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Effect of Fluoxetine on Calcium or Potassium Channels
in the Neuron of Rat Major Pelvic Ganglia
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Purpose: The major pelvic ganglia (MPG) provide the majority of the
innervations to the lower urinary tract. The pelvic ganglia are unique
autonomic ganglia that contain both sympathetic and parasympathetic
neurons. It has been known that the low-threshold voltage-gated (T-type)
Ca”* channels are only expressed only in the sympathetic neurons, where-
as these channels are absent in parasympathetic neurons. In the present
study, we examined the effect of ﬂuoxetme, a world-wide used antide-
pressant, on the voltage-dependent Ca>* and K" currents in the adrenergic
neurons of the MPG.

Materials and Methods: The effect of fluoxetine on the voltage-dependent
Ca’* and K" currents in the adrenergic neurons of the MPG were ex-
amined using the whole-cell patch-clamp technique.

Results: Fluoxetine inhibited the voltage-activated Ca”* currents in the
adrenergic neurons of the MPG Both high-threshold (HVA) and low-
threshold (LVA, T-type) Ca’* currents were inhibited by fluoxetine with
an ICsp of 5.3 and 10.8uM, respectively. Fluoxetine also decreased the both
the peak amplitude and the plateau of the outward K' currents. The
inhibition of the peak K’ currents by fluoxetine was concentration-
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dependent with an ICsy of 3.2uM. The inhibitions of the Ca*" and K* HIHI7|J-}3 Y
currents were quickly reversible upon washout of the fluoxetine. MSA| BAT BIE 657
Conclusions: These results prov1de evidence for the direct inhibition of &® 220-701
the voltage dependant Ca®* and K' currents by fluoxetine and these TEL: 02-709-9375
inhibitory effects could modify the synaptic transmission in adrenergic Ex-ai(l)?zggfgios
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Teg ol2TE FA4S flsto AHEE AT 99
Z/d(mM) 100 K'-gluconate, 30 KCI, 10 ethyleneglycol-
bis-(B aminoethyl ether) N,N,N’,N’-tetraacetic acid (EGTA),
1.2 MgCl,, 10 HEPES, 5 MgATP, 0.3 Na,GTP, 10 Tris-
phosphocreatine, 10 glucose (pH 7.2 with KOH)©] itk M X
9] goe] 24 mM)< 135 NaCl, 5 KCI, 1 MgCly, 2 CaCly,
10 HEPES, 10 glucose (pH 7.4 with Tris)©| 1TF. 2 o] &%
2 A4S fste] AHgE AEY &9 24 mM) 120
N-methyl-D-glucamine-methanesulfonate, 20 tetraethylammoni-
um-methanesulfonate, 20 HCI, 11 EGTA, 1 CaCl,, 10 HEPES,
4 Mg-ATP, 0.3 Na-GTP, 14 creatine phosphate, pH 7.2$3t}.
Azl &He] ZA mM)S 145 tetracthylammonium-me-
thanesulfonate, 10 HEPES, 10 CaCl,, 15 glucose, pH 7.4 %t}
ALE-E FEE-L Sigma Chemical Co. (St. Louis, USA)9i 4]

A3+ A 22, fluoxetine> Korea Lily (M2, T 371 =H) 2 2E]
F3 99kt Fetal bovine serum, modified Eagle’s medium
(MEM), Hank’s balanced salt <, Earle’s balanced salt &<}
2 antimycotic-antibiotics 5+ GIBCOBRL (Grand Island,
USA)ell A 48kt

3. B Mz 22| & 7A

5] #|Z pentobarbital sodium (50mg/kg, ip)-Z vl A
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mg/ml collagenase type I, 0.lmg/ml trypsin3} 0.1mg/ml DNAse
type 19 E°J31= 10ml12] modified Earle’s balanced salt &<}
(EBSS, pH 7.4, GibcoBRL)o A 1417+ 5ot v o (35°C) 3+
1‘4— o]uj EBSSol|= 3.6g19] glucose®} 10mM<S] HEPESE *
A ZAT Y F AAMNEIES W FE7]0 Bol E5
e £ 1,000pm o2 AAE stk E2E ABAE
&5 10% fetal calf serum, 1% glutamine, 1% penicillin-
streptomycin®] X %¥ MEM (GibcoBRL)ol| A F-FA171 H,
poly-L-lysine©] * 2] ¥ cover glasso] $1X At} ©]& 37°C
A7 A w et en, g & 12413 oy
Al A A

Ol

2 £ EPC9 &-& EPC7 (Instrutech Corp.,
USA) # %] &%= Z=Z7] (patch clamp amplifier)S A}-8-3}
o APAA AAE A *Q“ x (whole—cell patch clamp) ¥
< borosilicate glass capillary
(2)7; 1.65mm, W7; 1.2mm, Cormng 7052, Garner Glass Co.,
Claremont, USA)E P-97 Flaming-Brown micropipette puller
(Sutter Instrument Co)E A& sl A& A=
Sylgard 184 (Dow Corning, Midland, USA)Z F &3} 0.1,
A o] &ae AL wWl Ao 1.525MR] HE
AE AHESIA T A2 B e G@-E (cover glass)
£ =Y du| 7 (inverted microscope) 19 & E L, A|xE 2
SAE Z8d 23] 1-2ml/min £E2 BFAAG A EL
kel W= 2HAF 1A (current-clamp method) S A
Gor, BAF A Ao HHY 1Y (voltage-clamp
method)S AH&3t] S8 2 1AW 7155 9
A A EZuFe] 8% (capacitance) ¥} 2] %] 3} (series resistan-
ce) 80% ol RAsgoen, A8 A sampling rate 1
kHz, low-pass ZEl+= 2kHz (-3dB; 8-pole Bessel filter) 2 3}
o] 71239t} A3 A= Pulse/Pulsefit (v8.50) (Heka Elek-
tronik, Lambrecht, Germany) 2--2 pClamp6 (Axon Instrument,
USA) & Egol5 ARgsto] AT Be 43S 4
2 (21-24°C)ll A A& 3Tt

4 ot

-80mV holding A9 (B Fentia)ol| X +80mV7tA] Z
S} (voltage) rampoll 23+ W34 low-threshold BF Qo] EA4
(1-3) BE AT A ool met o= ARAN H7A
zo} FdA AAAZE 78 F U (Fig. 1). Low-
threshold A L&A (T-8) 731/; 22 ¥dsA g=
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Fig. 1. The two types of Ca’* currents in a male rat’s major pelvic ganglia (MPG) neurons. The Ca’* currents are elicited by voltage
ramps from -80 to +80mV in each neuron that is held at 80mV. Note that the small hump in A between 50mV and -20mV indicates
the existence of low-threshold T-type Ca® currents. Adrenergic neurons (A, with T) are distinguished from cholinergic neurons (B, without

T) by the presence of the T-type Ca® currents.
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Fig. 2. Inhibition of the high-threshold voltage activated (HVA) Ca’" current by fluoxetine. (A) Representative traces are elicited by a
depolarizing step pulse from -80mV to OmV before and after fluoxetine is consecutively applied to the same cell. (B) The inhibition
curve shows the mean peak current S.E.M. (n=9) of the HVA Ca”" current at OmV in the presence of an increasing concentration of
fluoxetine. The curve is fitted to the equation; Inhibition (%)=Bottom+(Top-Bottom)/(1+10"((LogECso-X)xHill Slope)), in which the

ICso is 5.3uM, and the Hill Slope is 1.8.

Z+o F 7191, low-threshold =3 9t

25 R¥3le AHAEE
10)Z, low- threshold ZH# q}el&
ste ABAEZ S| 2AA &=
&l Atk (p<0.001).

-80mV holding A ¢loAlA OmV7FA] @A A
(step depolarizing pulse)S 10ZPIt}h 718S o, fluoxetine
FE 9|£Z0F high-threshold ZHASEA (HVA) 24
E2E JA& 9o ICoE 5.3iMel At (=9, Fig. 2).

o T

-100mV holding ¢4 -30mV7EA] ©A A
3Z 10&vitt 71S 9, fluoxetineS
low-threshold Tt &E4 (T-3) ZH T2
™ ICsp2 10.8uMO] 1T} (n=6, Fig. 3).

-80mV holding A ¢olA +10mV7HA] &A H
3E 10x9tt) 7FS o, fluoxetineS & JEHo 2 o
Aste)EA Y e AFE JAFIA ST ICs 3.
uMo| Tk (n=8, Fig. 4).
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Fig. 3. Inhibition of the low-threshold T-type Ca™ current by fluoxetine. (A) Representative traces of the T-type Ca® current induced
with a depolarizing step pulse from 100mV to 30mV. (B) Mean peak current S.EM. (n=6) of the T-type Ca™ currents at 30mV as
the function of the concentration of fluoxetine (ICso=10.8uM).
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Fig. 4. Inhibition of voltage-dependent outward K" currents by fluoxetine. The whole-cell K* currents are elicited by 200ms voltage
steps to +10pV from a holding potential of -80mV at 10s intervals. (A) The traces of the currents obtained in the absence and the
presence of 0.3, 1, 3, 10 and 30uM of fluoxetine are shown. (B) Concentration-response curve shows the mean peak current S.E.M.
(n=8). The data are fitted using the equation given in Fig. 4, with an ICs=3.2uM, and a Hill Slope=1.4.
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A EE low-threshold T ] &4 (T-8) 4525 X o],"? flouxetine®] FFAAA NN AEEDY vk F712
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ZEERES A ek Ao 2438 2% ZA83S ¢ 4 3tk Fluoxetine ©] ¢} Zo] o
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(T-type calcium channel)E 713 ol=dlgdAd A4 Y (ad- S 7FA 2 Yt} Fluoxetined] &3t o] &2 ICsov= Al E
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o wpe} 2etA, ZFFZ A ICso7} synaptosomesol] A&

27uMel AL, PCIZAEA A= 13pMo] Ao, ute]
EJE}U]CHLOME 6.8uMO] A TE." Fluoxetineoll 93+ ¥
B EE A ICoe Pc1zxﬂ¢<>ﬂ/\1‘: 16uMel ' B
TAEAME 0.1-10M FE] P} FEM= NAYF
2 E}F ZFF (delayed rectifier potassium currents)% A7)
i, 100M ©)d9] £& s e 2w 84 XTeg AR
(calcium activated potassium currents)E Z7}A]71th"”

E AT A fluoxetine> =8 A7 M Z A micro-
molar FEoA 529 XEG 52 EFE A A
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£ A oy}, HaT|A 2RAZANE A 283
S ¢ F A
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