
Plasma Replacement for in vitro 

Culture of Plasmodium knowlesi 

Abstract. Of six fractions of human 
plasma tested, only Cohn's fraction IV- 
4 was effective for the replacement of 
whole plasma from monkey (Macaca 
mulatta) for the in vitro culture of 
Plasmodium knowlesi. The effects ob- 
served on multiplication and morpholo- 
gy of parasites suggest a specific role 
of some substance or substances in 
fraction IV-4. 

The appearance of strains of human 
falciparum malaria resistant to chloro- 
quine (1, 2) has stimulated investiga- 
tions on the mode of action of this 
drug and on the mechanism of resist- 
ance to it. To obtain a better under- 
standing of malarial parasites and their 
metabolism, pathogenesis, immunity, 
and susceptibility to chemotherapeutic 
agents, it is imperative to continue in- 
tensive biological and biochemical in 
vitro studies of known pathogenic 
malarial parasites. Extensive work 
has been done in vitro by Trager (3) 
with Plasmodium lophurae in duck red 
blood cells, by Anderson (4) with P. 
gallinaceum in chick red blood cells, 
and by Geiman et al. (5) with P. 
knowlesi in monkey red blood cells. 
The choice of P. knowlesi in the latter 
studies, that started in 1942, was fortu- 
nate because the species has a 24-hour 
asexual cycle, is highly pathogenic for 
monkeys (killing them in approximate- 
ly 5 to 8 days with a falciparum-like 
syndrome), and will produce clinical 
malaria in man. Recently P. knowlesi 
has also been found as a natural infec- 
tion in man (6). 

A medium was developed (5) in 
which suspensions of monkey red blood 
cells supported intraerythrocytic growth 
and multiplication of P. knowlesi. Un- 
der these conditions the requirements 
of the parasites for glucose, p-amino- 
benzoic acid (7), and methionine (8) 
were demonstrated. However, a precise 
definition of essential and nonessential 
components of this medium was not 
achieved; this may have been due, in 
part, to unknown factors in plasma or 
to the masking effect of plasma com- 
ponents of the whole blood under study 
(7). Growth experiments were per- 
formed with red cells that had been 
washed with a modified Ringer solu- 
tion and resuspended in a complete 
synthetic medium containing purified 
serum albumin at a final concentration 
of 1 to 5 percent (7). Results indicated 
that growth and multiplication of para- 
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sites were less in a plasma-free medium 
even when supplemented with albumin, 
except for one experiment in which 
1 percent albumin did enhance growth. 
McGhee and Trager (9), working with 
P. lophurae in chick red blood cells, 
found adverse effects on growth and 
multiplication of parasites when chick 
plasma was replaced by bovine albu- 
min. In this report we describe the suc- 
cessful replacement of monkey (Macaca 
mulatta) plasma by Cohn's fraction IV- 
4 of human plasma for the intracellular 
cultivation of P. knowlesi in vitro. 

Plasmodium knowlesi (10) was main- 
tained by weekly intravenous inocula- 
tion of erythrocytic stages into mon- 
keys (Macaca mulatta). The techniques 
for culturing, counting, and evaluating 
the parasites were based on those pre- 
viously described (5). The rocker-dilu- 
tion technique was modified by increas- 
ing the ratio of synthetic medium to 
blood from 3: 1 to 6:1. The syn- 
thetic medium was identical to that 
described by Anfinsen et al. (7) ex- 
cept for addition of 0.005M glycyl- 
glycine (final concentration). Blood con- 
taining the parasites was diluted with 
normal blood to give a starting para- 
sitemia of 1 to 3 percent. Blood was 
centrifuged to remove plasma; erythro- 
cytes were then washed twice with 
cold modified Ringer solution (1.1) 
and resuspended in synthetic medium. 

Measurement of protein (biuret meth- 
od) in the supernatant from the second 
wash indicated that more than 90 per- 
cent of plasma protein was removed 
by this washing procedure. 

Human plasma fraction IV-4 (12) 
was suspended in 0.5 percent NaHCO3 
at a concentration of 300 mg/ml. Loss 
of protein from the final medium, upon 
sterilization by filtration, indicated that 
all of the material did not dissolve. 

In a series of six experiments con- 
ducted to test the effect of Cohn's frac- 
tion IV-4 on growth and multiplication 
of P. knowlesi in a plasma-free medium, 
two sets of controls were used-one 
without and the other with plasma. 
Tubes in all experiments were run in 
duplicate. Results (Table 1) indicate 
that growth and multiplication of para- 
sites in tubes containing synthetic me- 
dium without plasma were very poor 
in comparison with those of parasites 
in tubes, containing plasma and syn- 
thetic medium. However, in tubes in 
which synthetic medium was supple- 
mented with fraction IV-4 growth and 
multiplication of parasites was as good 
as in control tubes with plasma. Ex- 
periment No. 36 demonstrated that 1 
percent albumin was ineffective as a 
replacement of plasma. 

The percentage of extracellular and 
degenerate forms of parasites was high- 
er in tubes containing plasma-free syn- 

Table 1. Cohn's fraction IV-4 as plasma replacement for in vitro cultivation of Plasmodium 
knowlesi. The synthetic medium is identical to that described by Anfinsen et al. (7), except 
for the addition of glycylglycine so that its final concentration was 0.005M. For these experi- 
ments 9.0 ml of synthetic medium and 1.5 ml of infected blood were added to each vessel. 
Cells were washed twice with cold modified Ringer solution. Measurement of protein by the 
biuret method demonstrated that 90 percent or more of the plasma protein was removed by 
this washing procedure. Cohn's fraction IV-4 of human plasma was added in the amount of 
15 mg per milliliter of medium (before filtration). In experiments No. 37 and No. 41, 80 to 
90 percent of the parasites were at the early ring stage, while in the rest of the experiments 
most of the parasites were at mature trophic and early schizont stages. 

Additions Parasites Degenerate and Exp. to culture per 100 RBC Ratio extracellular 
medium 0 hr 24 hr forms (%) 

None 1.9 2.8 1.5 14 
1% Albumin 1.9 2.0 1.05 12 

36 Fraction IV-4 1.9 7.1 3.7 4 
Plasma 2.5 7.1 2.8 < 1 

None 2.2 2.1 1.0 8 
37 Fraction IV-4 2.2 3.05 1.4 2 

Plasma 1.9 3.6 1.9 2 

None 1.5 2.3 1.5 19 
38 Fraction IV-4 1.5 8.0 5.3 2 

Plasma 1.5 8.7 5.8 < 1 

None 1.4 0.9 0.65 30 
39 Fraction IV-4 1.4 3.6 2.6 2 

Plasma 1.3 3.4 2.8 3 

None 2.3 2.2 1.0 39 
40 Fraction IV-4 2.3 9.4 4.1 6 

Plasma 4.0 15.2 3.8 1 

None 2.4 2.9 1.2 19 
41 Fraction IV-4 2.4 5.0 2.1 7 

Plasma 2.7 6.3 2.3 4 
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thetic medium than in the control 
tubes. When the synthetic medium was 
supplemented with fraction IV-4 the 
percentage of these forms was approxi- 
mately as low as in the control tubes 
with plasma. Differential counts made 
at the end of 24 hours indicated that 
in experiments No. 37 and No. 41 (in 
which 80 to 90 percent of the para- 
sites were in the early ring stage when 
the experiment was started) 90 to 94 
percent of parasites in plasma-free me- 
dium developed only to the mature 
trophic stage, whereas in the plasma- 
free medium supplemented with frac- 
tion IV-4, 61 to 82 percent developed 
to schizont and segmenter stages simi- 
lar to those that developed in vitro in 
the presence of plasma, and in vivo. 
Such results suggest that a substance 
or substances in whole plasma and in 
fraction IV-4 are required for intracel- 
lular asexual development of this strain 
of P. knowlesi. 

The beneficial effect of plasma on in 
vitro cultivation of cells and tissues was 
interpreted as being a nonspecific 
"physical" property of plasma macro- 
molecules (13). Anfinsen et al. (7), in 
discussing the results of their experi- 
ments in which albumin was substituted 
for plasma, concluded that "the al- 
bumin does not appear to act as a 
nutritional factor but rather in a physi- 
cal manner." Although no assignment 
of a physiological role to a substance 
or substances in fraction IV-4 of hu- 
man plasma can be made, the role of 
this fraction appears to be more than a 
nonspecific one for the following rea- 
sons: (i) Other fractions of human 
plasma, gamma globulin fraction II, 
globulin beta fraction III, beta lipopro- 
tein fraction III-0, albumin fraction V, 
and crystalline albumin (14) were also 
tested individually in the same manner 
as fraction IV-4, but growth and mul- 
tiplication of P. knowlesi were as poor 
in these as in medium without plasma. 
If the effect of a plasma fraction is 
just a nonspecific one, such as buffer 
action or osmotic effects, one or more 
of these plasma fractions should have 
supported growth of the parasite. (ii) 
Concentration of fraction IV-4 in the 
medium is critical in its effect on 
growth and multiplication of the para- 
site. Fraction IV-4 was tested at con- 
centrations of 3.5, 7.0, 15.0, and 18.5 
mg per milliliter of medium, and the 
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an increase in percentage of degenerate 
and extracellular forms were observed 
with the lowest and highest concentra- 
tions of fraction IV-4. (iii) Glucose 
utilization during the 24-hour growth 
period in tubes with fraction IV-4 was 
approximately equal to that in tubes 
with plasma and 80 to 140 percent 
higher than in tubes without plasma or 
fraction IV-4. (iv) Chang et al. (15), 
while attempting to characterize the 
protein or proteins of human plasma 
essential for maintenance and growth of 
human conjunctival cells in culture, 
stated that "growth-promoting activity 
is 'associated chiefly with Fraction IV-4." 

Results presented in Table 1 clearly 
demonstrate that fraction IV-4 can re- 
place whole monkey plasma when add- 
ed to the synthetic medium for culti- 
vation of parasites. While this is signifi- 
cant progress toward our goal of attain- 
ing a truly chemically defined growth 
medium, it must be emphasized that 
fraction IV-4 is a complex mixture of 
known and unknown materials (16, 17). 
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rinated hydrocarbons, organophos- 
phorus compounds, carbamates, and 
others (4)]. The published information 
on structural requirements for syner- 
gistic activity is largely restricted to 
that on the enhancement of the insecti- 
cidal activity of pyrethrum and carba- 
mates. Of interest here is the finding 
thait compounds having a planar methyl- 
enedioxyphenyl ring system are opti- 
mally synergistic to these insecti- 
cides, and that only slight reduction in 
activity results from incorporation 
of one sulfur atom or a deutero- 
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Methylene-C1-Dioxyphenyl Compounds: Metabolism 
in Relation to Their Synergistic Action 

Abstract. The methylene-C'1 group is hydroxylated yielding formate-C1, in 
the microsome-reduced nicotinamide-adenine dinucleotide phosphate system in 
vitro and yielding expired C140O in living mice and houseflies. Methylenedioxy- 
phenyl compounds apparently serve as alternate substrates for this enzymatic 
hydroxylation system of microsomes, and thus reduce the rate of metabolism and 
prolong the action of certain drugs and insecticide chemicals. 
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