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Thirteen heterocyclic quinones (5 quinoline quinones, 7 isoquinoline quinones, 1 indole
quinone) were tested for their effects on avian myeloblastosis virus reverse transcriptase,
growth of murine lymphoblastoma L5178Ycells, respiration of rat liver mitochondria and
oxidation of NADHby Clostridium kluyveri diaphorase in comparison with those of strep-
tonigrin, in which the quinoline quinone moiety is considered to play a crucial role.

Most of the quinoline quinones and isoquinoline quinones inhibited reverse transcriptase
to the same extent as streptonigrin with the ID50 values ranging between 1 and 5 ^g/ml,

whereas the ID50 value of the indole quinone derivative, 4,7-dihydro-2,3-dimethylindole-4,7-

dione, was 80 ^g/ml. The cytotoxicities of the quinones were much lower than that of strep-
tonigrin; the ID50 values of the quinones were higher than 0.15 ^g/ml. In particular, the

ID50 value of the ort/b-quinoline quinone derivative, 8-methoxy-7-methyl-5,6-dihydroquino-

line-5,6-dione, was as high as 16 ^g/ml, while the 50% inhibition of cell growth was seen in
the presence of 0.0025 ^g/ml streptonigrin. The membranetransport of the quinones was
evaluated by comparing the effects on oxygen consumption by mitochondria and oxidation
of NADHby bacterial diaphorase, being proven not to be responsible for their lower cyto-

toxicities.

The specific inhibitors of enzymes which play a crucial role in viral replication could be sources
of antiviral substances. Reversetranscriptase, required for the replication of retroviruses, will be
one of the candidates for the target enzymes of antiviral substances1>2). In a search for the inhibitors
of avian myeloblastosis virus (AMV)reverse transcriptase3~5), streptonigrin (1), originally reported
as an antitumor antibiotic produced by Streptomycesflocculus^' , was found to be one of the most potent
inhibitors of this enzyme.The in vitro antiviral activity was also tested using an assay system con-
sisting of human immuno-denciency virus (HIV), a causative agent of acquired immune deficiency
syndrome (AIDS) and a member of human retrovirus family7~10), and human T-lymphotropic virus
type I (HTLV-I)-carrying MT-4 cells, though the marked cytotoxicity of 1 made it difficult for its
antiviral activity to be evaluated5). To overcome this disadvantage of 1 various amide type derivatives
in the carboxyl group were synthesized10. Among them, the glycine derivative (2) seemed to be su-
perior to 1 as an antiviral agent, since the former inhibited reverse transcriptase at the concentrations
which had no effect on the growth of lymphoblastoma L5178Y cells12»13). The low cytotoxicity of 2
was, however, found to be attributable to its poor membrane transport14), resulting in negligible
effects on both the replication of HIV and the growth of MT-4cells5). More recently, we observed
that two synthetic quinoline quinone derivatives were much less toxic than 1, while the ID50 values
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against reverse transcriptase were comparable to that of 115). Further effort to discover specific inhibi-
tors of reverse transcriptase has been continued employing various quinone compoundsand the results
concerning the biological properties of them are presented in this paper.

Materials and Methods

Materials
pam-Quinoline quinones (3 ~ 5), ortho-quinoline quinones (6 and 7), ^ra-isoquinoline quinones

(8~ 12), or^o-isoquinoline quinones (13 and 14) and indole quinone (15) compounds were prepared
as reported previously16>17). Diaphorase of Clostridium kluyveri origin was purchased from Oriental
Yeast Co., Ltd., Tokyo. All the other materials were commercial products of analytical grade.

Assay Methods for Biological Activities
The details of assay methods for AMVreverse transcriptase and growth of L5178Ycells were

described previously12 > 18).

Determination of Hydrogen Peroxide
Hydrogen peroxide was determined by the method of Trinder19) with some modifications de-

scribed previously143. Briefly, a reaction mixture (2.3 ml) consisting of 10 mMTris-HCl (pH 8.0),
0.54 mM4-aminoantipyrine, 0.006 % phenol and 6 units/ml peroxidase was incubated with a test solu-
tion (0.2 ml) at 37°C for 20 minutes.

Respiration of Rat Liver Mitochondria
Rat liver mitochondria were isolated by the method of Johnson and Lardy20) and protein con-

centrations were determined by the method of Lowryet al.21\ The respiration of mitochondria on
glutamate was measured at 30°C by oxygen consumption using a Clark type electrode (Yellow Spring
Instrument Co., Yellow Spring, Ohio). The vessel of the electrode held 3 ml of a basal medium (225
mMsucrose, 5 mMpotassium phosphate and 10 mMTris-HCl, pH 7.4) supplemented with 15 mM
glutamate14). Mitochondria (1.5 mg as protein) and 0.37 //mol KCNwere added to the electrode
vessel in this order to read a rate of KCN-insensitive oxidation of glutamate by mitochondria. The
test samples were dissolved in DMSOat 5 mg/ml and the final concentration of DMSOwas kept
at lower than 0.5 %. The increase in a rate of oxygen consumption was calculated on the basis of the
values before and after the addition of the test sample.

Results

The inhibition of reverse transcriptase by the quinones and 1 as a function of concentration are
shown in Table 1. In general, the quinoline
quinones and isoquinoline quinones were as

effective as 1 as an inhibitor of AMV reverse

transcriptase. The ID50 values of the compounds
3, 4, 6~11, 13 and 14 were lower than 5 /^g/ml,
while those of 5 and 12 were 8 and 18^g/ml,
respectively. The indole quinone compound 15
was much less active than the other quinones;

the ID50 value was ca. 80 ^g/ml.
Concerning the cytotoxicity, none of the

quinone compounds were comparable to 1, as

can be seen in Table 1. Especially, 6 and 7 did
not cause any profound fall in the growth of

Fig. 1. Structures of streptonigrin and the glycine
derivative.
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Fig. 2. Structures of the quinone compounds.

Table 1. Inhibition of avian myeloblastosis virus

reverse transcriptase and growth of lymphoblastoma
L5178Y cells.

ID50 fag/ml)

Compound Reverse L5 1 78Y
transcriptase cells

1 3 0. 0025

3 2 0.32

4 <1.25a 0.38

5 8 0.64

6 2 3.2

7 2 16

8 3 0.22

9 <1.25b 0.17

10 5 0.15

ll 2 0.67

12 18 0.15

13 4 0.17

14 2 0.27

15 80 0.15

a 64% inhibition at 1.25 ^g/ml.
b 75% inhibition at 1.25 ^g/ml.

Table 2. Effect on respiration of rat liver mito-
chondria.

Increased rate ofCompound O2 consumption
(^mol 02/minute/^mol)

1 O~59

3 0.53

4 0.79

5 1.2

6 0.52

7 0.79

8 0.51

9 0.95

10 0.88

ll 0.76

12 0.61

13 0.86

14 1.0

15 0.19

L5178Y cells up to 4 ^g/ml.
In the presence of a catalytic amount of 1, mitochondrial DT-diaphorase oxidizes NADHsup-

plied by the electron transfer system with the concomitant generation of the hydroquinone of 1, which,
in turn, autoxidizes to the quinone by transferring an electron to molecular oxygen, resulting in the
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Fig. 3. Generation of hydrogen peroxide coupled with the oxidation of NADHby Clostridium kluyveri
diaphorase.

A mixture of 9.0 units/ml diaphorase, 0.9 him NADH,0.05 niM EDTAand 10 mMTris-HCl (pH
8.0) was incubated in a final volume of 1 ml at 37°C for 5 minutes.

Hydrogen peroxide formed was measured by the method described in the text.
Test samples were dissolved in and diluted with DMSOto adjust the final concentration of DMSO

atl%.

formation of hydrogen peroxide. The electron acceptor activity of 1 was also observed in the oxida-
tion of NADHcatalyzed by bacterial diaphorase. The former activity could be detected by measuring
oxygenconsumption under unaerobic conditions using oxygenelectrode, and the latter by measuring
hydrogen peroxide formed from molecular oxygen. As shown in Table 2 and Fig. 3, all the quinone
compoundswith the exception of 15 were as active as 1 in both the enzymatic and mitochondrial sys-
tems. The rate of oxygen consumption in the presence of 15 was lower than those obtained with the
other quinones and 1 when compared on a molar basis. This might result from its poor membrane
transport as in the case of 214).

Discussion

In a previous paper15) , we reported that two quinoline quinone compounds, 6-methoxy-7-methyl-
5,8-dihydroquinoline-5,8-dione and 6-methoxy-5,8-dihydroquinoline-5,8-dione, shared a potent in-

hibitory activity against AMVreverse transcriptase with 1. The cytotoxicities of these two com-
pounds (ID50 ca. 0.6 ^g/ml) were, however, remarkably lower than that of 1. Even though the qui-
nones are superior to 1 in terms of an antiviral substance, the ID50 values of these compoundsin cyto-
toxicity were still lower than the corresponding values in inhibition of reverse transcriptase. This
prompted us to extend the search for the specific inhibitors of reverse transcriptase to muchwide
range of quinone-containing compounds.
Previously, we observed good correlativity between an electron acceptor activity in the oxidation
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of NADHby C. kluyveri diaphorase and an inhibitory activity against reverse transcriptase using
several naphthoquinone derivatives22). 15, a sole indole compound among those tested in the present
work, is an exception to this rule; it remains to be elucidated whether the indole structure, the side chains
on C-2 and/or C-3 or the both have responsibility. Wealso discovered that 1 inhibited reverse trans-
criptase by interacting mainly with the enzymemolecule23). In addition to a potential to catalyze
oxidation-reduction reaction, there mayexist a structural requirement for the inhibitors of reverse
transcriptase.

In the case of 6 and 7, the ID50 values for cytotoxicity were higher than those for inhibition of
reverse transcriptase; this favors their use as antiviral substances. Similar observations were made
with 212'13). However, the decrease in cytotoxicity of this compound was found to result from its
poor membrane transport14). Unlike 2, both 6 and 7 had no defect in membrane transport as evident
from the results concerning the effect on the respiration of rat liver mitochondria.

The antiviral activity of these compoundsare nowunder investigation using in vivo and in vitro
assay systems.
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