d.f. =3, 60; P> .10) was significant.
We recognize that across-age com-
parisons are tenuous because of diffi-
culties in equating motivational or activi-
ty consequences of a fixed period of dep-
rivation. Nonetheless, even the youngest
animals learned the tasks. Lack of age-
related improvements does not equate
the associative capacities of 7- and 21-
day-old animals. Lack of improvement
may be task-specific and differences may
emerge with more complex tasks.

With regard to retention, all age
groups (7, 12, 17, and 21 days) exhibited
significantly fewer trials to. criterion up-
on retesting after a 2-day interval. A re-
peated-measures analysis of variance
showed that the task factor was highly
significant (F = 44.17; d.f. =2, 28;
P < .001), but that neither age (F =
1.20; d.f. = 3, 88; P >.10) nor the age-
task interaction (F =1.53; d.f. =6,
88; P > .10) was significant. Post hoc
analyses indicated no significant differ-
ence in trials to criterion for acquisition
versus reversal (Sheffé, all P’s > .10)
but that significantly fewer trials to crite-
rion were required for retention as com-
pared with either acquisition or reversal
at each age (Shefté, all P’s < .01). More-
over, significantly fewer trials to crite-
rion were required by rats 7, 12, 17, and
21 days old on retention as compared
with acquisition or reversal tasks for all
age groups (Sheffé, all P’s < .01). Sav-
ings are therefore attributable to reten-
tion rather than maturational improve-
ment in learning ability. As before, state-
ments regarding age-related improve-
ments are inappropriate. In this case
the only retention interval used was 2
days. Others (I, 10) have found that re-
tention does improve during ontogeny.

These data are noteworthy in at least
two respects. (i) The nonlactating nipple
provides sufficient incentive for initiating
and maintaining learned performance;
milk letdown is not a necessary rein-
forcer. Accordingly, we may now deter-
mine when and how the appetitive stimu-
li that support learning will change dur-
ing the course of ontogeny. (ii) From the
point of view of learning and retention,
these data make clear that neonatal rats
can form and retain a simple left-right dis-
crimination. Whether they are capable of
forming other associations remains
open, as does the development of com-
plex discriminations during ontogeny.

These considerations are relevant for
identifying the functional relationships
between developing neurological and
neurochemical systems and emerging as-
sociative behaviors. Despite recent ad-
vances in developmental neurology (3-5)
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and neurochemistry (2), the relationships
between these systems and the learning
capacities of very young animals have
not been delineated—in part, because of
difficulties in identifying neonatal learn-
ing abilities. The present report has pro-
vided a potentially powerful behavioral
assay.
Joun T. KENNY

ErLiort M. BLASS
Department of Psychology,
Johns Hopkins University
Baltimore, Maryland 21218

References and Notes

1. B. A. Campbell, in Early Behavior: Compara-
tive and Developmental Approaches, H. W.
Stevenson, E. H. Hess, H. L. Rheingold, Eds.
(Wiley, New York, 1975), pp. 43-71.

2. Y. Nomura, F. Naitoh, T. Segaw, Brain Res.
101, 305 (1976).

3. G. K. Aghajanian and F. E. Bloom, ibid. 6, 716
(1967); D. W. Caley and D. D. Maxwell, J.
Comp. Neurol. 133,45 (1968); R. D. Lund and J.
S. Lund, Brain Res. 42,21 (1972).

. S. Jacobson, J. Comp. Neurol. 121, 5 (1963).

. (Libé);;za and E. Eidelberg, Exp. Neurol. 17, 425

. We attempted to test the learning capability of 5-
day-old rats in the smaller Y maze and found
that their movement down the alley was inter-
fered with by competing responses—for ex-
ample, turning 180° away from the goal box.
Thus, statements concerning instrumental learn-
ing in rats younger than 7 days of age cannot
be made.

7. W.G. Hall, Science 190, 1313 (1976).

8. M. Teicher and E. M. Blass, ibid. 193, 422
(1976).

9. Left-right discrimination is an operational term
to describe the fact that the animals learned to
go left or right and does not imply that we are
making a distinction between position habit ver-
sus spatial discrimination.

10. J. R. Misanin, Z. M. Nagy, E. F. Keiser, W.
Bowen, J. Comp. Physiol. Psychol. 77, 188
(1971).

11. Supported by NSF grant BMS 7501460 and NIH
grant AM 1850 to E.M.B.

22 June 1976, revised 28 September 1976

(N

(=2}

Prolactin-Like Immunoreactivity: Localization

in Nerve Terminals of Rat Hypothalamus

Abstract. Antibodies to rat prolactin were used in immunohistochemical studies of
the hypothalamus and preoptic area of the rat. Evidence was obtained that a protein
immunochemically related to prolactin was stored in networks of nerve terminals of
many hypothalamic areas such as the arcuate nucleus, the dorsomedial hypothala-
mic nucleus, and periventricular regions of the hypothalamus and preoptic area. The
neuronal storage of a prolactin-like protein in the hypothalamus was unaffected by

hypophysectomy.

Immunohistochemical studies have
demonstrated the existence of luliberin-,
thyrotropin-, and somatostatin-contain-
ing nerve terminals in various parts of
the brain, particularly in the median emi-
nence of the hypothalamus (/). The mor-
phological studies support the view that
these or closely related peptides may not
only control the hormone secretion from
the anterior pituitary but may act as
transmitters or modulators in the central
nervous system (2). It was therefore of
interest to evaluate whether large pro-
teins such as adenohypophyseal hor-
mones could also be stored in nerve ter-
minals in the central nervous system.
Prolactin was chosen, since it has been
identified in the cerebrospinal fluid of
rabbits and rats (3). In the present inves-
tigation the hypothalamus was analyzed
by the indirect immunofluorescence tech-
nique.

Male albino Sprague-Dawley rats (150
to 200.g) were used. In one experiment
five rats were hypophysectomized 1
month earlier to remove all peripheral
stores of prolactin. The rats were given
Nembutal (60 mg per kilogram of body
weight) intraperitoneally and were im-
mediately perfused with 300 to 500 ml of
ice-cold formalin through the aortic ar-

tery. The brains were removed and, after
thorough rinsing, sections (10 wm thick)
of the hypothalamus and preoptic area
were cut on a cryostat. The immuno-
histochemical procedure was that de-
scribed by Coons ), including in-
cubation with antibodies against rat pro-
lactin [rat prolactin 5-A, diluted 1:16,
supplied by the National Institute of Ar-
thritis, Metabolism, and Digestive Dis-
eases (NIAMDD)], rinsing, incubation
with fluorescein isothiocyanate—con-
jugated sheep antibodies against rabbit
antiserum (diluted 1:4), rinsing, mount-
ing in a mixture of buffer and glycerin,
and examination in a Zeiss Junior fluo-
rescence microscope. Prolactin antise-
rum that had been treated with rat pro-
lactin served as control serum. Ovine
prolactin does not cross-react with rat
prolactin, and in some experiments pro-
lactin antiserum was first treated with
ovine prolactin or synthetic corticotro-
pin (1-24; 1-10; 4-10) as a specificity test.
According to the NIAMDD, the anti-
bodies against rat prolactin show no
cross-reactivity with follitropin, lutro-
pin, thyrotropin, or somatotropin. As a
further test for specificity, sections were
also incubated with antibodies against
follitropin, lutropin, thyrotropin, and
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Fig. 1. Immunofluorescence micrographs of the rat dorsomedial hypothalamic nucleus (A) and

of the rat arcuate nucleus (ARC) with the adjacent parts of the subependymal layer (SEL) of the
median eminence (B). A plexus of prolactin-positive nerve terminals of medium density is seen
in both pictures. Prolactin-positive terminals are present in the subependymal layer. In (C) the
section from the arcuate nucleus has been incubated with prolactin antiserum that had first been
treated with rat prolactin; no prolactin-positive terminals are present. Arrows point to non-

specific fluorescence; V, third ventricle (X 230).

somatotropin (supplied by NIAMDD).
None of these antibodies cross-react
with the other adenohypophyseal hor-
mones mentioned above.

In the anterior and particularly the
posterior periventricular region of the
hypothalamus and the preoptic area, net-
works of varicose, fiber-like structures
exhibiting prolactin-like immunoreac-
tivity were observed. The diameter of
the varicose enlargements mainly ranged
from 0.5 to 1.5 um and exhibited a strong
immunofluorescence. Distinct networks
of beaded fibers of medium density were
also observed in the dorsomedial hy-
pothalamic nucleus (Fig. 1A), the ar-
cuate nucleus (Fig. 1B), the ventral hy-
pothalamus, the subependymal and inner
layers of the median eminence (Fig. 1B),
the area ventral to the fornix, the ventral
and especially dorsal premammillary nu-
clei, the preoptic suprachiasmatic nucle-
us, the area dorsal to the supraoptic nu-
cleus, and the area immediately dorsal to
the roof of the third ventricle. The den-
sity was low to moderate. Networks of
medium density were also observed in
the paraventricular rotundocellular tha-
lamic nucleus, the supramammillary
commissure, especially medial to the fas-
ciculus mammillotegmentalis, and within
Forel’s field H,.

None of the terminals described above
were observed after treatment of prolac-
tin antiserum with rat prolactin (Fig. 1C).
However, the specific immunofluores-
cence did not disappear when the prolac-
tin antiserum had first been treated with
ovine prolactin or the synthetic corti-
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cotropins. Furthermore, the prolactin-
like immunoreactive material was still
present 1 month after hypophysectomy.
No specific immunofluorescence was ob-
served after incubation with antibodies
against lutropin, follitropin, thyrotropin,
or somatotropin.

The present results give evidence for
the existence of hypothalamic nerve ter-
minals containing a prolactin-like pro-
tein. The close approximity of this termi-
nal system to the ventricles makes it like-
ly that part of the prolactin in the
cerebrospinal fluid (3) is derived from
this neuronal pool of hypothalamic pro-
lactin-like material. In agreement with
the present morphological findings,
Clemens et al. (5) have shown that pro-

lactin-responsive neurons exist in the
periventricular rabbit hypothalamus and
preoptic area. Therefore, a prolactin-like
protein may have a role in synaptic func-
tion. An interesting question that now
arises is whether different neurons are
involved (i) in the inhibitory feedback ac-
tion of prolactin on its own secretion (6)
and (ii) in the possible neurotransmitter
role of prolactin-like proteins.

These results are evidence for the stor-
age of prolactin-like material in nerve
terminals of the mammalian brain and
have implications for the role of such
proteins in brain function. These initial
data must be regarded with caution par-
ticularly since it is not known how other
peptides, not yet tested, react with the
present antiserum.
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Heteromorphic Sex Chromosomes in Male Rainbow Trout

Abstract. A pair of subtelocentric chromosomes differs in the size of the short arm
in male, but not female, rainbow trout (Salmo gairdneri). The morphological similar-
ity of the X and Y chromosomes, and the observation of Y chromosomes inter-
mediate between the X and normal Y, suggest that the sex chromosomes are at an
early stage of differentiation in this species.

Heteromorphic sex chromosomes are
believed to evolve from morphologically
identical homologs (/). Although most
fish have undifferentiated sex chromo-
somes, a number of examples of hetero-
morphic sex chromosomes have been
found (2—). In the rainbow trout (Salmo
gairdneri), I have found what appears to
be an early stage in the differentiation of
the X and Y chromosomes.

Sea-run rainbow trout (steelhead) re-
turning to the Washington Department
of Game hatcheries on the Cowlitz
and Washougal rivers were studied.
Chromosome preparations were made
from white blood cell cultures as pre-
viously described (5). At least five cells
with the modal configuration were
counted in all individuals. Previous work
(5, 6) has shown that a Robertsonian
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