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G-protein-gated inwardly rectifying K* channel and therapeutic drugs .
for urinary disturbance '

Gen Yamamoto, Shingo Kurbki, Fumio Soeda, Tetsuya Shirasaki, Kazuo Takahama
(Dept. Environ. & Molec. Health Sci., Grad. Sch. Pharm. Sci., Kumamoto Univ.)

Stroke frequently results in incontinence by reducing suprapontine micturition control. We have
recently found that cloperastine (CP), a centrally acting antitussive, ameliorated overactive bladder
and difficulty in urination in conscious rats after 24hr of cerebral infarction (CI). We have also found"
that centrally acting antitussives containing CP inhibit G-protein-gated inwardly rectifying K* (GIRK)
current activated by 5-HT. In this study, we designed to establish the conscious mice model for
studying the urinary disturbances at 24hr after CI, and we comparatively investigated effects of
several types of antidepressants on urinary disturbances caused by CI in conscious rats. As
antidepressants, amitriptyline (AMI), maprotiline (MP) and fluvoxamine (FLV) were used. A
polyethylene catheter was chronically implanted into the bladder. Single-cystometrograms were stably
recorded from conscious mice or rats sustained in a Ballman cage at 7 days after bladder catheter
implantation. Then, CI was induced by occlusion of the left middle cerebral artery using a
monofilament nylon thread. At 24hr after CI, effects of CP, AMI, MP and FLV on urinary disturbances
caused by CI were determined. CI significantly reduced flow rate (Rf) and increased urethral
resistance (Ru), compared to those in control mice. Administration of CP ameliorated both Rf and Ru
in mice with CL In CI model of rats, AMI ameliorated reduction in bladder capacity and micturition
latency caused by CI, but further increased Ru. However, MP and FLV had little effect on these
parameters. The results suggest that this mice model may be beneficial to study the urinary
disturbances caused by CI, and that CP might be a seed of new drugs for treatment of urinary
disturbances after CI. :

Key words: cerebral infarction, urinary disturbance, centrally acting antitussive, GIRK channel
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Fig. 1. Protocol for present experiments.
CMG: cystometrogram, MCA: middle -
cerebral artery., TTC: 2,3,5-triphenyl
tetrazolium chloride
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transducer

pen recorder

Fig. 2. Method of cystometrogram. Restraining of
rat (A) or mouse (B) in the Bollman cage. C:
Schematic diagram of CMG recording in conscious
rats or mice. Cystometry was performed with a
physiological saline warmed at 37°C, Saline was
mfused into the bladder at a rate of 0.126 ml/min
(rats) or 0.017 ml/min (mioe).
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Fig. 3. Effects of cloperastine (CP) on CMGs
recorded at 24 hrs after MCA occlusion in a
conscious mouse. At A typical CMG recorded before
a cerebral infarction. B A typical CMG at 24 hrs

after left MCA occlusion. C: A typical CMG after CP

(10mgkg) administration under MCA ooclusion. All
recordings were recorded from the same mouse.
Bar: 2min.
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.P3[-485 Characterization of micturition-"-

related single neuron activities and their dis-
tribution'in periaqueductal gray matter (PAG)
in anesthetized rats PEICEINE LT RPN
Kengo Matsumoto, Tetsuya Shir aSa1<i}' Gen Yamamoto,

Fumio Soeda, Kazuo Takahama ..:.i v = -

Dept. Environ. & Molec. Health Sci., G;ad ‘Sch. Pha/m Scz
Kumamoto Univ., Kumamoto 862- 0973 ]apan

PAG has 1ecently been concer ned as the upper mxctuntlon center.
In this study we explored micturition 1eﬂexixelatm0 neurons in
PAG, recording single cystometrogram and .unit actjvity -of neu-
rons simultanerusly, and investigated their distribution in PAG,
and the chemical sensitibities of these neurons. Method Male S.D
rats (250-300.g). were used under anesthesia.;Glass: microelec-
trodes: were used for unit _L;eco,rdi'ng.‘ Chemicals were applied by
microiontophoresis, Result Based -on relationship of firing rate
with micturition reflex, PAG:neurons. were. classified, into .three
types. Out of 247 neurons recorded, 34. (Type I) increased and,27
(Type II) decreased in firing rate during micturition phase. The
firing of . the remajning 186 (Type 1II) was not related to micturi-
tion reflex. Type I.neurons were further divided into three sub-
types. Type I and I neurons were. mostly -found in ventrolateral
and lateral parts of the caudal - PAG (from -7300 to -8800 & mof
Bregma). Glycine decreased the firing in these neurons; whereas
glutamate and strychnine. increased.. The results present physio-
loglcal evidence thatthe PAG plays functlonal role in mlctuutlon'
reflex. o L o TRV

Journal of Pharmacological Sciences vol.100 Suppl | (2006) 251P
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21, Effects of cloperastine on the 8- -
OH DPAT-mduced single: K* channél.currents.
Michitaka: Sh1ozul<a, Tetsuya Sh1rasal<1, Fuimio Soeda,
KazuoTakahamaj .00 i TR

Dept. Environ. &Molec Health Scz G/ad Sch Phamz Scz
Kuinamoto L[nzv Kumamoto 862 0973, ]apalz L

We have recently found that centrally acting antitussives inhibited
the currents irreversibly activated by 5-HT in the presence of
tntracellular GTP y S, suggesting that inhibition of G protein-cou-
pled tnwarclly lectlfymcr l(* (GIRK) channels In tl’llS stucly, we
fmthet stucllecl eftect ot clopetastlne (CP) on sm01e GIRK chan-
nel cunents acttvated by 8- OH DPAT a selectlve 5- I—lT,A 1ecept01
acromst in compauson w1t11 that of teltlapm a selecttve GIRK
channel bloclcel [Method] Dmsal laphe nemons were acutely
dlssocxated ftom 7- to 18 day old WlSt"ll mts [Result] The hlS-
toolams of open ancl closecl St"ltCS of 8 OH DPAT (3 X lO o M)
actlthed smgle GIRK channels wete flttecl w1th two ancl thlee
exponentlal fl.lllCl'.lOl’lS lespectxvely CP (lO l\/[) clecxe'lsecl the
open plobabtltty ot channels actlvated by 8- Ol—l DPAT w1tl
attectmc both the open and closed components Tertlapm had
snmlal eftects, but no ef‘rect on the closecl component Splpelone
a 5- HT,,\ leceptOL Ell’ltclUOlllbt and Ba¥, a K+ ch'mnel blockel also
clecxeqsecl the open plobabtllty of the channel Tn ’lddltlon 'these
two affected the closed components. The results suggest th'lt Cp
might inhibit single GIRK channel activities in a different manner
trom those of other substances studied.

Journal of Pharmacological Sciences vol.100 Suppl | (2006) 138P
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~PIE0 J Comparison of the- inhibitory -
effects of donepezil-and cloperastine on the
G-protein coupled inwardly rectifying K* .
(GIRK) channel-activated currents in rat dor—
sal raphe neurons

Kayo Hashitani, Tetsuya Sh1rasak1, Fumlo Soeda
Kazuo Takahama SR ' TR

Dept Eiwuon 8’Mol Health Sci,, G/ad Sch Ph;um Scz v
Kumamoto L[mv Kumamoto 867 0973 ]apan s R

We recently found that donepezll (DZ, a thexapeutlc dxuc for
Alzheimer's disease), like cloperastine. (CP, a centrally acting anti-
tussives), inhibited the GIRK channels-activated currents.. Since
these drugs belong to the completely:ditferent categories of medi-
cine, we'compared the inhibitory.etfects of them on 5- HT-induced
GIRK -channel-activated currents (Ls4r) in'this study. [Methods]
Dorsal raphe neurons were acutely dissociated from.8 to :14- -day-
old Wistar rats. The currents were tecorded with the patch clamp
techmque [Results] DZ inhibited the currents with: [Cgof 1ix'107

M in a concentration-dependent and non- -competitive .manners.

DZ had no eftect on the reversal potential for /sy DZ also inhib-
ited the currents irreversibly activated by 5-HT"in the. presence of
intracellular GTP- y S. The effects of DZ depended on' the extra-
cellular pH, with the maximal effects at the pH 9.0, which is close
to its pKa. A similar pH effect was found for CP. Intercellular
PIP, (50 £t M) reduced the effect by 10° M CP. These results sug-
gest that both DZ and CP may affect the GIRK channels at the
intracellular or intra-membrane site.

Journal of Pharmacological Sciences vol.100 éuppl [ (2006) 137P
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Is GIRK channel a target for developing a novel therapeutic drug of urinary
disturbance ?

O WA BAREE FIR-=% [t =ETR(RBARARRE)

WHO [&, 21 #H#RICHRTRE3 KEBELT, HRE. BHBRESHICHREEXBIF TS,
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BELTERGND, B, BRI, G /O EH BB EERFEK 142 (GIRK)F v R ILE
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Fig. 1 Nucleuses and brain regions possibly contributing micturition reflex and their neuronal connectivity.

Red lines indicate afferent inputs and blue ones indicate efferent outputs. Considerable micturition pathways were shown by
thick lines. Septal N : Septal nucleus. ACG : Anterior cingulated cortex, BNST : Bed nucleus of the stria terminalis, PeriVN :
Periventricular nucleus of the hypothalamus. Sub.Nigr. : Substantia nigra pars reticulata, MPO : Medial preoptic area of
hypothalamus, PVN : Paraventricular nucleus of the hypothalamus, PAG : Periaqueductal gray matter, Red N : red nucleus,
Raphe N : Raphe nucleus, Barrington’s N : Barrington’s nucleus. LC : Locus coeruleus, A5: A5 noradrenergic area, DCM :

Dorsal commissura, SPN : Sacral parasympathetic nucleus, IML : Intermediolateral cell column, Onuf’s N : Onuf’s nucleus,

EUS : External urethral sphincter.

F2E  EBRSE

1. ZERaw

(&8 250-280g O Sprague-Dawley FHEMET v M & ILB) (B) L YMA L, BAKYIEMERDWMEIC T, SiE 22+ 2COR
BT CHE Lic, MEIIZERER (CE-2) BLUMEA GREA) %8 HICER &, B3R ARSI F OREAR A S0
EREPE Y R RANC - TEBRICE L,

2. HE
Vb (urethane), 7V v A RYF=—RiL SIGMA LA L7z, L2 % I VB N Y 0 A—KFilp & 0 # 3
¥ AAA 7N~ (Pontamine Sky Blue 6BX) 1Z# £, FMBETE (B) & Avocado Research Chemicals J U BALE,

3. WATT REE
SME 15 mm, & 90mm QAN TR (GD-1.5, HIEEEMMIIZRAT, B) 2HUNBIEENE (PE-2. MISH AHMIT%
AN, O ICTRELICEE L, WA LR HRE FIWE 2 L CRIBOMEN 1 um BT OB/ S R EBBEER U, X5 iz, =
A BT T4 = (EG-400, BIEEHEMMATRTT, BE0) 18I0 T ABHE 40 FICEE L, EMARAHN 1L um 125 L5
ICHFBE L7z, Fig3A KR LS, BT F ALy FOF (shoulder) DEBL % H A S—F— DM/ CHEL TH 40° it
62
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IO KEEREEEL, BEMLEADL Fig2B Ok 5104 1200 L Uo7, MALANS (b—#—OBWMME 14.24) EHEBED
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EEGIT LI T ey MERE ORBIT L, BIRESNy FEEORITOBEMNAMET SN, ERRcBEr R &
BEZOGNBEOT, —oO THERE Xy NOHZEEDA L, MY OFCENBERM LT H L, O THERER Y b
THEEDAZTELZEOMY OB IIZEY BUAOERZFIEL, PR L 4BOERE Ry M2 AV TEREZTo 177,

5. GREEELERCy FOEE

FEEBEAHRBE T, FigdB IR & 5 KERHEBROEM ATy ML Y 20~30 um ZZEH L RETCT 277 7 (RTE
B, HR) L VEEDAbE, +HOEBEIEEE FigdA OXIRERAV Y/ R (22— RF vyF—Uy s A, KEEHNTE,
KK CEE Lz, BERRERREE. REPEATFERFICHENENS ZLB3Hho2n, s OB& M MEcERET
THEHET ALY, BEOHSIIEHENREDE LO)- VS I VBT ) U A —ICxT 5 MRBEARRINT S 2 LI k0%
RT&,

Fig.3 Diagramaticillustration of the recording electrode (R.E.)
attached to the seven-barrel drug contaluing pipettebly. (D.P.)

A: Recording electrode (R.E.) curved about 30° at the shoulder, attatched to seven-barrel
drug containing micropipettes (D.P.) with water resistant adhesive at the tip and taper,
with dental wax at shoulder.

B: Microscopic view of the tips

The recording electrade projects about 30pm beyond the openings of attached seven-
A: Outer 6 glass pipes are fixed to the inner core glass pipe. B: In a small frame of the gass barrel drug containing pipette.

burrer, the assembly is twisted through 120° . C: Final style of the seven-barrel micropipette
assembly after heating and pulling.

Fig. 2 Steps manufacturing the seven-barrel micropipette assembly.

The diameters of the recording electrode and seven-barrel drug containing pipette are
both smaller than 2pm.
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mm WL OLERG 7, EEFHRETBRLRNRL, BIEEEE RS MMEEL B W7, MBS Mamkon = %
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FERIER7 7 (AP-641G, HAXE, ER) THIEL~. ZD{55% PowerLab/dsp (AD Instruments, Lexington Drive Bella
Vista NSW, Australia) T7F a2/ FUFABBRLT, A=Y Frara—~&— (Intel 25 1 7 AIV3.06GHz, WindowsXP)
R D Rk, b a—F— (R02A, BMLEHE, BRD LISk, FEHREL TR0k, MREEE=4—75
Ll EBERAE= S — Ui, £ BEIBUTE—F 4 7%y | (Self regulating heating pad, FST. North Vancouver,

Canada) IZ XV {FiR% 37.0X1.0CIHK-Tz,

Table.1 Concentration and pH of drug solutions.

Concentration

Drug (mM ) pH Current
L-Glutamate Na 1000 8.0 -
Glycine 890 6.5 +
Strychnine nitrate 5 6.5 +
NaCl 154 7.0 +

10. F—FMr
10. 1. F—ZMEiFk LU QE
BEBCAE & B — R IE B3 Chart 5.1.1 for Windows (BAF Chart, AD Instruments, Lexington Drive Bella Vista NSW,
Australia) #HWTHENT Lz, E—HRENZ EELTLLOIEE-MEOEHEZ D10 OFEEME. TihbbRAHEE
(spikesisecond) & LTC#E L. Figh IKRTHREFOE T A—F— LR LT, BbN7T—F ik Excel2000 (Microsoft,
Redmond, WA, USA) F724% Origin 5 (Microcal, Northampton, MA, USA) % VN CHZHEIT L7z, AR SERIE ~Hatess
FELLTHLE, M 2BHtRECIVEREP<0.06 DL &, 2HOENEE THA LA LT,

10. 2. ftEAEHEESH

Excel A7 A URHTY— L Verl.2 GEFnghill, BEE) 0LV BEBENIE & B AEE OMEAEOT 24TV, SEM7/ IR 45
Xz, HAEHEREE. 20050, —HOEBERE  ETBESWLLEZOTLLE  0BET, RRADISICEEX
Nnb,

T/

1T
Ry (0 =lim- J K0y + o)

SEOERRTIZ, BRANELZEECRIGEEL « BT 5 UC, MEMBLZRS Uz, MEEEEEL 2 &S OELLE
HENOEECRHEING, bL, 2EERREICER- TV ARG, ¢ KEbLTHREMBERL0 TS, 2200528,
HBHFROANY, HOZHIET LD THD & &IT, ZORDEFOREEROHEL, TN EEOFENRETE 5,
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