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STUDIES ON LOPHURAE ANTIGEN FOR USE IN COMPLEMENT
FIXATION IN MALARIA

8erological studies in mslarlia have constituted the
chief subject of research in this laboratory for the past 5
yoars, Of the various tests complement fixation has proved
most successaful,

Antigens prepared from biood of monkeys Ainfected
with P. knowlesi have been extensively used for tests with
humsn sera. uonknja, however, are expensive, hard to handle,
and at times, difficult to obtain.

Ducks have been the hosts for extensive investigations
on P, lophurae maleria by other workers (9, 10, 11) at this
lcho§1 and were therefore avalilable to us. 8Since the
malaria antigen is group specific, we believed it worthwhile
to attempt the preparation of antigen from 2,_Loghnrne.

An average-sized duck welghing from 2 to 3 kilogrems
produces approximately as much -blood as can be obtained
from a good--iaod monkey., In addition, the blood of ducks
is more heavily parasitiged then is that of monkeys. Ducks
may survive parasitemias of 100-150% with mature schiszonts
or presegmenters, whereas the monkey seldom survives a
segmentation beyond the stage of [j0-50% parasitemia. Lastly,
one fact to be romomberod 1s the greater simplicity and the
shorter time consumed in bleeding duecks,
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-‘in this problen,.uq ﬂgve concerned oﬂraolves.bh&otly
with the mothoda_og;prepurinc.g, loghnrao'antiépns':or use
1n.nnldrla ooiploannt fixation tests. ?hn problem of .
specifiolity is now in the process of study and. lnveatlgntion
* 4dn our lnboratory, and ia not dealt with here,

"A. Inlaéial.hntigenl rroi Paragite Cultures

There are many répérta in‘tho,lltor-ture of attempts
to prepare lﬂlnéial coﬁplcnant fixation antigens. A com-
posite prouontahioa followas _ A

Thomnon (29), in 1918, dolerihod the proparntion of &
-poéiric malarial antigen from cultures of malaria parasites.
Th§ blood“fcr'dultgro was obtained from a heavily infected
patient and incubated for 24 to 48 hours, The supernatant
serum was then pipetted off, and distilled water added in
excess to the remaining red blood cells, The cells were
ihnken and centrifuged and the supernatant fluid removed qaoh
time, Tﬁil proeeas was repeated until the fluild was free oOf
hemoglobin. The sediment at the bottom consisted of para-
sites, emvelopes of red blood cells, and white blood cells.
The sediment was diswolved in a small quantity of X/10 NaOH
whioch resulted in a Qtrnwocolorod fluld., This was neutral-
ized by adding N HC1l drop by drop, This solution was diluted

ten times with normal saline and tested for anticomplementary
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properties by titriting with varying dilutions of guinea

pig serum, This was carrled out in ascending dilutions until
ool antigen was obtained which did not of itself prevent the
action of complement. The best antigen in this study waQ
demonstrated when the parasite material was dilutod 1:30
with normel llilno.v

. For the test, the patient's serum was diluted 1:30
with normal saline vnnd standard doses added to l tubes, 3
of which conteined antigen. The fourth served as the serum
control, Into the 3 tubes containing antigen were introe
duced 2§, 3, and 3% doses of complement, and 2} doses werse
added to the serum control. An inhigon control was run
with each series. Overnight icebox fixation was used., Onm
the following morning, sensitiged red blood cells were intro-
duced, and the results read after water-bath incubation at
" 37° for 15 minutes.

There were atudies made of 200 known cases of benign
and malignant tortian malaria with or without parasites in
the peripheral dblood, end at all stages of quiﬁino tronﬁmont.
Complement fixation was irregularly demonstrated, |

The author states that‘thq anticomplementary bropo‘
erties of this antigen varied greatly, it being necessary
at times to dllﬁto the original sntigen 100 times before 1t
could be used, which obviously Jdecoreased the lonlitiviti of
the test., It was further found that this antigen reacts with
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sera of syphilitic patients. ﬁenco, it 1s necessary to
exclude thii dis;ala from sers tested with this antigen.,

Thomson (30), in the following year, conducted a series
‘or experiments for the purpose of determining if a specifie
antigen could be prepared for benign and malignant agnes,
The antigen was prepsred from malaria parasites as desoribed
above,

The serum of patients with P, falciparum infection
reacted with the P, falciparum antigen, but were negative
to the P, vivax antigen. One patient with benign tertian
was positive to both, Four P. vivax and 2 P, falciparum

sera were positive to a spleen extract of P, faleciparum.
All except 1 P. falciparum serum were positive to a honign
tertian antigen. Twenty-one of 22 P. vivax and 5P,

falciparum sera gave positive responses to an antigen com-

posed of 10 strains of 2, vivax. HNineteen patients whose
blood contained P, vivax were tested; 1l gave a strong

positive, T a weak positive, and 1 a negative reaction,

B, Melarial Antigens from Oogysts in
Infected Anophelines

Manson-Bahr (22), in a discussion of Thomsin's work
on attempts to prepare a specific antigen from paraaite

cultures, suggested that a strong and specifie anticﬂn aight
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possibly be obtained from the oosysts in infected anophelines
in the same way as Fairley (7) hnd extracted a powerful
ant&gen for bilhargia from the 11vers of annlla hnrboring
the cercariae of human schistosomes. In 1920, Manson-Bahr
attempted to obtain a specifio antigen from oooyatq of
pPlasmodia found in the stomachs of A. macullpennis., With
the ald of James and Gill, he obtaimed, with great difficulty,
an antigen oxt*nct from the stomachs of 26 anophelines, He
next colleoted the oooysts of the bird nﬁlnrin parasite
from 2l infected Culex fatigens. With this meterisl he could
nbt demonstrate complement fixation, He believed that this
procedure would be successful if at least 100 stomachs per co,

of absolute aleohol eould bLe used.

©C. Malariasl Antigens from Parasitised Human

Blood and Tissues
Kingsvury (1l), in 1927, attempted to prepare a

specific sntigen for benign and melignent malaria from para-
sitized human red blood cells. This series of experiments
‘included the testing of 1l antigens--8 from the spleen,
liver, heart, brain, and blood of a subtertlan infected
patient who dled comatosed after a single quinine injectlon;
snd 3 from.the blood of & patient 1/16 of whose red blood
cells wore parasitized with F. vivax, The most satisfactory
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untiqonl wore saline emlsions of washed and iylod b}obd¢
‘The results are as followsi
1, Twenty~five subtertian melaria sera reacted
with P, falciparum antigen, and L48% were posttive,
2. 8ixteen subtertian sera were teaied with P,
' vivax and 31% read positive,
3, Twelve tertian malarial sera were tested with
£+ faleiparum antigen with 50% resding positive.
o Six tertian sera were tested with P, 3&335
antigen and 67% were positive, ‘

Masse (23), in 1929, prepared a.P, falcliparum
antigen from a placenta of a woman who had recsntly experi-
enced a melarisl access, The method of preparing sush an
antigen was not reported, He does state, whoever, that
complement deviation oscurred in half of 25 cases held to
be melarial, It was positive in L of 8 cases who did not
show plasmodia, and negative in "primitive” malaria, and in
those showing gemetes only. The action was not specific
and wag intensified by preliminary eliminations of hemolytie
smboceptor, There was no parallelism between the intensity
of the reaction and the cliniocal importance of infection.

D. Mslarisl Antigens from Parasitized Chicken
' Blood and Tissues |

Kligler and Yolei (15), in 1941, report studies of
antigens made from 2, ‘glllngcuuh. Extracts were prepared
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from blood, 1iver, and epleen by extracting the dried
materials with saline by freesing and thawing, One mcizci
was prepared from infeoted blood by first laking with
distilled water and then extracting the sedimented pars-
sictes with saline by freesing md thawing, <The blood
antigen gave positive reactions i.n dilutions up to 1:800
with hyperimmne monkey serum ss wel) as with irmmune ohicken
serum, :

The 2. gellinegeum sntigen reacted in a higher
dilution with monkey fmmmne serum than with homologoue
chicken serum, dus prodvadly, to the greater antidbody
content of the monkey serum, Normsl chicken sers gave
negative reactions with the P, gsllinaceum antigen,

They next tested the P, gallinaceum antigen ¥ith
sers from human subjects both with and without malaria,

For comparison and oontrol, the sers from malaria patients
were also teated simmltaneously sith P, knowlesi antigen.

It was found tbat the P, gallinsceum entigen in a
allution of 1:4,00 gave positive somplement fixation re-
actions with thoee sera from malaria pnuonﬁ which gave a
positive resction with the P, knowlesi entigen,

As @ contral, the authors used sn antigen prepared
from red blood cells of normal cblokens. The antigen was



prepared in exactly the same manner as the plasmodial
antigen, At times this antigen fixed complement with sera
from malaria patients, although it falled to react with
normal human sera or with those thus far tested from other
patients (lues, typhoid, infective jaundice). The nature
of this reaction 1s now being elucidated,

The authors ere of the opinion that P, gallinaceum
antigen may fulfill the same funstion as the ¥, knowlesi
entigen, but further work must be carried out before def-

inite econclusiona can be established.

R, Malarial Antigens from Parasitized Monkey

Blood and Spleen

Eaton and Coggeshall (6), in 1933, descrive the prep-
aration of L malarial antigens, two from the blood and two
from the spleen of monkeys dying from P, knowlesi infeotions.

The red bload cells of the parasitiszed monkey were
concentrated, frosen, driéd end prongrvod-in sealed tubes.,
The spleens were dried in a similar manner,

Antigen 1l.-- prepared from parssitized red blood
cells by rehydrating the dried asquivalent of ) ce¢, of
packed cells with 10 cc, or’iallno. The resulting suspension
was frosen and thawed four times, centrifuged, and the
supernatant used as antigen, It was not antigomplementary,
and was used in tests in a dllutlon of 1l:k.
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Antigen 2,~~- prepared from dried parasitized red

blood cells grdnnd in a ball m111 and extracted with salins,
The proportion of dried cells to saline was the same aa

for antigen 1. This antigen, when undiluted, was slightly
nnticompiomantnry, but could be used for tests in a 1:10
dilution,

Antigen 3.-- prepared from dried spleen by a method
sinilar to that used in the preparation of antigen 2,
using 1 grem of dried spleen to 10 cc. saline., It was
definitely anticomplementary, and was used in tests in a
dilution of 1:10,

Antigen l.-- prepared from dried spleen by re-
hydrating 1 grem of dried material with 10 cc, saline, and
freesing and thawing as in antigen 1. This antigen was
anticomplementary in a dilution of 1:2, but was used in
tests in a dilution of 1l:12,

Antigen N,-- prepared from normsl monkey red blood
cells with the technique llﬁilnr to'thit used in antigen 1.
Antigen N was used for a normsl control in the tests with
malarial sera, and was not anticomplementary even in the
undiluted state.

None of these antigens showed hemolytic properties
when tested with sensitized sheep cells.

Titrations were carried out with hyperirmmune monkey

serum, In this reaction, non-specific fastors may be
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considered negligible. The amount of reactive monkey
protein was measured by titrating against the serum of a
rabbit imminized with normsl monkey red blood cells,

¥ith the antimonkey (»rabbit) serum, aitigen L gave
fixation of complement at a dilution which was four times
that of antigen 1, With the antimalarial (monkey) serum,
antigen l. was slightly less reactive than antigen 1, This
indicates that anﬁigon'& contained more non-specific matee
rial (monkey protein) per reacting unit of malarial antigen
than did antigen 1, Furthermore, antigen }j} was more anti-
complemen tary thenm was antligen 1,

Antigen N reacted to a slightly higher titer with
the antimonkey serum than did antigen 1. In the complement
fixation tests with human sera, both antlgoni were used
at dilutions of 1l:l4. The sensitivity of antigen N to
substances reactive with the monkey cells should, on the
basis of the results with rabbit serum, be slightly greater
than the sensitivity of antigen 1. In this way, false-
positive reactions due to constituents of the red blood
cells eould be detected, The authors pointed out that the
standerdization of malarial antigen and of normal control
antigens can be ascomplished with reasonable ;ccurncy when
the methods just deseribed are used in conjunction with
tests against malarial and nonemslarial humen sera. When

a new preparation of antigen is made, this 1s compared with
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the old antigen by parallel tests, and the éoncontrntloa

is then adjusted so that the new antigen givoi reactions of
similar sensitivity and speeifiecity.

The l4 malarial antigens were tested with normal
human sera and with Wassermann positive and Wassermann
negative luetic sera., Antigens 1l and 2 gave less frequent
and weaker positive reactions than entigens 3 and L. With
1 and 2, approximately the same percentage of positive and
doubtful reactions occurred with lustic as with normal sersa,
With antigen 3, a larger number of positive reactions was
obtained with Wassermann positive than with Wassermann
negative luetisc sera, and the percentage of positive ree-
actions with normal secra was conaiderably lower, being about
the same as with 1 and 2, These results indicate that
antigen 3 contsined conslderable amounts of substences which
£1x complement in parallel with the Wassermann reaction,
Antigen l did not give a greater percentage of positive
reactions with Wassermann poslitive than with Was:ermann
negative luetic sera, but the proportion of positive re-
actions with these sera was slightly higher than was given
by 1 and 2, It is resdlly seen that antigen 3 cannot be
‘oonsidered reliable for tests with melarial ssrea which came
from patients euffering from paresis, because of its
reactivity with non-mslarial luetic sera. The other 3

antigens gave leas oroas reactions with luetic sersa, and
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with these antigens a reaction of 2eplus serum in amounts
of 0,1 ¢cc. or less was considered significant.

In conjunetion with this serl;a of experiments, these
workers observed the serologlecal reactions of normal monkey
red blood cells 'ith normal, lﬁotie, and malarlai human
sera, Several investigators have recorded an agglutination
of the red blood ecells of rhoqua monkeys by some humen sera,
This 1s apparently due to hetero-agglutinins not related to
the mman blood groups or to the Porssman antigen. In the

present work, some of the patients with P, knowlesi infection

had been inoculated with the infected blood of rhesus monkeys,

and their sera showed definite agglutination of monkey ocells.
It was, of course, necessary to determine to what extent
these reactions affacted the complement fixation with
monkey antigens and humen sera in the detection of malarial
antibodies.,

The antigen was prepared and standardized for sensi-
tivity by titrating against anti-monkey (rabbit) serum and
used in lil dilution., Of 150 sera tested, only 1 gave a
reaction more positive in an amount of 0,1 ec. with the
normal monkey antigen., There was no important difference
between luetic sera giving & positive Wassermann, those
glving a negative Wassermann, and the nérmal sera, In the

3 serles of malarial sera the percentage of positive and
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doubtful reactions were considerably higher than with the
non-malariel sera., This suggests that malarial infeetion
stimalates the production of hetero-~antibodies whish react
with normal monkey cells, In two or three cases the appar-
ent development of such antibodlies at low titer during the
course of the malarial paroxysms was observed in patients .
who had not reoceived monkey blood, These observations
demonstrate the importance of using, in complement fixatlon
tests for melaria, a control antigen made from normal cells
in the same way and used at the same effe¢tive dilutions
as the malarial antigen.

On 21 non-malarial sera and 28 malarial sers,
agglutination and complement fixation tests with normal
monkey cells were run in parallel., Of the total of 49
sera, 28 (1} in each group) gave negative reactions in both
tests. With 5 malarial sera and 5 non-malarial sera, the
agglutination test was positive and the complement fixatlion
test negative, and with 5 malarial and 1 non-malarial sera
both tests were positive, One serum gave weak complement
fixation, but no agglutination. These results indicate
that with a falilr proportion of sers the heterc-antibodies
that cause agglutination of normsl monkey cells react
weakly or not at'all in the complement fixation tests,
Strong complement fixation reactions dus to the antigens in

normal monkey cells are rare. Consequently, strong
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reactions with a malarlal antigen prepared from parasitized
red blood cells may be considered significant, When the
vreaction with malarial antigen 1s weak or doubtful, the
control with normsl antigen is of value in eliminating a
certain number of false-positives, In general, pseudo-
poaitive reactions were more frequent and ntrohgor with

the antigens prepared from spleen thnﬂ with the antigena
prepared from blood, From the results it is evident that
the control tests run with antigen N are of value in elime
inating about half of the false-positive reactions when
parasitized blood {s used for the test, but such sontrols
are of 1ittle value in eliminating the more frequent false-
positive reactions with spleen antigen.

Eaton and Coggeahall aonclude that:

1, In the complement fixation teat a positive
reaction between any serum and a ecomplex
material prepared from blood or spleen is a
surmation of the rsactions between seversl
antigens with their corresponding antibodies.

2, Though the malarial antigen appears to be a water-
soluble protein, whereas the wnslermnnn antigen
is pr&bahly a lipoid, certain preparations may
contain both the Wassermann antigen and the
melarial antigen. For example, antigen 3,

prepared from meslarial spleen, gave a much higher
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percentage of positive complement fixations with
Wasseymann positive sera than with Wassermann
negative or normal sera,
¥With luetic sera from patients having no malarie,
3 of the 4 malarial antigens tested gave no
higher percentage of positive reactions with
Wassermann positive than with Wasaermann
negative sera, and antigen 1 was not more re-
active with luetic sera than with normel sera,
When the reactions of normal and luetic sera
with antigens prepared from parasitized red
blood cells (antigen 1) and normal red blood cells
(antigen N) are compared, it is found that the
malarial antigen gives a alightly higher per-
centage of positive reactions with both normal
end luetioc sera, but the difference in reac-
tivity of antigen 1 and antigen N with these
sera are not great enough to be significant,
Certain human sera contain hetero-sgglutinins
for normsl monkey cells, and these antibodies
also give a weak ocomplement reaction with
extracts of frozet and thawed monkey red blood
cells,

These hetero-antidtodies are increased during

malarial infection, but they never approach the
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level of the irmmne bodies which fix complément

with the malarial antigen.

Since sdsorption of malarial sera with normal
monkey red blood cells reduces the complement
fization titer against nalarial antigen from
perasitised dload only sligheli or not at all,
it may bs concluded that most of the fixation
of complement obtained with melarial serum is
due to malarial antigen-sntibody reactions and
not to reactionas of hetero-antidbodies with
constituents of the red blood cells,

With the exception of one qntlgon prcpuicd from
the apleen, there was no evidence that the
malarial antigens were ﬁoro reactive with
Wassormenn positive than with Wassermenn negative
sera,

Some buman sera glve weak ocomplement fixation
with antigens prepared from normal monkey red
blood c¢ells, and the porcontag‘ of these
positive reactions is only slightly higher witﬁ
malariel sera than with normsl or luetic sera,
The most sensitive and apoqzrlo malarial antigen
wvas prepared from dried piriaitized red blood
cella by extraction with saline and freesing and

thawing, This P, knowlesi antigen 1s group
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specifiec in that it gives a strong complement
fixation with melaria sers from human deingse
infeoted with either ¥, kmowlesi, P, vivex, or
E. faloiparum,

Coggeshall and Eaton (2), in the same year, reported
enother series of experiments in which they prepared four
other antigens to be used in somplement fixation reactions
in monkey malaria,

Antigen J,e= .propnrod from malarial infected spleens
which were chopyed up, frosen, end dried in the frosen
ltlt.l in s vacuum desicoator, The dried material wes then
ground in s dall mill at «T70°. The ground materisl was
extracted overnight in the refrigerator with 10 cc, saline
for esch gram and the insoluble residus centsifuged doen,
The supernatant «;o used as antigen,

Antigen 2, -~ prepared from blood containing 20-50€
parasitised red blocd sellis. The blood was collested in 2%
sodium citrate solutiomn, ecentrifuged to separate the serum,
snd washed two times with saline, The paoked red blood
cells and psresites suspended in an equal virlume of saline
were then frosen, dried, and ground by the same procedure
as that used for spleens, The antigen was tlnhll.y prepared
by sxtraction with saline. ‘

Antigen 3. == prepared from paresitised blood, washed
s deseribed ebove, and mixed with 3 volumes of distilled
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water, Toluene® was added as a preservative, and the
material allowed to autolyse in the incubator for LB hours.
The inscluble residue was centrifuged down and the supernate
used as antigen after adding enough saline to bring 1t to
isotonicity.

Antigen l,«~ prepared by adding 3 volumes of dise
tilled water to parasitiged blood which had undergone
autolysis in the refrigerator for several weeks, and then
centrifuging.

From their results, the suthors conclude that:

l, The material oxt?acted from infected spleen by

acetone, alecohol, or ether does not give a
~ specifio fixation of complement with limmune sorqgi.
2, The material extracted from spleen or blood with
acld or alkaline buffers is not a better antigen
for complement fixation than that extracted by
saline or distilled water,
3. B84ince the antigen was not extrastable by lipoid
~solvents and was destroyed by tryptic digestion,
the active principle behaveas as & protein. 3

Coggeshall- (1), 3 years later, gives an sccount of
preparing an antigen from parasitised red blood cells
obtained from rhnua-'monkoyl. whose red blood cells were 50%
parasitiszed with P. knowlesi. The red blood cells were
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washed free from seérum and preserved by freexing and drying
in S co, amounts. The stored yntigon was rehydrated apd

‘diluted 1:100 in normal saline, which is well beyond the
anticomplementary range., Titration showed the preparation
to be higbly antigenio, |

It was found th‘t serum of patients with z&z&g and

falciperum malaria would fix complement with the monkey

parasi te antigpn'in approximately the same dilutions as
serum from patients with P, Mmowlesi malaria (used in treat-
ment of GCﬂQrIIVPlrﬂliﬂ). _

Sténcnan-ThQaAs and Dulaney (2, 8), in 1940, report
thﬁ use of lj different antigens for the use of complement
fixation tospa‘prapnrod from: (1) infected and (2) normal
monkey blood, (3) infected and (4) normsl human blood,

The monkey antlgoni and normel human antigens were
prepared as desoribed by Coggeshall and Eaton (2, 6). The
former from monkeys infected with P, knowlesi. The infected
hﬁmnn‘antispnl were obtained from patients undergoing
induced malarial therapy who had received mosquito inocue
lations of P, vivez or blood inoculations of P, malarise.
They were prepared from purasites collected by centrifu-
gation after laking heavily paruyztisod blood cells, This
paraaite nass was dried in vacuo, and ground. When ready
for use, 0.1 gram was rehydrated with 10 cc. saline, frosen,
thawed, ocentrifuged, and the supernatant used as antigen,
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Ninety<seven individuals were tested with the }

entigens, This number included 62 patients with established
malaria and 35 normsls. Fifty of the 62 patlents were
receiving malaria therapy for paresis., Twelve had naturally
@oquired malaria, Specimens of blood were drawn at
intervals during the course of the disease, The results

of this study are as followa:

1., The antigens prspared from blood of injected
monkeys and human individuals ylelded similay
results,

2. A small percentage of sera yielded positive
results with normal antigens.

3. Of the 50 patients with induced mslaria, -only
3, (68%) showed a positive complement fixatlon
reaction,

lj» Of the 35 normal controls regarded as uninfected
with malaria, 30 (87.5%) were negative.

The authors conclude that:

1. A positive Wassermann does not interfere with
the complement fixatlion test using a malaria
antigen, since 25 of the 35 controls gave a
positive Wassermann reaction,

2. Antigens prepared from human dblood aere just as
satisfactory for complement fixations as those

prepared from monkey blood,
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35« The source of the malarial antigen is still
debatable, It may not be the malaria parasite

‘itself, but posalbly the stroma of the para-
sitized red blood cell, |

Latorhin-tﬁn same year, Dulaney and Stretmen-

Thomas (l) repors further studies with various antigens
prepared from the blood of infected monkeys and hiuman heings.

In all cases the parasite count and stage of develop-

ment of the malarial plasmodia were followed, and blood for
antigen was obtelned at a time when the groeatest yiold~a|
to number and sise of parasites was assured. In humen
blood the counts renged from 300-500 parasites per 100
white blood cells with approximeately 0.5-0,.7% of red blcod
cells containing pareasites. The monkeys were bled when

the animals were near death, and blood emears showed a
parasitization ranging from 20-40% with a high proportion
of mature malarial parsasites,

The methods of preparation and value of various

antigens tested mey be generalised as follows:

1., 8aline or watery extracts of washed parasitised
human or monkey red blood cells, or of organs
from infected monkeys, Inconsistent results
were obtained with these pv‘parntinnl.

2., Papalin digests of malarial blood clots or parasitoe

masses, These digests gave negative results,
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Parasite masses resaovered from laked cells whioch
were treated with NaOH and then neutralized
with HCl, This method 4id not yield successful
entigene,
Red bdblood cells of parasitized human veings and
monkeys, which wers dried, then rehydrated and
the resulting suspension frosen and thawed,
centrifuged, and the supernate used as antigen,
This was Coggeshall and Eaton's method of
preparing monkey<blood antigens which gave highly
specific reactions in monkey and humen malaris,
Parasites from human and monlktey bloods whish
were treated ln the seme manner as the red dlood

cells in 4.

The authors sntate that the antigsn of higheat

specificity and sensitivity was that prepared from malarial

parasltes from humen or monkkey hosts,

Their method of harvesting the parasites 1is as

follows:
1.

2,

3

Collect blood (luman or monkey) in physi-
ological saline solution containing
sodium oitrate,

As soon ag possible coatrttngo; remove plasma
and wash the red cells two or three times
with sterile saline solution,

Lake the red cells with cold distilled water.
Distilled water has been found to be the
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best reagent. for preserving the integrity
of the parasite, Colleat the parasites dy-
sentrifugation. The parasites will be
thrown to the bottom or the tube in a
viscous mass and stained smears will reveal
highly intact plasmodia with some red ocell
stroma and a very few white blood cells,

¥Wash the parasite-mass free of hnnoglobln
with water and physiologieal saline solution,

Dry in vesuo. 0Orind; place in sealed tubes,

and “EbF?” T low temperature,

When ready for use, grind 0,1 gram cf dried
antigen in a mortar with saline solution
antil 10 a1, have been nsed, Preezo and
thaw four times with a dry Lse~alcohol
mizture,

Centri and standardize the supernate
by titration with known positive and negative
malerial sera, and test for anticomplementary
properties, We have made a practics of
pooling pnrulito- from several sources s0
that one atandardization will safriese, In
the case of monkey parasites the antigen
has most of'ten been used af r dlluPion of
the supernate 1:2 and in doses of 0,1-0,2 ml,
Thus, 0,1 gram of the dried parasites will.
gro:o sufficient for approximately 90-100
oBta,

They found the Ary antigen to be sultable for use

after storage of 6 months. The rehydrated antigen, when

kept in the icebox for several weeks, did not lose its

potency.

The authors performed complement fixation tests on

a large number of sera from patients with induced and

natural malaria, with sera giving positive and negative

Wassermenn reactions, and with gere of individuals pre-
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sumably free of malaria whose Wassermann reasctions were

unknown, Four hundred and fortyetwo sera were tested tron,'

217 individuals, One hundred and sixty (53%) of the. 308

sera from 83 malarial patients gave a positive reaction,

30;. of thgso sera were obtained early in the course of the

disease before parasites were demonstrated in blood smears,

others after quinine-therapy had been instituted. In the

control group of 134, only 7 (5%) gave a positive reaction.

These were weak reactioQ., never over l-plus, Thus a

striking difference 1s gpparont between the two groups,

Complement fixation with malaria antigen has significance.

These workers offer further substantial evidence to

Kingsbury'’s belief that both the complement-fixing anti-

| bodi and the malarial antigen are group rather than species-
apqoitio. The sera of nine patienta inoculated with one

of 3 types of malarial parasites (P. knowlesi, P. vivax,

or P, malariae) were tested with each of the 3 antigens

prepared from the same types of parasites, The authors

found that any one of the antigens was sultable for

detec ting eomplement-fixing antibodies, They regard the

2. knowlesl antigen as the best for practical reasons.

This antigon has proved to give as strong, if not stronger,

reactions in comparative complement fixation tests ueing

the human malarial parasite antigens,
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In the series of patients studied, the authors did
not find syphtilis to influence the reaction with their
malarial parasite anpigon. In the group whoase Wunlornnnh
reactiona were known, they did not at any time obtain a
higher percentsage of non-specific reactions with Wasscrmann
positive than with Wassermann negutive sera, They were,
however, relucstant to draw any conclusions regarding the
rmeoh debated question as to whether or not malaria provokes
a non=gpecific Wassermann reaction, They did show that
Wassermann patients who acquire malaria may give & negative
Wassermann reaction at a time when they have developed a
strongly positive reaction for the malarial antigens,
Purthermore, it was observed that Wassermarn negative
patients may give a negative Wassermann reaction and a
4eplus complement fixation for malaria at a time when
malarial parasites are easily demonstrated in blood emears,

Dulaney and Morrison (3), in 194k, report on the
preparation and properties of various axtigens from P,
knowlesl,

The following types of parasite produots are cited:

1, Saline extracts of dried parasites.

2, Phosphate buffer extracts of wet and dried

parasites,
3. Barbliturate buffer extracts of wet and dried

parasites,
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i Solutions of parasites obtained by treatment
with barbdbiturate buffer and NaOH,
S+ NaOH solutions of parasitea,

_ The preparation of saline extractas as descrided
previously (Dulaney and Stratman<Thomas, 1940) was not
altered, It was found that one freesing and thawing re-
_leased into the extract only a part of the antigenie
material. When the reasidue obtained by centrifugation was
taken up in the original volume of saline (10 oc, per 0.l
gram of dried parasites) and sgain froszen and thawed four
times, the resulting supernate had one-fourth to one=half
the antigenie activity of the first, They state that third
and fourth extracts may be as active as the setond, The
first extract was a deep amber color, clear and aparklingj
the others almost colorlo-s; With 4 suocessive extractions
a calculatsd total of 1200-1600 antigenis units was obtalned
from 0.1 gram of dried parasites, With the average yleld
of 0.5 gram of parasites per monkey it is evident that
6000-8006Aun1t- of antigen may be obtained from one animsal,
It is stated that the parasite yleld has reached 0,8-1,0 gram
in large and heavily parasitised monkeys,

Antigens have been prepared by treating wet or aried
perasites with M/10 phosphate buffer of pH 7.8-8,0, Theae

antigens were 6<8 times more active than the saline extracts.
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These authors attempt to compare the relative

activity and nitrogen content of wvarious phosphate extracts
with these of ssline, They proceeded as follows:

Two 0.1 gram samples of dried parasites wero‘cach
ground with 10 ee, of phosphate buffer and labeled (a) and
(b)e A third sample was ground with 10 ce, of 0,9 per cent
NeCl (o), Preparation (a)'was frogen and thawed four times,
centrifuged, and the c¢lear brown supernate roﬁovod and
designated P=PTe-l., The residue was mixed with 10.cec., of
phosphate buffer and the freesing and -thawing process
repsated, Supsrnates P-FT=2, P-FTe3, and PuP?Pl, obtained
in like manner, wsre practieally eolorless.

Preparation (b) was allowed to stand at room
temperature with frequent stirrings for 1l hour, Centrifu.
gation yielded a desp drown opslescent supernate which was |
designated PeRel, The residue was taken up in 10 cc, of
buffer and stirred at intervals during a second extraction
pofioq of an hourj the pale amber opalescent supernate
was designated P«R-2, Third and fourth extractions ylelded.
faintly colored P-Re3 and PeR-lj preparations. The residue
from the fourth extrasction waa taken up {n 10 ecc. of buffer
and left in the refrigerator over night. This was cen-
trifuged and the supernate designated P-R.%,

Preparation (¢) was frosen end thawed as was (a),

using 10 oc, emounts of 0,9 per cent NaCl and S-FT.l,
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SeFT=2, S8-FT=3, and 8-FT-l} extracts obtained,

The relative antigenic activity was determined by
titration with a strongly "positive™ malaria serum diluted
1:2¢. A known negative serum and anticomplementary
controls were included, all of which gave negative teats,
A ocaleulated total of 9600 antigenic units was obtained by L
phosphate buffer extractions at room temperature, 7200
units by 4 freezings end thawinga in phosphate, and 11,00
units by 4} freesings and thawings in saline,

Pive cc, samples of each of the 13 preparations were
used for total nitrogen determinations. The total nitrogen
determinations indicated that the first axtracts by any
method contain more nonantigenic material than subsequent
extracts, This finding is in acoord with the larger
amounts of pigment in the firast extracts, The first
extracts contained, also, larger amounts of material, pree-
sumably protein, which may be flooculated by heating under
conditions which do not inactivate the ‘antigen.

Other extracts were prepared by treating fresh or
dried parasites with N/10 barbiturate buffer (pH 8.5) at
room or refrigerator temperature for varying time periods,
Either method yielded active preparations containing 320
to 640 units per cc. Repeated extractions recovered

' addi tional antigen,
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A highly active antigen was prepared by extracting
the wet parasites cbtained from one monkey first with
200 cci of barbiturate buffer and then with S0 se, The
'oaubinod extracts were dislysed against distilled water to
remove salts, and subsequently conoentrated in a semi-
permeable membrane at 5°C, ¢o 4O oc. Centrifugetion
yielded a supernate of 1280 unita per oo, '

Fresh parasites were treated with dbarbiturate buffer,
pR 8,5, at room temperature for one hour, Ten per cent
NaOH was added drop by drop, with gantle agitation until
the parasites dlssolved, A dark brown solution was
obtained which was dlalysed sgainst ¥/10 barbiturate buffer
(pH 8,5) for 3 days at 5?0. Soms pigment precipitated
Quring dialysis. After contrltugattoi the supernate was
 tested for antigeniec content and found to contain 800 units
per oc,

Fresh paraaites were disaclved in 0,096 N NaOH, The
‘aolutionn were then adjusted to pH 7.0 with dilute HC1
which preciplitated mosat of thb pigment and perhaps some
other materials. The opalescent pale brown supernate was
then concentrated in a aemipermeable membrane at 5°0. to
approximately 2% per cent of the original volume, a process
requiring avout 3 days. While antigenis, this preparation
was not satisfactory bacause of its anticomplementary

properties,
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The authors enumerate various properties of the
' kmowlesi antigens:
‘ 1. The antigenic material is of the nature of a
prot$1n611pzd complex, They have found that lipids
extracted from wet or dried parasites are not antigenicg
furthermore, barbiturate buffer extracts of lipidefree,
dried parasites are insctive, ZREther Ctreatment of dried
parasites, preliminary to saline extraction by freesing and
thawing, reduces greatly or destroys the antigenic proporé&on
(Dulaney, Stratmen-Thomas, and Warr, 1942). If wet para-
aites are first extracted with acetone containing 1 per cent
HC1l by volunn.Ath; residue does not yield antigen by any of
the methoda which are otherwise produdtive. No evidence of
a carbohydrate in filtrates of hydrolysed parasite preparae-
tions has yet been demonstrated through use of copper
reduction methods, but a cardbohydrate factor has not been
entirely oiiminated‘

2. The antigenic propertlies of saline, phosphate,
or darbiturate bdbuffer extracts are not destroyed by heating
in a wator bath at $6°C. for 30 minutes, 75°C, for 15 %o 30
minutes, end 100°C, for 5 to 15 minutes, Heating at $6°O.
for 30 minutes does not affect the antigen as shown by
comparison with unheated samples, but exposure to the
‘ higher temperatures reduces the activity by two to three
dilutions, Heating produces floecculation of pigmented
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material to an extent roughly proportioned to the temper-
atures and times to whiech the pr;par-tion is oxposed and
lubloqﬁont contrifugation ylelds an opulounont supernate
with amorphous brown deposit. They find that supernates
from extracts heated at the higher temperatures are
practically colorless, Howaver, supernates from prepara-
tions containing large amounts of pigment are sometimes
found to be inactive after heating at T5° to 1009C, which
suggests that the antigen 1s sdsorded on the flocoulated
pigaent and removed with centrifugation. They olaim that
neither heated nor unheated antigens are stable indefinitely,

3« The pigment may be materially reduced by freeszing
or by drying phosphate buffer extracts. Freesing wiil
flocgoulate moat'of'tho pigment in phosphate buffer extracts
with the ;xeopblon of the first highly colored propapatlon.
Drying of pﬁoiphato buffer extracts by means of a vaocuum
pump and roﬂydrntion by 0.9 per cent NaCl and centrifugation
yield almost colorless antigens. They find these pre-
parations to be almost as active, in some cases as active,
as the original extracts. It now appears that dehydration
of phosphate dbuffer extracts of wet or'arlod parasites may
offer a highly efficient method of storing malaris antigen.

ke The melaria antigen does not dialyse when left
in sonipbrmoablo membranes suspended in 0.9 per cent NaCl

or water at 50C,



Materials and iethods

Dusks

Adult ducks of the white Pekin variety were used in
all the experiments. An average of 90 ce. of blood was
obtained from each bird, |
Malpria Parasites and Dosage

The malaris parasite is a strain designated 12A Dby
the Committee on Terminology of Strains of Avian Malaria of
the Ameriocan Soclety of Parasitologlsts., It was supplied
by Dr. Re I. Hewitt of this University.

Parasitiszsed blood was drawn from the donor bird on
the dey of, or day preceding, the peak of parasitemia and
diluted with an equal volume of 2% sodium eitrate in
physiological saline, In all the experiments the birds were
inooculated with 8-10 ec, of dlood convlining-lyé billion
parasites per co. The parasitised blood was always injected
into the leg vein with a #23 gauge needle,

Parasite Counts

Blood smears were made on the fourth and fifth day
subsequent to inoculatlion, and every &qy thereafter unti}
_the parasite count was 100% or greater, These smears were
stalned with a Wright-Glemsa combination stain, The mumber
of parasites per 500 red blood cells was calculated, We
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very rarely had occasion to bleed birds whose paraslte

count was below 100%.

Withdrawals

Blood was withdrawn directly from the heart with an

#18 gauge needle and 20 cc. syringe.

Procedures fpr Complement Fixation Test

All complement fixation tests were performed by
elther one of 2 procedures,

A. The Kolmer~Wassermann technic consists of a 2-
tube qualitative test in which 1/5 amounts of sll reagents
are used.®* This is done in order to conserve antigen and
to permit more teats with the same sample of serum, The
serum is diluted 1:2} by adding 0.45 cc. of saline to 0.3 coc.
of serum. One=-tenth cc, of the diluted serum is combined
with 0,1 cc, of ant).gon and 0,2 cc, of complement repre-
senting 1/5 of the full 2 unit dose. The complement and
hemolysin (amboceptor) have already been titrated before
the somplement fixation tests are set up. Controls of all
reagents are included, After overnight incubation in the
refrigerator end 10 minutes at 379C., 0.1l oc. of a 2%

# This is the micro Kolmer test with minor modificae~

tions, (Kolmori Jo A.i Toohnic of Kolmer Complement tlxnt!.oix"'.::'
is o %

teats for syphi ying 1/5 amounts of reagents. Am,
d. Clin, Path, 12!109‘115, 19M
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iusponcion of sheep cells and 0,1 cc, hhnolylln (sarrying
‘1/5 of 2 units) are addod; and readings made after
further incubation for 30 minutes at %7°C, Kahn tubes are
used for these tests. Readings of negative or strongly
ﬁositivo reactions are easy, Intermediate reactions may
be checked by centrifugation end by comperlison with
standards,

| B. tho procedure recommended by the Army Medical
' Scﬁood for use at Kennedy Genersl Hospltal was alao
- employed for testing various sera. This included titration
of complemsnt and hemolysin as recommended by Maltner,
Mal tner and Wadsworth (S8tandard Methods, N, Y. State
Laboratory), namely, the determination of the 50%
hemolytic dose of complement hy a ¢olorimetric method and
use of the optimal ambooceptor unit., The test proper
oconsisted of combining 0.1 ce, of serum, 0.2 cc, of antigen,
0.1 co. saline, and 0,2 ce, of complement containing four
504 units, Antigen controls contafning 2 doses of antigen
and complement deterioration controls were included,
A;tor overnight incubation at refrigerator temperature,
Ot cc. of sensitized sheep red blood cells were added and
readings made after a second incubation qulod of 30 minutes

at 5700 'Y
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Method of Antigen Titration

The dose 0f antigen to use in complement fixation
tests has to be determined with known positive and negative
sera, The stock antigen is diluted in serial fashion and
0.1 occ, amounts combined with 0.1 co, of serum (1l:2§) and
0.2 cc. of complement that has already been titrated,
After overnight incubation in the refrigerator and 10
minutes at 37°C. on the following morning, O,1 cc, of a
2% sheep cell suspension and 0,1 coc. hemolysin (earrying
1/5 of 2 unita) are added, and readings made after further
incubation for 30 minutes at 37°C. The 0.1 cc, antigen
of the highest dilution of antigen giviné a lj=plus re-
action with the positive serum is arbitrarily oalled the
unit., BSuch a-dilution must, of course, give no reaction
with the negative serum or with the anticomplemantlry‘
controlas. The antigen dose rdr testa hni consisted of
2-l; units,

Experimental

Ten experiments have been performed for the purpose
of extracting P, lophurae parasite material which might
serve as antigen in the complement fixation for malaria

with human sera.
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ggorimoni ] -~ Attempts to ssparate the malaria parasites
Lrom the muclei of the red blood gells of dusks,

Our first experiments dealt with the problem of
aeparating the parssites from the red blood cell nuclei
on the baals of differences in specific gmvity,

Une hundred and sixty co, of heavily parasitized
blood wes obtained fram 2 adult ducks., After pooling,
the blood was defibrinated by sheking it in a flask of
glass beads. The cells were packed Dy centrifugation and .
the plasma removed by suotion. The packed cells wore
washed two times with 0,85% saline and laked by treatment
with 10 volumes of distilled water for 30 minutes at room
temperature. REzoess hemoglobin was removed by two washings
with distilled water. Ve observed that the cells would
olump together in a gele=like mass the more they were washed
with distilled water., The laked cells were divided into
3 equal portions labeled A, B, and C.:

A, BSaturated suorose solution wsa added to leked
cells to give a series of dllutions ranging from lili to
110.4e The trial volume was 10 oc. The control tube
contained 10 oo, of laked cells. ‘the cellesusrose mix-
tures wore stirred thoroughly end csntrifuged at 3000 rpm
for one houy, It was observed that there was no distinet
layering of the sediment, However, we found that the
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topmost portion was a shade darker than that nearer the

bottom. Smears were made of both portions of the sediment
and stained with a combination Wright-Giemsa stain,
Studies of these smears revealed the nuclei-parasite ratio
in the top portion to be approximately 1:2, whereas, that
in the bottom portion was 1l:)l. It was found, however,
that this difference in nuclei-parasite ratio of the 2
portions was not due to the separation of parasite from
the oell stroms and huclol, but was merely a result of
indistinct layering of parasitigsed red blood cells over
the none-parasitized ones, Only a comparatively few
parasites were free from the webelike stroma surrounding
the cell nuclei,

B, Laked parasitigzed cells were agitated with a
mechanical stirrer after the same amounts of sucrose
solution as glven above had been added, Constant stirring
for 1 hour followed by high sgpeed centrifugation (3,000 rpm)
for 1 hour failed to produce a distinct layering of the
sediment. There was no increase in parasite-nuclei ratio
by smear examination,

C. The procedure followed in (B) was repeated
with the exception that the cell-suorose mixtures were
shaken vigoroualy by hand in flasks cdntaining beads for
1 hour before high speed centrifugation iaa ocarried out.
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This modification of the above procedure failed to improve
the layering of sediment or parasite-nmuclei ratio.

From these results, we are of the opinion that high
speed sentrifugation of laked parasitised cells in sucrose
will not eseparate the parasites from the cell nuclel on the
hasis of differences in specific gravity., Clumping of the
laked cells offers one explanation of the fallure to

obtain parasite-nuclei separation,

Experiment 2 -- Attempts to dissolve red blood gcell nucleli
with molar NaCl. |

After resliping the diffioculties involved in
separating the parasites from the red blood cell nuclei,
we considered the possibility of dissolving the cell nucleus
with X NaCl and at the same time leaving the parasite
intact, In our first approach to this problem, we under-
took to dissolve the niuclear material of the normal, un-
parasitized duck red blood cella.

Twenty ec. of normal dusk blood were collected in
95 oc. Of cltrated saline, centrifuged, and washed once with
0.9% saline. Approximately 5 ec, of packed cells were
obtained which were laked in 100 cc, of 0,05% buffered
saponin solution for 15 minutes at room temperature, The
lsked oells were centrifuged and washed twice in 0.85%

saline, It was noted that the nuolear material swelled,
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became viscous, and adhered together in a greyewhite,
gelatinous mass when washed with 0.85% saline, The celly
were then poured slowly into 500 cc, of M NaCl while
stirring with a mechanical stirrer. This mechanical
agitation continued for 1l hour. At the end of that time
the undissolved material which remsined was centrifuged
and treated for another hour in 300 cc, of M NaCl,

After a third similar treatment practically all the nuclei
had dissolved, \

This prooodureAwas repeated using parasitiged duck
red blood ocells,

Three 8 weeks 0ld white Pekin ducks with a parasitemia
slightly more than 100% were exsanguinated, The blood was
collected in 1/5 volume of citrated saline, centrifuged,
and washed in 0,85% saline, Ten volumes of 0.05% saponin
solution were added to the washed cells as the mixture
was being agitated with a mechanical stirrer, At the end
of 30 minutes the laked cells wore centrifuged and the
residue of nuclei«parasites was poured .into 20-30 volumes
of M NaCl while stirring with a mechanical stirrer, This
agitation lasted 1 hour, and the undissolved material
which remained after centrifugation was treated again,
Smear examlnation of the residue after the first trestment
with M NaCl showed neither formed parasites nor nuclei,

There were only numerous strands snd amorphous olumps of



Lo

“lavender-and blue-stalning material, Microscopic examinae
tion of the sediment after the second treatment with M KRaCl
showed essentially the same thing, The clumps were
generally smaller in size, The sediment after the second
treatment with M NaCl was grossly reduced, After the
third treatment with NaCl the sediment was negligidble in
amount and miiro.oopically revealed only small strands and
clumps of the same lavender-and blue-staining material
seen formerly.

We concluded that M NaCl not only dissolves the
nucleus of the red dblood cells, buﬁ also disintergrates,
and possibly dissolves, the malaria parasite as well, This
was borne out first by the fact that the smear examination
of the sediment after the first treatment with M NaCl
showed only smorphous clumps and strands of blueestalning
nuoleur material and lavenderestaining cell stroma and
parasite material. Secondly, the sediment was grossly

reduced in amount after each treatment with M NaCl,

Experiment 3 -- Attempts to demonstrate an slecohol-ether

soluble fraction of the P. lophurae parasite.

In this experimant we attempted to (1) prepare a
1ipid extract of the malaria paraeite and (2) to determine
if such treatment removed all activity from the residue.
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Proocedure

An edult duck exhibiting a 95% parasitemie was bled
yielding 90 co, of blood, This was defibrinated and the
cells packed by centrifugation, After removing the plaana,
we washed the packed cells two times with physiologiocal
seline. ‘The washed celle were laked by treating with
distilled water for 1 hour, and the parasites collected by
centrifugation. After laking, the nuclel-parasite sediment
was washed two times with physiologioal saline. Ve
observed that the more the cells were washed with saline,
the more viscous and gelatinous they became. In spite of
the fact that each succeeding saline washing was definitely
paler than the previous one, the red color of the nueolel.
parasite mass remained abdut the same. 8ince we have
noted thni parasitised red blood cells when treated with
either distilled water or physiological saline fom a
viscous gel-like masms, we were led to believe that the
hemoglobin remsining behind after laking and washing
red blood cells could either be within the red blood cell
envelope or in the freed state but held within the gel-
atinous muoclei-parasite masa, Irrespective of the state
in which the hemoglodbin existed, it could not dbe com-
pletely removed from the nuclel-parasites. Ten volumes of
freshly made alcohol-ether solution (3 parts 95§ alcohol
to 1 part ether) were added to the muclei-parasite mass,
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The mixture was shaken frequently for 1j hours during
refrigerator storage, and then allowed to remain in the
doebox overnight,

On the following morning the material was centrifuged
and the supernatant decanted -into a petri plate which was
left at room temperature until ovuporltxén had occurred,
It was then stored in the refrigerator until ready for
use, at which time approximately 10 volumes of physi-
ologlesl saline were added to the dried, pale red residue,
The parasite suapension was shaken frequently during 1 hour
incubetion at room temperaturs. The mixture was then
eontrifuged nnh the almost clear supernatant marked as
antigen 1, 7The sediment which remained was insignificant
in exmount,

To the residue from which the 1ipid extract had
been made was. added 10 volumes of physiologliocal saline,
After thoroughly shaking and mixing, it was frogen and
thawed six times with a dry Loe-alcohol mixture, Centrie
fugation ylelded an almoat clear supernatant which was
designated antigen 2,

These antigens were titrated with known positive
and negative malarious sera diluted l:24. The P, knowlesl

antigen served as a control.
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SHOWING THE RELATIVE ACTIVITY OF EXTRACTS
OF P, LOPHURAE PARASITES
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Sera Yo
Antigena Malaria Malaria Serum
Lo a0 #1
co -gther extract p U3 -— .
(1:12)
Lophurae #2
EaE‘ ine extract of résidue - — -
(1:2)
-~ ‘ —

allne extract - e - .

(1:2)
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Antigen 1 proved faintly active, while antigen 2
failed to fix complement with known positive malarious
serum, The 2, knowlesi antigen gave a L=plus resction
with the same positive serum, Neither of the P, lophurae
preparations gave poaltive reactions with either the
antigen or the serum controls,
~ We oonclude that alcohol-ether treatment of wet
parasites, preliminary to saline extraction by freezing
and thawing, reduces greatly or destroys the antigenio
properties of the extract, FPurthermore, the alecohol-

ether extracts are not satlisfactory antigens,

Experiment 4 -- The use of buffered saponin and its yalue
8s a hemolytic agent in the preparation of _l:. loghurao

_nntlﬁona.
The hemolytie properties of saponin are well known,

We therefore decided to use this reagent in an attempt
to sompletely lake parasitiszed red blood cells of dAucks
sincs it had been found that water alone did not produce

complete hemolysis.

Procedure |
. Two heavily pa.x"acitizodl adult ducks were bled by
heart puncture, The blood was defibrinated by shsking in
a flask containing glnu beads. 'fho cells were packed by
centrifugation and washed two times with physiologiocal
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saline, The washed red blood cells were divided into 2
portions désignated 1 and 2. , |

The cells labeled 1 were laked by treatment with
0;051 buffered ssponin solution (0.05% gram powdered
ssponin per 100 co. buffered phosphate of pH 7.3) for L5
minutes, after vhich;thpj were centrifuged and washed
four times with physiologiosl saline. The same vicboul
gol-like mass resulted as previously desoribed,

The oylla lebeled 2 v;ro laked by treating with
distilled water for 45 ninﬂton. The preparation was then
centrifuged and the gol-like maass washed as desoribed
for lot 1,

When the laked ¢sll washings of 1 and 2 were
compared as to ¢olor intenasity, it was evident that the
washings of the saponinelaked cells were darker red than
the, washings of the cells laked with distilled water,
Furthermore, the laked cell mass designated 1 was a shade
paler than that labeled 2, This observation indicates
that the 0,05€ buffered saponin solution lakoi red blood
oe8lls more thqroushly than distilled water,

Smear exnnineﬁion of both laked samples showed the
parasites in esck to be intact despite alterations in

‘morphology. The pigment was not dispersed, but arrenged in

the same pattern as in qntroatod parasites.



COMPARISON OF THE ACTIVITY OF SALINE EXTRACTS OF
PARASITIZED CELLS LAKED WITH S8APONIN AND WITH WATER

“PABLE I1

i S R : e

Antigen (1:2)
Method of

Saline extracts -
of parasitised

cells laked in

0.05% dburfered

saponin !

distllled water

e

faline extracts 2¢

Pf paraaitizeq
pells laked in

Sera (1:24) '
5 Gl No Serwm

\ | i ,
' Knowlesi Saline extracts 'Y
watson oo
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Since both llnploa wore quite golatinous in con-
llatonoy, they were divided numerous times with applisator
sitoks and‘rrospn and thawed six times 1n 10 volumes of
physiological saline, Ve thqniplacod the 2 samples in the
icebox overnight., On the following morning they were
contritugcd and the dark red supernates labeled antigens
1 and 2, '
' TAtrations were carried out on these 2 antigens
with the P, knowlesi antigen control. ‘Knovn-poaitlvo
.and negative malarious sera were used, ' ¢ | '
Table II shows antigen 2 to have slight angigonic
activity, while antigen 1 is inactive, XNeither preparation
was anticomplementary, ‘The P, knowlesi antigen gave a
L+plus reaction in a 1:2 dilution which reproaonfod the
dilution'routinoly employed for test,
: We conclude that 0.05% ssponin hemolysed red blood
cells more completely than distilled water; however, the
concentration of saponin necessary for red blood cell
hemolysis modifies the antigenic activity. This finding
,is substantiated by similar experiments on the P, knowlesi
entigen in thls laboratory..
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Experiment § -- The use of barbiturate buffer as an /
extracting reagent with and without water bath ingubation

of parasitized red blood cells.
In this experiment we used darbiturate buffer as an

extracting reagent. Since it was belleved that water-
bath incubation might increase the fragility of the red
blood oells, we extracted parasites with and without
coincident water-bath incubation,

Procedure
Three adult ducks with a 100% parasitemia were

exsanguinated, The blood was citrated and pooled. The
cells were packed by centrifugation at 2,000 rpm for
‘50 minutes, and the plasms removed, The packed cells
were divided equally as to volume into l parts, from which
5 @ifferent extracts were to be made, and then each part
was washed two times with 20 volumes of physiological
saline. The 4 lotslor colls were treated as follows:

1., The washed cells were laked by addition of
20 volumes of distilled water. After incubation at room
temperature for L5 minutes, they were centrifuged and
washed two times with 10 volumes of physiological saline
in an attempt to remove any excess hemoglobin from the
laked vells, Ten volumes of barbiturste buffer were then
added to the cells, after which they were stored in the



L9
refrigerator for L8 hours with frequent shaking during the

time., After LB hours, the mixture was centrifuged and a
dark red supernatant was separated which was labeled B.W,
This preparation gserved as a control for other barbiturate
butfor‘propnrntiona made from parasites subjected to water-
bath lnoubation,

‘ 2, Lot II of the washed, packed gells was incubated
overnight at 379%C. in the water<bath, after which they were
laked by treatment with 20 volumes of distilled water for
45 minutes. The mixture was centrifuged and the deep red
supernate removed, Ten volumes of phyniologlcql saline
were added to the laked cells, After mixing thoroughly,
the suspension was centrifuged and the red supernatant
decanted. This saline washing was repeated again in an
attempt to wash the cells free of hemoglobin. To the
sediment of laked cells was added 10 volumes of barbiturate
buffer, after which they remeined in the refrigerator with
frequent shaking for LB hours. At the end of this period
the mixture was centrifuged, and a dark red supernate was
obtained and labeled BeW.l,

3. The washed cells (Lot 3) were incubated ovbrﬁight
at 37°C. in 10 volumes of distilled water. On the following
morning the cells were packed by contrirngnéion and the deep
red supernatant removed, This supernatant appeared darker

than any yet seen as a result of laking with distilled water.
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The laked cells wore washed two times with physiological
saline as described above. The weshings appeared a shade
paler than those of the 2 preceding portions., 7Ten volumes
of bardlturate bﬁrrer were added tq the laked cells,
Likewise, this remained in the icebox for 48 hours, during
which time it was shaked frequently., The mixture was then
centritugod.and the red supernatant was labeled B«We2 to be
| used as antigen,

L« The washed cells were laked by treatment with
20 volumes of distilled water for 45 minutes, after which
the excess hemoglobin was removed by two washings with 10
volumes of physiologloal saline, The laked cells were then
incubated in the water-bath in 10 volumes of barbituraste
buffer. On the following moraing, the mixture was centri.
fuged and the dark red supernatant odbtained was designated
B-H-3,
' To the residue obtained was added an additional 10
volumes of barbiturate buffer, and this mixture was also
placed in the icebox where it was shaken at intervals
during & 48 hour period. At the end of this time it was
centrifuged and the red supernate marked B-Wel,

Smear examination of each of the cell samples following
overnight incubation showed the parasites to be intact and
there appeared to be little ehange in morphology.
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Ve observed a greater number of laked cells in the samples
that had been subjected to water~dbath ineubation than in
the uninoubated control.

These preparations were tested with known yoiitivo
and negative malarious sera dilutod 1:24. The antigens
were used in dilutions of 0 to 1:32, The 2 highest
dilutions of antigen glving any type of reaction are shown
in Tadble III,

Antigens 1 and 2 gave positive reactions in the lower
dilutions of positive malarious sera. These reactions,
however, are not significant sincs the antigen controls were
anticomplementary in the same dilutions. The other antigens
were either inactive or only so slightly active as to be
insignifriocant, |

We conclude from these results that:

l.. Bearbiturate extracts of wet parasites, though
apparently mor? antigonio‘shan iny tested
previously, are, however, anticomplemen tary
and give felse-positive reactions with pooled
negative sera, ‘

2. Waters<bath inscubation increases the fragillity
of red blood ocells,

3, Water-bath inoubation modifies the antigenio

properties of the malaria parasite.



ACTIVITY OP BARBITVRATE BUPFER EXTRACTS OP
PARASITES TREATED WITH AMD WITHOUT INCUBATION

TABLE III

1326 ¢

N AR (B S e e e e i
s . - ‘Two-Eigheet. Dilutions of
Antigen . . Aatigon giving ¢ Reactions
Medhod of Antigen elMaleria — Malaria
Hame Pnpnuuon Control Serum Serum
_m_o_n Barviturate baffer ik de 114 2¢O o
‘ extract of wet
S parasites 218 & 1:8B1le 12 =
Lophuras #2 Barbiturets buffer Li2 3+ Wik 98 1:2 3e
extract of wet une e hid =] 5
lakked perasitized Ytl 2¢ 2:8 2a Lsfy &
oslls after overe ‘
; alghe incudbation = —— ‘
" Barbiturate tuffer g '
- extracts of wet - - -
- parasites after
overnight incudbae:
tion in Aiastilled
water Q
Lophurae #; Barbiturate. buffer
: oextract of web pare - - -
ssites K£fter over- e
hight incubation in
barditurate buffer
Lophurae Barbiturste buffer - 0 2+ -
Lopharas - extrsot of residue
of M, 132 1s
Enowless Saline extract - 118 % -
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ExEorimantlé =~ Barbiturate buffer and phosphate buffer

compared 85 extracting reagents of the wet P. lophurae

parasites.
In this experiment phosphate buffer was used as

extracting reagent and its efficiency compared to that of
barbiturate buaffer,

Progedure

The bloods of 2 heavily parasitised (135%) adult
ducks was pooled in 1/5 volume of 2% oitrated physio-
logleal saline. The cells were pscked and the plasms
removed. The cells were washed two times with 0.85% saline,
Twenty volumes of distilled water wers added to the washed
sells and the mixture allowed to stand for 45 minutes at
room temperature during the laking process, After washing
two times with 0,85% saline the laked sells were divided
into 2 egual portions designated A and B,

A. The laked cells were treated with 10 volumes of
barbiturate buffer for 1 hour at room temperature during
which time they were frequently shaken,

B, To the other portion of laked cells was added
10 volumes of phosphate buffer, which stood at room temper-
ature for 1 hour with frequent shaking.

The 2 samples were centrifuged and the dsrk red
supernates labeled B«W and PeW, respectively.



TABLE IV

COMPARISON OF BARBITURATE BUFFER EXTRACTS .
AND PHOSPHATE BUFFER EXTRACTS OF WET PARASITES

Two Highest Dilutions of

Antigen Antigen giving & Reactions
Method of Antigen ¢ Malaria - Malaris °
Name Ppeparation Control Serum Serum
BW Barbiturate iy 1s 13l 26 0 3¢
' buffer c:ﬁrinto ,
of wel v * » e
iR A 1;8‘ e 1:8 1+ 1:2
aIEo :
P, W, Phosphate L 2e  L:l 26 0 2e
buffer extracts ,
of wet P, 18 & 1:8 1e 112 -
;ogggfno ;
perasite
Knowlesi Saline extract - 132 3+ o

L1316 2+
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wWhen these antigens wers titrated with known

positive and negative malarious sers, the two fractions
were found to have equal activity, Both were anti-
complementary in low dllutions.,
Prom the results obtained we are of thc opinion
that: T
1, Either barbiturate buffer or phosphate buffer
sorves equally well as an extracting agent of
wet P, lophurse parasites,
2, The wet P, lophurae parasite 1is unsatiui'actory

material from whioh to make antigenio extracts.

Experiment 7 ~~ The use of saline ss an extracting agent
for P, lophurse parasites (M).

It has been al;own by previous experiments that
neither saline, barbiturate buffer, nor phosphate buffer
extracts of wet P, ‘loghurie parasites make satisfactory .
antigens, 8Since it has been found that extracts of dried
Pe knowlesi parasites are more antigenically active than
the same extracts of the wet parasite, we had reason to
believe the same would hold true in case of P, lophurae,
' With this pouibu_lﬁ in mind, it was decided $o make
saline extracts of dried P, lophurae parasites,

The following types of saline extracts of dried

parasites were prepared:
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1, Seline extracts of unlaked dried parasitiszed
cells made by freesing and thawing.

2. Saline extracts of unlaked dried parasitised
oells made at icebox tmeorntnro.

3, Seline extracts of laked dried parssitigzed
¢ells made by freesing and thawing,

4o Saline extracts of laked dried parasitised

cells made at icedbox tsmperature,

Procedure

Two. adult ducks with & paialitomit of 120X were
bled directly from the heart, The eitrated bloods were
pooled and éontritugod for 30 minutes at 2000 rpm. The
plasna was removed and the pecked cella were divided
into 2 equal lots labaled A and B,

The unwashed cells of lot A were poured into a
petri plete, spread into a thin layer, and dried in vacuo
for 8 hours,

The packed eells (Lot B) were washed two times with
10 volumes of physiological saline as usual, They were
then laked with 20 volumes of distilled water, At the
end of 1 hour the laked cells were freed of excess hemoe
globin by 2 washings with 0,85% saline, The oells, viscous
as usuel, were poured into a petri plate, ap?ond into a

thin layer, and dried in vacuo along with lot A,
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Smear examinations of the parasites taken from either
lot after the drying and rehydrating process showed them to
oclosely resemble those made of parasites prior to drying.

The dried cells of both samples were ground to a
fine powder in an agate mortaer and plaeced in a dessisator
until ready for use; Lot A was of a darker red color than
lot B, From each lot were taken two 0.5 grem portions
marked A 1, A 2, B l, and B 2,

A l, -~ Ten'cc, of 0.85% saline were slowly added t
0.5 grem of dried unlaked c¢ells while the. parasite material
was ground in an agate mortar. The material was frogen
and thawed six times and then centrifuged at high speed,

The dark red supernate was dpehnted and labeled UlLeD-FT-8<1,

To the sediment was added an additional 10 oc, of
0,858 saline. This was thoroughly mixed and placed in
the icebox for 48 houra. Centrifugation revealed a red
supernate which was labeled ULeD-FT-8<2,

A 2, ~=- The second portion of dried unlaked cells
was processed in a similar way as the first except the
extracts were made at ipebox temperature for a period of
30 minutes, centeifuged, and the dark red supernate used
as antigen UL.DeIT-S8-1,

The sediment was extracted for 48 houra with 10 ce.
0,85€ saline at refrigerator temperature. The red supernate
was labeled UL.D«IT-8.2,



58

Bl and B2 <= The same procedurs carried out for
portions A 1 and A 2 was pepeated with the 2 0.5 gram
portions of dried cells that had been previously laked,
Four additional extracts were obtalned; vis., LeDaPT«8-1,
LeDeFTe8e2, LaDeIT-8«1, and L-D=IT-5-2, All of these
extracts were definitely less red thnn‘thoae‘proptrod froa
dried unlaked cells.

These antigen titrations are of great interest in
that they show none of the extracts to be anticomplementary.
It is also apparent from Table V that muoch sn tigenic ma-
terial 4s left in the residue following the first extraction
with saline, One will note that the antigenic activily
has been increased throughout the entire series of antigens
tested in this experiment. The drying process can be the
only explanation for this general increase in sensitivity.

From the results in Table V we conclude that:

1. 8Saline extracts made from dried parasites are
definitely more antigenic than ere those made
from wet parasites,

2, Drying either the laked or the unlaked para-~
sitized odell apperently modifies the nuclel-
parasite material in such a way 8o as to
eliminate the anticomplementary fraction,

3. Laking cells prior to 4rying ia recormended not
only for the purpose of eliminating much of the
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TABLE V

SHOWING THE AGTIVITY OF SALINE EXTRACTS
OF DRIED P, LOPHURAE PARASITES

Two Highest Dilutions of

Antigen Antigen giving ¢ Reactions
Method of | Antigen + Malaria — Malaria
Name Preparation ~ Control Serum Serum

UL-D-PT-8-1 First saline ex- - il 3e -

tract of dried

unlaked cells 1:8 1e

after freesing

and thawing
UL-DeFT-B~2 Second Saline - 1l b o

extract

118 e

ULeDeIT-8-1 First saline ex- - 1ty 3e -

tract of dried

unlaked cells 1:8 2+

at laebox

temperature
ULeD=IT«8-2 8Second saline B iy 2+ =

extract ;

1:8 1o

LeD+PT=8«1 PFirst saline ex~ - 1:8 3o . -

tract of dried

laked cells after 1:16 2+

freesing and
thawing




TABLE V (Cont'd)

SHOWING THE ACTIVITY OF SALINE EXTRACTS
OF DRIED P, LOPHURAE PARASITES

s Sl e e - — -

Two Bighest Dilutions of

Antigen Antigen giving s Reacticns
Method of Antigen sMalaria - Malaria
Neme Preparation Control Serum Serum
LeD=FTele2 Second Saline - 1tk Le -
extract -
1:8 2¢
LeDelTe8<l First saline ex- - 118 k¢ -
tract of Adried
laked cells at 1:16 le
icebox temper- .
ature
LeDeIT=8-2 Becond saline - 1tk 3 -
extract ‘
1:8 2¢
Knowlesi Saline extract - 1316 Lo -

1:32 3¢
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hemoglobin from the extrset, but also because
the senaitivity 1is :.ncnuod{

e Fressing snd thawing roleases at times only
8lightly more antigenically active rmaterial
and at other times less than that obtained by
sinple extraction, '

5« Preesing end thawing, though a recommended
prosedurs in the preparation of the B, knowlesi
antigen, is not a practical and worthwhile
progedure in the propn:;atxon of P, lophurae
extracts, It is our opinion that the viscous
nuclea® substance serves as insuleting material
for the parasite i.n such a way that the latter
exhibits an even more remarkable resistance to
disruption by the freesing snd thawing process
than does the freed P, knowlesi paresite.

Experiment § -- Ihe effect of NaBCOy-JO) trestment of dried
2, lophurae paresites.

.Xt has been shown in the preseeding expsriments
and by other workers (3) that either a barditurate buffer
or a phosphate buffer extract is more sotive than s saline
extract of malarie parasite material, Ve have reasons
to bolieve that this fact cen de explained merely on the
besis of a difference in pi of the sxtracting reagents,



62
With this possidbility in mind, we attempted to make an
extract of the dried P. lophurae with an alkaline solution
of M HaHCOz and to subsequently neutralige the mixture
with N HC1,

Procedure

One heevily parssitised (110%) edult duck was
exsanguinated. 7To the blood obtained was added 1/9 volume
of 2% oltrated ssline, The citrated blood was centrifuged,
the plasma removed, and the packed cells washad two times
with 10 volumes of 0,85 saline, The washed cells were then
laked by subjeotion to 20 volumes of distilled water for
1 hourrs, The laked cells were freed of excess hemoglodbin
a® usual by washing two times with 10 volumes 0.85% saline.
The nuclei-parasite mass was dried in vacuo as previously
descridbed, The dried parasite material was worked into a
fine powder with an agate mortar. Approximately 5 volumes
of M UQHBO’ were added slowly to the ground material and
mixed thoroughly with a mortar end pestle, A gelelike mass
resulted, N HCl was then added with care to the alkaline
suspension until the mixture was spproximately ﬁoutral.
We found difficulty in obtaining satisfactory neutrality of
the mixture because of the viacous nmucleli~parasite masas,
After remalning in the refrigerator overnight, the mixture

was centrifuged and the red supernatant used as antigen,
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TABLE VI

SHOWING THE ANTIGENIC ACTIVITY OPF A
IQBBO,-HBI EXTRACT OF DRIED P, LOPHURAE PARASITES

Mag. gig?xt Dilutions of

Antigen ng ¢ Reactions
Method of Antigen + Malaria - Malaria
Name Preparation Control Serum Serum

NaBCO3-HCl  NalCOz-EC1 - iy Yo -
extrabt of
dried £, 1:8 3
lophurse
parasites

Knowlesl Saline extract - 1:8 ke -

1:16 3+
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Titration of this antigen as shown in Table VI

reveals that this extract was antigenically sctive. It
was not entieomplemsntary,

We conolude that even though extracts obtained by
unmo,-ml trestmont of dried parasites show sensitivity,
the techniscalitiss of the neutraliszing process make this
procedure leass practicel than othsrs eited previously.
Experiment 9 -- Barbiturate buffer end phosphate buffer as
oxt}aotzng agents for dried P, lophurae parasitas.

Vie are of the opinton that the drying process renders
the nuclei-parasite material more antigeniec., VYe were yet
enthusiastic to know how much of the antigenieally active
substance bound in the dried paresite could be released
by extracting with barbiturate buffer and ppocphnto huffer,
Both laked and unlsked parasitised calls were drisd and
treated with th;ao extracting agente,

£rocedure
The bloods of 2 heavily parasitised (120%) duoks
wore citrated and pooled as previously done, The pleaama
and calls were geparated by centrifugation and the plasma
removed, The packed oslls wers divided into 2 equal volumes,
The first portion of pscked cells was washed two
times with 10 volumea of physioclogical saline, after which
they wers poured into a petri plate and dried in vacuo.
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The second portion of pnoko& cells was likewlse
washed two times with 10 volumes of physioclogical saline,
The cells vorolthon laked by treating with 20 volumes of
distilled water for 1 hour, At the end of this time, the
laked cells were centrifuged and the packed nuclei-parasite
mass washed free of excess hemoglobin with the ususl .
physiologlical seline treatment, This was repeated once,
The nuclei«parasite material was then poured into a petri
plate and dried in vacuo in canjunction with the unlaked
cells of lot 1,

The dried parasite material orﬁboth lots was treated
as formerly by grinding thordughly in an agate mortar to
a fine powder, FPour separate 0,5 grem portions were taken
from each lot and lsbeled Ie, Ib, Is, Id and IXa, IIb, IIe,
I1da. The four samples were treated as followsa:,

Ia. To 0,5 gram of dried unlaked parasitiszed cells
were added 10 volumes of barbdbiturate buffer, This mimture
was kept in the refrigerator for 24 hours. At the end of
this time the material was centrifuged and the red super-
natant was decanted and labeled B.D-UL-2l,

Iv. 70 0.5 gram of the dried unlaeked parasitiszed
cella were added 10 volumes of barbiturate bufror. Instead
of eentrifuging at the end of 2 hours, we asparated the
barbditurate buffer extract from the residue at the end of

‘]
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1 hour at room tesmperature by high speed contrifug-tidn
for 30 minutes. The supernatant was labeled B-D-UL-l,

I o, To another 0,5 gram sample of the unlakad
portion of dried parasitized cells was added 10 volumes of
phosphate buffer. This mixture, whioch remained in refrige
erator storage for 2l bhours, was then centrirfuged at high
apead for 30 minutes and the supernate separated and
saved as P-D-UL~2L,

I a, To. the remaining 0,5 gram of dried unlaked
parasitiszsed cells were nddgd‘lo volumes of phosphate buffer.
As in I b, this mixture, af'ter remaining at room tempersture
for 1 hour, was centrifuged. The supernate obtained was
marked P-D-UL-l,

11 w, IIb, IX ¢, II 4. The above procedurs as
desoribed in I &, I b, I ¢, snd I 4 was carried out on
the four 0,5 gram samples of dried, laked, parasitized ocells.
Four additionsl extracts were obtalned bearing the labels:
BuDeLn2l, BeDalel, PuDelw2li, and PeDek-1,

Titrations were carried out on these 8 extracts
with known positive and negative nnlnfioul sera, ?rum'Tnblo
VII we see that the aativity of barbditurate buffer and
phosphate buffer extracts of dried parasitised cells 1a
about equal, It is apparent that dried laked ocells make
better parasite material than dried unlaked cells. The
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TABLE VII

COMPARISON OF BARBITURATE BUFFER EXTRAC TS
AND PHOSPHATE BUFFER EXTRACTS OF DRIED PARASITES

- Two ‘Higheat Dilutions

Antigen ' giving + Reactions
Me thod of Antigen +Malaria — Malaria
Name Proparntiod - Control Serum Serum
bufrar oxtraet of
dried unlaked para- 1;:52 1le -
sitigzed cells !
B-D-UL-1 1 hour barbiturate = 1:16 3+ -
dbuffer extract of

dried unlaked para- 1132 2+
~sitimed cells ‘

PuDtLe2l, 2, hour phosphate s 1t16 3¢ =
. buffer extract of

dried unlaked pars« 1:32 1¢
sitiged cells

Pudllel 1 hour phosphate - 1116 bs -
buffer extract of .
dried unlaked peree 1132 3Js
sitized cells

BuDal~Bl; 2l; hour barbiturate = 1:32 e -

, buffer extract of

dried laked para= XY TR 1
sitiged colll_

BeDaL=1 1 hour barbiturate - 1132 le -
buffer extract of , '
dried lsked para- 1:6) 3¢

sitized cells




TABLE VII (Cont'd)

COMPARISON QOF BARBITURATE BUFFER EXTRACTS

AND PHOSPHATE BUFFER EXTRACTS OF DRIED PARASITES

Two Highut Dilutions

Antigen giving & Reactlons
Method of Antigen <Melaria — Malsria
Name Preparation Control Serum  Serum
PeDeL-2), 2l hour phosphate - 1:32 L Y
buffer extrsct of i
dried laked para- 1:65 1
sitized cells. }
P-DskL-1 1 hour phosphate - 1:32 le -
buffer extract of
dried laked para- 116y 3
sitized cells ,
Smowlesi  Ssline extrest - 1116 hs -
3

1:32
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one=hour axtractas at room temperature are just as potent
and {n some ceses even more active than 2l hour extracts
at refrigerator temperature, None of the antigems are
anticomplemantary.

Prom these results we conclude that:

1, Barbiturate buffer extracts and phosphate buffer
extracts of drisd parasitized cells are of the
same antigenic activity.

2. Barbiturate buffer gxtracta and phosphate buffer
sxtracts of d&iod parasitised cells are defi-
nitely more antigenic than s;lino extracts of
the same,

3, Dried laked cells are bestter parasite material
than dried unlaked ocells.

L4+ Oneehour extracts at room temperature meke just
as effootive, or at times more effective,
sntigens than 2l pour extracts at refrigerator
temperature. -

Experiment 10 -~ The effect of citrate-dextrose treatment

ég_parnsitlzod duek red blood cells preliminary to drying

and extracting with phosphate buffer.

We have found 1%t impossible to completely lake the.
red bleod cslls of ducks through use of reagents employed,

A geries of papers have appeared pegarding the preservation;
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storage, and hemoalysis of human red blond cella, Out-
standing nmoﬁg the workers asre Maisels (17), Mollison (2l),
.and Whittaker (20), From extensive investigation on the
storage of human red blood cells, then have found certain
prqsorvatlvea t0 be less effective than others, As a
matter of fact, they found various reagents such as certain
abﬁcontrat&on- of cltrate-dextrose solutions to promote,
rathar than prevent, hemolysias, This cobservation suggeasted
that we expose parasitized duck red blood cells with
such reagents prior to laking with distilled water, Ve
hoped by such. treatment thet the red blood cells would
hemolyse more completely.

Procsdure

Nines$y cubic centimetera of heavily parasitiszed
blood (120%) was obtained from on; adult duck, and was
citrated with i/S volume of 2% sodium oitrate in physio=
logical saline, The cells were packed by centrifugation
and the plasma removed. The packed cells véro stirred
thoroughly, and two 10 ec, portions were removed,

To the first 10 cc. portion was added 10 cc, of
2,58 sodium eltrate, since it has been found that this
strength of clitrate 1s isoplethecontic with blood, The
.6ell-ocitrate mixture remained for L hours at refrigerator

temperature during which time it was frequently stirred,
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The mixture wes then csntrifuged and the citrate removed,
An additional 10 ce¢, of sodium oitrate, containing 1 gram
of dextrose, was stirred with the packed cells and the
mixture allowed to remain in the refrigerator overnight.
On the following morming, the citrate~dextrose-trested
cells were packed by centrifugation and the citrate=dextrose
removed, To the cells were added 6-8 volumes of diatilled
water, After shaking freguently for 30 minutes at room
temperature, we centrifuged the laked cells at high speed
for 30 minutes, The deep red supernatant was removed,
For the first time we observed thet the laked cells were
not viscous and gel-like in nature, This quality of thes
eolls'afrordod & more thorough subasequent washing with
ssline Just as it had a more complete hemolyasis with
distilled water. The ‘washed nuéloi-purloite sediment was
a dark dbrown color and thick, but not viscous and adherent,
: The second 10 ¢c¢. portion was similarly treated
except that a 5% sodium sitrate solution was used instead
of a 2,58, - Likewise, 5% dextrose was added as in the first
10 cc, portion because it has been found that large amounts
(57%) of dextrose increase hemolysia, The washed nucleis
paraslte lodimong in this cuso‘dirfoyod in no respect from
the first acdino;b'aqvto.eolor and consistenoy,

S8near examinetion of both nucléi~parasite sodimenta
showed relatively fewer cells that had escaped hemolysis.
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These cells showed an increase in size over smears on
normal unlaked cells which hed never been exposed to
cltrate~dextrose and distllled water, There was no essential
difference in the smears of the 2 sediments,

Both ngéloi-parhniti sediments were dried in vacuo
in the usual way, The dried parasite material was worked
into a fine powder by grinding it in an agate mortar.

Two 0,.,% gram samples were tsken from either portion
and extracted as follows:

To the 0,5 gram sample of portion 1 wes slowly added
10 cc. of POj buffer, The 2 were mixed thoroughly by
- geinding in s mortar for 10 mimites, after which the
brownish-bleck mixture remained at rorrlgofator tempera ture
for 6 hours. It was then ocentrifuged at 3000 rpm for 30
minutes., The very pale red, oﬁaloaoeut supernatant wae
decanted and labeled PeD-L«0D=-l,

To the 0,5 gram sample of portiﬁn 2 was added
the same volume of PQh buffer, The procedure for obtalning
the final extract was identical to that employed for the
above extract, Another very paio red, opalescent super=
natant was obtained which was marked PeD-L<CD-2,

An entigen was prepared from normal unparasitised
dueck cells by uasing the same procedure aa that carriled

out above. A 2.5% sodium citrate solution was used. We
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AGTIVITY OF PHOSPHATE BUFFER EXTRACTB OF CITRATE-
DEXTROS8E TREATED PARASITIZED CELLS

Antigen

Two Higholt Dilutions
Giving ¢ Reactions

Method of Antigen
Preparation Control

¢ Malaria
Serum

-Malaris
Serunm

PaD-l=CD«})

Phoaphate burfer 0
extrant of dried .
leked parssitized 1:2
cells treated
previously dy

clitrate (2.;’)-
dextroxe (5%)

Le

16,

Le

1:128 2«

0 L4 o
112 -

P QD-L.ODDI?

Pnhosphate dbuffer 0
extract of dried
laked parasitiszed 1:2
cells treated
previously by

oltrate (?ﬂ)-

dextrose

Le

- 13128

16

Le

le

0 L4 o
112 -

N-DeA

Phosphate buffer
extract of dried
laked normsl
ocells treated
previously by
citrate (2.,5%)~.
dextrose (5%)

Knowles!

Saline extract

1:16
1:32

Le
3e
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eaployed the uae of s normal dusk cell antigen in this
| sxperiment for the purpose of determining whether the red
blood cells per se of the duck is antigenioc,

Titrations of the 2 parasite oxtnot-' with known
positive and negetive malaricus sera together with the
’ oxex-lolh made from the red blood cells of .noml duoks are
shown in Table VILI,

By the results shown, 1t is evident that there 1s no
appreciable difference in the activity of the 2 phosphate
buffer extracts, It 1s appsrent that either is more
aotive than any previously obtained, Both extracts were
antisomplementary only 1n' the 0 dtlution, The normal
duck cell per se is apparently not mttéonlully sctive,
One of the most striking facts about this experiment that
is not revealed in the tsdble is the preparation of en active
oxtract whose color is sufficiently psle so that reasdings
of the titrations can be mede with grester u'oounoy. ;

We conclude from these results that:

" 1e¢ The treatment of ‘y-rui‘und cells with citrate-
dextrose is worthwhile and practical since we
. believe ruch treatment incresses red blood ocell
" hemolyeis,

2., Normal duck cells per se are apparently anti-

genically insctive, |

e hesitate to state that this statement is the

+
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 final word, but we would rather reeormend that additional

studies be made regarding the antigenie properties of the
red blood ¢ells of normal ducks.

Preliminary tests for complement fixation using
human sera ares now being carried out in our laboratory,
but the number of teasts have not been sufficient to draw
any specific c¢onclusions at th;l time, With the P, lophurse
antigen as broparod in this experiment, many of these
teste have shown P, lophurse to be more active than P,
knowlesi. The regults of others are just the reverse,

Summnrz and Conclusions

In our first approach ﬁo th&-‘problon we attempted
to geparate the malaria parasite from the red blood cell
nnclol¢: This was done because we had found the P, knowlesi
antigen to b6 highly successful when extracted frem the
parasites from laked monkey cells. All attempts failed, and
we were forced to look for some other method,

It seemed reasonable to try to dissolve the red
bloo& cell nuelei, Molar NaCl was used in several attempts
to dissolve the nuclei of hoth‘tho red blood cells of normal
- and parasitised ducks. Ve were able to slmost completely
dlasolve the nuclel of red blood cells of normal ducks,
but when we aﬁtcnptod to subject the nucléei-parasite mixture



76
to the same treatment, we found the para;lto to be either
disintegrated or dissolved,

Having failed in all attempts to either separate
or dissolve the nuelel from the parasites, we set out %o
make various extracts of the gb.lbggurao parasite in the
presence of the muclel of the red blood cell.

Pirst, an attempt was made to prepare a lipid extract
by alboholoothor troatmant'ot wet parasite material, Ve '
made saline extraets from the residue from the alsohol=
ether extraction of the parasite mass, We found that
1ipids extracted from the wet parasites are not antigenie;
furthermors, saline extracts of the lipid«fres residue are
also inactive, | '

Heretofore we had been unable to completely lake
the red blood cells of ducks with distilled water, so we
resorted to the use of buffered saponin in an attempt to
overcome this diffieulty, We found that 0.0%% buffered
saponin hemolyses red blood 6slls more scompletely than ’
distilled water; however, the concentration of saponin
necessary for red blood cell hemolysis modifies the antigmie
sactivity of the parasite, 8aline extracta of parasitiged
gells laked by both methods (distilled water; saponin) were
slightly entigenic and inactive, respeotively., They were
not antlicomplementary.
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In a further attempt to promote complete hemolysis

of the red blood cells we used water-bath incubation of
parasitized red bdblood cells, If was believed that water-
bath inoubation increases the fragllity of the red blood
cells, and hengse, makes it more amenadle to hemolysis,

We found this to be the case; hoiuvcr, such treatment
modifies the antigenic properties of the parasite,

T thoh triod'blrbiturlto buffey and phosphate buffer
extracts of wet paresitiged eells, The positive reactions
which were obtained with either barbiturate buffer or
phosphate buffer extracts of wet parqpitised cells are
insignificant wince similar reactions ocourred with the
antigen controls, All attempts of making various extracts
from wet parssitized red blocd cells had been unsucsessful,

- 8ince we had found that extracts made from dried
P. knowlesi parasites are far more active than those obtalned
from wet parasites, we had reason to believe the same might
be true in the case of Py lophurae. We next declded to
prepare extracts of dried B, lophurse parasite material with
saline, barbditurate buffer, and phosphate buffer, Both
laked and unlaked parasitized ocells were nubjoocod‘to
these oxtrnét&ng reagents, ¥e found relatively more activity
in the barbiturate buffer and phosphate buffer extraots than

in the saline antigens. The drylng procesa apparently
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modifies the nuclei-parasite material in such a way that
the anticomplementary fraction is eliminated, since none
of these antigens were antleomplcmont‘r:.

We found that only a portion of the active parasite
material is removed with one extraction, 7The freexzing and
thawing procese was tried, but was diamissed as a routine
proocedure,

_ We next attempted to meke an extract of dried P,
lophurese parasites with X laﬂBO, and to subsequently
neutralize the mixture with N HCl., Although this antigen
showed activity, we are not in favor of this procedure
because of tagchnicel diffieulties involved in the neutrale
ising proocess, | | ‘ |

Alded by the reports of various Ehglish workers on
the preservation and storags of b®d2od, we were lead to
believe that treating wet parasitized ¢ells in citrate~
dextrose solution prior to laking would more comple tely
hemolyse the red blood cells. This was aouQ, and we Obe
served for the first time that the laked and washed para-
site sediment was no iongor gol=like and viscous. We
believe that the increased bhemolysis which was evident was
due in great part to the disappearance of the gel-like )

consistency of the parasite msss., Not only was the antigon
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obtained more desirable because of ifa pale brown 6olor,

but also because 1t was antigenically more active than,

any yet obtained,

In
1,

2’0

3.
he
5.

6.

Te

8.

oonclusion, we are of the opinion that:

Parasites cannot be separated from the nuclei

of red blood cells by high speed centrifugation
upon the basis of differences in specific
gravity,

The nuclei of parasitised red blood ceils cannot
be dissolved irrespective of the parasite with |
M NaCl. - .
Lipid extracts of wet parasites are inactive.

Saline extracts of lipid~free residues are inactive,
Saponin modifies the antigenic properties of

the malaria parunit;.

Water«bath incubation, though inereasing the
tragility of fhe red blood ¢ell, modifies the
antigenic propsrties of the parasite,

Dried P, lophurae parasites are preferred over

wot P. lophurae parasites for making antigenie

- extracts,

Dried laked parasitized cells are preferred over

dried unlaked parasitized cells not only because

the former is more antigenically active, but also
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be;auso it produces a paler red-colored antigen.

9. Barb&tufuto buffer or phosphste buffer axtracts

are more active than saline extracta.

10, HaHCO3-HO1 extracts of d;iod P. lophurae
perasltes poasess antigenic activity but are
not to be recommended for routine use because
-of tachnlical difficulties in the process of
preperation,

11, Wet parasitized cells are more completely laked
when they aure treated with citrate-dextrose,

' Such treatment does not elter the antigenic
proéortioa of the malarie parasite,

12, Phosphete buffep extracts of the red blood cells
ot.nonnal ducks are inactive,

Present indications are that the P. lophurse antigen
may fulfill the same function as the P, knowlesi antigen.
If this proves to be the case, we shall have a readily
available and relatively cheap source of antigen for

conpic-nnt fixation,
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