
Q
t

V
D

R

a
t
a
t
p
a
t
d
fi
c
a
p
c

a
t
1
t
w
s
z
t
s
t
t
o
t
a
m

t
a
l
c
e
p
m

Biochemical and Biophysical Research Communications 256, 81–83 (1999)

Article ID bbrc.1998.9988, available online at http://www.idealibrary.com on
uinone Analogue Irrecoverably Paralyses
he Filarial Parasites in Vitro

. M. Sivan and R. Kaleysa Raj
epartment of Biochemistry, University of Kerala, Thiruvananthapuram 695 581, India

eceived December 21, 1998
branched and possesses rotenone sensitive and rote-
n
a
z
t
f
c
2
l
D

M

c
M
f
r
w
f
a
p
f
a
t
r
p
T
t
i
w
m
T
t
T
m
c
r
e

T
a
b
m
m
a
m

2,3-Dimethoxy-5-methyl-1,4-benzoquinone (Q0),
n analogue of ubiquinone, irreversibly paralyses
he adult and microfilariae of the cattle filarial par-
site Setaria digitata. The same concentration of Q0

hat paralyses the microfilariae of S. digitata also
aralyses the microfilariae of the human filarial par-
site Wuchereria bancrofti within the same dura-
ion. Thus the experiments done in the model S.
igitata system can well be extended to the human
larial system. A drug at the level of the quinone-
entered energy generating system, perhaps an an-
logue of quinone like Q0, can inactivate the filarial
arasites and may prove to be an effective drug to
ontrol filariasis. © 1999 Academic Press

Filariasis afflicts millions of people in the tropical
nd subtropical countries [1, 2]. The question of how
o cure this disease still remains unanswered.
-Diethylcarbamoyl-4-methylpiperazine (DEC) in-
roduced in 1947 [3] is the drug still recommended
idely for filariasis [4]. Suramin (antrypol), levami-

ole, and mebendazole, the DEC analogue centpera-
ine and ivermectin are also suggested for filarial
reatment [5– 8]. But all of them show severe toxic
ide effects [6, 9 –20]. So it is widely accepted that
here is the need for an alternative drug for the
reatment of filariasis. The present study is focused
n the effect of quinone analogue on the model sys-
em, the cattle filarial parasite Setaria digitata and
lso on the microfilaria of both Setaria and the hu-
an filarial parasite Wuchereria bancrofti.
In parasitic helminths it is widely accepted that

heir specialized electron transport systems are an-
erobic in nature even though they possess relatively
ower activities of aerobic electron transport system
omparable to those of obligate aerobes [21]. The
lectron transport system of S. digitata, the filarial
arasite of cattle Bos indicus, recommended as a
odel system for human filarial parasites [10], is
81
one insensitive pathways for NADH oxidation and
erobic and anaerobic pathways for substrate utili-
ation [22] and is characterized by, the presence of
wo quinones, Q8 and Q6, transhydrogenases and
umarate reductase, the absence of typical cyto-
hromes and pyruvate dehydrogenase complex [23–
6] and the presence of a mitochondrial quinone-
inked lactate utilizing system [27] insensitive to
EC (unpublished).

ATERIALS AND METHODS

S. digitata located in the peritonial cavity of the cattle was
ollected in Tyrode medium (NaCl 0.8%, KCl 0.02%, CaCl2 0.02%,
gCl2 0.01%, NaHCO3 0.015%, Na2HPO4 0.05% and glucose 0.5%)

rom the local abattoir. The worms freed from extraneous mate-
ials were used. They were kept in Tyrode medium at 37°C in a
ater bath until use. The adult female worms were selected

or experimental purposes. The selected worms were of same size
nd gave similar wriggling score in Tyrode medium. The
eristaltic-type wriggling movement of the parasite of curvature
rom one side to the other of the median and back was scored
s one and counts were made for one minute on each organism at
he periods indicated. The substrate used were dissolved sepa-
ately in known volume of Tyrode medium without glucose and its
H adjusted to 7. Then added to different beakers containing
yrode medium without glucose (final volume 25 ml) and main-
ained at 37°C. Active female worms were introduced one each
nto different medii and every 30 minutes interval, number of
riggling was recorded. The quinone analogue, 2,3-dimethoxy-5-
ethyl-1,4-benzoquinone (Q0), was dissolved in known volume of
yrode medium without glucose and was added to beakers con-
aining Tyrode medium without glucose but with substrates and
yrode medium with glucose. Final volume in each case was 25
l. Active female worms were introduced one each into these Q0

ontaining media of pH 7 maintained at 37°C. Experiments were
epeated and simultaneously a control without Q0 was kept for
ach test.
The S. digitata microfilariae were collected by centrifuging the

yrode medium in which the female worms were incubated for 2 hrs
t 37°C. W. bancrofti microfilariae were isolated from heparinised
lood samples of filarial patients (collected during night time) by
icrofiltration. The isolated microfilariae were maintained in Tyrode
edium at 37°C. The Q0 solution prepared in Tyrode medium was

dded to the microfilaria containing Tyrode medium (final volume 1
l, pH 7). A control without Q0 was also maintained. The motility of
0006-291X/99 $30.00
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he microfilaria was observed under a microscope (1003). Different
oncentrations of Q0 was tried and a concentration capable of para-
ysing the worms/microfilariae in a stipulated time was recorded.

ESULTS AND DISCUSSIONS

Q0, paralyses the worms which were incubated in
edium containing different substrates (Table 1).
he paralysed worms were found intact and no ex-
ernal damage was noticed. This indicates that the
ffect of Q0 may be at the respiratory chain level. The
nterception of electron transport activity and conse-
uent depletion of energy may lead to the paralysis
f worms. In vitro incubation of Escherichia coli with
uinone analogues showed that by displacing endog-
nous quinones, these analogues intercept and divert

FIG

In Vitro Effect of Q0 on the Wriggling Movement
of Setaria digitata in Different Systems

System
% Wriggling

(at 30th minute) Paralysis

. Tyrode medium without glucose
1 Q0 (0.16 mM) 0 (1)

. a 1 Glucose 0 (1)
. a 1 Malate 1 NAD 1 ADP 1 Pi 0 (1)
. a 1 Fumarate 0 (1)
. a 1 Sodium lactate 0 (1)
ontrols (System minus Q0) 100 (2)

Note. N 5 6. Q0 is 2,3-dimethoxy-5-methyl-1,4-benzoquinone. (1)
radual and complete paralysis within 30 minutes. (2) No paralysis.
.5 mM glucose, 0.75 mM NAD. 3 mM each of malate, fumarate,
odium lactate, and, 1 mM each of ADP and P1 were used.
82
lectron flow from the energy producing regions of
he respiratory chain which leads to cell death [28].
he electron transport in malarial parasite, where
8 is the part of the respiratory chain is disrupted by
ydroxynaphthoquinolines [29]. 4-hydroxynaphtho-
uinolines inhibits the electron transport activity in
lmeria [30].
S. digitata incubated in Tyrode medium containing

lucose was also completely paralysed in presence of Q0

Table 1). The inhibition by Q0 is continuous and irre-
ersible as is clear from the fact that the worms did not
ecover in Q0-free medium, after paralysis from expo-
ure to Q0 (Table 2). The paralysed worms did not
ecover even when they were incubated in Tyrode me-
ium containing malate plus NAD/sodium lactate/
umarate (Table 2). Thus from this set of experiments
t may be reasonable to conclude that Q0 irrecoverably
ffects both aerobic and anaerobic energy generating
ctivities (Figure 1).

E 1

Recovery Experiments with Q0-Paralysed Worms

System Observation (at 2nd hr)

. PW in Tyrode without glucose NR

. a 1 Glucose NR
. a 1 Fumarate NR
. a 1 Sodium lactate NR
. a 1 Malate 1 NAD NR

Note. N 5 6; NR, No recovery; PW, Q0-paralysed worms. 2.5 mM
lucose, 0.75 mM NAD, and 3 mM each of malate, fumarate, and
odium lactate were used.
UR
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The movement of microfilariae of S. digitata is to-
ally arrested within 10 minutes of incubation in Q0

ontaining medium (Table 3). The same concentration
f Q0 totally paralyses the microfilariae of the human
larial parasite W. bancrofti within the same duration
Table 3). This reveals that the experiments done, with
he model S. digitata can well be extended to the hu-
an filarial system in the direction of drug develop-
ent. Based on the above observations it can be sug-

ested that a drug at the level of the quinone-centered
nergy generating system, may be an analogue of qui-
one like Q0, can inactivate human filarial parasites
nd thereby effectively control filariasis.
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