
Malaria Resistance: Artificial Induction with a 

Partially Purified Plasmodial Fraction 

Abstract. Plasmodium berghei were released from mouse erythrocytes by pas- 
sage through a French pressure cell. The released organisms were washed and 
disintegrated; the soluble portion was chromatographed on a Sephadex (G-200) 
column. The void-volume eluate contained an erythrocyte-free plasmodial frac- 
tion which behaved as a vaccine, preventing parasitemia, anemia, and death in 
mice subsequently challenged with living Plasmodium berghei. 

The isolation of specific, host-free, 
plasmodial fractions effective in the in- 
duction of artificial resistance to ma- 
laria has not yet been reported (1). 
Such substances are of crucial impor- 
tance in advancing the immunochem- 
istry, immunobiology, and vaccine 
technology of malaria and related dis- 
eases (1-3). We here report the 
partial isolation of such a plasmodial 
fraction. 

The A/J mouse model protective 
system (4) was used for detection of 
resistance-inducing plasmodial frac- 
tions. The reticulocyte-infecting Plas- 
modium berghei strain NK65 (line D) 
served as protective and infective ma- 
terial. This line originated in our lab- 
oratories by mosquito passage through 
hamsters and has been continuously 
maintained in mice. 

Plasmodial materials were prepared 
as previously reported with modifica- 
tion (4, 5). A 20 percent suspension of 
pooled, washed, parasitized mouse 
erythrocytes was passed through a 
French pressure cell at 1000 pounds 
per square inch (psi; 1 psi = 70.3 g/ 
cm2). Isotonic phosphate-buffered sa- 
line (pH 7.0) served as the processing 
diluent. 

The effluent from the pressure cell 
was freed of unbroken erythrocytes by 
centrifugation in Kolmer tubes at 
11 OOg maximum for 5 minutes each of 
two times. The hemoglobin supernatant 
containing "solubilized" erythrocyte 
and plasmodial components along with 
free parasites and parasite fragments 
was centrifuged for 30 minutes at 
12,000g maximum at 4?C. The sedi- 
ment containing free parasites and 
parasite fragments (preparation A) was 
washed three times and finally resus- 
pended in phosphate-buffered saline 
(preparation B). In contrast to other 
methods, plasmodia isolated in this 
manner have been shown by serologic, 
and ultrastructural examinations to be 
free from significant amounts of con- 
tamination by constituents of the host 
cell (5, 6). The final hemoglobin super- 
natant (preparation C) resulting from 
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the 12,000g centrifugation contained 
solubilized erythrocyte and plasmodial 
components. 

Resuspended sediment B was disin- 
tegrated in the pressure cell at 3000 
psi. The effluent was centrifuged at 
12,000g maximum at 4?C for 30 min- 
utes to remove large nonsolubilized 
particles (preparation D). The result- 
ing slightly brownish, finely turbid 
supernatant (preparation E), as well 
as preparation C, were fractionated 
through Sephadex G-200 at 4?C, and 
the optical density at 280 nm was 

determined for each fraction (Fig. 1). 
Fractionation of supernatant C re- 

sulted in (i) an initial brownish-red, 
turbid, void-volume peak C1, (ii) a 
clear hemoglobin-containing peak C2, 
and (iii) a clear, colorless terminal 
peak C3. Fractionation of solubilized 
isolated plasmodial fraction E resulted 
in an initial brownish, finely turbid, 
void-volume peak E1, and two clear, 
colorless fractions, E2 and E3. 

Normal mouse erythrocytes were 
pooled and processed as above. The re- 
sulting preparations were designated 
as follows: Whole washed erythrocytes 
(preparation R); erythrocyte sediment 
following disintegration in the pressure 
cell and centrifugation (preparation S); 
and the final hemoglobin supernatant 
containing "solubilized" erythrocytes 
(preparation T). The peaks resulting 
from the fractionation of T on Sephadex 
G-200 corresponded to those obtained 
from C above. These were designated 
T1, T2, and Ta, respectively (Fig. 1). 

Table 1. Weekly composite mean percentages and ranges of parasitized erythrocytes in 
protected (PS), unprotected surviving (NPS), and nonsurviving mice (NS). 

Survivors 
After NS 

challenge PS NPS 
(weeks) 

% Range % Range % Range 

0 0 0 0 0 0 0 0 0 0 
1 2.4 0.6- 5.0 3.2 1.6- 6.0 3.1 1.3- 8.8 
2 3.2 0- 15.4 14.1 2.6- 28.0 19.0 0.9-40.0 
3 0.4 0- 7.9 22.5 2.2- 36.3 28.5 15.0-42.3 
4 0.3 0- 4.7 23.1 1.3- 39.0 28.5 12.7-56.0 
5 0.1 0- 2.5 26.5 0.7- 43.4 22.9 0.1-41.0 
6 <0.1 0- 0.3 13.2 0- 43.0 26.1 23.2-28.9 
7 <0.1 0- <0.1 28.4 0- 86.8 69.1 60.5-77.0 
8 0.3 0- 9.9 13.4 0- 66.3 71.9 64.8-79.0 
9 <0.1 0- 0.4 6.2 0- 68.7 48.7 0-79.1 

10 <0.1 0-<0.1 3.8 0- 27.6 15.6 3.3-27.8 
11 <0.1 0- 2.2 0.6 0- 9.4 52.8 52.8 
12 <0.1 0- 0.7 <0.1 0- <0.1 
14 0 0 <0.1 0- <0.1 

Table 2. Influence of previous treatment on type response and survival of mice following 
infection challenge. 

Number responding 
Previous treatment per total* 

PS NPS NS 

Plasmodial preparations 
Not fractionated (11) 

A and B, unwashed and washed free plasmodia and fragments 16/17 0/17 1/17 
C, solubilized infected RBC 
D, large particle sediment from solubilized B 

Sephadex G-200 fractions 
C1, first peak from C 11/15 1/15 3/15 
E,, first peak from solubilized B 8/10 2/10 0/10 
E2, E3, and C2, Ca fractions after E1 and Cl, respectively 0/55 5/55 50/55 

Normal mouse RBC preparations 
R, washed RBC 
S, sediment from solubilized RBC 
T1, T,, T, Sephadex G-200 fractionation peaks of solubilized RBC 0/44 8/44 36/44 
* PS, protected survivors; NPS, unprotected surviving; NS, nonsurvivors. 
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Fig. 1. Optic al dens ity (28 0 nm) of 
plasmodial fractions. (Top) Free plas- 
modia and plasmodial fragments; (cen- 
ter) infected mouse red blood cells; and 
(bottom) normal mouse red blood cells. 

Preparations A, B, C, and D and 
preparations R, S, and T were each 
injected into a group of mice. Repre- 
sentative fractions from various por- 
tions of each Sephadex G-200 peak for 
each fractionated preparation were 
pooled, and each pooled sample was 
injected into its respective group of 
mice. Each mouse received a single 
intraperitoneal injection of 1 ml of its 
respective preparation. All preparations 
were injected as freshly obtained and: 
proved to be noninfective. All mice 
were from 6 to 7 weeks of age at the 
time of injection. 

Fifteen weeks later, the animals were 
challenged intraperitoneally with 10 X 
106 mouse cells infected with P. ber- 
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time of injection. 

Fifteen weeks later, the animals were 
challenged intraperitoneally with 10 X 
106 mouse cells infected with P. ber- 
ghei NK65D. Three major infection re- 
sponses were exhibited. The weekly 
composite mean percentage parasite- 
mias for mice exhibiting each type of 
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response appear in Table 1. Protected 
mice responded with transient low 
parasitemias, rapid disease resolution, 
and high survival rates (PS). Unpro- 
tected mice responded with severe pro- 
tracted parasitemias, a high mortality 
rate (NS), and a few eventual spon- 
taneous recoveries (NPS). These re- 
sponses conform to those reported 
(4, 7, 8) for protected and variously 
treated or nontreated unprotected 
control A/J mice. 

The protective response (PS) was 
limited to animals receiving crude plas- 
modial preparation A, B, C, D and 
partially purified plasmodial fractions 
C1 and El. Of a total of 42 animals 
receiving the above materials, 35 dem- 
onstrated response PS. Of these, 8 out 
of 10 receiving plasmodial fraction El 
exhibited a PS response (Table 2). 

None of the 99 mice receiving plas- 
modial fractions C2, C3, E2, E3, or any 
of the normal host cell preparations R, 
S, T, Ti, T2, and T3 demonstrated a 
protective response. Of the 99 animals, 
86 died (response NS) and 13 even- 
tually recovered after a severe infection 
(response NPS) (Table 2). 

The above results confirm the pre- 
vious finding that the artificial protec- 
tion against malaria noted here is in- 
duced by a particular fraction of 
plasmodia (4, 7, 8) rather than by host 
cell contaminants. The protective frac- 
tion is contained in the partially puri- 
fied plasmodial material contained in 
the Sephadex G-200 void volume 
eluates E1 and C1 (8). 

Although various plasmodial prep- 
arations have been evaluated for pro- 
tective properties (4, 7-9), the E1 
fraction prepared in our studies is the 
most highly purified material thus far 
shown to induce resistance to malaria. 
Moreover, in addition to its immuno- 
genic properties, the E1 fraction has 
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proved an excellent complement-fixing 
antigen. It is highly specific, sensitive 
in serological evaluations, and is free 
from serologically detectable amounts 
of host erythrocyte stromata (5, 10). 

Successful demonstration of the pro- 
tective properties of partially purified 
plasmodial fraction E1 opens the way 
for definitive studies of relations be- 
tween host and antigen in malaria, as 
well as final purification and charac- 
terization of potential malaria vaccine 
materials. 
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Marihuana and Temporal Disintegration 

Abstract. High oral doses of marihuana extract, calibrated for content of 
1 (-)-Al-tetrahydrocannabinol, significantly impaired the serial coordination of 

cognitive operations during a task that required sequential adjustments in reaching 

a goal. This disintegration of sequential thought is related to impaired immediate 

memory. 
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