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ABSTRACT 

This study was conducted to investigate 1) the utility of a cell 
perifusion system to examine questions dealing with the regu- 
lation of pulsatile LHRH release and 2 )  the necessity of cell-cell 
connections for communication between LHRH neurons and for 
coordination of LHRH release. To this end, cell perifusion of 
both hemihypothalamic tissue and enzymatically dispersed hy- 
pothalamic tissue isolated from adult male rats was performed. 
Periodic perfusate samples were collected and assayed to mea- 
sure LHRH release. LHRH release from both hemihypothalami 
and dispersed hypothalamic tissue was clearly pulsatile, with 
comparable pulse frequencies and amplitudes. These results 
were interpreted to support the hypothesis that coordination of 
pulsatile LHRH release can be maintained in the absence of 
most cell-cell connections. This suggests a paracrine rather than 
a neural mechanism for the coordination of LHRH secretory 
events leading to the distinct signals we observe as pulses of 
LHRH in situ. 

INTRODUCTION 

LHRH is a decapeptide that controls the release of LH 
and FSH in mammals, ultimately controlling reproductive 
function [ I ,  21. The cell bodies of LHRH neurons are an- 
atomically dispersed throughout much of the hypothalamus, 
and LHRH neurons comprise only 800-1600 of the mil- 
lions of neurons found in the rat hypothalamus [3, 41. The 
dispersed anatomical distribution of LHRH cell bodies that 
lack a clearly defined neuroml network connecting them 
synaptically suggests that regulation of the timing of LHRH 
neurosecretory events (pulses) might occur at the neuroter- 
minals of the LHRH neurons concentrated in the stalk-me- 
dian eminence (S-ME) 15.6). The release of LHRH at the 
S-ME is episodic or pulsatile in all mammalian species 
studied, including rat 17, 81. sheep 191, and monkey /10]. 
In order for episodic release of LHRH to occur, LHRH 
neurons must coordinate and synchronize the release 
events. 

A number of model systems have been used to dissect 
the complex neuroendocrine interactions in the hypothala- 
mus that are responsible for coordinated hypothalamic 
LHRH release. In vivo models used to measure episodic 
LHRH release have included tiequent sampling of pituitary 
portal blood 11 I-1.11, push-pull perifusion 115-171, and mi- 
crodialysis 1181 of the S-ME and anterior pituitary. These 
models yield the most physiologically relevant results, but 
include a complex neuronal network that is difficult to dis- 
sect pharmacologically. A pioneering effort that developed 
an in vitro model used a tissue perifusion system to meu- 
sure episodic LHRH release from hypothalamic explants 
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1191. Others have subsequently used hypothalamic tissue 
perifusion 1201 and culmre of disrupted hypothalamic tissue 
1211 to evaluate facets of the mechanism for coordinated 
LHRH release. The present study used both intact hemi- 
hypothalamus explants and enzymatically dispersed hypo- 
thalamic neurons in a perifusion culture system to deter- 
mine whether coordinated hypothalamic LHRH release is 
dependent on cell-cell connections in vitro. 

MATERIALS A N D  METHODS 

Seven adult male Sprague-Dawley rats from Harlan 
Sprague-Dawley (Madison, WI) weighing 250-320 g were 
used in these experiments. The rats were housed for 1-4 
wk in individual cages under controlled temperature and 
lighting conditions and were given free access to food and 
water. The rats were killed by decapitation at 0730-0830 
h, and the hypothalami were removed. These experiments 
were conducted in accordance with the Guiding Principles 
for the Care and Use of Research Animals. 

Cell and Fssue Preparation 

The mediobasal hypothalamus--delimited laterally by 
the hypothalamic fissures. anteriorly by a cut 2 mm anterior 
to the anterior aspect of the optic chiasm. and posteriorly 
by the rostra1 portion of the mamillary bodies-was sur- 
gically removed by a horizontal cut of approximately 2 mm 
in depth and divided in half longitudinally down the mid- 
line. Each hemihypothalamus was placed in medium, a 
modified Krehs-Ringer bicarbonate buffer containing 2.2 
mM CaC12. 154 mM NaCI, 5.6 mM KCI, 1.0 ~ I M  MgC1, 
6.0 mM NaHC03, 10 mM glucose. 2 mM HEPES, 0.1% 
BSA. and 0.006% bacitracin, pH = 7.4. One hemihypo- 
thalamus was placed in medium while the corresponding 
hemihypothalamus was enzymatically dispersed. Each dis- 
persed half was diced, using scalpels, into pieces of ap- 
proximately 1 mm3. These pieces were suspended in me- 
dium containing 0.05% trypsin and were incubated al 37°C 
for 15 min. The suspension was triturated ten times with a 
sterile 5-ml pipette every 5 min. Each cell preparation sat 
Stir 1 min to allow large pieces to precipitate. and the cell 
suspension was poured into another sterile 15-ml tube and 
centrifuged for 5 min at 800 rpm to pellet the dispersed 
hypothalamic cells. The cells and intact tissue were loaded 
into their respective chambers in the perifusion system. and 
5-km membrane filters were added to the afferent and ef- 
ferent ports of the chambers. Exclusion of inethylene blue 
dye by dispersed cells was determined as an index of via- 
bility. Approximately 95-99% of the cells were single or 
paired cells at the time of dispersion. Four to 8 h later, > 
95% of the cells remained dispersed on the hasis of micro- 
scopic examination. 
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FIG. 1 .  LHRH iihit imm ciirym.~tic.illy iiispericd hypothalamic neu- 
rons iiolatrd iiom two rats iA and Bi. Rrlrnw cvcnts determined to he 
signiiicant pukes hy the PUl.SAR algorithm xi. iiidic.ited by .ariowi. Each 
dm point icpreipnts thc avrr,i#e LHKH ronccntiation ford  10-min i r . G  
t ion A ib-mM KC1 ch;illrngr is indii,itrd i o i  I 0  min during the iinsl hour 
ioi  rat 225 (A) .  

Periiusion Procedures 

An Endotronics Accusyst S cell perifusion system (Cel- 
lex Biosciences Inc., Minneapolis, MN) was used during 
these experiments. The previously described medium was 
pumped into chambers containing either hemihypothalamus 
(intact tissue) or dispersed cells at a flow rate of 100 &I/ 
min. Carbon dioxide flowed into the chamber area to main- 
tain the pH of the medium, having access through gas- 
permeable afferent lines into the chamber. The system was 
run for -10 hlexperiment. and l-ml fractions were col- 
lected at 10-min intervals using a refrigerated Gilson (Mid- 
dleton, WI) FC205 fraction collector. Some of the tissues 
were challenged with 56 mM KC1 I h before the comple- 
tion of the experiment. Samples were frozen at -70CC until 
RIA. 

LHRH RIA 

The LHRH RIA used has been described previously [15. 
221. LHRH concentration in perfusates was estimated using 
anti-LHRH provided by Dr. T. Nett (Colorado State Uni- 
versity. Fort Collins. CO) (R1215). Synthetic LHRH used 
as trace and standard was purchased from Richelieu Lah- 
oratories, Inc. (Montreal, PQ. Canada). Sensitivity of the 
assay was 0.1 pgltube at 95% binding. The innaassay and 
interassay coefficient of variation were 6.8% and 9.4%. re- 
spectively. 

Puke Detection 

Pulsatile release of LHRH by this preparation was de- 
termined by the PULSAR computer algorithm 1231. The 

TABLE 1. Chnractcristics o i  Ll I K t I  release imm i~nrymaticallu dispersed 
vi ,  intact hviiot1iAami in vitro in - 7). . . 
Parameter O i ipe~ed '  IntI~ct' 

Pulse amplituilc 
t[lghnI!pulsN 2.25 1. 0.44 3.99 1 0.71 

Pulse frequc!ncy 
~pulieslhri 0.87 7 0.15 0.90 7 0.06 

Interpulse interval 
;in minl 69.0 f 1 1  9 60.6 + 3.7 

parameters used for LHRH pulse detection were similar to 
those previously reported for LHRH release in vivo 115, 
221. The cut-off criteria for GI, G2. G3, G4, and G5 were. 
respectively, 3.8, 2.6, 1.9, 1.5, and 1.2 standard deviations. 
The inmaassay coefficient of variation for LHRH was de- 
scribed by the formula y = 3.38X + 3.111100. 

RESULTS 
The LHRH secretion patterns of enzymatically dispersed 

LHRH neurons isolated from rat hypothalami in a perifu- 
sion culture are shown in Figure 1. LHRH release from this 
cellular preparation was pulsatile, as determined by analysis 
of the assay results using the PULSAR algorithm. The 
LHRH pulse frequency for enzymatically dispersed cells 
was 0.87 f 0.15 pulsesh (interpulse interval = 69 min, n 
= 7; Rble 1). The LHRH secretion patterns of the two 
intact hemihypothalami corresponding to the cellular prep- 
arations in Figure 1 are shown in Figure 2. The intact hy- 
pothalami represent control tissue for the enzymatic dis- 
persion. Analysis of the pulse frequency results using a 
paired t-test revealed no significant difference between the 
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mediator is an important step in determining the underlying 
mechanism for the generation of LHRH pulses in vivo. The 
present results demonstrate that cell perifusion can provide 
a unique window through which the site of action of vari- 
ous neuromodulators of LHRH release can be observed. 
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