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ABSTRACT

Background: The gonadotropin releasing hormone (GnRH) neurons represent the final output cells of the
neural network that controls fertility. Dopamine (DA) has been shown to control gonadotropin release in many
species. However, the direct membrane effects of DA and the related receptors on GnRH neurons remain
poorly understood. The purpose of this study was to investigate the direct actions of DA on GnRH neurons
and the related receptors using brain slice electrophysiology.

Methods: Gramicidin-perforated patch clamp recordings were made from the GnRH neurons to examine the
direct membrane effects of DA in GnRH-EGFP mut5 mice.

Results: DA induced hyperpolarization of the GnRH neurons, which was maintained in the presence of
tetrodotoxin (TTX), a Na® channel blocker, suggesting a direct, rather than indirect, action of DA on GnRH
neurons. DA-induced hyperpolarizing effects were blocked by prazosin, an «;-adrenergic antagonist, and
mimicked by phenylephrine (PE), an «;-adrenergic agonist.

Conclusions: These data indicate that DA exerts a direct inhibitory effect on GnRH neurons via the -
adrenergic receptors. These results support the general concept that dopaminergic afference represents a
predominantly inhibitory component of the GnRH neuronal network (J Kor Soc Endocrinol 20:488~495,
2005).

Key Words: gonadotropin releasing hormone (GnRH) neuron, gramicidin perforated patch clamp, dopamine,

brain slice, a;-adrenergic receptor
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7HA] 3~432F 71ekek. Q8390 (cACSF) NaCl 118,
KCl 3, CaCI2 0.5, MgCl, 6, D-glucose 11, HEPES 10,
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Fig. 1. This trace shows the process of making pores. Usually, 5 to 20 minutes after

gigaseal formation, gramicidin starts to make pores. When gramicidin starts to

make pores, resting membrane potential (RMP) is decreased by making pores.
When the RMP was stable, DA and other chemicals tested were applied. In
perforated mode, access resistance between the pipette and cell was approx-

imately 40 to 100 MQ. The arrow indicates the point when the perforated mode

becomes whole cell mode, and then the access resistance is lowered below 10

MQ and shows overshooting of action potentials.
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] (Fig. 1 33 E-54917F 2327] AA overshooting©]
UoJL}al access resistancer 10 MQoJs}&E 7rHA]|r)

10~100 M =391 7153 B AlZellA] A4 F 10
Z ool FHESS el Foll 3] 3|5E
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Fig. 2. Gramicidin perfroated-patch recordings showing the hyperpolarizing responses of

GnRH neurons to dopamine (DA). A, GnRH neurons showed a hyperpolarizing
response to 1 min exposure to 100 M DA (74 day-old, RMP=-59 mV). B, DA-
induced hyperpolarizing response was persisted in the presence of tetrodotoxin
(TTX, 0.5 pM, 74 day-old, RMP=-59 mV).

ool gzl o]FolFlo] vlFl oA WAl =4}
© 7P ARl S5 GnRH A73AESle] I=9
[17,18].

WAlse] A Zome) GuRH AVAAES oA A
= Zlo] ol I FE-9] olfactory placodeol|4] BHAUE]
o] Al 7I7F F HE olFsle] Al AXsld, £
889l 79 ok 1,000~2,000/1¢] GnRH AAAZ7} E4
A3 (nucleus)oll BR= o] A gka b o g L3l
tt. o]eigk o] wiitell ¥4 ellA GnRH ABAIEE &
e FEghrhe A2 A B7Fs3lod GnRH A7
AlZell tigh 7183 77t e Aljke Wk vt
[1]. whebA] B2 d7AREe] GT1 AEFE o]-83lo] Gn-

T

of

RH AAIZES] 2ol tigt 75 28381%IrH19,20,21].
Holare] #AHE9] shul= GnRH Al7dute] Hajo] &g
Wehe WAL uhe-2E 0|83k e 24 GnRH AEAIZ7}
ohd thE ARAEE Adlsle] 7| Hshe o5 a3kt
 AUschks Zlolok w3t ol G-ghiet Al 8
AzZA AZ 22 ALAE R slo] 54 A3-5 WY
uflitol]l UHEE9Ql whole cell modeX vl gramiciding&
0]88} perforated patch clamp HPHo| o} F-83h8 & 4
ArH13]. Gramicidine 17} o]k A7) = o] &8
w24, AEW Cl, Ca™ 23 AdA) AJ2ekg a2
FA3F AellollA] whole cell modeollA] 7]|Esl= vz}t 2
o] A=t A o] FE] S 7IFS F U Aol

- 491 -



— thpER|E3]R): 420 A A5 % 2005 —

10 uM

100s 10 MV

DA

Pra 10 uM
10uM —
100s [10 mV
C PE
10uM

100 {10 mY

Fig. 3. Hyperpolarizing effect of dopamine (DA) on GnRH neurons was mediated by a;
adrenergic receptor. A. DA (10 uM) hyperpolarized a GnRH neuron (48 day-old,
RMP = -60 mV). B. DA-induced hyperpolarizing response was blocked by pra-
zosin (Pra, 10 pM), an a;-adrenergic antagonist (70 day-old, RMP = -66 mV). C.
DA-induced hyperpolarizing response was mimicked by phenylephrine (PE, 101
M), an a;-adrenergic agonist (48 day-old, RMP = -60 mV).
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