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Several workers have applied the tech- 
niques of hypothalamic incubation or of tis- 
sue culture to examine the secretion and 
synthesis of the releasing hormones (1-6). 
However, these procedures do not resolve 
the time course of events involved in a dy- 
namic process such as secretion of releasing 
hormones; furthermore the hypothalamus is 
always under the influence of its own meta- 
bolic and secretory products that accumu- 
late during the incubation .These shortcom- 
ings may be avoided by the technique of 
superfusion of isolated hypothalamic tissue, 
The development of such a procedure, fol- 
lowing similar approaches employed for 
other endocrine organs, such as the adrenals 
(7) and the pituitary gland (8), and also for 
the median eminence of the newt (9), is 
here described. The system appears to have 
general applicability, but in this paper only 
results pertaining to the secretion of lutein- 
izing hormone-releasing hormone (LH- 
RH) are discussed. 

Materials and methods. Hypothalami 
were obtained from male rats (Sprague- 
Dawley strain, Laboratory Supplies Co., In- 
dianapolis, Ind.) weighing 200 to 300 g at 
sacrifice and kept for at least 1 week before 
the experiment in an air-conditioned animal 
quarter with 14-hr light (on at 5:OO AM) and 
with adequate supplies of water and food. 
The animals were sacrificed by aortic bleed- 
ing, under ether anesthesia. 

The medial basal hypothalamus (MBH) 
was dissected with fine scissors, from imme- 
diately behind the optic chiasma to the be- 
ginning of the mammillary bodies, including 
in depth no more than 1 mm, and kept in 
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ice-cold superfusion medium. Usually 12 
animals were sacrificed in a period of less 
than 30 min. At the end of the collection the 
MBH were split in equal halves with a razor 
blade. In some cases equivalent amounts of 
brain cortex were employed. 

A schematic drawing of a superfusion 
chamber, made from a 5-ml plastic disposa- 
ble syringe, is shown in Fig. l .  The pieces of 
hypothalamus are placed at the bottom of 
the chamber, supported by a few strands of 
glass wool and continuously bathed in su- 
perfusion fluid. The chamber is closed with 
a rubber stopper perforated by two 18- 
gauge steel needles (one for the inflow of air 
and the other for the introduction of a cath- 
eter to inject substances). The rubber stop- 
per also allows the passage of a silicone tube 
(Silastic, Dow Corning Co., 0.078-in. i.d.) 
about 4-in. long that serves as an outlet for 
the fluid and air. The superfusion liquid 
enters the chamber from the bottom, going 
around and amidst the pieces of hypothala- 
mus, and filling the barrel of the syringe 
with about 450 ,d of medium. The air flows 
from a source of compressed air and forms 
bubbles that expel the liquid through the 
silicone tubing at the upper end of the cham- 
ber. The chamber is completely immersed in 
a temperature-regulated water bath kept at 
37". 

The superfusion medium was Krebs- 
Ringer phosphate solution (1 0) to which 
was added 0.1% bovine serum albumin 
(Grand Island Biological Corp.) and 10 mM 
glucose, pH adjusted to 7.3-7.4. The pH of 
the collected medium in every sample of 
different experiments was found to remain 
constant over the superfusion period. A 
constant-speed roller pump (Holter, Extra- 
corporeal Medical Specialties) delivered the 
medium at a rate of 3 ml/hr. To test the 
influence of calcium or potassium, the me- 
dium was modified by substituting equimo- 
lar amounts of sodium chloride for calcium 
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FIG. 1. Scheme of the superfusion chamber. (A) 
Superfusion chamber with pieces of hypothalamus on 
glass wool screen; (B) Tube for the inlet of superfusion 
medium (infused by means of a Holter roller pump); 
(C) Inlet for compressed air; (D) Outlet for liquid and 
air; (E) Needle for the passage of catheter and injection 
of drugs. 

chloride, or by changing sodium chloride for 
potassium chloride. 

The liquid flowing from the superfusion 
chamber was collected during successive 10- 
rnin periods into plastic tubes kept on ice. 
To each tube was added 50 pl of a 1 N HC1 
solution. The tubes were centrifuged at 
4000g for 20 min and the supernatant was 
stored at -20" until the assay. The day of 
the assay the acid supernatant was thawed, 
neutralized to pH approximating 6.7 with 
4.5 N NaOH and 0.5 M disodium hydrogen 
phosphate, and centrifuged at 4000g for 15 
min. The amount of LH-RH was deter- 
mined in duplicate, in 200-pl aliquots of the 
neutralized supernatant. 

LH-RH was determined by radioimmu- 
noassay utilizing a procedure similar to the 
one described by Nett et al. (1 1), separating 
the free and bound hormone by the use of 
ethanol, as described by Jeffcoate et al. 
(12). The antibody was kindly provided by 
Dr. Bernard Kerdelhuk and is similar in 
properties to the one reported by Kerdelhuk 
et al. (13) .  For preparation of radioactive 
hormone, and as a standard, synthetic LH- 
RH (Beckman) was utilized. The assay usu- 
ally had a sensitivity of 5 pg of synthetic 
LH-RH. The statistical analyses of the re- 
sults were carried out by the paired t test or 
the t test for parallel groups. 

Results. The superfusion of two, four, or 
six medial basal hypothalami results in the 
release of measurable amounts of LH-RH, 
(Fig. 2). It is apparent that the release of 
LH-RH is greater at the beginning of the 

superfusion and decays with time until 40- 
60 min, when it levels and stays approxi- 
mately the same for 140-180 min. The 
amount of LH-RH collected during the pe- 
riod from 60 to 120 min was used to deter- 
mine a mean rate of release, that is about 
0.5 pg/min for two MBH, 2.09 5 0.28 pg/ 
min for four MBH, and 2.07 2 0.15 pg/min 
for six MBH. When two MBH are super- 
fused many of the values fall below the level 
of detection of the assay, and when four 
MBH are employed their rate of secretion 
shows irregularities. Two peaks of LH-RH 
releases were observed in the case of four 
MBH. The large SE of these two pulses is 
due to wide individual fluctuations and the 
mean values are not significantly different 
from basal values. The preparation contain- 
ing six MBH is not absolutely stable since 
the release changes sometimes irregularly 
from one collection period to another. 
These individual fluctuations (less than two- 
fold) are, however, not apparent when the 
average of several superfusions is calcu- 
lated. It seems that the most suitable prepa- 
ration for the study of experimental modifi- 
cations of LH-RH release should contain 
six MBH. The superfusion of similar 
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FIG. 2.  Release of LH-RH from superfused rat 
hypothalami. Mean 2 SE of the calculated rate of 
release of experiments performed with chambers 
loaded with two MBH (two experiments), four MBH 
(nine experiments), and six MBH (four experiments). 
The level of detection of the assay is given as an illus- 
tration, and it was calculated as the value of LH-RH 
release that gave samples with logit above 2.30. 
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amounts of brain cortex did not show any 
release of LH-RH. 

There was no important change in weight 
of the MBH after 2.5 hr of superfusion 
(initial and final wet weights were 5.29 and 
5.45 mg/MBH equivalent, respectively). 
The hypothalami contained a considerable 
amount of acid-extractable LH-RH at the 
end of the superfusion period (6.55 k 0.44 
n g  of LH-RH/MBH in 10 experiments), 
and no differences were detected following 
any of the experimental manipulations de- 
scribed below. 

To study the recovery of synthetic LH- 
R H  in the conditions of superfusion, 500 pg 
were added to blank tubes or chambers con- 
taining six MBH. The blank tubes contained 
only superfusion medium and the LH-RH 
was extracted as described in Methods. In 
four experiments using blank tubes 60.8 k 
3.3% (mean k SE) was recovered. In two 
experiments LH-RH was superfused 
through chambers without hypothalami and 
the recovery rates were 50 and 40.8%. In 
the case of the superfusion chambers con- 
taining MBH the LH-RH was injected at 60 
or 80 min of superfusion and the recovery 
was calculated after subtraction of the basal 
release of LH-RH (assumed to be the aver- 
age between the release preceding the injec- 
tion and 1 hr afterwards; at that time the 
release of LH-RH was equal in control and 
LH-RH-injected chambers). In six experi- 
ments the recovery was 49.1 k 3%. Re- 
cently, with a slightly different condition for 
extraction of LH-RH (neutralization to p H  
4 .O approximately) the recovery from blank 
tubes was 100.6 k 2.07% (4 experiments, 
28 samples). With the same modification, 
85.8 k 3.0% of the LH-RH could be re- 
covered after superfusion through chambers 
not containing MBH (seven experiments) 
and in two experiments with chambers con- 
taining six MBH the recoveries were 90.1 
and 85.6%, respectively. In conclusion, 
there appears not to be any differences in 
recovery of LH-RH passed through cham- 
bers containing or  not containing MBH, 
making it unlikely that there is destruction 
of secreted LH-RH. Additionally, experi- 
mental observations in our laboratory 
(Bledsoe and Ramirez, unpublished) indi- 
cate that enzymes destroying LH-RH are 

probably of intracellular localization. Sum- 
marizing, it seems that more than 80% of 
the LH-RH superfused from the chambers 
will appear at the collection tubes, from 
where it may be extracted with different 
efficiencies (100.6 or 60.8%). The results 
to follow were obtained under conditions of 
60.8% recovery from blank tubes. 

To test the superfusion system for condi- 
tions known to affect the secretion of neu- 
rosecretory cells j14), experiments were de- 
signed to examine the influence of calcium 
and of potassium ions. Table I presents the 
results of several experiments with two 
chambers superfused in parallel, one with 
normal medium and the other with calcium- 
free medium. It can be seen that calcium 
deficiency is accompanied by a progressive 
decline in the release of LH-RH falling to 
substantially nondetectable values after 40 
min of superfusion. It should be noticed that 
the MBH were kept in normal medium up 
to the moment of the superfusion, thus they 
were exposed to calcium-free medium only 
once they were inside the chambers. 

Figure 3 shows the results obtained by the 
injection into the perfusion chamber of 
modified medium containing a high concen- 
tration of potassium chloride (100 pl  of 125 
mM potassium that, diluted in the fluid of 
the chamber, should give an initial concen- 
tration of about 30 mM potassium). The 
injection into the perifusion chamber of 
100 to 120 min of perifusion. It may be seen 
that there is a noticeable increase of release 
of LH-RH (over 300%) during the first 30 
min; the stimulatory effect seems to  have 
disappeared 40 min after the injection. 

TABLE I .  EFFECT OF CALCIUM OMISSION ON LH- 
RH SECRETION FROM SUPERFUSED CHAMBERS 

CONTAINING SIX MBH." 
Mean rate of secretion (pg/min) for 

the period indicated (min) 

Conditions 0-30 40-90 100-170 
Normal me- 9.9 k 1.P 3.7 2 0.6 2.0 k 0.5 

Medium 6.9 2 1.8 1.0 2 0.4* 0.2 2 0.1* 
dium 

without 
calcium 

a Results from four parallel experiments. 

* P < 0.02 compared with same period with normal 
Mean rt SE. 

medium. 
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FIG. 3 .  Effect of increased potassium concentra- 
tion on the release of LH-RH from four rat hypothal- 
ami in superfusion. The mean & SE of five experiments 
for each collection period of 10 min is shown, time 0 
being the moment of addition of potassium. An amount 
of 100 p1 of modified medium containing 125 mM 
potassium chloride was injected into the chambers at 
100-120 min of superfusion. There is a significant 
difference between the peak of potassium response and 
the preinjection values ( P  < 0.001, paired f test). 

To further ascertain the biological validity 
of the preparation, the response to prosta- 
glandin E2, a substance that has been shown 
to stimulate the release of LH-RH in the 
living animal (15, 16) was tested. The ex- 
periments were performed running in paral- 
lel one chamber that received the injection 
of prostaglandin and another that received 
an injection of the solvent for the drug (50 
pl of 5% ethanol in medium). The injection 
of 50 p g  of prostaglandin E2 (PGE2) is fol- 
lowed by a clear and prolonged increment in 
the release of LH-RH (Fig. 4). If the secre- 
tions for the period from 80 to 100 min are 
compared between control and experimen- 
tal there is a significant difference between 
them (P  < 0.01). It should be noted that 
the duration of the response is more pro- 
longed than the one observed under potas- 
sium stimulation. The recovery rates of LH- 
RH studied after PGE2 in two experiments 
were of the same magnitude as the ones 
determined previously. 

Discussion. The observation that hypo- 
thalamic tissue under in vitro conditions is 
able to release hypothalamic hormones, 
spontaneously and following several stimuli, 
has been made by several authors (1, 4, 6, 
9), including one report in relation to the 
release of thyrotropin-releasing hormone 
(TRH) from the superfused hypothalamus 
of the newt (9). As far as we know there 
have not been reports of the application of 

the technique of superfusion to the hypo- 
thalamus of the mammal. For the male rat 
hypothalamus, the amount of LH-RH re- 
leased under steady basal conditions was 
found to be small, of the order of 0.5 pg/ 
min/MBH equivalent (or about 1.0 pg/min 
if allowance is made for 50% recovery). 
This value may be compared with a rate of 
release of about 7.0 pg/min/MBH equiva- 
lent in a synaptosome preparation at similar 
time of incubation (17). Also, from the data 
of Eskay et al. (16) we may calculate that 
the rate of release of LH-RH into portal 
vessels of the hypothalamo-hypophyseal 
system is about 0.4 pg/min (under pentobar- 
bital anesthesia). From all these data it 
seems that the values found for the superfu- 
sion system are of the same order of magni- 
tude as those observed in other experimen- 
tal conditions and support the assumption of 
viable tissue. 

The fact that the pieces of hypothalamus 
contain a high amount of LH-RH, of which 
only a minor portion appears to be released 
under superfusion (less than 3%), raises the 
possibility of simple diffusion as an explana- 
tion for the release of LH-RH. The results 

L-4 PGE2f4 exp) I i  
I i  7-7 Control (4 exp) 

1 
0 40 80 120 160 

Time of superfusion (min! 

FIG. 4.  Effects of prostaglandin E2 on the release 
of LH-RH from superfused hypothalami of rat. The 
rate of release of LH-RH is shown for each collection 
period (10 min). The graph shows the mean 2 SE for 
the experimental (receiving an injection of 50 pg of 
PGE, into the chamber at time indicated) and the 
control groups. Each group is the result of four sepa- 
rated experiments. 
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with different stimuli, however, make it 
very unlikely that the observed rates of 
release are due to diffusion or passive 
release of LH-RH. 

The superfused hypothalamus exhibits 
stimulation of LH-RH release with increase 
in potassium ion concentration, and de- 
crease of release under conditions of low 
concentration of calcium ions, indicating 
that it has some resemblance to the proper- 
ties described for the posterior pituitary 
(14) and reinforcing the idea that a true 
process of secretion of LH-RH from living 
cells occurs in this system. 

Further support for the proposition that 
the preparation contains viable neurosecre- 
tory elements comes from the experiments 
with prostaglandin ES, a substance that is 
able to induce the secretion of LH-RH in 
the living animal, even if its precise site of 
action has not been ascertained (15, 16, 18, 
19). Our results show that the isolated me- 
dial basal hypothalamus is able to respond 
to PGE,, suggesting the MBH as a possible 
site of action in the living animal. The effect 
of PGE, appears to be quite prolonged 
when compared to the effect of potassium 
ions, but the possibility that this indicates a 
different mechanism of action needs the de- 
termination of a dose/response curve for 

The system of superfusion that has been 
described appears very similar to the one 
reported by McKelvy and Grimm-Jorgensen 
(9) for the newt hypothalamus. They mea- 
sured TRH and found clear oscillations or 
pulses. In contrast, we have not found sig- 
nificant oscillation particularly when six rat 
MBH were superfused. The existence of 
pulsatile release of LH-RH has been as- 
sumed in the castrated mammals where 
marked oscillation in plasma LH are found 
with frequency of the order of 2-4/hr (20). 
It would be of interest to measure LH-RH 
secretion rates in superfused hypothalami of 
castrated rats to determine whether the LH- 
RH released resembles the oscillatory pat- 
tern of plasma LH. 

Summary. A superfusion system for hy- 
pothalamic tissue is reported and the secre- 
tion rate of LH-RH is analyzed under dif- 
ferent experimental conditions. The respon- 
siveness of the preparation to stimuli like 

PGEZ. 

high K+,  low Ca2+, and prostaglandin E2 
was assessed. The usefulness of this prepa- 
ration as an in vitro system to study the 
secretion rate of hypothalamic hormones is 
discussed. 
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