lism. Several investigators (/8) have pre-
viously demonstrated that progesterone
can stimulate LH release in ovari-
ectomized animals primed with estra-
diol. This LH release is associated with
increased LHRH in mediobasal hypo-
thalamus and can be linked to activation
of a noradrenergic system of neurons
(19). Our results confirm their data and
show that in a 6-hour period pro-
gesterone increases LHRH concentra-
tions in MBH-AHA-POA tissue and
stimulates higher release of the hormone
relative to tissue from animals in group
3. These three factors, LH, gonadal ster-
oids, and the photoperiod might interact
to set the appropriate conditions for neu-
ral processes triggering a complete and
normal surge of LH.
V. D. RAMIREZ
D. DLUZEN
D. LiIN
Department of Physiology and
Biophysics, University of Illinois,
Urbana 61801
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Red Cochineal Dye (Carminic Acid): Its Role in Nature

Abstract. Carminic acid, the well-known red dyestuff from cochineal insects (Dac-
tylopius spp.), is a potent feeding deterrent to ants. This deterrency may be in-
dicative of the natural function of the compound, which may have evolved in coch-
ineals as a chemical weapon against predation. The behavior of an unusual predator
is described —the carnivorous caterpillar of a pyralid moth (Laetilia coccidivora)—
which is undeterred by carminic acid and feeds on cochineals. The animal has the
remarkable habit of utilizing the ingested carminic acid for defensive purposes of its

own.

Before aniline dyes came into use in
the latter half of the 19th century, one of
the most important red dyes in the textile
industry was carminic acid (Fig. 1C), an
anthraquinone extracted from scale in-
sects (Coccidae) of the genus Dacty-
lopius, the so-called cochineals (I). Al-
though in commercial use, no biological
function had been demonstrated for this
substance (/-3). Other quinones, such as
the benzoquinones and naphthoquinones
discharged from the defensive glands of
certain insects, millipeds, and opilionids
(Fig. 1, A and B), are potent feeding de-
terrents to predators, including pre-

0 0
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OH 0 CHs
(0} COOH
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HOH,C HO OH
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Fig. 1. (A) 1,4-Benzoquinones [for example,
R = H, CHj;, C;H; in defensive secretions of
certain beetles (25)]. (B) 1,4-Naphthoquinones
[for example, R = H, CHj; in defensive secre-
tion of an arachnid (26)]. (C) Carminic acid,
the anthraquinone of cochineal insects.
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daceous insects such as ants (4). Assum-
ing that an anthraquinone might be simi-
larly defensive, we undertook bioassays
which showed that carminic acid is in-
deed potently deterrent to ants. The re-
sults of these tests are presented, togeth-
er with an account of the behavior of a
predaceous caterpillar that is undeterred
by carminic acid and feeds on coch-
ineals, and is able to put the ingested an-
thraquinone to defensive use of its own.
Our observations were made on Dac-
tylopius confusus, a cochineal species
commonly found on prickly pear cacti
(Opuntia spp.) in Florida. Aggregations
of Dactylopius are conspicuously white
(Fig. 2A), as a result of the fluffy invest-
iture of waxy powder and silken threads
that characteristically cloaks their bodies
(5). This ““‘wool’’ is thought to be defen-
sive (I, 6). Newborn cochineals and
males (the only winged form) are devoid
or nearly devoid of wool (7) and are dis-
tinctly red because of the carminic acid
in their bodies (Fig. 2B). Cloaked indi-
viduals have similar red bodies, as is evi-
dent when they are plucked bare with
forceps. Carminic acid is present in the
blood and muscles of the immature in-
sects and adults, as well as in the eggs
and embryos within gravid females (/).
The carminic acid content of reproduc-
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tive females, males (both normal and
with wings removed), and newborn of
D. confusus was determined. Groups of
10 to 50 insects were extracted with
methanol, and the carminic acid (8) was
quantified by high-performance liquid
chromatography (HPLC) (9). The values
ranged from 1.5 to 3.0 percent (10).

The bioassays with ants (Monomori-
um destructor) (11) were intended to de-
termine whether carminic acid is poten-
tially defensive at the concentrations in
which it occurs in Dactylopius. Feeding
preference experiments were set up in
which the ants were offered a choice be-
tween 10~'M aqueous sucrose (a highly

acceptable food) and sucrose solution
with added carminic acid. The tests were
carried out near a natural colony of the
ant, at a location baited with honey drop-
lets to which the ants had laid a network
of foraging trails. For an individual test,
arectangular plastic plate with eight con-
ical feeding depressions filled to the brim
with test solution was placed in or beside
a trail (Fig. 2C). Four depressions were
filled with sucrose solution (controls),
and the other four (experimentals),
which alternated with the controls, were
filled with sucrose solution containing
carminic acid (12). Fifteen minutes were
allowed for the ants to locate the depres-

sions, after which counts were made,
at 2-minute intervals for 20 minutes, of
the total number of ants at the four con-
trol and four experimental depressions.
Means were obtained for each set of 11
values (/3), and the acceptability rating
of the experimental solution, expressed
as percent of control, was calculated
[(mean of experimentals/mean of con-
trols) X 100]. Tests were replicated five
times for each of four carminic acid solu-
tions in the range of 107* to 107'M. At a
concentration of 10~!M, which corre-
sponds to a carminic acid content (about
5 percent) only slightly higher than that
of cochineals, deterrence is essentially

Fig. 2. (A) Prickly pear cactus (Opuntia sp.) infected with the cochineal scale insect Dactylopius confusus. The white ‘‘wool’’-covered female
cochineals are clearly seen. (B) Winged male cochineal and newborn young on surface of woolen investiture of the female parent. (C) Plastic plate
with feeding depressions used in bioassays with ants (Monomorium destructor) (only six of eight depressions in the plate are shown); ants are
seen drinking at the sites laden with control solution (10~'M sucrose) and ignoring the experimental sites (10~'M carminic acid in 10~'M sucrose).
(D) Detail of plastic plate similar to preceding; ants are feeding on the mealworm remains (control) and ignoring the upper depression baited with
squashed female cochineals. (E) Mature larva of Laetilia coccidivora, exposed by lifting up the side of the cocoon it had spun in anticipation of
pupation. (F) Freshly emerged adult of L. coccidivora. (G) Larva of L. coccidivora responding to pinching with forceps by rotating its front end
and regurgitating a droplet of fluid upon the forceps; the forceps are already wetted from a previous drop emitted by the larva. (H) Front end of
larva (treated by prolonged immersion in aqueous potassium hydroxide and consisting of cuticular portions only) showing the capacious crop (cr)
that leads inward from the mouth (m). (I) Larva, under attack by ant (Monomorium destructor), revolving front end just prior to deposition of
droplet of regurgitated fluid (shown) on the ant. (J) Ant that has been wetted by the larva shown, dragging its contaminated head as it backs away,
leaving a conspicuous trail in its wake. (K and L) Comparable to preceding, showing alternative drag-cleaning behaviors of the ant. In (K), the ant
is moving forward and dragging its wetted rear; in (L), it is moving sideways and dragging two contaminated legs. Reference bars: (A) 3 cm; (B
and H) 0.5 mm; (C and E) 5§ mm; (F, G, I, and J) 2 mm.
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absolute (Fig. 3). In order to rule out the
possibility that the ants had discrimi-
nated against the experimental solutions
on the basis of their red color, we con-
ducted several tests (107'M carminic
acid) in darkness, and monitored them
only by brief intermittent illumination in
red light [to which ants are reportedly in-
sensitive (/4)]. Carminic acid proved
comparably deterrent under such condi-
tions (15).

Feeding tests, similar to the above, in
which one set of depressions was laden
with body contents of freshly killed Dac-
tylopius females (16) and the other (con-
trols) with blood and tissues squeezed
from decapitated mealworms (/7),
showed the Dactylopius themselves to
be strictly unacceptable. Whereas the
control depressions were always tightly
encircled by feeding ants for as long as
the bait lasted, the cochineal remains
drew no more than fleeting attention
from an occasional inspecting ant (Fig.
2D).

Exactly 100 years ago Comstock de-
scribed a moth (Laetilia coccidivora)
that is carnivorous as a larva (as lepi-
dopteran larvae rarely are) and subsists
exclusively on scale insects (/8). While
we were examining Dactylopius colo-
nies, we found a number of these larvae
feeding on their cochineal prey (Fig. 2E).
These larvae readily consumed coch-
ineals in the laboratory and grew to
adulthood (Fig. 2F). Disturbance of the
larvae, as by prodding or gentle pinching
with forceps, showed a characteristic de-
fensive behavior. When stimulated they
revolved their front end and brought the
mouth to bear on the affected region, at
the same time emitting a droplet of fluid
from the mouth. The responses were
quick, and the offending instrument was
always wetted by the liquid (Fig. 2G).
The red color of the effluent suggested
that it was of enteric origin and derived
from ingested cochineals. Dissection
showed that the anterior portion of the
gut (the foregut) consisted of a capacious
crop (Fig. 2H), replete with the liquified
red remains of cochineals, and enve-
loped by compressor muscles. Con-
traction of these muscles, and simultane-
ous closure of the narrow junction
(stomodaeal valve) by which the foregut
communicates with the tubular next sec-
tion of the gut (the midgut), could pre-
sumably effect the discharges. Carminic
acid appears to be restricted largely to
the gut of the larva. Other internal or-
gans are white or at most faintly pink in
appearance. :

The larval discharge contained chem-
ically unaltered carminic acid at poten-
tially defensive concentrations. Individ-

30 MAY 1980

100{----- —$» ----------------------------
N=5

60

40

2 5
—ep—

Acceptability (% control)

1074 1073 1072 107!
Carminic acid (M in 0.1M sucrose)

Fig. 3. Acceptability of carminic acid solution
to ants (Monomorium destructor), expressed
as percent of acceptability of control (10~'M
sucrose). Horizontal lines indicate means,
vertical lines give ranges, and bars indicate
one standard error on each side of mean. De-
tails in text.

ual larvae, medium-sized to full-grown (6
to 24 mg), were ‘‘milked”’ to depletion
by pinching them repeatedly with for-
ceps and causing them to regurgitate di-
rectly on weighed pieces of filter paper
held beside the tips of the forceps. The
wetted papers were promptly weighed
and extracted with a mixture of methanol
and aqueous acetic acid, and the extract
was analyzed for carminic acid content
by HPLC (9). The collected effluent (2 to
7 percent of body weight) contained 2.2
to 3.3 percent carminic acid (mean =
2.7 +0.3; N =11), a concentration
slightly higher even than that in the coch-
ineals themselves (/9).

Exposure to Monomorium destructor,
one of many species of ants that could
figure among Laetilia’s natural enemies,
revealed that the larvae were well pro-
tected against such predators. Released
singly near trails of the ants, they were
soon encountered, and quickly subjected
to mandibular biting and attempted sting-
ing by individual ants. As soon as this
occurred, a larva swung its front end to-
ward the site attacked and regurgitated a
droplet upon the ant (Fig. 2I). The latter
released its hold and moved away, wip-
ing the wetted regions of its body against
the substrate and leaving a conspicuous
red streak in its wake (Fig. 2, J to L).
Larger droplets drenched the ant, weigh-
ing it down and hindering it mechanically
by causing legs and antennae to stick
temporarily to one another and to the
substrate. But even a mere wetting of the
mouthparts or of individual appendages
sufficed to cause an ant to terminate its
assault. Whether such lesser dosages
wrought their effect chemically rather
than mechanically, and specifically by
the chemical deterrency of the carminic
acid itself, cannot be said. In one con-

text, however, the fluid did seem to act
chemically. After an attack, a larva was
always left visibly contaminated by re-
sidual fluid, both at the site of attack and
on and around the mouthparts. More-
over, by writhing vigorously during an
attack and rolling the body fully around
one or more times, the larva (especially
the younger ones) often succeeded in
spreading the fluid over considerable
areas of its body. On no occasion were
ants seen to press their attacks upon
such contaminated regions, whether
these were wet or had already dried.
They inspected the sites with their an-
tennae in the usual fashion, but were al-
ways deterred on contact.

Given the proven defensive potential
of carminic acid, and its apparent defen-
sive use by Laetilia, it seems likely that
the substance serves also for protection
in cochineals and that it evolved in that
capacity in these insects. Maximal bene-
fit from possession of the substance is
likely to be derived by the male and new-
born cochineals, unprotected as these
are by the coating of ‘‘wool.”” One won-
ders whether carminic acid might also be
distasteful to predators other than ants,
and in particular to visually oriented ver-
tebrate predators. If so, the dye might al-
so function, by virtue of its red color, as
an aposematic deterrent. Although tests
with vertebrates have not been done, it is
perhaps significant that cochineals are
said to be bitter to the taste in humans
@).

Laetilia is to be envisioned as an ani-
mal which, through evolutionary special-
ization, has managed to ‘‘crash’’ through
the defensive chemical barrier of its
host, while at the same time appropriat-
ing the weaponry for protective purposes
of its own. Comparable cases could be
cited, mostly of herbivores that utilize
chemical deterrents from plants (20), but
also of predators that obtain their de-
fenses from animal prey (21). Laetilia is
noteworthy because it exhibits the mode
of employ of its acquired defense with
such clarity. Defensive regurgitation is
common in caterpillars (22), most of
which are, of course, herbivorous. While
it seems plausible that the oral fluid of
such herbivores derives its effectiveness
from plant metabolites, this remains to
be shown.

Several anthraquinones, including ker-
mesic acid (possibly the most ancient
dyestuff on record), ceroalbolinic acid,
erythrolaccin, 7-hydroxyemodin, deoxy-
erythrolaccin, and the laccaic acids (3,
23) are known from other scale insects.
It seems likely that these compounds are
also defensive. Some, in fact, might also
be used by Laetilia, which is not host
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specific but feeds on a variety of scale
insects. One wonders also whether a de-
fensive role can be assigned to the many
anthraquinones from plants (3). Inter-
esting in this connection is the claim that
anthraquinones in the heartwood of teak
offer some protection against termites
24).
THOMAS EISNER
STEPHEN NOWICKI
Section of Neurobiology and Behavior,
Cornell University, Ithaca,
New York 14853
MicHAEL GOETZ, JERROLD MEINWALD
Department of Chemistry,
Cornell University
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Regional Assignment of Genes for Human Esterase D and
Retinoblastoma to Chromosome Band 13q14

Abstract. The expression of human esterase D was evaluated quantitatively and
qualitatively in five persons with partial deletions or duplications of chromosome 13.
The results showed that the locus of this enzyme is at band 13ql14. Deletion of this
same band in other subjects has been found previously to indicate a predisposition to
the development of retinoblastoma, which was present in the four individuals in this
study who had partial deletions of chromosome 13. Because of this close synteny,
esterase D evaluation should aid in the diagnosis and genetic counseling of reti-

noblastoma.

Esterase D (E.C. 3.1.1.1) is an enzyme
found in most human tissues but whose
biological function is unknown. Its rela-
tive specificity for methylumbelliferyl es-
ters as substrates and its electrophoretic
mobility distinguish it from other ester-
ases. Electrophoretic polymorphism for
esterase D results from two common al-
leles, types 1 and 2. Somatic cell hybrid-
ization studies have assigned the genetic
locus for this enzyme to chromosome 13
(I, 2). With development of a quan-
titative assay for esterase D, we have
been able to evaluate the regional assign-
ment of this locus by analyzing both the
qualitative and quantitative expression
of this enzyme in five patients from unre-
lated families with structural abnormal-

M 348
40 i

ities of chromosome 13 (Table 1); four of
the patients have a specific eye tumor,
retinoblastoma, associated with partial
deletions of the long arm of one chromo-
some 13.

Chromosome analyses were carried
out by standard techniques; family 4 was
also studied by the high-resolution band-
ing technique with amethopterin cell
synchronization (3). Electrophoresis of
esterase D was performed according to a
modification of the method described by
Hopkinson et al. 4). For esterase D ac-
tivity, the fluorescent method described
by Sparkes et al. (5) was used. Normal
enzyme activities have been found for
patients who have retinoblastoma and
normal chromosomes; age-matched con-
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Fig. 1. The G-banded chromosomes 13 from the five probands. The number under each chromo-
some pair refers to the proband (Table 1). Arrows to the left of the normal chromosomes 13
identify the deleted or duplicated segment of the abnormal chromosomes. The diagram to the
right summarizes these chromosome changes and shows the shortest region of overlap (middle

of band q14).
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