known, there are at least two possibili-
ties. First, TRH may act on different
populations of neurons in the opposing
states. Although we have not recorded
from hippocampus neurons in the ground
squirrel, two main types of neurons have
been differentiated, electrophysiological-
ly, in the hippocampus of rats (13) which
supports this hypothesis. Alternatively,
TRH may act on the same population of
neurons within the hippocampus in each
state. In this case, the variable influ-
ences (associated with a change of state)
arising from other CNS inputs to TRH-
sensitive neuronal networks that project
from the hippocampus may alter the final
TRH-activated response.
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Female Sex Pheromone in the Skin and

Circulation of a Garter Snake

Abstract. Serums and extracts of tissues from the female garter snake (Thamno-
phis sirtalis parietalis) each act as a pheromone and elicit male courtship behavior
when applied to the back of another male. Since pheromonal activity is present in
yolk and liver tissue of untreated females and can be induced with estrogen
treatment in the serums and livers of males, the pheromone may be associated with
the circulating yolk lipoprotein, vitellogenin.

In many vertebrates, urine, feces, and
vaginal contents, as well as exocrine
glandular products, function as sex at-
tractants and serve to facilitate the loca-
tion and recognition of mates (/). We
now report an additional source for a
vertebrate sex pheromone; the sex at-
tractant pheromone of the female red-
sided garter snake (Thamnophis sirtalis
parietalis) is present in an active form in
the liver and in the circulation. We also
provide evidence that the pheromone
reaches its active site on the skin by
passing through the keratinized outer
skin cells in an active process associated
with courtship.

Male garter snakes use the chemosen-

sory vomeronasal system to locate and

recognize potential mates (2—6) by de-
tecting an estrogen-dependent, species-
specific pheromone on the skin of attrac-
tive females (3, 6-9). This pheromone
can be left as a nonvolatile trail (8, 10) or
transferred by contact to conspecifics
(4); males that have come into contact
with attractive females will elicit court-
ship from sexually active males (3, 6, 7).

Male 7. s. parietalis begin courtship
with a chemosensory investigation of the
female’s body; chemical cues are deliv-

ered by tongue flicks to the male’s vo- -

meronasal system at the Jacobson’s or-
gans and are necessary for the release of
male courtship (¢4, 6, 11). Chin-rubbing
behavior, in which the male rubs his chin
forward and backward along the fe-
male’s back, follows sex recognition and
is the first unambiguous behavioral event

of courtship. While being courted, fe-
males increase their apparent size by
hyperventilating (12).

In view of the requirement for percep-
tion of a pheromone to release male
courtship and the lack of any exocrine
glandular structures in the dorsal skin of
Thamnophis (13), we reasoned that the
pheromone could be carried in the fe-
male’s circulation and transported via
the dermal vascular bed (/4) to the skin,
where it is actively dispersed by the
female’s hyperventilation during court-
ship. Two experiments were conducted
to test this hypothesis. (i) Serums from
estrogen-treated females were applied to
the skin of males, and male courtship of
these serum-coated males was recorded
(15); serums from untreated and estro-
gen-treated males served as controls. (ii)
Extracts of the skin of serum donor
females were similarly tested.

Serums that elicited behavioral re-
sponses were analyzed for lipid. In addi-
tion, the source of the pheromone was
examined. Since a lipid pheromone
could either be released from storage
sites (in the fat bodies) or newly synthe-
sized in the liver, homogenates prepared
from the liver and fat bodies of intact
females were also tested for pheromonal
activity by application to the backs of
males. Finally, frozen sections of skin
from serum donor animals were stained
for lipid.

Males receiving an application of 500
pl of serum from estrogen-treated fe-
males (N = 26) were courted, with 15 of
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26 serums tested eliciting male court-
ship; the serums of untreated males
(N =21) did not elicit courtship
(x* = 17.8, P < .005) (I6). Males given
an application of serum from estrogen-
treated males (I7) were also courted;
seven of nine serums so tested elicited
male courtship.

Courtship was also elicited by lipids—
but not by proteins—extracted from the
skin of estrogen-treated females. Five of
six lipid residues extracted from the skin
of estrogen-treated females whose se-
rums had elicited courtship were effec-
tive when applied to the backs of males
(18). Soluble and bound proteins extract-
ed from the skin of the same females
were not effective when applied in 1-ml
concentrates to the backs of males (/9).

Lipid concentration was significantly
lower in male serums (670 x 40 mg/dl;
N = 19) than in serums from estrogen-
treated females (2990 = 270 mg/dl;
N = 26)(r = 9.81; P < .001) (20). Estro-
gen treatment significantly increased se-
rum lipid in males (1460 = 204 mg/dl;

= 10) (r = 5.04; P < .001).

To determine whether the behavioral
response in these tests was nonspecific
for lipid-—due solely to quantity of lipid,
or a result of estrogen itself—we applied
lard (1 g) or estradiol [500 wi of estradiol
benzoate in Steroid Suspending Vehicle
(1 mg/ml)] to the backs of males. Neither
treatment elicited male courtship.

To determine the source of the phero-
mone, we tested homogenates of fat bod-
ies and livers from females (21). None of
the fat bodies removed from six untreat-
ed but sexually attractive females elicit-
ed courtship when applied to males, but
two of two liver homogenates from un-
treated females were effective in eliciting
male courtship when applied to males.
Two of two liver homogenates from es-
trogen-treated males were also effective
in elicitirig courtship.

The finding that serums and livers
from estrogen-treated males were posi-
tive for pheromonal activity suggested
a possible relation of the active phero-
mone to vitellogenin, the circulating pre-
cursor of yolk. Although males do not
normally produce vitellogenin, estrogen
treatment induces its synthesis (22). To
determine whether the pheromone is as-
sociated with vitellogenin, we tested the
yolk from yolking follicles for pheromon-
al activity. Males receiving an applica-
tion of yolk ejected from vitellogenic
follicles of an untreated gravid female
were courted by five of six males.

Histological examination of frozen
sections of the skin (23) revealed two
areas with intense lipid staining. Numer-
ous lipid-filled vesicles were located in
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the deep dermal striated muscle and con-
nective tissue of estrogen-treated fe-
males. These lipid-containing cells were
concentrated in the regions between the
scales and adjacent to the dermal vascu-
lar bed. Untreated males lacked this in-
tense lipid staining; however, estrogen-
treated males developed the dense der-
mal staining pattern observed in treated
females. The other skin area with intense
lipid staining was within the epidermis of
the outer scale surfaces. The lipid within
the outer epidermal generation (the skin
lost in shedding) was located in the me-
sos and «o keratin layers. These layers
are covered by a thick, densely keratin-
ized lipid-free layer (Bo). Since some
lipid is present outside the skin under the
edges of scales on the dorsal and espe-
cially lateral areas, a mechanism that
allows lipid material to pass through the
skin must be present in Thamnophis fe-
males.

In several species of the related genera
Natrix and Macropisthodon, as well as
in the gekkonid lizard Diplodactylus,
there are ductless dermal poison glands
(24). In those species, muscular contrac-
tions force the exudate through ruptures
in the skin in the hinge region between
the scales, where the keratinization is
only one cell thick. Dermal lipid staining
in Thamnophis females is concentrated
in the hinge regions, and examination of
the inner surface of fresh skin revealed
paired thinnings of the skin in the hinge
regions of anterior dorsal scales.

The female attractiveness pheromone
of Thamnophis, then, is produced in the
liver under the control of estrogen and is
present there and in the circulation in an
active form. In reptiles, both the liver
and the fat bodies contain estrogen re-
ceptors (25), and estrogen treatment of
Thamnophis females leads to a rapid
increase in liver weight and a slower
decrease in fat body weight (26).

Since the female attractiveness phero-
mone of Thamnophis is present in the
liver, but not in the fat bodies, of untreat-
ed females, and since estrogen treatment
can induce the pheromone in the liver
and serums of males, we suggest that the
pheromone is either the lipoprotein vitel-
logenin or a lipid-rich part of that large
molecule. The finding that yolk elicits
male courtship when applied to males
further supports this conclusion.

Because of the findings that (i) there is
no sex or treatment difference in lipid
staining within the epidermis, (ii) the
epidermal lipid is trapped under a heavi-
ly Kkeratinized layer, and (iii) lipid is
present on the outside of the skin, we
suggest that the sequestering of the pher-
omone in Thamnophis is a consequence

of an active process analogous to the
ejection of poison in certain related
snakes. Hyperventilation by the female
during courtship, by moving adjacent
scales apart and stretching the skin,
forces dermal lipid material through the
thin skin in the hinge region and serves
to potentiate male courtship.
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Increased Intracranial Self—Stimulation in Rats After

Long-Term Administration of Desipramine

Abstract. The effects of long- and short-term administration of the tricyclic
antidepressant desipramine on intracranial self-stimulation in rats were studied with
electrodes in the Al0 region of the dopamine-containing cell bodies of the ventrome-
dial tegmentum. Long-term desipramine administration resulted in a significant shift
to the left in the ascending portion of the rate-current intensity function, indicating
that the activity of the mesolimbic dopamine system was enhanced. These findings
point to a possible dopaminergic mechanism of action of antidepressants and

support speculations concerning the role of dopamine-containing neurons in the

pathophysiology of depression.

The catecholamine hypothesis of af-
fective illness posits that mania and de-
pression are related to abnormal in-
creases and decreases, respectively, in
the function of central noradrenergic
systems (/). More specifically, it has
been proposed that depression may re-
sult from a pathological hypoactivity of a
reward system in the brain which uses a
catecholamine as its neurotransmitter
(2). The observation that clinically effec-
tive antidepressants, such as desipra-
mine and related tricyclic compounds,
block neuronal uptake and increase syn-
aptic concentrations of norepinephrine is
consistent with this hypothesis (3). How-
ever, not all clinically effective antide-
pressants share this property (4), and
many recent studies have failed to pro-
vide evidence that central norepineph-
rinergic systems are involved in the me-
diation of reward (5). Instead, both basic
and clinical studies have indicated that
central dopamine (DA)-containing neu-
rons—specifically, the mesolimbic sys-
tem—may be important neuronal sub-
strates for some forms of reward. For
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example, intracranial self-stimulation
(ICS) obtained from electrodes in the
origin or the pathway of the mesolimbic
DA system has been shown to be depen-
dent on the integrity of the ascending
projections of this system (6). Further-
more, the reinforcing properties of co-
caine and amphetamine are blocked by
DA receptor antagonists and by selective
lesions of DA terminals in the nucleus
accumbens, a major area of projection of
the mesolimbic DA system (5, 7).

These considerations prompted us to
examine the effect of desipramine on a
DA-mediated behavior, namely, ICS ob-
tained from electrodes in the ventrome-
dial tegmentum (6). Because the clinical
effects of tricyclic antidepressants typi-
cally require several weeks to become
manifest, we administered desipramine
on long- and short-term bases. Twenty-
four male Wistar rats weighing 300 to 330
g were anesthetized and implanted with
electrodes in the A10 DA region (8). For
5 days following surgery all the animals
were given a 30-minute test once each
day to screen them for ICS (9). On'days 6

and 7 ICS rate-current intensity func-
tions were obtained by using an ascend-
ing and descending method of limits (/0).
Beginning on day 8, half the animals
received daily injections of desipramine
HCl (10 mg/kg). for 14 days and half
received an equal volume of vehicle (/).
On days 8 and 9 the effect of short-term
desipramine administration on the rate-
intensity functions was determined 30
minutes after the injection. The effect of
long-term desipramine treatment on the
rate-intensity functions was determined
on days 15 and 16, 24 and 48 hours after
the last injection. The data were ana-
lyzed by repeated-measures analysis of
variance and appropriate post hoc tests
(12). After completion of the behavioral
experiments the - electrode placements
were confirmed histologically (/3).

Difference scores were obtained for
statistical analyses by subtracting the
individual baseline rates from those ob-
tained after treatment. Scores were ob-
tained for the control group and both
desipramine-treated groups under cur-
rent presentation modes in which inten-
sity was increased or decreased at regu-
lar intervals. Analysis of variance yield-
ed a significant three-way interaction
(P < .05) which indicates that, at su-
prathreshold current intensities, the ICS
rates for rats receiving long-term desi-
pramine treatment were significantly
higher than those for the vehicle control
and short-term desipramine groups (Fig.
1). This interaction was found only for
data obtained during current presenta-
tion in the ascending mode. No signifi-
cant differences were observed between
the bdseline ICS rates and those follow-
ing short-term desipramine treatment,
and the associated data are omitted from
Fig. 1. :

The effect of desipramine was also
analyzed by determining the amount of
current necessary to increase ICS to half
the maximal rate before and after drug
treatment (/4). Vehicle treatment did not
affect this value (Table 1). In contrast,
long-term but not short-term desipra-
mine treatment significantly reduced the
current necessary to produce half-maxi-
mal ICS rates during presentation of
ascending intensities. Before drug treat-
ment the ICS rates obtained at the mid-
dle current intensities were higher during
presentation in the ascending order than
in the descending condition. These high-
er rates can be attributed to positive
contrast effects. In previous work with
the ICS paradigm, positive contrast was
found under similar circumstances (/5).

These results suggest that the function
of the mesolimbic DA system is facilitat-
ed by long-term but not short-term desi-
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