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ÁBSTRÁCT

SOME ËFFECTS OF CYTOLYITC "ANTIBOÐT

A rabbÍt antiserum has been produced against guinea pig

peritoneal exudate cel}s, and its effects on the eells investi*

gatedc the investÍgat,ion has been divíded into a) the effeete

de¡nonstrable fq vÍtgo, U) tfre effects demonstrabl" åE y¿l9n

Ïrn¡iune eybolysis of tumor cells iU vitrg. ís eharacter-

ized by swelling of the cells with an aeeompanying loss of

nucleic aeidc Peritonea] e:ardate cells reaet in an identical-

fashion u¡hen treated with antiserum and eomplemenf. A speetro-

photometríc ¡nethod has been devised which measures eybolysis as

the absorbance due to nuclei-c acid lost from the ceI1s. This

method has been used to titrate antiserum and eomplemont, and

the titrations compared with the more conventional dye exclusion

method.

Attempts were made to demonstraüe iJünune cybolysis i¿a

Uívg by injecting sensj-tized eells íntradermally int,o no::mal

guinea pigs and studying seetionsr The results were ineonclusiver

Author * Charlotte Sigby

August l.963

t ry &t &



ItC K N0lqï[,H nGFiiv]]lNTS

llhe ar:tho:: woul-ri .l-ike to express he:: grati-tucie to

1)r".Ine" hli,l"t and a"ì-I fhe members r:"f the Departmen-b of Baeteriology

and ïm¡nunoJ-ogy of the University of lt{.e,nitoba for thei:: eonstan.t

assis't,¡ì.nce and encourasementn and espeeia),Iy t,o Mr" Parr.J Rr":iter

ancl Miss llerry $choofs v¡ho are responsi-ïrl"e fo¡: lhe photog¡ro"phy,

Thei help e,nd acivice of Ðr" L"H" Oohen of the fleparLment

of Biocherrri.stry, Ilnj,versi"t-rr of Mani L,c¡i:a was inval-uabl-e in rieveloping

s¡:ectrophotc¡rnet rj^c t,e ehnie¡ues o

The work done by }{iss ivI.J. þtel-v'j-l,Le ofl the I}epa.rtrneni; of

Fathologyu University of Ma,nitoba,u v¡ho sectionnd and ,sba:i.ned skin

speei"nens wa,: r¡u.ch aF.preeia.1,ed as ç-¡a.s her ariviea anci stainin6'pr,:-

eedures *

llhe a"r.rthor" app::ecÍ.ates the financial. assi"stanee given by

thr': Medie¡,1 Resea.reh Cc,unci"l uncler Oprer.a.ting Gra,nt MÂ*l-261--



TABI,}ì OT' CONT}:NTÍì

0t-rAI}TJ.ïR

INTll.OnucTION, o ! 0 è o o o ð ô o

Terminolog¡r ó è o o o ö c ô o .

lu R!]iVIÞl¡j' 0I' TLIIi LÏ'IirlRtrrilUïÌffi " " o . o

.k-ttivgHffectg o Õ o * o * o È

ffiffecl,s on normal eel]_n å . ô

frfflects on tumor eelLs o " . €

Hnh;¡.neement" ô ó . ü ê s É o â

{g_v-l,joügl*{ffects, " , , ð o ô ã

Tumorbransplantation 6 è o o

Ðye exel'usion e ô ú ô ô r 6 ö

Bioehon:i.cal.activi_ùy" e ç ø c

ldorpl"lologica)-changes 0 o o e

The Meeharui_sm of ey-bol.ysis . , ô

ïmmune hemolysi.s " " É a o â 6

-$j-te nf ant Íbody fixatj.on ô ç

Colloid osmr:tie }ysis ô 6 . ê

ll{'l'}ù0ruU0Tl f.0N'.f O þiK}*iRTI\trìNI AL }\lÐRK

ï1"* IN VITRO ClllOl,T$]-{.î _ " 6 ø 6 Q o ð

Ma,te::ial.s * o G Ë G o, s ç o ç

Celïs ê Ê o ô e o ô a ç o e 6

.Antisera*, à o. o e, ö ô è

C.ompJ--emetrt,, ù o ç a û c . Ë û

luieLhctdn ô e ô o 6 ê o ô e è 6 ô

Spe ct rophotometr:î,e measrrenient,

o e rot&á

t a oôoêoQoc)

ô oösra6ðòå06

ÔðäróoeËöùoÞô

* o ô Ð *

e.eoôooo96A&ô

ô o o &

oooèo66+Oèôá

oaóearûû0oåe

s ó ó e Þ &

eôcôaóâtSÈód6

å 6ocOåã

4Oo00âôôoüÀso

PAGN

l

2.

3

â
-.)

?

5

7

I
I

TO

1T

12

15

lÃ

.Lt)

ls
21

3.?.

25

¿3

28

38

o

o.f lys-is Þ & Þ ô È & 6



CH,/IPT&R

rïï *

ï[*

vu

VIo

Theoryn"ù€roô¿ôeooÈ

Åccordance !üith Beerts Lar,rr o u o

Optimai, experj-ment al" conditions

Freci"sion of' the mej[horl

DyeÏkcì-usi'on è o e c â ô ó o ç.

0bservn,fi-Ons . o ô . o, å r c 6 6 o

Ivforpho.l-ogical changes ôc .6

Ti.t::ation of cyboJ-ytic e"nt,i.sêTqffi a

'ïi..i;ra,tion of complemenù

D-Lscu"ssion , o ç . o o c ó 6

INI¡IVOC:1rCILy-$I$ " ô. É 6 6 e ö c ð

Ma,terj-als o c s 6 e & a ô ô o , .

MgtlrocJs Þ ð o ð o ø e, ó e d s Þ o o

0bservatíons " a ð e e { ö o G * o @

IJiscussion . ô e * û * ð o à o q o ,

Sl.i]vlli/-tlRY, r e 6 ø o Ê ô ð *, ô s é e a

BIBLTOGRÁpHY ö Ç a o o ç Q o o ô o c o

"APF:FI|Jûï?|. ô ê I o, a q ø. ö e a o è ø

o

o

o

ó

6

g

&

6

ç

b

t

ô

ô

ù

ô

I

o

o

I

6

o

6

o

e

ü

s

ô

*

o

t

ô

o

I

o

o

a

o

þ

ô

ê

t

{û

o

o

o

{

â

o

o

ö

ç

ö

o

ä

è

o

ç

0

o

I

e

ô

ð

ð

à

a

Ò

ó

ô

t

s

Ð

ó

&

à

b

é

o

ç

6

g

*

v

P/.iGT

28

?l)

?l

?a

:)9

he

l+2'

irl+

/+få

5l

56

5s

59

o)

ó8

6g

76



TA3T,H

r è

l.ï 
"

ïïï6

LI$T 0F T,Ì$"nmis

'ïhe .&detibive ,fiffect, of the ..Qbsorba.neies

of eompJ'ement and A#Cli . o a o q o ç Q

Precj.sion of the Speetrophotc¡metrie

Method for the Merasurement of Lysi.s ;,

Si"ze of Reaetion"s Proeìur-:ecl in Nor"mal-

Guinea. Fågs by'the Injeetion of

Sensitj"zeel¡:,ndNorrualF.fiC * ô d a o o

o

& û €

€

PAGH

3z

4l

oQoaoÕo

âþ*&

ooôô"ól



F]:GUNF

LIST O}' FÏG{]R.Êä

ffiffeet, of p<;rch-Lori,e aej.d, eoncernt,ration on l,he

absorba.nee of AStl4 " " ¡ ô e o Þ o õ e e ô c € o ., . a *,

ffif:feeb of time and temprra.tu,re of hydral-ysi"s

ont,he absorban.ce cf .ASCM s ú o s ô e ô ó o o ç 6 o s û ê Ë

ffif'feet, of FÈìC eoncentrabion <:n the ahsorba.nee

of .A,SClt 6 ü 6 r ç ð o * a o e Ë 6 6 ù ô o s e e o 6 ð é o

Hffeet of 'bfun.e a}lov¡ed for- c¡.boll¡sis on

abg:orbanee of llSCìIf * o o a ó o o o c a q 6 ü * e ç o c ê â,{þ

$ensi,t"lzecl Ffft fifteen minut,es after the

ad.ditic¡rrof cornpleilêflt o o ê è o r ô ô ó a ê 6 o . o o ç

Sens:iùi"zed pF:C fi"fteen mÍnutes after the

ari.clitionof heaL-ina,cti"vatedeomplement, ó, o G e Þ ç o o &

Speet,rernhot,omertr'ì r t itra.t j^orr of ant,"i"se nåm l-6

aga:ln-qtP.nC I * ú a o o o o o ò é 6 o o, ô ð Ã s 6 ô o o {

Tåtra,tion of antj'sez-trm 16 against, TüìC by the

dy',:,ll¡}ç.glus-Lonteehnj-que ó e o ô þ ø i a e ç ô a o e o 6 * û

Spectrophotome"Lrie ti't,ratj"on of ecrmpl-oment, usi-ng

sensit,iz.ed m0a Absortranei.es o-f trt.esb J,ysateÊt

andlreontro}r!reaclagai"ristdistilleciwa,'t,er o 6 s ô ô a 6 ô

$peetrophotometri e ti'Lra.t"i.on of cr:mplemenf using

sensj.l,iued fA;09 .Qhsorban*e d.r¡e tc A,SCM o, ê ô q o o o a e a

Þ/ltliî

35

3?

3s

/+C

l,+3

1.5

L!6

l+7

/+9

1*

,{è

.)
Jô

L/+ é

5"

LUO

?*

¿'l
06

O¡

9b*

5CI



FÏGU]I.fr

10*

l-]u

T?O

l-Ja.

L3h u

f itrai,ic¡n of complement by the

dye excJ-usion technique o o o 6 ô ô ê o o Ð e ö 6 . c s

Titrations of compl.ement, vri-th a) $ensitiued PIi0 ånd b)

sensiti.zed guÍ-nea pig red cel.l.s plottecJ

onJ-ogp::clbabititypa¡ler' ô ô ô o c c o * â o * o s o ô

Íìensit;i-aed PÈfi 'bwo hnurs a:flter int,raderm¿ll"

injr:ct,ion into a norm.ì."Ì- euinear, p5"9.

Hemåtoxl'l"in and eosin g0O xo . " e ò ç ð o c è i 4 à e ù

lJo:rnal ïî10 tr¿o hours after i-nl,rad.erma-1

injeeti"on in'bo a nornnl. g:ineil píg,

Hema,toxyliinandeclsinS()x ç o 6 6 o o ê ò 6 ê s ú å d

Norma]- Ftlü tu¡o Ìrou.rs af,ter i^nt,rader.mal

injecti"on in'i.,o a normal" guinea pj-96

Hema,-boxy.Ï"j-n anci eosin 900 x,, o * c È â ö e c â ô o o

aù

o+

o0

aÈ

t¡{"i1

PÁ.G}:

EN

53

()J

6l"

hlr



TI{TROÐUCTTON



ÏMTN,ODUCT]ON

åumune hemolysis is markedry affected by the presence of

an antibody agaÍnst the garnma groburin of wlrich henrolysin is
composedo 0nysko &gAZ), using a systenr eonsisting of sheep red

blood ceIls, rabbit hemolysin (sensitizer) and guinea pig antí*

rabbit serum (antisensitizer) shorr.¡ed that antisensitizer proteeLed

sensitized cells from lysis by eomplementc

The complementary ì-ysis of normal and neoprastic tissue

eells sensitized with cytolybic anùibody appears to depend on

the sane mechanisms as the eomplementary tysis of sensitized

er¡rthrocfies, The present work forms part of a project designed

to study the offecto of antisensÍtizer on the fuunune lysis of

tÍssue cells i¡l viyo and åg vj!.Xar and .bo compare these with

its effects on i.mmune hemolysis ¿g yåt_ry.

The subjeet of this thesi.s is the rueasurement of i.¡mune

e¡rbolysis of gufnea pÍg perÍtoneaL exudate cells åA _yit{gr and

ft,s demonstratíon tp ulvo. lt is hoped that the results presented

here rnay form the basis of a further study of the effects of

antisensitiaer on sueh a system¡
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The Lenn tre¡rtotr:xintr for the agent in inrmune serum which

damages cel.l"s was proposed by Metchnj"koff j.n 190Ï, He furi;her

suggest,ed thab the ¡rcti,on of a cybot,oxin on ee"l"l-s wa.s anal-ogorls

to the action of hemolysi"n on ::eel hl ood e eJl.su

tfeytoi;oxiet¡ j-s an appropríat,e adjeetS-ve for antj--eeJ"I

sera beeause they produeeu in i:he presence of complemenbu elamage

and lysis of ceLls ,'i.B .-Vå!,_gg (Stetson ancl Jensen, 1"960)o

üytoboxie antiboely recìuj.res eompl.emeni; flor lysiso and

has been shownu in th.e case of 1,umor eells, to produce the sanne

swelJ"ing and permeability disorders as those seen in the lysis

of red bl-ooci ceJls b;l'hemolysin (Gr:een €5- -êLnp l.?59)" Si.nce, in

this inves'bigationu J-ysis of eel.Is has been the criterion used

for ¡:.sses*ing the effect of the a"nt:i.serau l"he tenn trcytolybi.c

anti-bodys seems more sp$eific and v¡j11 t"re used on many occasionso

No sharp distinei;i-on is intended between this a,nci fteybotoxie

anti.bocl¡rrt"
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Rlllvmfl4l 0F TH.m IITÏ-{R/ITUR]]ì

The review of tlie "l"if,erature :ìne.i,ueles seleetecl refer"ences

deal"i"ng wifh the effeet,s of c¡4olytic anti"serum and compïement on

cel"ls otherr than :'ed bl-oorl ce-l.l"so I'he diseussion h¡rs been divided.

as folJ"ows a

Ïo {g gÀtt-o- Effects

II" J¡ _Ult_ng Eflleets

1116 illhe lleehanism of' eytolysis*

T TN VÏVO ]{}'}TËCTSö

This diseussi,c¡n of the i.n giyq effeets clf cybo-lybie

antil:ody has treen divided -i"nlo threc* seetionsâ ,¡ffeets on normel.

ee}lsu effeeùs on ùumor ce1.1"s, and enhancement*

S{f cslo ç- g"s JIos$L *ç,sIåå

One of Nhe fj,rst denonstratj ons of the spee ifi.e eyf otoxic

effeet of hetercllogoun ;rnti.serum ån yåy_ç. 14rås r:eport,ed try Delezenne

in -1900o He immrrni"zed ducks wi th prepa:rati-ons of do¿¡ cerebel.lumo

nnedullæ", ancl spinal' eordo Thi"s ttneurotoxieff aritise::um wa.s fatal

to dogs when i,njeeted in|o the braino the si,'rifbn-ess of ciea,th

being proportional bo the amounl, of serum injectetl, and th.e

s¡nnpt"ams be1ng bhose of severe brain damage*
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In another early demonsl,ration of the cyLotoxieity of

åntiserrrm åg v+vp-n Ledingham (191À) indueed fatal purpura in

guinea pigs by the injeetion of a potent rabbit-prsduced antisen:m

againsù guinea pig platelets*

Fressman (fç¿q) fabelled rabbÍt-produced anti.-rat kidney

- T3Isera with I ^"^, and reeovered the radioa.etive Ïabel preferentía.lIy

from the kidneys of rats into r,rhich bhe labelled antiserum l¡ad

been injecte<lo This Ì,ras the first direet evidene.e that, cybotoxic

antisera. combj"ne specifieallf ig gly_q. wit'h the ceII types used

as anti..gens j"n preparing the sera. Specifie binrling ji.n, "S}fg

of anti-Ieueoeybe serum to circuïat,i,ng -l"eucoe¡rbes and t'o bone

marrow cel-.ls was clemonstrated by Kuroyanagi e!" qL" (f963), who

useel radioisotopic and fluoreseen'b antibody techniques,

$peeific types of eircul.ating cells may be selective-ì-y

desùroyed !n y*åqg by the a,dminisüration of eell*speeifie het'ero*

Iogous anbiseran tyrnphoeytes (Cheur and Larçrence, 1937; lfaksman

g.t- gå,e I96f )o neutrophil-s (Fineh, 1955), and platel-ets (Kumar

anti $arayao 1962) may be speeificatly destroyed iS y,¡-YQr resultS.ng

in deereased nunbers in peripheral blood. These clecreased l.evels

may be prolonged by repeated injections of antísera"

hlhen normal" eireu]at,ing eells are transferred to an animal.

which has been prevÍously ín:munized against thero, evi.tience for

their survival or destmction in the recipient is necessarily

indirect, because of the i"mpossibility of identifyingE such cel"l-s

direel,J-y on a morphological basis* Harris g-!" .4.!, (:çSZ) demonsbrated,
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that when rabbit lymphocytes were i,njected into rabbits thalb had

previousl"y rece:Lved jrnmunizÍng injections of donor leucocyLes, the

injected lymphocytes were destroyed in .lÉ99-. These 1"¡nnphoeybe$ were

trlabelleds by the capaeity to form antibodies to a filtrate of

Ëhigel"}e d.ys.entçfiqe-, and the }ack of a rise of antibodies t'o

$hisella dv-qe.ntçfiaç in the reeipientts serum was then evidenee

that the injeeted lymphoeybes had beei:r destroyedo

Á.ntibodies formed during homograft rejection clestroy donor

spleen and tymph node cells subsequently injected Ínto t'he recipient"

Warsrick g[ gL. Çtgte) used delayed-type hypersensitivity tc>

streptokinase-streptodornase as a label for rj.onor cells. Cytotoxie

antibody in the recipient rabbitfs serum prevented the passive

t,ransfer of delayed-type h¡ryersensitivity by donor eells. This

bLockage of transfer is evidence for destruction of the cells

by the reeipient"

Effec!.s on Tutqqg Çe_Ilg

Russell in 1908 first demonstrated that rats in which a

mouse tumor had been transplanted and subsequent)-;¡ regressed shor"¡ed

an increased resistanee to subsequent inoculation of the tumor. He

suggested that the accel-er¿ted degeneration seen in the seeond

tumor was cå1lsed by cybotoxic a.ntibody"

Chickens are resist,anÈ t,o Krebs*2 mouse ascit,es tumor,

although ehick embryos &re suÐeeptibleo Green and Ïorincz (lg5l)

correlated the development of resistance to the tuinor t¡rith the

appearånee of a natural antibody in the s€rtllnc This antibocly
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appears by the sjxbeenth day, anri, aù this ùíme turn<¡r eelle

d:i-*a¡pear f'rom the e irer.rl aùion tnd organs of the i.nfecteel

embryon

The hope of cievel,oping antisera for cancerbhe::apy

has stimulated researeh into t,he speci"fiei-ty and effeetiveness

in "*{yg of antiseraagainst tum,::y' ce1l"s of different ù¡rpesn

The first suceressfu,l. attern¡t" t,o use heterologous ant-i,*tumo¡:

serwn therapeut,ieally !üas reported in 191+5 by ltÏettleship" Inject,ion

of rehbit*produced antiseruRr against Murphy lyraphosarcc,mrì i"ntó

rats bearing the tumnr caused a fifty*four per eent reduction i-n

mortalityu and retarded the raùe of tumor grovrùh in anjmals which

succumbecl"

The specifie l.oeal ization of antibody against Ehrl"ich

lumor cells å¡:flvg has been shc¡tn using I 131 - labelled antibody

(Wissler S! ê1" , )-956). These authe¡rs coul"d not rlemonstrate effeat,ive

localÍaation of anlibody in Fïexner-Jobling or Jensen sarcona rat tumors,

a),though the loca.l-izatíon of I 13] * l-ahelLed antibociy in !üagner*

ost,eogenie sareoma (Pr.essman nncl Korngolci, 1953) and in }.{rrrphy

Iymphosareoma (Korngo1d and Fressmano 195i+) rat tumor has been

reporbed.o

Ïnjeet,ion of rabbit antibody against ËhrJ'ich tumor cel-}s

into mj"ce beari.ng the tumerr prolongs the survival of the miee

(f'l"axo 7956)o Flax al-so found that the siruultaneous injeetion of

guinea pig coruplement :further prolonged survival. of the mj"ceo

The an'biserur¿ and compl.ement å* V+W produced a progressi.ve lo"çs
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of nucleic aeid fronr the cytoplasm and nucleÍ of the turuor cells,

as judged by smears of ce"LLs harvested. twel,ve, thi::ty-síx, and

seventy-tr,ro hours after the i.njeetj.on of the ant,iserum and,

eomplement" this loss of nucleie aeÍd was not as evident when

anüiserum alone was injeetedo No therapeutic vafue of antiserum

against Ëhrlich ael,ls could be demonstrat,ed by Horn (fç¡6)$ nor

could Thompson (fç¡:) affect the proliferation of mouse lymphatfe

leukemia cel-Is by the administration of rabbit anti.senrmu

Enbensene4

Ënhancement has been defined by ltaliss (fgfg) as applying

specificatly lo the successful establishment and progressive

growLh of a tumor homograft as a result of its contaet with speci-

fic hwnoral" antibod^y in the hr:stn Careinome,ta and sarcomata show

enhancement, while tumors of lymphoid and hematopoietic origin are

inhÍbited by the priesence of antj-boOy (UOiler and M$ller, 1962),

The term $enhancernents has also been used to describe prolonged

l-ife of a homograft in an anj-mal pretreated with norm.al tissues

of the donor (Kaliss, 1958).

Kaliss (ffSe), in a review of enhancement, Iisted many

clraraeteristies of enhancing and cytolytic antibody. Faradoxleallyt

the procedures for obLaining both types of antibody are identicalt

and there is a positive correlation betr¡een hemagglutinating aeti*

vity and enhanei-ng activity of an immune serulu.r Both antibodies are

gamma globu1in, but it is unknown r,vhether they are identieal or nobç

åìnhaneing antibody, Iike eyLotybie antibodyn may be produced by
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l) homograft rejeetion, and ?) aetive i¡rnunization with tumor

cells or extraets, and may be dernonstraùed by I) passive transfer

of kretero- or i$o-antisera, or 2) treatment of tumor cei.ls wÍth

antiserum in y,!þgg before injeeting then into the host"

Hnhancement has been demonstrated with onì-y a limited

nt¡mber of tr¡mor*host eombånations, and apparentJ-y represents only

one of the possible reactions. Gorer (1942) demonstrated both

enhancement and eybotoxicity in the sam.e tr¡¡nc¡r antisenrm-host

eombinat,ion. Loru doses of antieerum l:roduced enhanee¡nent of the

tumor whiLe hígher doçes were eybotoxle¡ MðIIer and Mëller (W6A)

demons.b.r:ateri bhat an"tisera eontaining antibodies against gI"L

isoantigens that differentiated tumor from host were eapaÏ:Ie of

induei^ng sùrorgenhancenent, whi.l-e antisera contai..nÍng only

antibodi.es against g-ggg of these eau.seei less enhancement and,

occasionally, inhíbition" They explained thie as i¡:dieating that

the antibodies covered isoan-tigen$ on the cells, thus preventing

thera from stimul-ating rejeetion meehanisms in the host" Ðifferent

host*tumor eombinations could be divicled i"nt,o three categories;

l-) ttrose Ín whích enhancement was Índuced by all antiserum doses

uneri, 2) those in whieh smal,l doses catrsed enhancement, anrJ larger

doses i.nhibitÍon, and 3) tHose Ín which the degree c¡f enhaneement,

deereased. as the dose of antiserum deereased*

TT. TN VÏTRO EFru]CTS

eybotoxie:Lty of antibody and complement has been demonstrâ,'*

ted in .y,qtrp" rrsing many differenù types of eells ancl a vari"ety of
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method,s" A rough, but not mutually exelusive clivÍsíon of these

methods has been made, anri this discussion will hre presented

unqler ttre following headingsa a) tumorbranspl-antation Lechniques

to test viabit.ity, n) Oye excl.usion (the capacity of viaTrle cells

to exel,ude dyes such as brypan bl.ue), e) biochem"ical activity, and

d) morphologieal changesc

Tç¡gq r jI rqp q pl,dn-! q! 4en

IQ. qt-tqg expo$ure of tumor eell-s to cytolt'cie ant,i-body eauses

sensitiøation of the eefls wtiich results in inhibÍtecl grow"bh of the

tumor ín a. susceptåble host. Presumabl-y, this inhibit,ion is a result

of lysis of the sensitized eells by host eomplement" Thus, effeets

of cytolyLie anti.body on tumor eells may be shown by the complete

absen*e of any visible tumor (Gorer, L9l+2)u a pr"olonged. bÍme

int,erval before the a¡:pear&nee of tumor (l,anAy gþ -åL,, 1,pó0), or

prolonge<i survival c¡f infeeted animals (Flaxo 1956)n

HeteroJ,ogous antj"sere. have been shornrn to be effective

against a variety of tumors. Rabbit, anLisera were inhÍbitory fior

transpl.antabLe mouse }eukemia ce)-ls (ilutaney anci Årneson, 19i+9ã

Werder eå AL*, f95?), mouse lpnphosarcoma 6C3HED (Nungesùer

and Fisher, 195,l+) Bhrlich m.oìrse aseÍt,es tumo:' ce^l.Is (F:.ax, Ig56t

Hornp L956) and mouse mammarJr careinomsr (Im.agawa gL ,al"e 1951+)"

Naùural" eybotoxíc antj"bodi.es in normal human serum destroy Hhrl,ichu

Krebso ancl Sareoma. 3? mouse tr:mor eel.ls (fanciy çþ *L*u 1960)u and

natur"al an'bibodies in normal chicken sëruln clestroy Krebs eells

(Green and Lcrriner.,, L95'l),
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I{omologous antj-sera are equally effective against t,umor

cells ln Uilrq" Using sera from animaLs which had recovered from

a tumor Gorer (tgl*Z) destroyed. moÌlse leukemic celïs, Burmester

(1^91+7) desl,royed avian I¡nnphoid tumor cells, and. Kalfayan and

Kidd (195J) destroyed rabbit Brovrn*Pearee carcinomaç

Þltc Sxqlqnio¡

The abii-ity of cells to exelude ceri;ain dyes is a sensitive

and reliable in<j.j.cation of via.bility (Hanks and hlallace, 1958).

åoss of this property of dye exclusion afford.s a direct and

jnnnediate means of demonstrating c¡rbotoxÍcity" Cybotybic antibody

and complenrent all,er the permeability properties of the ceII

membrane so tirat al'feeted cells cån no J.onger exclude dyes such

as neutral red (Niven, 1"929)E Lrypan blue (Kapitchnikov j ql.u,

L962), auure S (Ftax, L956), and eosin (Uants and ï,/allace, 1958)n

Cybolysis of Ehrlich mouse turnor cells (ftax, L956),

mouse lyrnphocybes (Stetson and Jensen, 19ó0), Krebs and $arcoma

mouse t,umors (Landy g! eJ.,, 1960) and guinea pig kiciney eells (Bassetb,

L962) has been demonstrated using this techniqueu

Reif (f962) usecl as criteria of ciarna6çe botlr deformal,ion

of cells and staining with a mirture of trypan Lrl^ue and eosin. The

j¡nmune eytolysis of mouse Ehrlich, $arcoma IA, and l.eukenúa tumor

cells was studiedu He performed titrations of arrtibody and complement,

by this method and showed that the curves so obl,ained were very

sj¡ril-¿lr to titration, curves <¡f ant,ibody and complemenù using the

conventional" red. cell*hemolysin systemn He also notecl that defor"rned
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cefls in the earl"y stage of cytolysis do not stain, but with

oprt,i-:ma]. eoncli"tiorrs for eytorysi,s, a-lr deformed cel.ls urti:na.t,ery

became permeable to tho staino

åiq c h_eqic,e], Act i_vj t y

Treatment wi.th c¡*b,otoxic antiserum and compr.ement resu}ts

i"n inhibition of vital metabolfc processes, as welJ. a,s l"oss of

the abi.lity t,o exe}ude dyes or prolifera,te fu _vji[eo rneubatj-on of

Ehrrich 1,umor cells with ant i.serum and compl.ement results in
l,os;s of the capacity to respire in the presence o.f glueose (F].axn

,1956; Bickis _Q!- .êIo¡ Lglgj, Gtycolysis of Krebs anct Sareoulâ. 37 tumor

e ell"s is also inhíbiùed (tandy "* aL., 1960) n Flax reporüed that

although glyeorysis wa.s inhibitecl, respiration in the ¡:resenee of

sueeina,te was not affeeted. rt was rate:: sug[çested by Green and

Gorciberg (rg¿0) that the solubl.e glycorytie enuymes of the eyLo*

plasm were rost from cells und.ergoing cyt,olysis more readj.ly than

were the pa.rtieula,te respíra.fory enziJ¡mes of i:he; mÍt,oehonelria, and

t'hat this is the expl.ana.i:ion of the diff'erience noted" Bassett

(rçee) repori;ed that Forssman antiserum ancl compl.enent inhibited

the oxygen uptake of' guinea pig kidney cellso

The i-ncorporat,ion of glyein**e-C1& into protein by Hhrl.ieh

ana 6carmÐ mouse tumors r,+as i.nhj*bited by eyt,olybic ant,íbody (col-ter

glycine fro¡n the medium was a-lso inhibited,

Thås inhibition of enzyrnatie aetivity appears to be

dependent on the presence of conçJ.emenü (Bíckis g[ ql*p rg59)*
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Nowinski (fg/+g) could not demonstrat,e an inhibitory effeet, on

oxygen upt'ake by rat sp.Leen and tlrain. He used antiserum a)-one,

and did nob add eomplement to his systema

llqrpþqJ, _o_siçql Chensç s

Morphologieal chanÉTes occurring as a result of treatment,

with eyLolyb*e anLihody and compJ-ement have been described in

a wide variety of eells, both in tissue culture and in suspension"

Tissue er¡-Lture techniques were first introduced by J,ambert and Hanes

in 1911o With eulture techniques, the effects of cybolyt,ic antibody

on the proliferation of eells can be shown, as welÌ as its effeeLs

on mor"phoì-ogy" Lambert and Hanes shot¡ed that the plasma of rats whieh

had been previously injected wÍth a mouse sarcolra u¡as unsuitabl-e for

growbh of the sarcoma !4 Vilfq.
Lumsden (fçei) cultured mouse and rat tumors in plasma

clot eultures in the presenee of fresh rat and rabbit antisenum

respeetively. He eonfirmed Lambert and Hanesls observations of

the inhibitory effeet of antiserum on the proliferation of ceJ.ls,

and fur{,her demonst,rated i;hat, upon t}re acldit,ion of ant,iserum,

healthy eells grorarÍng in normaJ" serum unclerwent, clumpingo degenera*

tion, and lysis6

Å description of the morphological ehanges oecurring in

imrnune eybolysis was given by Niven i-n 1929o Rabbi.t antiserum was

added to cul-tures of norrnal mouse fibroblasts and of mouse mam-

mary eårcinoma M63" Fresh anùiserum wa.s Ïe'Lhal. to the cel=Is within

thirüy nulnutesn Death was judged by gross morphologica.l chanpçes,
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as well as by staining wii;h neubral red, The earliesmorphologieal

changes were an ttindi-stj.nct, ragged, and irregularrt cell outÏinet

and a more distinct and opaque appeårance of the nucleus. The

cyboplasm becarne very granular in appearancs and bleb*like

pr"ocesses extruded from the surfaee of some eells. These sblisterss

eoalesced so that the whole cell became srsollen. The n-ltochondria

disappeared' Twelve hours la,ter, no recognizable eell remains

coul-d be foundr These ehanges were depenclent on bhe presence of

complement' Jn its absence, the cells became rounded and vacu-

olation of the cyboplasm occurred" However, in thís ease the eells

did not stain with neuùrel redr and therefore were consiclered

viable.

The same kind of eelÏ deterioration âs å result of treat-

ment, with fresh cybolytie antiserum, or wibh eyt,olybic antiserum

and added ecmplement, has since been described, with only minor

variations, for many different kinds of ceIls, both in tissue

eul-ture and as single cell suspensionso Some of these are outl"ined

below. The eharacteri,stie feaLures of cyi,olysis, summarized by

noss (I957)o inelude rounding anct swelling of the ee]ls wj-th re-

traetion of celt processes, folloroed by increasing cyloplasmic

granutabion, mitochc¡ndrial vesicul-ation, and increasingly severe

nucleâr damageo

lmmune eybolysi.s of eultured normal and l"eukemic human

and ehieken f,eueoeybes was deseribed by Hu.eper and RusseII (1.932)"

The sam.e type of damage has been reported in the cybolysis of
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cuftured mouse mammary c&ncer cells (Tmagawa ,e-! "q}.. , I95l+), chiek,

rat and mouse spleen and bone marror,.r cells (Pomerat, f94ó), ehick

embryo brain and spinal cord (GrunwaLt, 1949) ancl dogS myocardium

(Craciun and Sorescu, 1931)o The same pattern ttas reported by

Lums<ien (fç:g) for cybolysis of plasma elot eul.tures of ehicken

fibroblasts, adult human ¡auscle and hrunan embryo cerebellum. 1'he

aet,ion of cybotoxic antibody on HeLa celfs in fluid and plasma *

clot eultures has been extensively described (Ha.Uet _aå .êtn, J.gS"/i

Me,A.lfister ç.!. &,, 1958; Goteistein and Myrvik¡ 1958)*

Terasaki S!. .a1-. (fç¿0) deseribed cybolylic changes in

suspensions of normal chicken }ymphocybes treated w;ith fresh

homologous antisen:m, The changes began with a decrease in the

motility of t,he cells, and this was follc¡wed by a series of

degenerative changes which åre very much like those described

in the cytolysi,s of cultured cells'

Kalfayan and Kirirl (WSI) described the morphological

changes during i:ûnune eytolysis of Brown;. Pearee carcinoma cells

in suspensiono In Bagg rab tumor cells, rupture of the nuefeus

prececles rupture of the eell mernbrane (Sehrek and Preston, 195ó)"

This has nc¡t, been deserÍbed in the cybolysis of oùher eells"

Initia} blistering of the celI membrane prior to swellÍ"ng of the

eeI} has been a prominent feature in other deseriptions of cybo*

Iysis, but, was not seen j-n either Brown-Fearce or Bagg tumor" cel}su

Phase eontrast and eleetron m:ieroseope studies of the

eybolysis of ehiek embryo l'leartfibrobl-asts were described by
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Latta (f959, f959)o Antiserum and complement a.dded'bo plasma clot

cul'i,ures caused an irnmediai;e cybotoxic effect r,ùrich was apparenl:

within fift,een mÍnuLesn Under phase contrast, ttre changes seen

were identical. to ùhose descríbed for other cel-Iso

Ël.ectron micrographs showed that the plasma membrane

disrupted :fo1lor',ring the action of anl,ibody and complement, although

this feature diff'ers f'rom other descriptionsc Mitochondria and

profiJ.es of endoplasmic reticulurn beeome ves-Lcular, Lipid inclu*

sions showed internal, iruegularity and stainecl more li-ghtly.

ltith nuclea:: shrinkage, the granules of the nucleopJ.asm piled

up at the nuclear membrane, llhe outer nuclear membrane separated

from the ínn,er to form large trperinuc.Lear vesiclesrÌç

The descriptions of immune eyl,olysis given by Goldberg

and Green (I959t I960)n and by Hasùon, Goklherg and Green QgAZj

for the Krebs ce}l, and by Bickis (lçSg) for the Ëhrl-ich celL

are very sini-lar" Both differ l"'rom Latta only in that bhere

appears to be no rupl,ure of' the eel..l" membraneo

TTT" THH M4CHANI$M OF CYTOI,Y$I$

Irynune_ Hgmol.y¡¡i.s

The currently*¿çç;*pted explanation of the roechanism of

imnn:ne hemolysis (lçaba,t anct Mayer, tgóf ) ü.,ssunes the presence of

an unknown number of recepbor sj.tes on the surface of' the erybh*

roc¡rbeu Two anLj-body molecules attach t o adjacent receptor siLes*

They calÌ 'bhis a bimc¡Ieeular complexg GomplemenL bi,ncls reversibJ_y
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to this antibody-ce-l.l unj.on" tysi-s of the cel-L is a resul-t of

the production of a permeabi.l"ity defect in the cell membrane by

the enz¡rmatie acti.vity of complement (Mayero f962) 
"

The Site of -&n ti.bodv Fixat,ion

Indirect evldence for the existence of receptor sil,es

on the surface of viable eel"ls Ís afforded by the observation

that heat-inactivated antiserum aggluLinates cells (Horn, I95ó;

$ehrek and Preston, 1956)" After treatment with sub-agglut,inating

doses of heat,-inaeLivated cybolyt,ic antiserum, HeLa cells resísted

infleetion with poliovÍrus (Suersin-Thiry, 195S). Presumably,

antibody had blocked the cell surface virus receptor siteso

The indirect fluorescent antibody teehnique was used to

show thal, ca.b,olybic antibody fíxes at the surface of viabJ-e

llel"a eells by Hi.ramoto e.ä $. in t96O* In viab].e cell-s treated

r*ith heat-inact,ivated antiserum, fluoresceTtce was seen onl.y at,

the border of the eeJ-l, but if bhe ee.i.ls were kil}ed by fixation

in eold aeetone before they were treated with antiserum, intra-

eellula:: :fLuorescence ïras seen. þdhen viabf.e cells were treated

with antiserum and complement, char¿rcieristic blister formation

oceurred, and antibody was identified on the surface of the

blisterç

When Krebs cel-ls are incubated in heat-inactivated. cyt,otybie

antibody, the only struetural change seen is in the eel"I membrane

(GolOUerg ancl Green, 1959)n ln electron mierographs, Lhe membrane

exhibåts a eomplex folding, resul'bing Ín many elongat,ed proeessesp
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and cleft,-l"ike ehannel"s which extend into the interior of the

eell-o This is thr:ught to resul,t from Lhe binding of divalent

anti.body to the ce}l membvaneû The authorssuggest that normal

pJ"asma membrane rnoventent,s 6uccessively bring different area6

j-nto close enough proximity to be bound together by divalent

antibodyu

Tn e.l-ectron microg::aphs of Krebs cel"l,s incubated v¡ith a

ferritin-l-abelled antibody, sites of antibody fixation can be

iclentified by the priesence of t'he el"ectron-dense ferrÍtin

mol-eçule (Haston, Golclbergancl Green, L962)o Ferritin was identi-

fied in characterÍstie erray along the surface of the ceI}

membrane. fn the j"nterior of the cell it was always found

within membrane-bounded vesicles, which were considered to be

elements of snrooth endoplasmic reticulumn probably formed by

pinocybosis. The label r¡as never found in the cyboplasmie matrix,

or a,dhering to rough endoplasmic reticulum, or mitochondrian

In other experiments, East,on gå a-I-. (fçeZ)o added rabbÍt

complement, to this systemo Characteristic swe.lling of the eel-I

and of all membrane-bounded compartmeni,s within it oeeurred, and

in eleetron m:i-ero6raphs the ferritin label coulcl be identified

in the eyt,oplasnr-ic matrix and in bhe nucleoplasm as wel"l as along

the cell rnernbraneo $tr:eci.fic bindi"ng of antibody to mitoehondria

or rough endopïasmie reticu-Ltun tnras not seeno
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Col}oid Osmotie tysis

Endosmosis as t'he force responsibfe for the swelling of

eell-s undergoing imrnune c¡rbolysis was first suSlgested by trrmsden

ej gl" in 1934. Hllem (f958) renewed th.e iciea. of osmotie lysis,

and further suggested that the sweïling eharacteri.stic of cybo-

Iysis was 'bhe result of speci"fie permeabi"lity damage to the ceLI

membrane¡ He called t'he process rteol"l.oicl osmotic LysisF, since

it is due to intracellul¿lr eolloid osmoti.c pressure, and. the loss

of intracellular material is a,nalogous to that deseribed as

occurr.ing in hernolysis by Ponder (f g¡+g)-

tee gh ê,I." (fçAO) reported experiments in which Ehrlich

cel-l-s were treated with eytolybie antibody and eomplemento The

cel-l"s became swollen, increasi.ng in area over two huncired per

cent, and at t'he same bime lost large amounts of intracell..uïar

material, equaJ" to almosù half their dry rtrâsso Hllem (fç59) ru*

ported that large amounts of aeid-soluble organic phosphate were

lost from the ceIIs. Using cyt,ochemical techniques, flax (f95ó)

d.emonstrated that ribonucleic acici (nNA) was losL from Hhrl-ich

eel-l.s un<1ergoÍng imroune eyl,olysi"s and Cofter et- el. (fg¡6) showed

thaü proùein was lost. The loss of RNA from Brol+n-Pearee careinoma

eells (Kalfayan and KÍdd, l.}fi) and cl:iek fibroblasts (Latta þ 1959)

has also been shown by staíning techniqueso

than¡ges seen in the Krebs cell by phase eontrast and el-eetron

rnicroseopy were eorrel-ateci uriith quantitative changes in the distri-
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bution of small moleeules and maeromolecules between i,he cel-Ls and

tLre rnediuru by Green -q! gÀ" (1.çSç). fn the inj"tiat stages of the

react,ion, before swelling has become pronounced, ninety per cent

of the intracell"ular potassiurn, and a large proportion of the free

a¡rino aci"ds and ribonuc,L.eotj"des are lost,o Sodium enters the eell"

freely'n .After the cell ha,s swo-l}en, large molecules, such as proùein

and nueleoprotein are lost. fn thÍs way, the eelJ-s lose thirty-five

per cent of their free amino aei.ds, from thiri;y to six-ùy per cent,

of their proLei-n, and up to seventy-five per cent of thei.r cyt,o*

plasmi.c ITNA" RNA is lost mainly as intaet, ríbosomes" These .l"osses

eorre$poncl to the eì-earing of the ey-toplasmic maLrix seen i"n

electron mS.crographs of the ce1J-ss

Svielling of the t,umor cel"fs anci the loss of macrc¡molecules

ca.n be preventecl by placing the cel^l.s j.n a mecli-um of very high

protein concent,rat,ion (l30rne/m} of: albumin) (Green and Sil-verbl..rtt,

]9ó0)o Such a. high protein concentration balances the intracell"ul-ar

c<¡l"l"oid osmotíc pressureo In sueh a, medium, swel-ling and J-ysis of

red blood cell-s is alsc¡ prevent,ed, a.lthou.gh the -Loss of smal-l-

molecules still- oceurs in both types of cefls (Green g!.Blon

1959 ) ,

On i;he basj"s of these resuf{:s, Green ancÌ Goldberg (fg5g)

postulate that jmmune c¡'toJ-ysis oceurs in the fol)-owÍng wayl

Beeause of' the high concen'Lrat,ion ofl e olloids wit hin a

eeJ"l", it,s eoncentrati-on of small- ions is normal.Iy slight,ly ïower than

that of an isot,onic salf sol-ution, This prevents the cleveJ,opment of
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an osmotj-c pressure gradient across the cell membrane" As a resu.lt

of the aet,ion of c¡'bolytic antibody and compl-ernent, a pernneabil.i-ty

clefeet-,u which may be thought of as bhe formatj-on of functi.ona.l

îTholes¡t is produeed Ín the cell" membra,ne. Smal-1. molecu"les pass

freely into the cell as a resu-l-t of this permeability defectt

until thei.r coneenùration is equal on both sides of the membranen

The osmotic pressure of the cell is therefol'e increased, anC-

its excess over the osmotic pressure out sÍde the cell is solely

due to the osmotie pressure exerted by the intracefl-ular colloids

Water fl"or,..s i-nn causing the cell- to swe1J.o As the ce1"1. swell"s, the

fth<¡Ies$ are stretehed so tha,t macromolecules and ribosomes Ïeak out'o

This loss constitutes freo"tloid r:smoi"ic l,ysistr.
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TIVTROüUCÎTON TO HXFþ.R]MËTff Á.L WORK

It is elear from this review of the l"iterature that cybo-

Iybie antibody is toxic to cells, both i¡l Vi!,f-o, in the presence

of eomplement, ancl Ln _viYg, Many melhrods for demonstrating this

cybotoxiei'by have been descrilred.

The ultÍmate purpose of the projeet of r^Ihich this work

forms a part is an investigation of the effects of antisensitizer

(antibody against sensitizer) on immune cybolysis !Q -v.¡.Ign As a

prelimi,nary fo sueh a study, it was necessary to sel-ect methods

for demonstrating eybotybic effeetsn ancl this thesis cove::s this

pr:eliminary worko CInJ-y after these effeel,s eån be adeo¡ately

demonstrated on a qu¿rntit,ative basis i* Jti*äg can the eflfectç

of cybotytic antibody j* gåW be evaluatedu Aeeordinglyr the

work wiIL be presented under the following headings;

Io I-n V+.'!r-ç Cytolysis

IIu åp -VfVg Cybolysis.

Tn eaeh case the foJ-Iowing witl be <iescribed* I) Ma*

terials, e) MetiroAs (tnis w'i"lÏ include experjments performed

in devising the methods), 3) ÖUservations, and 4) DÍscussíon"
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T. YIATËRÏAI,ñ

ÇelIs

Guinea nís nerit exudate ce-lls , PeriLoneal exudate

eell.s (FHC) consisting prim.arily of monoc¡rbes were obtatnecl from

grinea pigs eighteen to twenty-fo¿r hours aft,er the intra *

peritoneal injectic¡n of fCI"O TIIL" sterile physiologícal saline

eontaining 0"00J" þer cent glyeogen. 'fhe anÍma.l-s were bled out

by cardiae pu-nct,ure under chloroform, and 2O.O rnl-n T¡rroders

solutionl eon.bain*1ng 0.01 per cent hepa,rin injected in'braperi-

toneally. TÌ:e peritoneåI cavity was L,hen opened asepüically

and the ceJ-l--rieh exudate eol"lected with a wide bore pastour

pipette" Bloody exudates hrere ncrb used beeause of the observatiotr

thab they contained å very high proportion of neutrophils" The

cell suspensi-ons were centrifuged in an angle-head cenùrifuge for

fíve minui:,es at 1500 rpmo Any red blood ee]"ls ¡:resent were )-ysed

by resuspending the eell pellet in 8.0 ml, djstilleel water.

Isotonici.ty was restoreci by Lhe immedj-ate acidi"tic¡n of 2.0 ml-*

five times eoneenùrated Tyrodets sei.l-r.it'i"on, and the pH adjr:st*d

to about 7,h.by aelding 0.12 ml, I,/+ per cent sodiuri båcarl"ronaùe"

:- see appendix
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FffO were not affeeted by this trea.i,ment. The cells were washed

twice, centrifuging for three mÍmrtcs at 1500 rpm, and r€slls*

pended' Tyrodets sofrrtion ÍIas used as diluent for al-l procedureso

.A clrop of the cell suspension re'ê,ß 6mea,red on a. <:over*

sli.p and stained vrith a May-Grünwald Giemsa techni.qo*2 fo*

dif'ferential. counbs" From eighty to nínety per cent of, the cell-s

were nononuclear J-eueoeybes and the ¡:est were neu,trophils" In

order to identify the mononuclear cellsu sme&rs were ma,de on

sl-ides and staj-neci vrj.t,h the Sato-fiekiya peroxidase stain3.

From fifty to si"xty per eent r:f the cel"l"s conba:i-ned peroxidase

granules, whieh is usually i;a.ken to indi.cate monoe¡rbic origino

The concentratj"on of cells in suspensíon was measured by

ad.ding 0"1 m1., cell- suspension ta 2"9 ml* O*I N sodj.um hydroxide" The

tubes were mlxed in a Vortex Junieir nuixer t,o hasten digestion of the eellsn

The absorbanee of this solut,ion was read at a wavel.ength of two

hundred and sixty mmu ín a Beekman IïJ Speetrophotomebero 'Îhe

blank useei tc¡ zero the maehine contaj,ned O.l" ml" Tyrodefs sö*

lution and 2.9 mlu 0,1 N sodi.um hydroxideo 'Ihe absorbance of

such a sol-r.rtion inereased. dÍreetly as the eoncentra{:ion of eeLls

deterrnined by countin6¡" An absork¡ance of 0"650 eorresponded to

a counb of 601000 ceL.t.s per eubic mm*, and Q,325 to a, count of

30r000 r:ells per eubíe ru¡n, Cell. concentrations þiere expressed

as the nu¡nber of cel.ls per eubj-c mma This methocl was useel i.n

preference to direet, counLing berause j.t lças more rapid and

reproduci"ble+ Án average ha,rves;t of FHC flrom one guinea pig

2
nee a¡rpend,ix 3 see apï:endix
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yielded 1"S"0 mlo wÍ.fh a count of 5OO0 cel.ls per cubic mm.

Because of this sma-L"L yieJ-d, all proceclures u.¡ere d,esi.qned to

use ås few eel"l-s as possible"

Preparation of PHC suspensions was always accomplished

as rapidly as possible, anci su,spensions were al¡¡ays used i*mmediaLe-

lyn $peed was -i-mport'ant,, Ì:ecause Pïlü tend to se|tL,e out on gla,ss

if they are left standingn anri hecause Tyroders solui;ion may be

toxic to cel.)s af'ber thirty minutes (Parkeru 1961)" ühilling of t,he

eells was a.voidedn where possible, because of the observation c¡f

Green and Golctberg (tgóO) tnat osmobic control" is impaireel at

lower tem¡reratureso

tled-þ}-oS4'ç_çll$. Gu5-nea nig blood was eof.leeted in

^&lseverr s sol-ubion4 
"nd 

si,oreel in ùhe refrigerator at least four

days before it was used" The ee-Lls were washed three tímes in

Tyroders soluLiono centrifuging for five ¡ninui;es at, 1.500 rpm for

thie first two weshings, ancl for ten rninutes aù t500 rpm for the

third" A none per eentt¡ suspension was rnade in Tyrodels solution

so t,hat LnO mL.* of the suspension added to 9"0 ml. elistillecl

water 6fåve an opt,ical- densiby e:f Q'225 at, r*'avelength five hundred

and fifty mmu in a Bausch and Lt:mb Speetroni'e llwenty¡ The b]-ank

u.sed to zero the maehinc consisted of ]o0 mI' Tyroders sol-ution

adeied to 9,0 ml.* distilled v¡at,er. "îuspensions were kept, in the

ref,rigerator, and used wi.l"hin an hour of preparat,i"ono

l4 see apBendix,
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Ån-téssåe

Antiseraagainsi; g:inea pig pRÇ and recl bl.ood ee-l.ls were

p::epared in ræ.bbitso ffiO were pr:epared for injeetS.on by suspending

washed eells in T¡rroders solution,,BO that 1."0 mlo eontaineci apnroxj:n¿¡.ûe*
rl

ly t6 x l0r eeJ}s. On5 mlo of L,h:'Ls su"spension rÀras inject,ed i-n1,r¡rt*y.1*

t,oneally"

ßuine,q. ni.g red blooci eeïIs were prepared fo:: injecti"on b¡r

rnrashi.ng thr"ee bi"me,ç in Tyrodern soJ.retionu frO mlu of '¿.rasiteei paekeri

eells was given intraperì,tr:neally a1, eaeh injeet,i.on"

Ïmmrrn*izj-ng injeetiÕns lrre.re giver: semi.-ueel(ly fr:r th:ree r^¡eek*u

The rabbi.tn were bleri by ea.rdiae punctu:re on the seventh and

eigirth ciays after thc 1.a*l injeeti"onuNor¡nal raÏ¡bit serru.n f,or eontrol

purnoâes was pool-ed flrom four norn¡.}- eionors. Aft,er the senlm rça.s

e ol-lee ted it, was inaet j-vatecl hy heating at 5ónr. * for thi-rty

n:inutes, and sto::ed i.n'bhe deep freeøe at, -?0ÕC, Before use, it,

t¡as àhawed at room bemperature ancl re*inactivated hy heati-ng -for

ten mimrb,es at 5áo(ì,

Fou:: anti,sera aga,ìnnt, Fît r¡rere ppepa,red,* CIneu antiserum

1,6u producecl strong aggl.uli.natic¡n of IrffiCn a,vlrl r¡,raç el:osen for

i-nvesüÍ"ga1,i,onn Coni:ro1 serum did not agglutinate ffiCo

Ço.4pIemg.nt-

Blood eoJ-.l.ected from PfiCI donors by e ardi ac puneture r{ås

all-owed to e"l"ohp ancl i"he fresh serum used ¡.s the sorfi:ee of eomple*

menl*

ïn order to estimat,e the aet,i"vi"ty of guin,ea ntg eompl,ement

agai"nst 6¡uinea. p*"g Fïe.u j,t ruas tit,ratecl r.rsin6ç g¡rinea pig red ee"l)"ç
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a.ncl rabbi{*p::ociueed hemr:1"ysinu Thi,s system t¡as chosen because of

the observatj-on thaL comptement, is less aetive against homologous

cel.ls than it is a6¡ainst cel,li* of a riífferent spee i"es (Beryd, 1956),

Jlecord.ingl"yu the titre determi.ned hy using g:i.nea. pig red neJ"ls

seened Ïikely to be a hebter mea$ure of probable activity against

guinea pi.S FHC than one obtai"n-eel using heterologous t:e1ls"

The methoels used for the titratj-on c¡f rabbit ani;i*gtrtnea

ptg hemol"ysin and for the titration of eompleruent using this system

were acìlapted from those of 0nysko (fgeZ)6 These were four*vol-ume

tesì;s, designeci by her for the stuely o:f the eff'eets of antisensi*

i"izer on complemenbary lysis of red cells,

Tllral-Lop g{ 
"lfq.Jn Lyp-åIl* Ðoubl-ing dilutions cf antiserum

were made in 1"0 mI" volrunes of Tyrr:dets scl"Lutionu 1.0 nln of

washed one Ðer cent guinea ¡rÍg recl eeJ-Ls was acided'bo each tuhe.

A eontrol tube containing no antiserum k¡ås j-ncluded. The tubes

were stoppereeJ. anrl incubated foL: twenty minutes in a waterbath
f'ì

aL 37-C, They rdere removed from the waterbathn a.nd 1n0 rnl" T¡rroders

solution and 1"O ml" l*4 compl.ernen'b acided to eaeh tuben The tubes

were again i.ncubated for thirty minuùes at 3?oCo, then cent::ifuged

in the cotrdu 'fhe supernatants wex'e decanted ancl their optieat

densiù¡' rneasr.¿red at fi"ve hundrç:d and fìorty rrtnu. using the controL

tube eontaining no antiserum as the bl.anko The .l"ast tube showing

one hunrlred per eent lysi"s waß taken as the endpoint," This tube

eontained an j"nitial- hemolysin eoncentrati"on r:f I*5J.2, anrJ th5"s

was the dilu'bion chosen to sensi'bize cefts fclr complement bi"trati"on*



27

frepprelip* -gå*Þç,n-Þil ' Equa"l volumes of

hemolysin (f:5fZ) and one per cent cells were ineubated for twenüy

minutes at 3?oCI. Normaf cells for a con|rol series were incubated with

equal volumes of Tyrocleîs sol-ution. The cells were then cent,rifuged for

five minubes at IJOO rpm, washed once in Ilyroders solution, and re-

suspendecl tc¡ tile original- volume. They were kepù refrigerated unbil

they urere usedu

llit_qa_t&g¡ qf , qo.fnplei4e{Lt " I}oubl-Íng di-lutions of complemento

start,Íng with a 1;2 diluti"on, were made i.n InO m1" volumes of

Tyroders solution, üuplicate rows of tubes were set up¡ 2*0 nrl6

Tyrodels solution l¡rås added to each tube. 1,0 rnl. sensitized

cel-ls was added to eaeh ùube of one ro1¡r, and ].0 mln norrna"l". cells

to eaeh tuhe of the second row, 'Ihe tubes were stopperedo and

ineubated forbhirty mínutes in a waterbath a.t, 3?oü" They were then

chi).Iedn centrifuged in the cold for ten minutes at 1500 rpm, and

the supernatants d.eeanted. The optical density of the su,pernai;ants

of the first rotn. Ïras measured ai: five hund-red and fort,y mmu,, usi"ng

bhe coruesponding tube of 1,he seeond row as a blank. Á standard

tube contai-ning 3.0 mI-' distilled water and 1.0 mI" nensibized eei-Is

was read against a blank eontai-nlng 3"0 mI" distj.lled wat,er and

1o0 m-[o Tyrodets solutiono and this value was taken a"s representing

one hundred per cenb )lysisn The percentage lysis in eaeh tube was

eal..cul-a,ted using the fornmla¡

percentage OpticaL densit,y of tube
x 100"

lysis Optical densiùy of eells }yzed in ctistil"led water

trog probability påper was used i:o plo| the result s, with

the volume of' unelj.luted complement as abseissaeu anci the pereentage
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Iynis as ordinat,es, The best str.a-i..qht ìi"ne wa.ç drawn, and the

djl-ution of cornplement, causi"ng f5-fty per cent .l"ysis cletermined

from the p;raph. Thi.s dilutioir ofi compl.ement cont,ained one -fifty
per eent hernc¡J.vi,j"c <lose (one HA50)" Tn t,itrati,ons of-'eigh.t s*mpJ,es

of complements one HD5ç l^¡as eontained in dilubi"ons of compl.ement

from J-*?-J 1,o l-s38* IJÍIutions of eompl,ement vi:,ryi"ng frcrn l.;4 f,c¡ Ïrl,e)

were therefore used in a.ssessin¡t the eff'ect of cyboi.yti-e .r.ntibody on

ffi[, on the assumption tha.t thj,s dilu'L,ion cont,aineci between 2 H1]50

and ICI Hr),-,- comÌ:l,emento
5U

Tl " þfþrTIiolls

Two methods were useri 'bo clemonstrate Ímmr"¡.ne e¡"bol.ysis

3n y.i.!Ag" The fi.rst ¡rart of tìr:ls secti"on ciesc::i..bes an ori-gina.l

speet::ophotomet::j-e mc'hhocl, anrJ the exper.i.ments perfÌormeci in c1e*

veleiping it* The neçon"d part, deseri-bes a. method se.'reel,ed "from'i,he

Li.t,era.tu::e, the clye exeJ"usi.on teehni-qu,eo

åneetronhotomet r.i e lvleasurement of Lvsis

ï"þ.q--,o*:ng- ïr¡rnirrie c_rrbolysis and irrmune hem.ol"ysj_s are

simi-l.a,r in that both invo"l.ve loss of L arge amounbs of inbrae e).l-u-lar

maùeri.al (Gr"een ancl Goldberg, 19!a; Ka"bat and Mayero l-g6r)* trllhen

sensit"i.zed red cel--ls ar.e expose,:l to eomp)-ement, henrogl.obinn among

othc:r subsl,ances, is rel.eased in1,o i,he medi-um, a.nd h.em.ol-ysis

is apperento Thu,s, the anlorrnt of J-ysis rnr?.y be measu:lecÌ b¡r {,þ6

inçrease ín hhe optical" densit¡r of the ni*:rliumu usi.ng a speetro*

photometer*
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ttfhen oi;her cel-ls undergo immune eyLol¡rsisu material lost from

cells ineludes ribonue-Leoprotein (as ribosomes) and cyboplasmic ribo*

nueleic aeid. A rnethod has been devised which meåsÌrres elcolysis by

measuring the imcrease in absorbanee of the medi.um <lue to nucleie

aeid Lost f'rom the eellsr

Af'h,er sensÍtized eells have been ineubated in complement

and cytolysis has oeeu::redu the cel-Is are separated frnm the medÍum

by eenbrif,r¿,qat'iono The supernatant, consisting of eomplement and

ma.terj-al, J.oet f,r¡:m the ce]-Ls, i.s retnoverl f,o fresh tubesn Perchlorie

scírl is added, and prr:tein and rj,honuel-eoprotein preeÍpi.tateo The

¡nixbure is then heated in a waùerbath to allow tfie perch"lori"c aeid

to h3.ri rolyae rj"tronrreleoprotein ancl lÞ l"ease aeid.-soluhle nrre Ieíe

aej-cl a.nel nueleoti'des' .&.bçorban,ee of the aci"d,*soluble naateria"l is

then measu.red i,n a. Beekman IIU Speetrophotometer at üwo hr:nel.red and

six.ty mnni.o the v.ravel-ength of maxima.l nbsorbance of nucfeic aeid"u

Mi-r:rocuvettes holdin6ç 0,5 ml." are used t,o hold the sampl.e.

Perehforic aci"d wa,ç ehosen for preci-pitati.on and hydroly*

sÍs because j tr absorbs very l^ittle at, two huncjred and sixt,y mmtr,

and. iLs absorbanee does not ehange rçith heai;ing (O.aur aneL Rosonu

Ig5CI) 
"

Tyrodels *olul,:Lon lr&s ehosen for" tLrj-s proeedure, and used

j,n all eilher proeeelures, beeause ii:s absr:rbance at two hundreci and

six.ty mmu ås negl"igi.hl-e, in conbrant to that' o.f Veronal buffer" llhe

con{:ent,ra,tions of magnes"ir:m s.ncl ea}eium, are, reöpeet"ively, 0"1 grams

anel 0"2 grarns per liter of Tyroders seilutJ"on, which are adequate
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for compl"ementary Lysis¡

No at"tempt has been made to identify cherni-ea1ly the

material responsibl"e for jnereasÍng the ahsorbanee o"f the super*

natanto For th.j-s re¡Ìsol1, alLhough j-t is believed to be mairrl-y

nucl-eic åcid, i.t ürill be called. maeid-soïubl"e eellul"ar mi¡.terialtr

(ÁsûM).

&C_C_g[dg]9.-e* *lÉtå_Aee_d.S**&*ff . Í]n e h a. met hr.¡ d is p ra c t Í e ab} e

only if the hydrolysis of ÅSCM is unaffeet'eci. by the una.voidable

pre$ence of serum" *,eeording to ßeerts Law, the absorbanee eontri*

Ì:uLed by the eeimplement and ltSOM comprising the supernatant of

l)rzed cel-Is shou-Lcl be equal to bhe sum of their separate contri-

butions, To d.ernc¡nstrate t,hat this is true" and thaL any inerease in

absorbance is direetly due to Å$CM lost frou the ce"iIs, the following

procedure vras ad.opLed* Two tubes, each cont,aining 0.ó ml"n washed

FF$ at a conceni,ratj-on of 20r0Cì0 eel.ls per eubjsmm.were eent,rifuged

for three minu.tes at 1.500 rpmo The ee}l sediment in one tube rn¡as

resuspended in lo$ rILl. dintilled water in order i:o obtain rseell

Iysatett, an<l t,he cel.ls of the seçond tube in 1.8 nll" Tyroders

solut:ion as ñcontroltt. 1l'he trrbes we:"e af.l-ov¡ed to stand at room

temperature wittr oecasional vigorous shakång" AfterLwenty mínut,es

they were eentrifuged f¡r¡r f'j-ve mimrtes a.t 1500 rpne and t'he

suþernatants decanùed"" A series of fou:: tubes was set up es shc'v¡n

in tabl.e I" Fi-yclrol-ysi,s was al"l.or.¡ed to Þroeeeei for thirty minutes

at, ?0o0n The pr:eeipitate was removed by eentrifirging the tubes

fo:r" thirty minutes at ä5(Ð rpm, and the absorbanee of eaeh super*
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natant measllr"ed at two hunclred and sixty nunuo The bl-ank used to

aero the machine contained ciistilled, water" The results are shown

in table l*

Due bo the presence r:f comp.lement,, tubes 2 and /+ contained

seventy*five per cent of the amount of lysate or control, respectively,

which was con"t,ained in tubes 1 and 3o Coruect:i-on fc¡r this has been made

ín the ca-Lculations. The absorbance chre to ASCI4 in tl¡e presence of

eornplement is Q,217 and this is no'b considered to be si"gni,ficantly

different from 0o205¡ its a,bsorbairce i.n the absence of complerûorlto

These resul,ts sLrow that the absorbance of a mj-xture of cornplement and

"&SCM approaehes the sum of bheir se¡rarate absorbancieso and thus the

lrydrolysi.s of Á,SCVi is noù affected by the presence of complement,

Opf,imal expgff&p-Ê-t-41 ç-qn{i"U,ig4Ë* The followi-ng series

of experiments were perfonned Ín order to define the optimal eon*

ditions for obtaining the maximu.rn amount of A$CM¡ The procedure

follornred in these experirnents j-s first described in detailn

fol-Iowed b)' a separate aecount of each experimento

fu FlegQdi¡Le-o

$çlìpii;iqq,!.'}-o-* " High c onc ent rat:i-oris o f ant j- se rum we re

chosen for sensit,ization of FEC in these expeirimentr¡ because, inil,íal-ly,

its strengt,h was no1, knownu Uilutions of I*2 or ltl+ were used6 ffiqual

volumes of:'washr:d PlüC, uiLh concentrai,ions frorn 201000 cells per

cubic rmru to ó01000 eells per errbic nmo and of antiserum hrere incu*

babed in 11 x BO mm" serology tubes for twenty minu'bes at 37oeo
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TAB'T,E T

TI.I]]J "AfiDITTVtr EFI.'SCT OF Tfü'd I.BSO}IJ].4"1\]CIilS
0F 00tUPI"b,"Ißi\II ANÐ JiSCM

Tube }ioo I Õ 3 l+

3.5 N perchlorÍ.c acid

+t Lysate

+sr*È Çç¡nplem,ent 1*4 in lysate
l,(4S CÖntrol

å-Lå"X' Çe¡¡plement, 114 in control

Absorbance at 260 mmu

o12

0u5

ou2 0"2 0.2

0o5

0"615a ûl+5

0"5

or5

0È070 0o450

Abçeirbanee due t,o 1*lr corn¡rlement * (absorbance of tube 4¡ complement
ltl+ in control) ninuË O,?5 (absorbance
of tube J, control)

* A|USA * Ou75 (O"O?O) = 0n398

"[lbsorbanee due to A$el{ in the preÊenee of compJ-ement
- (absorbance of tube 2, complement Ir{

in -Lysai;e ) t¡,LA!iq" (eatðulated aÏ:sorbanee
due to ltl¡ complement)* 0"61,5 * 0"398 : O*21?

Absorbance due t <l ÂStivi :ln the absenee of complement
: 0o?5 (absorbanee of tube J", J-ysate)

.E4rJ¡-,E.0"75 (absorbance of ùube 3, con.Lrol)* o*75 (0,3¿j) ^ eu75 (cl"o?o) * o.ã5e * 0.5i: 0"209"

Hence, absorbanee clue to ÅSCIvi ln the pre,sence of cc¡mïrlement is esse¡tiaúlythe sarne as in its absence,

?f' Iysate * fiu.perníàtant of lËC lysed in clisti"tled water
cont,rol * suprJ:natanl, c¡f lüü suspended in Tyroders solutÍon
This means that I pa::t of compl.ement was acldecl bo J parts of lysat,e

(tutre 2) or eontrol (tuUe 4), Thusu O*?5 of .bhe volume of tubes
2 ancl À. consis'i,s of lysa'l,e or cont,rol, reopect:Lvely'o
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A con'brol tube contarining Tyrorlets solution in pì.ace of antiserum

was always included. After j-ncubation, the tubes wer.e chilled

briefly, washed onee in Tyrodef s soluLion, cenl,ri-fuging fior

three rninut,es at 1500 rpm, and the srrpernatant removedn

.ÇVtp-Wqis-n A volume of eomplerrent equal to three t,imes the

original volume of washed IfrC suspension was adcled to the cell sedi-

ment, and the cells resuspended by shakÍngo Dilutions of con,pl.ernenù

ranged fronr Ïrlr to I:10 in indivi<lual experimentso The tubes were re -
i-ncubated at 3?aCo for thirty rnj-nutes to allow cybolysis to oe cur,

then chilled briefly and cenbrifuged for five ninutes at, 1J00 rpm6

The supernatants were decanted to fresh tubes, The supernatanü of

sens:lLized cel-ls wa.s terrned the rttest lysatett, and the supernatant

of unsensj"tized ce]Is the tfcontroU* Care was taken to ensure that,

no contamination of'the supernatants by cells occurred, sinee such

contamination woul-d result in an abnorma-1ly high absorba.nces

Â. drop of the cell sedjment left in each tube was placed

on a sl-ide anci examined under a. phase microscope for the presence

of deforn,ed eellsu The presenee of such cells wås a visual means

of confirming Lha'L cytolysi.s hacl oceurred (see Observatj-ons)*

H¡rdfqÅI¿Ffp", A row r:f 1I x 80 rnm, serol-o65y tubes con-

taining 0'2 ml" perehloric acid was set, up, and 0o5 mI" superna'bant

added to eachu "$'or greater aceuraey, micropipe't,les hoJ-ding 0"2 nrls

and 0o5 mlo were used to rueasure these vol'umes. l!" precipitate

fr:::med inmedi. a,te"l,yo The tubes were heated in a watçrbath for
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hydrolysis, then centrifuged "for thirty minutes at 2900 rpm"

The elear supernatants we::e removed to fresh tubesn

l4ç_pSqrery-e_{Lt_-qf SJ -o¡"Xp"qe" The absorbance of each

supernatant was measured apçainst a distil]ed" wate: blank" The

absorbanee due to ASOM was expressed as the difference in

absorbanee between ¡rt,est lysatelr and seontrollt tubes.

2. Coneent-ratio n of perchloric aeid . Þuplicate rows

of tu"bes r.trere set up, eontaining 0n2 mln volumes of 0o/, Lo75p

and 3og N perchlorie acid#', One row received. CInI ml" *ttest

lysate$u and the other received 0n5 ml" rteontrÐf$o The final

concentraticlns of pe::ehlorie acid v\iere then Oo2, 0"5u and f,O N*

Hyclro1ysi.$ wês a]lowed to proceecl for sixty minutes at 6000o

The absorbance of both tttest lysa.teff and trcontroltr

ere presented graph.ieally in figure ,l,o 0n the basis of these

result,s, a final concentration of l N perchloric acÍd was chosen

for hydrolysiso since it did not affeet the eontrol reading,

but increased the hydrolysis of AfiCM*

a.)a The effeet, of time and Lemperature on hydrolysis .tn0

ord.er to deLermine the optimum tirre and ternperature for hydrolysíso

the foÏ"Lol,ring procedure was devised" Three sets of ciuplicate rows

of tubes each received 0,2 ml" 3.$ N perchloric aej,ei" One row of'

each se"b reeeived 0o5 mlu ffit,est lysatetr, and the other 0.5 mJ'o

lbontrolrßn one set of tubes russ i,hen praeed in a waterhabh at 60oeo,

one at ?Ooeu, and one at B0Õ0n JLt inte::val-s of fÍfteenu thÍ"rtyu

af fåtock ¡:erehlorie aeidu lJoT).FI" rrÂnalarr* 60% was taken as l,o N"
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forty-fiveo and si.xty mi-nul,esu one pair of tubes rüa.$ rðmoved from

eaeh r'rater'bath"

The absorbance due to Á.SüM was cletermined. i:y subtracti"ng

llcontroltr from tìLest J-ysatelr, The i:esul-ts åìre present'ed in fi-gure 2"

Since the a.bsorbanee of ÅSeM is maximal afber thirty mj-nu;tes at

600Ç", i,hi-s time ancl temperature wel:e chosen for hyclrerlysi-sn

Àn lTlhe effect of cel-l eoncentraùion" lloubling dilutions

of PHeu starting with a eoncentra,tion of 801000 ce-Ll"s per eubic

rrlnåo hlere nad.e i"n 0n2 m1,. volumes in cluplicate rows of tr¡bes" An

eqrral" vc¡lume of anbiserì.rm was aclded- to eaeh tube of the row rtri¡ieh

was to provide tetest J..ysa't el?, and eclual. vo.i-rrme of Tyrodeîs so*

Ïutj-on to tl^e-second row, which wa.s to prr:vid.e *controlttn A.fi:er

sensj-tjzat,ion, e)"þol-I¡sis, a,ncl hyd-rolysis, t,he absorbancies due i;o

ASCM v¡ere eal,cu]¿lted by suLrtract,1ng ttrlontrolrt from tttest lysat,ettn

The results are presented graphica.l-Iy in fii"gur:e I, The::e

is a. -l-inear rel-ationshi'o betr"¡een the number of celJ.s a,r:d the ¡morrnt

of ASCÌ''4 j"n Lhe supernabant when the amount s of a,n'biserum and.

complemept remain connta.n.t,, and in êxcêsso

5, T h,e*S"Íf e_q_1¡-S[1*t_1ry*-e]Jgc$_*kg*_çXþ".q-4yg L?, s e n s il. j z e cl

Ëtie were resuspendetl in 1*6 eompleuenf, and incuì:rated j.n a water*

bath at 3?oC" A. dup-licate seri.es of u.nsens,i.t,jzed FþlC r,¡cre treated

in an i"dent:i"cal. fashj"on, Át in"tervals r:f i:en, twenty, th:i"rt,y, antl

si.xt,y minutesu a. tube containing rttesi, .l"ysirtetr and one eontai-nin6¡

tteontrol"rr were removed. for hydro)ysisu



3?

.o 50

J
E
E

o
(o
CV

F

O
Ø.

[Lo
l¡J
(-)
z.
(D
É.
oa
frl

200

t50

loo

_-_--t

¡--_-_--¡60"C.
o-------o 70"C.
a----ô80"c.

t5 45 60

TIME OF HYDROLYSIS (minutes)

}'i¡rr.lre 2. ffiffeet of tj.me anrl. temperature of hyciro.Iysis
on the a.bsoy"banee of ASOM,

30



38

400

30

20

ro

ef lt$çM.

3
E
E

o
(o
c\j

l-

=(J
Ø
<
l!
o
l¿J
(J
z
fD
E.
o
v,
(D

TOTAL NUMBE R

\c

84
OF CE LLS

l6

à

2t
(r þ')

Fig're J6 ffif"feet of FHC ee¡ncentrat,ion on the absorbanee

\o



39

The resul-ts are presented graphically in fip,ure /+n

Thirùy minutes uras acieqrrate f'or cybolysi.s, and w.as the .t,ime

chosen for incubation Ín complemento

"egg-q,e$i 9,q*At*gbs-e"eåhg.* " Th i. s expe rÍme nt rras pe rf ormerJ

in orderbo estj-rnate the accureey of the methc¡d" Five aliquots
of a suspensj-on of Flfll at ¡¡ er:neentration of 60s000 cell s per

cubic rilnð were sensÍtizecl, washedu ancl incrrbated in ra6 eomp_Le-

ment for thirty minutes åt, 3ZoC* A 0,S m].o aliquot, of each

supernatant v¡as hyciroryzerl r,¡ith 0.5 ml. 2,0 N perchloric acid,

and the absorbanse <¡f eaeh recorded" The volume of perehloric

aej"d was increasecl to 0o5 m,l, here anci for the títration of
antibody and compJ"ernenb so thaL more materi-a]- was ar,,ailabÌe for
meåsu.rement. The final eoncentrati.on of aei.cl remained one normal_o

The results are p::esented in tabl"e TI, ffrror due to the

maehine is ress than t,hree per eent in this range of, Lhe scale

(Hiskey, 1955)o Presumably the error is clue to teehnical. limi*
tati'ons anrl is unavoidabre l'¡i-th sueh smrrr vol*mes"

P"uc- F+qJss-i-qn

The cell seeij-ment rernainÍng in esch Lube after the

supernatant had been removed for perehleirie aeíd hydrorysis vras

exa.mined for eybolysis in the foll-owi_ng manner* .Haeh tube reeetved

0"15 m16 of cyto.lysis stain5, cont,aining a nilxture .f eosin and

trypan b].reo åfter mixing wiùh a pasteur pipette, a drop of eaeh

suspension wås pT.aeed Ín a hemoeytometero Differential- eounts of

5 see appendix
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stained" eells, unstai"ned <leformed cells, and n¡:rmal_ eells were

performed on two hunch:ed cerls from eaeh tube. clumps of more

than six eells were not eountedo sinee very few cel]-s which were

deformed 'were nc¡t st,ai-ned, both stainecl cells and unst,ained de*

formed cells were classified as damagedo The amount of c¡rLolysis

sras expressed as the per eent of the suspension whieh was

dama.gedç

ITT" OËSTçRVÅTTONS

llor ph q I qs.-ç"e, 1 -9 
he qÂ ç-Ê,

$ensitized FHO were suspended in compLementn and a drop of Lhe

"suspension plaeed on a s-LÍde anq eovered wÍth a eoverslipn The re*

su}ting morphological- changes during eybolysis l.rere follornred by

phase mi,eroseopyn

The fl-irst change seen is t he formatj"on of cyt optr as¡nic

blisters or blebs on the cell rnembrane, which rapidly en"l.e.rge so lhat

the l'¡hole cel-] beeomes swoll-enu The cytoplasm becomes hyaline Ín

åppe&renee, and t'lre eeli- membrane rnore sharpïy definedo The norrnally

indistinet nueleus becr:mes well-rÌefinedu and. large cybopla.smi"c

granules eluster around i.t, A photomierograph of FHC undergoing

j"nunune cybol-ysis is shown in figure $, These ehanges are weLl-ad*

vaneed within fifteen nlnutes after bhe acidition of compl.emento

No further aJ.feration oeeurred, even after prolonged incubat,iona

Rr:.pture of the sell membråne or ofl the nucJ.ear membrane r¡ras neve¡:

seen, nor ws.s eomplete l-ysis and disappeåranee of the cellso A
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liguve 5* Scnsiti-zed FITC fifde*n
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few ce-l-ls i.n every suspension remaj-ned unaffected, even in the

highest concent,rations of antibocty and comp}ementr

Cc¡nbrol- suspensiomexamíned at various t:imes inc.Luded

unsensibized FEC in complement or in'Iyrodels solution, sensitiued

ffiC in heat-inactiva'bed complement, and FEC wl.rich ha,d been incu*

bated in normal rabbiL serum ancl suspended in complement, In all

eontroL preparations the cells rei:,ained their norme.] mornhologyo

,{ photomi.erograph of sensítized FHO resuspended Ín heat-inactivated

eonplement is present,ed in figure 6o The cells are round, with

inrlistinct cell outlínes and no well*defined nuci-ear bordern

$ensi'bized cells were often eïrrmped due to agglutination, but in

the absenee of eomplemenl, no m,orphologi"cal. cira,nges were evidentr

T ii-rq"!iep. g å-Çr! qhrt-k Jru-t-{eerw

Ðoublinp4 dilutions of antiserum were made in Oo2 ml-"

volumes of Tyrodels sol"utiolì. A control tube containing only

Tyroders solution þIå.s ineludedu ,Haeh tube recej"ved 0"2 mlo of'a

washed FEC susnension eonta.ir:-lng 601000 eel-"l-s per cubic rnrn, Aft,er

sensitiaation and washingu the cell sedjmenl, in each tube was

resuspencled in 0.6 ml. J t6 complemento For hydrerlysis of bhe

A,$CM*conbaining superna,tants, 0,þ m"L* of eaeh supernatant was

acicled 'bo 0.$ mJ-, 2 N per:chloric acicl"

The results of a. ti-bra.t"i.on of antj-serum 16 are ¡:resented

Sra.phically Ín fÍgure ?" AnLiserum dilutions are expressed as Lhe

ini.tial dilution before FffiC roere addedo

The eel"l" sediment,s fefù in 'bhe tubes after removal of the
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,, ïi.gr:"r"* 6o Sensj-ti-sr*d, PlT0 fj.ft,een,
mínutes after the acldi.tion of ]rcilt,*i.nacl,i*
vated- col,,r¡lement, Fhane co:rtrast" 900 x*
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supernattants for hy<irolysis tÍere mÍxed with 0.15 nr-l¡ cyÙolysis

staj-n for bj-tra1,ion by the dye exclusion teehnique. I'he result's of

this titral,ion are presonted graphieally in fi¿p::e 8.

Frour t,he results of the speetrophometric tjJration c¡f

antiserum 16, a l¡1ó dil.ution was eonsidered to contain one

maxímum eyt,olyL,ic dose (CD***) fnr an equå.1" volume of ËC at a

concentration of 601000 
"*:t: 

* per cu.bic ¡r¡mn For sensil.izatÍon of

PHe for t"he titra+,ion r:f eomplemente ? eDmax or a. l;fì di-lution

was usedo

Tit¿q+lipn q f" Çqqp,Lçqrrrþ.

Doubling clj..l.utions of"' cornpi.ement, slarti.ng wÍth a It/+

{ilution, wel"e made in 0,4 m,lo volumes of Tyrr:eiels so-Lçt{nno

fhipJ-5-cate rows were set uF,O"2 ¡nl-o sensj-tized FEC was added f-'o

eaek,r tuk¡e clf one raw, t,o provi-de tttest h'sateßÎp anei 0.2 ¡nIo norma]'

FKC àa the *eeond re,vr, .to provi"rj.e ttcontrolti* TÌ'le di]-r:fi n.p o-f eornple*

ment i.n the fjrst tr¿he of eaeh rc¡'t* was nfi{r 196" /il'ter: cS.t,olysin

anri hsrrJrclysis, the absorbannr.. cf eaetr tube waß me&sured against

a dist,i"L]ed^ wai:,e¡ hl.ankø For purposes ofl enmparisnn, these results

&re py"e,senteel in figure 9ao lln obtain the absorbanee due to Â,10M,

eaeh r¡eontrolll vaLue lras stbtraeted froru thc: eqr.l'responding tttest,

Iysatert* The resul"ting curve is presented in figure 9b. The

eharaet,eristic signoi"eì sh*.pe of a. eomplemenl, titrati.c¡n curve hlafi

o'btained"

llor titra'bion of cornn.l.ement hy the dye exelusion tech-

ni,qire, 0,L5 mi,o eytolysis staj..n was added to the ce}L secliment erf
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eåcil tube after the superrnatant was removedo The per cent of damged

ceLLs was cal-culatedn The results are ¡:resented in figure 106

The value for each liube in figur"e 9b was expressed as per

cent, of maxjnum lysis, taking the absorbance due to A$CM in the

firs'b tube as representing maximum lysÍs¿ Log proabitity pa,per

wa,s used. t,o plot these values, using per cent of rnaxirnum lysis as

ordj-nates and nl* of undiluted complement per ruf-" as abscissaeo

The ::esults are shown in figure llc

A paral"Iel titrai:,ion uras performed on the same sample

of complement using sensitized guinea pig red celLs and following

the technique outlined under ttMaterialstt* The resu,lts of this

tiùration are Í.ncLucled in figure llu ïn this ease, maximun ïysis

is equal to one hundred pe:: cent lysi.s,

fn the guinea pig red cell system one I{D,O is contained

in 0o027 lrt.l" undiluted complement per mlo reaction mixture, or a

dilution of l-;3?* This system contains approximat,ely Z5 x LO6 cel.Is

per m]-o

Ïn the syntem using FIïC, a fifty per cent cytolytic dose

is contained in 0a018 mlo undi"Luted com.pl<;ment per ml-* reactj.on,

rnixùure, or a diluti,on of Iå55o The cell concer:trati.on here is
¿

20 x lO' eells per ml¿

ÏV- DÏsCU$SÏON

The purpose of this part of the work wa.s to demonstrate

immune cytoïysis of HHt _48 l4iÞq on a quånti.tative basis, so that
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j-L could be invest,i.gated h "U!gg. A method wae devised to aceomplish

this, anci eompared wibh an exist,j-ng mei,hodn

Imrm:ne cyt,olysi.s is a form of col-loici osmotic lysÍs

(Green and GoLiberg, 1959)' lt Ís characLerized by tlegenerative

changes in the ce"i.ls, inc"lu.d,ing swel.ling of the cell and shrinkage

of the nucleusu rr¡ith aceompanying lo,çs of inLracellrrla.r protein

a,nci nueleic aeÍd" PEC undergoing imniune cytolysis ex}ribi'l the same

morphoïogi.ca1 cieqeneratj-on described j-n the liberature for other

cel"l"so The J-oss of intracell.ular nuel.eÍe aeici has llormed tbe basis

of' a. speetrophotometrie me-bhod of rneasurÍng cytolysis' The super"*

nata.nt, of ce"L}s which ha,ve undergone eyùolysis is decanted" After

precipitati"on of protein and hydrolysi.s with perchlorir: acidu

ÅSCM (aeid-soluble ee-1.1-u.1a.r mater:ial, presuxecl to be nueleic

aeid) ís released, Oybr:)"ysis i.s measured a.s the absorbanee o"f

ASCM at trço hunrJred and sixty mmrr¡ Ït ha,ç heen shot¡n tha.t the

absorbanee of a mixture of eompl.ement and ÂSCM is equal" j:o th-e sum

of their separate atrsorbane í.es, a,nd bherefore such a, method j s

theore"Lieaï}y soun<lo

1ï'ltrati.ons c¡fl antÍbody and carnplement, h,ave been performed

with this method, ancl compa.red ruith the dye exclusion Leehniqueo an

esta.blished melhod for d,emonst,rat,ing cybolysis on, grounds of

morphology and permeatrilii;y Lo staíns" The two nrethods differed

slÍghtl"y in ùhe result,s obtai-nedu The speetrophotometri.c method

l'las the theo::eticaï ad.van'tage bh.a1, it measures only cell degenerîå*

tÍon ocer¡.rring clue to ineuba,tion i.n eomplemen:f,r tkrat iso onJ.y the
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y.esrl-1rs of i.mmune c¡-Lolysis, si.nce any 45ç¡i re"Lea.secl by mechanicalJ-y -

danLagecl ce-l"Is is wa,shed away before cornp"ì,.ement i"s acided. Cells damaged

niech¿lnj.cal"J-y a::e inclucled j"n est,i,ma1,es of j-mnrune cybolysi-s by the

dye exclusion methodo

Even ín ther hi.girest, concentr¿Ltions of antibod.y nnd ccmple-

ment, from five to fifteen per cent of the ccl"ls ::etained thei-r

normal mo::phology and ::emai.ned impermeab-Le to st,aj-no The; reason for

this is unknoinrrr, but, tr¿¡o suggesti.ons ål:e of'fered. .Firs1,, they may

be antigenica,lJ-y different, and therefore insuscepti.blen $eeondt

not enough time rnay have been a-Llowed for compl.ete c¡'boJ-ysi.s.

J3ecp*use of' this, ii; r"¡as assumecl that the maxj-rmrm absor-

bance due to ll$Cl4 dj-d nert represen'b one hunclred per cent }ysis,

ancL accordingly the terrn ttmaxi-rnum c¡*Lolysis dçsert (CD*u*) v.tas

a,dopLed for expre:ssir-ng doses of aritibody and comp-l.ement.

CompJ"ement v¡as ti'brat,ed r".ilh sensi'lizecl PJIC, and w'ith a

6,;r:,i.nea pi"g :.ed cell"-hemol]rsin systemo Both systems gave similar

::esu-lts.

ïhe spectrophoùometrj-c met,hocl makes ib possible 1,o study

e¡to)-ysi.s of tissue ce-Ll.s on the så.rTr{ì l¡relf.*def:i.ned quantibai,ive

basis as 1,he st,uci¡r r:f hemolysi-s" The 'L,i"me requlred to perfc.nn a

tit,r'ation i-s onìLy a ]ittle longer than tha.t requi.::ed to perform

t,i-Lrat,j"ons usi"ng; a red*cel"J- hemolysin sys'tenL, ancf il, is a J.ess

time-consurn:i.ng methr:<;l than one based on morphological clegenera.ti"on

or staíning charact,e::is'bics, anct potential-Iy rno::e ¿rccu.l:a.t,e,
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CHÁFJ'HN TIÏ

ÏN VTVO CYT'OåY$TS

l* M.{THR"[AL$

The preparaticln of F$e anei of cytolybic and eontrol anti*

sera have heen d"escribed under Lri y.å!_Ig. cyùolysis in the section

on nMaterialsrlo eell suspensic¡ns were washed in exactly the same

lrrayo and'bhe eonee¡,tration e.djusted to ó0n000 eel--l"s per eubic nuno

I]:" M.ETHOJ]S

llhe infradermal rou'be was chosen for injection because

the ceLls then rerna"j"ned in a well*defined åreas producing a loeal

reaction, similar to a tubercuLin reaetion-u which eoul d Ì:e studied

maeroseopieal,ly as well as mi-eroscopically in sLained seetions

of the sltino

AlI injeetions were gi-ven on i:he shaven abdomen of normal

guinea pigs* Reeipient guinea pigs were se.tecteci and shaven the

day before å.n experjment,o

Fo:: hj-stol-ogic examinatlon of the skin, animals were first,

saer*fieecl by bJeecli-n-g from bhe heari[:, under ch]oroform6 Speei^rnens

of skin were fjxed in earnoyrs fluida for six hor:rse The seeùions

were stained with hematr:xyJ"in ancl unuinT"

The foÏlowing exper.iments were performed Ín cievelopÍng the

6 see ap¡:encU.x 7 see appencii"x
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method used t,o ciemonstrate eybolysis ån yi-v*-o,. 0nly bríef rleseriptions

will be gi,rren of ea,eh" In eaeh experiment, vrhere sençitized P.Ee r^.'ere

usedo PHC þrere çiivi.ded inùr: tr.¡o parts. f)ne part was i_neubated i_n

143 antiserum, a,nci the other in 1e2 ne¡r"mal serum, for twenty

minutes at 37oCo The volurnes of serum u¡.lecl for serrsitizatron var:!eidn

This aeeount is díviclr,¡cj. :!.nt;o two seçtionsâ identj.fj"r:atÌ"on nf in*
jeeteei ce}Lsu and Lhe effects of anÌi"snrr:rc j-n vi¡¡_o_,

T q:¡tion of ee ïn order to detey.nine

whrthæn injeeted FHC eou.lci be flounrj in seet,j"ons of skin, a gui.nea

pig ree eir¡eC for:tl: ,tntraciexmal- injeetions of rça.shed P!-T " Ï x ïn4

ee"ll.s r*ere given in a'/çl,r;-fle: of O-I m16 Very h_ttle reaet,ion rças

observable mj.et-û$copieaJJ-y. No trace ol' i-njeeted ÏECI was visibl.e

in staineci seetions of skin renoved by bíopsy oneu tlrrn* three,

and fou:: days after injee'bi.on*

It was therefr:re deci<ject 'bo at,tempt to m;r.rk the area into

Hrhj-ch the ffif; were injected, sc¡ that j-t coulcj be iclentífíeel f.'or

seet,ioning, This could kre aceermplished by suspending the PHt for

inject,ion i.n a suitable diluùion of T.ndia inku An experiment to

dei:ernrlne a sui.table eli,l-utj"ein l,üa.s pe::fo:ned, þoubfi.ng dilut,íons

of Indi"a ink, from 1t256 to 1r20À.Sp were rnade tn sa"l-ine, anci

0.I mle of ea,eh injeet,ed i-ntraclermal.ly into eaeh of th::ee gri.nea

pígs. Tndia inku diluted I s20/+8 was stil-1. evident j"n seeùj-ons

after Õne weeke

A.n attempt .ü¡as m¡rcie to use thÍs markin6S nethori for the

demonst,r"ation þf cyüoJ-ys:i"s J"p *Vi'ryg" Ou"l_ rnl* of a. sr:"spensj.on
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A
conLa:lning I x 10" washed sensitj-zed or eonlrol- P"fiC suspended.

ín Ì;20i+S India ink was j.njeet,ed intradermally inì;o a nomna.-1. gu3"nea

pipçu il'Lre ílreas cont;ainj-ng Jnciia ink eoul"cl be iclenblfieet in see ti.ons

at fi:rly*eight, hourso but no colL.ectic¡ns of ce-Lls wÊtîê sÇorro

Twelve g:inea pigs we::e injeeted with varyì-ng mrm.bers of

¡;ensiti.zed a.nci e ontrol Fl$C to det,er.mÍne how ma.ny cell s þad to he

i-njee'bed in order tr¡ find colleetions of.' celi.s mieroseopieaLlyu

The total nrrmher of ee-l--Ls injected varied from 1 ". 1.0ó to ? x 107o

ïL r¡ras found that when 10 x l-06 eel.ls rvere injeetecì" eo-Ll-eet,ions

of ceIJs could readi"ly be founcj.u even six da¡re s¡"b*r inject,ion,

and rn¿rlcing r'rith ïndi-a ink wa¡; l,herefore unneeessary*

k*SJfçqls_g{"_"åp&ÀË€ffj$o þXhen antiserum alone was

injecNed, a, severe inf-Lamma,tory react:i-on was elj-ej"ted.u Lt was

rir:ticed that in experiments i-n which Ffr0 r¡ere left suspenclecl in

antiserwn or normal Íierum for i"njec'biono i:he reacti"ons rju-e to sensi*

t,ized cel"l.s were J.a,rger than when bhe sensi,ti.z,ed cel.l-s hrere r,"r.rshed,

Ïhi.s was eau"sed by the pT'esnnrje of excess a.ntiseru.m, and herieeforth

4,11. ËFlC v,rere r¡¡&sþred free of serum before they vrere injee'i;*el.

No evidenee of irnmune e¡.iloi"ysis e oulcl he founrl i n any

of these experi-rnents" Ït r¡¡as eieeid-ed, therefore, that, the most

im,pori"an[ proi:.lem was i;o .Learn how 1,o sensjtize ll]l0 urith p. measured

amount, of a.ntibody-, so that it could be shown t,hat the¡,r were lyaecf

by hont eomplement i-n" gllgg. 0n1"y a.ft,er sensi,i,ization and cyt,r:lysis

could be quantitativel-y mea.sur.ed jg XiLgS rvou]"ci j,t be praei,ical t<:

proeeed wi,th il1 _Ul*v"-q experimc+nt,s, þ¡ie'l"hocl¡: f.'or nr:"L.ving thi.s proT:l-em
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have been tleseribecl in the pr.'evious seetion. Further at:Lempts to

demonstra.be e¡rbeilysis itl vivo were loased nn resgl-ts oblained by

the spectrophotome'bric method.

ÏTÏ. OtsSiTRVJ\TIOI\S

Irla.shed PFìC at a concenLr¿¡{,jon r:rf ó01000 cells per cubie

rffne lôrere sensiti,zed wibh 2 CÐn** ani;i.serumo as deseri.bed in the

section on Ln gfþ.æ cytoJ-ysis, o:: rvith an equal a.mount of normel

s€T"lJtÌto ,.4fte:: sensit,j,:¿ation, l,he cei"ïs were washeei. c¡nce and re*

suspencleel bo one*ha-lf thei-r origina.l vol,,ume in Tyr.r:ders soLutionu
/

12 x LOo cel-]s krere ncrw contaíned i.n Onl mln, the amount gi.ven at

eaeh injeetion*

Iùeei-pÍenL ¡prinea nigs i^rere bl"ecl the day br.:fìore the

exoeriment, and the serrrm coJ"leeterJ anci sùored j-n the cieep freeze"

Before fhe Pf!]Cl rr"e::e injeei:ecl, a drop of each ce.i"I sirsr:ension v¡as

mjxed wítLr a drop erf eytoJ"ys:Ls stain on a s"l.j"de, a,nd the number

of clamaged eel"ls counl;ed* At the sarnc t.ime, the serum of eae h

reci"pi"ent guinea pig r,,ras tesl,ed for j-ts compJ-ernentary acti.vity on

the i.njeeted eel"ln in the foll"ouiing wayt 0,1", ml",o of each sus-

pens:lon r"¡as added to 0.$ m"l"¿ of.'a 1r5 dil-uti"on of r.eeipient serum.

The tubes were ineuba.ted fo:r: thirty ni;Lnubes at 3?ot:,u ancJ. the

cybolysi"s esi;i.ma.i,eci bJ' the sneetrophotometric and dye exelusion

teehrriques <iesc::ibeci uncier" ttMethoclstr of Åg g!!fg- üybr:lysis"

lIa.eh of four gr-ri.nea ni.gs reeeived 0"1 mlo sensitized PËC

c¡n the riglt side of the sha.ven areae and 0.1 ml-o cc;nl,ro] Pl_{C c¡n
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the teft si.den 0.1. mJ-o Tyroders solu.tion"bra.s injected in the eentreo

At vari-cr¿s ti"ne intervatsu lhe maer.'o$eapicappearance of the re*

actions \¡¡¿rs measureci, anci one anima] sacrificed for microscopic

examinaf:Lon of Lhe react,i.ono Tn the fírst experi.rnent, time ínter"val s

of one, two, fouru and twenby*four hours were ehosen; in the other

twor'bi-ne intervals of c7ne, two, four, ancl eight hours. In ai-l three,

'bhe resu}ts were identiea,Io

Twenty-five per cent of the sensibizetl Hllì0 took up cybo*

l-ysi-s staj-n before they trere 5-njecteclu ås eompal:ed wiLh ten l:er

cent of the control F]trC* Tlie cei-L,s welle resuspended for injeetion

by a,spiration rn¡it,h the s¡'ringe used, antt this vigorous Lreatrnent

i-s assumed bo be::espons.i-ble for clamaging the cell.sn Ït seems

possible thab sensil,j.zed" ee-l.ls a,re more fragiJ-e Ùhan normalo a.s

sugges-bed b¡' Bltem (fçf$)o However, beeau"se clf this resuì-t, none

ofl the evidence of ce-LI de6:;eneraÙj,on clescribeel hele¡w can be eon-

sidered as 'bhe result of irulune eyt,olvsis & -qiJg'

Sensit,;ized PsìC Ín a].i. cåse$ were "l-yøeel by hos1, compJ.ement

ån gj,_!-U-p, and nor"m;ri- cells r,rere not aJlfecl,ed" An a.verage of eight'y*

,qeven 1re:r cent, clf tile sensit:i"øed P.Ï;C were rlama,ged as es1,Í-mated by

1,?re dye exelrrn.ion teehnique, and the absor"ha,nee d-ue to ÄËCFl,

ca,lcrrl.a,f,etl by subf,ra.eti,ng the absorbanee of eontro-L eell superna'bant

from the absorhanee of sensj-tj-zecl eell l-ysai,e, hael an average value

of' On205 o

The macrc:sco¡:ic appeårånce of the reactj,"ons; :i"s sumnn.ri.r-,ed

in" lab"]-* III* "l"n ea,eJr caseu sensit,ized" ee.lls irld.r.reed a s--Lighti"y

greater renc'l,j-q:n tha.rl dj-rl eont,rol ee}ls" lÏt¡ vj.si.bl-e reaçti-r:n. v¡as
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i:rz.oc1ucecl. by the injeeti.on of T;nrorlels solubiono

In a"Ll" sectionsu even at fltre earli*st time interval

studi-ed, ;ì. ma.ss ofl hasophi-i"ic stri.ng:y materj-al" was pr.esent* It is

presumecl t"hat thj-s ma.teri.a,l. Í"s eemposed of nucl.ei of deqenerating

eel-lç" If th.Ls is so, the me.joriùy of i-njeaflç¿ P.þlC a:re cies'broyed

almost irmediately ån _ytg-q, whether or not they are sensj-ti-zed,,

llt the eclge of th:ì-s mass, i1, i-s possible to idenl:-i-fy

mononrrel.ear ancl polymorphonueLear leucoeytes" Ëinee the ce"l-j-

sus¡:ensions injeetecl eontai.ned. a fç1,r pe::cênta.qe of nerrb::ophi."lsu it,

is likeJ.y tha.t most of the neu'brophils ar"e hort eej.-l-sn Presu-rna"bl-yu

mosi,.of the mononucl..ear ee"Lls were inj,rcterrl FFe , a.l-lhnu.r'h snrn¡l a.t

J,ea:it l.l'orf,:l-d be hos'b ce-]..'l--^*

Jn seetjons contai"ni.ng sensi"t,izecl PJICu clamage t,o these

cr:]ls surrounding the basophÍlie ma.sf: w,r-s evi-e1enl. afTer one irouru

and r{as maxima} Ín t'¿,o honrs. Tlhi-s damage wí:"s s}rol'¡n by the presenee

of ma.ny pyknotie and ka::yorrheetia nur:-l.ei.u J"t was not, seen Lo the

same clegree in control- seetj-ons" Fi-¿iure 12 is a mir.:::ograph of a.n"

area i-n r"¡hj,ch sens-i.iri.z.ecl Fn0 a"re unclergoing kar;rorrhexisn F:lgrre.s

lJa anci l-Ji.: ar:e mi,crog::aphs c¡f an .ïrea, contai"ning controJ- PFiti* Very

litt,"le karlrorrhexis is present" -tÌhr:se seetions ¿r:re from Eri.nea pig 2

(see laLr.Ie lïT), a.nd r,r'ere t,a.ken two hours aflte.r t,he i-n;ieei,j.on of FFIC,

Tvrent¡'*feur hours after injeetion, thj-s evj"denee o,f damn"fie

hed cÌ.isa.ppearecl"u $ect,{c¡ns eont,a.ining sensi"ti.zecl Pldü were indj-stingrish*

4.1:l-e from Lh.erse conta.ining eonbroJ. pJI0" BoLh conta.ine:rl hea"Lùhy *

loolcing nr:nonu.el-ear ce-Lls j"n t,he artla of bhe L:an':pl:i.1"j-c Tli&.ss¿
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¡.

pi;lure 1?n Snnsiti "¿nd TrrC t'wn

hours a,flter j,ntraC.er"nal injeeli"on int¡: a'

normaì' guinea pígo Herla"loxyJ"i"n' r'nrl eosin
?00 x*
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Tfi,¿¡rr-* .l-J * lsorma'l Ë'Þ'll ttr¡o hr:u':rs

aft,er i-nfr¡<ierma.,1. i"njeetj"on j-nto a nn:rrnal-'

guinea ptgp Hematox¡rlin anrl nosin' SIJ xu

I

ffi&u.re I3h" Ïrk:xul;¿l rHC 'bwn hourn
,s.fter inl,rarierma)" injeclì on- i-nto ;l rlnnuû'l-

gìuinea pÍ"g* Hewl-i:o:l¡fl"i"n o.irci. eosi"n p0Cl x"



65

Ït, i.s elear that l¿hen nueh l-arge numbers of PHC e-re injeeteel-

intraderma,l.l.y a large m:m,ber of them di.eu rvhei;her or not they weræ

sensi-i,iped, Th:is i-s er¡i.dent fr.o¡n Lh¡.r l;;:r.ge m¿l.srì o1l nuelear s|ri.ngy

ma,teri.al-* Ðamage to the e ell.e ,surround,in¡; .bhi-s nat,es"ial oeeu:rrerj

otily when r,enni"t.:i,zed PHû were Ínjeeterio Tt j.s ternpti_ng.bo suggest tha.b

this desf'ruetion r:f s*nni-t,i.zed Ffl0 is elr:e ùo the aeti-on of host,

eomplement .in yi:nu but in r".iew of, the resuf,,ts of the ¿q gUlgg eiye

exe"Lusion tes\a it is i"mpossi-bJ e tc eh:*.r^r this ceine J-ueion*

TV" I"U$CIJSSTON

The purpeise of this pa.rt of the wo¡"k 'r+as to demonstrai;e

ínrnune eyboi-ysi-c of FI'lc å¡¡.Gyg, Many cj-eseriptionn oi aeute morpho*

logical cl:anges e,p"r¿Red. by antirrorJy anct eomÌrlement act,ing on d"j.f ferent

t¡rpes of eeJ--l-s,!g y;-r.erg h"ave been reeord.ecì, but a search of the

l"-i'tcr*.'hr:re ::eveal-s nn1.¡r one nt't,enpt (Fl,axn tg5ó) to eìemonstrate

morphal-ogieal" c:lrange.ç $een i.n trrmor eel I s undergoing cytolysis

åq -v-:.-vg,

The prnblem, fhen wa"q to shor"¡ whet,her r.:.r" nr:h sensj"tj-r,ed

Í{Îc in a honologous host <risintegrat,e d.ue i:o the aetion of host

eomp-lernent t,he same wãy as tþ,.:y eio !n :åt_Aq"

Teehniqr:.es for injecting sensitizeql iiEC anri foJ.l"owing

their degenerafion j,n t,he host were devetoperi onJy afi:er nnany att,empt,sa

ït t¡as for-1n¿ that lsrge numbers of eel-l.s had tç: hre injeeted in r:i:rjer

tc¡ fj^nei. them i"n seetions, but the dense stringy basophilÍe m&$"g

seen i"n e,.l.l seet,ions, 't*hether eontaining sensi.tj-zed o:r," eontro1- pltcu
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sr¿€ißested t'hat r.¡hen sr:elr large munbers a,re i-njeeted, a eonsj.eiera.bL.e

percent,n.g:e flre dest,royedu pres'mnab)"y ciue to unphysiological con*

ditionç in the i.njeeterl a.rea{, For this ï'ea$on it was very diffieuLt
to de*ide whether sensitiøerl eelJ-s behaved differently frr:m nr¡rm.al

eells "åA g,igq"

only three experiments v¡ere adeqrrately eontrorlerl to en-

sure that host compïement desLroyed erpbi-rna"rly sensj-tiøed cells

åç. utLgq. Tn these e.xperÌ.ments, speeific destmction of sensj.tized

ceJ-l-s u¡as evielento This w¿r.s seÊn as karyorrhexj"s surrounding a

dense area of injeeted materia.lu

Nc¡ conc],u-sions can be errawn a,s t,.r whe'bher lhi_s destrueti-on

is evidenee of i¡muRe eybotysis o"f Pþle _[n gågg, Fjr"st, of al], some

twent.y*five per eent of the sensj,tized pj,jc were da.maged before the

e ell s were injee ted, anrl karyorrhee tic nuclei. seçn in seeti-ons rnay

be clerived from these eel-lso seeoncl.Ly, there is no way of :identi*

fyi,ng 'Lh.e damaged celLs as Flie instead of host celïso

Jt, was noticed that i^njecLi-on of the $åme su$Fensi.nq of

FEO into dj^ffe:rent quinea ¡:igs ¡:roducecl reaci:ions of dj.fJ'erent

s;ize* ¡.ncl iqtençj"ties, Joysey (:t"gsç) ::eported. that wel"l-*defined

bl-oerd grol¿ps do nr:t exist i.n grinea pigs¡ bui:; it:i.s poss:i.ble that

dj-f'fe::ences j n isr:anti.gens ccluld" have been responsibl-e for this

observation"

IJecause of these draurbaeks, ihe results obta.inecl fro¡n

lhese morphol.ogi-e.cl str:rJi.es are ci:ifficul.t to interpreL" ÁecordingÏ¡',

an experíment was ;:erformed in which -Lr:ss of functi.on was 'bhe erj"*
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terion for cyborysis" -4t-Lempts were macie to passively transfer

Local crrta,neous h¡ryersensi.trvity by t,he techniqire of lvletaxas and

lvietaxas*B{fh}er (fg¿8), and to bl.ock this 1,::ansfer by sensi.{,izing

theh¡persensitive fæü UQ Vilfq before transfer, &s wê,s done rn

ral:bi-ts by tüarwick g[ q..1. Q"gAZ)o Ïrnmune cytolysi.s of I{F,C iq ViW

might thc*n prevent the tocal- rea,ction to tubercurin." However, a

posi'Live l,ransfer was not achieved wíf,h coni,rol cells, and

{,herefore the results have not been i-nclucledn

I'b is suggested that for a dei,ailecl stucfy of ilris pheno*

menon another type of cell t¡e used.* Tf tumor cel"ls are chosen,

their j-mmune cyfolysi-s would resul-t in inhibition of tumor formation,

and the fate of injected cerrs could be easily esta.b-rished. A tumor

such as the Ehrlich asci.tes mouse t,umor is suggested, sj-nce the

cell"s may be studied in smears, and "large nurnbers of mice can be

used" ïnformatj,on gained from such a, study courd be applÍed to a

further investiga.tion of ùhe fu¡mune cytolysis of norm.al- cerls

ie v-jJrqo
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hUMITIARY

The effeets of cyto"l"ybic ani;i-br:dy a,nd compl,ement on guÍnea

pÍ"g peritoneal exudate ee.ll-s ha.ve been investigated6

Tire morphol.ogical cha,nges produced in püc undergoing inmune

cyborysis are id.entical vdth those rlescribed llor other types of

eelJ-su $kelring of Lhe ce]r.s is a prnninent f'eatureu wfth an

aceorflps.nyinSç loss of eytopLa.smie densiùy,

cel.l-s unelergoing cytorysÍç become pemeabre .bo a süaini-ng

sc¡lu.tion contejninq eosin and trypan brue. This has l:een used ås a

basis for one methorj of titra.ting antisenrm and. corn¡rl"ement*

An ori-gínal method for measr:.ring eybolysi_s has i:een cie*

vised, based on'the observabi-on that ce.lls.lose nuereic acid to

the mecij,rrm during inurune c¡"tolysis, The absorbance due tcl nuclej-e

aci-d gai"ned hy i,he nnedi.um iç measured after pr.eeipit,atj"on of the

protein and hyclrolysis wi.th perehl.oric acid" optimum eondi.Lions have

been clefined for thj"s meLhod" /åntibody and complement have been

titraLed,, and i,ire results compar:ed. w:l.bh .bhe resu"Ltç obtained by

the dye e:r-elusion üechni.que" The eì"trve obi;ainerl for the titration
of covnpïement Ís very close ter thab obtai.ned when complemant is
titraLecl usÍng a g*inea pig ::ed ce,ll*hemolysin systemu

Atbempts have heen macle to clemons.brate j:nmune cyLol.ysi.s

.i.ð JäLw" 'i'he resu,-l-t,s of' these experi.ments were equivoea)-o
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1" .Lwqdel-q--ñgLl+åJgn (mod. firom Parker, 1961)

Na01 80,0 gnse

Kel 2n0 gms6

NaHr.H)O*HrCI 0u5 #nso

Gl"ucose 1.0s0 gmsa

CaCI., fl'O gnso
L

MgCl."óHo0 foO gms*{, {,

Dissolve the last, two eomponent,s in 100.0 nú, distillecl

wat er, add to the solu|Íon of other components and rnake up t,o 2 Lu

Sl,erilize by autoclavi,ngo For use eaeh day, add 20*0 ml, to 80o0 nlts

clistj"l"led w*t,er anci adjust th,e pH tc 7"35 by 1,he addibion of -Lni+Ë

NaHCOo "")

e" U{e;ir:S.ffiry_e}*"S^å"ere_q""ç1.+åq (Krra,irat, persnnal" eonrminica.tion}

I* Fix dry eoverslip smears five mi.nut,es in melhyl a1eohoL. Dryo

2* Stair: Len f,o fifteen minubes in a cove::s.Lip sta,ining jar

e ontaini.ng;

f uO m1.o Ma¡¡dlrffnwald

2.0 nrlu Giem.sa

22o0 ml-o O*I M phosphate bilffer pll 7"2
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"}
-Js Íl¡:.to irncl f.ìr:ltivr¡. Perc,r-i-daai: Stai"n (Fessin, L956j

j-" Appj-;.'Oo5F CtlÐ/o 1r,t * fr^':h dr;,r snear one mi-rur1"e. POur off 
"

?" åppJ-y nal,uræ.+*ecï benzi.ciene and H"O" bwr: r¡'in"rrte*" Gentl;r wasl"l offa

3" Ceuntev'stain fwc mimltes v¡jt,h lS safranin*

1," ÂLç-ç-"gq:rj,p:?çl!.Hdgå (mod* from fi$l^er É 3å*, 1"952)

dextnrse ]*A"25 fimsç

irle ei-trate 4*0 g,msÈ

N¡:.fil ?.n1- gftfì¡

e itri.e aq:"ld A*275 gnsl e

distí]-l-erj rtrnter 500uCl rulq

Åd;jusf to pH óo1"

Sterili.ze by Seítz f'j l.trati"on"

5. Ç¡;þgJ*Wiq"S*1¡j*i.-n (mod, from Rej.f,e .1,?ó2)

firssolve 50CI mg" ín trypan i:lue in l-0n*0 ml"* hot T¡nrodels

soTutiono Add l-50 mgo eosS-nn r,'ri.th st,i-r";:i-ng' '$tore a.t l,Ôil*

6. .Ç-qgpq;1!1*fl;t¡.,4 (nïones, 1"950)

absolutc,: al.eohol. 60*0 nrTu

ehlor.ofo:rrn 30,0 mls

g-Lacia)- acet,ic at:id I0u0 nLtâ

7. Rouf, ine Hemat r:xrrl i..n andl$os i n Ëta:i,n (&.rrued Feirees Innt' Path, 195?)

å*s1ii''q^eå

l- * Harri-,ç rs Hennat,ox¡tlin

hem.at,oxylin crystal-s

alcoho}, 95#

5*0 gmn*

5Ç*0 mI'
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ârTmoni-um or potåsriirurr al"um I00o0 êmso

distill.ed r,,'a.t,er l-000ð0 ml-o

mereurie oxide 2o5 gmsu

ÐissoJ-ve the hematoxy.lin in the aì.ec:hol., the alurn in the

watc¡r by the ¿riel of heat,. iviix the tr,rro solutionso Bring the mixLure

to a boj-I as rapidJ-y as possible and then rernr:ve from the heat anei

add btre mereuric oxide, Reheat the solutj.on rrntj-]. i.t becomes a. cla.rk

purnl.eu a,bout one minute, and promptl.y renove the conta.iner from the

fl"ame and pJ.ung*^ ìt j^nt,o a.'basin of col-ci wat,er" The solution j"s

read¡r to use v¡hen eoo3.o .i'lcid 2.0 to l+,0 rnl.n of gl"aeial aeebic aeici

t,o -l-00o0 ml, of sq:l-uti.on j.f oesj^red*

?* Aeicl ^A]-cohol.

JOS a.leohot. l00OåO mlø

coneentratecl hydrochlorie ar:i-d 10'0 ml*

3" Amrnoni"a 
-þfater

tap water 1000*0 ml-o

si:ron6¡ ammonia waùer 2 to 3 ml.o

i.+" $aturat,eej Lfthium fiarbonal,e

l"1thinm earhonatc -1""0 En"

rlistil-"1-ed nater. 100u0 m]"o

5o Aleohol-Íe ffiosi"n Solut:ion

þlasi,n Yo water sn-l"ubl.e ?"0 gms*

cji"s'Li.1.1ed water l-ó0*0 mls

95Ø aleohr:]" 6l+0uO ml.ø

Di-ssol.¡e eosin Y i"n the cji.stif.ì-ed ',,rra.ter, then ¡rdd th<; 95'l'



79

¿ll-cohoru Jf a deeper. shacle is ciesired", acici a clrop of acetic ac:id

t,o each 100"0 rn-l.* r:f sol-ution"

ó* T,ugol.ts locline (Ffeigertts Modifieati.on)

potassír¿m iodi"de ?o0 gyns"

iodine ervsta.l ì_r0 ga,

dÍstj-],_l"ed vraf,çy 100å0 mlô

7o Alcohol Ïori:i.ne $nl_ubi"or"r

iodi aç er-ystal-s 1"0 gmu

95% al".eohe¡1 l"0ooo ml"c

8* ßociir.uu Thi.osulfate Ëal.ution (Hypo)

sodium thiosul-fnte 5n0 gmso

disti.l"l"ed watey. I00oO ¡n-lo

ff**rlrtnß-" trqc.ç"qw:e

-1.' lylene, aÌ:solut,e al-eohol e gS"/- a_l_cohol"

2o Tap water*

3, Harrisls hemat,o:ryLin for fj_fteen mj-rurtes.

lg" .fÌine;e Ín tap vu&1,er"

5" Tlifferenti.ate j"n aeid alcr:holo

6* Tfash bri"efly Ín 'bap u¡aterc

7" Ðåp in ammonia water or saturated lit,hirua eaytronate untir
secti"on* ai:e bx.ight b-l,ueu

8* ldash in runni,ng tap wate:: ten minutesu

p* litain r¡:ith eosi.n one mlnutee

l"A* 95'/. a.lcoholu

1lç ^Ahsol.iite alcoho"l * at j-eas.b twn changes,
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I2o Xylene * two eha,nges6

13n Mount in permount"


