,. \ ••· fl."; • · .: ' . , · ;: ." \. ' c • , ;· :·-; .... , 

< ; < . ··.. : . . .· . . .. · . ·. . . .· ·.· . . . ·. : ; : ·. t .• : -i; ·\ '/:'//:( . 
it was :. ,found that some sampla.s of ·,sel:'Utlf .f:rom timber 

., ·;·- .. ·••>·>• •: · ;•' >••·.·"'•· .. ···· ·.····•· :.······· ·<'.·•···.··• , , ,. ;f• . •. ··.•.·-. J'•''• .. ···<'···:··.··•·.·,.:·•;·•:. ·:' .. 

. rat1;)..~~~(il(~a .~l~cl .. ,Al>Jt/!~~l~M~~t~ ~lll!l~t~H? ()?D·?· 
a~].\1,1; ~Ett.~d A .. ru:14 lf!:t ~ells and othe:t>s IaSS1ut m~'teci 

'·.-: -· ·.:•·'··- -.--- ···-, ··_·.·. _·•·" .. . ·.: . .- .· . .-•., .• •.·•·.··; · . . . . .. • . .. •·"··· .:: .. . . . . ; .·. : . ·, . · .. <, 

:At _, ,~1'. ., .:~9-:, .... ~ : .. -

Since it · was ·• demonstrated that a -d1f:ferenae did 
,.,,. -, ... - , .. . , .. , ... . ,,,.· •. ·,'. ·' ·· " ' ·. • ·.· .. •· ,·,, . ' '• ,-- . . .• ·· .. · . .•. · .. ·. (,. ••·· , . . , ;;.;• ., .. · ... . •- . . - ...... ,·: . . ,.·· .. · .. • ;,. ·,.: ·.:,, · . . ,., ·.· ... · ;. -. .- ... 

:·' · .· ... ' . :_, ··.-·.,.·:· .. · '. ."' 

ext.~-~. -)~ .J~~ ... . ~se;iµ~~,;.t,~J;~ ... J?tP1?.~rtY .. C?r. ·:~r~k~ .• : .. :Sc~.r~_.; l~1; . 
. ·. · .• •, · ·. ·: · . . • . . ,: . . _.·· :: . . ··: ·.,, ·: ·' 

hmn.~ ..... .. ~,t.;~.l .. ,_t;!Jt,, .. . ·.Ji.~;~-.. ,9.P.,.S .. ~.t9rl ...... 'C9, •... ::tl,~ ... ·. ·-~~y1~rE3<;-_.-·Y:f~~1:.· 

Xe .. .~e;g~~t;~-~:-~.!Pil ... ... J<> ._, sJ?.,c.fJ;<; ...... · 
-s:2.riH.~a~ .. t ·<f •'the· agglut.ihlh's · in human ··seruin. fo-r. htiinan 

ceii.J1 

JrP-~-~J-+r.~ .. ~·. __ ;:~~r~ .. ~e?.EJ~.~- ... "!9.r. ·.::·P~.!~ ..... :. ij.1;,u,c:1t ·>~f~.~·•.••·•.·HPt1B•·, . 
. • , ' 

_ of·::fl.. fl~-+~ -~:n.a~e,, __ ~;.~'-!.,P~l:l;~ .. fl~Y'~.~ . . Tll._1~ . sl)~OJmE3n .'?f ,. ~e~ 

' v1hen .111~e4. w~t~ .. iOP ... ~-~p:Le s . of. h'\Wl~ J>l.ood., ·which had 
• . . , ·: ., ; .. :·. :· ., ·,"'· ••. :· _"· •• •· ,:· . . • ·. ·.·, .• :; .. ; I .. < • • • , . . · ' ·. ·,•:; . :. '·• ' .; • .. r.:_ '.'' ·• .. ,- ·. _. ·. >. '.'• ." . i · . . ,. "., ' ·. : ... · ... • ., .. ; . •. ·,. ·' ' : ·· ... \: , .; . ·'.-.;•. ,. •: ;··, . •, . ·.· .. · ·, .. ' ,; .. • .-) ·, . . ' , .. ' . , . . " . ; .. _- , .. . .. •".,, ": \, : . ' ~: . . ', . ·: , ' :: · ;' '. .'•,. ·. ·'. , •. _. . .. ' " . '· ...... .. · ... . ~-" . , . '. ·,.·. ·" 

pr€',!~~pfl;Y.- ~,~!l . tY.P;E3~ ... ~~~1?-.,, ·1q19,~ ... l;~~,.,se.~,: .... g~!~: .-,~~~ •·· 

tol..l.qw~s.:.J?e~µ.l~~ •··•· .~<?~~,t~.1gb.t .. ,tY:Pe,. 0, -.~8 ~P1._~-~ ... V'ef~:<:., · 
. ' 

no~,- .a.~g;µ:t~a,t_e1~, .. .. }?'9:f? ... ~~;f~:Y~~e'\Ten ty~ A, .- .fl~~'.fl,n .... 
· type B end ,four type .~ samples were -~g.glu~ln:.ata~. 

;:: : , .• '. ,,. .• · . ·• ..• . · .. · •. . · . . , . ;· ·_•:.; • '. ' !' . '. ,· ' ~ · .. · '· .... • ... .- . ' .. , . .· . ·. ' ... ; .· .• . . ·:. ,- • • . ·. · . .- · .. .. · . , ··; .-, •· .. . . •, . t · . . •. --. · .. • ; .· •· . :· ·, .. · . ' .. .··,. ··. 
\ 

_.Th~ ._.f:WlQ'µ~~~ _pf' ag~:1.p.-t;ine.~1()~ -~.r-. ,t:vpe_s 4.,>:s,. _)md. •~ -

cells varied from two plus to four plus, 
~,•. ;-' ·,,~,:.,•-:• ~· :• ... ,.-.-... _·~ • ;._;·•:.::--.\:: .. ;,. :.:, · ·.:~~;.:, -... , •, • ··:·.-:•: .\ .... ·, .:.:.: •• ,-,' . . ,·,.·._. ··." ., ..... , .~ .· .: •.'. ' •' .. •· · ... •. · . . 

_ Four port1<;:>ns . of th.is . ~nao:tiv,ated, ser-um \~terC:3 then 
•_• .· ' ·•• .• · .• ::-:···· • . •, .. , • ' .. _: • ' .. • • . . ·.•• • • ·._·. _. , , • • _;.··. . ' • · .... '• •: , c· _._ .. ·• • ·' • . . . .. . • . . . . . • • • • . ,. . .' - •· ; ,· . '. '• . •' • 

abaorb'ed viith washed packed. cells ctr the four human·. 
•.· ;•··.·· "'., _.c• • • :·• .,· ' .'· .· ·:,· __ .•: · . • · • ,·. . ,_.., •• ·,.• ,. · ·.'· . • ,: • • , • ·' 

typea .• . 'l"his absorption v1as carrled out .bY mixing (?pe .. 
. • .... ,.~i ··. •. .. • · -:.- .. ·.· . , ; : . ·: · ._··: . .. • · ·: ·:· : . : ; ·',· . ;\· ' .. ·, , . ·, , . · • . •, ' · ; •.. • ·, _' .' .• ·:· •. ••. ·.~;. '·· . . • . •; .. ,:,_.. . . \ . • . . • · · ·., • · I·,: i. ·• , . • 

· pa~t of .~d,1l'll~e<l: :serum. with _ty10 _par.ts ·<Jf pEJ.9k~<i: ,~-~;~s 
1n a shaking ma.chine tor one hour. The fou~ 1:1amples of 



centrifuged supernatant serum were then set up \vf~I'.ii 

the one per cent -cell suspens1ons ·used 1n the prelimin• 
·, ' 

ary determinations., The results obtained are giveA ;.1n 

table IJ:I., 

. 48 speei- 37 · speci-
mens type mens type 

··. :Cnactitra,ted 
Serum . · -1 
Inactivated 

. Se:rum ,absorbed 
··. with o cells 

Inactivated 
Serum . absorbed 
with A•celle 
Inactivated 
Ser.um ' absorbed 
with B cells 
Inactivated 
,Serum abso1 .. bed 

. \ \vlth AB . cells 

O cells A cells - + 

+ 

... ... 

+ 

.. ... 

. Table III 

ll apeoi:"" . 4 , :apeoi-
mens typ~ mens type 
B _, cells :'· AB , cells 

. + 

. The results given in the above table indict1:te\ ths.t 

the agglutinating property of this snake serum f.or }iuman 

cells, 1s due to specific agglutinins for . agglutinoge.ns 
' - . . 

.A· ·and B in human cells., These agglutinins were absqrbed 

specifically by the corresponding agglutinogen and 'B;lso . 

were removed by absorption with AB. cells. Tr.tis would 

indicate a sim1lar1ty of agglutinins in snake and hwnan 

sera.- Additional work will be· necessary to deterniine 

whether these factors are identical. 

Similar determinations were made with the serum of 

a Diamondback Rattlesnake and serum of a Timber Rattle-

.snake. Results identical to those givenabove ,were ob-. 



. ~a:tnaci . with these .!t,110• sere.. 
' 

In the sur~ei of' the diatribution ·of' •p~m~ggl~i;ination 

by, snake ·ser•um, . 1i had be~n fo~d that . t@I·t;,.:'i;iii-'~·e,\per 
', -_-,_ -_·:\ · --- · -_ I - · - · ·· ;. f rr:.; . to..~/.:_.'::·\: -_-:- >:''·/.:{-·::: 

O<lrit of the Bi !!ke Sera exOO!lJ,ne.4 egg),µJ;~l)\l,f e~}~~t 
·6tlls in addi.tion to. A, B:~· and AB · cells.~ , ~inc~ '.z~~~i}three · 
. __ ·,_. _ _ _ . .. __ , _ _ _ __ i _ . __ . __ : .-___ , ··: \~-,:·:,-:: : .··:',, __ -/}:':•Yff 
' sera . used in the above . work exhib1 ted apec1.f:tc /abiiotba.ble 
/: , _ ,· . - . . / .· · .. - - ' : ~' -> - . · .. . ·- ' · ,> , ' ·:-:t\.';t\if 
agglutin~na for human A anci B agglutinogens,, :tn.t:1·_,.q'li~s tio11 

. ' .; . . . . . . . ·~ . ; ' ' . . ,: ' ' .· . :' -: ': ··, · ... , ·-:'···._' ·-: ._., ·; ,-_, '·" ·,: ·.::.· ;! 

aro~~ -as. to what factor m_ ic,ht b_· e resp·. onsi. -_bl_e. f'Or -tfi~ - 0 . · ,.'•,::l.• , 

•:ist~~ut_i,;iation of type· 0 <:ells; which do llOt cor1~J~~-l 
· '.A ·f¥1d $ agglutinQ;gens~ 

Fbr .this -determination two $€;}~a were· s~J.~cp~~f/:Whicb. 
,;•'.:·.: .!,:··, ;-::•.- .. ''•::-:., -; 

iff~ggl\.fti11a~¢d · oell~ · i,t ell four. types~·.·. Port.foB.s-'.O.ei,these 
;,> .·.·. ,••. .. . . ..· . . . . . . . .. . . . . . . _·, ,:;,' /'\;_:}!/ 
/-~1e'.ra.-· we~e absorbed with· eaoh type . of' hum~ c~lfst /~~d 
'itb:e )cent'~1f'uged $Upernatant ~erum set up ,w1th·'_saiiiti~$ 
:-\ · ·. ' -'.-_ _'.-:._:· · ·. ;, ,. j . . ' - ' .... - - · . ' ' . . ,,•. - · . . :., ·•_,:/.::-~·::?~::·:'; -,. 

\' <>ct o~ A, B, and Al3 . Q!-llla, . +denti,oi1 resu11Is {i¥fa/~;pf· '. ' >,< . . . . . . . -; : . . t ' . . - ; -- ' : ..• , ; ,, "' -'1 i < : ; 
:\talned. , vd. th these . two seX'a· tind . S.I!,8 given !n table .JV~ · ' ' . . ' t ,_, ; ; . · .. -. . -~. ~' .. ' .. . . . . ; : ·-, . '. ... · . -.. · '.:. 

Type O . Type· I= _Type .Jj . Wype . lib ;··· 
Inactivated ' i 

cells __ . cells :cells . ·cells· _;:_ 

,Inac tiva.ted SerUlll 
:' absorbed ·with o 
cells . .. . ·. . .· .. _. ·.· . . 

:lna.ct!vated Ser•um•. 
>abso~bed with A 
>cells : ,··. ·•· .. . · .·•· t I 

·.·•J:nactlva~ed_· Serum 
· absorbed with B 
<cf31ls . . . . .. .· . . 
Inact.iv:atec! Se:r•um 
absorb.ad with A13 

. cells 

' + .· + .+ ·f 

..... + :+ 

.. + 
p • . : 

·+ ·· 

... - -
TableIV 



·The above results show that the agglutinatill£i 

property o.f _ these se:ra f'or type O ·cells .was removed/ 

by absorption with -any type or human cells. Thia Jbuld 
.- ...... 

indicate that some snalte. aero. contains an 1:1-gc;l~t:t.11:t:ri 
. . 

f'or all human cells. This may be oonsider•ed as· a · 

species agglutinin. 

The two seNl which agglutinated only A .and AB 

cells were absol''bed ~i th A cells ~nd with B cells by 
the previously desc1•ibed technic. Serum absorbed 

. . .· , . 

with type A cells wo.uld :not agglutinate e1 ther : A or( 

cells, but serum absorbed with B cells. retained 

its agglutinating property tor A and AB .cells.., Thi# 
. . . 

must mean that an agglutinin· similar to the Alpha 

agglutinin is pr~sent in these ty,o sera. 

To demonstrate the possibility o.f determining 

unknown hwnan blood types w1 th snake : se:r•um, t \VO 

portions of each of .five sera were absorbed with 

type A cells and type B cells respectively. These 

absorbed sera were . sot up with t wenty-five samples 61' 

unknown human cell suspensions, by the usual technic. 

Follo.mrig t11is, each cell sample was typed by X>outine 
' ., . ; . . ' . · - . ... _ 

prb~edure .,tor verification of, ~he ·type. The resul~s 

with snake ·serum are given in table V. 



Serum abso:rbed Serum .absorbed 
with .A cells v,i th ,a .cells 

.:i .. Pat1entls 
(/ ,:cells ·.·:,_, ·.::: .·, 
'. : Patient• s 
·, ·cells .. ....... · ... · 

.,;\:;;·.Pa.tien.ti s 
·c,· cfells .. , ·· •·.·.·· .... •· 
<.pat1.entfs : 
· ·:oells· 

--
+ 

. +·· 

-
+ 

- · ,· ': i' ., 

+. 

Tabl~ _VT 

':hf) .:ttesults r:,$:\ : .the above table c' ehov1 tllat,·· bt . 
: 'app:ropr1itte1y· absorbing a ' ·selected •sht\ke..:, se1~um • ., : a 

. . . . 
de.te1"-;m+na:ti~n. ,or· hwnan· blood .types .ls possiblEH ·• .' ~:rl?e 

.:o cells w'11~ -not be " agglutin~ted by .absorbed. serum~-' -

... 'rype A cells . will be agglutinated by , serum absorl.le:~i;'. 
' . ' • ' . . ·.• < . . · . . ·. ·..• . . •· '.··-··1 •with B cells, but n";.:-t w1tll serum. absorbed with A 

-cells. · .·Type B cells will be agglutinated bY se1-aum: ,,,b-

. ·sorl)ed. v,ith A cells., but not by ser.llll1 absorbed w-1tl{-:!' 
\' cells• Type AB oe~ls will be agglutinated by serum · 
a1?sorbed witheithe:r A.Qr B cells • 

. S_inee 1t had been round thatthe hemolytic. prop~rty 
-of snake . serum £or h~-cells eo~d 'be · rem~ved by· · 
,· ··-. -_ .. •· . . 

j:1naot1vat1on1. the question arose as to the stability 
• ' i ·.·.·,·:,.._,·. : .. 

. , . •· -'I""".'.' ': ; 

. ot <. t~e . aggiuti~a.t1ns property.· For . this deter1min.a.tJon., 
, . . . ,:. , 

:: . serlll'll from f 1 ve Bull Snakes ~vas · inaoti·veted 1n . . an·-• c,~l 

-e2. 

,.bath ~or .f~ft~en minutes at temperatures of' 45° 1 .50<\, 

55°; 60°, 6SC), and 70-oCentigrade. Following the heating 
· ·each se1"tm1 was diluted ~erially frorn 1 .. 2 to l-128, 



'Equal volumes of these aer•um dilutions and su!1~¥p.~ibns 

of .ea.oh type or .human cells. were mixed as prev1Q~.s:t,y 
,dese:P ibed. The amount of agglutination was determiped 
.:for e"4ch dilution to show the drop in t:1 ter due: to ,in-

activation. 

Table VI shows the results obtained with 6ne .· of 
. these sera. Some var1st1on \Vas found f'or the rtva <sera., . 

but as a , rule the Etgglutinins .for A, B, a;nd A!3; ,cells 
were removed ·at G5°or 7oe.. The removal of ·agglutinins 

for type O cells wa s more variable, but the majority 

were removed at 50°0. and 55°0. 

These results compare very favorabl&ifN1ith. the · 

ther1nostabili(v of humari isoagglutinins. 

Oilb"tl•"I. . ' 1-~.----=-.a..-=....;~· \ 
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In a study of ~he. agglutinating p:rOJJertr ~{ l.12 

sriakettse:ra for htilii,~ cells, 1 t was found • that 'i1-.·2i:. f (llO.t aggl~tina~a human eells, f ,8% ~$l~ti1~/ 
,~ .and ·AB_ eel.ls, 1~d6~ agglutinated A1 B, a?l.d AB. 
eellet, ,· 33~ agglu.tlnat.ad all .four types of. hum'..ml· oeil.s 

and l4;.4%gave irregular x-eaults. 
'rhese' ll2 samplea represent· ·only el(t;htean sp~9Jes 

• ' ' ' . • . ' ' . n 

from t.en genera, so oonseque11tly· the results d.c/not 
gove f1 · ·ooll'lplete· P1cttu1 e or the entiz,e suborder Serpentes. 

Nevertheless it is a large enough represexitat1on to \be 

of sign:tfica.nce in demonstr,ating the fact that\·e. ser.-

6'1og~<ial similarity does ex1.st between J;he serum of 

man and certain reptiles_.·· 
• /''":'/ ., .r··,>;l . 

Not only do these sera ~Jsgl.utlnat~ hWtlan· ce+'1s',, 
'f_ !, _,' 

~but the ·agglutinating r~ctora~. tox- A, Bf' tUtd. AS Q~~la 

are speoif1oally absorbe'a. ouf 'by A ·and B human cells. 
V . • 

,/ ' 

' \.., ,, . 

snake sere. may be .regarded a..s a speci~ agglutinin., ,a;noe 

it is absorbed with· any 'type ot human cells. Since 

these agglutinating·te.otors can be speaitically absorbed, 

1.t .is possible to. use appropriately selected and. a.b~ 
;·',·'(;>'" i 

sorbed· snake· serum ·for determination of ·human bloqd.:; 

types. This pro·cedure is not offered as a practical 

method of blood typing, but to add infornmt1on to our 

rneager ~owledge oonoe1,nirg the serological relationship 



of lo\ver animals and man., It is hoped that a.dditiqnal 

work .may soon be carried out with sera . representing · .. other 

species, genera and families and that ult1ma.teiy,m~re 

. complete· oonclusiona can be made in · regard to< d1.stri.-

bu.tion of these agglutinins in snakes" 

Oonclusiona 

Snake serum may or may not contain ag1r,lut!nins 

for human cells • . 

2, Agglutinins a.re found in some snake set's. for 

human A, B, and AB oells. · They may be 

speoiflcally absorbed by human A and B cells. 

3 .. An agglutinin for O cells was observed in cer-

tain snake sera.. It may be considered. as a 
. . 

species agglutinin since it is completely ab-

sorbed. by any type of hutnan cells. 

4., Appropriately absorbed snake sera may be used 

to determine human blood types• 

5. Snake and hwnanhemagglutinins are equally 

thermostable. 



J:v., , studies oh the . Hemolytic Prope~ty c,f ·snake s.e:~ti111 
,•. •- . '.1.::,. . •, ' . ":·· . · .. ' .·.··, 

, ' • ,, . :·.-;·,,. 

:for '. heterologoua red cells has been known. fo.r "SOll1${ 
. - ·- ' ' .. ' -:. _·--· -_._. ;··_. ,·-· _- ·, ;, -.:,, _: : 

time., This ·propert7i is usually explained. · as bet.ht\ 
due to the pre$enoe of a natural oceuring aensitia'ci~ 
.and the ·oomplem~:Q.jt_ _o:fL•i;the free}\ serum •. 

. :· - - ·--. _ - . -_-- -~- . _.~ ---.: -:-_~~"~"'-:-"-~,.,-_._-,··· 

"'tt···11{is ·· 1,eeh mtmt1kned .1nb:a pr~v1ous sect1oh . that · r - . ·_ : . . . .. . . . f: , -. . · EC-· . :' ; \ . . . > -... ·.· ..... _ · 
f:resb snak~ ,serum exn1b1·ts· a '( 'iytic•}IS:c.ttoi;t ,Qn liUllla?l 

' : . -: : ·.' .. ' ': ·_;. . . . . ' '. --~. ... : ,_;" . ..-:...-. ~. : :. · .• ,' ,- ,· . 1 _: ) } ··, , ., ' ( ; ·,,, ' _•- . ' . . . ',· 

; .. ·... •. . •. ~.. . .· . • •. ; ·. ll"' • : . . · . . . .· .. .. . · . . • .. · . . ·,· . 

x-ed eel~~;~/;. Subaeq~ent·•·:worlt has .showri ths.t snake· 
·• ' -· ' . . ,./ ( :- ·, ' ; \ . ' ,', ' ',{ 

<s~rum is also quite frequently hemolytlc ·£or she-ep)t 
: :-~ .. ' ·,: !: 

gu;inae.p1g., and rabbit erytwoeytes. 

A rather careful sere.rob .. Pf_ the litera.:trg~e ·r~ll.ed 
', · . · .. ,·,· : ... ·_.:·,.'!· 

to disclose e.ny published experlmantal ir:ivfi;3t1g~td:.Otis 
: rit · the .. he terohemolysins pre-sent· in snake . sa~iun. . tt 

."- . . . • ' . l • - . - . - . : . ' . ' , . ·_:' .- . 

seemed therefore desi:rable to make such an .investi.-;: 

gation. The present paper z,epresents a report •• of . 

experiments designed to answe.r, in so far a.a possible, 

c_erta.in fundamental questions bearing upon these 

,h.eterohemolysins. These questions may be stated . . 

briefly as tolloi1s. 

l. What ls the i rioidence and titer of ~ha anti-

sheep and anti•hmnan heterohemolysins in ;the aamples 

of snake serum available? 

a. Will snake serum diluted beyond its natural 

hemolytic titer function as a complement to bring 0 about 



. hemc;>l;ysis of red cells _sensitized by antibody obtained ·- ,._ ... 

. :from immune rabbit serum? 

3., · ls 1 t possible to restore the hemoiyti6 ,ae_ti,on 
;<--.-.,. ,~>).·" 

· to a snake serum which has been inactivated by -heflt? 
4._. Is 1 t possible to definitely demonstrate<_ d ,: . 

heterohemolysin ( sensitizer } in sn:e.ke seruzn and if . 
. . I ' : .~: -~- . '· ,.-

' present, can it be separated from the .complement which 

is . present in the f:eesh serwn? 

6,How does the complement titer of . snake serum 

compare w.tth that of guinea pig complement and how does 

it vary in different snakes? 
·, 

6,. - Ho·-,,v does snake complement compare with gp.inea 

pig complement in regard to heat 1abil1ty and to the 

effect of storage at different temperatures?·· 

7_. \)bat is the antioomplernentary t1 ter of normal 

animal sera, .and normal and sn>hilitio human- sera for 

snake 'complement? _ 

a. Can snake complement be used successfully in; 

(a) Bacterial complement fixation? (b) The Wasserman 

reaction? 

A. Inoiderice and .Titer of the Heterohemolysins in Snake 
serum. · 

Thirty-eight specimens of' fresh snake serum, re-
presen~ing 13 speciea of 8 genera caused ·eomplete 
hemolys1s of an equal volume of' a 1% suspension ot 



htun~ and. s}?.eep cells r~"spect1vely. 

The· degree of hemolytic .activity of the .. •samples 
exar,tllned varied :>considerable, with 11 t tle ... rela1i1.6hJJ1p 

. 'i i-

8.S /to apeeies • This degz,ee of hemolytic.·•· act1vlti/c~n 
beat be· expres.sed in terms of .5cc. of the }:lighesti 

dilution or serum necessary to hemolyze 05cc. ·ot ,a 

1% suPension or red cells.. Various dilutions o:f .·.the 
tre.sh serum were made and mixed with an equal volume 
of the ·17' suspension or red. cells. The highestr dilution 

ot th$ serum causing complete hemol.Jais of the cells 

was called ·· the titer of the serum. 

Tlie average hemolytic titer of the sera :for a·un1t 

of human red cells was .Bee. or a 1•12 dilution; and 

for a unit ot sheep cells -.5cc. of a l-32 dilution. In 

compa.r!ng the activity of fresh snake serum on human 

and sheep cells it was tom1d t.hat seventy-five percent 

of the sera required more serum to hemolyze a unit of 

human cells than a unit of sheep cells. Twenty-five 

percent.required the same amount. 

B. Complementary Action of. Snake Serum on Sensitized 
and Normal Cells. 

The _fact that this hemolytic property was character-

istic of. all fresh snalte serum but not of inactivated 

serum, suggested the presence or a complement in snake 

serum. To demonstrate this complement, if 1.t did exist, 

it would .be necessary that it be a.etive in a. higher· 



~:t-iu.tion than the ae~um dilution which was hembly,t~l 
:· ·::, ' ,: : : ' ,: • ' • ' ' . :~ • ' ' : "1 

f-or _r~d oells, :f Vlith this fn mind the following, .\.Y~,t~ was 

:~ar;ried out •. , 

serial dilutions Qf., ... 8(3.V~.~,lll Slll\~ef($e,:r, .were, 'se,~ up 

.\Vith sheep cells sensit1ied wf~h $p~c1f1c ':rabbiti ijti• 
' · ·, . 

sheep hemolysin and a similar set of dilutions with r . ,·. ---~ - " ' '' .. ~~-· .\: 

,sneep cells ·not trea~ed ·with tl,.e rabbit ant1-she.~p . 

:bem.o;J..ysin, ~he highest dilution or the serum '. causing 

9omplete hemolys1s of an equal .volllttle or oells : we.~ 
called the titer, 

The .results obtained show that everyseraexamin-
... \ ' . . . . ' 

.ed hemolyzed the cells. ,sen.sit:hze:d ,'~yith: 'the~·sp~oifi;c 
' ' . .,: -~-: • . .. ' ' -~ :~, 

.rabbit ant~.,.sheep hemolys1n to a higher dilution than 

the 0'3ll's not : trea.ted with·the inmrune serum • . Two .ot 
these sera showed a very marked dif'ferenoe~ These two 
hemolyzed the untreated cells to a 1•4 dilution and 

the treated cells . to a .1•128 ~lution. 

These 'rea~ts suggest that a oomplemeD;t;active on 

cell a sensi tizetl ·.with a hemolysin prepared · in a warm--

blooded animal; is present in snake serum.,_ This 

complement is active to a higher dilution than the 

normal hem.olytic action of the serum. 

a •. Reactivation or Heated Snake Serum 

To demonstrate .further that this hemolytic property 
of snake serum is due to a hemolysin-oomplement complex, 



/a-t?tempts were ·made tq. rea..ctivate lleat~d :an.alee .setw1f 

·;with fresh sn.ake se:ttUm, 
" ' ,. 

The snake serum used as a source· ot complement; 
''lla.d a COlllplerilent titer of , ~2CCf of a t;ao. dilu.tl<:>#;; 

'·, ,,· .·• ... , ,·>-....-,_· 

Thisserum.cauaed hemolysis ot normal cells !n,a.i~i\ 
_. . . ... ' :·::-.:::-.·· __ .:-::::··:/i.:':::::_:;:,'.i:~-

dilu.tion .. but not, .in a 1~12 · dil.U't;ionf The. !naotivil.tf;>d 

}s_na1te··•·•···•serurn· OI'ig1nal.1J ·had·. a .l1emolyt1o···•~itep· .. ··ot•·••···ii~~~;-
. ' 

'but after. inactivation did not cause heraoiysla _ot red 
cells even: in' a 1--2 dilution. 

Sex-ial dilutions~ beginning wtiih a 1•12 dilution 

0£ the trash snake se:rum were made and. .5ce ... ot each 

of theee-d1lutions was added to a series oi.' tubes which 
had received .Seo,. ot 1% cells and' .soc·. of heated snake 

serum .diluted l•5o 
. . 

It. was .toUlld tha-t hemolys.ts.: of the, oe.lls occurred 

t'o _,a '1•64': dilution· of t·h.e fresh snake ,sepunl, Th1,s 

shows that the 1nact1Vated_ serum had ,se,na~tized J~he. 

red·cella so that they would.be hemolyzed by a dilution 

of the fresh se:rwn which iva.s above its. hemolytic ,'titer 

but ·w1.th1n its complement titer. 

'It should· be mentioned that t..lie . hemolytic t~ter. 
ot·tresh snake se:rum·seems to depend upon the ti'!;ier 

of.the s~nsiti'~eP rathe:t- than the titer of the 09m• 

plement. Results 3.ndicape t}?.at, .invariably the com-

plement 1s a.otive to a higher•d1lution, than the sensitize:r. 



Since 1 t hf,ld been possible to reactivate hee)tfea. 
snake serum w;th fresh snake serum, the question .f;\lloee 

.'>·,.-, ·/ :-,_· __ ·_ 'i:' ..... ·.·.- ,,· __ ' 

as to_the possib'ilityqf using guinea·pig oomple1nelil.'\; 

in the same way~ 

Snake sera ,11th high riorm.~l hemolytic t1,ters were 
. 0 . . . ' 

1naotivate4 at 56 a., for 15 minutes~ A unit, ot ~:trtea 

pig complement ,vas determ,ined e.coorq.ing to Kolmer,,_ ·\To 

.6ee. of ·the heated _snake 'serum and l unit of .<fol.is 
was. Rdded increasing amounts of guinea pig complement 

from .l unit to 8 _units. In n,o oas·e did hemolys1s occur .• 

Further work will. be necessary to de_te.rmlne thtl 

cause of this.difference.between snake ~nd guinea pig 

complement in rea.c~ivating heated snake serum., 

D. Separation of the Oomplem<:1nt and. the· Haterohemolysin 

Although the above wor.k has demonstrated the 

presence of a complement e.nd a hemolysin in snake se1n.1n1;. 

1t seemed desirable to adopt anoth.er ex.periinental pro• 

cedure to separate and to demonstrate t.hase _two factors, 
To separate these two f'aotor_s, a procedure was. 

used whiah will demonstrate the fact that guinea pig 

complement is inactive at o0 c.,, 'and that red cells will 

absorb he~olysin _but not complement .from a mixture of 

hemolysin and oo:mplement when kept at 0°0, 

Fresh snake se2"um whioh had a normal hemolyti,e 
, . 

titer of' 1•32 was diluted l-4. Five tenths. cc. of this 

serum dilution, .soc. of a. l~ cell suspension,-, .and 2cc. 
of ·isotonic saline were thoroughly chilled in.a brine 



A. similar tube was.-,rnixed 

• ·:-·-:_.,-_:--_, ·, -'.-_·,< , 

<tube in the frea~1ng bath .no hemolysie, The tµbe 

showing tlO hemolJais was pa.eked 1.n .· chilled l:)rine and · 
ef 

raptd:l.y centr:tfuged.. The clea~ eupernirta.nt fluid_ ~e.s 

>separ>ated from the·sed.1ment and these returned. to the 

brine bath. :tmmeo.1e.tely.. 

The supernatant f1u1d removed :front the m1xtu.r$ 

\vas tested toJ:i the presence of complement and .for it.a· 

hemolytic action on normal :red cells. The f~llow1ng 

:results were obtained. · · 

1. supernatant fluid. ,.sec, + Saline .• 5oc. + Calls 
\ 

,Seo. :. lio bemolya1s. 
. . . 

2, Supernatant tluid .5~o +, Bea.tad snake serum .5oo + 

Cells .• 5cc •. : Qomplate hemolysis. 
• · .· ' ,- : . ' .1··.: 'I 

3. Saline .• soc .. + Heated .$neke serum .aco + Celis 
.soc, .: No hemolysis• 

These results show very de.finitely the presence 

of complement and. a thermostable hemolysin in fresh. 

snake serum. 

The .sediment of the abo,r() experiment was brought. 

to a 1.5cc. volume,wlth sal.ine and allowed to stand 
at room temperature for 30 minutes., Inva.riablf 



llernqlysfs of the eellsiresulted, 
'. ' . , 

The· latter result is an ··anomolous one and. ':needs 
! . ..,-. ·.· ·,, ·., .• . . ; ___ .. ' · .. ' 

f,~ther, 1nvesti8at1on since· it ls not comparable\to· 

·the result obtained when using e. preparedhemol;ra;ri._ 

guinea pig complement, and sheep cells. 

Two_ expianatio~s which might.be otr,red.to.expiain 
the result obtained with the sediment are; First, 
Although snake complement· does no.t produce;hamolysfs· · 

. _- ·., . '. __ ., 

ot .sensitized cells at 0°0., a portion of .tbe comp_ie-
ment may· be bound by ·_t~e sensitized cells_ and become 

.active when brought to a higher temperature. second, 
There may be present some hemolyt_io agent _wllioh doe~ 

not depend upon complement .fo~, _its activit11. 

E. Complement Titer, of: y~r16us· Snake Ser.a. 
Since it:had ~een.shown that a complement action 

was e.xh1b1ted by_ snake ,$E3rum, 1t seemed desirable,· to, 
' +- ','. 

compare the.activity of these sera to that of guinea. 

pig comple~e11t by routine oomplem~nt titrat:1-on s.ocot-d• 

ing to_ Kolmer. 

The rabbit anti-sheep hemolysin used in the previous 
• T - .,. -, 

lament, therefore ,ve.s retitrated in an excess of snake 
' ' . 

complement.· In no case was this amount hemolytic for 

normal sheep cells. The unit of hemolysin. was tound, 
4 ' • 

to be the same as that found.with guinea p1g_eomple•. 

mant, 



··.7a_·. 
,:, .-• 

J:n .each ot . the following routine co,mplement :, 

·.j;itrations, . . duplicate dete:rm:+nations were m~d~ :wftif 
' ' .-- :;._./\>.:(: 
n9rmaLunsensit1zed sheep cells to rule out the :a6tlvity 

·· ot XlJ.>rma.1 hemolysins 11 . 
I . . 

(jifteen sanmlea of sera, , representing f'our . spe61es 
' \ ' ' -

' \ ' 

of ·sn1;1kes, . were titrated; . 'fhe average eomplement ·titer · 
' ·., \ ' ' 

for tl'Us series of snake sera was •· 2cc. ·or a 1•20 " '' 

' ' . . 

dilution.\ , The h1ghe.st titer found was a ,lee• , of · a _ 

l-20 d:tlution and . the lowest ,.:;a5ec. , of a 1--20 dilution., 

In no case we.s "l>cc .of ·a 1~20 dilution hemolytic £or · 
one u..Yli t of unsensi t;tzed cells in a 3co·. , total volume• 

The results obtained from these titra.tions ·would. 

indicate that complement is pl'esent 1n snake serum in 
' . , . . 

' run,ounts comparable to that found in high ti tered sa.m• ·· 

plf)s of guinea pig serum •. They would .also 'indicate 

that ~ the average comple.ment titers for shake serum is . 

greater than the averoge for individual si1mples of 

guinea pig . oerum . .. whic_h ve,ry lri complement content 
·.,_ 

-quite markedly • . 

_ To d'eterm.ine the constancy or the complement 'titer 

of individual specimens, .bleeding~ were- made at i:rregwl.ar 

interva,1s and the titer determined • . Typical .results 

are those o.f a water snake, ·Natr.!~ rhombif'era. 

1. ,January• 19 1 unit _.2cc•• .of a 1-20 dilution 

2. ;February 20 " .200. · n ,, 
3. . April 3 ff .l.5cc. ff " 



4. April 9 l 

5o A.pril 22 

6,. April 27 

unit 
ti 

It 

.200. ot a 1 ... 20 d!.lu:b:ton 
ff 

.15cc. 

.tt. 

n.·.· 

This . would indicate that the complement 1n shake 
serum is a very constant constituent; varying onlfi: 

slightly from week to weelt .• 

F. The Effect of Heat and Storage on Snake Oomplemel'.lt 

To further oompa:r-a this complement tq gui:nea,pi.g 

complement, the le.bilityand rate of deterioration was 

determined. 

In a previous section it was stated that fresh 

snake serum or serum lcept frozen for several days, 

hemolyzed human cells. but that serum kept for .. a 

longer period or heated to 66~0. for 15 minutes did 

not ex..~ibit this action. The following work was done 

to determine ixe.ctly the rate of destruction and .deter-

ioration of this complement. 

Specimens of fresh snake serum were placea.iri a 
Cl 56 o. water bath and a sample removed every minute for 

ten minutes. These samples were then titrated against 

normal and sensitized cells. All of the speciznens ex-

amined showed a loss of hemolytic action after .5 or. 6 

minutes heating. 

Theae results a.re comparable to the inactivation 

of the complement or warm-blooded animals. 



,o·:aete:rm1ne0' the ·~ate ot ·aeter1orat1on o~:. stitilti 
','. •:·<·<, 

-~> 

\~qlllplement, . port1on,s. of 1tierl1U.C'f\.l.. · 1e.:rum •. war~ atgt~~,;. 
)1.if t,~mI)erat~es .ot h0 .a... (,0c •. , 20° o., and orf J;{ 

':.' ;. ·<·· \'.·-.. _,i> .. · __ ._·. ' _ _. __ · ' . . {:, . . . :, ,· .· -_-_ . _; .. ·. ·: _;·,' ·>; 
•.. ·, ...... > ,· .. '· .. ·. . . .. ,.• ' . . . . .. · 1,. ·. .• . .. • .. ,,. . ·.•· ...••.•. • •• •·, .•. ·· • · •. · ...• ' . ·., B,.outine -·· <,oxnpl.~ment .•.. ti t~at1.ons · were carried out_ .8:~ 

irregu.la:r • intervals' to . determine the ·.existing t!..tefl} 
· ot· tl:t$··· .. serum. 

·· ··Fresh 

' ;' :_ ' : ' ,' . 
'3? . .., ' 

·-ilO days 

0.15 cc. 
(1--201.· 

0.2 cc. 
(l-20) •. 

' •. 

J..G.da.ya 0,4 cc • 
. . ·, (1 ... 10) .· 

18 days ----

. ·u· 

0.1a co. 
(l-20)-.. 

·0.25 °'<l• 
.jl-20) 

Table VII 

COo 
. .. (l-20) 

0.35. co •. 
·ll-102 

-~ ;... . . 

. ' ,. 



The results ·obtained with. the sermµ or a. •water. 
snake are very t-ypioa.l or the ae1,.a examined, and· at.a 

given in Table VII. · This aerum originally had ·a 

complement ti tar of .1500. of a 1•20 dilution The·> 
. ' .... _•-.'. .. , 

portions stored at oto. dropped in titer to ·.4cc.ot-
\~ . . ' 

a l•lO dilution in 16 days, and d1sappei1red· in 18 dayso 
,·, 

At 8~0'\; the ti tar dropped to .• sec. of a 1•10 dilution 

in 16 .days and, disappeared in 18 days, At2Q c. the· 

titer dropped to 435co{ ot a.a~lO dilutton in 5 . days 
:". . ' ' ' 

t ' " ' (4 .c • 

and had. disappeared by'- 1the se:ver.t.h ua:f. At 37·0 0, the 

complement had deterioreA;ed in 24 hours·~ 

This rapid decrease and loss of titer a.t high,·. 

te1nperat1U?e.s andr the slower q.ecrease in ti tar at low 

te!J!Peratures,a.:c6inpares\very favorably to the deteriors.• 

_tion ·of guinea pfg eornplemen~. 

o. , Ant1complementa;ry Action ot Normal Animal Sera 

Since this preliminary work demonstrated the 

-presence of a complement in snrute serum,. the question 

·arose as to the possibility of its use in complement 

fixation tests. 

This complement had. been found to be active in'the 

presence\of rabbi.t serum, and as preliminary check to 
\ 

oomplement\,fixa~ion tests it seemed desirable to de--

termine its activity in the presence of other animal 

sera. 



Ant5.:complementary titrat:tona were clone with.. li~;eral 

•:si\mplea· cft normal ·animal se:ra with the .tollow1n.g;f~-~ults., 

5 ,Normal Gu:t.nea: pig sera-not . anticornpl.ementary. in -~\il.-.2 
· dilution 

Ra.bbi.t 

.Joo;l.ed. Beet 

4 Normal Huma11 

4· Syph11~tio Human 

Pooled,. Hog 

" 
Sheep 

Horse 

ff 

n 

ff 

n 

ff ft 

ff tt n 

Aver.age.anticomplementary·titer 
l•l.28 

ff 

ff 

" 
n 

tt 

1"4 
·-1~8 

The above results suggest that complement fixation 

tests using cr~bJ:>1 t, beet 0?1 guinea pig . antiserum 0011ld· 

be: car1"ied out, but the use o.t snake serum as oomple-

m,ant 1n the presence of hU11lall sarum would depend· upon 

the anticomplementary titer or the serum used. 
-~ J • 

~be difference in a.ntieoraplemontary titers ob-

served between nox,mal and syphilitic human. ser·a. will 

bea:r further 1nveat1ge.t1on~ This difference may be o.f · 

signifanee in ·diff erent1at1ng these· sera, but 1 t· will 

be necessary to examine a larger series of' both types 

or serum before any definite conclusions ·oanbe madeo 

H •. Complement Fixation 

1. _ B,aaterial Complement Fixation 

S111ce the previous work showed that rabbit serum. 



·:"/,9.··, 
C',,: ' . 

Was not usually. antipompl.ementery .for snake ,oorripl.e'~~nt, 
,; :J :' 

rabbit antiserum was prepared age.inst Salmori~ll~/ 
enter.itidis for the bacterial comple~ent t1.xatfoh:;l:iij~st.s~· · 

._'Jlhe . antigen \Vas a . saline suspension of the' en~er1ti(l1s 

organisms~ 

The unit or antigen· to be used ·1n the routlne ? 
te$tl:I was deteJ:'l!Uned by hemolytic, antiOomplenien(J;Y 

' . . . . . ., ' . 

'a1:1d antigenic tit1:tations~ In the latt;er· two·, s11ake.,. 

se.rum wa.s used as qomplement. Two and .one ... half' :upits 

()f the antigen were used in the·· final · teats,· and 'set 

ups made as given in Table VIII., . 
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' ~:: ;:i,: './,. ·' ' 

·No;. Anti• Anti• ?formal. Compl.e-
. gen 2.·5 . aeruxn Rabbit ment 
units 1-10 Serum e~.o. 

Sal• H.emo-- Oeil.s},.ijesul. ts 
ine lysin ,.,;!.., '.µ, \, · 2u.. , ,· .... · 

2 

...... 
4 

6 . --
· . ~ 

:7 · --

8 --

, , , . (Snake) 
, . . __ ,_ · .. · ,' ,, . 

~s cc. .s oo •• 5cc. :;,5b&)tllo 
·. "''}Hl'.,!. msol.~ -s.· 

/iJ .j,I,. 

.,5 co. 1.0 ce. ;.5eo • .. -.500., \ Com ... 
· ·F,plete 

·:Hem • 

~-.- e5 OOi i16 CO• 

•- ·: . ...... •5 CO• 2~0 . ;5COi lo 
Hem. 

,5 eo., l.5 ocl. .• 5cc •• 5o<h .Com .. 
plete 

· .Hem. -
• -- · · 2.0 co. · .-5oc. .5c:rn. · .. No 

·•···•Hem. 

Table -VIII 

The above results show that in. tube l containing 

the specific &nti gen antibody complex, two. fullun:l.ts 
' . ,' 

.•of' complement wei·e bound, ·This was . a ape()ifio,,.ffxation 

. as the complement was not . f:bced in control tubes 2; o,· 
. ' . . . . . . . . . . . 
4., and 5. ·, i?he snake serum was not hemolytic tor red 

; cells in the ciilut1on us~d as . indiQated lty tub.e 6, 

This shows jtbat snake serum can be used as a 
I 

·source of' oompl~ment 1n a routine bacterial complement 

,. fixation test; when rabbit antiserum is used. 



2.· Compl,pment Fixatiort with_ Kolnlar5,.Ant1gen , 

Although 1 t had been found that h.ormal h~a~\:: 
serum was antloomplementary to a rather h;gh. :diluii.~n, ' 
:there was .a possib111 ty that complement . fixation • 
.could be demonstrated with syph1lit1churnan serum a~d 

I • • •• , , ' •· • 

Kolmer antlgep.. The antioomplementary titers. ·Of 'i.#; ' 
syphilitic . sera had been , found to be .1•2,· .1~4, . i-.$,.·.' and· 

1"""'4~ The average titer being l•4a 

The . following procedure was used. to demonstrate 

the binding od snake complement by Kolmer ant1gen-
.syplul1tic serum complex. 
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Two ser-ies of ;, aerial dilutions, beginning . wfth(a 
1~2 dilution_. wefe made f'or eac;h serurri $tu.died. ·.·•• :oJi 

•., ;.\ . 

·- . i-\( •s·eriea· reoei va·c1: 1o··unfts of Kolmer· antigen ·wlb.ilef; th~ 
. ( ' .. 

•.· ·_ . ' ---.. ' ' ·. . _":: .-/~).( 
· oth~r series l served as serum anticomplernentary 

. _- -. ,.: . . , l . ··. : ?/::'; , 

Eaoh . tube . of both series then received two .fu1i' :iin,-ts 
of snake compiement. Overnight ioe box inoubation:'·yms 

used· for primar,y.-\fixation. Atter 15 hours, hemol:v'~in 

and red cells as recommended by Kolmer were ·· added., 
. 0 Secondary incubation was l hour at 37 .o .. 

The results, according to Table :rx, show that'. :bhe 

-lower dilutions were a.nticomplementary but in the 

dilutions comparable to those used in a routine 

quantitative Kolmer, two full tmita oi.' snake somple ... 

ment were bound in the presenoe of syphilitic serum 

a.lone. The amount of Kolmer antigen used was not 

anticomplemeritary. 

In view or the fact that the normal human .aera 

examined were highly anticomplementary for snake 

complement~ this complement could not be used iri. a 

routine Kolmer, but the above work does demonstrate 

the similarity of this complement to guinea pig 

complement in one respect • . It is bound by a Kolmer 

antigen-human syphilitic serum complex. 

I. Discussion 

The above work: was designed to demonstr:l te the ·. 



1:presence}ot complement. and a norffl!-'l heterbhemolys1n\ in . !? 
;fresh .· snt ke 'serum.,, 

pare in se.veral ways 

!ri addition i it was desimi~.~, ,t;:x;6:om-
the ac t.1 vi ty{ ot, this co~J1irn~~i 

~' ' . , • l . ; • ' , •.. 

' to ·the complement of guinea pig s~r~ • 
. ";' . ' '. 

~om •the x-esul.ts obtained.~ the hemolytic :.prop;fty 
': ' ,' . ·_' · .. __ -· .. i:-."-.::.-. , 

ot fresh snake serwn is due .· to the presence of. a th~r-
' ,; : _- . ' ' ' : ;. : •. . 

·molabile complement and a .natural. occuring .thermos .. ,t,a'.ble 

. heterohemo.lysin or sensitizer~ 

~his complement from the blood ot a ·cold-bl.ooded 

animal compares very. favorably . in ~any respects ·to·/.~he 

OOM!)lement from warm-blooded animals, I~ :f'act; from 

· the above reeult.s the · two appear to be fundament ally 

identical in their act:i.on·with possibl-y, two exceptions. 
1. It is possible that snake complement may be pa:r~ 

tially bound .by sensitized cells at 6°0.; 2. Sriake 

complement v1ill reactivate heated snake sarum but 

. guinea pig complement will not.. These t 1,v<> :opo1nts . 

b.ear further investigation. 

:·It is · of importance to mention again _ the 'dif.f'erence 

in anticomplementary titers of' normal and ayph:1.liti.o 

:human eera for snake complement. The full e1gnif'1ca.noe 

of these re_sults · can be determined only when e: greater 

number of both sera have beeri examined . 

It seems desirable to ' discuss ·here some observa.tions 

made in connection with part ~II of .the experim~ntal 

work. _In studying the agglutination of hwne.n cells by 



1naot:1.vated snake serum, it was found that 31.0%.Qt' 
J -1· 

·112 samples of snake sera. did not agglutinate snytn,e 
' ··· . ' 

· of' human cells. In contrast to .this it was. tpund·.w~th this 
\ . ' . . ,. . . . ~- ; 

aeries of 38 snakes, none of which were used 1h .t.he:\i'irst 

series of 112., that all types of human re.d cells·we:re 

hemolyzad by .fresh snake serum., The quesiion a.rose as 

:to.the relationship of the hemagglutin1ns and the hem• 

olytie sensiti~er found in snake serum. 

Data which had.been obtained with5 samples of 

sera used in the ti:rst series, showed that it was char-

acteristic for all of these samples to hemolyze all 
, .... 

four types of human cells but gave variable results in 

regard to .agglutination. T\10 samples aggluti~1a.-bt:fd A, 

B, and AB cells, two others agglutinated only A and 

AB cells_. and the fifth did not agglutinate. any type 
.... ; . ; 

of human cells. This,e.long with the absorption ex• 

periments1 woul.d 1nd1oate that the above ment1o~ed 

hemolysin (sensitizer) and the,hema.gglutinins for 

human erythr.ocytes·tirenot'.1dent1cal substances. 

This point warrants further consideration. 



J.• OonclusiQns: ,o·:,:t·, 
trf 

,, The above :results warrant the following :ctiritilb;ions.-
1 ' : : • • -..: ( • . ;·• •. <. :. 

01. ',l'hirty-eight ·specimens of ti-esh snake sera?.c; ~ ~-
<·(j, 

i 1ted , a :lytic effect on sheep and , human reci/c,~f~:~~ 
Snake ; serum contains . a th~rlnolabile compleinenf 
I . .~ . f. . :1.:'.i· ·,., 

'and a ,thermostabl·e, haterohemolJain. . . . . . ,'-fl; ' . . : ... ~- ' -: . . ' ' -_ • ·; , :.;:. ,.;,- -r.:~- .' 
, ,SnakE) , ,cp~pleme,nt ,. comp~rea ··very :ravo;s.ble ;to gti1#ea . ' .. • . ' '. ' , . ., 

-;· ' . 

· .pig C?mplement in , that;. 

1~ It :ia of a high titer, 

2. It is of a constant titer. 

3~ I~ ls specifically bound in bacter1ai-'. 69mple~ent 

fixation. 

, 4. It is , spec.if'ieally bound by a Kolmer antigen.; . 

syphilitic serum complex,. 

5.It is destroyed in 5 to 6 minutes :at 56° (li,. 

6. It dete~_iorated on standing, :rapidly at high 

~temperatures and_ more ~lowly at low temperatures. 
' . . _, . 

. _4~ , Som~ -ncrn~af' animal · s~~a are highly al)ticomplementary 
. ':". ; -, ·. :,.: 

:f_or snak,e ' complement., 
,.. ' 

5 • . . This complement . f;rom cold•blooded anima.J.s : will -a'.ct 

on cells sensitized with hemolysin>prepared in a 
warm-blooded animal -~ 

60 .Heated snake ·serum·oan be reactivated by fresh .snake 

complement but -not by guinea pig complement. 



7,, The anticomplementaI'y titer of -4 syphilitl'd ~ll.man 
sera va_:t"iedfrom 1•2 to 1•8• The antioompl~rnert; 

' . " 

tary titer ot 4 :normal human sera varied : from .· i~ 
. ,·:-:.··:··..-\\,-_ 

:54 to 1•256 •. Whether 'thie is of any . aignitance.{' or 
. ·:.,, ... , 

an accidental variation :remains to ·_be determined .• 

· 8.. The apparant partial binding of' . ·snake -complement 
at o-°O. by sensitized cells, bears further in--

_vestigation. 
' 9 .The hemolytic t1 ter- or fresh snake se:t•wn depends 

upon .the titer of' .the aens!.tizer rather than the 

titer of the complement, since the complement ls ,. 

active to a highe~ dilution than the sensitizer, 



.V•, {~scellaneous Characteristics 9f Snake '3lood. i 

A, Set-'1Dl~Glell Ratio 

::tt ~aa noticed that wh~n . separating the serum 
:.f~oiri- tliei celis of the t:trst .... £ew arunples/ or·•isxia.ke /~l:~)~d :\, , ,. > .·;1 , · · ·•· . . .. · . . . - . , . , C:l· ,. ·,o,t,1ned1• that the amount c;f s~rrun ·seemed to be mt1~l,i 
:greater: 1,han the amount of , pack~d ceiis in the _'botitm 

. :.:: ·:.; ·:-:, ._-'.; \' 

?ot. t~e tube•· .· Sinae this• was .so pronounced a~r com~< 
:par~~ >totheusual' proportion of serum and eell~ :i<>:ri 
' ' ··_ .. ·.,. ,· -- 1 -· . ' , , . , ·· -''• _C_-• . _, , ·,-. /.- _·. ·; .- •_C •· _. •.,·. , _:-•:/ 

human:,rabb,lt and. guint:Ja pig blood, it we.a decided. to 

de'termine ·_the ratio ot these two fractions of· snake . 

blood.. 

The aeries exami:qed included forty snakes re~ 

pres_enting' seyan ept\c1eth ':alese snakes had had aceess 

to water at ·a11 times prior to bleeding. The ratio . 

of these two factors wns de.termined by two methods• 

lit By measuring the amount of blood in the sample , .a.n4 
then measuring the amount of serum obtained after 

centrifuging,. This c.ould be don~--a•<lnly when the blood 

Was secured rapidly enough to measure it before 1 t_ 

:clotted. 2. The blood ·wiis ~ll.owetl to . elot, oentr.1.• 

fuged and the heighth of the layer of cells .and the 

heighth of the layer of serum was measured in a tube 

·.or -w>lforn,. size. 

Th~ :results are expressed in the following table., , 

giving the averiage ·determina.tion of the percentage pf 

serum and cells for the stated number of samples. 



'.. Timber .Rattlesnake 
: , , · . . ;~ ' 

'. 9opperhead 
:Buli Snake 

8:J.aok Snake 
·Prairie Rat.tlesnake 

Kin,g .Snake 

\\f~ te:r Sna.k:<3 

Total Average • 

5 

17 
3 

6 

8 

1 

1 

40 

specimens 
n 

n 

u 

1f 

" 
" ,, 

Serum" 
70,5 

73,.41 · 

75.-45 . 

7J .• s7 

75.93 

76o2'J ,; 

74 •. 28 

73.93 

Oel.l.if '/o 
... 29fl5,' 

:_•f. ': :·,.'· 

g9,~~-
. ·. ,•,•.; ';<\~ ,, :, 

· •. 24~:5'5 

2a{s3 
24:J7 
23 •. 7_3 
2st12 · 
ifo.67 

These_ r-esults show that. a marked difference does 

. exist in the serum-cell :rEt;t1q of, snake and mammalian. 
~--, 

blpods. In man the ratio is usually serum 45% ,and. 

cells· 55% by voltune. It is n.eedles_s _to say thnt the 

high percentage of sermn obtaine,d was yery gratifying, 
' since the majority of the experimental work was done 

with the sorum :rather than the cells. 

B. Sedimentation Rate of Snake Erythrocytes . 

It was noticed tha.f;·when snake blood was al+_owed 

to stand after defibrine,tion or before clotting oc• 
' . 

curred, that the cells settled to the bottom of' the 

tube ~ui te rapidly. 

Since detern1ination of the sediment~tion. rate tor 

mem '''had become of clinical importance, and because 

several samples of blood allowed to stand had seru:ni;_ 

clots rather than whole blood clots, the .following 'de• 
. : ··. ;., 

terminations were made. 

89. 



·901 
'. '' . ' ( ; 

Two'.methods were .employed, the ·.first is not qt, . , ' . . : . . ' ., . . '· . ... , .. 

}.~cht ;tn,ipe>3'.'tarioa · in regard to sedimentation· rate '.b~t\ 
•-- . · .. - ,i ;-'_ ,· · , ' . . 1 . · , ' ··- : '" 

• ·:-,/: I . • . " -1- ,--1 

,·ts: $~gnitioant ae, a comparat1'Ve study p.f \ the• speci·~~c 
' 

$1ons of'· the: pt1cked. cells were made in saline ~nd,· ,lltra• 

: ed ·:.to stand e.t room temperature. The amount ,of· sea:J 
: ime:ntati.cm was measured evez.y .fifteen minutes• ±1:i•i},as 

.· ;-. - . , · . .. . ,• -. . . '. ; ' . 

found that the snake c~lla ; set·tled: out about .t'our :times 
. _:· .i ··. -, ; _,_ . ' _-.,._,. . . . . ·, ·.. . ,· . • ·. •' . '. ··: . ..... . ,• ' ' 

: as fast as human cells when made up in a one. percent 
suspens:ton. 

,,'l'he second ,1,ne~l10d ia of m.ore significance and was 
. . . 

,car:rle';i out with whole dei"ibx-in~ted blood. flea.dings 

were taken eve~y fifteen minutes for one hour and then 
. . . . . ' ' . ·. ' . 

after two and three hours respectively. The .accompany .... 

1ng .chart1llustrates the-results obtained .with several 
. . . ' ' ' . ,' . ' 

sample.e of various spee1es of bl.ood. 

3 

f 
.· ·s-

6 

7 . 
g-
Cf 

/0 

. C.~IC. \(~l\ 
J-hr.nta 11 

S >iake .a.. 
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o, • . · ... Ol.otting time 

niatinerA. _No .datq. lvas kept as .to the time 1nvC>lV:;d :tii 
• • y - ~ 

the .. oio[tting. pr~cess:, so on~y $Otne . of the obsex-v~tions 
: ' , ' -·, - -~ .. :~·--r. : · .. t · : 
:wb,ioh .were .. m~de will .. b~ ... given here,. ,· , .. ·. . ,' ' '•.,.' . . _... . · . ~"-. ' .· ." · ' . . . . . ,' . , . . 

.As has :been previously stated; a. ;tre.sh srunple: of 
' ' ' / : ·,~:' . ,, 

blood, . al.lowed to stand w1 thout def'1brin~t1on,; fnay : 

show. a · settling of the cells and . the ·clo.ttii-1g .of th.e; 
' " - .. 

serum. suoh samples many times would stand an .hour .or 

longer• 'bef 01 ... e olot ting. 

Defibrination could be acGOmplished but usually 

required a period of time varying from ten minutes ·. to 

forty minutes. A difference was noticed , 1n blood ob--

tained from a snake not previously bled or one which 

· had not been bled fo1: some time• Invariably the 
. . . ' 

samples clotted .more rapid.ly from ~bese snakes. 
. , . .. . 

These observations sugg~st that some .veryinter-
., 

eating experiments oould be carried out whiehmight . 
' . . .--.•, 

. clarify the mechanism invol\ted in the process of 
blood clotting. Uo attempts were made to do any v1ork . . · 

Oi'<this nature. It can simply be said that the clott-· 

·1ng time for snake serum is much longer than for th~ 

"blood of the usual la.bora. tory animals i and man .. 
t 



92 .··· ., . . , 

·1As_·.·tha, :_been irev_. ~Oll.$_;_y_ ·_.stated,; .the·•·•PI'•lrn~fr::!i~~'$se 
. ' . . . ' •. •- · (·''-i• .. J 

/,:ttilit.•• our -• ve:rt m~ager lmow1edge .. of su_~ll rela.t.io?l~lltp::/.: 
,-_: ' • . ·: • ,-.· ,. \ 1·, ' • , • :• • .; ·:,:;~: 

):;,~'44._'.t,e ,i (;),lt:t~nde4,< .. and·.:~ so ~uggest. ~e~-:, i~~e~ ·o~r·:. Et#i;) 
_:d~avor tor future work •. 

A s.tudy of th:ts nat'tU'e can bt:l p_ursued along _s.t · 

. . . . . . . . . 

A study or relatl.6nt!h1p l>y me8l'la of t~1e presence ·or -ab~ 
1 • • . - ' '- · ' • : . ;·.'.:. . ·• . . I 

sence,. or ., spe.oific •,_bioohe1~1cal subst~.ea1:1 as;.• complern.el)t, 
. . ' ·. ·, • ··. ' '~}- '. ' , , ' . . . . . • ·.·.; ' . '· ,' . . . " . ;_;_· >: ::.-:.:·_:-_:_.:_,-:.,:; , . 

. wh,icl-i'\ has been proya11.· to .;be :an inheri~abl~ factor; _<:~• 

'A: ·stu~y_ o,f' .•reitlti6nsh111 b;y means' of _ the p~C:)_sen~~ _or /~b~ 
} !, ' ~--' 

. senoe of , circulating nor?~al antibodi~~ wl).1ch· ha11tr:pfo,ven 

·>tQ ,. be Sl?ecitlc 1nheri tab.:~~~ taotox-s • . 
,the ,. t~~st . _$\l~~$_ted .-,~~11~ ·:;0£ , :~nva·~-~iga~;qnt: : t~iaJ} 

, - i· -~. _:·.:r:· 

;by.Jl)~~tf _ of _aptlg~aj.c, ~-~e~uni ::p~o~_eins, j,rings_:. ·.1.nune.~~:~·t,e• 
,fJ;WtJ•/~n~ ... tli~ .· wt>r.~~~~ .:Nld.~1,,~d .. oi:h~rt1, J>~t. ,~isJ;~£a11y 

,. _·, ,' • , ··· ·,. • · ,· ., .' ':-..,: .. ,i:-.__ ... ;._ :.:,; :,.t , ;_· ) . -.. ,,: •' ! •· ' . ' ,· - .. . ' .. ·,·· ,,.,, •·; 

'-the en~rmo~$ ;:_syat:eme.~te,.· -sll?'vet /tt· )lutt~ll, . 
, . ; ', . . , •• _. • .· . ' 

. . 

In: •e. ,,survey ot. . this; .. nat-µre,,_. severa.l i things, must')~e 
• t :, • • • : ::• ~ . c ·• .. / • . ·; _-c. / : : • • / : •• . . . . ,' • • . .• . -•. -.- • . . • • • •.. .. : ; • •: : : ': • ·: 

\:etmsid.e12ed' in ;' order to $Valuate the result~ . ~bt~inJa·: 
~; . . . . . . . . . . ·. . . -- . . ' . . . . ' ' - ' . . .. ' '. . . ' ' ' . . . ; . . . . ' . . . . . . . . . . .. '. 

-1:·/_:·· ';·, ·,· -

:$.nt1gertfc: subata11o~s ln preparation of i~e EJera~ i: '.Q!i8 
. . , . . . , . ' . 

.. quite oop.'stant in individuals of the ~srune ~peo~es • . ·:.:~his 
' > ' • 

ha;s bee·n quite extensively· invest.igated in man and fcmnd 



;; tc, 'b;e t:rue:• This s"ta.tement can apply only . to , nQfJP,.~J 

hJaithy adult ind.ividuals;, tor unde:r abnor-ma.l. conditions' 
·•, . ~-r · ·. · . · .i · · · ·· · · · ·· · ·· .: · ·· ·· - -. --_ ·· ·· · ·· · · ·./\ ·;'<( · 

; :··. __ -~: ~<·_::: ... _ - _- __ _ . . _ _ - _ _ /l _ . . . . _ _ _ _ _ . . . _ , _ , _ .· : __ · __ ·· /::· .. :::;/:>:-_·•.-i .. <_.._: __ \ i'_:\};\ ... ) 
~ome ;type or · serum ;;protein may be almost laek:tng·:l?~:\t ·.:tl:le 
*'. : . . . ·:--- ' .: _· _ . . . . . . . :· ·· ·. . . . . . . : .. . . .. . _ _. :· ~- :.<i•,;,._!:·:;. w - _-; 

1:Jotfl-l< protei~ r~maining nearly normal due ,to . a'rt:~~:\(qr 
' . - . .(:\ 

• . -, _,' , ··_": . >' 

/ the_'. o.tber constituents .• However undet' most p~t-ho1d:gical 
-·' " ·_ , · . . ,· ,•,•·_ , ··· ..... . •, 

'i-~·:,; 

;,, chemical, make UP,• It has been found also <that Jtlie :, rtormal . ' . , ·· . . . · ,-.. _-_ . . ·,\ ·;. 

. . . . . . . , 

;-p~otein lev-el is not reached for s·ever_al da:vs,, ··.12-:LE{, after· 

.bi~th •. 
' .. ·, ... . ·, , '-_. ,.-_.~,~--

Since these .factors have been fottnd to be quite uni..-
'- ·.· . . . .. . . ·. . .·· . I : .· :·): 

-,torm from individual _to individual, · the quest;on·:.ot ::0v1gin . 

'. 1s · one o't: pri~a lritportance~ fJ:his questionhas ;<ne,v:ez.'.:heen 

. aatisfa.otorily . answered al though several hypothe1ls ·:hav.e 
' . ' . ' ' ' . . . 'i .. : ' . ' ., 

been advanced. .It has been suggested that· the :. spu~be ot· 
·,.J 

serum prote~ns ~s, .J. disintegrating blood C!,llsi .• ~. :. 
. . . .. 

d~nerai: tls~ue ·~.celle·, a. Bone marrow and 4. the 'iiver, 
Nutw.11 and others. utilizing p~epared 1nunune>s~ra 

•, ·• , ·,, : .. 

e.gains~b :representa'.tive memheFs of va:rious animal -gl'e>tips •. , 
' ' ' ii _' • :--:- ' ; ·,. 

· have demonstrated, by means of the precipitin' reac.t1,~n, 

· the tact that animals wp.ich are. zoologically relat~c:f\ 
·.·,·,,•: 

·.· .. ,. :: _·,: 

also show. aerolog1 cal rela 1?1onsh:t.p. Th~ ,closer the ,,: 

. ·zoological relationship of the .t:i.nim~ls the greate:i- ;.,-,;11 
be the amount of cross reaction between the animaf~erum-. 
~ese resUlts then rnean ·that the biochem:1.oa:L stru·ct-ure 
of zoologically related animals 1s sim1lal'., The delicate 
immunological· tests used have rnade .it possible ,t~· a~.~er!ill 

. , ' 

mine this to a finer• .degree then any chemical :teat ',~hich 



Othei( evidence tc(_be offered ill £ avor . ot the . 
'.) ,.'.c .....• ·•.•.,,s .. v.· . . ".;.. . ··\ ·• ·. •' .. ·<• · .. ·· : . ' 
.)rtll.a~lona~ip of animal.~ by oompa.:ring. the 'biool1em1<i~r 
\~~a·e.t1atoi1oai' structures is >tlle · tact that ~n1bt-i~ie>i{call1 . 

. _,.-;_: ,_,_, ·-_ . :-, l ; . ·.,.-. ,:,;··· .. · -_ I· . -· !?' '. _- ,\ /· '.L •• -·, .--~-·:,-:.)-_,.\:._'.Ji,:';'_ 

/.the· deveJ~pment of the ,·px-otei~.~-.~?ntent ... of! tlle .. piits~~ 
!; ·'.( ... ~~{/:' 

~speo1allY. worked·' ou.t ifln. the cJ:tl!<l~ .. ~119!1,1, .. 61.0~llange .. 'f.::fOlll 
' , ; •. , . ..,_, --~••'•, - i. ;c,·,••t-<,.i-'•·',"·~•,-,,i:-. y•,_-:,>.i;l•,.,o~~-:~~t::;..' •· ~'.•'·:,.i/)_~~••:\< .:, 

;i)~ .. ·.··•t~t,.~tr~ii .•...• ,.t~r¼~i-.• -,~~~µg.,~~~(•,·.· •. ~.9, .. ,·.• .. .. •,··9rt~;:t.~~rl,~;·•···:;i#~f 
>.pJ._·.~·••~.J~:V-... in.~ .. ·J~l.1_ e. ·.•• o.l. d_.e .. r.•.•.•.···.·. , tb . , , . . .. b ·.··· .... ···· · · ·.'1' ,, './f·t 

•.. •.· .. • .. ·. > • .., .. .. ' . ..·• ... ' • ·.· • . . '. .Pl~i ' ; 't'~ ~-,· ~r~.)fYPr;.g .. fl.~y-~l.~~# 
:: ~;\·/ _:- .. ~~.'' . 

. ~E)P:~ 11~0 ·~~~-~l~•.c··.*~: .... Yne.; •. .. ,. p:r~~.r..- .f:t., ... • .f;)1J'9.~H~+9fl~I'i)¢tiJvjj.c,p~ 
i.~#1) ..•. ta~.~,~, ~,~~~P!!.1~~;;:: ~µ;: ;~;;.~; .;~,~~~@,i~1~~ 
:i~.lf:l~:i.03:1~1:p.p _co~P,.~.~s .ve,~7· .. :e4yorE1.b.l.y ... to.· .... •.~~.~ .a.na~oini.cal 

.rti!~~;?:cfs1,11:p .. 
The second line of inveat1gat1on. \Vh1oh was s~gest-

e~ ls that. of· d.eterminintt the presence or absence ,of 

·defin.i tely proven., inheutable substances as socis.t~d with 

the serum proteins~ The factor':tn question is the serum 

co~plement. Several wo:rkers have shown that this 1.s .. 

·not11 simple .subs:tanoe, but one com1,osed .ot at le~s.t 
. , 

. tour components,· t\vo or wl1ioh are· associated•. ,d th ~he 
' - .' ( .--.,, 

globulin tract_ion and two associated with .the t1lbumi.n 

.fraet1or1. Aocord.ing to the present conception or the 
. . 

e.ctlon ot·oomplement, all components must bepre$ent· 

before it can cause the lyais of aens1t1sed cells. 

'l'he. worlt of J,!oore and othe1~s in showing that complement . 
is • an lnheri table fs.ctor in guinea pigs, .found that :.:,the 

complement-tree guinea pigs unde;r their observation; 

.laclted the third component. 



The value of this type of study liea in de'termin• . 
.. · . . . .· '. ·., J . ·, . :· ... ,._ ...... 

'ing\how lo~v,. in· the zoological scale 1. oompl.e!tie?l.t · 1s·:pre$ent 
• . ' • .:.~- • . . . . • ' ••' • . ' ' ' M . ' > ; .; .. .-•: :, .) 

. ' . . . . . ' 

,deve>lopment of alµl!lal g:roups by means or this 1nb.~pit-. 
'. . :,·:_.:' ... ·- . '-\ . :'. 

.ed .factor., .It this factor has arisen as a mutfition-.)dt 

some point in ani~ne.l development that point should l:,e 
de,termined ,, 

The reported evidence· available at the .. presenti) has 

.·demonstrated the .existence o'f _this complementary sur,a'tance 

in Ma.r~ne..ls, Aves, P..mphibie. and the Pisces. It -is well 

known that.some normal animal serum of a.n:tme.la in phyla 

lower than the Chordates exhibits a lyt1c action on 

e:rythroaytes . .,· It is yet to be definitely proven that a 

complement ~xista in these sera.. This work should be 

extended to the simplest .form of animal 1;ta,_ to finci, 

as has been suggested, the po111t in the evolutionary· 

scale where it .first appea.1"'s., It 1s true that the r:e• 

sulta might· not, b~ very enlightening but the _effort · 

would be. ·worth while"! 

Another point of. value which might botrte front an{ /. . . . ,. .· ... •. ;, 

; . . . .. ·. ', .extended survey otJ the p~esence of this substance would 

be in determining the source of compleme;1t• By an:~-

atomical comparison or all animals which{ possess : co~~, 
: I, ' 

plement in their b.lood an alimina.tion prq,oedure eou1d 
,1 ) 
{ 

be resorted to ln order to determine whether or not 
t 

certain organs or tissues might be respoI,).sible. for tr1e 



{A:· point' which .should 'be lllentioned :r~l.at:tir~ :t·a:}\~tie 
,· ;~ . -~ . ···._, ,•, ·:t·.-;\:t< -; 

:';\temolistrat:ton or comp.lelllent in animal. serum · .. :ts::;·bnii::~aised 
'.i+.::;-,:. :):i1r· . . <: . '.' .'. : .· .· ...... ·· .. ··. . . ·· · .. · · · .···• .... · . . ... · : . , . < -,::/,.\ ·:\:L\:)f: :8:bY.- Marsn and others following experimental ;Worlt ' 'o#:.:J;he 

;;,#f~&t C>r . food ori th~ ~ol11Plement t.it~x-1 <W. gut~;~\~~it. 
>'. ,aa.:rH~ll .found that when · ·~·scorbio. acid ls , wit,hdraWl't ·tf'.~111 the 

' ~-• r : .. :, ' ' :'. . , 

(~iet. t~at· .the complemeni; d1sappeared .. _or ·was '. si~a.:t;t}) 
.• ;e<iU~~dfn tJ.tex> within sev8n de.Y!3• Thi$ tilll~ .p~f;~'~ 

. . ... 

. iis·_··• too ... ~ho:rt_ ..• _;o. permtt ·111al.n1.1tr1t1on to cause ···this efteot. 
,"',, ·;''·."< :: ~-:···· ·:_'._i). ·.:.:-..·,/::~;.':•:i, : 

·,ittpon J?8S,.torat1on of vit~in C to the di~t t;lle ;9owp~e111ent 
• 'I•. ' . ' ~ -.~ -.::. 

titer rose to . normal -p1~er w1:thin a weeks ;time« <F'rom. 
these results it is evident ·that <:>ne must consideta: ' 
sev,eral faotot-s lt complement c~ot bEt denionstrt{ted. · in 

. , ', . . · ·. ,: . . ·,... . ,• • ' ·, ' .. . : 

:lµlimal saruni, It _is pose1ble that under .other 'concfit1ons 
coinpleraenif might b.e present, _ therefore · negative · ;results 

must be check..ed under a vttrietr or oondltions • 

Thia work demo.n~t~ated the presence of eomplem~nt 

{n members .··of.' · t _he Reptilia· thus -p:roviding a li~, irt ,:thE:t 

;';~urvey ot the distribution or. complement, ·· ,vhioh had:.;not 

·: been demonstrated• The ·poas1b1lities that a oomplet;e 

· survey. otf:·er, justifiea the preeeedi:ng · exp:erunent~ .:> . 

. work• It is hoped that additional work can be .:: carried 

out; at .Q later d~·te showing additional distributicm iof 

9omplement in the Reptilia•• 

· Tbe . third line of invea t1gat1on. which was sugge'sted 
'· · 1,, 1_; 

in the beginning of this discussion applies very' ma\r~riall7 



to the experimentp.l work. Tha.t or the distributi9n<or 

nor•mal hemagglutinins and normal hema.gglutino1$ens :th? 
animal sex-a. These substances also are speoit1c1nne:rait• 

. . . ',_' ' .-·.:/-. ,:· '.··/·,;: 

able .factors., associated with the globulin fraotionof 

the serum and the cells of the circulating bl.cod. 
The question of normal antibodies is one which has 

not been sett;led,. Various. types or nor·mal ant1bodi~;s do 

exist in animal blood, e.1?-d in considering -this subject 

a.a a whole., the following suggestions have been madei. ln 
regards to their origin. 1. They may appear following 

. ' . : . ' ' . ' . 

an unrecognized 1r.itection., . 2. They n1ay result. from/the 

ingestion and Ul.t1mate absorption of ant1gen1o·aubstances 

by means of food.- 3.: The presence of Forssmans Antigen 

in bacteria and in foods.~ · 4il Normal a.ntibodle·e ariie by 

:,spontaneous· origin as evidenced_by certain regular~t:t.es 

in their distribution and 5. Normal antibodies. a:ref.orm.-

ed as. physiological genetically determined substa11c~s• 
,··.·· ..... ',··,:·, 

A brief mention should be made of the re.latipnship 

o'.6 normal antibodies and se:rumproteins. In the oh!ok 
embryo it has been tound that normal hemagglutinins, 

. ' 

appear at about.the 11 .... 12 day. This compares ravorEl.l:.lly 
to the appearance or the globulin fraction of ·the .se:rwn. 
This aupports the evidence of' considering these as 

physiological genetically determined s:u.bsta:nces ·. tt' 
' i' ~-- ., • 

is suggested. that the source of serum p:r•otaina and cit 

.antibodies may be one and the same. 



9a~· 

:.~~t:1.: .. i ~.~·~··':?! .. J~~c~•-·~J>.g~~<--}!~flg~~-~;q~;~L-~.,§/,.9~~-C~~~~-ya.u1: 
. be do:nside~ed primarily 1:n connection with, the '. exp'~f;ment'U 

_woI"lt,'. ~.1nce we a.re dealing _with ho1"!na.l hemaggl.lltirif~~ 
}~:>\\'i-:•./ :' \::_:\_. . _: :.~ , . ., ·,. . . · · ',; .: -:·.-<' ·.:-1-,;);/ ~·;(.t;;J,· -1~.:. '.:.i.1·<'.:··.<•·:··--:" _-;_ .. -' .'/ ·\ :- -:;::::·'.:·--,::-.:>::_._) ,:\{/ 
and .normal nemolysins which have been de.finitelyprqven 

' ·. . . , . · ,' . ' . , _-,- .. · . ·· · -· 

t:~o .·oe inherited. in ·a t _rue fflendelitn manner~ 

.·The question of the d1str~'t>ution of · normaf li~nij~glutin-

ins tmd hemoJ.ysins has been studied by many 1n<i!v:tdJaJ.e • 
• -··. · : ·, • , . ' ·. • .;,·• • ;, · ,· : :: •. : _ ·, ,: -: ,' l 

.The statistical data ·at the present time_ is'. ~ot• qpg·i#?,ized 
; . ·1:: 

•ln .averf ·definite manner, so .as to give vtilid and tt~iu~ 
.able information. If au.cJ:i·work could be concentratecl 
along one .special line, perhaps some definite informi1tion 

. , . , ;..- _,. , ... . & . .. , .... ;•,·---· .-' " .. , .... ,._ . , , , ~-. , _, , ~_::;· ·•- ~- ·<·. . :•_:;·,----,~.-. -: :>. 

· could be realized instead of a. °-haotio Il\t$.~ of ·m~ari1.rtgless 
·c1a.ta; 

Since the isoagglutinogens .·and · isoagglutinins. ln 
man have been proven to 'be sp.ec~f ically inherited. .t'acstcr s., 

:these should offer ··a definite 11:n,~ for ·investigating itne 
presence or absenee of aimilar .factors in lowe:r an.Iffi111s,. 

! 

With.au.ell a possibility in mindi the experimentai ;w~i"ik 

L<>t. parts II ·and · II_l was caX'r:ted iout,. · lt Was .. h6ped. 

' that e.nycontribution •made would inorease our >meager 
. . . 

\:l.nf'ormat1on c()ricern:tng the distribut&on of these factors 
a11d -help. to provide a method or studying the · sorolrig1cal 

' . . . ' 

.relationship ot man and ,lower animals,. 
. . . 

The current oonoep~ionfor the presence of ;the 

agglutinogen factors A and B, ifl that they ·haveari;~n · 

as mutations in man.. This conception is based upon.: Jhe . 

'£act that the most primitive races of rruin show a g;;at 



preponderance _ of t'Yl)e ,, o ind_ividuals af thpse not • po$sess..; 

ing s:~gglutlno.gan factors, b~f posse~sirig >botlf ·ag~1ijJina~~ 
.- - . .• , - . , • - - . ' j . .--- .:''.::s , 
ing };substan.ces alpha and beta.- A notable) exeeptfop. .to 

; ,,,; · · · · . • : -' ;_, • '. .- ! ·_ ... ·.::c.?-sf 

this is ' the ,tribe of' . the ••s1ackf(;)et " Indians. . Thil:j 
,_- ' - . ' . . -<· ." :.'/ ~_ :.'.; 

:'~:x:ception ma·y be · explained ori th~ _ basis of: 'rac~.\'.iirl~~i ty, 
. . ,· ,• · - f _i\': 

since it it well known that this tribe Of 'indians: af~ 
' ,.:".; 

ndto:r>iously an · 1.rrmoral group. 

The · evidence presented by a survey ot the ': li'teJ~ture 

: concerning the distribution ot' ~hese i'actqrs J.11 e.n.l~a,.ls -
i -~• • • , l •: 

6f.£erca~ interesting bi:t of. oom~arison: 
. : .· 

Let ua see ;v1bat 
. . '' . · j= i . . . • . . 
· ·rao~or-~ h~ve been demonstrateµ in lower ariimals ·,by: various 

' - . ,,; ···. ~- . . ' . . . ·.• . , .\: . ·. . . . •· . 

: 111di.vidua.it~ In man, of course we find .f'our -factor$, 
.. · --. . . ., , . '. ' . ., ,• ·. i. ,. _ _.' ·. ' ,•··'1 .. ,: -·--:·,, · • .-

(t11e, two agglutin1.ns alpha and beta, - and th~ -two agg1.ut1n• 
' . ' · . - . ', . 

ogens A ~dB., In anthropoid (61); (57) ~pea it ,. has :been 
generally found tha:t they fit · into the same group1,n~ as 

. -·; ,-• · . . : .. 

· m.an, thus , :having the srune foU?: taotors_. 
·, 

and B. I11- _the . lower monkeys -. grouping, '-~---Ao~/d.f~tinot 
and of the aggiutins, only alpp~/ (pgJ,~. (~3t~_he.a.:b~tii,(:,,, -

-_def 1n1 tely dem~nstr;ted and of' \he agg1i1=i1n~g~1l~J· ~.:i:3 '. 
-:·' , 

faetor, at least similar but perhaps 1:ot ideptioai ·t;o -

.. human B factor, has been demonstrated• In $:tmal ·gr:<>ups 

lower than monkeys., we _fin.d very littl~ inf'otmation/ 
. . . 

-Lower ( 64} found that . the _- agglutinins -~nd agj;lu.ti.n.o~fl:rie 

~!\ -doge are similar to human group B ~d thepef'orJ ,would 1 

:contain alpha and B factors. ·In rabbits (69:) group .< 
. . .,. --, ' . . '·· 

. -

specific agglutins for human A and B cells h9-ve · b~en: _ 



1demqpst:t'ated .thus ~lphk an.d 'b.~ta are present*, ... 1:Ierniiin 
.C'2Br ,fe>und a resemble.nbe 'between hume.n a.nd ho;ae fis§Si~tinoit . : ''. ' - ' ' ' . ' . . ; ; ' ' ·~ . ' ' . . . - ' : ' . . ' . ·, ~; ' ' ' '' , . . . ' ' ' : :, .,- . : .: ... ' ' ' . ·, : ,·' ': ; ' ' 

·.;:,~ . ! : . . 

\dgens '.'. and Go:rer (59) found a close relation betv;e'e# :1nouse 
,· .· . . ' . -: , ·. ,,. ' . ' ' ' ·. ' . ' . . -~ . . ,' . ; - ' '. . ' . .. . . . "" ·-· 

'igglutinogens and the A,. e.nd. .A:,. ; factors of man~; 
' . ' . . . .' ' 

. . •. ' 

B~J.pw th& group 6f the mQil1mals 1nfor~at1on .. 1s: 

~xtremely meager.,, KaX"ahner (52). found that ohiok~ij) 
, . '_ . . . . ': . : . . ' •• . ;· .-, .;· .. ,• 

sera constantly agglutinated human cell a l)ut tp.a,t · ~liraan 

·sera seldom agglutinated chicken cells •. Altho'Ugh.ric> . 

definite statement 1s made ·in regard te> what .f;otoz.s 
ar~prasent, . these results would indieaye the pveserice 

ot . agglutin:t.na similar to human alpha andbeta_,',. and the 

,e.bsen.ce of agglu'binogens. 'Phis is the only reported. 

information. available for tha Aves • . 
' ' 

This is a;s l nw in tl1e zoolog3.~al sea.le as the 
published literature ¢oV'eX>ed and it 1a with animals 

; ' 

belcvr this group that th.is experimental wox-k was dori~. 
- . ' . , · . _· ' _. ' . ' · : . -' '· : 1 

'l'he re,aul ts obtained vri th the Reptilia compare very 

favora.bly to those mentioned above. This work ·,demori~tra.ted , . ' · , ·, . . 

~p.e: preeei;>.,ce of specif.to . absot!'be.bly agglutinins in· (i11akf) 
--U') . . . . . . : 

ser·..un tor human A and l3 cells, but the absence .,ot a.g. glu• ;: . · ' . · __ -: ,. ' . 

tinogens in snake erythrocyte$ for h~an alpha and .. beta 

agglu~inins; 

From all of' these results we must conclude that 

hemagglutinins aimilar to or identical with human al.pha 

an.dbeta. hemaggJ,.ut1nins ar(;) found in at least the : 
lower mammals, A\l'es and the Reptilia. Th~ agglutinogen 

.f'a.otors may or may not exist in lower mammals, but are 

absent,_ in gi,oups lower than mammals. 



·x.t must b'e u.nderstood ·• :that there ,11as .'t)~eri.: suelf;)~ _· 
small amount or work q.ona on the lowe~ i~:roups #lie:t .\ ile 

:~-.:..:::.~ 

. . ' . . 

hpe,n. t~ lnv-est'igators ~o continue .. al~nJ this+r~J.ijt:, 
t\'16F15; · '])he gro\lp of the Aves. must be eiam1ned f!.c:idi~i~na11y 
ah4 mo1,e_ speo1fiqally than ·the · work of: f:Karshne:J~~, :'?~~· 

,.:'. .· · ... ' : : : .---. . . . . . . . . .• . _. . . ... . -· ' . , _-. . 

:;~~ptilfa presen'hs. in itself' a r iel<i Of lsuolt irtag~itJ~~-. 
·•;}ttv-.. 

:/thilt it is e.lmos·t impossible for o~e p°'rscm .~o -. .. 09~nJi~ 
.. , 

}t:, It . ifl the hQpe or the • ~i ter -that· fsim1le.p,::: wpr-k~{/ to · 

.·that carri~d on :for the . Serpentes., can tba e~terided'~ion - - .. . -.:i - ,_ - -- ,.,,:_.·;t_ ... .<. · 

.-to the :other orders .of' this gt-oup of a1~1111als,, ;·,• pe~~ps 

·: :th~ pt~er. ffl)es or Repti11a as· the turiles,, . allig~t.~r.s 
,;~. :'. ·' ·~ 

and lizards are ·s ·erqlog1cally similar io the snakeiJ~( 
:-Sµ.c,l'l : an .. investigat1·on is t~e next pl~ed • 

. . . -'<:,?\ . k .. ·. . , . .-. . :: :ut:·;: . t \\: -
T~s ati~l 'leaves the two lower g:vou~s ;~ o~ Oh~·:d.a~·esf, ,>: the 

AnlPhil)ia .and. Pisces to be examined 14J silliilar ~~~i.:' 
\ 86 We must consider ail ot this M oJit a very S~f 
i): ';>, ·. . .... ,, . . . . . . . . _· ·, ' . . . ·_ ; .·t. ·.. .: :.:.: .t. i:/;'.(: 
:lJ~ginning in a field which '. o.ffers . gr~at po:3s:lb:il~J:i:~~~-.tor 

:_t}?.e., immunologi._s.t and . -the anthropolog{st;, EveritJfllti ; 
wef ·,can hope for answers , to questions '! such as :th~ /tdfiow-
: ,-; .· '. -_ ' . . . . ' ' ·. ' \ ' ;,,~ .. -~- -; \·> ·:<:?~',;'~-

->ing if : \Vb.at -~s! the distribution of_ t~e ·lsoaggl~tl~(\\~ng 

:·::·\and iaqo.gglutinable faatofs ot man~ 11n the: an:1~mi >:I;;ngdom? 
. '' . ' ' /,....__~ i. . - . , ·:,.,:· .·, . 

f 5J.lneage of man by this procedure th~* by 0~ y~stJ 
fknowledge of) comparative anatomy and{paleont91dis;f' 



' .,.· ·.•·.· ... · .. ·_· .. ••.•>· .. , .. c.•::··:,,.•:.·:_-· .. '.; .,.:··:'. 

11hese que.ations· .. fire:l'i<>f i{iime 
:J.?llportan.ce ,and mttst /be kept. well to. th.e front .lJy:at1.'i 
/per'ac,11 ·. oont1nuin.s ... 1nvestlgat1on$ along .•the· ..... aboy~·:.a~-e;eet.-
ed linasi or· .. end.ea.vol"• 

In addition to the definit~ reeults mentioned, itbove, 
' . . . . . . .. . . •·.·. ·, .·· .. · '. . . . •', . ,· .·· ' . :. ·. : ·:§ · ·:r ~aye id.1eoussed briefly in the section .on. exp,eritt1e-?,1't;al 

procedures, some 1nteresting .•.incidental ,pbse:rva.tioll$~ 
'-::: .·.- \_::' ·--:'i:'":·"/'.'-,,- .. ; ·'-

It. 1a possible that these observations may late:r be· 

utilized in some way. 
It ,va:f obser,ved that centrifµged samples of snake 

sez-mn showed a.much greater volume of se:rumthan·of 
paqked :,cells. '1lhe ·. average · for fo'!:ty apeo11nens; vias . 

. -,.. ', 

.•· .. •,, 

<suggested· tha:b .a blood w:ttb such a hlgn. aerum content 
,: ..... ' ., . ·. -. .. . • .. - .· ·.·.·.:• 

might he utilized in. the studyot the origin of blodd 
,·• / .. ·c '. .. ·- .... L•. . .. -., ,·.· : ·, .· •. • .. -·.•. ... .. ,. ··.·· •.•'· ..• :._; 

,prott:11ns~ · Also a comparative study of the serum prJt~1ns 
, ··'·• 

o.f man and lowe:r a:n.1mal.s might prove. to. pe of val:ue_.> 

A s~cond intere$t1.ng observation we.s made in regs.rii 
:to' the clotting-time of snakE>·blood• It ws.sfound ~bat 

ctlle',time is• considerable greater than that of n1an and 

con1111on . laborato:ry animals. It is possible that such 
;.,·,,.··· 

in:formation· oould be utilized. in the study or tlie 

mechan.i:sm. of elott1n.g. In any e:a:ent a compa:r,a.t~ve· ?Jtud7 
of the tv,o procedures would be ext1•e111ely interestine;·~ 



I 'believe the preeeed1ns experlment~l ·work /I~.' 
:- J11stified because of the foll.owing contribution~ ·:hp): 

. . ,,, 

itlie \study of the serologlcai·' :relationship ·'oi :alii~J{~,~-
• •, • : • • ' . . • . : . . • -•, : · ,- .. C . : ' L •. "" / . 

_ , .. ,, · :..:.:.": 

:i. :\A':missing: lihk in. the chain of' evidence concet~i'~ 
,-:··. _':-\:·:,. 

; :::i,:' _; ~--, ' 

· the distribution of complement 1n animals ha.s :_b~:e-n 
supplied• 

:2i.' The information eo11.cerning the .d1stribut1on -:ot· : 
. ' . . . . . 

. he1nagglut1nins and hema~giµt1nogens ., oompar~b:{i '.'__tq 
' those of mt;m., has. been .advanced one more step ·~:p. 

. ' 

that J.1eme.gglutinins similar to . the alpha. and bate/' 
factors in raan were ·demonstrated · 1n: . snake , ser~~,: 

'and that snake eryth1--ocytes do not contain ~gglu;tinogen 
. ' ·:.-:: .- , _i_.·-. 

factors similar to the A and._B factors•• of manl 

Since both of these reasons can be utilized :Lri.J\the ' 
study or ' the evolutiona~Y development of mart . the v,rt~er , 
feels that these cont:r1butiona ·are of · some value to:<: 

the scisnoes of Immuri,ologyj, · Genetics ruld lntfu.op&'.(tgy-, 
In addition to extending our present informatiqn., 

the preceeding work has suggested several prob:lenie·· 

~hich the ' writer hopes to carry ·out 1n· the future .. / 

This .field of endeavor seems .. to be an alniost.1nexhaust• 

able one.,_ so will necessitate the limiting of :~he 

more immediate work to the chosen phylum· of· animals•-
the Reptilia_. · The tollo.w1ng problems . present themsi

1
ives 

here .• ·· 
, ' , 

,i • . Is complement a constituerit of the blood of . othef '; 

groups of Reptiles as the turtles, lizards and · 



10.4·/ '.'' . . _· ...•. 

'/ .. •'•\.\ . 

~i~•,;,;;,Ape< :tµ~ ,-ben1~gglut1nlnfl toi~- human ee:Lla e.l.so\ t~~~} 
;: . .";·.f· . 

·(Jrt_·.other -_tlfpe$ of l~eptil~s.r· . 

ii-~.4:){-'~f.·~. ·ih~/ h(:)ri,agglUt~nogens of' ~urnan> c.e;l.is, · Pl.,t3-~:~#'.jg@# 
:·-~_he . e,:.yt.llrotlyt,es of ·othe~,' R$ptil.ea;1: 

{4~ .By ·me.@s:",t>t /'f?l,fi: p~ecip:ttill .. veaction., '-\vhhti 1s i '.°#he:' ;· Ci: :'. ' ?"' ...... .- . '_ -.: <w•: ·:·\.(,_ i.. . _ ·-- -_ . .• : : : / ,;,,,. 
·s_er.olog:tc£tl: ;p_~l.at-ionship ·_ of · the · ·var.taus E;Jpeoi~El_Nof 

·_.·. : : _'.. : , . . • . ' : . ·~- ' •' • • ' ' -1 • < 

fin.akes::a11u tllel.r serologlcal_ rPeltftiQnshi!) Ct9._ ·,-o-t h:J~: 
. ' :·,}._:":'.(<{ 

.' --· ._ - .• -.-. -· ·,' 

:·-_ anitna.1 s 1 

$,.·_Js the high nntieomplementa.ry titer :·Of no1~m$.l human 
serum and the low ant1comp1ementary tite1J o.t :air;,~l1t1c 

.•, humari · {lerwn.· for· snake Ce>mpl:ement ·'Qf ._ an.y _·~agrib~ti:~ 
sigriirt oe.nce ?. 

Pf ~vhy _·is it 1rnposs1bJ..e to reaot1Vate heated s11~l(e_•:;_)ierum 

:with -guinea pig -complement? 

_Additional problems wllich the ,vrlter . may .eventually 

b.e able to o'o11sider are·• 

lt: 'l'he d1st.:ributiqrt of-· complement 1n animals below.: ··t11.~· 
_'0hord,ate:3, 

1r2 f A: : stud-;i · of -hems.gglutinating subatance for hunw.n -oellii 
· 1n- the .Amphibia -anci Pi~ces. · Such may be exterid;4: to. 

other phyla. 

/5!,' A. sugge·sted problem from .the ~iscussion; of ex1Jer1:~ 
:mentaal ti~~a is one Q£ a study of the · delayed. ·o+Qt.'t• 

il}g time of analte blood • . 

4., __ Atlother more unr-elated problem 1s one ·.of a ··~tud-y, .. _<>f the 

·types of curculating blood cells 1:n the Reptiles./· 



Conclusions 

The preaeµ.ing experimental work juf3titie.s ~11(3 :,t;} 
. . 

·tollow1ng conc~us1ons.;. 

1.,' ,Isohemsgglutination does not occur in ·snak·ti3'~· .. 
. . . . . ' 

:~};'· 

2. Heterohems.ggl.utinat,ion between f'am1.11es 'oi\ {r#he 
serpentes does occur~ 

a·. Snake cells do not conta~Il agglut.1nQgeris ,which 

will be agglut~nated by human alpha e.nd ·beij~ , 

agglutinins. 

·4, Snake serum may or may not contain, agglutinins 

for human ,erythrocytes,.. 
. . 

5~ Agglutinins are found in some snake serwn which 

are specific .fox- human A andB ;agglutinogen.s• 

.Go Certain snake serum contains a species . agglutinin 

for human erythrooytes_ • ." 

7. Appropriately . a.bsottbed snake s,erum may: ;be •.used 

to deter~ine human_blood groups. 

8~ Snake and human hemagglutinins. are equally .the:r .... 

moetabile. 

9~ All fresh snake setJa examined e4hibited i~' +ft1e 
etf'~,ot on human and sheep e;rythrocytesJ 

\~· . ·, •. ' . . ' . ' ' . , . .. ' . . . . .' ' 

lCh • Snake serum· contains a . thermo labile .~orµplem~nt 

ancl. /~,e.: thermost~bila,:, llemo~:ysin. 

11. Sn~; :-complemaut compares vtry .. t,_svora.bl y,·,,.~Qf 
- .. --\':< :i · - · ··. . . - · . · · -~, .·-::--.. · .. , \, .. 1 ., :" _ ,_1:,· -r\:(Jt. 
-guinea pig complem~~t~n ,f~::41ct1v1t7,')':tl~:~t , 
. and stability, '. 



·12~ This complement.trom.oold~blooded•anfm~s 

will .1t1ct on cells '.J:1ensitized.. with heniol:yal·lli 
pr.epa.red. • in a ws.rm•'bl9oded · animal~ 

3.3". Heated snake, serum :can be reaotivatecfb1 tr~sb. 
snalte ·complement but not. by guinea.pl~ eo~~:: 

plement., 

14.-Normal·human ser-um ia highlyantioomplement~r1 
fQr· snake complement, but .human. syphilitic 

,., 

serum i! s only slightly · so 4t; 

15~ !!'he hemol.Jtia tl.'bep .. Qf fresh s~ake serum d~pends 
, .. ,, 

i,. ·, -.· ,·. 

upon the . tite~ ot -~be ::e)enstt1zer rath~:r than the 

titer ot. thEJ ¢onwi~~ni, ~i~e~'):~ oQ#J.e~;ri.t · is 

active .. to a h1ghe~·-<lllut1on than~ the sen~i 

18. The a.vera.ge pe:rcente.ge .for the- coriatitueniiEtf..61' 

40 samples of snake blood was found te>_be,/serum 

f3,93~ and cells-20.07~. 
17. Snake aella ~ho\v .a .much mov~. rapid sediment~tion. 

rate than hu.men cells. 

18. snake 'blood.olot1 much more slowly than the 

-blood of man and the Qolllll16n labor11tory animals. 
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