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A B S T RA C T The development of a species specific
radioimmunoassay for rabbit luteinizing hormone (LH)
has permitted the direct demonstration of LH feedback
control of LH secretion (short-loop feedback control).
In previous studies we showed that small bolus injec-
tions of human LH (hLH) intravenously administered
to castrate female rabbits suppressed rabbit LH for
20-30 min. Human LH had no effect on rabbit fol-
licle-stimulating hormone secretion. This control sys-
tem was responsive to amounts of hLH estimated to be
present in blood of eugonadal men and women. These
studies were designed to determine whether this feed-
back control was exerted at a pituitary or hypothalamic
level. Two groups of studies were carried out: (a) in
vivo studies: Rabbit LH was quantified in the blood of
castrated female NewZealand White rabbits receiving
either constant hLH perfusion (2.75 IU/min) or saline
perfusion, plus a bolus injection of 0.5, 6, or 20 ug of
gonadotropin-releasing hormone (GnRH). Human
LH decreased the response to 6 and 20 ,ug of GnRHby
31 and 36%, respectively, and abolished the response
to 0.5 Ag, GnRH. (b) in vitro studies: Rabbit pituitary
slices were incubated in the presence of medium alone,
medium plus hLH (25 mIU/ml), medium plus GnRH
(20 ,ag/ml), and medium plus both GnRHand hLH.
hLH decreased basal rabbit LH release into the me-
dium and abolished GnRH-stimulated rabbit LH re-
lease. hLH had no effect on rabbit follicle-stimulat-
ing hormone release. From these results we conclude
that a direct and specific feedback control of LH on
LH exists at a pituitary level.

This work was published in abstract form in the Program of
the 61st Annual Meeting of the Endocrine Society, 13-15
June 1979 and in Clin. Res. 27: 23A. (Abstr.)
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INTRODUCTION

Previous studies from this laboratory have directly
demonstrated the existence of a short-loop feedback
mechanism for control of luteinizing hormone (LH)l
secretion in rabbits (1, 2). These studies showed that
as little as 1 IU of human LH (hLH) given as an intra-
venous bolus injection into ovariectomized rabbits de-
creased basal rabbit LH (rbLH) levels by more than
50% and indicated that this regulatory feedback is
adequately sensitive to operate at physiological con-
centrations of LH. In addition, this is the only entirelv
specific control system known for LH; even large doses
of LH had no influence on follicle-stimulating hormone
(FSH) concentration and FSH and thyrotropin-stimu-
lating hormone failed to change LH concentrations.
These studies were designed to determine the site of
action for this short-loop feedback mechanism. Both in
vivo and in vitro experiments demonstrated that LH
acts at the pituitary level to control its own secretion.

NI ETHODS

In vivo studies. Adult female New Zealand White rab-
bits were castrated 5 d before the study and permanent silastic
catheters were placed in both external jugular veins, ex-
tending to different levels of the right atrium. These ani-
mnals remained healthy and could be studied without anes-
thesia over several weeks' time. Unanesthetized animals
were perfused for 240 min with sterile saline solution (0.19 ml/
min, 0.9% NaCl) as the control group, or hLH2 (2.75 IU/min)

1 Abbreviationts used int this paper: FSH, follicle-stimulat-
ing hormone; GnRH, gonadotropin-releasing hormone; hLH,
human LH; LH, luteinizing hormone; rb-g, rabbit gamma
globulin; rbLH, rabbit LH.

2 Highly purified hLH of immunochemical grade was kindly
supplied by The Hormone Distribution Office, National In-
stitutes of Arthritis and MIetabolic Diseases and perfused in
0.9% NaCI.
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through an indwelling catheter connected to a Harvard per-
fusion pump (Harvard Apparatus Co., Inc., Millis, Mass.). To
saturate the distribution pool rapidly, animals perfused
with hLH were primed with a bolus injection of 10 IU of hLH.
In both control groups and hLH infused groups, bolus injec-
tions of 0.5, 6, or 20 gg of gonadotropin-releasing hormone
(GnRH diacetate, Bachem Inc., Torrance, Calif.) were ad-
ministered via the second catheter after 60 min of perfu-
sion. The various doses of GnRH with or without con-
comitant hLH perfusion were randomly evaluated, so as not to
allow bias due to order of administration. The same animals
were restudied at 3- to 7-d intervals, but no animal was studied
more than 4 wk after castration, since our earlier studies (1)
suggested sensitivity of short-loop feedback decreases after
several weeks. Blood samples were obtained in relation to
treatment at the following times: 0, 10, 25 min, (saline or
hLH perfusion started) 30, 40, 50, 60 min, (GnRH adminis-
tered) 65, 75, 90, 120, 150, 180, and 240 min. For estimating
GnRHresponse, the mean of the 30-, 40-, 50-, and 60-min-
values was used as basal rbLH.

In vitro studies. Two independent experiments were
performed with the following design: For each experiment,
20 adult female NewZealand White rabbits were sacrificed 5 d
after castration and pituitaries were collected on ice and
manually sliced with a scalpel into sections 1 mmthick.
The slices were placed in 25-ml Erlenmeyer flasks contain-
ing 2 ml of medium 199 (Grand Island Biological Co., Grand
Island, N. Y.). All flasks were preincubated for 30 min at
37°C in a Dubnoff incubator, in the presence of 95% 02 and
5% CO2 atmosphere. Media were then changed, and four
groups of five flasks each were incubated separately with
various hormone combinations: (a) 2 ml of medium alone (con-
trol); (b) 2 ml of medium with GnRH20 ng/ml; (c) 2 ml of
medium with 25 IU/ml of hLH; (d) 2 ml of medium with both
GnRHand hLH in the same concentrations given above.
Medium was removed from each flask for rbLH determina-
tion and replaced with 2 ml of the corresponding fresh me-
dium at 30, 60, and 120 min of incubation time. In further
studies for specificity, pituitary slices were incubated with
(a) medium alone; (b) GnRH(20 ng/ml); (c) human FSH (2.5
ng/ml) (Dr. A. F. Parlow preparation, Harbor-UCLA Medical
Center); (d) rabbit gammaglobulins (rb-g globulin, 5 ng/ml)
(fraction II, Pentex Miles Laboratories, Inc., Elkhart, Ind.);
(e) combination of GnRH plus FSH; and (f) GnRH plus
rb-g globulin. All media were kept frozen at -70°C until as-
sayed for rbLH levels. A specific radioimmunoassay method
was used, as described (2), which does not cross react with
hLH. Antibody and standard rbLH were kindly supplied by
Dr. A. Parlow and [125I]rbLH was prepared by the chloramine
T method and purified by a concanavalin A Sepharose (Phar-
macia Fine Chemicals, Piscataway, N. J.) column as described
in a previous paper (3).
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FIGURE 1 In vivo study. Pattem of response in a single ani-
mal of rLH after a bolus injection of 20 ug of GnRH, during
saline solution (S.S.) (upper panel), or during hLH perfusion
lower panel. The percentage of change in rbLH is plotted on

the y-axis. The 100% value is the average of control values ob-
tained at 15, 5, and 0 min before the perfusion period. Arrows
indicate the time of the intravenous bolus injection of GnRH.
The two studies were performed in the same animal on differ-
ent days.
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RESULTS

In vivo studies. HumanLH administered as a con-

stant perfusion decreased the response to bolus injec-
tions of GnRH. Fig. 1 shows the response of a single
rabbit studied on two occasions 3 d apart. 20 ,ug of
GnRHproduced a rapid increase in rbLH during saline
perfusion. When the same animal was given 20 ,g of
GnRHduring hLH perfusion, the response to GnRH
was decreased 41%.

Fig. 2 shows the mean response (+SEM) of all ani-
mals studied. The response to 6 and 20 ,ug of GnRHwas
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FIGURE 2 In vivo studies. Average effects of 0.5, 6, and 20
Mug of GnRHon rLH during saline solution (S.S.) infusion
(NaCl) (upper panel) or hLH 2.75 IU (lower panel) perfusion.
Results are expressed as percent increase of rLH in relation
to basal values. Brackets enclose 1 SEM. hLH decreased the
response to all doses of GnRH(P = E 0.05).
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FIGURE 3 In vitro studies. rLH released (calculated as total
LH in medium at time indicated) into the mediumn when
pituitaries were incubated in the presence of medium alone
(control), 50 IU of hLH, 40 ng of GnRHand the combinationi
of both hLH and GnRH in the concentrations given. Five
pituitaries were incubated in each group, results represent
mean+SEM. hLH inhibited bothl basal LfH releatse and GnRH
stimulated (P 0.05).

decreased by 31 and 36%, respectively' by hLH perfision
(P = >0.05 for each dose) and the response to 0.5 ,mg
was abolished. Assay of blood human LH concenitrations
after 30 and 60 min of perfuision revealed concentra-
tions of 46 and 52 mIU/ml,3 respectively.

In vitro studies. HumanLH inhibited basal release
into the medium as well as GnRH-stimulated LH re-
lease at all time periods studied. Fig. 3 demonistrates
these data. Human LH had no influence on rbFSH re-
lease. Similarly, incubation of pituitary slices with rab-
bit gammaglobulin or humian FSHproduced no effects
on rbLH released into the medium (Fig. 4).

DISCUSSION

We have previously reported several interesting
characteristics of the short-loop feedback mechanism of
control of LH secretion in rabbits. This svstem is
remarkably sensitive and also specific (1, 2). Both
characteristics indicate that it may have anl important
physiological role in regulation of LH. In previous
studies Corbin (4), David et al. (5), Mc Cannii et al. (6),
and Ojeda and Ramirez (7) suggested the hypothalamus
was the site for this control mechanism. However, con-
sidering the very complex circulatory systemn connect-
ing hypothalamus and pituitary, alternative interpreta-
tions may be possible (8). In this study, we directed
our attentioni to the anatomnic site for short-loop feed-
back control.

3 In terms of second international reference preparation of
human menopausal gonadotropin (IRP-HMG No. 2).
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FIGURE 4 In vitro stu(lies. rLH releasedl into the oitedIiuml
(saimpled at 30, 60, anid 120 min) when pituitaries were
incubate(d with imiediumii alone (conitrol), 5 nig of rb-g, 3.5 nig
humaina FSH anid the comibination of GnRH plus FSH aned
GnRHplus rb-g. Brackets eniclose 1 SE.M. Humiuan FSH aind
rb-g prodluced nlo effects onl LH releatse.

As we designed these studies, we first took the viewv-
point that the hypothalamus was the exclusive site of
feedback. If this were true, ve should not see any ef-
fects of hLH on rbLH release in the in vitro incubation
stu(lies. In addition, if the hypothalamus were the ex-
clusive site of control, one miiight expect GnRHstimzlula-
tion of rbLH secretion in vivo to be uniiaffected 1b in-
fusion of hLH. Surprisingly, in both in vitro and in Vivo
sttudies, acute increatses in mediumii or blood LH con-
ceintrationis respectively inhibited l)asal and GnRH-
stimnulated rbLH secretioin. These data therefoIe in-
dicate that the short-loop feedback control of LH
operates directly at a pituitary level. This effect was
specific in that there was no inhibition of GnRH
stimulated rbLH by humcain FSH or rabbit gaiiimmia
globulin. It is possible that aii addditional short-loop
control imiechanism also exists at a hypothalamic level,
but such anI additionial level of conitrol is niot necessary
to explain the dlatat presented herein.

Wecoinelude that ani LH feedback control svstemi on
LH secretion exists at the pituitary glandl.
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