chromosomal aberrations in some of
the cells, although in many others fewer
such aberrations were present (Figs. 1
and 2). Most of the aberrations took
the form of chromosome breaks. The
fact that very few two-hit aberrations
were present suggests that most of the
broken ends do not rejoin. Table 1
summarizes the percentage of meta-
phase cells showing aberrations, the
mean number of chromosome and
chromatid breaks per cell, and the
mean number of achromatic lesions
(Feulgen-negative gaps).

The location of the break points
along the length of the chromosomes
was far from random; indeed, nearly
half of the breaks were in the region
of primary constriction, thus giving rise
to the production of a large number of
apparently acentric fragments.

Apart from the work of Sturelid and

Kihlman (1), we do not know of any
other study in which the effect of LSD
on chromosomes of plant material has
been studied. Our results are not in
agreement with their findings.
M. P. SiNcH
C. S. KaLa
H. K. JaiN
Division of Genetics,
Indian Agricultural Research
Institute, New Delhi-12
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Quinacrine: Mechanisms of Antimalarial Action

Abstract. Two new interesting modes of action of quinacrine have been dis-
covered. The first concerns a dose-related inhibition of uptake of [8-*H] adenosine
into host cells of parasitized blood. Second, the drug inhibits the incorporation of
tritiated adenosine triphosphate primarily into RNA but also into DNA of the
erythrocyte-free malarial parasite Plasmodium berghei.

Unequivocal evidence concerning the
action of many antimalarial drugs has
been difficult to establish because of
the inherent difficulties in separating the
parasite from its host cell (/). The re-
sults have been often difficult to inter-
pret because of the effects of interplay
between the red cell membrane and the
parasite. Recently, we have been able
to prepare biochemically active, “free”
parasites that show greater ability to

equivalent parasitized red cells do (2).
From the results of testing effects of
the drug both on the uptake of [HI-
adenosine by the parasitized cell and
incorporation of [¥H]adenosine into the
RNA and DNA of the “free” parasite
system itself, it should be possible to
interpret two important primary events
necessary for parasite survival. We
think that this is a more logical attack
than separating the enzymes in ques-

ases, and using purified preparations
because the adenosine permease, a
kinase, is mostly likely associated with
the red cell membrane, and use can be
made of the natural histone-DNA-RNA
complex of the parasite in situ.

The methods of preparation of para-
sitized rat blood containing Plasmo-
dium berghei have been described
(3). The uptake of [8-3H]adenosine
into parasitized cells and measure-
ment of the radioactivity associated
with the cells has been described
(4). Erythrocyte-free malarial parasites
were prepared by a modified saponin-
lysis technique (4). The free parasites
from 1 ml of rat blood parasitized by
P. berghei were suspended in a medium
consisting of plasma and glucose (200
mg per 100 ml of plasma), pH 7.4, was
added to 1 ml of quinacrine in Krebs

HN-CH-(CH;~N(C,Hs),

o ‘ D O
= Cl
N

Quinacrine (Atabrine)

solution. [8-3H]Adenosine triphosphate
(ATP) (2.5 pc) was added to the mix-
ture, and the mixture was incubated at
37°C- under conditions for promoting
linear incorporation of [3H]JATP into the
RNA and DNA of the parasites. In-
cubation was stopped after 20 minutes
by the addition of 4 ml of 10 percent
trichloroacetic acid (TCA). The acid-
insoluble precipitate was washed three
times with TCA, and the RNA was
hydrolyzed with 1IN KOH (20 hours
at 37°C). A portion (0.5 ml) of the
hydrolyzate was analyzed for radio-
activity. The solids were washed twice
more with TCA, and the DNA was hy-
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. . Fig. 1. Effect of quinacrine on the incorporation and uptake of
L 1 1 1 S — L L [8-*Hladenosine into nucleic acids of cells parasitized by P. berghei.
1 ) 2 ‘3 4 1 2 3. 4 Standard conditions were used (2). Fig. 2. (Left) Effect of
Time (min) Time (min)- quiacrine on the incorporation of [PHJATP into total nucleic acids

of erythrocyte-free P. berghei. Vertical bars indicate the range of three experiments. (Right) Effect of quinacrine on the incorpora-
tion of [PHJATP into DNA and RNA of “free” parasites (Table 1).
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Table 1. Amount of incorporation (disinte-
grations per minute) of [PHJATP into RNA
and DNA. .

Incorpora-  Percent
Substance tion of total
Total (DNA + RNA) 319,000
RNA 237,264 95.0
DNA 12,560 5.0
% Recovery 71.5

at 90°C for 30 minutes. The radio-
activity of DNA was assessed as de-
scribed for RNA.

Quinacrine has a marked effect on
the uptake of [8-*H]adenosine into cells
parasitized by P. berghei at 10—% and
10—5M. Results of others indicate that
rat red cells contain the enzyme adeno-
sine kinase (5). Our data, showing in-
hibition of adenosine transport by vari-
ous drugs, suggest that this enzyme is
membrane bound (2). Other obser-
vations indicate that this adenosine
transport is an active, concentrating
mechanism probably concerned with
phosphorylation of adenosine to adeno-
sine monophosphate (6). That this is
reasonable is shown by the fact that
once adenosine penetrates the red cell
it does not wash out of these cells; and
chromatography indicates that the
radioactivity is associated with adeno-
sine monophosphate (AMP). Similar
observations are reported in other cell
types (5); and acridine derivatives,
such as quinacrine, inhibit adenosine
transport in these cells (7). Owing to
deficient de novo synthesis of purines,
the malarial parasite is dependent on
exogenously supplied purines (4, 8),
and any inhibition of the transport sys-
tem might constitute an indirect “starva-
tion” mechanism at the membrane of
the host cell. Also if transport into the
parasite of phosphorylated or nonphos-
phorylated purine intermediates could
be inhibited, this would represent an
important new antimalarial mechanism.
There does appear to be a relation be-
tween host red cell ATP and degree of
parasitemia (9).

The really surprising finding, how-
ever, was the selective effect of various
doses of quinacrine on the incorpora-
tion of [3H]adenosine triphosphate into
RNA of erythrocyte-free malarial para-
sites (Fig. 2) compared to the control
(Table 1). The same results occurred
if deoxyadenosine was used (/0). On
the basis of quinacrine’s interference
with the incorporation of adenosine tri-
phosphate into DNA, several workers
using polymerases from Esherichia coli,
(I1I) have predicted the same inhibi-
tion by quinacrine in malarial parasites.
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However, the fact that much more in-
corporation occurred into RNA (10 or
20 times as much) than into DNA and
that this incorporation is drug-inhibited
to a greater extent shows that there is
a surprising selectivity of drug action.
This would possibly indicate that, in
parasites, there is some basic difference
in the nucleic-acid synthesizing system
of parasites. There is some factual basis
for this statement because ion require-
ment of the parasite enzyme is differ-
ent—Co++ and Mn++ stimulate more
than Mg+t+—and maximum activity
occurs at pH 7.4, compared to pH 8.0
for the corresponding mammalian en-
zyme (10). Also Rifampicin (a direct in-
hibitor of bacterial RNA polymerase) is
effective against malarial parasites in
vivo (12). :

Many of the studies with antimalarial
drugs have been made with organisms
other than malarial parasites (13, 14) and
in subcellular systems rather than in
more complex systems (I5). Our data
with various concentrations of quina-
crine mirror the effects of the in vitro
polymerase system quite well (13), but
we think that the selective toxicity of
quinacrine’s action may well lie in the
nucleic acid synthesizing system. Prob-
ably the interference of quinacrine’s
action with the RNA polymerase is in-
direct by way of “intercalation” in the
DNA template (16). We have actually
observed, using fluorescence micros-
copy, the direct result of quinacrine’s
intercalation. Parasitized cells were
placed in the presence of quinacrine,
under ultraviolet light excitation, and
the parasite nuclei showed yellow-
green fluorescence. This well-character-
ized effect has been developed both in

parasitized cells with acridine orange
(17) and in vitro with ethidium bro-
mide (I8). Both of these drugs are
well-known intercalating compounds
(19). ’
KNoxX VAN DYKE, CHRISTIAN LANTZ
CHRISTOPHER SZUSTKIEWICZ
Department of Pharmacology, West
Virginia University Medical Center,
Morgantown 26506
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Immunoassay of Plasma Low-Density Lipoproteins

Abstract. An immunoassay was developed for determining the concentration of
the protein moiety of the low-density lipoproteins of human plasma. The con-
centration of this protein in the plasma was variable; it was higher than normal
on the average in patients with familial hyperbetalipoproteinemia (type II) and
endogenous hyperlipemia (type IV') and lower than normal in patients with fat-
induced (type 1) and mixed (type V) hyperlipemia. Patients with endogenous
hyperlipemia were separable by the immunoassay into those with normal and
those with supernormal low-density lipoprotein protein concentration.

Low-density lipoproteins (LDL) have
been statistically associated with coro-
nary heart disease (I). They are usu-
ally quantitated by their cholesterol
content or total mass (/—4), although
variability in the relative proportions
of their several components has been
recognized for some years (5). In light

of the evidence (5) that the cholesterol
and protein content of LDL might vary
independently of each other, the con-
centration of LDL protein was deter-
mined in plasma of normal and hyper-
lipidemic subjects and compared with
LDL cholesterol concentration.

Blood was drawn from 165 subjects
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