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Abstract : In humans, infusion of water to the pharyngolaryngeal region elicits swallowing.
Thus, it has been thought that water receptors reside in the pharyngolaryngeal region. In the
present study, we investigated how water receptors are involved in the initiation of swallowing in
humans. Ten healthy subjects were studied. Each subject was instructed to repeat swallowing as
fast as possible. Water (distilled water) or 0.05-0.3 M NaCl solution was delivered to the
pharyngolaryngeal region through a fine tube at slow rates of 0.2, 2.0 and 5.0 ml/min. The intervals
between two consecutive swallowings in a test were measured. Swallowing intervals increased
with increasing concentration of NaCl, suggesting that excitation of water receptors was inhibited
by the presence of NaCl. The effect of water on swallowing was determined by subtracting the
mean swallowing interval using water from that using 0.3 M NaCl in each subject. Under the same
stimulating condition, swallowing intervals varied with subjects. There was a linear relationship
between the effect of water on swallowing for eliciting a swallow and the swallowing interval in 10
subjects such that the longer swallowing intervals, the stronger the effect of water on swallowing.
Current findings were discussed with respect to the interplay between volition and sensory
stimulation in the timing of initiation of swallowings. The present results indicate that the
inhibition of water receptors by NaCl is due to Clions. Since saliva secreted in a resting state
contains relatively low concentrations of Clions, accumulated secretions of saliva from the
pharynx may excite water receptors continuously, thereby shortening the interval between
spontaneous swallowings that operate to clear the mouth of saliva.

Key words : swallowing, pharyngolaryngeal region, water receptors, human
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Swallowing elicited by infusion of water and salt solution to the pharyngolaryngeal region in
humans
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B SRIBIR DFEARF = — 7 2 OENICHRA
THRIC, HEK[EELIZOTEREITOLI
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REICHEREA L, £ DSERALE A S U)o
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Fa—TREFEER DEALTES -, TO
F 2 — 7 OEIEAE TI3£0.2n1D0.3M NaCl
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too Fa—7HIROMEZE FEAPUIES S 8 cn
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too Z TTF a— ZHIGDALE DS T Y 5>
512em T, DOERAR UL OWEATH 5B,
F 2 — 7S ONLE (FHEE - WSS I IEB T 5
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51 RIS AR IRIC S 2 10 & D IS AR
BEEL L, SRIORYIOERICE T BFEA
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WERE IR I BELLER > Th o EBR%E
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ALTOVWBR], TEA3LUBOERLEENT 3 X
SR L tce F okl #EREICkTO%
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EWTEOICERL BTHEHAOY—-7 %
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1) 7K&0.3M NaCl flE##Ic & 58 FFEF I
TENREMEAE

Fig. 110K LEENZIT- 12550 5HE
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Infusion rate = 2.0 mi/min
A:DW
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B: 0.3 M NaCi
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Fig. 1. Typical EMG recordings of human
suprahyoid musles during swallowing
elicited by infusion of water and 0.3 M
NaCl to the pharyngolaryngeal region. A:
distilled water (DW). B: 03 M NaClL
Swallowing occurred at dots beneath
each EMG recording. The infusion of
stimulating solution was indicated by
lines beneath each EMG recording.
Swallowing began at arrows. Each
subject was asked to repeat swallowing
as fast as possible. Note that swallowing
intervals were shorter in infusion of DW
than in that of 0.3 M NaCl.

&k 0 < 750, 7KA30.3M NaCl & b Bk R
R L, BHITHBIEBND 5, HYEER
T, KZAEZOHE IFER NaCl 0.3M NaCl
TRER2IMEIENB &5, KEE
T5 5N 720.3M NaCl %Il <l PR 37K
o ZzhEDEVORKSIEROBES(.3
M NaCl il L iz itk 3 EEbh 3,
#€-T, Fig. 1 OfERIZE ~ OIFER - MEEEESIC
BKZAREBPHD, BEIFRICEYTHB &
ZRLTW3,

Fig. 213 3 ADO#ERE ICRIBR O FE AR
%2.0ml/min £5.0ml/min D > DR B FEA
HE Tk B & °0.3M NaCl il % 5 2 1-Bici8
St MRk 2R T FEAEE2.0ml/
min BV TKEETH03M NaClflETDH
WERE 1 X OBERE 2705, BEERE 2 & v iR
3 MEE N RPREERIS R K-> TW5B, 72, 5.0
ml/min TbREETH - 7o IiF, FUEA
HE, [FUklE#T b TR I EAZS &
5T EERLTOVWS, £/ Fig. 2133 A0
BRE 42 BBV T0.3M NaCl il 3 /kflE & v

—O—DW —4—0.3 M NaCl
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Fig. 2. Relationship between swallowing
interval and infusion rate. DW and 0.3 M
NaCl stimulating solution were infused to
the pharyngolaryngeal region. Three
subjects showed different swallowing
interval under the same experimental
condition. Each value and bar show mean
+ SE of 5 swallowing intervals in each
session.

B TIP3 R < 78 - Foo Bl D & 5 120.3M
NaCl #l# 3k ZmHEOHBEEZMZ 20T, 0.3
M NaCl %Il DBk T IR (& 3 1 BRIk
ICE - THRES N, ZKRIBUI BRI & LRI
BomATHRESNS I D EREbN S, -
T, 0.3M NaCl §lJ# <ok FREIpEIRI > S 7k
BMToFrhaZE LW TRRHES B8 &
FIKZROEE I K - T L 72 T ErRE
&7y, BERFERICHTIKICLEHMESE
3%, Fig. 2B 58885 1 — 3 <, WETE
Pl D& WIERE 12 E/KOH FERICHT 3
BIMERBEAPT VI EBNN B, 7, ELU
I T AGERE 3 & BT R PaisfE] 1358 <
ot (Fig. 2)o FAREESENEZNIEY
FABDHEL, BMZASRHIEETL05TH
%, Fig. 217 & 5 IC/KDOFNRIZEAERE
2.0ml/min 235.0ml/min £ NPT VDT,
ROEEBRITE W TEAEEIZ2.0nl/min & LU,
HE N RS OMAZ L KOROBEN P &
ERER AN L T RN,

Fig. 3132.0ml/min DFEASEET, KBLT
0.3M NaCl flj# o TR =~ d . Fig. 3
ADENFNDTA VIR ZHEEL T,
Fig. 3ATRTLHICE LA TH -» T HHE
TRERREICO O REBEAZENH B L0
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Infusion rate = 2.0 ml/min
n=10
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DW 03M Swallowing interval in
NaCl infusion of 0.3 M NaCl (s)

Fig. 3. Swallowing intervals in infusion of DW
and 0.3 M NaCl stimulating solution to
the pharyngolaryngeal region. A: Each
subject is represented by one line. Note
that swallowing intervals in DW or 0.3 M
NaCl stimulating solution varied with
subjects. B: Relationship  between
swallowing interval in infusion of 0.3 M
NaCl stimulating solution and the water
effect. The water effect was determined
by subtracting mean swallowing interval
in DW from that in 0.3 M NaCl in each
subject. Data were obtained from 10
subjects shown in A. The water effects
increased with increasing swallowing
intervals in infusion of 0.3 M NaCl
stimulating solution.

N be FiT, 0.3M NaCl fl#ic & 2 8 Nk
BROEN» - 7 3 ZDOHEERE I fhd T BTk~
NaCl Rl DB T R 2 BF IR < 1 -
Foo T 3ZOBERER, KRBT & EE IR
B3 E» - 720 #2T, 0.3M NaCl #|B T D
I~ i Beg e P & 7K oD Wl T 35 58 D BE £ % R X 7
(Fig. 3B), /KO FFAFICH T 23R 13 Fig.
3ADT — ¥ TERHEEE BV TO3M NaCl
8T O BE NIRRT SAKAM T D F h E E
LW TsRM 7z, 0.3M NaCl #llE T D Rk
B} & K D BE R FER I 23 RicE W AEES A
» -1z (Fig. 3B)o 7B, 0.3M NaCl #ilJE
T D AR AYE WO RS T I3k OB T 75
FioxdT AR N <, HETREEEESEV
WERE X ERE CHN

2) Bk RERRERTICH 5 NaCl O BERFLT
KA S T RERR 28 < &8, 0.3M
NaCl 3F WA EE & 50T, Bk FRERERRE
@ NaCl BEKEME 2l 1, Fig. 41210&D
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Fig. 4. Effects of NaCl
swallowing interval.
A: Various concentrations of NaCl were
injected to the pharyngolaryngeal region
in 10 subjects. Each value and bar show
mean £ SE of 5 swallowing intervals in
each session. B: NaCl dose-swallowing
interval in 10 subjects. Each value and
bar show mean = SE obtained by 10
subjects shown in A.
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WERE» OB ONIZNEF D NaCl R — ik
TRIEREHREEZRT, InFTbBRRTE/
LT, #KEREIC K 0 [E] U/KRIE Tk T bRy
IR hEVHAR SN, Fig. 4 A » 5SS
D18 & S KR T T R S R Wik ERE
(& NaCl B ICIRTE L Ok FRIMREREI A2 L <
ECEHE, zoMROES 32WETH b, JKH
B C e T PRI 2 W IR ERE [ BhAR O RN
BVWEMEZR L7z, LaL, EDBifEd NaCl
B E & bicu MRERRREIIE R 18- 72 Fig.
4 B 13108 D#ERE D NaCl BEE T O E
AHITT oy b L7 NaCl B — 1R e e ihs
H#RZRd, Fig. 4 B Off#R13 NaCl DBk
FARTHMTHE O IHRTH - 12, B MR
PR D NaCl ic & 2 BERFTIEETH -
7= (Repeated one way ANOVA:F(9, 36) =
6.59, P € 0.0004),

3) BAEREAESL LBESOE FERICTT
5 IKDHEE

% 2 AGEE A 2.0ml /min A» 55.0ml /min
IR 975 B NAFITH T 2 KD EINMEDR
09352 &% Fig. 2 TRU7, Fig. 5135.0ml/
min DIERVEETH L2 H ZOHEBEEITBL
T, 5.0ml/min OFEE TDKE L 0.3M NaCl
Rl < ol MEFRERRZ R L 7: b D TH 5,
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P IR, A il

The water effect on swallowing intervals
in infusion rate at 50 ml / min.
Stimulating solutions of DW and 0.3 M
NaCl were infused to pharyngolaryngeal
region at infusion rate of 5 ml/min.
Each value and bar show mean = SE of
5 swallowing intervals in each session.
Note that swallowing intervals were
shorter in infusion of DW than in that of
0.3 M NaClL

Subject 2

0.15M 015M 0.15M olive oil

NaAc KCI NaCl
. Characteristics of  water  receptor.

Stimulating solutions of DW, 0.15 M
sodium acetate (NaAc), 0.15 M NacCl, 0.15
M KCl and olive oil were infused to
pharyngolaryngeal region at infusion
rate of 0.2 ml/min. Data from three
subjects with long swallowing interval
were analyzed. Three subjects showed
short swallowing intervals in DW and
NaAc and showed long swallowing
intervals in 0.15 M NaCl and 0.15 M KCl.
Swallowing intervals in 0.15 M NaCl and
0.15 M KCI were almost the same to that
in olive oil, suggesting that 0.15 M NaCl
and 0.15 M KCIl have no chemical effect
for eliciting swallowing.
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W LT0.2ml/min i U, B PRI
DEW 3 ZOWERE D 7 — ¥ & HIC SRR
DINREFI~ T (Fig. 6)o Rl icidK, 0.15
M NaAc, 0.156M NaCl, 0.15M KCl, olive oil
W, RRIEGHE DR R % B bl
BTl WEESNTWA olive  oil Bl & Hli
L7ce 3 Z0#ER#E & /KB X U0.15M NaAc
Hllisi o T PRI olive oil R L 0 H
Bl -7, —H0.15M NaCl # X U40.15M
KCl Il # ks D 35 & (b T R PR i W & L
olive oil Il D e T RIFRRFR & LNTHEZ
RN - 720 olive oil R IE 3 1< HERUAITE
EEZOSNBDT olive oil HliEk & Wik N RIRRR
FDZDOR SN W0.15M  NaCl 3 & U0.15M
KCI il # 13 7K @ 4] B xh 8 % NaCl £ KC1 A3
HIL7cred, Znd g MERRRERA R 18-
rebDEBbHNb, NaAc I ZKFEOThR A
BOESREh-720T, Cl DKDZRE O
EXlHlsEcEVni B, £2T, TITHES
Nizk b OMHEE - REEH O KZEEOHE IZ
Shingai 5" DFER LFE UL ¥+ F OMEIHE D
KZEBOWHLERI U TH S EAER LIS

1 =

Shingai 5" DEE TIZ—ED/VLEOH|E K
AYRERE O ORERIEICEAL, AMEEAICET
DL B F TOBRIEBAZNIE L 720 S5 DHE
AT 5 NDOWERE 3/KFETRIEF L LD
ERERAER LEAZRIR N - 12, —
H, ARFEERTIEHEE « BIES I EDEVEFA
W TRIBIRAFEAL, TS TH 2D
W kS icteR L, BE NREIBREER A RIE L7,
Z0fEH, Shingai 5" & 13E - T, KElET
b NaCl #ll T & e MIfRisfEic R 2 R EAE
RSN, BEFREREEEOEOHRE» SEV
WERE E TORODDILB H -1 (Fig. 3
Ao TO XS IcHE NREFEEERICEAZS D B
DIFEEE Y WEDBAZEIC LS T ENETFEZ

SNbd, LaL, EHEBRED 1 HREOED K
L ZEmE N oolalfy (RIEMEREE T 5 2 ~) & Mg
EOBICIZEBEAEHEAL LY, ZDC
Lo, RFEERRTES N NERREERI OB W
WERE DR ICHER IS VL EBEZ SIS
Vo Ffo, ARSEBRTIIIHGE - MESETICHAE D S
Hllgs 2 EA L 722.0ml/min (Fig. 3 A) OEFA
HET5.0ml/min (Fig. 5) OFAEETS
B U & 5 o FRfgERERICEAEZNR S i
NI SEASNBBNE 15513 E R
DB INSLK BRI b 5T, FAEE
AIZATHE U & 5 I N REPRRRE I B A Z DS
U2 DT, MR WEHEE R oM A
ERPET S E 3B Z 7MW, Shingai 6D E
B, [6) UIL2Eflis T &t R I @A 2
BRONBOVD TAHORESZREDHEHE T
I DOEAZEDEVEHATE WV, Shingai
SYDEEEARFEEBRO KX IEV I REENIC
e N2 L Tbo9, BORLENELTSH O
IMTH 10 TOFEVHBEAZDOFHEDEND
AEISHETWEELELS, B SO T
DATTERMOEWZBERP O DANEZT 5
B NI DS OBFE TARERD & 5 A AE
MELDLIENELONS, BAEBVTNIC
X 5 & LT, BENHEPRRREOE VRS
(i FEERIOH LKOBIEN TN EE <, BT
IR O R OB E KO BEIEA IR 24
Motie BT S, KENE DG SRR
K OB TI S KFIMAERNICE BicikENS
FEESSLEICL b0 EEbN S, #2T,
TEAREDGE < I8 513 ERERURIEI355 <
150, Ko THE FREPRIREISED 5 2 &iia D
KK e S 2N <185, 2T, BL
HEARE T3 Z NG KRB OB KR X L
B-oTHNEZDTHAS (Fig. 2), BOKL
DO N APERE ISR 12154, BT TERER O
HOHEERE (3B T AR LKD BN N
D, 0K MHEERE KSR SRS
BV IKITH T BBZENE T LTV D & 1I3E
Z 517\, Shingai 5"V DR BHEEELE
I PEERIKFB OB RENT VWA D



214 RIF EAE BE-RP AR WA Hl

T, bLAMHEERICHET T 5 X 51cky, B
M SDANER UL, RERTRLIZLD
15T bR R D W IRER E T S KRB O %R
BEN2 50 ELEbN 5,

FAc ORI EAERE X O #EV6.5m] /min,
11.5ml/min B & ¥32nl/min DFEAEETE b
DHEH - MEEEE~7K$0.25— 1 M NaCl ZEA
L, AHEEFNCHEET O C 2 £ TORBRER %
HIRE U 7o 3EER T3k D RFFfE] & NaCl fl# o
FICIBEDOERRONE -1, BZ 5L
EAEEDE T E THRBATRIE S EBALICT D,
W& R AT B 1T B KEIE & NaCl Rl ooz
BEhRhr-2bDEBEDbN B,

ASEER T KRB T A\ BT RS BRI
NaClic & » TREKGENICE B -1, Th
BKZEEZOBED NaCl ic L 214lIc L 3 b
DEEbNB, D NaCl DERE — LR
RIHHAR IS B S HhER (Fig. 4) TH B &M
5, AEETIE Na' REZESH IH#EI L
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