Benzoquinolinediones: Activity as Insect Teratogens

Abstract. Morphological abnormalities including extra compound eyes, extra
heads, and distally duplicated legs were generated in cricket embryos by treating
eggs with single doses of either benz[glisoquinoline-5,10-dione or benzolh]quinoline-
5,6-dione. Slight structural modifications of the molecules resulted in a loss of
teratogenic activity, although embryotoxicity occurred. These potent insect terato-

gens can be used for analysis of developmental events during embryogenesis.

Studies of the toxicity of several com-
plex chemical mixtures derived from
coal feedstocks established the existence
of substances that produce extra body
parts in insect embryos (/, 2). Abnormal-
ities occurred after cricket eggs [Acheta

domesticus (L.)] were exposed to low
concentrations of the unidentified chemi-
cals; afflicted embryos had extra com-
pound eyes, extra antennae, and extra
heads. Branching of the antennae and
distal duplications of the legs sometimes

Table 1. Embryotoxicity (9) and teratogenicity of benz[glisoquinoline-5,10-dione and benzo[A]-
quinoline-5,6-dione to A. domesticus eggs. Individual eggs were treated topically, then were
incubated at 31°C in groups of 20 eggs per treatment. The eggs were scored for multiple
eyespots on days 8 to 11 of development; hatching typically begins on day 11 for controls.
Survival is expressed as mean percent survival + the standard error of the mean for groups of 20

eggs.

Embryos with

Dose Number Survival abnormal number
(ng/egg) of eggs (%) of eyes
Untreated control
0 720 87 * 1.5 0
Dimethyl sulfoxide control
0 660 82 +2.0 0
Benz[glisoquinoline-5,10-dione (1)
20 358 21 + 4.4 2
16 360 34 £ 46 2
12 360 48 + 3.7 6
8 360 60 + 4.0 2
6 360 75 + 2.8 13
4 340 70 + 2.2 17
1 300 66 + 4.0 17
0.1 300 76 + 3.6 8
Benzolh]quinoline-5,6-dione (2)

125 179 22 £5.8 2
62 180 57 + 8.0 5
31 180 79 + 3.4 1
15 180 76 = 3.8 0
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occurred in response to chemical treat-
ment.

Identification of the biologically active
substances in the complex chemical mix-
tures used in these studies could provide
developmental biologists with useful
probes for examining the mechanisms by
which cells form specific body struc-
tures. In addition, chemical identifica-
tion would facilitate testing the sub-
stances on animals in other taxa. Such
tests are necessary in establishing the
usefulness of the cricket embryo as an
invertebrate model system for chemical-
ly induced teratogenesis (3).

During studies designed to isolate and
identify specific chemicals disrupting
embryonic development in A. domesti-
cus, several azaarenes were synthesized
and tested on eggs. Two diones of three-
ringed nitrogen-containing heterocyclic
molecules, benz[glisoquinoline-5,10-di-
one (compound 1) and benzo[h]quino-
line-5,6-dione (compound 2) (Fig. 1) (4),
proved to be teratogenic when applied to
eggs soon after oviposition (5). Morpho-
logical abnormalities in nymphs emerg-
ing from treated eggs were similar to
those obtained with organic chemicals
produced from coal feedstocks, includ-
ing a chemical impurity present in com-
mercial samples of acridine (6). Extra
compound eyes (Fig. 2), extra antennae
(Fig. 3), extra heads, and legs with distal
portions duplicated (Fig. 4) were among
the abnormalities produced.

The presence of extra compound eyes
served as a convenient, objective criteri-
on for evaluating teratogenicity in ovo,
but this index does not indicate the total
number of embryos with morphological
abnormalities. Nonetheless, the data in
Table 1 establish that both 1 and 2 are
capable of producing extra compound
eyes in crickets. Compounds 1 and 2 also
produced other disruptions in embryo-
genesis, such as highly fragmented
yolks, distorted embryos, or well-formed
body structures developing in isolation.
For example, a treated egg might contain
a normal head devoid of both thorax and
abdomen. Major abnormalities of this
kind were invariably lethal and occurred

Fig. 1 (upper left). Compound 1, benz[gliso-
quinoline-5,10-dione; compound 2, benzo[k]-
quinoline-5,6-dione. Fig. 2 (lower left). A
I-week-old, three-eyed cricket that was treat-
ed during the egg stage with 5 ng of 1. Fig.
3 (upper right). A cricket nymph with an extra
antenna in the middle of the head (indicated
by the arrow), a condition that sometimes
occurs after exposure of the egg to benzoquin-
olinediones 1 and 2. - Fig. 4 (lower right).
Leg with two tarsi and four tarsal claws from
a cricket treated during the egg stage with 5 ng
of 1. A normal leg has one tarsus and two
tarsal claws.
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with increasing frequency at doses ap-
proaching or exceeding the median lethal
dose (LDsg). Thus, the benzoquinoline-
diones displayed teratogenic activity
over a range of doses. At higher doses
the abnormalities were severe and the
embryos died, whereas at lower doses of
the range, embryos survived to emerge
with visible evidence of teratogenicity in
the form of extra body structures or
distally duplicated appendages. Indeed,
the highest percentages of multiple-eyed
embryos were seen at doses of 1 produc-
ing low mortality (Table 1).

Subsequent isolation and characteriza-
tion of the impurities in commercial acri-
dine have demonstrated the presence of
1 in the teratogenic mixture and have
confirmed the identification by gas chro-
matography-mass spectrometry and by
infrared and '*C nuclear magnetic reso-
nance spectra (7). Whether 1 is also
responsible for the teratogenic activity of
the other organic mixtures tested on
cricket embryos is not known at this
time.

Bioassays of molecules structurally
similar to 1 and 2 illustrate the unique
teratogenic properties of the two
C3H7NO; isomers (molecular weight,
209) and establish the critical contribu-
tions of the two keto groups and the
nitrogen atom in conferring morphoge-
netic activity. None of the eight three-
ringed aromatic isomers of C;3HoN (mo-
lecular weight, 179) produced extra body
structures, although embryotoxicity was
observed with all of the isomers; this
shows that the lack of teratogenicity was
not caused by an inability to penetrate
the egg (7). In addition, benzo[g]quino-
line-5,10-dione (C;3HsNO,; molecular
weight, 209), which differs from 1 only
by the position of nitrogen in the ring,
lacked teratogenic activity (8), further
indicating that slight changes in chemical
structure resulted in loss of teratogenici-
ty.

Compound 1 proved to be more em-
bryotoxic than 2. On the basis of the data
in Table 1, the LDs, for 1is 13.2 ng per
egg (95 percent confidence limits of 12.6
and 14.2 ng per egg), and the LDsy of 2 is
85.3 ng per egg (95 percent confidence
limits of 74.1 and 98.3 ng per egg) (9).
Extra compound eyes were not observed
in the 1380 control eggs used in this
study, nor in any of the 50,781 control
eggs examined in earlier studies of chem-
ical teratogenesis in A. domesticus (1, 2).

The cricket A. domesticus provides
numerous advantages as a research ani-
mal for embryology. It is easily obtained
and reared; the eggs are relatively large,
with less than 2 weeks required to com-
plete development; and considerable in-
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formation is available on embryonic de-
velopment (/0). The demonstrated abili-
ties of certain benzoquinolinediones to
induce extra body structures in this in-
sect, as well as to disrupt embryonic
morphogenesis in the moth Manduca
sexta (L.), the bug Pyrrhocoris apterus
(11), and the cricket Gryllus rubens
Scudder (/2), indicate that these chemi-
cals will be useful tools for exploring the
processes of embryonic cellular differ-
entiation, pattern formation, and chemi-
cally induced teratogenesis. We propose
that the more potent insect teratogen,
benz[glisoquinoline-5,10-dione, be called
‘“‘biquidone,’” a shortened version of the
full chemical name.
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Monoclonal Antibodies in the Lymphatics:

Selective Delivery to Lymph Node Metastases of a Solid Tumor

Abstract. After subcutaneous injection, monoclonal antibodies directed against a
tumor can enter local lymphatic vessels, pass to the draining lymph nodes, and bind
to metastases there. Lymphatic delivery of antibody to early metastases is more
efficient than intravenous administration, and the lymphatic route can be used to
image smaller metastatic deposits. Perhaps more important, the lymphatic route
minimizes binding of antibodies to circulating tumor antigens and to cross-reactive
antigens present on normal tissues. Antibodies inappropriate for intravenous use
because of binding to normal tissues may therefore be useful against lymph node
metastases when injected subcutaneously or directly into lymphatic vessels.

Intravenous injection of monoclonal
antibodies is being studied in numerous
laboratories and hospitals for diagnosis
and therapy of cancers (/). Antibodies
with gamma emitters attached can be
used for diagnostic imaging of tumors
(2). For therapy, antibodies can mark

tumor cells for destruction by host de-
fenses (3) or carry an attached drug,
toxin, radionuclide, or liposome (4). We
recently reported an alternative to the
intravenous route of administration: af-
ter subcutaneous injection, monoclonal
antibodies enter local lymphatic capillar-
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