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Membrane Properties and Cholecystokinin Sensitivity of Neurons in the
Gastrointestinal Medial Region of the Nucleus Tractus Solitarius

Kenji Suzuki

Department of Physiology (Divector : Prof. T. Hori) Faculity of Medicine,
Kyushu University 60, Fukuoka 812-82

The medial region of the nucleus tractus solitarius (mNTS) has been shown to receive inputs
from gastrointestinal afferents and to possess type A receptors of cholecystokinin (CCK) which
mediate a satiety signal. In the present study, we examined the electrophysiological properties
of neurons of the rat mNTS and their CCK responsiveness by means of i vitro intracellular
recording. The mNTS neurons (n=51) were classified into three groups, based on their different
firing response patterns to injection of depolarizing current, showing repetitive firing (“repeti-
tive” type, n=21), delayed excitation (“delayed” type, n=12) or a single action potential (“single”
type, n=18). Current-voltage (I-V) relations were different among the three types. “Repeti-
tive” type neurons had anomalous rectification, while “delayed” type neurons showed delayed
rectification. “Single” type neurons had linear I-V relations. Although the levels of the resting
membrane potential, the sizes of the action potentials and the afterhyperpolarizations did not
differ among the groups, input resistances of the “single” type neurons (103+12 MQ) were
significantly smaller than those of “repetitive” (16111 MQ) and “delayed” types (143+17 MQ)
of neurons (»<0.05). Bath application of CCK-8S (100nM) induced depolarization in 15 of 51
mNTS neurons. Fifty-two percent of “repetitive” type neurons, but only 25% of “delayed” type
and 6% of “single” type neurons responded to CCK. Although “delayed” and “single” types of
neurons were widely distributed in the mNTS, “repetitive” type neurons were localized mainly
in the subnucleus centralis of the mNTS. These results suggest that the “repetitive” type neurons
in the mNTS may play a predominant role in CCK-mediated functions.
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F (CCK-8S) Ddizb THRMRE T b BB CEE
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1. e L UREI R {ERL

R 100-150 g © Wistar RS v M2 Hv, DT
DOFIECHYFBEARZIER L. v M 22 —7 VK
BT, MEimiT#ERg, M LU LSEH2E e
Bz i <L, 4°C D Krebs-Ringer #I12E L
TBRCHMBEETIDHE LU, B =R T4 Y
—EHAWTES 400 pm O ® & L RIBEMRKYTI A
EARBER L 72, BYIR % 95% 0,-5% CO, TRafiL
7z Krebs-Ringer IR IR TH 1 BFEA > F 2 ~—
M L7, 34~36°C 1R L 72 Krebs-Ringer #% 2
BRI RETR T 2 ORI L, MBI ER SRR

?Iél\

7z. Krebs - Ringer #& @ # 5% 1 120 mMNaCl, 5
mMKCI, 1.23mMNaH, PO,, 2.4mMCaCl,, 1.24
mMMgSO,, 26 mMNaHCO,, 10mM Glucose (pH
7.4) &Ll7z.

2. #BRAIEER E

HRANEHERIZIM OBEEY Vv A2 FEL %
A7 ABNERE v, &1 -5 ARTEEIESR
WS LT, THEEBIRT v v —CEELIB-E
bR A, FIEERIESY v 7 27 o EEE 2 B
Wiz, IGRORIBICH U TIETHIRS 25 L Mg T,
BILBEAIHI—50mV AT, EEEMAOK & 32350
mV B ETARL b 30U LREL CEHETE R
b ORI L Tz, Ml O ARSI R B B (B
BERERT, 200 msec 5 $8FE, 0.1 Hz) OMIIENEERI X
S THETIHEBMNET H 5 WIRER-BEMBZOE
EpSEH LU, EEED & AN I RS
EE (R, 0.8-1.2sec) ®ITv, HABREH
e, PHEHE 2 —0 Y RREFRAE L IEREF KR
EWZKRAITE %48, Paton & IXEEITHEE T, FERE
FKEE S SICBERKRE, BERFAR, H—FAR
AL, OB & L BB OBRORED
FLARXBITE, $BETLIAAVBHEBLTANLGNT
W3, ZZTAMTE T Paton 5 DFECEL THE
{707z,

CCK-8S (100 nM, -<7°F FHFZERT) X ALREEE
s L, 1.5 ml/min OHE T 2 SFHERRS
L7z, BB F v N —ERET % £ CORRIE R
—ETL.53Tholz.

3. EBaBEoRE

BAFDRET OB, OB RABEME T CEE
DEVEALE LTEGIHERTE, URELALRUSE
YRR L 72 80 um VTR AR 2 BB L 26N
BN T OEFFALEFE L 2. EBRTHE, B
HEHE (1-5xA, 37MH) 2REH»>OEEL,
MBOFRY F & v AH 4 T N—TBBIIH LR
figw—2 Uiz, YIF%E, 10% &A=V »#ic 1R
EEL, BE 100 xm OFMEYF 2ERKL, =2—1
IV RTREBLREL .

4. HEEHBIR

BREEEWREDS b, BILBEN, EEEMS
FUBBMEBMLOA S S, ANEREOLEIZ—T
ST (ANOVA) B & O Student-Newman-Keuls’
multiple-range test % v 7z, CCK BZMDE# I
i REERRAW, BRES BUTRHENCER
L7,
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Fig.1 Characteristic firing behavior of the three
different types of neurons in the medial
NTS. A, a “repetitive” type neuron char-
acterized by repetitive firing during de-
polarizing current injection (1 s pulses;
0.07 nA and 0.01 nA). Both traces, same
resting membrane potential (-58 mV). B, a
“delayed” type neuron showing delayed
excitation (300 to 500 ms.) responding to
depolarizing current (1.2 s pulses; 0.16 nA
and 0.12 nA). Both traces, same resting
membrane potential (-67 mV). C, a “sin-
gle” type neuron which fired only once
responding to depolarizing current (0.8 s
pulses; 0.07 nA and 0.10 nA). Both traces,
same resting membrane potential (-64
mV). D, loci of recorded neurons shown in
Fig.1 A, B and C as indicated. The region
surrounded by dotted line indicates the
mNTS.

BT 2 RAGERRC LD, EHEMSRELT
R 5 REFKE, BEEBEMREISEES 2BER
KEIFE, B—OEBEMOARET 3 E—FABO 3
BizaEs i (”1).
EEHEMINE DR LBE S h 2 REFRAEMEE, 21
8 (41%) EBFshiz (M1 A). ZD>LREMEEE
B RIEEPET T 3 b © 3 IEG 2R Jkass
21 7 @b oo, Z DIEGRIE TS % E Cat /&
Mg? W T % %k LT, %72 2 HOMIET:E5
BEEA GG REMIEES N, BB
EASBIE T B BRI, 1218 (24%) FEL
72(R 1 B). BIEREIHABEEI & 3 MEMOL
FIKEL TEL k22, EEEARE ¥ TORER
BB TOMD 2 74 7B 10ms AN TH -
FeDRMLTIDY A4 7iX50-500ms &L, BHSH»
WCHIEEOMIE L KB T2 Z N TE T, B@EICLZHE
BALZ B  B—IEBEM L hRE L R LE—RK
B ORI 1818 (35%) THo7z (R1C), 20355
2 EHOME TS B ER IR R B IEHE &
hiz, BSREET, I 2-5 E BB E ST
KT BMRIDIEREND 2 L BB o Tohs, TERERAL
EHERT 5 &3 TR itk < SRS C
Holelz®, B BB (M2).
BW-EEHRE 4 EOMIETHRL 72, RERKX
Bz 6 HoMlEOER-BERSME X, KE

Burst

0.2nA
—10mv
400ms

Fig.2 The firing behavior and topographical
distribution of “burstic” neurons. Left, a
burstic activity responding to depolarizing
current (1 s pulses; 0.10 nA and 0.20 nA).
Both traces, same resting membrane poten-
tial (-58 mV). Right, a representative
transverse section. The region surrounded
by dotted line indicates mNTS. This type
of neurons were located dorsal to the
mNTS.
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Fig.3 Representative current-voltage (I-V) relations of the three different types of neurons in the
mNTS. Rectangular cureent pluses (200 ms) of increasing intensity were injected through the
recording electrode and the voltage responses were recorded in each cell type. A, a “repeti-
tive” type neuron shows non-linear I-V relations at potentials negative to -80 mV, indicating
progressive activation of inward rectifying currents (anomalous rectification). B, a “delayed”
type neuron showing outward (delayed) rectification at potentials negative to -70 mV. C, a
single type neuron indicating a linear I-V curve.

128 —80-—110 mV (I THNA E (BE) Biietxrd
bOBEHo (K3 A), BERKBCHEIWI 4
EoMEOBR-BEEEYE I, FEEEBMTE» 5B
ABAITHAE GBEE) BRSEEsn (K3 B).
BRI MBI N 4 BOMBEOER-BERE
%, BIRESNTH - b HIicsm EBHESED
s5hBbDbdbolz (K3 O).

O BLKEEEMEED S b, FILEEN, HHE
1% & CBRESMBEMOKRE &, %6 TIALENE
BROMCHE L (E]L), BB, BEHEMSX
VEBSBEMOKE 3T I HETEROE R 2
o 7eh, ANEHICIZELH D (ANOVA, F(2,48) =
6.4, p<0.01), BE—FKENH > L HEWE (103
12 MQ) ZRL7% (p<0.05).

2, AAIIEE = 2 —0 >0 CCK B5#

ELEEEHEEREE L 2%, CCK-8S x5/
B~z CCK-8S (100 nM) DFEFELSICRL
T, 5118 1518 (29%) OMBLIEBEIENAL %14 5 B
BRIGEFRLEZ(EL), ZORMBRIGOEMELIT
¥ 4.5+40.3mV, KIGORHGRE X FH9.7£1.1

Table 1 Eelectrophysiological prop-
erties of the three cell types in

the medial NTS

Neuronal properties Cell type

Repetitive Delayed Single
n=21 n=12 n=18

RMP(mV) -59+1 -62+£1 -58=+1
Spike height(mV) 673 71£3 62%4
AHP(mV) 15+1 202 27x13
Resistance(MQ) 161+11 143+17103x=12*
CCK-induced 11} 3 1

(52%) (25%) (6%)

Responses(n)

RMP, resting membrane potential ; AHP, magni-
tude of afterhyperpolarization; n, refers to the
number of cells. All values are means*+S.E. M.
*p<0.05 (compared with other two types, Student
-Newman-keuls’ multiple-range test); $p<0.05
(x? test).
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Fig.4 The effects of cholecystokinin (CCK) on the three types of neurons. Left, characteristic firing
behavior of each type of neuron. Right. effect of bath application of CCK-8 S (100 nM). The

majority of CCK responsive neurons were observed in the “repetitive” type neurons. Bar,
perfusion time of CCK. Scales are as indicated.

Table 2 Electrophysiological properties of CCK-sensitive and CCK-insensitive neurons in
the mNTS

Neuronal properties

RMP Spike height AHP Resistance

Cell type CCK response n mv) (mv) (mv) (MQ)

1 11 -60+1 68+4 13+2 155+13
Repetitive - 10 -58+2 64+4 15+2 168+18

1 3 -64+1 71£2 19+2 13648
Delayed - 9 -61+2 69+5 21+2 146+18

i) 1 -50 54 20 98
Single - 17 -59+1 64+4 28+15 104+13

RMP, resting membrane potential ; AHP, magnitude of afterhyperpolarization. n, refers to the
number of cells. 1, depolarization. —, no response. All values are means*+S. E. M.

DThHole, O CCK BEM 2B Y 5 &, KEH
KEUHIRE T3 52% (11/21), BEEF AL &L UHE—F
KBETRENETN25% (3/12) BL U 6% (1/18) @
MRS BRIGE R L, 3O CCK B2 ks
BOENH-72(p<0.05) (F1)., B3Rl Twi
w8, CCK 12 & 2 isB RIS A ESTIEML, B

SR R BT 2 — RN IR SR O vV~ L e
RETH, ASEFIRML Tfe, CCK Bz iAml
& CCK FERZMMINE & ¢, BB, ANEH, &
BEMB L UVBESBEMORE S 2HET 2L, ¥
DNRZ A= —b, MEOMIERDERIRED >R
hols (F2).
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A Repetitive

B Delayed

Fig.5 Schematic drawing of transverse sections of the dorsal medulla at the level of area postrema.
The region surrounded by dotted line indicates mNTS where gastrointestinal afferents
predominantly terminate. While “delayed” and “single” types of neurons were widely dis-
tributed in the mNTS, the majority of “repetitive” type neurons were recorded at lateral
region in the mNTS (subnucleus centralis of the mNTS). AP; area postrema, DMV ; dorsal
motor nucleus of the vagus, ts ;solitary tract.
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wiz,
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R MBS AT E R RS 2 &1, HHEH0R
BARTH R D SN TWB, oMM 2 >
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Fe AR OER IZ CCK BEAR S I LD
cFos SR T AL TH H V3, HWIKTE, Rk,
BB R REHRE AL 7 3 5 3 U EE G 55
LTWw33, CCK NS IC L > TEEKDA F v
by UMD c-fos DFERMBFEFRHR I N B 59, CCK 12
XA BAMGIVER X CCK, ZBBBEREL T TR
MN, FEy by U REEENEOFHERS THH
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4) FBHEOEILEN, HRMEEN, BHEME
Wik 7S, ANERESDD, BE—FAKR
H o & HIEWATEGIE (10312 MQ) 2R 7 (p<
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5) - CCK-8S 100 nM D #EFE Sz LT, 5118
O 15 8 (29%) HIEBHEN 2 /D BRI %
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