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Anticipatory intervals (average values with standard deviation)
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Tones in pattern Before 1st tone

Before 2nd tone

Before 3rd tone Before 4th tone

Sequence-condition 1

(500 ms intertone interval) —32.6 (£ 36.7)
Sequence-condition 2
(700 ms intertone interval) —28.6 (% 37.3)

—31.8(x384)

—30.4 (+ 39.4)

—30.4 (£ 35.2) — 323 (4 348)

~36.9 (+ 42.6) 341 (+ 38.4)

Minus sign means tapping onset precedes stimulus onset. For details see text.

The acoustic system is capable of differentiating much
shorter time intervals between tones than 30 ms*. It is
therefore obvious that the anticipatory error in following
rhythmic stimuli is not caused by functional limitations
of hearing. Instead, it is apparently related to temporal
programming of a highly automatized, stereotypicalily
repeated sequence of simple and probably ballistic move-
ments. Because the response is anticipatory it is obvious-
ly not related to the stimulus proper but to the preceding
stimulus, 500 or 700 ms earlier. As there is no difference
in anticipation for the two interstimulus conditions (see
table), the discrete temporal advance by approximately
30 ms is embedded in a higher order temporal control
mechanism. Thus, not only temporal control in the per-
ceptual domain, but also in the sensorimotor domain
appears to be organized in a hierarchical way!°.
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Summary. Glossopharyngeal nerve stimulation of the bullfrog, Rana catesbiana, revealed responsiveness to low levels
of cantharidin (1.3 x 10™° M), providing a first demonstration of neural gustatory sensitivity of an animal to this

defensive chemical from blister beetles (Meloidae).
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Cantharidin, the active principle of ‘Spanish Fly’, is one
of the oldest-known poisons of insect origin . Present as
a defensive agent in the blood of blister beetles (family
Meloidae) at concentrations in the order of 107! to
1073 M, it is a strong feeding deterrent to ants and cara-
bid beetles®, and toxic to many vertebrates*. Nonethe-
less, several invertebrates >, as well as vertebrates such
as Japanese quail®, armadillos’, and a number of Am-
phibia ®?, are able to eat blister beetles with apparent
impunity. We here present evidence that in one known

predator of blister beetles, the bullfrog Rana catesbiana®,
the ability to consume these insects is not attributable to
an inability to taste cantharidin. We have shown this frog
to have a high neural gustatory sensitivity to this com-
pound, a capacity not previously demonstrated for an
animal.

The experiments were carried out on 5 wild-caught bull-
frogs (Ithaca, New York; body mass 48 + 14 g). Each
was anesthetized (10% aqueous urethane, intraperi-
toneal, 20 mg/kg b.wt), placed ventral side-up with the
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Whole glossopharyngeal nerve activity (Rana catesbiana) during the
100 ms preceding and 1500 ms following stimulus onset. Vertical line at
0 ms denotes stimulus onset. 4-C; median response to cantharidin (fine
line), and to the paired Ringers control (heavy line). D, non-stimulus
condition. The three cantharidin concentrations tested (can™%, can~5,
can~7) correspond respectively to 1.3x107%, 1.3x1076, and
1.3 %1077 M cantharidin in Ringers solution.

tongue pinned outstretched to a holder, and surgically
prepared by standard procedure for exposure of the lin-
gual branch of the glossopharyngeal nerve '°~ 2. Stimu-
lation (room temp. 23 + 2 °C) was with Ringers solu-
tion'3, and with cantharidin (Sigma Chemicals, St.
Louis, MO) in Ringers at three concentrations:
1.3x107% 1.3x107° and 1.3x1077"M (henceforth
given as can™>, can”%, and can~’).

Stimulus presentation was through two automated repet-
itive micropipets 1%, one for delivery of cantharidin solu-
tions, the other for delivery of Ringers. Pipet tips were
kept positioned for the duration of experimentation with
each frog, at 0.6 mm above the frog tongue, and 0.4 mm
from one another. Each stimulus (10 + 0.003 pl) flowed
for 70 + 7 ms at 150 + 10 ul/s and was allowed to remain
on the tongue for 10 s. Prior to administration of a stim-
ulus, the tongue was always flooded with 16 ml Ringers
and left thus wetted for 2 min. As determined through
preliminary testing, this sufficed to induce neural adapta-
tion to Ringers. Cantharidin presentations were each fol-
lowed by a control stimulation with Ringers, and were
repeated 10 times per frog for each concentration. The 10
presentations per concentration were administered in
two groups of five, in randomized sequence with the
groupings for the other concentrations.

Recordings from the glossopharyngeal nerve were in ac-
cord with the convention !* 14, Amplified neural activity
was processed with a digitally controlled summator,
which integrated the input over time **~ 6. Integration
intervals (10 ms) were digitized at 500 Hz for 1600 ms.
The results, summed for the five frogs (fig.), clearly show
a concentration-dependent glossopharyngeal sensitivity
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to cantharidin. While with can™> and can ~® the response
relative to Ringers and the non-stimulus control was
significantly positive (p < 0.001; Friedman’s non-para-
metric analysis of variance), with can~7 it was not. The
bullfrog is evidently gustatorily sensitive to cantharidin
at concentrations 3 or more orders of magnitude below
those prevailing in blister beetle blood. Responses to the
highest concentration tested (can™ ) were at a par with
those we recorded for 10~3 M CaCl, !°, a solution typi-
cally used as a frame of reference in frog gustatory stud-
ies 7. It is clear that R. catesbiana must be able to taste
blister beetles when it flips these into its mouth with the
tongue. Blister beetles externalize their cantharidin by
‘reflex bleeding’ when disturbed?®. Even the slightest
emission of blood on their part should be tasteable to a
bullfrog. ,

One wonders why an animal that is seemingly tolerant of
a poison should have the gustatory capacity to detect it.
Might cantharidin be of long-term toxicity to amphibi-
ans, and the bullfrog eventually, on the basis of experi-
ence with blister beetles, able to develop a gustatory aver-
sion to the compound? Or is the sensitivity to cantharidin
in no way an adaptive concomitant of co-evolution with
blister beetles? Might the receptors responsible for can-
tharidin sensitivity in the bullfrog be attuned to other
molecules as well, molecules more fundamental to the life
of this animal?
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