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STUDIES OB LOPHURAE ANTIGEN FOR USE II COMPLEMENT 

FIXA. 'liON IN IIALARIA 

Serological atwdiea 1D malaria have constituted tbe 

cbJ.et subjeot ot reaearob ln th11 laborato17 tor the paat 5 

Jeara. ot the var1oua testa oomplemeat t1xat1on baa prove4 

moat auoce • a.tu.l. 

Aat1gena prepared tram blood ot monke71 lnteoted 

with !• kQowlea1 have been exteaaivelJ uaed tor '-•t• with 

humaa sera. JlonkeJe, bonver, are expenalve, hard to bandle, 

aad at tiaea, 41tt1o-.lt to obtala. 

Ducka have been the boata tor extena1ve 1aveat1gat1ona 

on !• lopnurae aalaria bJ other workera (9, 10, 11) at thla 

achool and were there tore available to ue. Since the 

.. laria antigen 1a group apeo1t1o, we believed 1t wor�wbile 

to attempt the preparation ot ant1sen f'rom !• l.Dphurae. 

. An average-a1aed duck weighing trom 2 to 3 kllograma 

produces approldma telr a a much· blood •• can be obtained 

trom a good-ai8e4 ao�ey. Ia add1 t1oa, the blood ot duoka 

ia more heav117 paraa1t1aed than 11 that of moDke7•• ,Duoka 

.. 1 aurv1ve paraa1tem1aa ot 100·15� with ma�r• aoh1aonta 

or preaegaen••�•, wbereaa the .oDker aeldaa aurv1vea a 

••pentat1on be7ond the stage ot 4o-� paraa1tea1a. I.aatl7, 

one taot to be remembered ia the gr.eater a�l1c1tJ and the 

shorter time coneuaed 1n bleeding ducks. 
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In this problea, we ha'Ve concerned ouraelvea .ob1etl7 

with the •thoda_ o� ·.prepaa-1na !.• loehurae· an•taena· _tor uae 

1D .. lar1a complea.nt t1xat1oa testa. !be problea ot. · 

apeo1t1o1'f ta now 1a the process ot. studJ aftd.1ftvest1gat1oa 

in our labora�rr. and 1• not dealt with here. 

·A. Malarial Aat1gena from .Paraa.1te Cul.turea 

!here are .. ny repor,. 1a 'the literature of attempta 

to prepare •la•1al oompl-nt t1xat1oD antigens • A com­

poa'J.te preaentation tollowsa ' . 

Tboaaoa (29), 1D 1918, deaor1be4 the preparation·ot � 

apeo1t1o ularial anti&•• rroa culturea ot malaria parasites. 

The blood ·tor ·oultUile was obtained fPOJil a tut••S.lJ iateoted 

patieat and incubated to� 24 to 48 hova. The aupernatant 

aerum was then plpetted ott, and d�atllled wa�er added . 1n 

exceaa to the r. .. s.atng red �loo•· oella. Tbe cella were 

•hakea and oen tr1fUAJe4 an<l the auperna tan t t'lu1d removed �aob 

tiae. �h1a proeesa was repeated until the fluid waa tree ot 

umoaJ.obln. The aed111.8nt at the bottom oona1ated of para­

e1tee, eavelopea ot red blood oelle, and white blood c�lle. 

The aed1ment ·�· dlaao1Ye4 �n a �all quant1tJ ot· 1/10 HaOH 

wh1ob renlted 1D a a.traw-colored fluid. 'lhia was rteutral-

1•ed bJ addln& 1i Bel drop bJ drop. Th1s eolution wa'e diluted 

ten t1mea w1tn normal saline and tested tor ant1caaplementar, 



propertiea b7 tltrattns with.varytna d1lut1ona o� gu1Dea 

pig aerum. Th1a was carried out 1D aaoending dilution• until 

an an\1gea waa 'obtained wh1oh did not o� 1taelt prevent the 

ac,ton ot complement. T.ba best antigen 1n tbia •tud7 waa 

demonstrated when the parasite material waa diluted 1·:30 
with aormal aallne. 

For the test, the patient'• serum was diluted 1:'0 

with Jlormal •al1he and standard doaea ad4ed to 4 tubea, ' 

ot which contained antigen. The tourth aerved •• the aerwa 

control. Into the ' �ubes containing antigen were 1Dtro­

duced 21, '' and: 3i doaea ot oompl•ent, and 2i doaea were 

added to the aerua control. An antigen control was run 

with eaoh aeriea. O.eratght icebox tlxation was use4. Oa 

the �ollowlng morning, aena1t1aed red. blood cella were in\ro­

duo�, and the reaulta read a�ter water-bath 1noubat1oa at 

· '7° tor 15 mibu tea. 
There were s�dlea made ot 200 known eases ot benign 

and .. l1paat tert.lal'i aalar1a 1ritb o:r wltbout paJ'asltea in 

the peripheral blood, and at all •ta••• ot qu1n1ne \reatment. 

Complemen\ t1xat1on .waa 1rrecu1ar�7 demonstrated. 

The author etatea tb.at the ant1o01l.Plerlenul'7 PPP·• 

ertiea ot tbia antigen varied �·��171 lt being neoeaaart 

a• ttaea to d1lute the orlKlDal ant1geo 100 times be�ore it 

could be u.�, wb�oh obv1oualJ deore•••d the aena1t1v1ty o� 

tbe teet. It was· further round that this antigen reacta w1'h 



sera of IJPhil ltio patients. Bence, it is aeceaaar, to 

exclude tbia dlaeaae troa aera tested with tbla ant1gea. 

Tbomaon (30), 1D the tollow1ng )'ear, conduoted a aeries 

ot exper.taents tor the purpose ot deteralniag it a speo1tio 

antigen could be prepared tor benign and mallgaaat agnea. 

The ant1gea was prepared from malaria paraa1tea as deeoribe4 

above. 

The aerum ot pa tients with !• ta1o12arwa infection 

reacted w1th the !• taloiparum. antlgea, but were negative 

to the !• v1vax antlpa. One patient wlth ben1p tertian 

waa poalt1ve to both. Pour !• vivax and 2 !• talciparua 

eera were positive to a apleen extract ot !• talo1parua. 

All except 1 !• talc12arum aeru. were poa1t1ve to a �nlga 

tertian antigen. TwentJ•OD8 Of 22 !• ViVaX and 5"!• 

talciparua sera gave poa1t1ve reaponaea to an antigen co.a­

poae4 ot 10 etra1na ot P. vlvas. lineteen pat1ent1 wboae 
-

blood contained �. v1vax were testedJ 11 save a atroas 
-

poa1t1ve, 7 a weak positive, and 1 a negative reaction. 

B. Kalar1al Antigens .£!:2!!. Oooza ta !!. 

Inteoted Aaopbellnea 

Manaon-Babr (22), 1a a dlacuaa1oa ot Tboma1n'• work 

on attempts to prepare a apeoltlc antlcen from pa�aa1te 

cul�es, nggeated tbat a stroag and spee1t1o ant1sen 111&11' 



5 
poaaiblJ be obtained from the ooo,-ata 1n 1nteoted anopheline• 

1n tne aam. wa7 •• Pa1rleJ (7} bad extracted a powerfUl 

antigen tor b1lhara1a t�o• the livers ot ana1la barbor1ns 

tbe oeroariae ot human achiatoaamea. Ih 1920, Manaon-Babr 

attaapted to obtain a apeo1t1o antis•� trom ooo7ata ot 

plamod1a tound 1n the ator.aaoM ot !.• macul1penn1a. W1tb 

the aid ot Jaaea and Gill, he ob1;a1aed, w1.th great d1tt1cul'T, 

u an1J1gea exuact tr.om the atouoha ot 26 anopheline•. He 

aext oolleoted the oooJata ot the'b1rd .. lar1a paraa1te 

troa 24 t.ateo tec:l Clllex ta t1gene. W1 th thia ma ter1al he oou14 

not demonstrate eomple-.�t t1xat1on. He believed that tbia 

procedure woul� be aucoeaatul it at leaat 100 atouoha per co. 

ot abaolute al•obol oould be uae4. 

C. Malarial Aat1gena !£2!! Paraa1 t1sed Human 

.,B.lo•o•d• � '1'1aau••· 

Ungab'UJ' (14), 1D 1927, atteapted to prepare a 

apeo 1t1c antigen tor benign and mallgnaat malaria from para­

alt1zed.buJIIan red blood cella. Th1a aer1ea of exper1Jilenta 

'1noluded the teat1n& ot 11 antiseraa-8 troa the apleen, 

liver, heart, brala, and blood ot a aubtert1an 1n�eoted 

pat1en• who dl·ed oomatoaed ar-.r a .•�gle ({1a1D1n• 1njeot1oDJ 

and 3 troa . the blood ot a patieat ;J./16 ot whQae red blood 

oella · were para•1t�zecl with P. v1vax. The moat aatiatacto17 -



' 
. antis-•• were aaline emulsion• ot washed and l�aed blood. 

· The reaulta are aa tollowaa · 

1. ,..ntr-t1ve aubtertlan ••lar1a eera reacted 

with !• talciparu. antigen, and 48� were poa1tive. 

2e Si.x.teea subtePtian sera were teat"ed w1 th P • 

vi vax Uld ,1. read poal t1 ve; 

3� Twelve tertian malar1•1 aera were teated w1tb 

!• talo1parum antigen w1th � reading poalt1v•• 

4• S1z tertian a era were tea ted w1 �h £.• v1 vax 
antlaen and 6� were poa1t1ve. 

Maeaa (2,-), in 1919, prepared •'!..• talo1Earua 

antigen tra. a placenta ot a woman who bad recentl7 expezi• 

ence4 a u;arlal ace•••• TIM metbod ot ps-epar1Jlg auoh an 
. 
antt.s•n ••• not reported. He 4oea atat., whoever, that 

ooQl ... n t dena t1on ooourre4 in �lt ot 25 caaea held to 

be aalarial. It ••• po
'
aitlve 1n 4 of 8 oa�•• who did oot 

ahow plala041a, and negat1Te 1D •prla1t1•e• aalar1a, and in 

thoae ehowiftg gaaet.a.onlJ• !be action waa not 1Peo1t1o 

and ••• 1ntena1tle4 bJ prelt.tnarr elta1nat1ona ot heaol7tlo 

amboceptOr. 1'here wa• no parallellaa between the 1ntena1'f 

ot �e reaction and the cl1D10al t.portanoe ot 1ntect1oD. 

' . 
D. Jlalarlal ADt1sena .££2:!! Paraa1 t1aed 

.
ohioken 

Blood � T1a.ae1 

Kligler and. Yol•1_ (15), 1a 1941,, Hport atuc11ea ot 

ant1geaa made troa 1,. gll1Da.ona. Extract• were prepared 



7 
'"" ,_looclt 11ver, and ap1MD bJ •auaotllta the d.rle4 

uterlala nth eallM b7 heealaa aa4 t�Uawtaa. au uts..­

••• pa.pai'M hOil 1ateotecS bloo4 ·1>7 t1a-1t lald.na wltb 

41et1lle4 .. ter IUl4 thea ext:reetllfta the H4S...Ote4 paN• 

1lt:ea wlth Mllne bJ tM••lDI an4 tlbawlaa. The bloo4 
·� 

antlpn ga.e poeltl"fe reaot.l.oaa t.n 4S.l'Qt1o.u ap to 1s800 

w1 tb -.,.n.-..e _..., ••� •• •11 •• w1 tb s.-urae ob.l.okea 

........ 

T1w :.. elllpfnwa aaU.Pra reaotecl 1Q • hlflhe• 

dilution wltb -*•J t..nm• aeraa tban wltb �logou• 

cbS.okea .. ..._ 4• probal>l.J, to the &Hater antlbod.J' 

oonteat ot tM _....,. ••r1a• Mormal oblok.n sera a•" 

.. ,.tlve reao,lona wltb tbe � i!ll&n•••!! aatlaea. 

tbq raext t.et.d tbe f.• plllnao� uUpn w1tb 

••ra troa -..n n'bJeota bOth wlth and wttbotlt M1arla. 

lor ooaparlton and. oonb011 tile aera tJtoa •laria pat1•asta 
"" alao waW as..J.taneoualr w1th !.• il!owleal aat1pn. 

It na to'UD4 that � !• aallln•••s ants.au 1n • 

dllutl-* ot 1«400 ,. .. poalU•• e-.,1-t tl•tlOD N• 

actloaa .S.tb tbo .. aen t..- •laria paUenta wbloh pn a 

poaltlft Naotloa with · tbe  !• k!eJleel eau.pa • 

. Aa a ooatro�. tb• autbol'a uHCl an utlpa pnpared 

hoa red blood oell& ot �1· obloaraa. b uUpa wae 



a. 

prepared 1D exac 1117 the aame JUnner a a the plaaaod1al 

antige. At times th.ia ant1gea fixed oompl�ent w1 th a era 

tram malaria pat1enta1 althouah lt tailed to react with 
. . 

nor..al human aera or with tboae tbua tar tested troa other 

pat1enta (luea, tnu1d, 1nteotive Jaund.1ee). The nature 

ot tb1a reaction la now be1ns eluo14ated. 

Tbe autbora are .ot the optDlon that !• sall1naoeua 

ant1i•n m&J tult1ll the same tunot1on •• the !• knowlel1 

ani1gea, but turt�r work must be carried out betore del• . . 

1n1te oonclue1on1 can be eetabllehed. 

•· Malarial ADt1sena !£2! Parae1t1aed Konkez 

Blood � !pleea 

Baton and Oosa-aball (6). 1n 1938, de�or1be the prep­

•�tlon ot 4 malarial ant1gen1, two troa the blood aDd two 

tl'om the aple•a ot •nlqt7a 471n& t� !.• lcnowlea1 lnteo tiona. 

T� re4 blOod· cella qt tbe paraalt1ae4 moakoJ were 

conoentrate4. troa••• dried and p�•••rved ·ln aeale� tube•• 

The apl••n• were 4r1e4 1n a •�l•r mumer. 

An•1gen 1.-- prepared troa pa�a1t1ae4 red blood 

cella . .,. t-eh7dJ"a"1.Ds the dr.1e4 ·�•a1eat ot 1 oc. ot 

pao)ted cell� wl\ib lO,cc. or aalue. The reaW.tina auapena1oa 

waa troaea aDd thawed tour ttmea. oentr1fuae4, and the 

·aupenaatant uaed aa ant1aea. It ••• .QQt ant1ooaplementaJ71 

and ••• uae4 in testa 1n a dilution o� 1:4• 
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Antigen 2.-- prepared trom drled paraaitiaed red 

blood cella g.oW\4 in a ball mlll and extracted with salina. 

The proportion ot dried cella to saline wa s the same aa 

tor antigen 1. Tbia antigen., when Wldil uted1 was allghtlJ 

antloomplementar,, but could be used tor testa in a 1:10 

dilution. 

Antlaen ,. -- prepared trom dried apleen b7 a method 

s1m1lar to that uaed 1n the preparation ot antlgen 2, 

ua1ng 1 gram ot dried apleen to 10 cc. aal1ne . It waa 

detin1telJ antloomplementarJ, and was used in te sts in a 

dilution ot 1;10. 

Antigen 4.-- prepaHd ti'OBl drled ap1een b,- re­

bfdrating 1 gram ·or dried material witb 10 cc. ealine, and 

1'.-eealng and thawing aa in antigen 1. This antigen was 

antloomplementa� 1n a dilution ot 1:2. bu t was used in 

testa in a dilution ot 1:12. 

Ant1sen x.-- prepared trom normal monke7 red blood 

cella with the �eohnlque a1m1lar to· that used·in antigen 1. 

Antigen B waa used tor a no�l control in the testa with 

malarial aera, and was not antlcomplementarJ even in the 

undiluted a tate. 

lone ot these antigena ahowed b .. ol7tlc pz-opertiea 

when tested with aenaitiaed aheep cella. 

Titration• were carl'1ed out 1fith bJperJ.Dumne monke7 

eerum. In tbia reaction, non-apec1tio ractora ma1 be 
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cone1dered negligible. Tone amount ot reactive monkey 

proteiD waa meaaured bJ ti,rating agalnat the aerua ot a 

rabbit 1�1sed with nor.mal aoDke7 red blood oella. 

With the anttmonkeJ·(•abblt) aerwa, an tigen 4 gave 

fixation ot oa.pl ... nt at a dilution which was tour tlmea 

that ot antigen 1. W1 th the antimalarial (aonke7) aerw�, 

antigen 4.was aligbtly leaa reac tive than antigen 1. T.bia 

1ndioatea that an,igen 4 contained more non-apecit1c mate-. 

rial (•onkeJ protein) per reacting �1t ot malarial ant1geo 

thaD did antigen 1. Furthermore, antigen 4 was more anti­

cOJQPleaen ta17 thaa was antigen 1. 

Antigen I reacted to a sl1ghtl7 higher titer with 

tbe antt.onke7 serum than did antigen 1. In the complement 

tixaiion. teata with human sera, both antlgena were used 

at d1lut1ona o� 1:4. 'lbe aena1t1v1tJ ot antlgera H to 

auba tancea reac t1 ve w1 th tihe aonkey cella ahould, on the 

baaia ot the peaul·t• with rabbit aerwn, be aligbtlJ' greater 

than the aena1t1TitJ ot antigen 1. In th1a war, talae­

poa1t1ve react1ona due to conat1tuente ot the red blood 

cella could be dete�ted. The authors pointed out that the 

atandardiaatlon or malarial antigen and ot normal control 

antlgena can be aooompliahed wlth reasonable accuracy when 

the methode juat deacribe4 ·are
.
uaed 1n conjuoction with 

- .• 
teats aga1nat malarial and noa...alarial human sera. When 

a new pl'eparat1on cit antigen la .macte, thla la compared •1 th 
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the old anttpD bJ parallel testa,. and the concentration 

ia then a4juate4 ao that the new antisea glvea react1ona ot 

aba1lar ••na1�1 .. 1t7 and apee1.t1o1·tr. 

�· 4 mal·ar1al an ti&el',l• were tea ted. wi tb nol'Dlal 

human aera and with Waaae�nn poa1t1ve and Waaeermann 

negative luet1o aera. ADt1gen• 1 and 2 gave leas trequ••' 

an.d weakel" po•1tive react�ona than an.1gena ' and 4. With 

1 and I# appro:&illatel7 the aame percentage ot poaitive and 

doubttul reaction• occurred with luetic aa with nol'JUl aera. 

With antis-A J; .. • larger �uab4U" ot po a1t1ve reactions was 

obtained wltb Waaaer.mann poaltive than with Wassermann 

negative luetic aera, and the percentage ot positive re• 

action• with no�l sara waa oona14erabl7 lower, be1ns about 

the same aa with l and 2. j.heae reaulta indicate that 

ant1�n ' contained oona1derable aaounta ot aubatanc•a �bleb 

tix co�leaent 1n parallel with the Waaaermann reaction. 

An�igen 4 did not g1ve a greater peroen ... e ot positive 

reac t:iona w1 th Wa aaermann po•1 t1 ve than w1 th Was �;ermann 

negative luetio aera, but the proportion ot poelt1ve re• 

ac�iona wltb tb.eee sera wae a).igbUJ' higher than waa given 

b7 1 and 2.. It la Nadllf aeen that antlgeo 3 oannot be 

·oolla14eJ-e4 reliable tor testa w1 th malarial aera whioh came 

Ira• Pat1aut• �terlng troa paree1a, beoauae ot ita 

reaotlYit� w1� �oa�larlal lu.t1o. sera. The other ' 

ant1paa gave leas oroaa react1ona w1tll lue_tic sera, and 
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with theae antigens a reaction ot 2-plua serum ln amounts 

ot 0.1 co. or less waa considered a1gn1t1oant. 

In oonlunotlon w1th.th1a aeries ot expertaenta, these 

workers observed the aerologlcal reactions ot normal monke7 

red blood cella wlth normal, luet1o, and malarial human · 

sera. Several 1nveat1gatora have recorded an agglutination 

ot the red bloo4 cella ot rheaua .onke7• b7 aome human aera. 

Th1a la apparent17 due to heteJ'o .. sglu.t1n1na not related tD 

the human blood groupe or to the Foresman antigen. In the 

present work, aome ot the patients with P. knowleal 1nteot1on -

bad been i noculated with the 1nteoted blood ot rhesua monke7a, · 

and their sera abowed definite agglutination ot monkeJ cella. 

It •••• ot eour••• neoeaaarr to deteralne to what exte n t  

these reactions attected the ooapleaent t1xat1on with 

monke7 ant1gena and human sera in the detection ot malarial 

antibodies. 

fbe antigea was prepared a nd standardised tor aena1-

ilivl t7 b7 titra ting against antl-aollke7 (rabbit) aerwn and 

.uaed in 11. dilution. Ot 150 aera tested, onl7 1 gave a 

reaction more po a1t1ve in an amount ot 0.1 co. w1tb the 

nonaal JB()U87 an t1sen. There was no 1�SPortaD t d1tterenoe 

between luetic aera c1Ylna a poa1 t1ve Waaaermann, thoae 

glYin& a negative Waaaer.mann. and the no�al sera. In the 

3 aerlea ot malarial sera the percentage ot poa1t1ve and 
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doubtfUl reaction• were cana1derablJ.higber than with the 

non�lar1al sera. �is suggests that .. larl�l 1nteet1on 

att.ulatea the produot1on ot betero-ant1bod1ea wbiob react 

w1 th norul aonk•J oella. In two or three case a the appal'• 

ent de•elOPIUDt ot auch antibodlea at low titer during the 

eourae ott� malarial paroxr .. • waa obaerved in pat1enta· 

who bad not reoe1ve4 moftke7 blood. These obaervat1ona 

demonstrate tbe i.Jiportance ot ualDg, in OOID.Pleaeat t1.xat1on' 

testa tor malaria• a control antigen made tram no�l cella 

in the same waJ and ueed at the aame ette,t1•e d1lut1one 

aa the malarial antlsen. 

Oa 21 noa�lar1al sera and 28 .. larial sera. 

agglutination and, OOII,Plement ti.u.tion testa with normal 
aoDke7 cella were l'Wl 1n puallel. Ot the total ot 49 

aera, 28 (� 1D each group) gave nega tive reaotiona in bo� 
testa. Wltb 5 malarial aera and 5 non�lar1al aera, the 

agglut1nat1oa teat was poaltive and tbe complement ttxatlon 
teat negative, and with 5 malarial and 1 non.malarial aera 

bo� testa were pos1.ilve. Orle aei"UUIl sa••·. weak coapl ... nt 

t1xa t1on6 but no . •sslu tina tlon. 'l'hese r•aul tJ 1nd1oa t. 

that w1·th a ta1r proPQrt1on ot aera the hetero-ant1bod1ea 

�t cause agglutination ot nor.al monk•7 cella react 

weak17 or not at all 1n tbe .compl ... nt tiut1on t•ata. 

Strong oompleMnt fixation reaction• du• to the ant1geaa 1n 

normal aonkeJ cella are rare. Conaequent17, atroas 



reaotione wl� a malarlal an tlsen prepared troa paraa1t1sed 

red blood. oelle ••7 be canaidered e1p1t1oan t. When the 

reaot1o� w1� •larlal antlpn 1a weak or doubtful. the 

control with no�al an tigen 1e ot
_
value ln eltminattns a 

cer.taln l:luaber ot talee-poa1 t1 vee. XD pneral, paeudo­

poelt�ve reao �1on� were more �re�eat �nd atronger with 

the antigena prepared troa epl••n than with the antisena 

prepared troa blood. Froa the reaulta it 11 evident that 

the control teeta run w1 th ant1sen II are ot value in ella� 

1nat1ns about balt ot the talae-poa1t1ve reaction• when 

paraait1aed blood 1a uaed tor tbe teat, but auoh controla 

are ot' little value 1n e11lllinauns tbe more frequent' talae­

poeltive reaction• with epleea antisen. 

Baton and Cosge1ball oonolud.e thata 

1. ID the oomplement tlxatlon teat a poeltive 

reaction between ,an7 eerum and a complex 

material prepared trom blood or epleen i1 a 

summation ot the reactlona between aeveral 

ant1sen• •tth their oor�apondlng ant1bodiee. 

2. 1bol11b the malarial antlpD appears to be a water­

eolubl• protein, wbereaa the Waaaer.mann antiaen 

1a probabl7 a 11po14, oertain preparations ma7 

oonta1n both the •••ael'JUIU1 antigen and the 

aalar1al ant1g•n. P'or example, antlgera '' 

prepared from malarial apleen, gave a muoh h1gber 
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peroentage ot poa1t1ve co•ple.-nt tlxat1ona with 

Waaaer.mann poa1t1�e aer� than with Wassermann 

nega tive or nora.l. aera. 

3• With luetic eera tram patlenta baYlfta no .-la�la, 

3 o� tbe 4 malarial antisena teeted gave no 

bisber percentage ot poalt1Ye reactlona with 

Waaaeraana poa1t1ve tb.aD with Waaaermann 

negatlve aera, and antlgeft 1 waa. no t more re­

active w1tb luet1o aera than w1tb normal sera. 

4• When � reactions ot normal and luetic aera 

wltb antlgena prepared troa paraa1t1aed red 

blood cella (ant1sea 1) and nor..l red blood cella 

(antlsen ll are oaapared, lt ia toun� that �e 

.. larlal antia•n gtvea a 1llshtl7 bi.er per• 

centage ot poa1tlve reaotlona with both noraal 
and luetlo aera1 bat tbe dltt�renoe 1n reac• 

t1�1tJ of ant1aen 1 and anttsen I wlth these 

aere are not great eaough to be alp1t1cant. 

5• Certain human aera contain het.ro ... alutin1na 
tor nor..al .onk•7 cella, and t�eae ant1bod1ea 

aleo give a weak oo.pl ... nt �act1�n wtth· 

•�wac ta ot troatll. and thawed aobkeJ red bloocl 

oella. 

6. Th••• hetero-ant1bod1ea are 1nc�eaaed during 

•lar1al 1ntect1on, but tbe7 never ,approach the 
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le-.el ot � 1�• bod1ea which tlx coJil)l ... nt 

' 

with the .. 1•�1al antlgea. 
. . 

7• Sino• adlorption ot malarial aera w1tb normal 

.0�7 Nd blood cella reduoea the coapl-llt 

tlu tic>a t1 t•:r aaaiaat malarial an tlgeo troa 

paraa1'1 .. Cl blood oal7 alishtlJ or not at all, 

�t ma7 be concl.ude4 that most ot the t1xat1on 

o� ooaplauult obtained w1 th ular1al ael'Wil la 

due to malarial ant1seu-aatlbo4J reaction• aQd 

npt to reactlona ot hetero-ant1bod1ea wi'ih 

oonaUtuen.ta of the re4 blood cella. 

8. Wl tb the exoept1cm ot one an tts•n prepaNd troll 
' 

the apleen, there wa a no evidence tba t the 

malarial antlsena were more reactive wlth 

Waaaer.mann po11t1ve than w1tb Waaaermann negative 

aera. 

9• Some buman aera slve weak complement f1xat1oa 

with anUaena pHpared tr011 aoftlal monke7 red 

blood oella, and the percentage of theae 

po1lt1ve reactlona le OD17 al1sbt17 h1pr with 

.. larial·aera thaD w1tb norm.l or luetic •era. 

10. � .oat aenaltlve and ap�1t1o malarial antigen 

••• prepared troa dr1e4 paraa1t1sed red blood 

oell• b)' extraction wltb aaline and treeline •nd 

tbawlns. Th11 !.• Jmowle11 antigen is sroup 



1? 

apeoltle ln that it clvea a ati'Orla oompl-nt 

tt.xa t101l wl th ularla aen fi"'Ol human belnp 

11ltMte4 w1tb elther !• JEpowleal, !.• Ylftx, Ol' 

!• talolparu.. 

Oosaeaball and Eaton (2), ln thl eame 7ear, npol'tecl 

another aer1ea ot eapert..Dta ln wb1ob \bel prepape4 tour 

other aat1aena to be uae4 ln oa.pl ... nt tlxatloa .. aot1ona 

1n �•7 .. larta. 

Antigen 1•-
.
prepared troa .. larlal infected apl••• 

whtob were ohop!)ed up, fl'oaen, end 4r1ed ln the troaen 

atate ln a vaou� dea1coato•• tbe dr1a4 material ••• tbea 

powacl 1ft a ball mlll at -�· '!be pGuad material ••• 

extracted o.enlpts ln the nfltlgerator wltb 10 oo. aallne 

tor eaoh graa and the 1neoluble rea14ue oentrltased down. 

The aupema tant ••• uaed •• antlpD. 

Antlpn 1• -- prepaNd trom blood oon-.1D1n8 20·· 

pana1t1Hd re4. blood oelle. !be bloocl ••• oolleewo 1D � 

aocl1• oltttate aoludota• eeavl� to Hparate the ael'U81, 

anc1 waabed two U.a wt th. .. 11M. 1he paokecl red blood 

oelle an4 �raaltea .aapended ln an equal •�lu.. ot aallne 

were th4m fi'OaeD, cll-1e4, and &I'Ouad. b'J the aame proo*'-'tN 

a a tna t uaed tor epleeaa. 1he an tlgeD •• • t1Da11J pnpared 

b7 e.xtraetloa wltb aallae. 

!etls•Pl• -· prepaH4 tl-a.s panalttaed blood, naW 

•• 4eae•tbed abo.a, and mixed wlth ' volumaa ot 41at111e4 
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water. Toluene waa added as a preservative. and the 

material allow4td to autol7ae in the incubator tor 48 boura. 

The 1naoluble residue ••• cen,r1tu-d down an� the aupernate 

uaed. a a anti g�m atter ad41ng enough aaline to bring 1 t to 

1aoto.ra1o1 '7· 

Anttsen �··• prepared bJ addtns 3 Yolu.ea ot die• 

tilled water to para a1 t1aed blood w�oh had underson• 

autol7aia 1n the refrigerator tor several weeka, and then 

centr1t'\ls1-.s· 

Prom their rell\llta, the author• conclude that: 

1. The ma terial extracted trOll 1nteote4 apleen b7 

acetone," aloohol.. or ether doea not gi"fe a 

apeo1tio t1xat1on ot coapl ... nt wltb tm.une ··�· 

2 • �e ma ter1al extracted troa apleen or blood wl ih 

ao14 or alkal1Dt buttera la not a bet ter antigen 

tor 0911lPlemel'lt t1xat1on t�n that ·extracted b7 

aal1ne or d1at1lled water. 

,. Since· tbe antigen waa not extraotable b7 11po14 

aolventa and was deatroJed b7 tryp�1e 41seat10D1 

the active prlno1ple behavea as a protein. 

Cone�ll· (1), ' 7eara later, sJ.vea an account ot 

preparl!lg an antigen f'Jtom paraa1t1aed �red blood oella 
, r 

obtained trom rheaua ·monkeJa wboae red blood oella were � 

paraa1 t1se.4 w1 tb t·· knowlea1. fbe red blood oella were . . 
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waahed h'ee trom aerua and preaened b7 tnes1r&a and ClJ-.711lg 

in 5 oo. amounte. The atoHd antigen was nhJdnted aDd 

. d1lute4 ltlOO 1Jl noaal aaline� which 1·• well lle7ond. the 

ant1compl ... n'-rr range. 

to be b1sbl7- an t1�ic. 

Titration &bowed the preparat10Q 

It• waa tound that aerwa ot patients with v1vu and 

talclparum malaria would tlx ooapl ... nt with the monke7 

paraa1te ant1pn 1n approx.laatel7 the aame d1lut1ona aa 

serum tro. pa .t1en �· w1 th !.• lmowlea1 .. laria ( uaed 1n trea \­

ment ot geaerai parea1a). 

stra-.n-!boMa and DW.an•r (2,. 8 ) ; 1n 1940. nport 

the uae ot 4 41tterent .ant1s-n• tor tbe uae ot oompleaent 
. 

�1xat1on te•ta. prepared tro•a (1) 1nteo"d and (2) nol'lllll 

aonkeJ blood• ( ') 1ntec ted and Ut.) DOI'JUl buman blood. 

T.b• aonk•J antlgene and no�l huaan antigens were 

prepared aa deaol-l:be4 bJ Cosse·aball and Baton (2, 6). 'l'M 

toraer · troa 110nke7e 1nteo ted w1 tb P. Jmowle a1 • 'l'be 1Drec ted -
�n ant1gena were obtained �rom pat1enta �de�solns 

induced. malarial theraJ)J' who had rece1 ved. 1108Qu1 to 1noou• 

lat1ona ot !• v1vax or blood 1noculat1cma ot !.• ular1•t• 

Tbe7 were prepared tr� parasites colleoted b7 centr1fm• 

eat1on atMr l�S.ng heav117 paraa1t1ae4 blood cella. 'lb1a 

paraal�e maaa ••• 4r1ed 1n vaouo, and ground. When read7 

to'l' ua�, o.� gl'am waa rebfdrated with 10 co. saline, tro�en, 

tha"d• oenb1tuged, and the auperna tan t used a a an t1pn. 
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1t1ne t7•aeven 1nd1v14u•l• were te ated wi th the 4 
an t1pn s .  · 'lh1s number included 62 patients with e s tabli shed 

ma laria and 35 nol'll811 . Fi:tt'J ot the 62 pa tien ts were 

rece 1v1ng malaria tnerap7 tor parea1 a . Twelve had na turall7 

aoqu1red m•laria • Speoimena ot blood W.:re drawn a t  

�tervala 4ur1ng the c ouree ot the �i sea ae . 'lhe re aulta 

o� tbia atud7 are aa tollowa : 

1 .  Tbe an tiaena prepared troa blood ot �Jec ted 

monkeya and human 1nd1v1duala 7lelded similar 

reaulta� 

2 .  A 81Ull percen tage ot sera Jlelded poa1tive 

reaulta w1 th nol"'llll an tigen a .  

3 .  Ot the 50 pa tients wi th 1nd.uc.ed JUlarlat. · onlJ 

34 ( 68-) showed a po si tive CG�tplemen t fixa tion 

reac tion •. 

q.. Ot the '5 normal oontrola regaPded a s  unlntec ted 

with malaria , }0 (87�S�) were nega tive . 

The autho.ra conclude tha t �  

1. A po s i tive Wa s se rmann doe s no t 1n terte re w1 tn 

tbe complement fixa tion te at �alng a ma laria 

antigen, since 25 ot the 35 oon trola gave a 

po11t1ve Wa s se rmann reac tion . 

2 .  An tigens prepared tPOm human blood are juat a s  

ea t1ataotoJ7 tor oomple•n t t1xat1 on a a e  those 

prepared trom monkeJ bl ood . 
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'• . !be aouroe o� the aalar1al antigen 1• at111 

deba table . It aa7 no t be �he malaria paraalte 

1 taelt, but po ae1b.17 the atro.a ot the pa ra­

a1t1se4 �d blood cell . 

Later in · the same year, Dul.u.., and 8-trat.a -

1'holaaa (4,) NPGI'' turther atuci1ea w1 th val'ioua an ttgeraa 

prepaH4 troa the blood ot 1ntec ted a0Dk•7• and h�n �elnga • 

. ID all oaaea the paraa1te oount and atage . ot de-nlt)JJ• 

unt of the ularlal pla llllOCUa were tollow..t, and blood tor 

ant1gera wa s obttllned . at a tiM when the grea teat J1el4 •• 

to nuabes-. and alae ot paraal te a  ••• aaaure4 . In huaan 

blood tbe coua ta wsnaed �· ,00·500 »� .. altea per 100 

whi te b�ood ·eella wi th approatma tel7 o.s-o.,_ ot red bloo4 

cell a con ta1ralng paraa1te a .  �e aonke71 were bled when 

'he anillal e  were near death, and blood emears ahowed a · 

paraa1 t1aa t1on ranglna trom 10�� w1th a high proportion 

ot ma ture  malarial paraa1 te a .  

� me thode ot prepara tion and value ot var1o�a 

an tlgen a  te ated m&J' be praeral i•ed aa tollowaa 

1. Saline or wa teP,J extraota ot wa abed para a1 t1••4 

human or monkeJ .ad blood cella, or ot organ• 

from lateoted aollk•J• •  lnoonalateat re aul ta 
• 

were obtained w1 tn the se prepa ra tlona . 

1 .  PapalD dlae at• ot aalarlal blood clo ta ol' paraa1 te 

aa a ee • •  !be se d1ge a t a gaYe nega tive re sul t• • 
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3• Paraa1te me s ae a  recovered fro. laked cella wbioh 

were treated w1 tb JaOH and then neutral1ae4 

w1 th Bel . 4fh!a me thod 414 not .,S.eld auoceastul 

ant1pna. 

It-• Red blood cella of paraa1 t1ae4 hWDan be1nsa and 

aoDk•7•• •h1oh were 4r1ed, then rehr4ra ted and . 

the reaul ting auapen•lon troaen and tba .. d, 

o en ttr1hge41 and the aupema te uaed •• an tlsen . 

�1• waa Coage ahall and Baton ' •  me tbod or 

prepaJ�lng aonkeJ•blood et1gera • which ga'fe h1sh17 

apeo1t1o reaction• ln aoDkeJ and huaan aalarla . 

5• Paraa1 t. s tr� human a�d monke7 blood a wh10b 

were treated 1n the aame manner as the red blood 

48111 lll 4.. 

'lba autbora s ta te that the an tlpn ot h1 gheat 

8l*01t1c.lt7 and aena1 t1v1 'b'f wa s that prepared t:rom malarial 

paraal tea tl'OIIl human o� J.110Ue7 bo 1 ts . 

Tbelr method of bane a tins the para a1 tea 1a a a 

tollowa: 

1.  Collec t blood (hn•n or aoake7) in �•1-
oloalcal aal1ne aolut1on con ta1n1na II 
aodl• ol tra te . 

2 .  Aa aoon a a  poa a1ble oeatJtlfu&e, z.aeaove pla­
aDd wa ah tM red oella two or three time 1 
w1 th ater1le saline aolut1on • 

3•  Lake tne red o•ila w1tb cold d1a t1lled wa te�. 
DlaUlled wa ter hae been tound to be th•_ 



be at reagent · tor pre•en1ns the 1n tegr1'J 
ot the par�al te . Colleo t the paraaltea bJ · 
oen u1tuga t1on • '!'he para a1 te s will be 
tbl'oWD to the bottom of the tube 1n a 
•i aooua ma s s  and atalned ame ara will. reveal 
biflhl.J in tac t plaaao41a · with •=• red eell 
_stroma and a ftrJ tew whi te bloo4 cell••  

4, Wash the paraa1 te-maaa tree ot �slobtn 
w1 th water and pbfalologloal · a  alia• aolut1oa .• 

5 ,  1>17 1r& ftouo . GrlndJ place ira aeale4 tube a, 
and Hoi"i at low tempel'ature .  

'·  Wbea �·•dJ tor •••• srtnd o .l gram ot 4rled 
ant£f•n 1n a mortar wi th aal1ne aolut1on 
unt1 10 Ia). ,  han been ua•d ·  Pl'eeze and 
thaw tour time s with a drJ toe-alcohOl . 
aatx'l.U'• • 

T • Centr1tuae and e'-clar41se the aupemate 
bJ titration wi th known poe1 t1ve and nesat1Ye 
J!iala,.1a.l ae�L and _tes t  to.- utloompleaen �I"J' 
pNperUea . •• haYe ••4• a pnc tloe of 
poo11na pa:raa1 tea hOlt aeftttel aou:roe a eo 
tha t one atandar41aat1on will. auttlee . II:& 
the oaee ot J101lke7 para a! tel tbe ant1pn 
baa mo1t otten been ueed ratter dilution of 
the ·�•nate la2 and 1n doae s ot 0.1..0 .2 ml .  
!bu11 0 .1 sraa ot tbe drled para a l te a  Will . 
prove autt1o1en t tor appoal!na t.l.7 90·100 
, . .  ,. . 

. ' 

'l'bey found tbe 4rJ an tlaen' to be au1 table tor uae 

after a tol'age ot 6 montha . 'lhe rebJdrated antigen, when 

kept 1n the icebox tor ••••ral weeka1 d14 not lo .. 1 ta 

po �n•J • 

1'he author• pertoi'Jiled ooQl ... n t  t1xat1on te s te on 

a large nUmber ot aera tro. pa tlen ta with 1nduoe4 and 

na tual aalarla, wi th aera g1v1ng poa l t1ve and negative 

•••••r.mann reao tlon1, and w1 � ae ra ot 1nd1v1�ala pre-



aumablJ tree ot malaria whoae Waa aermana reac tiona were 

unknown . Pour hundred and tor'7-two aera were te sted troa . 

217 1nd1viduala . One hundred and aixt,- ( 53�) ot the . 308 

aera tram 83 malarial patlenta gave a poe1 t1ve reac tion . 

Some ot theee aera were obtained earl7 in the courae ot the 

d1eea ae before para a 1 te a  were demona tra ted 1n blood .-eara, 

o there attar qGlnlne-theraPJ had been ins ti tuted . In the 

con trol group ot 1� onl7 1 ( 5.) save a poa1 tive reac tion . 

The ae we re weak reac tiona, never over 1-plua . �� a 

atrlklns d1tterenoe 1 s  apparent between the two groupe . 
' 

Comple•nt t1:ut1on w1 th malaria antigen ba a  al gn1t1ouoe . 

Tl!Jeee wol'kera otter further a·11ba tan t1al eY1denoe to 

XlrlgaburJ' • bel1et tha t both the compl�n t-t1xills an'1-

bodJ and the malarial an tigen are group ra ther than apeo1ea­

•peo1t1o . T.be aera ot nine pa tient• �nooula ted wi th one 

ot ' tJpea ot malarial paraa1 tea (!• knowlea1, !• v1vax, 

or P . .. lar1ae ) were te sted w1 tb. eaoh ot the 3 ant1gena . -
prepared troa the aame trP•• ot paraa1te a .  T.he authora 

found that an7 one ot the an t1gen a  waa au1 table tor 

de teo tins eoapl ... nt-tix1na an tlbodiea . 'lhe7 resar4 · the 

P. knowlee1 an tigen •• the be a t tor prac tical reaaona . -
Thia an tigen baa proved to give • •  a trons. 1t no t a tronger, 

reaction • in compara tive compl ... n t  tixa tion te a ta ua1na 

the human .. lar1al para ai te an t1aena . 
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Ill the aeri e a ·Qt pa t1ent a atwlie4, the au tbore did 

no t tind -.,pb111 a to 1ntluenoe th-. reaction w1 th their 

malarial pa raal te ant1pa. In the group whoae Waaael'IISiln 

Hac tlona were lm.01Dli tbtJ dld not· a t  &nJ tU. ob.ta1� a 

higber percentage· ot non-epeo1t1c reao t1ona wi th Waeac� 

poal t1 'Ve · than w1 tb Waaaermann .neaeat1 ve eera . ,.,.7 .. re, 

bowe""r• nluctant to draw an7 oonc1ua1ona· regarcUns tbe . 
-muoh debated que a t1QD a a to. whether or not ulaJ'la provoke s 

a non-apeo1tlo Waa aermann re ac tion.. ·!h•7 did aboW. that 

Waaaermann pa tien ts who acquire malaria may give a. Qe�tive 

Wa aaermann reaction at a time when tba7 have developed a 

a tronglJ poa1t1ve reac tion tor the malarial an tlsen a .  

hrthermotte , it was ob aene4 tha t 'ia e eerma nn  nega tive 

pa tien ta ma7 g1ve •. nega tive Waaaer.mann reac tion aad a 

!t.•Pl1l� o(mplemen t tiu '1oz( tor Mlar1a at a time when 

.. larlal para altes are •••llJ 4��strated 1� b�004 amears . 

Dalane7 and Korr1 aon ( 3) ,  1n 19�. peport on the 

preparation and propert1e� ot ·va r1oua a��lgena tro.a !• 

Jmowle a1 . · 

The following tJ'Pe• o� pa ra•l.t' procl\lo ta are o1 ted: 

1.  Sal1ne extrac t• ot dried para a1 te a .  

2.  Pboapha te .butter extract• ot �-t and dr1e4 

para81tea . 

3· Barb1 turate butter e.ztra� ta ot we t and dried 

paraa1tea . 
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4. Solution• ot pa na1te e  obta ined bJ trea tment 

wi tb barbi tura te butter and 5aOB . 

5• BaOB eolutlona ot parael tea .  

� pr.pa ra tioa of eal1ne extrao ta a a  de eo r1be4 

preY1ouel7 (DulueJ and Stra -.n-�e, 1940 )  ••• not 

altered . It waa found that one treeaing and tbaw1ng N• 

. leaaed 1n to the extrac t onl7 a part ot the an t1genlo 

material . Wben the re eidue ob tained b7 oen tr1tup t1oD waa 

taken up ln the or1cllltll vol\UH ot aa11ne ( 10 oc . per 0 .1 

gram ot dried paraai tel ) and agala trosen and thawed tour 

tt.ee, · the re� ting aupe raa te bad one-fourth to one -halt 

the an•1sen1e ao t1Y1 tJ ot tbe tirat . ·fber sta te that third 

ana tourtil extrac t• mar be aa ac tive aa the aeooa4 . b 

t1rat extrac t  waa a deep amber ·color, clear and aparklln&J 

� othera alaoat •olorle a a: . Wl tb  4 •uocee a 1ve extrao t1ona 

a calcula ted to ta l  ot 1200-1600 aat1gen1e unl ta wa s obtained 

troa 0.1 paa ot drled para s 1 tea . WS. th the ave rage 71e14 

ot 0 . 5  gram ot para el tea per monke7 it 1 •  eviden t that 

6000-8000 unl ta ot an tigen UJ be obtal.ned; ti'Oil one ans..&l .  

I t  la atate4 tha t the pa:ra alte Jle14 ba a  reached 0 .8-1.0 g19aa 

1n lar .. and beav117 para alt1sed mont.7• • 

AJat1gena have been prepared b7 trea ting we t or clrled 

paraa1te a  wi th 1/10 pbo apha te butter ot pB 7•8-B .o. T.be ae 

antlgeae were 6-8 time• more ao t1 Ye than the aallne extrao ts . 



�•• autbora a ttemp t to compare the rela tive 

ac tl.ttJ. and . n 1 troaen con tent ot YaP1oua pboephate extrao ta 

w1 th tboa, ot eal lne . Tb.e7 proceeded a a  tollowa :  

Two 0 . 1  gram eaaple a ot drl�d paraa1 tea were each 

groUDd w1 th 10 co . ot pboephate butfeJ' and labele4 (a )  and 

(b) . A �rd ... »1• wa s ground •1 th 10 ce . ot 0 , 9· per o•n' 

laCl ( o ) . P"para t1on ( a ) wa s tl-osen and thawed tour tl .. e, 

oentrl� and the clear brown auperna te remoYed and 

deelana ted P-PT� . The re1ldue wa e mixed wi th 10 . cc . ot 

pboapha te butter and the treealna and · tbawing proceaa 

"peat..S,·. Superna tea P..P't-2; P·P'!•,, and P•J"r-4. obta 1De4 

1n like manae,, ••r• p��ct1eall7 oolorle •• • 

Preparation (b)  ••• allowed to atand a t  room 

tempe ra ture wl th hequen t s tlrrtnp tor 1 hour. Centrlt\1• 

ga t1on 7lelded a deep brown opale scen t euperna te wh1oh wa e 

de elpa ted P·R•l • 'lbe rea1due wa a taken up ln 10 cc . ot 

butter and atlrre4 a t  1n ter.al a dur1Ds a aeoond extrac tion 

per104 or an boura the pale &mbel' op•leaoent auperna te 

wa s deaipated P•B-2. Third and f'ourtdl extrao tlona · J'1elde4 . 

rain tl7 colored P-a-3 and P-8� prepara t1ona . T.he re a1due 

from the �OUI'th e.xtrae t1on waa taken up 1n 10 cc . ot bujlfel' 

and let' 1n the N�1serator o't'er nlght . Thi s wa a o en­

tl-1tuge4 and the •upel'i'late de alpa tecl P-R·5 · 

Pre para t1ora ( o )  wa a trosen aDd thawed a a ••• ( a ) , 

ua1ng 10 oc . aaounta ot 0.9 per cen t HaOl and S·WT-1, 
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s-n-2, S·PT-3, and s-n-4 extrac ta ob•ine4. 

� relative antisenle ao tivl tJ wa a  de termined bJ 

ti tra tion wi th a atrongl7 •poaltive• .. lar1a serum diluted 

1: 2i• A known nep tl'Ye ael'UII and ut1ooaaplem.ent&J7 

control • were .t:n:olu4e4, all or which gaye nega tive testa . 

A oaloul.a ted total ot 9600 antiaen1o un1 t a  na obtained b7 4 . 

pboapbate butter e.xtrac tlona at room tempen tuJ:�e, 7200 

unl ta bJ 4 :heea1nga and tbawtnga ln pboapba te , and 1400 

un1 ta b7 4 treea1nga and tbawlnga in aaline . 

P1ve o e .  aample a ot each ot tbe 13 preparation• were 

u1ed tor· to tal ,:aitrogen de tel'lll1nat1ona . Tbe to tal n1 ti'Ogea 

de ter..!natlon• indicated that the tirst •xtrao ta b7 an1 

••� con tain more nonan tlgea1o ma terial than .ubaequent 

extrae ta . Thla t1Dd1ng la ln aooord wi th the larger 

amount• ot p1pen t in the t1ra t extrac ta . '1'he t1rat 

extrac ta oonta�ed, alao, larger amounta ot � ter1al1 pre• 

aUJUbl7 proteiD, which ma7 be tlooculated 'b7 heating under 

oon41t1ona wh1ch 'do no t ln�otivate tbe ·an tigen . 

Other extrac t• wer� prepared .b1 trea ting tre ah or 

cb-1ed paraa 1 te a  with 1/10 barbi tura te butter ( pH 8 . 5 )  at 

roaa or retriger•tor te.pera ture tor .a.,tns t1 .. per1oda . 

Bi ther me thod ,-1elde4 ac tive prepara tions con taln1Dg 320 

to 640 unite per co . Repea ted extrao t1ona ·recovered 

addi tional an t1gen . 



29 

A blgb17 ac tive an tigen waa · prepared b7 extrao tins 

the we t paraalte a  obtained haaa one JBODkef t1rat with 

200 cc . ot barbi tura te butter and then wi th 50 cc . Tba 

combined extrac t• were d1&1JS•4 agalftl' d1 a t1lle� wa ter to 

remove 8alt11 •nd 1Ubaequ•n t17 concen trated ln a 1em1-
• 

permeable membrane at 5oc . to 40 oc . O entrltuga tlon 

J1elde4 a .uperna te of 1280 UD1 t1 per oo . 

Freah paraa1tea we re trea ted wl tb barbi tura te bld�r, 

pH 8 .5, a t  rooa tempera ture tor one hour . Ten per cent 

NaOB waa ad.ded. drop by drop, wi th pntle asttatlon until 

the paraal te1 d1eaolve4. A dark brown •olut1on •• • 

ob tained which ••• dlalJ&ed. agalnet 1/10 barbi tura te b�ter 

( pH 8 .-5l ·tor 3 da71 a t  ,00. · So• plgaea t pl'eolp1 ta te4 
' 

dur1na ·41&17•1a . Atter centr1tuga tlon the supern a te waa 

te s ted tor an Uaen1e con tent ud touad to con tain 800 un1tl 

per oc . 

Preah para a1 tea were ctia·aol•ed 1n 0 .096 11 BaOB. '1'he 

aolut1ona were thea ad,tuate4 to pB '1·0 w1 tb. dilute Bel 

which preo lpl ta te4 mo a t  ot the p1s--nt and perbapa aome 

o tber ma ter1ala . ·  � opaleaoent pale broWft superna te wae 

then oonoentra ted 1n a eemS.peNeable membrane a t  '00 . to 

approx1llate1J IS per cent ot the orS.glllal volua, a proo••• 

Nquil'1Dg abOut 3 cia71 • While an151aen1o, th1 • prepara tion 

wa s no t aat1etac�rr becauae ot 1te an tieomplementarr 

propertlee . 



The authora· enumera te "Yarloua propertlea ot the 
' . 

Jmowlea1 andgen a :  

)0 

1 .  'l'b.e antlpnS.o ma terial i s  ·ot the na ture ot a 

pro te1n..;11p14 eomplea., TheJ bave toUlld tba t 1J.p1da 

e.s.b'ao ted t:roa we t or dr1e4 pa ra a1 tea are no t ant1sento a 

tur tbermore, barbi turate butter extrao ta ot 11p1d�tree, 

dried paraa1 tea are 1Aac t1ve . Bther trea tmen t ot dried 

paraai tea, prelt.iaal'7 to aallne eatrao t1oD ·bJ trees1ng an4 

tbawlng, reduoea greatl7 or dea tro7a tbe an t1a-n1o propertiea 

(Dule.J, Stra taan•'l'b.oua, and Wan, 1942) . Xt we t para­

a1tea are tirat extrac ted wi tb  acetone oon taih1ng 1 per cent 

HC l  bJ .olu.. the resldu:e clOea not rlelcS antigen bf an7 ot 

the me tbods Whiah are o therw1ae pro4u4* t1ve . l!lo ev14enoe ot 

a oarbobJdrate 1n tll tra te a ot h�l7••4 parasite prepara• 

tiona baa .,et been 4ellona trated thi*Ough use ot copper 

reduc tion me tboda, but a carbobJ'dl'a te fac tor has no t been 

ent1N17 el1m1nate4 . 

2 .  � antlsento propert1ea ot aallne, pbo epba te, 

or barbi tura te b�ter extracts are not deatro,..d b7 heating 

1D a water bath a t  S60C . to!' 30 Dd.nutea, 7500 . tor 15 to 30 

Jdnutea, and 100°C .  tor 5 to 15 minu te s .  Heat1ng a t  56°0 . 

tor 30 ll1rm tea doe it no t attee t the an t1pr. a a shown bJ 

comparlacm w1 tb unhea ted aaaplea. but exposure to the 

bieber taapera turea reduces tne act1Y1t,J _, two to three 

dllutiona .  Bea tlng produoea tlooc.ulat1on ot p1s-en te4 



u terlal to an extent roqbl7 proportioned to the temper­

a tu.Na and tlaea to wb1ch tho prepara tion la e.xpoaecl an4 

8Ub1equent oen tp1fuga t1on 7leld1 an opale •oen t 1upernate 

wl th aaol'pboul broWD depoa1 t. t'he7 t1nd tha t  auperna tea 

troll extr.ao ta hea ted a t  tbe h1pezr temperature • are 

prao t1oall7 colorle se . However, 1uperna te a tram prepare­

tiona oon tal�lng lars• amoun t• ot plgaen t are aome ttaea 

tow:.d to be lnao tl ve atter be a tlng at 750 to lOOOC . W'hioh 

augge a te tha t the an tisera la adeorbod on the tloooula tod 

plpent and reaove4 wi th  oenv1tQSa t1oa . b7 elaim tbat 

ne ither hea ted nor lUihe a ted an tlsen a are s table 1ndet1nl hl7• 

3. Tho pl-nt UJ be ma ter1all7 reduc ed b7 tl'8ea1D,S 

or b7 4J71n·s phoephate butter e.xtrac ta .. Fnea11la will 

tlocoula te mo a t  ot tho pigment in pboepba te butter oxtrac ta 
. 

wl th the exoep tlon ot the tlr�t h1gbl7 colored prepara tion . 
' . ' 

l>rJ1ng ot pboapb.a te butter extrac t• bJ mean s ot a vaouwa 

pump and rebJdra tlon bJ 0 . 9 per cen t BaCl and centrltugatlon 

Jield almoet colorleaa an tlaena . �7 t1nd the se pre ­

para tlona to be almoat aa ac ti ve, in eome o a ses a s  ac t1ve , 

ae the original extracts . I t  now appears that �hJdra t1on 
' ' ' 

ot phosphate butte� extract• ot wet or dried paraalte a  ma7 

otter a blgb17 ett1o1en t me thod ot e �rlna 11t8.lar1a an ti gen . 

At.. The malaria ant1pn doe e no t 4la 17•• when lett 

ln aealp.el'llOable meabranee auapended 1n 0 . 9 per cen t KaC l 

or water at 500 . 



Ma te�lala !!!! _,Me.-.tm.--o.d-.a 

Du.olta 

Adult duolca ot the whi te Peld.a w:r1et7 were uaed 1n 

all the experlMnta . An average ot 90 co . ot blood waa 

obtaihed trom eaoh b1 1'4 .  

Malprla Pa raal tea � Doaaae 

The malaria paraa1 te 1 1  a a train 4e a1pated 12A bJ 

the Co-.ittee on �rm!nolOSJ ot 8tra1na ot Avian Malaria of 

the .Aaer1oan 8o 4$1ttJ .ot Pana1 �losJ.ata .  It was aupplled 

b7 Dr. a. I .  Bewl t;t of thla Ullivera l Q' .  

Paraa1 t1ae4 blood ••• drawn �aa tbe donor blr4 on 

the cia7 ot, or da7 preceding. the pea- ot panel temia aa4 

dllute4 wi th  an equal volu.. ot 2� aodlua oltra te in 

pbfa1olos1oal aa11ne . la all � exper1 .. nta . tbe b1r4• were 

1nooulate4 w1 t.b. 8-10 co . ot blood contalrU.ng 1·2 b1111on 

paraaitea per oo . !be paraa1t1aed blood was alwa7a 1nJec �d 

1rlto the lea Ye1D wl th a 12' ga� aeedl.e . 

Paraa1 M Coun ta 

Blood ameara were ma� on the Iouth and t11":tb da'J 

��••qaeat to 1nocula t1on, and •••rJ da7 thereafter untl� 

. tbe paraa1 te coun• waa 100- or g:Ha ter . 'l'heae ameara were 

ata1ne4 w1 tb a Wr1ght.01e ... oomb1nat1on ata1n . The nuaber 

ot ,araa1tea per 500 red bloo4 cella ••• calcula ted. We 



ve r7 rarel7 had. oc caa ion to bleed birda who se para s i te 

count wa s below 10�. 

W1 thdrawaia 

'' 

Blood wa s wi thdrawn d1rectl7 from the heart wi th an 

#18 gauge needle and. 20 cc . a,r1nge . 

Procedure • � Co!flement P1xa t1on 1!!! 

All c omple .. nt fixation te sta were performed bJ 

ei ther one ot 2 procedure s .  

A .  'lhe ltolller•Waa ae rmann technic cona1 s ta ot a 2-

tube quali tative teat in which 1/5 amount s ot all reagenta 

are used . *  '.l'his is done in order to conse rve an tigen and 

to pel"Jili t more te s ta wi th the same aaaple ot ael'UII. The 

serum i a  diluted 1 : 2i b7 adding 0 .45 cc . ot aal1ne to o.,  cc . 

ot aerum. One-ten th c c . ot the diluted ·ae rua 1 a  combined 
"' 

wi th 0 .1 oc . ot antigen and 0 .2 c c . ot compl .. eD4 repre-

s en ting 1/5 ot the full 2 uni t doae . 'l'he compl•en t and 

hemolJa1n ( uabooep tor) have alread7 been ti trated be.toN 

the oompl .. eat fixation teeta are ae t up . Controls ot all 

reagen ts are lnoludad . After ove rnight incuba tion ln. the 

refrigera tor and 10 minutea at ,� ., 0.1 oc . ot a 2% 

. .... 
.. ·�·.· 

* 'lhi a  ia the micro Kolmer teat wi th minor .mocU.tioa• : · · : :;·:·: ·: 
tiona . (Xolmert J .  At1 Technic of Kolaer Complement tixa tlon ·· : ·. :··  · 

te s ta tor 17Pb1li a aap;;a.o11ng 1/5 aJilOun ta of reagents . Aa. : . .  

J • Cl1D • Pa th. 12& 109•1151 1942) 



auapen a lon o t  aheop cella and 0 .1 cc . heaol711n ( oarrJ1ng 

1/5 ot 2 un�ta ) are added, and reading• made atter 

turther uoubatS.oa tor 30 minute s a t  '70c • ltaM tube a are 

uaed tor· the·•• te a t•• Readlngl ot neg-.tlve or a tronalJ'. ' .. . ...... 

po a1 t1ve re ac t1olia are e a aJ -,  In te rm�di a te reae tlona ma7 

be ohecke4 b7 c entr1ruga t1on and b7 comparlaon wi th 

a tandar4a . 

B .  The procedure recommended bJ the AJ.1m7 Medical 

8ohood ror uae at Kenned7 General Boapi tal wa a alao 

emplo7ed ro, te a tlng varloua aera . �a included ti tra tion 

ot complemen t and bemolJain aa :recommended b7 llal tner, 

Jlal tner and Wadawor� ( Standard Methode, 1. Y. Sta te 

La bora tol"J ) ,  namelJ, the de tel'lDlna tton ot the 50� 

hemolytic do ae ot c omplemen t bJ a oolor1 .. tr1c me thod and 

uae ot the optimal amboceptor uni t. The te at proper 

oona1 a ted ot comblnlng 0 . 1  co,  ot. serum, 0 .2 co . ot an tigen, 

o .l co . aal1ne, and o .2 oc . or oompleaent con taining tour 

50� uni te . Antigen control s contatnibg 2 do s e s  ot �tigen 

and compl ... nt de,eriorat1on con trol s were included, 

After ow.m.ipt incUba tion a t  retr1gera tor tempera ture, 

0� c c , ot aenai tlsed aheep red blood cella were added and 

reading• made atter a second incuba tion period ot ,o minute s 

at ,� . 



'' 
Me tbod 2! Antlaen · Tl tratlon 

The doae 'ot •n tlgen to uae ln coii,Pl ... nt .fixa tion 

te ste baa to be de termined wl tb known poal tlve and nega tive 

sera . 'lbe a�ok ant1cen 1 a  diluted in aerial ta sh1oa and 

0.1 oo • aao�ta combined wl th 0.1 co . ot serum (la2t) and 

0 .2 co . ot oOJilpl ... nt tha t baa all'ead7 been ti tra ted . 

After ovenlpt incuba tion in the rehi&era tor and 10 

Dd.nutea' at J7°0 . on th' tol1ow1Dg aoratns. o . l oc . ot a 

2- aheep oell auapeaalon and o .1 oo . b.ellol711n (oarryS.ns 

1/5 ot 2 un1 te ) are added, and read1nga made after tu.l'tber 

incubation tor 30 a1Dutea at J700 • T1ut 0 . 1 oo . an t1gea 

ot the highest dilution o·r- antlsen gidns a 4-plua re­

ac tion wi th  the poa1 t�ve serum 1 1  arbl �rlly called the 

unl t. Such a - dilution must, ot courae, give no r8ao t1on 

wi th the nega tive aerum or wi th the an t1ooaple.-ntarr 

con trols .  The anUgen doae tor testa baa oonaleted ot 

2-4 uni te . 

!x,perlaen tal 

,_n ezper�nta have been performed tor � purpose 

ot extrao tlng !• lophurae paraal te ma ter1•1 which .S.ght 

aerve a s  antigen ln the oo�l ... nt tlxa tlon tor malaria 

wl th hul&an aera . 



,, 
!apert.ent 1 •• A!�emet• to separa te !9! malaria earae1 tea 

.t£9 !a!. nuo1e1 .2£. .!:!!!, .£!!! blood. cella 2£. cluoke .  

Our tlra t experlMAta deal t  wl tb tbe probl• ot 

aepara ttos the pa�eltee t.oa the red blOOd eell nuole1 

oa the baala ot dltterenoee in epeoltlo ar-vl tJ • 

� h\UlCln4 and a1xt,. oo . ot beaY11� parae! t1ae4 

blood ••• obulned troa 2 a4ul t cluolce . Atter poo11ns. 

the blood was detlbr1na ted. bJ ehald.Ds lt lo a tlaek ot 

al••• b41att. .  1'he oella 1rere paoked bJ centl'J.fuaatlon and 

th• pla- ...,,.4 b7 auoU.oA. 'lbe paoke4 eel la wezte 

n ehed two tiaea wi th  0.85• •llfte aa4 1ake4 bJ trea tment 

wl tab. 10 volUMe or c11at1lled wa ter tor 30 alnutea a t  room 

t4mlpera.-ure. Bxoea a  buloglobln ••• ..., .. cl bJ two waahlaga 

wl tb d.1a ,111ecl wa ter. We ob .. rftd tha t tbe oelle wo\114 

olWIP toptbel' 1D a a•l•llk• .. . .  tbe more tbef "" washed 

with d1et1llecl wa ter. The laked oella "" 41Y1cie4 liato 
3 •qllal portloaaa labelecl A, a. and. C . ·  

A• sa tura ted.  auoroae aolutloa •• •  ac:14eci to laked 
oella to gt..,. a aer1ea ot d11ut1ona "llllft& troa lllt. to 

laOJ,.. 'ltut trial Yolwae ••• 10 oe . !be oontrol tube 

c on ta1ne4 10 eo. ot laked oella . '!he oel1•8\IOI'Oee lllx· 

tuNa " " •t11'N4 tborGU&hlJ' and oentrltu&M a t  ,000 rpa 

tor one bouP. It ••• obMnecl that there ••• no dlatlnot 

lar•rlag of tbe aedlmen t. Bowever, we toWl4 that the 



tOPJIOit port.loa wa a a shade darker than tha t nearer the 

bottom. S.eara were made ot both portions o t  tne sediment 

and a tained wi th a combination Wr1ght-G1emaa s tain. 

StQdiea ot tbeae smea rs revealed the nuolel-para a�te ra tio 

in tbe top portion to be approx1 .. telJ 1 : 2, where a s, tha t 

1b the bo ttom por tion wa a lz l .  I t  wa s toUD4, however, 

tha t thie d1tterenoe in uucle1-paraai te ra tio ot the 2 

por tion• wa s no t due to the aepa�a t1on ot para a1 te tro• 

the cel l  s troma and nuole1, but waa merel7 a re aul t ot 

1ndi a t1no t laJertng ot paraal tised red blood cella oYer 

the non-paraa1 t1zed one a .  Onl7 a compara tiYelJ taw 

paraai ta s we re tree tram the web-like s troma surrounding 

the cell nuclei . · 

B .  Laked pa ra si tiaed oelle . we re aai ta ted wi th a 

mechanical s tirrer after the same aaounta ot sucroae 

solution as given above had been added. Conatant a tirrins 

tor l hour tollowed by high apee4 centrifuga tion , ,, 000 rpa) 

tor 1 hour ta iled to produce a di a tino t laJerlng ot the 

aedtment .  �re wa a no incre a se in paraaite-nucle1 ra tio 
' 

b7 .. e a r  examina tion . 

c .  The procedure tollowed 1n ( B )  wa a repea ted 

wi th •he exoeptton tha t the oell-auoro ae mixture s were 

abftkun ylgorou•lJ OJ hand 1n tlaaka conta1n1ns beada tor . ' 

1 �our before bigb apee4 oentr1tugatioD wa a oarried out . 



Thia mod1t1oat1on ot the above procedure tailed to lmProve 

the la,e�lng ot eedtment o� paraalte-nuole1 ra tlo . 

Pro• these reaul ta, we are ot the opialoa tha t high 

speed oen tr1tuga t1on ot laked para a1t1se4 cella in sucro ae 

will no t separa te the para al te e  from the oell nuclei on tbe 

lbaeia of clitterenoee in apeoiflc pavl tJ. Cluaping ot the 

laked oell a  otters one explanation of the failure to 

obtain para a1 te-nucle1 separa tion . 

werlmen t i, •• AttemJ!tl l2, d1aaolve red blood !.!!!. nuclei 

!!!!! a..,o ... l.a .... r »aC 1.  

After real1a1ng the d1ttlcult1ea 1a�1Yad in 

aepara t1ng the pa raai te a tram the red blood c e ll nuolel• 

we con sidered the poaa1b111'f ot d1eaolv1ng the ce ll nucleua 

with II BaOl and a t  the same t1me l•avlng the paraa1 te 

in ta c t .  In oUl' f1rat approaoh to thi s problem, •• under­

took to dissolve the nuclear ma terial ot the noraal, un­

paraa1 t1 ae4 duck red blood cella . 

'l'went7 cc • ot·  aoraal duck blood were collected in 

5 co. ot cl tra ted saline, centrltuged, and wa shed once w11b 

0 .9� eal1ne . ApproxtmatelJ 5 oc , ot packed cella were 

obta ined wb1oh were laked in 100 oc , ot o.05- buttered 

1apon1n solution tor 15 minutea at room tempera ture . 1he 

laked oells we re centrifuged and waehed tw1oe in o.85-

aal1n• ·· I t  wa s no ted that the nuclear ·ma terlal awelled, 
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became vi scous, and adhered toge the r in a grer-white , 

gela tinous ma s s  when wa shed wi th 0 .85� eal ine . The oell• 

we re then poured alowly in to 500 cc . ot M HaC l whi le 

s tirring wi th a mechanical a tirre r .  Thi s mechanical 

agi ta tion con tinued tor 1 hour . At the end ot tha t time 

the undi s aolved ma te rial which rema ined wa s cen tri tuged 

and tre a ted tor anothe r hour in 300 cc . ot M NaCl . 

Atter a third atmila r  tre a tment prac tioallJ all the nucleL 

bad di s solved . 

'l'hi s procedure wa s re pe a ted using para a i tiaed duck 

red blood cell a . 

Thre e 8 we ek s old whi te Pekin duoka wi th a para «t temia 

alightl7 more than 10� we re exsanguina ted . The blood wa s  

collec ted in 1/5 volume o t  c i tra ted s a l ine, cen trifuged, 

and wa shed in 0 .85� saline . Ten voluaes ot 0 .05� saponin 

solution we re a dded to the washed cella a s  the mixture 

wa s being agi ta ted wi th a mechanical s tirrer . At the end 

'
ot 30 minute s the laked cel l s  we re centrifUged and the 

re sidue ot nuclei-paras i te s  wa s poured . in to 20 -30 volume s 

ot M HaCl while stirring wi th a mechanical stirrer. Tbi a  

agi tation la s ted 1 bour, an d  the undi s solved m� teri al 

which rema ined attar centrifuga tion wa s tre a ted again . 

S.ear examlna tion ot the re s idue atter the tir a t  tre a �ent 

wl tb K HaCl showed ne ither tormed para si te s  nor nuclei . 

There were onlJ nume rous strand a and amorphous olumps ot 



. lavende��and blue-s taining ma terial . M1cro soop1 c examina­

tion ot the sedimen t atter the aeoond trea tmen t w1 th K RaCl 

showed e saen tlallJ the aame tblng . The clWRPS we re 

general l7 amal ler in else . The sedimen t after the aecon4 

tre a tmen t wi th M lfaCl wa s groaslJ' reduced .  At ter the 

third trea tmen t wi th HaC l  the aediaent wa a Mgl1g1ble 1n 

amoun t  and m1croeoop1callJ revealed oal7 amall a tranda and 

olumpa ot the same lavender-and blue -a taln1ng ma terial 

aeen toxwrl7• 

We concluded tba t M laCl no t onl7 dl a eolve a  the 

�cleua ot the red blood o•lls, but also d1 11n tergra te s ,  

·and po a e1bl7 d1a aolvea, the malaria pal'asi te a a  well . Th1a 

wa a borne out t1rs t b7 the tac t  tha t the Ulear examina tion 

ot the aedlm.en t atter the t1 r a t  trea tmen t w1 th II liaC 1 

abowed onl7 a.orpboua olumpa and a tranda o t  blue-ata1nlng 

nuoleur material and laYeAder-ata1n1ng cell a tro.ma and 

paraa l te ma te ri al . Becondl71 the sedimen t •• • groaal7 

reduced in amount afte r  e ach trea tment wi th II llaCl . 

Bxpert.ent l -· Attempt• � demonstra te !! alcopol -e ther 

aoluble trao tlon 2£ !2!  !• lophurae para s i te . 

1D thi a exper�nt we a tt•mpted to ( 1 )  prepare a 

l1p1d extra c t ot the .. larla para si te and (2 )  to de ter-mine 

it auoh trea tment removed all ao tivl tJ tram the re sidue . 



AD adul t duck exhib1 ,1ns a 95. paraal temia wa a bled 

Jieldlns 90 co , or blood , T.bi a  wa s defibrina ted and the 

cella packed b7 centrltugat1on , After remo�lng the plaama, 

we waabed the paoked cella two tlme a wi th phJwlo1ogloal 
• 

aal1ne , 'fbe wa ahed cella were laked bJ trea ting with 

cl1at1l led. water tor 1 hour, and the pa�altea  collec ted b7 

cen trituga tloD , Atter lak1bg, the nuol•l-paraa1 te sediment 

wa a nabed two time a w1 th phfalologloal. aallne . We 

obaer�ed tha t the more the oell a we re washe d wl tb aal1ne, 

the aore vlacoue and Btla tlnoua t:he7 became . In epl te ot 

the tao t tba t each euoceec:U.ns eallne waablng waa det1n1 telJ 

pal�r than tbe preYloua one, the red color ot the nuolel­

pa raa1te maa a  reulned ab6ut the aame . Slnoe we have 

no ted tha t para altlaed red blood cella when trea ted wl tb 

ei ther d1 at1lled water or pbJa1olo g1oal aallne to� a 

�laooue s•l-11ke aas e, ... .... led to believe tha t  the 

llellosloblD r ... 1n1ng behind atter 1 ak1ng and waabina 

red blood oella could •l ther be w1 thin the red blood cell 

envelope or in tbe treed ata te but held wl tb1n the a•l· 

a tlnoua auelel•paraal te ma aa , Irre apeo tlve ot the state 

1D wbioh the hemoglobin ex1 ate4, 1t could not be com­

ple -.lJ removed tram the nuolel-parae1tea . Ttn �oluae a ot 

treabl7 made aloobol-e tber aolu tlon ( 3 parte 95� alcohol 

to 1 part e ther ) were adde4 to the rmcle1-paraa1te maaa . 



The mix�• waa shaken trequen tl1 tor lt houra durlns 

retrlaera to r s torage, and then allowed to remain 1n the 

S.oebox ovemlgbt . 

On tbe tollowing .ornlng tbe ma t•r1al wa a cen tr1fuae4 
. 

and tbe 1uperna tant 4eoanted ·1n to a petr1 pla te which •• • 
J 

lett at room temperature un.tll evapora t1ora had occurred . 

It wa a then s tored in the retP1gerator untll ready tor 

uee, a t  whlob. tille approxilla tel7 10 volume• ot Ph711• 

olog1oal aallne were added to the
- dr1e41 pale red re sidue . 

!be paraal te . auepene1on wa a shaken trequentlJ during 1 hour 

1nouba t1on at room teQe ra tUH . The mixture wa e then 

uatr1tuged anC1 the almoat clear auperna tan t marked as 

an tigen 1. Tbe aecl1ment Which HU1ned wae 1na1gn1t1ao t 

.f.n •oUDt, 

To the rea1due trom wbioh the l1p14 e xtrac t had 
-

be en made wa s . adde4 10 volume• ot pb.7elolog1oal aal1ne . 

After tbos-oughl7 ahak1ng and mixing, l t  wa a troaen an4 

tbawecl elz tlme a w1 tb a 417 lo e-aloobol m1xture . Cen trl • 

tuga tlon fielded. an almoa t  elear superna tan t which waa 

de a1gnated an�gea 2 .  

Theae aa tlgene were ti tra ted wi th known poe1t1ve 

and nega tive m.alarlous ·a�ra dlluted l : 2i .  

an t1sen
_

aerve4 •• a control . 

The P. knowle al 
-



SHOWING THE RELATIVE ACTIVI'l'!' OP KXTRAC TS 
OP P • LO.PHOllAE PARA SI TES 

-

aen Uo 
Aat1sena llalaztla Malaria S.rwa 

. , , , , .. , 
. .  Lo••• ll 

11�-etber extrac t 1+ - -

(la2)  

Lo,hur.. #2 
a.�!ne utrao t ot l'i•lU. - ·- -

(1 & 2 )  

§to•J:••t 
81lne xtrac t 

( 1 :  2.) 
4t - ... 



Aa'lcea 1 p�984 tata�7 ac ti�e, wb1le antis-a 2 
talle4 w tu capleMDt wltb now poal 'ive ularloua · 
••rwa• tbe !• IM!l:•d aa•tsea P" a Jt.•plu ... o tS.oa 
wl th the ... poal '1 ve aeru.. h1tbe• of the !• lophurae 

prepa ra tloQa gave positive re aot1on a wi th ei ther the 

antigen or the serum con trole . 

We oon olude tha t  alcohol-e ther treatmen t  ot ·we t 

para al�e a, pre11alnarr to aaline extrac tion bJ treea1ns 

and tbaw1ng. reduce� gre� t17 or de atro7e the an tlsenl.o 
properties ot the extrac t .  iUa-theNOre , the . aloobol­

e ther extrac ts a re no t aa t1atac tor, a n tigen a .  

E!pertment a - - � � 2! buttered aagon1n � !!! value 

!! � bemolzt1 c  agent !! �  prepa ration 2! !• lophurae 

anti§ena . 

The bemol7tio prope rties ot aaponln are well known. 

We tharetore decided to uae tbi a rea�ent in an a t tempt 

to oompl•telJ lake paraa1 t1aed red blood oella ot duoka 

a inc'' 1 t had been tound tha t wa ter alone d1d not produce 

complete bemolya ia . 

Procedure 

· Two be avUJ pa ra a1 t1aed adul t duoka were bled by 

heart punc �e . Tbe blood wa s det1br1nate4 b7 abaklng in 

a tla ak con ta1n1ns gl••• beada . The oella were paoked b7 
cen tr1tugat1on and waahed two ttmea wi th pbJa1olog1cal 
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aal1De . Tbe waahe4 red blood oella were d1•1ded 1nto 2 

portiona 4ta1gnate4 1 and 2 .  

� oella labeled 1 .were lake4 bJ trea tmen t w1th 

0 .05� buttered aaponln aolut1on t o.05- araa powdezaed 

aapoaln per 100 oo . wttere4 pho�pbate ot pB T·')  tor 45 

111nu�e.. after wbloh �7 were oentr11\lge4 and nahe4 

tov t1mee w1 th ptqa1'olos1oal aal1ne . 'ftle aame d aooua 

ae1-11ke maaa reaul ted •• frevlou.lt 4eaoribe4 . 

Tbe oella labeled 2 were laked bJ trea �ns w1tb 

d1at1lle4 water tor 45 atnutea . The prepara tion waa thea 

cen trituaed aad the sel-11ke m• •• washed aa deaor1bed 

tor lot 1 ,  

When the laked o-•ll waal'Wlga ot 1 and 2 were 

ooaapared •• to oolor 1.11 teaa1 tJ, l t •• • ••1den t tha t the 

waabinsa ot tbe aaponin·laked cella were darker red than 

tbe . waeblnga ot the cell a laked w1tb d1at1lled water • . 
. 

Furtbenaore, the laked cell uaa dea1pa ted 1 na a shade 

paler tban tba t labeled 2. Tbie obaerva t1on 1Ddica tee 

tba t tbe 0.05- buttered aapoaln aolutlon lake a re4 bloo4 

oella more tborouab17 than diatllled water. 

Smear exam1na t1oD ot boi;b lake4 aample a ahowed the 

parae1te• in eaoll to be llltac t 4eepS. te altera t1one 1n 

IIOl'p�log. The p1putot waa no t dleper"d• but arnaged b 

the aame pa t tera ae 1n uutreat.d para a1 te a .  



' 'lABLK IX 

COJIPARISOW OP THE AC TlY1ft OP SALliE EXTJU.OTS OP 
PARASITIZED CELLS LAXED WITH SA.POJJDJ AND WITH WA'IU 

SeJ'a ADtlaeza ( la2 ) .. thod. ot 
( l z 2i) 

lo S.l'\la 
IDME !hnaMta • !!ltd•  -·!tl!r&• 

. .,.. 
Sal1De ex,racta - - -
ot paraa1 t1a•4 
cell a lake4· 1Jl, 
0 .05� butt.M4 
aapoa1a 

Ja11De extrac ta I+ .... -
()t paraa1 t11•4 
pell a laked. 1n 
d1 at11led watel'i 

. KDowlea1 8a11ne exlNct• 4+ ....._ -
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Sinoe bo th ••ple• wore qu1 te gela.t1nou.a in con­

alatenoJ, tbeJ we re divided numerous tt.e a wi th applioa to� 

a1 toka and ·rroaen and thawed atx t�e a in 10 volu.ea ot 
. . 

PhJ'alologloal aaline . We then plaoe4 the 2 aample• in the 

icebox ovel'blpt . On the tollowlng aorrdng theJ were 

cen trifUged and the dark red aupernatea labeled an tigen• 

1 and 2.  

Tl tratlona we re carried out on the ae 2 an tigena 

wi .th the !.• lmowlea i antigen con trol . Known - po a 1 t1ve 

. and nega tive malarioua aera were uae4 . 

Table II abowa an tigen 2 to bave· aligbt ant1gen1o 

ao t1vi t'y, while an tigen 1 1 a  1nao t1ve . liei ther prepara t1oA 

wa a ·an t1coapl•en�. 'l'he !• Jmowle ai an t1gen gave a 

4•Plua reaction 1n a 1: 2 .41lut1on whiob Hpre aented the 

dilution �ut1Del7 e.plo7ed tor te a t .  

We conclude tha t 0 .05� ••poa1o hemolrsed red blOoct 

cells more oomple tel7 tnaD d1 a t1lled wa ter& bo .. ver, th• 
concen ,ra t1on ot aa pon1n neoe aaary tor red blood oell 

heao�J•1 • aod1t1�a the an t1geD1o ao tivl t, .  1Jb1 a t1nd1.ftg 
, i a auba tant1a ted b7 a1milar expe ��en ta on the !• knowle ai 

an tlpn in thi a labon toJ7 • . . 



Bx,eerillen t i -- ll!!, !.!!. ot barb1 tura te butter !!. !!!. 

•!tra� t�ni reaaen t w1 th .!S!!, w1 thou t wa ter _ba th  1nouba t1on 

·2! i• raa1t1sed .£!.! blood cell a . 

IA thia experlaen t we ueed barb1 1N.ra te butter a a an · 

extra� tills reapn,. Since 1t waa l>el.leved tha t  watel'• 

ba t;h 1nouba tion al8ht 1noreaae the traa111 tJ ot the r.ed 

blood oell•• we extrac ted paraaitea wi th and wi thout 

oolDoJ.dea t ·•• ter-ba tb 1Dcul;)a t1on . 

Procedure 

Three adul t duoka with a 100� para a1tem1a were 

exaansutna ted . The blood was o1tra ted and pooled. T.be 

cella were packed bJ' . c entr1hpt1on at a. ooo rpm to'l/ 

30 mlnutea, and the plaama removed. The packed cella 

were divided equalli aa to YOlume into 4 pal'ta, trom whi ch 

5 41tre ren t extrac ta were to be made, and then each part 

waa ·waahed two time a with 20 voluaea ot pb.J•lolog1oa1 

aaline . The 4 lota ot cella were trea ted as tollowe : 

1 .  The washed oell a "" laked. b7 add1 tioJA ot 

20 volumes ot d1a t1lled wa ter. Att.r incuba tion a t  room 

temperature tor 45 minute s, tbe7 were oen tr1 tuge4 and 

wa Shed two timea wi th 10 voluaea ot pbfalolog1oal aal1ne 

lD an a tt.mpt to remove M7 exce a a  bea0glob1D trom the 

lued oell e. t.n volumes ot barbi turate butter were then 

added to the oell e, attar which tbe7 were a tored 1n the 
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ntngerator tos- 48 boura with frequen t abaJd.Dg dur1Dg the 

time . After 48 hour a, the mixture wa a c en tr1t\lge4 and a 

dark red auperna tant wa a aepara ted ·wh1ch wa s labeled B.W . 

Tbi a  prepara tion aerYed a a  a control tor other barbi tura te 

butter prepara tion• made troa paraa1te a  aubjec ted to wa ter­

ba th 1nouba t1on . 

2 .  Lot II ot the waabe4, packed oel l a  wa a incuba ted 

oyern1Sht a �  3700 . in the water-ba �, after whi ch �7 were 

laked 'b7 trea tmen t wi th  20 Yoluae a ot d1 a t1lled wa ter tor 

45 minute a .  !be mixture wa a cen trifuged and the deep red . ' 

aupernate reao't'ed , Ten 't'olume a ot phJa1ologloal aaline 

we re added to the laked cell a . - �ter ·.tx1ng tboroughlJ, 

the auapena 1on waa oentr1tuged and the red auperna tant 

decan ted . �1 a aal1ne wa abing wa a repea ted again 1n an 

a t tempt to wa sh the cell a tree ot bnl.ogloblD . To the 

aedtmen t ot laked cella wa a added 10 Yoluae a ot barbi tQI'a te 

butter, after whloh tbe7 r .. ained 1n tbe retr1aera tor wi th 

trequeat abak1ng tor 48 hours . At the end of this period 

the �xture wa a cen trifuged, and a dark red auperna te wa e 

obtained and labeled B-W-1 . 

'•  The wa ahed cell• (LOt 3 )  we re incuba ted overnigb' 

a t  '700 . ln 10 Yolu.. a ot di s tilled wa ter . On the following 

morning the oella were packed bJ cen tr1tuga t1on and the deep 

red .upernatant re.oved ,  Thi s aupernatant appeared darker 

than anr Je t seen a s  a re ault of laking wi th d1 a t1lled wa ter .  
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� laked oel l a  were washed two ttmea wi th Pbr•1olog1oal 

aaliae . aa deaorlbed above . T.be we eb1Dga appeared a ahad' 

paler than tboae ot the 2 preooding portiona . Ten voluae a 

ot barbi turate butter were added to the laked cell a • 

.Likewi se. thi s  remained ln the loebox tor qa bou.ra, durlas 

which time l t  waa abaked htequau.,. The mlxture wa s then 

centri fUged and the red auperna -.n t  waa labeled s.w.2 to be 

uaec1 a s  antlpn . 

4. � wa shed cella were laked bJ •rea tment wi th 

20 voluaea ot d1at1lled wat.r tor 45 minutea, at�er whioh 

the exoeas �oelob1D ••• removed b7 two waab1nga wl th 10 

vol�e ot p�lologloal aaline , Tbe laked cell a were tben 

incuba ted 1n the wa ter-bath 1D 10 volumea o t  barbitura te 

butter . On tbe following DlONS.na, the mixture wa • oen t!'1 • 

tuge4 and the dark red supernatan t obtained wa a 4ea1gna ted 

B-W·3 •  

To the re a14l.le obtained ••• added an add1 tional 10 

volwaea ot barbltN.rate butn.r, and thi a llixture was alao 

placed ln the ioeboz where S.t was shaken at lnternla 

during a 4B bolU' peri oct. At the elld ot thi a time it •• • 

eentrl�ed and the red euperna•• aarke4 B-W�. 

Smear eX&Ddnation ot eaoh or the oell aa.plee to1low1Ds 

oYeralgb• lncubatloa showed the par•eltee to be 1ntao t  and 

there appeared to be li ttle ebange 1n .orphologr. 



We obaer.ed a grea ter number ot laked cells 1n the aaaplea 

that bad been a�bjeated to wa ter•batb incuba tion than in 

tbe un1nouba ted con trol . 

!beae preparation• we re teeted wi th known poaitlve 

and negative malarioua aera d1lutecl 1 :2t. The an t1gena 

were uaed 1D d1lut1ona ot 0 w 1: 32· 'lM 2 hlsh••t 

d11ut1ona ot antlsen iJ.-v1ng an7 'Jpe ot reac tion are ebown 

1n Table III . 

ADt1,.aa 1 an4 2 save poa1tive reac tion• 1n the lower 

dilution• ot po11t1ve malar1ou. eera . tbeae reac tione, 

however, are not a1p1t1oant aizlce the antigen control• were 

ant1oompl ... nta., lD the same dllutiona . Tba o ther antigen• 

were ei tber 1Dao t1ve or onlr ao �118htlr ac tive •• to be 

lnaipitloan il., 

We conclude trom theee re1ulta that& 

1 • .  Barbitura te extraot1 ot we t pana11sel, tbouah 

· appaftat�7 more et1pn1o than an7 te11 ted 

pn"f1ou17, are, bowever, u t1oompleaen MI'J 

.ad �" tal ae-poal tlve ••ao t1one wi th pooled 

nega tive aera . 

2 .  Water-bath 1nouba tlOD 1noreaaea the hag111 t7 

ot re4 blood cella . 

'• wa-.r-batb 1nouba t1on mod1t1ea tbe ant1gen1o 

proper tie a ot the aalaria para a1 te . 



tiBLE III 

AO 'llVl'l'!' OP IWtBIWRAB BUPPBR EXtRACts OP 
PARASI'l'E8 mBA'l'RD WITH AJID WI'DIOU! IRCtnlATIOI 
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1�e4 paraalt1a� 
oell• atwr ow•• 

. Jd.abt lnouba tloa ' ' 

extHc ta ot Mt 
paN1ltea atw• 
OWI'ft1pt · i.ftOuba• · 

t1011 tn 41atllleld. . 
•••• 

BanltuaM · tnatte• 
exwao t ·  ot .. , par-
aa1 tea •t•• o.,._.. 
D1gbt 1ncuba tloD 1D 
baa1 tun te butte• 

Salllae ·eatftc t 

lt4 1• - lala. I• 0 ,. 
1a8 ! 

ltl J• 
ltla. 2• 

-

-

la,._ f' 
' . .  

1c8 1& 

-

-

- 0 2• 

·. 

.. la8 J+ 

1116 � 

1&2 · -

lal J• 
1dt. t 

-

-

-
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Bxpe rtmen t � -- Barbi tura te butter � pho apha te butter 

compared !.!. extrac ting reaen ta 2!. !!!!.. !!! !!· lophurae 

R•rae1 te a .  

In th1a experiment pboapha te butter was uaed a a  

extrac ting reagent and 1 ta ett1o1eno7 compared to that ot 

barb1 tura te bu.tter . •  

Prooedure 

T.be blooda ot 2 �av117 paraa1 t1sed ( 135�) adalt 

duoka wa s pooled ln l/5 volu.e ot 2- oi trated Ph711c»-

1og1oal aal1ne . The cell a we re paoke4 and the pla sma 

removed.. The cell·a were waahed two tlaea w1 th 0 .85� aal1ne . 
' 

Twen tJ volume • ot d1 a t1lled wa ter were added to the waahed 

oella and the mixture allowed to s tand tor 45 minute s a t  

room tempera ture during the laking proce a a .  After wa ah1ng 

two tt.e a w1 tb 0 .85� a allne the laked eella were divided 

into 2 equal portlone de alsna ted A and a .  

A .  The laked cell a we re treated wi th 10 voluae a ot 

barbitura te butter tor 1 hour a t  room tempera ture during 

which ttme tne7 were trequent17 shaken , 

B .  To tbe othe r  portion ot laked cella wa s added 

10 volume s ot pboapba te butte r, which atood at room temper­

a ture tor 1 hour with fre quen t ehak1ng . 

The 2 aample a were centrifuged and the dark red 

aupernate a  labeled a.w and P-W, reapeo tivel,..· 



'.l'ABLB IV 

COMPARISOI1 OF BARBI NRATE BUFFER BXTRAC TS . 
AID PHOSPHATE BO'IiFER EXTRAC TS OF WBT PARASITES 

�o Higheat Dilutiona . ot 
Antigen Antigen glvlng • Reac�1ona 

Me thod ot Antigen • Xtal arla - Malaria 
' 

.... PrepaJIIa tloD Control Sei'UIIl Sel'Wil 

B-W Barb1 tun �. 
butter ezwae te 

l a4 1• ,.1:4 2• 0 3• 

ot w et l.-· · 1.1 8 • 1: 8 1• 1: 2 -
lo1� •• -:-,_J'll .. -

at e 

P .  w .  Pboapba·W 1:4  1+ 1:4 2+ 0 �· 
butter extrac ta 
ot w e't# P .  1: 8 • 1 : 8 1+ 1 : 2  -- -
lopM•• 
paru�e 

.Knowlea1 Salt" extrac t  - 1 : 2  3+ -

·' 1 : 16 .2+ 
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When the se an tigen• were tl tratoed wi th known 

po1l tive and nesa tlve malar1oua aera, tbe two trao t1on a 
. .  

were found to ha"fe equal ao \1Y1t7 •  Both were ant1• 

complemen tar.r ln .low d11ut1on a .  

that &  

Proa the Pllulta ob tained we are ot tb� op1nlon 

1 .  Bl tb.er barbi tura te but .. e r  or P� lphate butter 

aerve • equall7 well aa an extrac t1aa agen t or 

wet !• lophurae parali�• • .  

2 .  The we t !• lo2hurae paraa1 te . l e  unaat1atactorr 

material tram wh1ob to make an t1gen1 o extrac te . 

Bxfer1aent 7. .... � !!!! gL aallne !.! !!! extrac ting agent 

!!i!.£ !• lophurae panel tea ( dr1e4 ) . 
. . 

I t  baa been 1bown bJ preT1oua experlmen t e  tba t  

ne i ther aaline, barbi �a te butter, nor pbolpba te butter 

extrac te ot we t !• ·lopburae para a1 te e  make a a tietac torr . 

antigen a .  Slnoe 1 t  ha e been tound that extrao ta ot dried 

P. knowlea1 para a1 tea are more ant1sen1oall7 ac tive tban 
-

the 1ame extrac t• ot the wet para el'-• we bad rea aon to 

belieTe tbe eame would hold true ln caae ot !• lophurae • 

. 

W1 th th1 a po•a1b11.1 t)" 1n �4, 1 t •• • �eo l.ded �o make 

aal1ne extra c t• ot dr1e4 !• lophurae para a l te a .  

Tht tollowlng t7P• •
. 

ot aallne extrac ta ot drled 

paraaltea were prepared: 



1 .  Saline extrao ta ot unlaked 4rled parael tiaed . .  
oella .. de b7 treea1ns and tbaw1ng . 

2 .  Saline extr•o ta ot unlaked dried paraal tised 

oell e made a t  1oebox wm.pera ture . 

3� Sellae extrac ts ot laked dr1ed p�r .. ,1 t1sed
· 

eelle made �7 �eea1ng and tbawlD& • 

4. Sal1De extrao te ot laked. dried paraai tt••4 

oelle ude at loebos teapera ture . 

Procedure 

'l'wo · adult duoka w1 th 8 para sitemia ot uo� were 
' 

bled direo tlJ trom the heart. Tba ol tra ted blood• were 

pooled and cen•r1tuged to� 30 �nut•• at 2000 rpm. fbt 

plaama wa a re.oved and tbe paoked cella were divided 

lnto 2 equal lota labeled A and B. 

1'lM UDwaahed ••l;l a ot lo t A were poured in to a 

,, 

pe tr1 pla te, ap,..ad 1n to a thln la,er, and ctr1•4 !!. vacuo 

tor a twura. 

The packed eell• (Lot B) were waahed two time a w1 th 

1.0 Yol\&JIIe a ot pb.J'aloloa1oa1 aal1ne ·� uaual . 'l'be7 were 

then laked w1 tb. 20 YOlWilea ot d1 a t1llecl wat••• At tU 

end ot 1 ho� the laked oell� were tre� o� exoe aa hemo• 

globlD bJ 2 waab1nga wi th o.8,. aallne . Tbe ••1la, �1aooua 

aa uaual• were poured into a pe trl pla te, epread into a 

thin laJ••• and dried !! vacuo alons wl th lot A .  
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Smear examina tion• or the paraai te e taken troa either 

lot atter the dJ71ng and reh7dl'ating proce s s  ahow.cl th.- tD 
oloiel7 re aemble tho ae made ot para altea prior to di'Jlll& • 

The dried cella ot bo th aample,a were pound to a 

tine powder in an aga te mort•� and placed 1n a dea a ioator 

until .-ead7 tor use • Lot  A was ot a
· 
darker red oolor than 

lot B .  From each lot were taken two 0 .. 5 g�am portion• 

marked A 1# A 2·, B 11 •nd B 2-
A 1. - - Ten· oc . ot o .a,. aal1ne were alow17 added to 

0 .5 srem ot dried unlaked ·oelle while tbe. paraa1 te zna ter1� 

waa ground 'tn an · aga te· mo rtar . T,be . mater1al wa s troaen 

and thawed al.x timea and then oentrlttts-4 a t  high speed . 

The dark red aupe rna te waa �•canted and labeled UL-D�T-a-1 . 
fo the aediaent wa s added an additional 10 oc . ot 

0.85. aal1ne . Thi a we a thoroasblJ JDJ.xed and placed 1n 
the icebox tor 48 hove . Oenvttuaation revealed a red 

auperna te which wa s labeled UL�-FT-8-2 . 

A 2 .  -- !be aeoo�d portion ot dr1e4 unlaked cella 

wa s proo e a aed in a a1m1lar O J  a a  the f'ira t exoep t the 

ex.trao ta were made a t  icebox temperature tor a 1)4trio4 ot 

30 m1nutea, oen tr1tuge4, aq4 the dark red auperna te uaed 

a a  antlaen UL-D-IT-S-1 . 

The eediment was extrac ted tor 48 boura wi th 10 co . 
o .85� aaline a '  r•trlsera tor te.pera ture . !he red superna te 

wa a labeled UL-D-IT-8-2. 



B 1 and B 2 •- The aame procedure carried ou t tor 

portiona A 1 and A 2 •• • �epea ted with the 2 o . ;  gram 

port1oQ a ot dried oella tha t bad been p .. •loual7 laked. 

Pour ad.d1 t1onal extrac ts were obtainedJ v1a . ,  L-n-ft-8-1, 

L-D•ft•8•2• L-D·IT-8•1, and L-D·IT-8-2 • All ot' these 

extrac ts were d.et1n1te17 le a a  reel than thoae pi'epared troa 

dried unlaked oell a .  

�•• an'lsen t1 tra t1ona are ot grea t 1n tere a t  S.n 

that theJ ahow none ot the extrac ta to be an Ucoapleun tarr . 

It �� alao apparen t trom Table Y tha t' Jl\lOh 111 t1gen1c ma­

terial 1 1  lett in the re s14ue following the tlrat extraction 

w1tb aa1 1ne . On• will no te tha t  the antlgen1o a c t1vl 'J' 

haa been increased tbrougbout tne en tire aer1e a ot an t1geQa 

te a ted 1n thla experimen t . � dl'Jins prooe aa can be �be 

onl7 explanation tor tbi a general 1nc rea ae 1D aena1 t1v1 tJ .  

� the re .ul ta 1n Table V we conclude that: 

1 .  Saline extrac ta made trom dr1e4 para a1te a  are 

detln1te1J more ant1s•n1c than are tboae made 

tram wet paraa1tea . 

2 .  Dr,J.Da e 1  ther the laked or the unlaked para-

11t1aed oell apparen tlJ lllo41t1e a  the nuclei• 

pana1te ma terial in auob a way ao a s  to 

eliminate the an,1ooJD»lemen tal')' t'rac t1on . 

, .  Lakins oella prior to 4rJ1ng 1 •  recommended not 

onlJ tor the purpo ae ot elt.inat1ng much or the 



TABLE V 

SHOWIBG THE ACTIVITY OP SALIXB BX'llftAC TS 
OF DRIBD P .  LOPH.URAE PARASITES 

-
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Two B1ghe e t  Dllutlone ot 
ADtlgeD 

Jlethod ot 
lame Preparation 

UL-D·PT•S•l P1rat •aline ex-
'rae t ot 4r1ed 
unlaked cella 
attor tHeaing 
and thawing 

VL.D-FT-1•2 Second Salin• 
extract 

UL-D-IT-8-1 Flrat aalln• ex-
trac t ot dried 

unlake4 cella 
at ioebo.x 
t•"rature 

UL-D-I!-8•2 Second eallne 
extract 

L-D-PT-1·1 P1rat aal1ne ex• 
trac t ot dried 
laked oella atter 
tnea1n& and 
thawiras 

An\lceu g1vlas • Reaot1ona 

Al\tipn 
Con trol 

-

-

-

-

-

• Jlalarta 
Serua 

1a4 ,. 

laS 1• 

1a4 4· 

1 a8  1+ 

1a4 ,. 

l a S  2+ 

1a4 2+ 

1 1 8  1• 

l aB  J• 

1 & 16 2• 

- Malaria 
Serum 

-

-

-

-

-

I • 
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TABLE V (Oont 'd) 

SBOWIBG THE ACTIVIT! OF SALIRI EXTRAC TS 
OF DRIED l.• LOPHURAE PARASI'l'ES 

Me thod ot 
Bam• Preparation 

L-J)-17•1-1 

L-D·I'l-8-2 

Knowle a1 

Second Sa line 
extraet 

f1ret aal1ne ex-
tract ot dr1e4 
laked oella at 
icebox temper-
a ture 

Seoond ealine 

extr•c t 

8al1ne ex.trac t5 

two Jli&'-lt. lll11&Uolllt Of 
ADtlgeft g1v1ns • React1cna 

Ant1aen .alal ar1a - Malaria 
Con tro l S.I'WII Serum 

- 1t4 4• 

1 :8  2• 

- laS 4• 
lt l6 1• 

- 1•4 ,. 
" 

l a S  2• 

- 1: 16 4.• 
la � ,. 

-

-

-

-



-..slobla traora � uv.e-. but alao beoauae 

tbe ••n•1 tlv1tr 11 1ao .. aaed. 

l&,, PJIHSIDI aa4 tbaWlll& Nleaael a t  tlael ODlJ 
allahtlJ more aall,.a1ea117 ao ttve a.terlal 

ucS at otM• tlmea 1••• thaD that obMJ.ned b7 

at.pl• •at.aot1Qn . 

5 � Pnellr.aa and tbawJ.aa. tboqh • reoo.aen4ecS 

PNOeduN la the PNP�Nii.Oft ot the !• know�eal 

an t1pa, 1a not • pnotloal an4 worthwhile 
proo4t4ll:M ln tbe P"PaNtlGA ot L• �oehurae 

exuao ta. It 11 our opiftla that the vleo01111 

nuoleu nb1tanoe •••'"• •• lnft3A t1DS suteP1al 
tor the paNe1te 111 nob a ••r that the lat••• 

exblbl ta an a.-n .ore .... rkable .. alatanoe to 

4law.ptloa 'b7 tbe beeat.Ds and tbawlna prooeaa 
than 4oea the treed 1• Jcnowl••l paNal te .  

Epert..8at i - lbl •«•o! 21. 111!05-JI!l sa•tatnt 21. 4£1!!! 
!.• loR!!!£!• unalMe • 

. 1 t baa been ahown 11l the PMen41na •�rlMnte 

aDd bt ot.Mr worker• ( 3 )  tbat eltMr a barbl ttlrate butt•• 

or a pboapbate �r.• utno' 11 aore utlft thaD • aa11M 

ex.tno t ol Mla:r.la paraaJ. te ut.l'1al . We bave Naaon• 
to boll••• tbllt thla tao t oau lte •l1Pl•tae4 •M1J OD t.be 

beala ot a dltteNnee 1n pB ot tbe e.xtnott.na reagen N .  



Wi th thi s poaa1b111t7 ih mind, we a ttemp ted to make an 

extract of tbe dried !• loRburae w1tb an alkaline aolutlon 

ot M laiDO' an4 to .ubaequent17 neutrallae the mix�r• 
wi th I BCl . 

Procedure 

One hea't'117 parea1t1a..S. ( 11�) adult duck "' 

ezaanguluwd. To the blood obt.1ned wa a added 1/' volume 

ot � oi tra ted ealine • The o1 tra Wd blood •• • oen tPltuged, 

tbe pla... r-.oYe41 and the paeked cella waabbd two tt.ee 

wi th 10 voluaea ot o .85% aalS.ne . '!be waahed cell a were thi n 

laked b7 aubjeotloa to 20 vol�• ot 41at1lled wa t.r to� 

1 hov. the laked oella were treed ot txceae · b.eiiOal.obla 

a a  ueu.al b'f waahlllg two timea with 10 volumes o.s,. aallne . 

The auole1 -paraa1 te maa a  wae dr1ed in vacuo a s  p�v1oual7 

4eaoti�ed. T.be dried par•a1 te � ter1al ·wa a worked into a 

tine powder w1th an agat. 1nortar . .lppl'Oxi.MtelJ 5 'fo1umea 

ot M •••o, �r• added alowl7 to the pound ma terlal and 

mind tb.O.oush17 wl th a lllOl'Ur and pea tle . A p1-11ke • •• 

re aulted. I Bel wa a then added w1tb care to the alkaline 

eu1pena1on until tbe �x�• waa approxt.atel7 neutral . 

We toun4 d1tt1cul t7 ln obta1nJ.ag •• t11tac torr neu tral1 t7 ot 

the mixture beoau.e ot �· v1aeoua anele1-papa a1 te ..... 

After �1n1ns 1n tne refrigerator o�er.n1gbt. the adxture 

•• • oen trihied and the red superna tan t  ueed aa an t1ge.a . 
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fABLE VI 

SHOWING THE ANTIGEN IC ACTIVITr OF A 
BaBOO,.BQl EXTRACT OF DRIED .£.• LOPHURAE PARASITES 

Antigen 
lle thod ot 

.... Preparation 

JldOO,-BCl BaHCO�·BCl 
extra t ot 
4r1e4 1• 
lo,ehurae 
para s!: te a 

!nowlee1 Salin• extrac t  

no H1ft•rt D1lut1oae ot 
Ant sen v ns + Reac tion• 
ADt1a•n • Kalar1a - Malaria 
Control Serum se � 

- l a4 .... -

l a 8  , .. 

- lc8  4• -

11 16 ,. 
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T1 tra tloa of th1a an tlpn •• abown 1ft Table VI 

rewale that \bla exvact ••• aat1&4N11oal17 aotlve . It 

••• no' Mtleoapl-AI"J'• 

•• oonolwt. that •••n tbou&b. eatneta obta lDed bJ 

ldCOJ_.l tNatl'lt.en' ot 4rl.t para1lMa •bow ••nal tl 'fl tr1 
the wobn1eill1tua ot tbe z:s•utnllalq proo••• •k• thll 

p.-ooe4UM 1••• pno tloal than other• •tte4 PNY1oual7 • 

s•rlaen t 1 -· Ba.oi tul'a te lnlt£!7 !!! pbOapba u buff! I' !!. 

eatrao '1n1 •UD\!. fO£ ell-led !• lQMUNf anel t•a • 

We are ot the opWOD that the dl7'lll& proeeea nnura 

the Duolel.panalte uter1al ••• aa'lsent• • We were J•t 

e.nthualaatlo to mow bow 111\loll ot � antlpaleaUJ' actS.•• 

aubatar:aoe boUhCi 1D tM c1rS.e4 paNaltle eould 'be re1•••e4 

b7 eatNoths •ltb blaJ'bl tu.rattJ butt•• ancl pbo1pbate buft'•r• 

Botb laked and ualake4 par• •1t11K oalla "" 41"'1•4 and 

trea ted wl � theae extraottoa as-uta. 

i!90�9£! 
'a. 'blooda ot I. 1Wav11,. pana1Uaed. (�) d.u.olta 

"" e1 $rated. aacl pool� aa PMftoua17 4orle • 11be pla-

an4 oella were .. pas-ate4 bJ oeatnlupt10Jl and \\he pla ama 

rnlO'ftd. 1\te paoke4 oella were 41rt4ecl 1Dto 2 equl volu..e .  

the t1rat porUoa ot p olce4  oella was Hahe4 ho 

t1•• w1 th 10 wlUMa or plafalolopoa1 MllAe, atte• wh1ob 

tMJ were pouNd. lftto • petrl plate •nd 4rle4 !a fteuo • 
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fhe aeoond portloa ot paoke4 cella wa s 11kew1 ae 

waahed two t�e s wi th 10 volume s ot pbJa1olog1oa1 aaline . 

T.be cella were then laked b7 trea ting wltb 20 voluaee ot 

d1 at1lled wa ter tor 1 bour, At the end ot thi a tt.e, the 

laked cella were oen ,rlfUaed and the packed nuole1 -para a1 te 

ma ea waahed t.ee ot exoe a a  tw.>sloblll wi th the usual 

pbJalologloal aallne treatment . fhi a  wa e repea ted once . 

Tha nucle1•P&nal te materia l wae then p�d in to a pe tri 

plate and dried !!!, ..,.va.,...c ..... uo.,. 1n c QQjunc:P.t1on wl tb tha ualaked 

oella .ot lo t 1. 

Tbe dried para.e1te ma terial ot both lo te wa s treatad 

aa tOJI'llel'lJ' by grind.S.na thoroughl.J 1n an agat• mortar to 

a tine powder. Pour aepara te 0 .5 gram portion• we re tAken 

from each lo t and labeled la, Xb, Io, I4 and IIa1 IIb, Ito, 

IId .  'l'he tour aua,ple a were traa ted a a  tollowa & .  

I • ·  TO 0 . 5  gram ot dried unlaked paraal t1aed oella 

were added 10 vol-uMa ot barbi tura te butter. Thl a  aS.liCure 

wa a kept 1D the reflt1seh tor tor 24 bo�a . At the end ot 

tb1a t1me the material waa oeatrlrus-4 and tbe red auper­

na tan t wa e decanted and labeled B-D-vt.-24.. 

I b. To 0 . 5  cram ot the driad unlaked paraa1 t1Be4 

oella wer, added 10 volume• ot barbi tura te butter . Ina tead 

ot een tJt1tusJ.as a t  the end or 24 boura, we aepaJOa ted. the 

barbi tura te ..,-• •xtract tram the re 1idue a t  .the end ot 



1 hou a t  room tempera ture b7 hip 1peed oen t,.1.tup t1 oD 

tor 30 ainu tea . The aupe rna tant wa s labeled B-D..tJL-1 . 
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I o .  !o ano ther 0 .  5 pam aam.ple ot the unlaked 

portion ot d71ed paraa1 t1ae4 oella waa added 10 volume • ot 

pho apbate butter. Thia mixture, which r-1ne4 1D retrli• 

era tor ato•ase tor 24 boura, waa then oentr1tUgec1 at  high 

1peed tor '0 .tnutea and the superna te 1epa rated and 

aave4 • •  P-»·VL�. 

I 4 .  To . the .... tnt.ng 0.5 fP'UI ot dried un1ake4 

paraa1 t1ae4 cella were added 10 volume a ot pbo•pha te butter. 

As in I b, th11 mlstur• � atte:r �1n1DC at roo• temperature 

tor 1 hour, wa a centr1t\tge4. 1be eu_pernate obtained waa 

urked P-D-tiL•l . 

1l a, IIb, Il o, IL 4. !be aboYe procedure • •  

deaor1bed in ,, .a, I b, I c,  .•nd l 4 ••• oanled out on 

tbe tour 0 . 5  gram aample e  ot dr1e4, lak�, pa raa1 t1zed o•lla . 

Pour addi tional extrac ta were obta tned· bearlna the labelas 

B-D-L-21H B-D-L-1, l-J)-L•.24. and '·D-L-1. 

�tra t1one were carried out on tbeee 8 extrac ta 

w1 tb lc.noa poa1 '1 ve and nega t1 ve ular1ou• aera . Fr011 Table 

VII we aee tha t the ac t1•1 ty ot bat'b1 tura te butter and 

phoapbate butter extrac ts ot dried paraa1 t1aed cella la 

about equal . It 11 apparan t that drle4 laked oell a make 

be tter paraa1te ma terial than dr1e4 unlaked cella . � 



TABLE VII 

. . 
COMPARISON OF BARBI TURATE BUFPBR EXTRAC TS 

AlfD PHOSPHATE BUPPER EX'l'RACTS OF DRIED PARASITES . 
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Two ·B1gheat D1lu t1ona 
AD·tisen g1vlna. • Beac t1ona 

Me thod ot ADt.1sen +.llalaJ11a - Jlalarla 
Bame Pnpara t1ozi Con.trol Sena S.rwa 

� I 14 filii -----'· - la16 ,. , .. · · -
butter extrac t of 
dried �i��d para• la:� 1• ... 
a1 t1nd o•lls 

a-D..UI.-1 1 holU' barbl tllra te - 1 : 16 _,. -

butter extrac t ot 
drled �laked para- ls 32 2• 
a1 t1aed oell• 

·� il; hov  1*0 .... 
butter extrac t ot 

- 1&,"'' . 

dried unlaked pan• 1 & 32 1+ 
a1t1ae� .oella 

,..._, 1 -- -··-
butter extract ot 

... 1t 16 ... .... 

dried. un1ake4 para• lt 32 ,. 
a1 t1 ae4 oel l a  

,B•D-.L-14 24. bo1U' barb1 turate - 1& 32 4• -
butte� extrac t ot 

1& '4 dr1e4 laked para • 1-. 
a1 t1aec1 cella 

B•:O-L-1 1 bour barbi tura te - 1& 32 4• -
butter extrac t ot 

1 : 64 dried laked para• J• 
ai t1ze4 cell a 



TABLE VII ( C ont '4) 

COJtPARI SON OF BARBITURATE SUPPER EXTRAC TS 
AID PHOSPHATE BUFr�R EXTRAC TS OP DRIED PARASITES 

l'ame 

P-1>-L·24 

P-JHL-1 

....... 1 

AD Usen 

Me thOd ot 
Pxeepara t1oll 

24 bour phospha te 
butte• ex tree t ot 
dr1e4 laked para-
a1 t1ze4 · eel�• . 

1 hour pho•pba te 
butter extrac t ot 
dr1e4 laked pa�-
ra1 t1aed oella 

SaliM • .,.., ' . . . 

�o B1gheat Dllut1ona 
g1v1ng � Reac tlona 

. . 

Antigen •llaler1a - 1111ar1 a 
Control · Serua S.rua 

- 1� ,2 4• -

1: $ 1+ 

- 1": 32 q:. -

la 64 , .. 

- lc 16 · .. � -

1:_32 , . 



one-hour extrac ts a t  roa. tempera ture are jua t a a  po ten t 

and in aome c a ses eYen mo ro ac tive than 24 hour extrac ta 

at refrigera tor tempera ture . None ot" the antigen• are 

an t1compleaentarJ• 

From tne ae re aul ta we oonolUde tha tz 

,, 

1 .  Barbi turate butter extrac ta and pboapbate butter 

aatrac ta or dried paraa1 t1aed oella are ot the 

aame an tigenic ac t1v1 tr. 

2 .  Barbiturate butter extrao ta an4 pho spha te butter 

extrao ta ot dried para•1 t1 sed oalla a re de�1-

n1 to1J mo� an t1g•D1o than saline extrac ts ot 

the same . 

3 •  Dried laked cella are better para•1ta ma terial 

ibaa dried unlaked oell a .  

4. One•bour extrac t• at rooa temperature make juat 

aa ef'teot1ve, o• a t  t11le1 more attec t1 ve ,  

an tigen• than 24 � extrac ts a1; retr1gera tor 

tempera tu.re • 

Bx;eer1JI1ent !2. -- !!'!!, -.rteo t g! ei trate-de.x.troae trea tmeni; 

.2!. earaai ttzed � !:.!! blood colla 21'el11111nag !2,.. drz1na 

and extrac tine w1 th phoap te butter .  

We have toUlld �-� 11lposa1ble to coaple telJ lake the . 

red blood cella ot ducka thl"o\llll use ot reagents eaplo7ed.• 

A ••r1ea ot papera have appear.d .. gardtng the preservation, 
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a torage , and h�lyele ot human Ped blo,.,d cells . Out• 

atand1ng amo�g the workers are Maiaela ( 17 ) ,  Molli son ( 24 ) ,  

.and Whi ttaker ( 20 ) .  Pram extene1ve 1nves tigat1on on the 

a toraae ot human red blood oell a, then have �ound oer ta1n 

pre serva tive s to be le as ettee t1ve than others , Aa a 

matter ot tact, tbeJ tound var1oua reagen t• .uoh a a  eertalD 

ooacen trat1ona ot oitra te -dextro ee aolut1ona to promo �•, 

ra the r than preven t, heJDOl711a .  'l'h! a  obaena t1on sugge sted 

tha t we expoae paraa1·t1aecl duck red 'blood cella · w1 th 

aueh reasen ta prlor to laking wltb distilled water. We 

hoped b7 aucb . treataen t tha t the red blood o•lla woul4 

hemol7•• iaore 0011Ple tel7. 

Procedure 

B1nety cublo centtme tera or heavily pa raa1t1aed 

blood (120�) wa a obta1De4 tram one adult duck, and wa a 

o1 tra ted wi th l/5 volume ot 2� aodium o1tra te ln gbJalo• 

log1oal aallne . � cel l a  were paoked by. oen tr1tuga t1on 

end the plaama removed . f.be packed cell a were s tirred 

tborousblJ', and two 10 oc . por tion• were removed . 

TO the t1ra t 10 oc . p�rtlon wa s added 10 co . ot 

2 .  5• aod1UII . o1 tra te • atnoe 1 t baa been tound that tbia 

a trength or ci tra te 1a 1aople theoont1o w1 th blood . The 

. ee11-o1 tra tt mixture Naa1ned tor 4 baura a t  retrlpl'a to:r 

tapera ture during wh1oh tillle i t  wa a tHquen tlJ a t1rre4 . 
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T.be mixture was tben o entr1tuge4 and the c i trate removed . 

An addl t1onal 10 co . ot aod1ua citrate, con taining 1 gram 
ot dextroae, wa s stirred wi th �· packed oella and the 

Jrd.ltture allowed to rtmain 1n the retr1iera tor ovel'Dipt . 

on the tollowlbg morhing, tbe c1 tra te-4extro ae- trea ted 

cell � were packed 'b7 oent,-S.fuaat1oD and the cl tra t.-des.troae 

·removed . To the cella "" added 6-8 YOlumee or d1 a t1lle4 

wa ter . Atter ahaldng �Mque12 tl7 tor '0 ainu te a a t  roOIIl 

temper• "'"• we oen,r1tuged the laked oelle at bigh apeecl . 

tor ,o ld�te• •  The -deep ·red aupel'Qa tan t wa s removed, 
For the t1re t t11ae n ob ae·ned thla t the laked oelle were 
no t v11ooue and gel•llke ln nature , Tb1s qual1 tJ ot the 

oell e attorded a more thorough nbaequen t ... hlDS wl tb 

aallne .ftu t •• 1 t had a m�n'• ooaplete beao1J•1 •  w1th 

d1 a tll led wa te r .  !lhe ·•••hed zaucle1•paraa1 te ee41lllen t •• ., 

a da.J'k bz.otm. oolor and thick, but not Y1 aeoua an4 adhel'en t •  

The aeoond 10 co . poflt$.on ••• eS..S.larl7 tre a ted 

exotpt tha t  a 5� aodlua ci tra te . aolut1on ••• uaed 1n a tea4 

ot a 2 .� • .  L1kew1 .. , 5- �X-1'018 was added •• ln the tira t 

10 oo . portion. becauae 1 t ·� been tound that larae uou.nta 

( 5·?- ) ot dextroae increase beao1ra1 a .  The waehed nuolei• 

par.ae1 -- aed1men• 1ft tbia oa ae 'di ttered in no re speo t tram 

the t1ra t eedlaent •• to .eolor an4 cona1a tenor . 

Smear •PIIl1n•t1ob ot both nuo1•:t..pera a1 te aedlmen ta 
. 

ahowe4 .relati'Nl)' tenr otll e tha t hac! eaoaped hello1Ja1 a .  



The se cella ahowed an incre a se 1n size over ameara on 

normal unlaked cella wh1ch had never been expo sed to 

c 1 tra te-dextro ae and di s tilled wa ter. There wa a no esaen tlal 
d11"terenoe in the aeara ot the 2 aecUmen t a .  

Bo th mtcle1-pa r.ae1 t41 aedimen ta were dried 1n · vacuo 
. _ .......,......., .. 

in the usual waJ • The dried para a 1  te ma t e.rial wa a worked 
into a tine powder �1 ar1nd1ng i t  ln an ,aga �e mortar . 

Two 0 . 5  gram sampl e s  we re taken tram either pGrtlon 

and extrac ted • •  tollow1 : 

To the 0 . 5  gram aample ot portion 1 wa a alowl7 added 

10 c c . · or POq. butter . The 2 were lld.xed tborough17 b7 

SJ'1nd1na in a mortar tor 10 m1rmtea, attar which · the 

brown1 ah-blaok mixture remained a t  retrlgera tor temp•ra t:ure 

tor 6 houra . It wa a tben oentrltuged at ,000 rpm .tor JO 

m1nut•• · Tbe verr pale re4, opale aoent aupernatan t •• • 

decan ted and labeled P·D-L-OD-1 . 
To the 0 . 5 gram a a DI)le ot portion 2 wa a added 

the aame volum.e ot POJ.. but.ter .  The procedure tor obta1n11lg 
the t1nal e%traot wa a 1den t1oal to tha t uiplo�d to't' the 

above extrac t .  Another ve rr pale red, opeleacent auper­

na tan t  waa ob ta ined which wa s marked .P-D-L.CD-2 . 
AD antigen wa a prepared trom nor.mal unpara a1 t1aed 

duck cell • b7 ualag the same procedure a e  that cal'r1ed 

out above . A 2. 5� aod1ua ci tra te eolut1on wa s uae4. we 



TABLB VIII 

AC TIVITX OF PHOSPHATE BUFFER �TRAC TS OF CITRATE­
DEX TROSE TREATED PARASI'l'IZED CBLLS 

Antlsea 

Me thod ot 
lame Prepe ra t1on 

P·D-L-OD·l .Pboapb.ate lN.tter 
extrao t ot dried 
laked parasitized 
cella trea ted 
prevloualJ .b� 
c 1  va te . (Ra�)· 
dextroae ( 5 ) 

f .J)-L..CD-2 Phoapba te butter 
extrac t ot 4r1e4 
lake4 para a1 t1�ed 
cella trea ted 
previously b;y 
c1 tra te ( ��) -
dextro ae 5�) 

1-D-A .Phoepba te butter 
extrac t ot drled 
laked DOI"'IUll 
oella treated 
previously b7. 
citra te (2.1>)•. 
de:&ti'O ae ( 5  ) 

Knowle a1 Sal lbe extrac t 

Two H1ghea t D11u tlobl 
G1Yill8 • Reao tlobl 

An��- + Jlalarla 
Con trol Serum 

0 4• la 64 4• 
' 

1 : 2  · - 1: 128 2+ 

0 4• l a 64 4•· 
1&2 - la l28 1• 

- -

- 1 :16  4• 
ls ,a ,. 

_..,..1"1& 
Se l"WWl 

0 4 .  
.1&2  -

0 4 .  
1a2 -

-

-



.-.,lo,.e4 the u.e ot a DOJ'IIAl duelc oell anua-a 111 tbl.a 

•xPe�t tor �:�» purpoae ot 4ewNJ.D1na whe ther t!ia re4 

blood cella i!£ e. ot the 4uek la antt.aeblo . 

!ltratloaa ot tbe 2 pana.l u extnota wl th kraoa 

poe1t1-n aD4 nep tlve aaalar1CNa eere toaetbett w1tb the 

eatno t •de 1'11011 the re4 blood Mlla ot DONal 4uoke are 

aboWD 111 'fable 'III • 

8J the reaul.•• abOwll, lt 1a rdclent tbat tMN 1a no 

appNOlable 4ltteNaoe 1a the aotS:vl'J' ot the 2 pbolpba te 

lMtte• extNo ta . It 1• appa.-.mt that el tber 1e liON 

ao tl•e tban ADJ preYS.ouelJ obtalrle4 • Bo th ex,l'ao ta "" 

ant1oQ�UleMDUJ7 oalJ 1n the ' 0 4111lt1ora . 'lbe no���al 

duok eell 1!£ .!!. 1• appaNil�J DOt aa•taenleallJ ao t1ve . 

OQe ot the .aoat atnld.bg t�eta aboUt tbla •�.S..Dt tha t  

l a  Dot reyealed lD the •ble la the prepara t1oa ot a a  aottw 

extrao t wboH oolo� 1a •l&tf1o1nt1J' pale 10 tba t  rea41Daa 

ot tbe UtratlOila oan be made wi th a"ater aoourao.,. 

We oonolue troea toM" reaulta tha 't 

1 .  'Dle tHat.eDt ot pal'aa1.,1P4 oella w1 th o1 tn te-

4eztro" 1a wortbwblle ud prao tloal al.Doe .. 

belleYe euoh tre� ���' Snore•••• re4 blood ••11 

- �1711• · 

2 .  !lol'll81 duok oella per . .!!. ape · appaMDUJ an u­

a-loa117 lDao U  ve ,· 

.. bealtato to a tate tha t tbi a  atateaen '  1• the · 
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t1nal word, but �· would ra theP reeommend tha t  add! t1onal 

s tudie s  be made re garding the ant1gen1e propert1e a or the 

red blood oella ot normal duoka . 

Prellm1narJ tea ts tor oompl ... nt t1xa t1on u•lns 

human aera a re now be1ns oarr1e4 out in our labora toJ7, 

out tne numbe7 ot te s ta have no t been 8Uft1cient to draw 

an)' apeo1f1o o onclu•1ona a t  th1a t1J:ae , W1 th the !• lo.ehuae 

an tigen a s  prepared in th1a ezpert.en,, m&nJ ot theae 

te sta have abown !• lophurae to be more ac tive than !• 

know1ea1 . The reaulte ot otbers · are �uat the rever•• • 

&Qmmarz !2! Conolua1ona 

Ira· our ti'ra t .approaob to th1a problea we a ttemptecl 

to ••para te tbe malaria paraalte trom the red blood cell 

maolel .: 'ftd a  wa a clone. because we had found the P .  knowle•1 . .. . -

an tigen to -.. hisblJ auccea etul when extrac ted � 'be . ' . 
� I • 

p•raai te a  tl"'m laked aonke7 oella . · A.ll a ttemp ta ta1le4, and 

.we were toroecl to look. tor aome o theP method . 

It aeeme4 reaaonable to t17 tO d1 aaolve the red 

blood cel l nuelel . Molar •eel wa s uaed 1n aeveral a ttempts 

to 41 s aolve · the nuclei ot bo t� the red blood cella or normal 

and para a1 t1ile4 duoJfa . We were able to ·�• t comp�e tel7 

d1 aaolve the nuele1 ot red blood· oella ot normal 4uoka, 

but when we a t� ted to aubjeo t the n�ole1 -para a1te mixtmre 



to the aame trea tment, we found the paraalte to be either 

d1a1ntegrated or d1a aol1'e4. 

HaYing ta1le4 in all a t �pt• to ei ther aeparate 

or dl aaolve the nucle i tram the para a1 te a, we ae t out to 

make nrtoua extrao te ot the !• ioeurae paraa1 te in the 

pre sence ot the aucle1 ot tbe red blood oell . 

Pirat, an a ttemp t waa aade to prepare a 11p14 extrac t 

by aloohol•e ther treatment ot we t para1l te ma terial . We 

made aal1ne extrae ta from the re a14ue troa the aloobol• 

e ther extraction ot the paraa1 te ma s a . We to\Uld thf.t 

l1p1da extrac ted troa the we t panel te a are no t an t1gen1e J  

furthermore, •aline extrac t• ot the 11pl4-tree reaidne are 

a lao 1nac tive . 

Here tofore we had been unable to campletel7 lake 

. .  

tbe rtd blood oella ot duoka wi th dl a t111e4 water, ao •• 

reaorted to the uae ot buttered aapon1n 1n an a ttempt to 

overcome th1a dlttieultJ. We toun4 tha t 0.05- buf'tere4 

aaponln hemolJW•• red �loo4 oella more oompletel7 than 

d1a t1lled wa terJ however, the concentP* tion ot aapon1n 

neoee aar7 tor red blood oell bemo1711a .od1t1ea the an t1S�D1e 

act1Y1 tJ ot tbe para•1te ,  Saline extrao ta ot P•raa1 t1aed 

oella laked bJ both me thoda (41at1lle4 wa terJ ;saponin ) ,.,. 

al1&ht17 an t1genlo and 1nac t11'e, re apeot1Ye17 •  !bey were 

no t an tleom.pleaen Ml7. 
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ID a further attempt to promo te coaple te ll811101J•1• 

ot the red blood cella. we . uaed wa ter-ba th incuba tion ot 

paraa1t1aed r•d blood c�lla . lt waa believed tha t wa ter­

bath incuba tion increases the tNg111tJ ot the red bl.oo4 

cella; aad benee , make a it more amenable to bamo1Ja1 a .  

We found th1a to V. the caee1 bowYett, auoh t:Natment 

mod1t1e a the ant1sen1o propert1e a ot tbe parasi te . 

•• tben tried barbi tura te butfep and pho•pba te butter 

extracts of we t para a1 t1aed eell a ,  The poa1 t1ve reac.tiona 

which we re ob tained with ei the r 'b•rbt tura te butter ott 

phospha te butter ezt:rac te ot we t pary1t1aed oelle are 

1ns1p1tice·t •lnoe �1m1la� reactions occurred *t th the 

an tigen contl*Ola ,  Al� atte:apta ot making · va rloua extrac.ta 

trom we t pa r.e1t1sed red blood cella had �en unauco•aatul • 

. S1nce we had tound that extrao ta made troa dried 

l:• Jc.nowle a1 paraa1 tee are tar mo re ac tive than those obtained 

tr0111 we t para ei tee,  •• had reason to belle'Ye the eUle IU:Sbl: 

be true 1n the oaae of !.• lophurae . We next decided to· 

Jlrepare extrae ta ot dried &• lophurae para•l te material -with 

aal tne , barbl tura te butte�, aDd phoapba te butter ,  Bo tb 

laked and unlaked para s1 t1Je4 oelle we re aubJeo ted to 

tbe ae extracting reagen t• • We found rela t1Ye1� more ac t1Y1 tJ 

1n the barbltQra te butter and pboapbate butt•r extracts tban 

in the aallDe an tlgena . 'l'be 4J71ng prooe • 1 ap paren tl7 



mod1 �1e a  the nucle1-para a1 te ma terlal 1n auoh a wa7 that 

the an tlcompl ... ntarJ trac tion 1 a  el�na te4; ainoe none 

ot the ae an t1gena were ant1eoapleaenur:y. 

We · toUDd tha t onlJ a portion ot tbe ao t1Ye parasi te 

material 1a removed wi th one extraction . 'ihe tre•aug and 

thawing prooeae wa e tr1•4, �t •• • d1 � e aed a e  a routine 

We ne%t a t�llPted to •ke an ex.trao.t ot dried P .  

lopbune paraa1 te 1 w1 th M laJIJO' ed t� nbaequen tl7 

neutralise the llixture w1 th B liCl . Al thoush th1a an tigen 

ab.owe4 a c t1n q., we are not la tamr ot thl a procedure 

beoauae ot taelmlcal clltt1oultlea involved in the neutral• 

laiDg prooeae . 

Aided bJ the repoJ'Itll ot varloua .Bnglleb workora on 

the preaerva t1on and atorage ot t.ltao4, •• were lMd to 

believe tha t  trea ting we t parae1 t1ae4 eell a in o1 tra te­

-•%tro ae solution prior to lak:lns would more comple tel� 

heiiOlJS• the red. bloo<t cell• • Tbi a wa e tiona , and we ob­

aerve4 tor tbe tlrat ttm. tha t tbe laked and wa ahed para• 

a 1 te aed�en t wa a no longer sel•llke and Y1 acoua . We 

bell ••• that the 1noreaaed bemol7a1� whi ch wa a eylden t waa 

due ln great pa�- to the 41aappearaae• ot the sel•like 

c ona1a teno7 ot the para a1 te ma e a .  lot onl7 waa the aa tlgen 



ob tained mo re deai rable beoauae ot i ta pale brown colo7, 

but alao beoauae l t  wa s an t1gen1oallJ more ac tive than . 

an7 1• t obtained·. 

In oonolualon, we are ot the opinion tha t; 
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1 .  Para a l te s  canno t be ••p�ra � from· tbe . nuole l 

ot red blo od cell s bJ hip apeed cen tr1t\lga t1on 

upon the ba eia ot d1tter•ncea in apeoltlo 

gravl tJ". 

2 .  The nuclal ot para a l tised red blood cella canno t 

be di a aolved 1rre apec tiv• ot the pa raal te wi th 

·
·

•acl . 

3 •  L1p14 extra c ta ot we t para a1 te a  are inac tive . 

4• Saline axtrac ta of 11p1d-tree reaid,ue a a re inac tive . 

5 ·  Saponin moditle a  the antigenic properties of 

the malaria para a l ta .  

6. Wa ter-ba th 1noubat1on, though 1no�al1ng the 

trag1l1 tJ ot the red blood oell, modifie s  the 

an t1g� 1o · propert1e a ot the para ll te . 

7 •  Dried !• lopburae para si te s  are preferred over 

we t P .  lopburae para ei te a  tor making antigenic 
. 

· extrac ts . 

8 .  Dried laked paraei t1aad cell a are preter:Md over 

d�lad unlaked par.ai tiaed cella no t onlf becauaa 

the tor.mer 1a mora an t1gan1oall7 a c tive ,  but a l ao 
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because 1t p�oduoea a paler red-colored ant1gea . 

9 ·  Ba rbi tura t• butter or pbospba to butter •�trac ta 

are more ac ti ve than aallna extrac ts . 

10 . laBCOJ-1:101 ext:rac ta ot dr1e4 !• tgphu.rae 
. ' 

parasi te s  po aseaa an t1aen1c ac tivi ty but are 

not to be re commended tor routine use be c ause 

ot tacbn1 oal d1tt1oul.t1e a 1n · the procea s or 

prepara tion . 

11. We t para a1 t1aed cella are more oomple tel7 laked 

when thor are trea ted wi th ol tra te-dextro ae . 

Such trea tmen t does not al tar the an t1senio 

properties ot tbe malarl• paraa1te .  

12. Pbo.pha� buttea! .. extra� ta or the red blood cella 

ot normal ducka are 1nao t1ve . 

Present 1ndioa t1ona are that the f.• lophurae an t'1gen 

UJ tW.tlJ.l the aarae tW'lo Uon a s  the !• lmowlea1 antigen . 

It th1a prove s to be .tQe oa••• we aball hav� • �adll7 

available and rela t1velJ o�ap source of antigen tor 

ooaple .. nt fixa tion .  
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