does not seem to be possible even if it
were advantageous.

The original explanation for the evolu-
tion of sex ratio (5) included the idea that
females in better than average condition
would invest preferentially in male off-
spring. The mothers in our colony
seemed to be in excellent condition, yet
control litters show sex ratios of 1.0. A
proximate explanation for this is that all
of the offspring born to control mothers
could be weaned in excellent condition;
under unrestricted circumstances, there
is no reason to sacrifice any young. Be-
havioral sex-biased litter reduction,
then, should only work in one direction,
in this case against males. Brood reduc-
tion strategies seem to be a way of re-
sponding adaptively to food levels that
fluctuate unpredictably over the time in-
terval of a reproductive event.

PoLLEY ANN McCLURE
Department of Biology, Indiana
University, Bloomington 47402
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Ascending Endorphin Inhibition of Distress Vocalization

Abstract. Distress vocalizations were produced in adult guinea pigs by electrical
stimulation of the dorsomedial thalamus or the septum-preoptic area. Both of these
forebrain-derived vocalizations were increased by systemic administration of nalox-
one and were inhibited by analgesic periventricular gray stimulation. Naloxone
blocked the inhibitory effects of the analgesic stimulation on thalamic vocalizations.
Stimulation of nonanalgesic mesencephalic sites in close proximity to the peri-
ventricular gray increased the anterior-elicited vocalizations. These data provide evi-
dence for ascending endorphin-mediated inhibition of excitatory forebrain sites for

distress vocalizations.

Numerous studies have confirmed that
electrical stimulation of the periven-
tricular gray (PVG) produces analgesia
in a variety of species (/). This effect
seems to be related to activation of
endorphin-mediated systems, since such
analgesia is at least partially antagonized
by naloxone (2, 3). Indeed, analgesic PVG
stimulation increases the concentration
of endorphins in human cerebrospinal
fluid (3, 4). We now provide evidence
that endorphins inhibit brain-stimulated
distress vocalizations as well as pain.

We have previously determined that
distress vocalizations elicited by social
isolation are tunder endorphin inhibition
(5). For example, naloxone increases the
frequency of such vocalizations in both
young guinea pigs and chicks tested in
social isolation. It seemeéd reasonable
that the vocalizations (once localized in

Dorsomedial thalamus
70 —
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@—@® Naloxone

60 [—
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Distress vocalizations (X * S.EE.M.)
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Fig. 1. Effects of saline and naloxone HCI (1
mg per kilogram of body weight) on the fre-
quency of distress vocalizations in adult guin-
ed pigs receiving electrical stimulation of the
dorsomedial  thalamus. Data were obtained
from screening 13 electrode sites in seven ani-
mals.
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the brain) would also be responsive to
more direct types of endorphin stimula-
tion. In an éarlier study (6) we used
electrical stimulation of the brain to map
the adult guinea pig brain for distress
vocalization loci. The most reliable areas
for obtaining the vocalizations included
the ventral septum-preoptic area and
the dorsomedial thalamus. Less reliable
sites included the dorsomedial hypothal-
amus, medial forebrain bundle, and cer-
tain amygdaloid nuclei. No loci were de-
tected in the cortex or cerebellum. These
vocalization sites correspond to those
yielding emotional vocalizations in other
species (7), and correspond to brain areas
containing a moderate to high density of
opiate receptors (8).

On the basis of these preliminary find-
ings, we analyzed the effects of naloxone
and PVG stimulation on distress vocal-
izations elicited from the septum-pre-
optic area and the dorsomedial thalamus
in adult albino guinea pigs. Animals were
surgically prepared with indwelling
monopolar electrodes (I-mm tip ex-
posure, skull ground) aimed for the sep-
tum-preoptic area or dorsomedial thal-
amus, and an additional set in the PVG
(9). One week after surgery, animals
were screened for forebrain vocaliza-
tions through the use of 60-Hz sine-wave
current administered in an ascending 10-
1A current series. During each trial, cur-
rent was applied during a 30-second peri-
od in which six 0.5-second stimulations
were administered every 5 seconds. Ani-
mals distress vocalized immediately af-
ter the end of forebrain stimulation dur-
ing the 4.5-second intertrial intervals.
By comparison, ‘‘painlike’’ screams in-
duced by stimulating mesencephalic sites
immediately surrounding the PVG oc-
curred in concert with the stimulation.
The pitch of these painlike screams
seemed to be higher than that of the dis-
tress vocalizations, and resembled vo-
calizations that accompany the appli-
cation of an acute nociceptive stimulus
such as a clip to the limbs of a guinea pig.
Distress vocalizations were also record-
ed during a 30-second period after stimu-
lation, reflecting the long decay of the re-
sponse. These poststimulation distress
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vocalizations are summarized in this re-
port, since they were most sensitive to
analgesic PVG stimulation. Results of
the other response measure have been
presented elsewhere (6). Trials were sep-
arated by 30 seconds, during which the
animal did not vocalize. For both fore-
brain sites, and for both measures, the
frequency of the vocalizations increased
monotonically as a function of current.
The PVG electrode sites were
screened for analgesia according to stim-
ulation techniques discussed above.
Analgesia was assessed by a vocalization
clip test, in which a clip exerting a pres-
sure of 60 g/mm? was placed on each of
the animal’s limbs, and the frequency of
clip-induced screams for eight trials was
recorded. In this task, control subjects
screamed on all eight trials, whereas 10
mg/kg of morphine sulfate (injected sub-
cutaneously) was required to produce a
complete analgesia (no screams during
eight trials). In separate tests, we eval-
uated the degree and duration of anal-
gesia produced by PVG stimulation (usu-
ally 200 pA administered for two to ten
trials). Complete analgesia lasting be-
tween 2 and 15 minutes after PVG stimu-
lation was produced in eight septum-pre-
optic animals and eight thalamic animals
(analgesic groups). Six additional ani-
mals in each of the two forebrain groups
had PVG electrodes that produced pain-
like screams and severe agitation, but no
analgesia. These nonanalgesic animals
acted as controls and underwent tests
identical to the analgesic animals. Sub-
sequent histological analysis revealed
that 13 of the 16 mesencephalic elec-
trodes in the analgesic group were within
the PVG, whereas 8 of the 12 nonanal-
gesic sites immediately surrounded the
PVG. In all cases, saline or naloxone
was administered subcutaneously in the
nape of the neck 30 minutes before fore-
brain stimulation. Data were treated by
analyses of variance with factors for
both drug and current. Two-tailed ¢-tests
were used to evaluate significant
(P < .05) interactions when a priori uni-
directional prediction had been made.
Forebrain-derived distress vocaliza-
tions resembled separation distress vo-
calizations elicited from infant animals
(film analysis by five independent, expe-
rienced observers). Stimulation of these
forebrain sites yielded no abnormal mo-
tor responses and seemed to inhibit loco-
motion. Animals exhibited a head-ori-
enting response (air nosing) to below-
threshold currents, which is also ob-
served in infant guinea pigs vocalizing in
response to social isolation. By com-
parison, stimulation of nonanalgesic mes-
encephalic sites was always accom-
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.and nonanalgesic PVG stimu-

panied by vigorous jumping and escape
attempts.

Distress vocalizations increased as a
function of increasing current (Fig. 1).
Naloxone induced an overall 75 percent
increase in thalamic vocalizations
[X =+ standard error of the mean: saline,
84 + 10; naloxone, 147 = 15; F(l,
12), = 26.64, P < .001], and these in-
creases were larger at higher current lev-
els. Thresholds (as defined by the lowest
current yielding ten or more vocaliza-
tions) were decreased by naloxone
(88 =5 upA) as compared with saline
(98 = 5) [1(12) = 2.52, P < .05]. Nalo-
xone also increased septal-preoptic vo-
calizations (Fig. 2), although threshold
curves for this group were not con-
structed (10).

Figure 2 summarizes the effects of
naloxone and analgesic and nonanalgesic
PVG stimulation on distress vocaliza-
tions as a function of stimulating current
(11). Naloxone increased the frequency
of both thalamic and septal-preoptic vo-
calizations, and in each case, analgesic
PVG stimulation decreased the frequen-
cy of vocalizations elicited by brain stim-
ulation. Naloxone blocked the effects of
analgesic PVG stimulation on thalamic
vocalizations, but did not significantly

+120 p

+80 |-

Fig. 2. Effects of naloxone
HCl (1 mg/kg) and analgesic +40 -
lation on thalamic (A) and sep-
tal-preoptic (B) distress vocal-

Naloxone

H

antagonize the effects of such stimula-
tion on septal-preoptic vocalizations
({2). In all cases, more statistically pow-
erful effects were obtained when high
rather than low current was used to elicit
vocalizations. Nonanalgesic PVG stimu-
lation did not increase distress vocaliza-
tions significantly during the poststimu-
lation period but did increase them dur-
ing the stimulation period by 85 percent
for septal-preoptic vocalizations [t(5) =
2.96, P < .05] and by 47 percent for
thalamic vocalizations [t(5) = 3.51,P <
.02]. In addition, data obtained dur-
ing stimulation suggested that naloxone
treatment additively increased the poten-
tiating effects of nonanalgesic stimula-
tion on forebrain vocalizations.

Since naloxone increases the frequen-
cy of distress vocalizations elicited by
electrically stimulating the dorsomedial
thalamus or the septum-preoptic area,
these vocalizations are probably under
endorphinergic inhibition. Further, the
reversal of the inhibitory effects of anal-
gesic PVG stimulation on thalamic vo-
calizations by naloxone is evidence for
PVG endorphinergic modulation of this
circuit. Analgesic PVG stimulation also
decreased septal-preoptic vocalizations,
but since naloxone did not block this ef-

Dorsomedial thalamus
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Naloxone

5

izations elicited from adult
guinea pigs by electrical stimu-
lation of the brain. The first
bar of each pair represents the
response to three low-current
trials, and the second to three
high-current trials. Animals
were tested under four coun-
terbalanced conditions: (i) sa-
line plus forebrain stimulation
(no PVG stimulation) (I1), (ii)
naloxone plus forebrain stimu-
lation (no PVG stimulation), .
(iii) saline plus PVG stimula-
tion plus forebrain stimula-
tion, and (iv) naloxone plus
PVG stimulation plus fore-
brain stimulation. Asterisks
indicate P values associated
with two-tailed r-tests con-
ducted in comparison with the 0
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fect, no evidence was provided for PVG
endorphinergic involvement in this sec-
ond circuit. It is not clear what neuro-
transmitter mediates PVG inhibition of
septal-preoptic vocalizations, but sero-
tonin is a likely candidate. For example,
there is evidence for serotonin mediation
of PVG analgesia (/3), and administering
a serotonin agonist (quipazine) dramati-
cally decreases forebrain vocalizations
in guinea pigs (6, 14). Our data extend
the observations of others indicating that
PVG analgesia inhibits thalamic vocal-
izations as well as pain by stimulating
some ascending endorphinergic system
or systems and suggest that the neuro-
transmitters mediating some of the ef-
fects of PVG stimulation depend on the
circuitry leading to the final forebrain
sites of interaction.

We also found that stimulation of non-
analgesic sites immediately surrounding
the PVG produced painlike screams and
potentiated the frequency of thalamic
and septal-preoptic distress vocaliza-
tions. Such stimulation may release
some unidentified ‘‘distress neurotrans-
mitter’’ that interacts with forebrain vo-
calization circuits. Aversive and analge-
sic loci are close to each other in this re-
gion of the mesencephalon, and these
sites appear to modulate distant fore-
brain circuits.

Our results suggest brain circuits con-
trolling distress vocalization and indicate
that these circuits are under endorphin-
ergic control. These pathways may par-
ticipate in the modulation of social dis-
tress.

BARBARA H. HERMAN*
JAAK PANKSEPPT
Department of Psychology,
Bowling Green State University,
Bowling Green, Ohio 43403
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Saliva as a Chemical Cue in the Development of Social Behavior

Abstract. Throughout development, Mongolian gerbils engage in conspicuous
naso-oral investigations of their social partners’ mouth areas. The behavioral contri-
bution of saliva-related stimuli in regulating oral-directed responses was studied dur-
ing several important phases of the gerbil’s social life. Weanlings were preferentially
artracted to their mother’s saliva, subadults at puberty preferred saliva of littermates
to that of nonlittermates, and sexually experienced males preferred the saliva of es-
trous females to that of nonestrous females. The use of saliva as a discriminative cue
during various developmental periods suggests that oral chemostimuli have a peren-

nial role in regulating social interchanges.

Major questions in developmental psy-
chobiology include how social relation-
ships are established and how much
adult social behavior is influenced by
early social experience. Adequate tests
of theories and hypotheses related to
these questions require a relatively com-
plete profile of the behavioral processes
and mechanisms underlying social inter-
actions at several points during ontogeny
and adulthood. We now provide evi-

Table 1. Investigation responses of sexually
experienced male gerbils (N = 7) to anesthe-
tized female targets. Abbreviation: AMN, at-
ropine methyl nitrate.

Mean duration of
contacts to female

Target body regions (seconds)

condition Ven-

Ano-
Face tral  genital
gland region

Experiment 1 (10-minute test)

Estrus «|42.8 (22,1 244
Nonestrus 29.6 4.6 23.8
Experiment 2 (5-minute test)

Estrus + AMN 14.0 ,(12.2 186
Nonestrus + AMN 13.7 0.6 16.7

*Two-tailed r-test, P < .05.
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dence from Mongolian gerbils (social
cricetid rodents) suggesting that a chem-
ical communication mechanism mediat-
ed by saliva may help to establish and
link social behaviors at three stages of
the gerbil’s life: filial interactions at
weaning, sibling or peer interactions at
puberty, and sociosexual behavior dur-
ing adulthood.

While studying social interactions of
developing gerbils living in nuclear fam-
ily units, we recorded a mother-young
interchange at weaning (21 to 29 days af-
ter birth). During nursing sessions, the
pups often engaged in long bouts of lick-
ing and nuzzling of the mother’s lower
lip and chin and lateral mouth region.
This filial interchange, also seen in other
mammals (), is termed ‘‘mouthing’ or
“mouth-licking.”” Bouts of mouthing
(sometimes lasting 10 minutes or longer)
peak during the fourth week after birth
as maternal behavior wanes and pups in-
crease their ingestion of solid foods;
these bouts are primarily directed to the
dam, rarely to the father 2).

To examine the relative attractiveness
of the dam’s facial area during the wean-
ing period, we measured the preferences
of 25- or 26-day-old pups to their par-
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