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Daylength regulates reproduction in golden hamsters through a mechanism which involves the pineal indoleamine, melatonin. Reti-
nal input to the suprachiasmatic nucleus of the hypothalamus (SCN) and sympathetic innervation of the pineal are critical to the inhibi-
tion of reproduction by short photoperiods. Since the hypothalamic paraventricular nucleus (PVN) receives extensive input from the
SCN in the rat, and may influence autonomic function via its brainstem and spinal cord projections, we studied the role of this nucleus
in photoperiodically induced gonadal regression in the hamster. Bilateral electrolytic destruction of either the paraventricular nucleus
(PVN) or suprachiasmatic nucleus (SCN) of the hypothalamus completely blocked testicular regression induced by either blinding or
exposure to short days (10L:14D). Lesions in the retrochiasmatic hypothalamus (RCA) which may have interrupted the pathway of
previously identified efferents from the SCN to the PVN were also effective in preventing short day-induced gonadal regression. Pine-
al melatonin content was measured in intact and lesioned hamsters sacrificed 3-5 h before lights on, at the time of the expected noctur-
nal peak. While SCN and RCA lesions significantly reduced pineal melatonin content, PVN lesions were still more effective in this re-
gard. We conclude that the hamster’s neuroendocrine response to photoperiod is mediated by neural pathways which include retino-
hypothalamic input to the SCN and efferents from this nucleus to the PVN which travel dorsocaudally through the retrochiasmatic area
of the hypothalamus. Effectiveness of lesions restricted to the PVN suggests that direct projections from the PVN to spinal autonomic
centers convey photoperiodic information which regulates pineal, and hence gonadal, function.

INTRODUCTION the synthesis and secretion of melatonin in several
speciest-16.20.21.25 - Since exogenous melatonin can

Neuroendocrine function is influenced by day- replicate the reproductive effects of daylength in pi-

length in a variety of seasonally breeding species!s.
For example, exposure of golden hamsters to photo-
periods of less than 12.5 h light per day precipitates
gonadal regression within 3 months!4. This response
is controlled by the pineal gland, which in turn is
driven by its sympathetic innervation: removal of the
pineal or the superior cervical ganglia eliminates the
ability of short days to arrest reproductive function24.
These procedures also eliminate the nocturnal rise in

nealectomized seasonal breeders, pineal secretion of
this indole is believed to mediate photoperiodic con-
trol of gonadal function?.

Light influences pineal function in the rat via a ret-
inohypothalamic projection to the suprachiasmatic
nucleus of the hypothalamus (SCN)!6.21, The efferent
projections of this nucleus have been traced autora-
diographically3.18.30.3 and consist of two major path-
ways: a ventral projection which courses caudally
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through the tuberal hypothalamus, the premammil-
lary region, and the midbrain, and a dorsal projec-
tion through which fibers reach the paraventricular
nuclei of the hypothalamus (PVN) and the thalamus.
the dorsomedial hypothalamus (DMH), and the cen-
tral gray3.18.29,30.32.34.40 Recent evidence suggests the
dorsal pathway to the PVN may be critical to photic
control of pineal function. Klein et al.1? reported that
bilateral lesions centered on the PVN reduce night-
time pineal melatonin synthesis and nocturnal excre-
tion of 6-hydroxymelatonin in rats. This is consistent
with the neuroanatomical demonstration of direct
projections from the PVN to the intermediolateral
column of the rat thoracic spinal cord!.35, from which
fibers which control sympathetic functions including
pineal indole synthesis originate?3.

Although data obtained in the rat suggest that the
PVN-spinal connections control pineal indole metab-
olism, the function of the PVN has not been exam-
ined in a seasonal breeder in which photoperiod reg-
ulates reproduction through the pineal gland. In one
such species, the golden hamster, lesions of the SCN
and the surrounding periventricular hypothalamus
eliminate reproductive responses to photope-
riod12.26.31, Furthermore, initial studies of projections
from the PVN to the spinal cord of the hamster sug-
gest the existence of a pathway similar to that of the
rat®. The present experiments compared the effects
of destruction of the hamster SCN and PVN on pine-
al melatonin content and testicular function in short
photoperiods. The results suggest that retinohypo-
thalamic input important to reproduction is relayed
to the pineal via the PVN.

METHODS

Golden hamsters (Mesocricetus auratus) of the
LVG/LAK strain were obtained from Lakeview lab-
oratories for use in these studies. Animals were
group caged in long photoperiods (14L:10D, lights
on 20.00 h) prior to experimental use. During the
light phase, fluorescent bulbs generated an intensity
of 1400 lux at the level of the cage floor. Bilateral
electrolytic lesions were produced under pentobarbi-
tal anesthesia using a Grass LM-5 DC lesionmaker.
Stainless-steel 00 insect pin electrodes were insu-
lated except at the tip (0.25 mm) with epoxylite. PVN
lesion coordinates were 7.3 mm below the dura, 0.25

mm posterior to bregma, 0.3 mm lateral to the midsa-
gittal sinus. SCN lesions were placed 0.5 mm anterior
to bregma, 0.1 mm lateral to the midline, and 7.9 mm
below the dura. In experimental animals, 0.4 mA
were passed for 15 s; in sham-lesioned hamsters, no
current was passed. Since no differences were ob-
served in the gonadal or pineal responses of sham-le-
sioned and unoperated control hamsters, results
from these groups were combined in statistical com-
parisons.

Photoperiodic treatments began approximately 3
weeks after the placement of lesions. In experiment
1, individually caged hamsters were blinded by bilat-
eral orbital enucleation under metofane anesthesia.
Eleven weeks later, all hamsters were laparotomized
under Nembutal anesthesia prior to transcardial per-
fusion with saline and formalin. Gonadal condition
was determined by measurement of the maximum
length and width of the left testis; the product of
these numbers was divided by total body weight. to
provide a testis index (T.1.). This index has been
shown in previous experimentss-2¢ and confirmed in
the present study to reflect accurately the spermato-
genic and steroidogenic capacity of the testis.

In experiment 2, hamsters were caged in pairs and
transferred to a light-tight box in which a short photo-
period (10L.:14D, lights on 22.00 h) prevailed. Elev-
en weeks later, animals were rapidly decapitated un-
der dim red illumination between 17.00 and 19.00 h
(3-5 h prior to light onset on 10L:14D). The pineal
gland was removed within 3 min of death and frozen
in dry ice. Brains were removed and formalin-fixed
without perfusion; frozen sections (60 um thick) were
stained with cresyl violet for analysis of lesion place-
ment. Pineal glands were subsequently sonicated in
phosphate-buffered saline (0.01 M, pH 7.0) prior to
melatonin extraction and radioimmunoassay by the
method of Tamarkin et al.3%, except that chloroform
extracts were washed with carbonate buffer (pH
10.25) and distilled water to remove indoles which
might cross-react with the melatonin antibody. Anti-
body was obtained from Dr. M. D. Rollag. All sam-
ples were measured in a single radioimmunoassay,
and values were corrected for extraction losses as es-
timated from quantitative recovery of a known
amount of authentic melatonin (82.5% ). Testes were
removed, trimmed of adhering fat, and weighed be-
fore fixation in Bouin’s solution for histological ex-



amination. Differences between groups were statis-
tically evaluated by paired t-test.

RESULTS

Effects of SCN and PVN lesions on testicular func-
tion.

When inspected 11 weeks after blinding, the go-
nads of 4 control hamsters in experiment 1 were
found to be uniformly regressed (T.1. = 0.63 £ 0.04,
mean + S.E.M.). In contrast, 6 hamsters in which the
PVN had been bilaterally destroyed prior to blinding
had large testes (T.1. = 2.33 + 0.10; P < 0.001 vs
sham-lesioned blinded controls). The testes of the
PVN-lesioned hamsters were similar in size to those
of sighted animals maintained in long days in our lab-
oratory and in previous studiess.14.26. Microscopic ex-
amination confirmed that the testes of blinded con-
trol hamsters were spermatogenically inactive and
that the diameter of the seminiferous tubules was
markedly reduced relative to PVN-lesioned animals.

Eleven weeks of exposure to 10L:14D resulted in
dramatic testicular regression in sham-lesioned ham-
sters in experiment 2 (Fig. 1). Hamsters bearing bi-
lateral lesions of the PVN or the SCN area had testes
as heavy as those of animals maintained in long days
(P < 0.001 vs short-day controls; Fig. 1). Histologic-
al analysis confirmed corresponding differences of
tubular diameter and spermatogenic activity be-
tween hamsters of the lesioned and control groups.

Effects of SCN and PV N lesions on body weight

Hamsters exposed to 10L:14D following bilateral
destruction of the caudal PVN showed a substantial
increase in body weight (Table 1). This effect was not
observed in blinded PVN-lesioned hamsters, in SCN-
lesioned hamsters maintained in LOL:14D. or in
sham-lesioned and unoperated controls. As a conse-
quence of the effect of PVN lesions on body weight,
relative testis weights of SCN-lesioned hamsters
were significantly greater than those of PVN-le-
sioned animals at the end of 11 weeks of exposure to
short days (P < (.02). Absolute testis weights did not
differ between the two groups (P > 0.3).

Effects of SCN and PVN lesions on pineal melatonin
content
Pineal melatonin content differed markedly be-
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Fig. 1. Effects of lestons of the PVN {n = 7) and the SCN/retro-
chiasmatic periventricular hypothalamus (SCN/RCA, n = 8)
on absolute testis weights (g = S.E.M.) and pineal melatonin
content (pg/gland = S.E.M.) in hamsters. Data were collected
11 weeks after lesion and transfer to short days. Hamsters were
killed 3-5 h prior to lights off.

TABLE 1

Effects of PVN and SCN lesions on body weight in male ham-
sters

Hamsters survived 11-14 weeks after lesion. Values reflect dif-
ference between preoperative and final body weights after 11
weeks of the specified photoperiodic treatments; numbers with
different superscripts (a. b) differ significantly (P < 0.001).

Group n Change iﬁ body
weight (g)
Sighted hamsters in 10L:14D
Sham-lesioned 4 +10.3 £ 3.8
SCN/RCA - lesioned 8 +17.0 + 4.2a
PVN-lesioned 7 +51.4+11.90
Blinded hamsters
Sham-lesioned 4 +3.0 £5.52
PVN-lesioned 6

+7.6+ 1.3
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tween groups in experiment 2 (Fig. 1). Whereas
sham-lesioned animals generally exhibited the ex-
pected high levels of pineal melatonin 3-5 h prior to
lights on, the pineals of PVN- and SCN-lesioned
hamsters contained significantly lower levels of mela-
tonin (both P < 0.005 relative to controls; Fig. 1). Pi-
neal melatonin content was significantly lower in
PVN-lesioned than in SCN-lesioned hamsters killed
at the same time of night (P < 0.005).

Analysis of lesion placement
With one exception, PVN lesions were bilaterally

PVN Lesion

large testes

symmetrical and restricted primarily to this nucleus
(Fig. 2A, B). In all cases the lateral magnocellular
wing of the PVN was intact (see Fig. 2B, d), and in
some animals the rostral one-third of the PVN was
also largely spared (Fig. 2B, b). These lesions typic-
ally centered on the dorsomedial portion of the cau-
dal two-thirds of the PYN with minimal damage to
the adjacent DMH and midline thalamic nuclei
(Fig. 2B). Significantly, none of these lesions im-
pinged upon the SCN. In the one exceptional blinded
animal, the bilateral lesions were situated anteroven-
tral to the main portion of the PVN and spared most

C. Misplaced PVN Lesion

partially regressed testes

A. Normal Control B.
regressed testes
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Fig. 2. Histological records of male hamsters with (A) sham lesions
sentative of 7 experimental animals) and (C) misplaced PVN lesion
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(animal number 577}, (B) PVN lesions (animal number 593, repre-
(animal number 597). The size and location of each lesion (necrot-

ic and gliotic tissue) is shown in black on standard coronal sections through the hypothalamus from r(.)stltal to caudal (a—f, top to. bot-
tom). Testicular condition at end of experiment, 11 weeks after blinding or transfer to short days, is indicated at top. _Abbrev:apons:
ARC, arcuate nucleus; DMH, dorsomedial hypothalamic nucleus; cp, cerebral peduncle; fx, fornix; MPOA-AH, medial preoptic-an-
terior hypothalamic area; mt, mammilothalamic tract; oc, optic chiasm; ot, optic tract; PVN, paraventr}c_u!ar nucleus; SCN, supra-
chiasmatic nucleus; sm, stria medullaris; SON, supraoptic nucleus; SONp. supraoptic nucleus, posterior division: VMH, ventromedial

hypothalamic nucleus; ZI. zona incerta.
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Fig. 3. Histological records of representative male hamsters with: (A) bilateral SCN lesions (animal number 53, represcntative of 4 in-
dividuals); and (B) bilateral lesions in the retrochiasmatic area (RCA) (animal number 54, representative of 4 individuals). Format

and abbreviations as in Fig. 2.
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of the mid- and caudal PVN (Fig. 2C). This individu-
al exhibited substantial but incomplete testicular re-
gression. It is noteworthy that in this animal, the le-
sions also bilaterally spared the periventricular zone
immediately ventral to the caudal PVN (see Fig. 2C.
d).

Lesions aimed at the SCN proved somewhat more
variable in their distribution. In 4 of 8 animals, bilat-
eral lesions completely destroyed the SCN (Fig. 3A).
In the remaining hamsters, however, the lesions
were centered more caudally in the retrochiasmatic
area (RCA) and spared a majority of the SCN bilat-
erally (Fig. 3B). In these animals, bilateral destruc-
tion of tissue in this periventricular retrochiasmatic
zone, situated immediately ventral to the caudal por-
tion of the PVN, was adequate to block testicular re-
gression and reduce nocturnal concentrations of pi-
neal melatonin. Since SCN- and RCA-lesioned ham-
sters had testicular weights (3.98 + (.10 and 3.75 %
0.12 g, respectively) and pineal melatonin levels
(378.6 = 94.6 and 234.9 + 84.8 ng/gland, respective-
ly) which did not differ significantly, data from these
groups have been combined in Fig. 1.

DISCUSSION

Bilateral lesions restricted to the PVN consistently
blocked the effects of blinding and short day expo-
sure on testicular function. The effects of PVN le-
stons resemble those of destruction of the SCN in this
respect, as well as in their reduction of nocturnal pi-
neal melatonin content at the time of peak expected
values¥. These findings are consistent with the pro-
posal that identified SCN projections to the PVN
control autonomic centers which regulate pineal
function!?. This study thus provides one of the clea-
rest indications to date of a role for PVN-spinal con-
nections in photoperiodic control of reproduction
and supports the importance of melatonin in seasonal
breeding cycles.

Dramatic elevations of body weight in PVN-le-
sioned hamsters may indicate a general disruption of
autonomic function’?-28, Such weight gain was absent
in SCN-lesioned hamsters maintained in 10L:14D
and in blinded PVN-lesioned hamsters, suggesting a
specific interaction between the PVN and photope-
riod which is not secondary to changes in testicular
condition.

The finding that the locus of effective PVN lesions
lies at the middle and caudal portions of this nucleus
is of particular interest. In the hamster and rat, the
caudal parvocellular subdivisions of the PVN contain
the densest concentration of cells projecting to the
spinal cord#.37.38 In the rat, oxytocinergic input
from the PVN is concentrated at spinal levels T1-T3.
which provide the greatest input to the superior cer-
vical ganglion*-*7. Preliminary immunohistochemic-
al studies of neurophysin localization in the PVN and
spinal cord suggest a similar neurochemical organiza-
tion may exist in the hamster (Lehman et al., unpub-
lished data). An alternative explanation for the ef-
fectiveness of PVN lesions in the present study is that
they interrupted SCN efferents which travel through
the periventricular PVN to contact cells located cau-
dally. e.g. in midbrain central gray or dorsal vagal
complex, which in turn project to the cord. Since
SCN efferents may also reach the central gray by way
of fibers which course ventrolateraily. PVN and peri-
ventricular lesions which blocked testicular regres-
sion most likely spared some SCN-central gray pro-
jections3.18.30.32.34

Fortuitous misplaced lesions in a few animals
(Figs. 2C and 3B) provide clues to the trajectory of
the functional pathway linking the SCN to the PVN.
This evidence suggests that critical fibers may course
caudally from the SCN before turning dorsally in the
periventricular zone of the retrochiasmatic area to
reach the PVN. Such a dorsal pathway to the PVN s
consistent with the results of autoradiographic tract
tracing studies of SCN projections in the rat3.18.30.34
and preliminary findings in the hamster of VIP-posi-
tive fibers coursing from cells of origin in the SCN
through the retrochiasmatic area (Lehman, unpub-
lished data). The effectiveness of lesions which spare
the anterior and lateral portions of the PVN provides
further information on the functionally relevant por-
tions of this circuit.

Our findings are consistent with previous work in
the rat indicating that the SCN. the retrochiasmatic
area, and the medial forebrain bundle participate in
the generation of nocturnal rises of pineal melatonin
synthesis'o->1. Knife cuts placed caudal to the SCN
would be expected to interrupt projections to the
PVN, and lesions of the MFB are likely to eliminate
axons descending from the PVN to the spinal cord®.
While SCN lesions significantly reduced hamster pi-



neal melatonin content at the time of peak expected
values in the present study, they were significantly
less effective than PVN lesions in this regard (Fig. 1).
It is possible that destruction of the SCN or its effer-
ents eliminates rhythmic influences on pineal func-
tion while permitting basal melatonin synthesis to
continue: PVN lesions may more closely resemble
superior cervical ganglionectomy in their complete
elimination of activity in this sympathetic pathway.
Alternatively, central lesions may have differentially
altered the phase of rhythms in pineal melatonin con-
tent. Characterization of pineal melatonin content at
intervals throughout the night in intact, PVN-le-
sioned, and SCN-lesioned hamsters would resolve
these questions. Despite the differences in absolute
levels of pineal melatonin during the latter part of the
night. lesions of the PVN and the SCN region were
equally effective in blocking gonadal regression. This
is consistent with evidence that the rhythmicity, rath-
er than the total amount, of melatonin secretion may
control reproductive responses to photoperiod*7:8.
The blockade of gonadal responses to daylength by
lesions of the PVN suggests that other areas which
may receive SCN input and project to the spinal cord.
such as the lateral hypothalamus?9-18.30.34 and the ret-
rochiasmatic region2’-3_ are not adequate to main-
tain the pineal-mediate photoperiodic response. It
remains possible, however, that efferents of the SCN
other than those which project to the PVN may par-
ticipate in the discrimination of daylength through
non-autonomic systems. It is also possible that the
PVN plays an additional role in the response as a tar-
get of secreted melatonin. While these hypotheses
cannot be ruled out and should be tested directly”.
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