is not clear whether this activity is asso-
ciated with mental aspects of tasks or
with sensorimotor components, or with
artifacts. In a previous study we found
no topographic differences in EEG spec-
tra between 15-second arithmetic, block
rotation and letter substitution tasks af-
ter rigorously controlling other-than-cog-
nitive factors (2—4). However, such het-
erogeneous tasks cannot be resolved into
serial components reflecting different
neurocognitive processes. We therefore
refined our approach by using short (less
than 1 second) tasks, using time refer-
ences based on person-specific average
ERP measurements, computing correla-
tions between channels on a single-trial
basis, and using mathematical pattern
classification to reveal split-second se-
quential processing. This yielded a se-
quence of clear-cut between-task differ-
ence patterns involving split-second
changes in the localization and lateraliza-
tion of mass neural activity. Appropriate
studies of neurocognitive functions
should take into account this rapidly
shifting network of localized and later-
alized processes.
ALAN S. GEVINS
ROBERT E. SCHAFFER
JosepH C. DoYLE
BrIAN A. CUTILLO
ROBERT S. TANNEHILL
STEVEN L. BRESSLER
EEG Systems Laboratory,
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A Functional Role for an Opiate System in

Snail Thermal Behavior

Abstract. The terrestrial snail Cepaea nemoralis, when placed on a 40°C hot plate,
lifts the anterior portion of its foot. The latency of this response is influenced by
morphine and by naloxone in a dose-dependent and time-dependent manner.
Morphine increases the time taken to respond, whereas naloxone reduces it.
Furthermore, naloxone abolishes the effect of morphine. These results indicate that
an opiate system may have a role in this behavior, which resembles that reported in

vertebrates.

Although the importance of opiate sys-
tems in mediating behavioral and physio-
logical activities is recognized in verte-
brates (/), the role of opiate systems in
invertebrates has only recently become
apparent (2—4). Evidence for electro-
physiological and biochemical effects of
opiates, their agonists, and antagonists
and the demonstration of specific opiate

receptors in molluscs (3), have resulted
in the suggestion that opiate receptors
and their effectors play a role in the
reégulation of transmitter release in inver-
tebrates (4). We present evidence that
opiate systems have a functional role in
determining the thermal behaviors of the
terrestrial snail Cepaea nemoralis.

The snails were maintained as sepa-
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Fig. 1. Time courses of the effects of (A) morphine (1.0 pl at 0.1, 1.0, and 10.0 mg/ml) and (B) naloxone (1.0 pl at 1.0 and 10.0 mg/ml) on the laten-
cy of the foot-lifting response to heat in two different morphs of C. nemoralis. Controls were given saline injections (1.0 wl) or no injections. Ten
different individuals were used for each dose and treatment. Vertical lines denote two standard errors. Note the change in scale between A and B.

rate morphs (5) under natural conditions
of photoperiod and temperature (14
hours of light and 10 hours of darkness at
22° to 30°C), with food and water freely
available (6). Thermal detection and
avoidance behaviors of the snails were
evaluated with our modification of a
technique used by Woolfe and Macdon-
ald (7). Individual snails were placed on
a hot plate (§) at 40° = 0.5°C, and the
latency of their foot-lifting response (5 to
10 seconds) to the thermal stimulus was
recorded. A stereotypical elevation of
the anterior portion of the extended foot
was observed in fully hydrated snails (9)
that were exposed to a heat stress. This
foot-lifting behavior was never observed
in snails exposed to ambient or non-
stressful thermal conditions (10).

The effects of morphine sulfate (1 pl at
concentrations of 0.10, 1.0, or 10.0 mg/
ml) and naloxone hydrochloride (1 pl at
1.0 or 10.0 mg/ml) on the latency of the
thermal responses of single C. nemoralis
were determined. Single morphs were
used in order to reduce variabilities in
the responses (5). The opiate agonist or
antagonist (1 pl) was injected with a 10-
pl Hamilton syringe into the side of the
foot either in the vicinity of the mantle
cavity or directly into it. Individuals re-
ceiving saline vehicle (/1) injections or
no injections were used as controls. All
determinations were carried out in the
early photophase (900 to 1100 hours at
25° to 27°C ambient temperature) with
only one treatment per individual. Each
treatment was replicated ten times for
each morph. No corrections in dosage
were made for variations in the mass of
the individual snails (12).

Administration of morphine resulted
in a significant (P < .001, ¢-test; at 1.0
mg/ml) dose-dependent increase in the
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latency of the foot-lifting response (Fig.
1A). The maximum effects of morphine
occurred 15 to 45 minutes after injection
and the effects of morphine disappeared
in 90 to 120 minutes. Saline treatment
had no detectable effects on the latency
of the foot-lifting response (Fig. 1A). The
increased variability in responses ob-
tained with the highest (10 mg/ml) dose
of morphine may be in part attributed to
disruptions of locomotor behavior as
some of the snails became more sluggish
in their movements. The dose-dependent
and time-dependent behavioral effects of
morphine are analogous to the effects
reported in mammals given opiates (13).
However, C. nemoralis are probably
more sensitive to opiate-induced antino-
ciception than mammals are (/3). Ad-
ministration of naloxone (1 pl at 1 mg/ml)
along with morphine (1 pl at 10 mg/ml)
blocked the increase in latency, indicat-
ing effects at specific opiate receptors.
Administration of naloxone by itself re-
sulted in a significant (P < .01, #-test; for
1 plat 1.0 mg/ml) decrease in the latency
of response to the thermal stimulus, with
maximum effects evident 15 minutes af-
ter treatment (Fig. 1B). This effect of
naloxone supports the hypothesis of a
direct role for endogenous opiate sys-
tems in snail thermal behavior; further
investigations of possible nonspecific ef-
fects are needed (/4). In general, nalox-
one does not have consistent significant
effects on vertebrate behavioral respons-
es to many aversive stimuli (15).

Our results suggest that opiate sys-
tems have a functional role in snail ther-
mal behaviors and imply that this role is
in many respects comparable to that
reported for mammalian behaviors.
Therefore, molluscs, and in particular
snails, might serve as useful, sensitive

-

models for evaluating the behavioral ef-
fects of biologically active vertebrate
peptides and their synthetic analogs.
This is of particular significance in view
of the recent evidence for a neuroregula-
tory role in mammals of a molecule simi-
lar or possibly identical to the molluscan
opiate-like peptidle FMRFamide (/6).
The opiate effects in C. nemoralis may
arise either through direction alterations
in neuronal activity or more likely
through modulation of neurotransmit-
ters, in particular that of the dopamine-
mediated system (2).
MARTIN KAVALIERS
MAURICE HIRST
G. CAMPBELL TESKEY
Department of Zoology and
Department of Pharmacology and
Toxicology, University of
Western Ontario, London,
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Mechanical Measurement of Red Cell Membrane Thickness

Abstract. The thickness of intact human red cell membrane is measured by a light-
microscope technique in which membrane material with a known surface area is
extracted into a long, thin cylindrical strand. The radius of the strand is calculated
from its known length and surface area. The minimum radius, obtained at high
extraction velocities or large membrane tensions, is 55 angstroms. A collapsed
membrane cylinder with a mean-mass radius of 55 angstroms would have a

membrane thickness of 78 angstroms.

Benjamin Franklin observed (/) that
one teaspoon of oil (4.93 cm?®, when
allowed to spread on Clapham pond,
would cover about % acre (2.02 x 10’
cm?). If we assume that the volume of oil
in Franklin’s experiment remains con-
stant during the spreading process, then
we can easily calculate that the thickness
of the oil film is 24 A. Thus, a submicro-
scopic dimension is readily calculated
from macroscopic measurements such
as, in this case, surface area and volume.
In this spirit, we have devised an experi-
mental technique that permits calcula-
tion of red cell membrane thickness,
using only the ‘‘principle of conservation
of membrane surface area’’ and mea-
surements made with a light microscope.

Fig. 1. Photographs taken from a video moni-
tor of tethered red cells. (A) Red cell aspirated
into the larger pipette and latex bead held by
the smaller pipette. The (invisible) tether is
stretched between cell and bead. (B) Sche-
matic of (A) showing a greatly magnified end-
on view indicating the phospholipid bilayer
membrane geometry. (C) Flaccid red cell with
a relatively thick tether. (D) Partially sphered
cell. Note how the tether pulls on the cell
body. An increase in the aspiration pressure
causes the cell to assume a nearly spherical
shape (A) and aspirates more membrane ma-
terial into the pipette. However, the tether
still produces a small amount of cell distortion
at a ‘‘point’’ on the cell membrane opposite
the point of aspiration. Scale bars, 4 pm.
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In our experiments we allow nearly
spherical fresh human red cells suspend-
ed in a hypotonic phosphate-buffered
solution (pH 7.4, 160 mosM, 0.05 to 0.08
g percent albumin) to settle and adhere
to latex beads 2 um in diameter, forming
cell-bead pairs. Subsequently, we aspi-
rate a portion of the cell membrane into a
small glass pipette and capture the latex
bead with another smaller glass pipette,
thereby suspending the cell and bead

between two pipettes (Fig. 1A). Move-
ment of the bead and smaller pipette
away from the cell results in the forma-
tion of a long, thin membrane filament or
“‘tether’’ (2), observed as a faint shadow
stretched between the cell body and the
point of membrane attachment (Fig. 1, C
and D). As we increase the aspiration
pressure and thus the isotropic tension in
the membrane (3), the cell becomes more
spherical, and the tether shadow be-
comes fainter as the tether diameter de-
creases until it disappears from view
(Fig. 1A). Reducing the tension results in
elongation of the cell and reappearance
of the tether. In Fig. 1B a schematic of
the aspirated cell and formed tether
shows a greatly magnified end-on view
of the tether indicating the phospholipid
bilayer membrane geometry.

Initially, it would seem impossible to
measure in situ something as thin as a
tether. However, the method of tether
formation shown in Fig. 1 permits us to
measure the tether radius as it is formed.
In essence, a reservoir of membrane
material is sucked into the pipette. As we
pull the tether from the cell body, the
membrane material in the pipette is re-
duced. Since the aspiration pressure is
held constant during tether formation (or
reabsorption), this process occurs at
constant membrane surface area and
constant cell volume (4). For the sake of
illustration, we write that the decrease in
membrane material within the pipette is
balanced by an increase in membrane
material in the tether:

~2uR,dL, ~ 2mRdL, )

where R, is the (measurable) radius of
the pipette, —dL, is the (measurable)
decrease in length of the aspirated por-
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