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The interstitial cells of Cajal (ICCs) are the pacemaker cells in the gastrointestinal (GI) tract. In the
present study, the effects of olanzapine, an atypical antipsychotic agent, on pacemaker potentials in
cultured ICCs from the small intestine of the mouse were investigated. The whole-cell patch-clamp
configuration was used to record pacemaker potentials from cultured ICCs. Olanzapine produced
pacemaker depolarizations in a concentration-dependent manner in current clamp mode. Methoctr-
amine, a muscarinic M, receptor antagonist, did not inhibit olanzapine-induced pacemaker depolariza-
tions, whereas 4-diphenylacetoxy-N-methylpiperidine methiodide (4-DAMP) muscarinic Ms receptor
antagonist did inhibit it. When guanosine 5'-[-thio] diphosphate (GDP-B-S; 1 mM) was in the pipette
solution, olanzapine-induced pacemaker depolarization was blocked. Also, low Na" solution externally
eliminated the generation of pacemaker potentials and inhibited the olanzapine-induced pacemaker
depolarizations. Additionally, the nonselective cation channel blocker, flufenamic acid, inhibited the
olanzapine-induced pacemaker depolarizations. Pretreatment with U-73122, an active phospholipase C
(PLC) inhibitor, also eliminated the generation of pacemaker potentials and suppressed the olanza-
pine-induced pacemaker depolarizations. These results suggested that olanzapine modulates the pace-
maker potentials through muscarinic M receptor activation by G protein - dependent external Na"
and PLC pathway in the ICCs. Therefore, olanzapine could affect intestinal motility through ICCs.
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&4 Aol MM XS AA BHAH vk B 434
FEo] B HAT(13, 18] F 7EA £ F7h A
FEjetA ool A HRA 54 YFe FAA
xgo g dste] EFA AE donE Aolth o) #
d9 d8E2= 954 4 2 %(inflammatory bowel dis-
ease), THELA A7 A (chronic idiopathic intestinal

A

pseudo-obstruction), 4] = 0] ¢85 Z(achalasia), 4144 7t
7 7%% (Hirschsprug’s disease), &3 2 (pyloric stenosis), 4
7 A (intestinal obstruction), @27 7] ¥ (anorectal malfor-
mations) &°] $1TH13, 18].

3t & 249 (Olanzapine) T o Ul 2 tho] o} A A (thie-
nobenzodiazepine) Al ¢F& = B]§l 2t} o] o} A # (dibenzodia-
zepine) T2& 7FA 1 911, 53] =Y (schlzophrema)xl =
of Z3AQ ke & dEA YT, 16]. S2AAL 5-HT,
5-HTs, 5-HTs 5 MZEY &4, D, D;, Dy 59 =37
FEA, MiolA Msell o2& F271d 84, w T84 18
I H 8 § M o o F&A ) ) A :sE & 7
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(tiredness), & 57l % 7Hweight increase), H ¥l (constipation)
T FAESel B B glafle], tE 28 AEAEH
we B Hu7t Ad gEo] ¥ & AoE €A 3
tHie]. M= &9 & ZdaAdle fuAd #4802 ¢
I FESES =T DAL F Aok AR o] HA

TE4 A A a5 & EYA UA 4T
FoAAE 9 &5 24 71 A AT

W

=@A4A 9 o] =7 A&H EE A% sigma (Sigma
Chemical Co., St. Louis, MO, USA)oll Al F943FA 1 A2 A
of d3te TR WE F Az Ry

FHMIE HHSE
MMz WFE Al F= o] &HE T K
Balb/CE At83t1 o 2 (ether)E vt AZl $ 7] 531
Trrw(pylorlc ring) I A -8 B Aol sjFetes 2 HEAE A
Zakdnt. ALA A2 B2 T4 (Krebs-Ringer bi-
carbonate) & 0. = A Fu] &7] Kol A FAze} 7
A2 s wet Arfste FuEE AASL &42E =2
T FeEE &% 2524s ndd §3) Z(collagenase)
(Worthington Biochemical Co., Lakewood, NJ, USA) 1.3 mg/
mL, 28 % ¢ 57 (bovine serum albumin) (Sigma Chemical
Co., St. Louis, MO, USA) 2 mg/ml, EH4l A 3] Al (trypsin
inhibitor) (Sigma Chemical Co., St. Louis, MO, USA) 2 mg/
mL5o] £0] 91, Ca’'ol Bof A g 3§i(Hank’s) &9
of &1 thF 37TolA 2083 & 437 & AGAA
ZE st EeE AZEES 79 AW 282 9
B33, 102 ol 73 Z YA (stem cell factor) (Sigma
Chemlcal Co., St. Louis, MO, USA) 5 ng/mi¢}t 2% &4 /33
7 A (antibiotic/ antimycotic) (Gibco, Grand Island, NY, USA)
7} €01 9& smooth muscle growth medium (Clonetics
Corp., San Diego, CA, USA) &4& B3¢ £, 37C(95% O,
- 5% COy) M YE71oNA Mg AT Wiodd tad e wj
H &Y A A /33 A (antibiotic/antimycotic) T+ A & A
A SEAs vHre] Fu AP L g 124 F7EH APt
0 EE 5 A #HL Ry sEAP & A9
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W Az A b 71 5817] A HASHE
(patch clamp) A& 71¥ % & A Z(whole cell patch)¥ &
o] &3tAth M9 HXFHEZ ¥ =(standard patch clamp
amplifiers) (Axon Instruments, Foster, CA, USA)E &3l 5
ZA7M, e AEe AwH ZYE 8 A4 7157
(Gould 2200, Gould, Valley View, OH, USA)E %34 &2
Sttt HAYE V1 Ee T AEY #FEYY 2L
o3 207 2= mM &9 ¢): KC 5, NaCl 135, CaCl,
1.2, glucose 10, HEPES 10°] ™ TrisE % 7}sto] pH7}F 7.47F
HES ot1, A5 899 24 T3 Zo] sAth#
47 mM ©919)): KCl 140, MgCly 5, K,ATP 2.7, NayGTP
0.1, creatinine phosphate disodium 2.5, HEPES 5, EGTA 0.1
olM TrisE H7kste pH7L 727 =5 stgioh widd 7+
AEAA Azt AF 1789 (Current clamp)< A 3 ’6‘}04 A
THos BAE e WY I A4S 75T & dA
A %5 Yo Hokrh

27 24

2T AT Aol AT oA A S Student's
ttests AFE3IH O FFE p<0.055 AHESHATH A8E
3= mean + SDE 7| A3 A o

Z o

SRR FratM|z0f st &at
i% } ghx 1]3-4 g =3o] 715 (pacemaking activity)el 4]
¢ 2SS dof Bkt A e w5 9
ﬁii gERo] 7]% (pacemaking activity)®] B (de-
polarization)s F7HN %S & + AU TH(Fig. 1A - Fig. 10).
2ZAA 50 pMAA = 5.0+08 mV (n=6), 100 Mo A&
11.7+1.1 mV (n=6), 300 uMol| A = 242415 mV (n=7)% &
g5 A= S7H A th(Fig. 1D).

ST FIEtM|Z 30| FATIEIM +EH|(muscarinic
receptor)2| BN

e o3 AT ZH FAHA &4
(muscarinic receptor)®] #HHAE dolr7] H3jA M, FEA
A A A methoctramined} M; &4 A A ¢ 4-DAMPE
Abgste] BOtTH7] A FHEA o g 6‘”:1“’] Z*"d"’ﬂ
methoctramine3} 4-DAMP A = o} 5§
s —r‘#fﬂ o—roﬂ BAAR FrFol =
UEbg A 5HFig. 2A), 4DAMPE £ ¢ & &dA A& Fof



1012 BBULRIX| 2019, Vol. 29. No. 9

" B A [ T

olanzapine 50 yM

y s olanzapine 300 M Methoctramine 10 uM .
s AT T

w
o

" g

WML, <

I s
£
olanzapine 300 pM % 20
D = 0 215
c 25 3
g 10
S 20 2
215 g ° i
a [=]
é 10 0
g s CTRL  Methoct. 4-DAMP
3 o olanzapine 300 uM
s % Fig. 2. Effects of muscarinic receptor subtype antagonists on
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Fig. 1. Effects of olanzapine on pacemaker potentials in cultured in cultured ICCs. (A) Pacemaker potentials of ICCs ex-
ICCs from the murine small intestine. (A-C) Pacemaker posed to olanzapine in the presence of methoctramine
potentials of ICCs exposed to olanzapine (50-300 uM) in muscarinic Mz receptor antagonist (10 uM). Pacemaker
current clamping mode (I=0). (D) Summary of responses potential depolarizations were depolarized. (B) Pace-
to olanzapine. The values were expressed as the mean maker potentials of ICCs exposed to olanzapine in the
+ S.D. *p<0.05. **p<0.01. CTRL, control. presence of 4-DAMP muscarinic Ms receptor antagonist
(10 uM). Pacemaker potential depolarizations were not
3 Ao o= grrgto] Ao BrZo] AL & 2 99} altered. (C) Responses to olanzapine in the presence of
‘ _ ‘ different receptor antagonists. The values were expre-
(Fig. 2B). Methoctramines Foi & 74-¢ S&atalol o & ssed as the mean + S.D. *p<0.05. *p<0.01. CTRL, control.
T3 A5t 223108 mV (n=7), 4-DAMP s Fog 4§ e CTRL, control; Methoct, methoctramine; 4-DAMP, 4-di-
Aol g gEF AEE 1.3+0.7 mV (n=5) °|th(Fig. 20). phenylacetoxy-N-methylpiperidine methiodide.
webd, of 4P SuABLE FahUy 3 FEAM,
muscarinic receptor)E F3A LA XY FEFo| 7T Fmgto] Aol AAH 1L, ofnf STFAW FAN FEto]
A7 AFE & 5 A ST HAHA 4okthFig 4A). HIAEA ol TE 9
AAQ flufenamic acid [22]8] EANHME 718 2ol o ¢
SRR FISME &2H0| G protein2| ZHEAM FEgol BAo] A H L, ojnf £PAY FAN Friol
=A% FHSAE 2H G protem«l #Hd4g e SRS A AR b9kt (Fig. 4B). MEE Na' 5 mME
dotr 7] A AMEW G protein®] 715& A A7= A Folg A9 A °ﬂ % gE= AEE 04404 mV (n=
o2 4 AT 9= GDPSE /\]——8—0]-%13]-[15], LA 7} 5), flufenamic acid& & AS S g g2
A 29| grgto] &EFo] GDPS (1 mM)e AT EA= AEE 06205 mV (n= 5)01E}(F1g 4C). WA, o] dPo =
A 5 S th(Fig. 3). WA G protein®] @A &gk 71 SEAR oo AT FEFo] BT A ZY Na'g
AZ g2 BR3d BATL ¢ 5 Yk MAEY gole B2 BIPL & 5 A
SEUXEO| FHEME S0 MEL Na* == X HIMEN SERHQ| FHEME 10| phospholipase C (PLC)
|2 EZ9| M BN
@A o3 AT E 2Ho] HET Na’ %E L ﬂl A PLC71 9| #edA & Lotr7] siA 24F PLC A A4
g4 ool B2 FUAS Folry] A ML Na'& < U-73122¢ o] &3tAtHe6]. U-73122 AT, 7+ A £
Z-& %% NmethylDglucamine (NMDG; /‘ﬁﬂl?}’ﬁl ’1‘:]'-Er% Frgtol 715 A7 H, ofwf S@FAAA oA LA
S frASHEA A47H5E Na' EHZﬂ Z)E upto] Alznt X Fogo] gE52 A =AU (Fig 5A). U-731229] 7|5
Na' 5% 5 mME ST ofd 4% 7ARA Iz o & 43| 8b7] fisiA U731229 M4 87l U732 A A
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Fig. 3. Effects of GDPgS on the response to on olanzapinein-
duced pacemaker potential depolarizations in cultured
ICCs. (A) Pacemaker potentials of ICCs exposed to olan-
zapine in the presence of GDPgS (1 mM) in the pipette.
Under these conditions, olanzapine-induced pacemaker
potential depolarization was blocked. (B) Responses to
olanzapine in the presence of GDP-3-5 in the pipette. The
values were expressed as the mean +S.D. *p<0.01. CTRL,
control; GDP-B-S, guanosine 5'[B-thio] diphosphate.
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Fig. 4. Effects of external low Na+ solution or flufenamic acid,
a nonselective cation channel blocker, on olanzapine-in-
duced pacemaker potential depolarizations in cultured
ICCs. (A) External low Na+ solution eliminated the gen-
eration of pacemaker potentials. Under these conditions,
olanzapine did not depolarize pacemaker potentials. (B)
Flufenamic acid (10 uM) eliminated the generation of
pacemaker potentials. In these conditions, flufenamic
acid inhibited the olanzapine-induced pacemaker poten-
tial depolarizations. (C) Responses to olanzapine in the
external low Na+ solution and in the presence of flufe-
namic acid. The values were expressed as the mean +
S.D. **p<0.01. CTRL, control.
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S99 %EJSOI % §F (Pacemaker poten-
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Fig. 5. Effects of PLC inhibitors on olanzapineinduced pace-
maker potential depolarizations in cultured ICCs. (A)
U-73122 (5 uM), a PLC inhibitor, stopped the gen-
eration of pacemaker potentials. U-73122 blocked the
olanzapine-induced pacemaker potential depolariza-
tions. (B) The application of U-73343 (5 uM), an in-
active PLC inhibitor did not show any influence on
the generation of pacemaker potentials. Also, U-73343
did not block the olanzapine-induced pacemaker po-
tential depolarizations. (C) Responses to olanzapine
in PLC inhibitors are summarized. The values were
expressed as the mean + S.D. **p<0.01. CTRL, control.
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