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TEMPORAL RELATION BETWEEN A SERUM ELECTRO-

ADSORBING FRACTION AND THE COURSE OF ACUTE
 

PLASMODIUM BERGIIEI MALARIA IN RATS*
 

LAWRENCE E. D'ANTON[O, NELDA E. ALGER, AND CHRISTIAN MATHOT 
Departlnient of Zoology, University of Illinois, Urbana, Illinois, and
 

The Rockefeller University, New York, N. Y.
 

ABStRACT: The temporal relations of a serum electroadsorbing factor (S. E. A. F.) that,
quantitatively elect roadsorbed from the serum of normal and Phsmodiutm berghei-infected 
rats, were determined by a modification of the immunoelect roadsorption (I. E. A.) technique.
The S. E. A. F. electroadsorbed independently of the presence of a specific P. bergkei antigen. 
It 	 tended to increase slowly with time in norma! rats. It was found to increase markedly
and abruptly after the 5th day of P. berghei infection, ond its pattern of increase appeared 
to accompany the typical pattern of acute P. berghei anemia and parasitemia. The S. E. A. F. 
remained elevated for varying periods after the resolution of infection. Its role in normal 
and pathophysiologic processes is presently unknown, as is its origin or identity. Its appear
ance interferes with the I.E.A. test, and reference is made to studies describing a resolution 
to this difficulty. 

The srrtli alterations accompanying the course 
of acute malaria are complex,' and their relation 
to pathogenesis and specific pathophysiologic 
events remain poorly defined. Nevertheless, 
temporal correlations of these serum patterns to 
clinical and specific pathologic changes are impor-
tat guideposts and, accordingly, have been the 
subject of intensive study. This is especially true 
with regard to anemia in malaria and its attendant 
parasiteia.') We here introduce yet amother 
facet in this complex mosaic of temporally related 
patterns, 

WVhile evaluating the immunoelectroadsorption 
(I. E. A.,)method of Mathot et al.") for serologic 
detection and measurement of specific Pasmo-

dinm berghei antibody in infected rats,elec rodsobinwe noted
serni 

aP. berghei nonspecific electroadsorbng serum 
factor. This factor remained relatively close to pre-
infection levels for several days after challenge 
with P. berghei. An abrupt increase then began that 
continued upward through the peak of the disease, 
The serum elect roadsorbing factor (S. E. A. F.) 
tended to remain at elevated levels in surviving 
animals for varying periods after resolulion of the 
disease. Because it electroadsorbed independently 
of the presence of specific malarial antigen. it 

* This study was partially supported by the United 
States l)epartment of State, Agency for International 
IDevelopment, Contract All),.csd-1432 to Dr. Paul IT.Silvvrman and United States Public Health Service 
Grant GMN0MS5. 
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obscured the possibility of measuring plasmodial 
antibody by the I. E. A. technique as carried out 
here."' 

Elevated clectroadsorbing materials in serum 
have been reported to occur in other systems, *'" 
but until presently, no systematic study as to 
their relation to various normal or pathologic 
states have appeared. 

The present work 

detection measurement 
the rat S. E. A. F. in 

infected animaL. 

concerns its-if with tihe 
and temporal relation of 
normal and 1. berghei-

METHOS 

TIIOn 

Electroadsorption(S.E..) T Secnique 
. EE .eA.roa or (S . thiA.was performed according tots med 	 proesthe proce-

Areas originally described.") Modification of
the procedure wasdmade as notedibelow for
 
S.E.A.F. 	determia is. 

I the original . E. A. procedure, a thin film 
of antigen was electroadsorhed onto the surface 
of a negatively charged metallized glass slide. 
Tlte slide \ws then placed in the test serum, 
the polarity reversed so that the slide was posi
tively charged, and a second film deposited. The 
thickness of tihe original antigen film and that of 
the serum-antigeni films were determined to within 
one Angstrom (A) unit by an especially adapted 
ellilsometr."' ) Tie thickness of Ce serum film 

w'ts then calculated and taken to represent the 
level of antibody present in the original serum. 



To ascertain the presence of P. bcrghi non-
specific serum elect roadsorbing substances in the 
test series under consideration, we made a coin-
parison between the amount of material electro-
adsorbed from serum both in the presence and 
absence of specific P. berghei antigen on the slide. 
Serum samples for this confparison were diluted 
1:10 in barbital buffer (pH 7.7; 0.03 -m). I.E.A. 
(antigen on slide) and S. E. A. (blank slide) were 

carried out on a nickel-chromium (inconel) metal-

lized glass slide positively charged for 30 seconds 
at a current of 300 microamperes (/1 :mlp). 


For the S. E. A. F evaluation of a given serially 

studied normal control or infected animal, either 

an inconel slide with the serum diluted 1:10 as 
above or a chromium-coated slide with the serum 
diluted 1:20 was used. A comparison of the 
S. E. A. F. between different animals was made 
by compa ring the ratio of the A thickness of 
S. E. A. F. electroadsorbed on any given day of 
the study for a given animal divided by the A 
thickness of the S. E.A. F. electroadsorbed from 
that animal serum ol day zero of the study. The 
ratio thus obtained was multiplied by 100, 

A tlickness_Day_NX 100 -- S. E. A. F. ratio 
A thickness Day 0. 

P. erghei ,.ntigcn 

This was prepared according to the method of 
( )D'Antonio t a!." The major comnplemient-fixing 

fraction was tested as the antigen coating. 

Serm. Col!ecion and Heiiutologic 
.1,etermintitions 

Serum specimens were collected daily from tail 
blood of rats into microhematocrit tubes. The 
blood was allowed to coagulate and the serum 
separated from the clot in a ioicrohematocrit. 
centrifuge., 

Total red blood cells per cmiii were determined 
on tail blood with tCoulter counter. Thin blaod 
films were made at tie same time for determina-

tion of parasitized and nonparasitized cells, 

Animtals and InJection 

Sprague-Dawley and Carworth Farmn rats were 
divided into two groups according to weight. The 

50 to 160 g and thelighter group ranged from 

heavier group from 161 to 240 g. 

Animals from each group were infected on day 
zero b, the intraperitoneal injection of P. berghei-

TAmBII 

Compzrison of r'ctro(dio t ratios (X 100) from 
rt serumn during course of P. herghei infeclion wi ils 
and without specific plsinodi,i antigen on slide 

i)at.if IciLC5II :,iiic 
.it ction on Rlide lank slide 

0 100 100 
1 96 104 
2 100 104
 

119 12? 

5 116 111 
6 174 132 
7 205 186 
8 299 233I 279 416 

10 254 300 
.
 

infected rat blood. The NK65 strain of 1.berghei 
was used for the temporal pattern and specificity 
studies and the XVU-2 strain for study of change 
in electroadsorption with variation in current. 

Noninfected animals from eich of the abovC 
groups acted as normal controls. 

As a check on the influence of the electr

adsorption prucedure itself on the S. E, A. F. 
determinatimnis, serum samples collected serially 
from a grout) of normal and Iluemonchts con
tortus-infecled lambs, and handled in the s:iime 

manner as the rat serum, were also tested. 

Crrumit and tle IDegree of
Sertum Elec!roadsor p/ion 

The influence of current variation on the 
S. E. A. F. of normal serum and that infected 

with P. berghei (10 days, NYU-2) was studied by 
diluting each serum 1:20 (veronal buffer, pH 7.7; 
0.0; m). A freshly diluted saiple was initially 
adsorbed by momentary immersion of a clean 
metallized glass slide. This always resulted in a 
physical ad.4orption of 14.5 ± 0._ A. The pre
adsorhed serum samples were then electroadsorbed 
for 60 second, on a positivvly charged slide at 
current intensities varying froni 20 to 100 itamnp. 
The electroadsorption in A versus current was 
then plotted, and the curves obtained for the 
normal and P. berghci serum were compared. 

RI.SULTS 

Serum E/ectroadsorp/ion and Specificity 

The results of the malarial-antigen specifcily 
study are indicated in Table I. The nitio of 
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FlGURr 1. Scatter graph of daily serum electroadsorption ratios (X 100) for normal rats weighing unde 
160 grams (A) and over 160 g (e). 

thickness of material clectroadsorbed from the 
rat serum remained relatively steady from the 
start of infection on day zero to about day five. 
From day five on, the ratio progressively in-
creased. The pattern of increase measured by 
the slide coated with the major complement-
fixing component of P.berghei antigen was sini-
ilar to that measured when a blank slide contain-
ing no antigen was used. 

S.E.A.F. Levi.Is 


Figure 1 graphically depicts the scatter of 
S. E. A. F. ratios for normal animals from day 
to clay in the 
scatter drifted 

*I 


two weight groups. The daily 
slowly upward for the lighter 

- ..- ,,-,..... 
INFTLOTC0RATS gogANDUoER 

Te,. * 

£ 

animals. The scatter for the heavier animals 
tended to remain in the starting range and was 
somewhat more uniformly distributed. 

The infected group of lighter weight (Fig. 2) 
maintained a fairly uniform close distribution of 
the S. E. A. F. ratios until day five. An abrupt 
steep upward trend b(egan immediately following 
day five and continued upward in a fairly uniform 
manner, reaching a cluster of maximum values 
on (lay nine. As the infection subsided in the 
surviving animals, a leveling off and then a down
ward trend set in. Son;. values began to approach 
preinfection ranges by days 22 and 24. 

A similar, though less steep and less compact 
distribution of S.E.A.F. ratios began immediately 
after day five for the heavier animals (Fig. 3). 
Maximum values here, too, were attained on the 
9th day with a leveling off and a tendency to 

,INFrCTID RATS 0/LA tS0l 

I 

FinuRr. 2. Scatter graph of daily serum electro- FmORE 3. Scatter graph of daily serum electro
adsorption ratios (X 100) for P. berg/wi-infected rats adlorrptiol ratios (X 100) for P. berghri-infected rats
weighing under 160 g. weighing over 160 g. 
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FIGUR. 4. Average values of electroadsorpti 

ratios for infected and noninfected rats. 

approach preinfection ranges by the 22nd to 24th 

days. 

,$ -0
~ ~ ..1....,....." - .... 

9 I 2'I0t94 S2 0I23 4 so 

FlutTri; 5. fleinatologic and clectroadslrption pat

terns during the cour.sti of P. berghei infection in the 

rat. 

S.E.A.F. ratio: of these animals tended to re-


S. A.atF. ihti y of theia ni al te ed t. 

The over-all influence of these trends 's main at or slightly below their initial levels. 

depicted as composite values for the normal and 
infected group ii Figure 4. As in the scatter 

graphs, the average S. E. A. F. ratios in the in-

fected animals abruptly climbed upward after 

day five. The noninfected animals also showed a 

slight upward movement after day five and reflect 

the tendency for upward drift noted in the lighter 

group. 
Tr.ble 2 depicts the S. E. A. F. ratios for the 

nnemal and H1.contorlts-infected lambs. The 

.lverage serumn electroadsorptionratios (X 100) -with 
mean deviation of seruntt Irot n/or'ial antd 11. ron

-nfevtn r fonanis 11.o-

__tu-___e _______bs___normocytes, 

Week 
0 

Average S.E.A.lF. ratli 
(X 100) : M.D.* 

100.0 ±€ 0.0 
2 98.5 - 3.5 

3 97.9 ± 5.5 

4 
5 

96.0 -t6.3 
93.8 + 6.0 

6 91.5 ±t 1.5 

7 90.8 -L2.8 
8 89.4 -- 2.4 

Mean deviation, 

Iematologic and Serum. Electroadsorplion 
Paterns during P. berghui hnfection 

Figure 5 graphically expresses typical periph
eral-blood changes"') in relation to the absolute A 

thickness of electroadsorbed material. 

As indicated by Figure 5, the red-blood cells 

per cmm remained at an elevated level until the 

5th day of infection; a dramatic daily decline then 

ensued. This daily decrease in the erythrocyte 

count was primarily due to the loss of uninfected 

tnorm-ocytes, which declined from an initial level 

of five million per cubic millimeter just before 

the onset of anemia to less than one million per 
cubic millimeter at the time of crisis. 

Before the onset of the loss of uninfected 

the S. E. A. F. values tended to re

main within a relatively narrow range. On day 

five of the infection, the S. E. A. F. increased 

dramatically and continued to increase daily 

thereafter. The highest levels were obtained 

during the peak period of infection. 
The l)arasiteiia accompanied, but did not run 

strictly parallel to, the above events. The percent

age of infected cells present rose slowly from the 

onset of infection to about the 9th day, when 
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.. *-*.animals,--. 

1. __ 


0,T
4.0. . SR 

lFmiau,: 6. Electrodmorption of serum from normal 
and P. berghei-infected rats with various currents. 

a sharp and progressive rise in parasitenia began 

with a peak occurring on day 14. 

Resolution of the infection began on about 

day 14. 

Elcctroadsorption Variation with Current 
Figure 6 illustrates the electroadbnrption thick-M 

from a normal and an INYU-2-nesses obtained 
infected rat serum. The amount of electroadsorp-

infectedserum 
tion from the normal and infected serum samples 
increased in direct propoition to tilecurrent 

The slope ofintensity from 20 to 100 p.amp. 
serum was greater thanincrease for the infected 

that for the normal serum. 

DISCUSSION 

There is anl elect roadsorling factor in the serum 
°of res bot withandwthorbug atori t is strictly rule out the role of the reported explasof rats both with and without malaria. It is modiat serum antigens.''' These have been re

are identical.presently unknown whether they
TileA. rat., . E videced in T bleThe rat S. E.A. F., as evidlenced in Table 1, 

of the presence ofelectroadsorbs independently 
as a directspecific plasmodial antigen. Artifact 

results appears ruled outcause of the S. E. A. F. 
rsl ofruledot
ye the ference nted in t. pea 

electro-

adsorption curve obtained between normal and 
NYU-2 P. berghei-infected rat serum with current 
variation, the consistent pattern of change of the 

by the difference noted in the slope of t ie 

S. E. A. F. during the malarial infection, and the 
failure to obtain similar S. E. A. F. changes and 
variations in the serially collected serum samples 

of the normal and II. contortus-infected lambs. 

The S. E. A. F. patterns were similar in the 

two strains of rats studied and appear independent 

of the P. bergheistrain used. 
Although the scatter of the S.E. A. F. ratios 

tends to distribute upward in the normal lighter 
animals and to a lesser degree in the heavier 

it is impossible to state whether it is 

identical with the steeply increasing iater;al 
noted during the course of P. berghei infection. 
"'['he normal animals' upward trend, especially 
apparent in the lighter group, seriously suggests 
some physiological relation to the known rapid 
growth of younger rats or other stresses induced 

)bythe necessary handling and serial sample 
collections, or both. It is possible that the stresses 
induced by disease (P.berghi malaria in this 
case) may accentuate S. E. A. F. production. The 
question still remains whether the S.E. A. F. is 
participatory or dependent on changes occurring 

in the animal, or both. 

.The S. E. A. F. temporal pattern of marked 

increase during infection is highly suggestive. 

This increase is especially striking with respect to 

the acute malarial anemia (Fig. 5), an anemia 
characterized by a marked disparity between daily 

erythrocyte destruction and parasitemiia.") The 
mechanism for this devastating, unremitting cryth

manyrocyte destruction is far from clear, and 
attempts have been made to relate it to various 

components of both host and parasite 
serum Topent dt o hot ab LISite 
determine the pathophysiologic role, if n, of 
t 
the S. E. A. F. in this process. 

Electroadsorption of solubilized parasites (id
 

not give any significant thickness; thus the 

S. E. A. F. appears to be of host and not direct
 
not
parasite origin, though such a result does 

l eu an e nsvariou sa a r e-'' 
to aneinia in various animal inal'rias" )I latedOther serum factors such as certain macroglob

i r late
Olens, ryr n f rnuch a 
its relatedlins, cryoprteins, fibrinogen, and 

been reported to be inproducts"*-"' have also 
volved in various types of anemia and malaria. 

Hemoglobin as a serum contaminant has been 

ruled out 

itoe 

evea at 
pearing, 
globulin of rats' ') presents a profile reminiscent 

of the S. E. A. fraction reported here and deserves 

close scrutiny. Other components to be considered 

include such things as 2 haptoglohin-hemoglohin 

and other complexes, an increase in an as yet 

undefined specific antibody or antibodies, as well 

as any combination of the myriad serum altera

tiuns associated with acute pathologic states. 

as responsible for the S. E. A. F., since 

ot contraon"i significant auhig 
highoetaioe The rapidly ap
somewhat labile alpha (acute-phase) 
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Lastly, incr-..jes and variations of the S. E. A. F. 
in human serum has been the subject of an inten-
sive study that suggest their identity with the 
serunm 	 ganmma globulins.Y ,' 1 

Tie S. E. A. F. as reported here deserves close 
scrutiny as to its biological significance in both 
normal and pathologic' conditions. In a more 
practical sense, refinement of its method of 
measurement as well as its characterization might 
offer a rapid sensitive test for detecting, differen-
tinting, and evaluating certain physiologic and 
pathophysiologic states. 

Studies carried out because of the interfering 
effects of the S. E. A. I. with 	 the I. E. A. test 
have resulted in a modified technique whereby 

- 0these effects toay he overcome. . ) 

ACKNOWLEDGMENTS 

The authors wish to thank Dr. Alexandre
Rothen of the Rockefeller University, New York, 
N. Y., for his stimulating and valuable sugges-
tions, Dr. Paul H Silverman of the Department 
of Zoology, University of Illinois, Urbana, Illinois, 
for his interest and support, and Dr. Henry Scott 
for donating the serum from sheep. 

We are grateful for the expert technical assist-
ance of Mrs. Rosa Fu, Miss Joan Kaminski, Miss 
Donna Dagnillo, Mr. Kenneth Jahr, and Mrs. 
Elise Donahue. 

R'VR..NCES 

1. 	Sadun, E. ITr.,Willions, . S., and Martin, L. K.,

1966. Serumn biochemical changes in nu laria I 

infections in men, chimpanzees and mice. 3/il.


cd., 1.31: 1094-1106. 
2. Zuckerman, A., 1966. Recent studies on factors 

involved in malarial anemia. Mit. elhd.,131: 
1201-1216. 

3. Dixon, F. J., 1966. Comments on immunop:,-
thology. AMi. Meid., 131: 1233-1234.

.1. Mathot, C., Rothen,. A., and Casals, J., 1964. A 
new sensitive mnethod fir detecting immunolog-
ical reactions. Nature, 202: 1181-11S3.

5. Williams, J. S., Stechschulte, D. J., and Sadun, 
E. If., 1968. Lack of specificity of the ira-
munoelectroadsorption te~t with Scki.tosolna 
oansoili antigens and a conjugated hapten. 

Ain. J. Trop. Aihd. & Hyg., 17: 568-575.6. Rothen, A., 195. Improved method to oeasul'e 
the thickness of thin filmis with photoeleetrnc 
ellipsometer. Rev. Sri. lIst., 28: 2S3-285. 

7. 	D'Antonio, L. E., %-on )oenhoff, A. E., Jr., and
Fife, E. H., Jr., 1966. A new method for 
isolation and fractionatilin of complement fix-
itg antigens from l'la.nioditti, knowle.i. Proc. 
Soe. Exper Bivl. & Med., 123: 30-31. 

AND 	 P, IM lmi xrAr.A11tA 871I 

8. 	Zuckerman, Avivah, 1964. Autoinouunization and 
other types (f indirect damiage to host cells aq 
factors in certain protozoan diseases. Exper. 
Parasityl., .15: 138-183.9. Cox, H. W., 1966. 	 A factor associated withanemia and immunity in i'lasmodinm knoic'h'i 
infections. Alil. Aled., 131: 1195-1200. 

10. Cox, 11. W., Milar, Roberta, and Patterson, 
Shiela, 1968. Serologic cross-reactions of serunantigens associated with acute I'la.simpittm andBaliea infections. Air. J. Trop. Med. & Ily.g., 
17: 13-18. 

II. 	 Nelson, E. F., Cox, H. W., Vasquez, C., and 
Corwin, R. M., 1968. Reaction of serumantigens of acute malaria and bahesiosis withsera of rats recovered from Ilcenobartrnelln 
muris Lid mice recovered from lperylhro:oan 
coccoides. Abstracts .13rd Aecetinug, Ant. Soc. 
J'ara.sitol., 16--21 June: p. 26. 

12. 	 Dennis, L. ff., EichelIherger, J. W., Jr., von 
Doenhoff, A. E., Jr., and Conrad, M.A ahagulation defect E., 1966.and its treatment with 
heparin in 'lasinodium knowh/e. malaria in 
Rhesus monkey. Alil. Aled., 131: 1107-1110. 

13. 	 Wintrobe, M. M., 1967. TheI):iraproteinenias. 
In Clinical hmatology, pp. 1182-121.1, L.eaand Febiger, Phihltdelphia, Pennsylvania.14. 	 Rt,goeCZi, E., Phnerg, Al. L., and Brain, Al. 
C., 1967. lntravat.cular haemolysis and dis
seminated intravascular coagulation. Lancet, 
1: 601-602.15. Lor.'nd, 1... 1965. Physiological rioles of fihrinu

o gengen ndand fibrini.6 . tb.n. Soc.o Esper.f. PsiologicA filirFed. I'ro,:. Fcd. :1 

Biol., 24: 784-793.
 

16. Dennis, L. It,, and Conrad, M. E., 19(S. Anti
coagulnt and antimdalariat action of hepa rin in 
sitmian malaria. Lancet, 1: 769-771.

17. Ruhenberg, M. L., Bull, It. S., Regoeezi, E..
Dade, J. IV., and Brain, M. C., 1967. Experi
mental Iroduction of ficroanlgiopathic haeno
lytic anaemnia in vivo. Lancet, 2: 1121-1123.

18. Bull, B. S., Rubenberg, A:.L., l)acie. J. V., and 
Brain, M. C., 1967. Red-blood-cell fiagmen
tation in inicroangiopat hic haemolv tic anaeiia: 

1 In-vitro studies. Lancet, 2: 1123-1125. 
19. Mathot, C., and Pothen, A., 1969. Adsorpitions 

of purified serum proteins oinictalized glas.,
slides and their significance for tie iommuno
electroadsorptionnmethod. J. Co/toid & Inter
face Sciecre. In press.

20. 	 Sarcione, F. J., 1967. lepatic synthesis a.i1l 
secretory release of pl•sia a 2 (acute phase) 
-glorulin aplaaring in mnaligna nc. Caucer 
R sarch , 27, P'a nrt1: 2025-2033. 

21. Rothen, A., and Mathot, C., 1969.' rasrto 	 Inimunoelec. T ef n iinah(fteii
troadsorption. Tie fundanentals cif thre in
munoelhctroackorpti i method. ltn tit tinorhem
istry, 6: 2.11-251. 

22. 	 Mathot, Chrisian, and Rothen, Alexa(lre, 1968. 
Sermdiagnosis of Schistosonta mansoi in man 
by imoni noelctroacorl)tion".IA. .1. Trp. 
led. & ilyg., 17: 756-759. 


