Leptin Stimulates Gonadotropin Releasing
Hormone Release From Cultured Intact
Hemihypothalami and Enzymatically
Dispersed Neurons

MICHAEL WOLLER,‘ Suyra TessMER, DoN NEFF, AUDE Apa NGUEMA, BART VaN R0O0O, AND
DARYLE WAECHTER-BRULLA

Department of Biological Sciences, University of Wisconsin-Whitewater,
Whitewater, Wisconsin 53190

Leptin is a peptide released by adipocytes that has profound
effects on central regulation of body metabolism. The present
study represents an investigation into leptin effects on hypo-
thatamic control of reproductive function, specifically on GnRH
release. Adult male rats {gonadectomized or sham-operated)
were used as donors of hypothalamic tissue that was used as
intact hemihypothalami or as enzymatically dispersed hemihy-
pothatami in a perifusion culture system. Continuous samples
were collected at 10-min intervais for 8 to 10 hr and were as-
sayed to measure temporal changes in GnRH release in re-
sponse {o various doses of leptin infused into the perifusion
chambers. Leptin at the highest dose (10°% M) resulted in con-
sistent and significant stimulation of GnRH release. There were
no effects of treatment for surgical preparation (gonadectomy
versus sham) or tigsue preparation (intact versus dispersed
hemihypathalami). The results of this study support the hypoth-
esis that leptin plays a direct stimulatory role in the regulation
of GnRH release. This study describes an important step in our
understanding of the mechanism that connecis changes in
basal metabolism with reproductive function. These resulis in-
dicate an intact interneuronal network is unnecessary for these
leptin effects, bui does not exclude a rofe for interneuronal net-
works in this reguiatory pathway.
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eptin is a 1067-amino acid protein with pronounced

effects on body metabolism. via both peripheral and

central targets (1), Originally identified as an adipo-
cyte-derived signaling molecule with significant direct im-
pacts such as limiing food intake and increasing energy
expenditure (23, leptin also has neuroendocrine-based influ-
ence within the reproductive system, the thyroid, and the
adrenal axis (3. The hypothalamus has been established as
a site for leptin action by a number of ditferent experimental
approaches. Lesions to the hypothalamus induced obesity,
while infusion of leplin to the hypothalamus induced an-
orexic changes (1, 4). Leptin specifically bound plasma
membranes in the hypothalamus (4). and the leptin receptor
{Ob-R) protein is synthesized in the hypothalamus (5, 6).
Furthermore, Ob-R has been identified within the hypo-
thalamus in brain regions rich in GrRH neurons such as the
arcuate nucleus {in primates) (7, 8), the medial preoptic area
{MPOA}, and the median eminence (in primates and ro-
dents) {7, 8), but rarely colocalized on GnRH neurons (7).
While it is clear that leptin interacts with one or more targets
within the hypothalamus, the mechanism of leptin action on
the reproductive axis has not been fully resolved. In view of
the common anatomical localization of GnRH nearons and
some Ob-R, one likely candidate for coordination of leptin
effects on the reproductive axis is action on cells producing
the hormone GnRH.

The decapeptide GnRH directs release of luteinizing
hormone (LH) and follicle-stimulating hormone (FSH) in
mammals, ultimately controlling reproductive function (9,
1), As such. it is a prime coordinator of sebsequent events
in response to a vast array of environmental inputs, Leptin,
as a “signal of plenty” from fat tissues, would provide an
assessment of energy stockpiles to aid in the accounting of
reproductive readiness; the response 1o this accounting may
be coordinated by release (or lack of refease) of GuRH.
Indirect evidence for this cascade ol messages was seen in
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vivo in mice and raws in which higher leptin fevels advanced
the onset of puberty (11, 12). Further, sterility in leptin-
deficient rodents could be circumvented by leptin infusion
{13, 14). The ob/ob mouse model displays profeund weight
gain that can be controlled by the addition of feptin (15, 16).
Sterility in both male and female mice is another result of
leptin deficiency i the ob/ob mouse (16). In some in-
stances, fertility can be restored in male ob/ob mice through
dietary restriction, While diet restriction fails to restore re-
productive function o ob/ob female mice, the addition of
leptin elevates gonadotropin levels and restores follicular
development, resulting in fully fertile female mice (13, 16,
7). The connection between leptin and reproductive func-
tion, as well as the known interaction of leptin with the
hypothalamus, directs attention to a possible central action
of leptin in conatrolling GoRH levels. In this study we tested
the hypothesis that one centrai target for leptin is GaRH-
releasing neurons in the hypothalamus. The present study
used both intact hemihypothalamic explants and enzymati-
callv dispersed hypothalamic neurons in a perifusion system
to demonstrate that leptin stimulates GnRH directly.

Materials and Methods

Animals. The 18 adult male rats used in these experi-
ments were oblained from Harlan Sprague-Dawiey (Madi-
son, WI), Weights ranged from 240 to 350 g. Rats were
housed for 1 1o 4 weeks in individual cages with controlled
temperature (22°--24°C) and hghting conditions (lights on
from 05:00--19:00 hr daily}. Food and water were provided
ad libitum. Rats were gonadectomized (GDX) or sham-
operated (Sham) at least 10 days prior to experiments to
allow clearance of circulating gonadal steroids. Surgery was
performed under Nembutal anesthesia using aseptic tech-
niques. On each day of an experiment, three rats were kifled
by decapitation between 08:00 and 0%:30 hr and the hypo-
thalami were removed within 2 min. These experiments
were conducted in accordance with the Guiding Principles
for the Care and Use of Research Animals. This work was
conducted under a protocol approved by the University of
Wisconsin-Whitewater JACUC,

Cell and Tissue Preparation. The hypothalamus
was streically removed from the rat brain and was bisecied
down the midhne as previously described (18}, Briefly, the
hypothalamus was delimited laterally by the hypothalamic
fissures, anteriorly by a cut 2 mm anterior 1o the optic
chiasm, posteriorly by the rostral portion of the mamillary
badies, and by a horizontal cut approximately 2 mm deen.
izach hemihypothalamic section was immediately placed in
a modified Krebs-Ringer bicarbonate buffer containing 2.2
mM CaCl,, 154 mM NaCl, 5.6 mM KCi, 1.0 mM MgCl, 6.0
mM NaHCG,, 10 mM glucose, 2 mM HEPES, (.1% BSA,
and 0.006% bacitracin, pH 7.40. From each animal, one
hemihypothalamus was held intact in the medium and the
corresponding hemihypothalamus was placed into medium
and was enzymaticaily dispersed with 0.03% trypsin. as
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described previousty (18), Cell dispersion and viability
were assessed by methyiene blue dye exclusion. Immedi-
ately foliowing dispersion, approximately 95% of cells were
single or paired and alive: afler 4 1o 8 hr, over 95% of cells
remained dispersed and alive.

Perifusion Procedures. An Eadotronics Accu-
sysi-S cell perifusion system (Cellex Biosciences, Minne-
apolis, MN} was used in these experiments. The medium
was pumped at a flow rate of 106 pl/min through chambers
containing rat hemihypothalami. either as intact tssue or as
dispersed cells. Carbon dioxide flowed into the chamber
area. stabilizing media pH at approximately 7.40 prior to
media eatry into mcubation chambers, Experiments were
conducted Tor 8 1o 10 hr, with 1 ml of perifusate fractions
heing collected at 10-min intervals af 4°C. Samples were
frozen and stored at —70°C until assaved by radiolmmuno-
assay (RIA). At approximately t.5-hr mtervals, leptin at
various concentrations (1077 or 107" M or 107 M or
vehicle) was infused into the chambers for 10 min. The
infusion sequence was vehicte, 1077, 107" and 1075 M for
12 of the rats used, and was aftered to 1077 M. vehicle,
1077, and 1077 M for the other six rats at 1.5-hr intervals.
The second sequence was used to assess possible effects of
potentiation of GaRH responsiveness by previous infusion
of leptin. Since no effect of sequence of infusion was ob-
served, both groups of animals were combined for the tinal
analysis.

The highest dose of leptin used (107 M) represents
approximately 10-fold higher concentration than normal rat
serum levels of 12.5 ng/mi {19), Due o dilution and fluid
dynamics within the perifusion chamber, the highest levels
of leptin expected using our perifusion system with a 10-
min infusion of 107 M leptin would result in tissue expo-
sure to approximately twice the normal levels of leptin m rat
serum.

GnRH RIA. GaRH concentration in perfusate was es-
timated by RIA, described elsewhere (18). Synthetic GnRH
was used as trace and standard was purchased from Rich-
elieu Laboratories (Montreal, PQ, Canada). Anti-GnRH an-
tibody (R1245) was provided by Dr. T. Nertt (Colorado State
Eniversity, Fort Collins, CO). Sensitivity of the assay was
0.1 pgftube at 95% binding. Intrasssay and interassay coef-
fictents of variation (CV) were 5.6% and 9.2%. respec-
tvely. Intraassay CV was determined in replicate samples,
and interassay CV was determined by comparing four rep-
licates from a GnRH pool included in each assay. Statistical
analysis of supmumary data was performed using analysis of
variance (ANOVA) with a Tukey-Kramer multiple com-
parisons post hoc analysis. Results were removed from the
anadysis only if tissue was determined unresponsive to KCl
stimulation (tofal of three out of 36 chambers run).

Statistical Analysis. The GnRH response to leptin
infusion was calculated as the peak GnRH response within
30 min of leptin or vehicle infusion minus the average of the
three [0-min samples preceding infusion. The average



GnRH response at each dose was compared using ANOVA,
By comparing the average change in GnRH release with
both vehicle and feptin infusion, we were able 10 conirol for
the underlying endogenous pulsatility in GnRH release
characteristic of these preparations (18).

Leptin., The leptin used was obtained through a gen-
erous donation by Pfizer Inc. (Groton, CT) to Dr, Joe Kem-
aitz, Wisconsin Regional Primate Research Center and was
used for a separate project (20). The remainder of the leptin
was made available and used in the preseat study.

Results

Periodic leptin infusion into chambers containing hy-
pothalamic tissue that was enzymatically dispersed or left as
intact hemihypothalam resulted in very similar GnRIH re-
fease profiles, Representative cases in which tissue or cells
were initially infused with vehicle and the leptin was added
in sequentially increasing concentrations are shown in Fig-
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ure 1. A through D. These figures represent cases in which
intact hemibypothalumi apd dispersed cells were isolated
from the same rat (Fig, 1, A-D} The GnRH response pro-
files were comparable when the leptin infusion sequence
was altered 1o nonsequential concentrations (data not
shown). Further, there were no differences in the average
response Lo any dose of leptin when the results of the two
Jeptin wnfusion protocols were compared. The resulis from
both infusion protocols were thus combined to present the
surnmary data shown 1a Figure 2. [t s important 1o note that
GnRH release under these culture conditions typically re-
sults in pulsatife GnRH release withowt stimuolation (18}
Thus, all feptin versus control comparisons require the ex-
perimenter to account for endogenous GnRH pulsatility.
This is deone using a relatively large n = 9 per group and
careful assessment of change in GnRH levels after leptin
infusion.

The summary data 1w Figure 2 are representative of
most individual cases, in that GnRH response to infusion of
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Figure 1. Representative cases of GnRRH release from perifusion of cultured dispersed cells {A and C) and intact hemihypothalami (B and D]
in response to leptin infusion. Either vehicle or leptin {1075, 107'% or 107%M) dissolved in media were infused for 10 min ai 20-min intervals.
KCl &t 86 mM was infused at the end of each expariment o test for viability of the LHRHM neurons.
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Figure 2. Summary data for leptin infu-
sion. Columns with the same letters are
not significantly different {P > 0.05}. One-
way ANOVA was used 1o compare leptin
doses within a itreaiment group {.e.,
GDX, dispersed), and two-way ANCVA
was used o compare release profiles be-
tween the four treatment groups (sham,
intact; sham, dispersed; GDX. intact:
GDX, dispersed).
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leptin at 107" M was not distinguishable from that of ve-
hicle. in that at 107" M most cases showed a modest GnRH
response {although not significant), and in that a dose of
107% M resuited in a clear stimulation of GnRH release.
Comparisons between GDX and sham surgery animal
sources, or between dispersed and intact hemihypothalami
treatments, failed 1o show statistically significant differ-
ences at any leptin dose when compared via two-way
ANOVA. The results are consistent with the idea that nei-
ther gonadal history of the excised tissue nor the integrity of
the interneuronal network has an effect on responsiveness of
the tissue to keptin infusion. To test visbility of the GnRH
neurons. each experiment concluded with & 36 mM K
infusion to induce membrane depolarizaiion and exocytosis,
Three of 36 wells were unresponsive {o this challenge and
were eliminated from siatistical analysis.

Discussion

The present study was designed to evaluate the effect of
leptin on GnRH release from hypothalamic fissues. The
perifusion system used here experimentally isolates the
GnRH neurons from much of the vast array of feedback
mechanisms and regulatory inputs that influence these neu-
rons, but potentially confounds analysis of their responsive-
ness to external stimuil. This study is the first to clearly
demonstrate that leptin stimulates GaRH release from hy-
pothalamic tissue in a dose-related manner.

The results presented demonstrate the ability of leptin
to directly stimulate GoRH release i enzymatically dis-
persed hemihypothalami in culture. Our cell dispersion
method results in nearly complete dissociation of ceil-cell
conpections (achieving ~95% single cells). These two ob-
servations provide some evidence for leptin exerting either
a direct stimulatory effect on GrRH neurons, presumably
through Ob-R independent action (73, or leptin inducing a
paracrine or endocrine effect on surrounding hypothalamic
cells that results in GnRH release. It is noteworthy that
GnRH release profiles from dispersed cells and intect hemi-
hypothalami are simitar in shape and magnitude. suggesting
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that dissociation of the cytoarchitecture of the hypothalamus
has littie effect on the responsiveness of cultwred GnRH
neurons Lo leptin infusion.

Our observation that leptin infusion stumulates GnRH
release 1s consistent with other stadies demonstrating effects
of leptin on the reproductive axis. Leptin plays a role in LH
secretion, either through direct pitaitary action or indirectly
through hypothalamic action on either GnRH neurons or
interneurons that influence GnRH release. Infusion of leptin
antisera into female rats decreases LH levels and interrupts
reproductive cycles (21). In vivo perifusion of the stalk-
median eminence with leptin at 107F and 107° M concen-
trations induced significant acute release of GnRH for {010
20 min in rhesus monkeys (221

Modest food restriction can induce significant changes
in release patterns of gonadotropins {23, 24}. Suppressed
puisatile LH secretion observed in lfasted asimals can be
restored by feeding (23) or by infusion of pulsatile GnRH in
rats (253, sheep (26), and humans (27). These studies indi-
cate a permissive role for leptin in the regulation of the
reproductive axis. while our results suggest a stmulatory
role.

One extensively discussed role for leptin action on the
reproductive axis is that of a metabolic signal from fat stores
to the brain., Such a signal would likely be involved in
feedback of overall metabolic state, facilitating the return of
reproductive fitness atter such pathological/physiological
conditions as anorexia pervosa, amnenorthea associated with
highly truined athietes (gymmasts, skaters, and distance run-
nersh, of with puberty (24, 28, 29} Direct experimental
evidence provides further details. Fasting for 2 days inter-
rupted LH pulsatility in male monkeys, Treatment with lep-
tin restored LH pulsatility in three of four monkeys, while
vehicle restored LH pulsatility in zero of four control mon-
keyvs (7). Administration of leptin during undernutrition re-
stores reproductive function in fasting female rats as well
{30, 31

QOur results clearly indicate that under these culture con-
ditions, leptin stimulates GnRH release, One contradictory



study using hypothalamic explants in static culture (32)
failed to observe such consistent evidence of GnRH release
stimulated by leptin. Mild, but significant increases in
GnRH release with low doses of leptin (1077 10 107'% M)
were followed by ne effect (107% M) or a significant de-
crease in GnRH release (107" M) at higher doses. In each
case, these effects were absent over the first 30-min of
incubation and only observed in the second 30-min incuba-
tion peried. This result differs in temporal response not only
from that observed in the present study and in a recent in
vive study (31), but with the ordinary temporal response
observed with other stimulatory molecules by the same
group (32} using the same hypothalamic explant model
(33). While these differences initially appear difficult to
resolve. they may reflect methodological rather than physi-
clogical variation. Both in vive push-puli perifusion (31)
and n vitro cell perifusion (used in the present siudy} pro-
vide sequential samples from the tissue, whereas static cul-
ture methods (32) represent analysis of the uverage release
over a large block of time, with significant disturbance of
the culture at each media harvest.

Our resulis demonstrate that leptin infused into cuitured
hypothalamic explants or enzymatically dispersed hypo-
thalami is capable of stimulating acute GnRH release, This
observation does not preciude a permissive role for leptin in
the reproductive axis via control of GnRH and/or LH re-
lease, as is suggested in a number of studies (reviewed in
Ref. 34). We agree with these authors that a permissive role
for leptin in situ remains the best explanation of the body of
literature. Our study demoenstrates the capacity for leptin to
act as an acute stimulator of GaRH in a controlled experi-
mental setting, Further, leptin having the same stimulatory
effect on GnRH release in both dispersed GnRH neurons
and in intact hemihypothalami suggests that we may need to
reevaluate the role of the interneuronal setwork composed
of neuropeptide Y {NPY), adrenergic, and opioid input that
drives coordinated release of GnRH 4, 6, 7, 31, 32, 34}
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