a serotonin depletor, has minimal effects
on the postejaculatory interval (20) and no
effect on the postejaculatory vocalization,
especially in vigorous animals (21). (ii) Our
lesions in the midbrain raphe system (an
area rich in serotonergic cell bodies) did
not affect this measure appreciably (22).
Depletion of noradrenaline was correlated
with deficiencies in sexual activity and
unaltered postejaculatory intervals (23). In
examining the biogenic amine pathways
we found the most effective lesions were
placed at the site of the dopaminergic cell
bodies in the rostral midbrain. To suggest
that dopamine normally inhibits male
copulation is contrary to the findings of
Malmnis (24) who concluded, after alter-
ing catecholamine levels in the whole
brain, that dopamine stimulates sexual be-
havior in male rats. However, several op-
posing neuronal systems may be involved
in controlling sexual behavior, and dopa-
mine may be a transmitter in more than
one of these systems. Finally, since VML
lesions probably also damage noradrener-
gic, serotonergic, and other pathways, the
possibility of their involvement cannot be
discounted (25).

The part of the refractory period during
which vocalization appears, the abselute
refractory period, is characterized by a
predominance of rest behavior and sleep-
like electroencephalographic activity (4, 5).
Animals with reduced or abolished vocal-
ization periods and reduced refractory pe-
riods showed little, if any, rest behavior;
judging by overt behavior it is doubtful
whether any sleeplike EEG would be evi-
denced in these animals. Since vocalization
was absent or greatly reduced in these ani-
mals and they were behaviorally aroused,
we assume that the absolute phase of the
period is the one most affected and that
what remains is mainly the labile, relative
refractory period. The fact that a tail pinch
was capable of reducing the refractory pe-
riod of a late ejaculatory series to a mini-
mal value supports our interpretation.

Regulation of the copulatory cycle is
viewed as resulting from the interaction
between facilitative and inhibitory proces-
ses (4, 26). The principal effect of the le-
sions described here was to abolish the
profound inhibition that prevails during
the refractory period. This same inhibitory
process apparently does not regulate the
temporal periodicity of the copulatory
cycle, that is, the pacing of mount-bouts,
since other parameters of sexual behavior
were unaffected by the lesions.

In contrast, the massive lesions of the
posterior hypothalamic-midbrain junction
of Heimer and Larsson (2) not only re-
duced the refractory period but also caused
a facilitation of copulatory rate and a re-
duction in intromission frequency. It is
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possible that their large lesions destroyed
additional inhibitory structures or path-
ways, involved in the regulation of the
copulatory cycle, which were not destroyed
by the more circumscribed lesions that we
used. A better understanding of the inhib-
itory mechanism (or mechanisms) that
regulate male copulatory behavior will
come from further analyses of this system.
R. J. BARFIELD*
CATHERINE WILSON
P. G. McDonaLDt
Physiology Department,
Royal Veterinary College,
London, England
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Social Modification of Alcohol Consumption in Inbred Mice

Abstract. The strain-specific “'preference” for, or “‘aversion’ to, an alcohol solution in
a choice situation on the part of C57BL and DBA mice is believed 1o be under genetic
control. But social rearing conditions are now shown to alter the voluntary consumption
of alcohol, so that DBA weanling mice housed Sfor 7 weeks with adult C57BL mice in-
crease—and C57BL weanling mice housed with DBA adults decrease—their alcohol in-
take. Although substantial and highly significant changes in alcohol self-selection occur,

Strain-specific phenotypes are not reversed.

Social facilitation, a specific type of in-
terindividual interaction, has been defined
(1) as *“. .. any increment or decrement in
an individual’s behavior resulting from the
presence of another organism.” The exact

nature or specific role of the companion in
influencing behavior is, however, seldom
asserted in general definitions.

In addition to man, the phenomenon has
been observed in many species in a variety
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Table 1. Mean body weight and mean intake of fluids (+ standard error) of control (C) and experi-

mental (E) groups of mice.

Bod Water Alcohol intake
Strai Cy intake

train Group N weight (mig (mlg! (g kg
® day)* day 1}t day 1
C57BL C 7 244 + 0.8 0.100 + 0.021 0.128 + 0.023 12.8 £2.3
E 12 249 +0.3 0.133 + 0.012 0.065 + 0.009 6.5 +0.9
DBA C 11 20.6 = 0.8 0.263 + 0.017 0.011 + 0.002 1.1 £0.2
E 13 189 £ 0.7 0.223 + 0.008 0.026 + 0.007 2.6 +0.7

*Milliliters of water per gram of body weight per day.
body weight per day.

of paradigms (2), with the clearest effects
upon feeding behaviors. For example, sati-
ated animals can be induced to eat more
solid food if unfed animals are introduced
(3), and absolute daily food consumption
increases if animals are fed in pairs or
groups (4). Most recently, Galef and Clark
(5) have shown that adult colony members
influence food preferences and feeding sites
of weanling rat pups.

Unlike feeding behavior and food pref-
erence, the influence of companions on
drinking and fluid preference has received
lesser attention. It has been reported that
grouped rats seek water more often in the
presence of shock than do isolated rats (6),
while grouped mice either decrease their
total fluid intake without exhibiting any
change in their choice between water and a
solution of alcohol or show a decrease in
alcohol consumption, depending on the
strain examined (7). Whether a parallelism
exists between feeding and drinking behav-
ior and food and fluid preference is not
known.

The present study assessed the influence
of social interaction on fluid selection in in-
bred mice. We hypothesized that the social
interaction provided by adult colony mem-
bers might be a powerful enough phenome-
non to modify the well-documented strain-
specific phenotype associated with volun-
tary alcohol consumption (8). The major
question asked was whether social rearing
conditions could alter a genetically based
predisposition for alcohol selection (9):
would ““drinker” C57BL mice housed from
weaning with “nondrinker”” DBA mice de-
crease their voluntary alcohol consump-
tion—and would ““nondrinker” DBA mice
housed with ““drinker” C57BL mice in-
crease their voluntary alcohol consump-
tion?

The adult colony members were
C57BL/6 and DBA/2 mice at least 18
weeks of age, born in our colony from
breeder stock originally purchased from
Jackson Laboratory (Bar Harbor, Maine).
Two to three mice of the same sex
and approximately the same age were
housed together in  plastic cages
(19 by 29 by 14 c¢m) and tested for volun-
tary consumption of alcohol (10 percent,
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tMilliliters of 10 percent (wt./vol.) ethanol per gram of
1Grams of ethanol per kilogram of body weight per day.

wt./vol., prepared from 95 percent ethanol
and tap water) in a standard two-bottle
choice situation where the alternative fluid
was tap water. Purina lab chow was avail-
able at all times. A mean cage preference
ratio (milliliters of alcohol per milliliters of
‘total fluid per day) based on 7-day test
data was computed. Only those groups of
C57BL mice with a ratio above 0.60 and
those DBA groups with a ratio below 0.15
were used as adult companions. Bottle
leakage was estimated not to exceed 0.1 ml
per day and the intake data were corrected
accordingly.

At parturition, or within | day, all litters
were culled to seven pups, and the mother
and her young were left undisturbed, ex-
cept for weekly bedding changes, until day
21. Tap water and chow were freely avail-
able throughout gestation and lactation.
On day 21, two randomly chosen pups
were housed with adults of the same strain,
and two pups were housed with adults of
the opposite strain. If possible, the sex of
the pups and the adults was the same (/0).
Each strain, therefore, had a litter control
(C) and an experimental (E) group. A total
of 23 C57BL weanlings, 19 males and 4 fe-
males, and 24 DBA weanlings, 16 males
and 8 females, remained with their adult
companions for 7 weeks. Tap water, 10
percent (wt./vol.) alcohol, and chow were
always present; fluid position was alter-
nated weekly. Periodic measures of fluid
consumption indicated that strain drinking
behavior was maintained. The number of
adults always exceeded the number of
weanlings by at least one.

At 10 weeks of age the subjects were
weighed and housed individually with a
choice between water and a 10 percent
(wt./vol.) alcohol solution provided for 8
days. Water and alcohol consumption were
measured daily, and bottle positions were
alternated at the same time; the subjects
were weighed every other day.

The mean values for the various mea-
sures are shown in Table 1 (I1). Analysis
of variance for a complete orthogonal set
of contrasts for the rearing and strain vari-
ables was carried out. Not unexpectedly,
strain differences were highly significant
(F=145 to 750, df =1/39, P=

1.33 x 1071 to .00048) for water, alcohol,
and total fluid intake (and, of course, for
preference ratio), as well as for alcohol in-
take expressed as grams of ethanol per
kilogram of body weight per day. The body
weight difference between the strains was
also highly significant, although the ab-
sence of female CS7BL mice probably
acted to increase the significance some-
what. The effects of rearing (C versus E)
were only moderately significant (F = 4.0
Ito 5.5, d.f. = 1/39, P = .024 t0 .052) for the
fluid intakes, since rearing produced oppo-
site effects in each strain.

Of the greatest interest, and import, was
the highly significant (F = 13.5 to 15.9,
d.f. = 1/39, P = .00028 to .00072) strain
by treatment interaction for preference
ratio and alcohol intake; neither body
weight nor total fluid intake was affected
significantly (P = .057 to .23).

The results demonstrate that strain-
typical alcohol “‘preference” can be al-
tered by a change in social rearing con-
ditions. ““Nondrinker” DBA mice housed
with C57BL mice drank more alcohol
than their controls, while ‘drinker”
C57BL mice housed with DBA mice drank
less alcohol than their controls.

The mechanisms involved in the ob-
served modification of fluid preference are
not known, but several explanations are
possible: Alcohol preference may be al-
tered as a result of strain-specific endo-
crine changes associated with either hous-
ing conditions or aggressive encounters (7);
however, grouping three, or even five, ani-
mals per cage is hardly dense housing, and
since both control and experimental
groups were identically housed, this ex-
planation seems unlikely. A more plausible
explanation is that strain differences in ag-
gressive behavior are accompanied by en-
docrine alterations in the attacked and,
therefore, ‘‘stressed” animal. DBA mice
are reported to be more aggressive than
C57BL mice (12). Consequently, if animals
drink alcohol to avoid stress (/3), C57TBL
mice housed with DBA mice would be ex-
pected to consume more alcohol than con-
trol C57BL mice. The opposite was, of
course, the case; such a reduction in alco-
hol intake has been reported in stressed
C57BL mice, but not in RIIT or C3H mice
(7). Here, alcohol intake increased in the
DBA mice: if this increase resulted from
complex pituitary-adrenal-hypothalamic
changes associated with stress, it would re-
quire the stressor to act differentially. We
prefer a simpler hypothesis, applicable
equally to each strain.

We believe the most likely explanation
to be that alcohol selection was altered as a
result of ‘““peer” pressure and example,
rather than as a result of housing condi-
‘tions, aggressive encounters, or endocrine

SCIENCE, VOL. 189



changes. Since colonies of rodents tend to
feed and drink at sites which adults of the
colony frequent, we suggest that weanling
mice ‘“‘learn” to drink the solution con-
sumed by their adult models. Alcohol in-
take data in these strains have been inter-
preted (/4) to indicate the complex inher-
itance of the alcohol preference; it seems
not unlikely that social pressures might op-
erate to affect the reinforcing value of the
taste of alcohol, a factor given first consid-
eration by Fuller and Collins (/4).

Whether critical periods exist for envi-
ronmental influences to be effective in
mice, as in man, is not known. Whether
adult subjects with established drinking be-
haviors would be influenced as readily, and
as substantially, as the young mice in this
experiment, or whether the alteration in
drinking behavior we have observed per-
sists beyond our test period can only be an-
swered by further experiments. The extrap-
olation to man of the data of such further
experiments may, of course, never be war-
ranted.

CARRIE L. RANDALL*, DAVID LESTER

Center of Alcohol Studies,
Rutgers University,
New Brunswick, New Jersey 08903
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Tetrodotoxin: Occurrence in Atelopid Frogs of Costa Rica

Abstract. The potent neurotoxin tetrodotoxin, which has previously been found in puf-
fer fish of the order Tetraordontiformes, a goby (Gobius criniger), and the California
newt (Taricha torosa), has now been identified in the skins of frogs of the genus Atelopus

from Costa Rica.

Tetrodotoxin (1), the structurally unique
and pharmacologically potent neurotoxin,
was first isolated from Japanese puffer fish
(2), primarily Spheroides rubripes, and
subsequently from the California newt, Ta-
richa torosa (3), and other members of the
genus Taricha (4). The occurrence of tetro-
dotoxin in two such different animals as
the newt and the puffer fish was surprising
in view of the fact that this compound does
not appear to be a substance readily acces-
sible via the known biogenic pathways
from acetate, mevalonate, or the amino
acids (5). More recently, tetrodotoxin has
been isolated from a completely different
fish, a goby (Gobius criniger) from Taiwan
and Amami-Oshima Island (6). We now

11 JULY 1975

report that we have identified tetrodotoxin
in extracts of skin from three populations
of frogs of the genus Atelopus from Cen-
tral America (7). We have found that aque-
ous extracts of skin of approximately 12
different species, subspecies or distinct
populations of atelopid frogs, so far tested
by us are toxic when injected intra-
peritoneally into mice. In four of these
(Table 1) we were able to obtain enough
material so that some information con-
cerning the chemical nature of the toxin
could be deduced. This was done by tech-
niques previously described (8), combined
with final purification with gel filtration
chromatography (pyridine acetate buffer,
at 5°C, on Bio-Gel P-2). Concentrates with

an activity in the order of 4000 to 6000
mouse units per milligram (9) were ob-
tained. The toxins were found in the skin of
both males and females, but not in the vis-
cera, muscle, or bone. In one group of male
frogs it was found that the toxin was uni-
formly distributed in the skin dorsally,
ventrally, and along the limbs. Solid tetro-
dotoxin ultimately separated from highly
purified aqueous concentrates of the skin
of A. varius ambulatorius (Table 1). It was
identified by use of proton nuclear mag-
netic resonance (NMR) spectroscopy
[Varian XL-100 NMR instrument in Fou-
rier transform mode (/0)] by direct com-
parison with a genuine sample. Tetrodo-
toxin has a unique NMR spectrum with a
slightly broadened upfield doublet coupled
with a sharp downfield doublet (D,O plus
CD,COOD as solvent; §2.76, 591 ppm;
J = 9.5 hz, 1H). Both signals appear in a
region unencumbered by other signals and
are readily recognized. Furthermore, the
mass spectra of tetrodotoxin from these
frogs and from puffer fish are identical
(11). In addition, tetrodotoxin was the ma-
jor and perhaps only toxic constituent in
the concentrates from skin of 4. varius
varius (Table 1).

Tetrodotoxin, C,,H,;N,O,

From a population of frogs identified by
Savage (12) as A. chiriquiensis (Table 1),
we obtained a skin extract that proved to
be a mixture of approximately 30 percent
tetrodotoxin and a second major com-
ponent which we have designated chiri-
quitoxin after the species in which it is
found. After separation from tetrodotoxin
by liquid-liquid chromatography (250
pounds per square inch, Bio-Gel P-2, pyri-
dine-acetate buffer) it is clearly distin-
guishable from it by its NMR spectrum.
The chiriquitoxin spectrum bears a certain
resemblance to that of tetrodotoxin, espe-
cially with respect to the coupled upfield-
downfield doublets.

We have also reexamined the previously
obtained skin extracts from the Pan-
amanian frog A. zeteki (8, 9) (Table 1)
from which we had isolated a substance
that had been designated atelopidtoxin and
is now called zetekitoxin. We have been
unable to detect either tetrodotoxin or
chiriquitoxin in the A. zeteki extracts. We
are confident that we could easily detect,
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