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Recent knowledge of central mechanisms regulating swallowing

B RS (O DH MEEESTHEPE FU/\EU T —2 3 VaRZES0HE
ZREICHBVNT, BEFOFRX AN X LDEFESHEATHSD. LU, BTt
YRISIWINF—=0I T RU—F— (CPG) [CHBIFDETFHIEIA DXL,
BRU LAIFIRIC K D HEEDFIEIC DOV TIEVKERALERBHZ L.

FEETIF, BTN ZHET 2R EBICONT, BYRERICKDETH S
b RRSEBIDEERE T, SXIFLEFEZRAVCHRZDECHhDPT <
BERUL TRV,

1. MREBRRT EIFR - B RHIEEE, 2. RS Y bETILZRAVCIRERR]
BTIEE= 1 —O VT, 3. EREFEFER FOILETEE LIREREHRFAR
BT EDHE, 4. & NREARRZRVCE T EAPROBBET LAY
NIVAVT—=TT—ANDIGAICDOWVT, RFfOFMEZHEICHFHL TV
fefWe. COREZBUT, B FPEHIEEBICDOWLWTDIRREZRD DT
ET, BRFEZRZTID DA THRRABABZSSCENTEDBDEEXD.

The understanding of central mechanisms underlying swallowing is essential for
the treatment of dysphagia, including assessment of swallowing and swallowing reha-
bilitation therapy. However, the regulatory mechanisms of the swallowing central pat-
tern generator (CPG) and higher brain centers still need to be well known.

This special issue contains articles about the central mechanisms regulating swal-
lowing using various methodologies, including animal experiments and analysis of
human brain activity.

The articles discuss the following topics:

1. Laryngeal sensory stimulation and respiratory-swallowing control mechanisms;
2. The activities of swallowing interneurons in perfused brainstem preparation in rats;
3. Response property of insular cortex—evoked swallows and comparison to superior
laryngeal nerve—evoked swallows; 4. Central nervous system of swallowing revealed
by human intracranial electroencephalograms towards functional restoration of swal-
lowing using brain machine interfaces.

These articles can provide helpful information about central mechanisms regulating
swallowing for the treatment of dysphagia.
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Laryngeal sensory stimulation and respiratory-swallowing control mechanisms

iEEth © REMIIENAFESIRRE - EEHAREHE
FUSE Shinya @ Department of Otolaryngology-Head and Neck Surgery, Kyoto Prefectural University of Medicine

IREEHARS (&, MHEE - MRERRXERIAIC K DROMEA VINVADER T EY MSILINSY—2Y T
RL—%— (CPG) [CEESNDIEICKDHAETND/INY—/MEENCEETHD. ED
KOPRE T THRBZR SUEND DD, BT CPG [CEEIC—EU LEDEBHNZEED
DANZALDARESNTND. H4lE, BET CPG OB T/\&— R DERICERD AT
W3, FRETIE, KREBEREREIC K DE FRRANDT « — Ry THEE IR - BT HIEHE
[EDVWCGHRNTES R T, BEFHREOFR(EICEIT TORD HHZRET .

The pharyngeal stage of swallowing consists of a patterned sequential movement controlled
by the swallowing central pattern generator (Sw-CPG), which is activated by afferent impulses
from pharyngolaryngeal sensory stimulation. The Sw-CPG involves an intrinsic mechanism by
which sufficient motor output can be produced to avoid aspiration under any conditions during

C the meal. We investigated to clarify the mechanisms of the Sw-CPG. This article described

 the feedback mechanisms of laryngeal sensory stimulation to the Sw-CPG and the respiratory-

~ swallowing control mechanisms. We then report our study to visualize the functional feature of
the Sw-CPG.

() Key words P EFEY RSILNS—V Y 1 RU—5—, IRERERE, FR - WTHEEE, Ca
ARX=IVT
swallowing central pattern generator, larygeal sensory stimulation,
respiratory-swallowing control mechanisms, calcium imaging
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The activities of swallowing interneurons in perfused brainstem preparation in rats

LLIABE R © NNAZASIRES MR E SRR 5=
YAMAMOTO Ryota @ Department of Otorhinolaryngology,Graduate School of Medical Sciences,Kyushu University

RBARABRIFEN EERS v METILVZAVSZ LT, BROEKETVLEHNSOZ1—0OY
OfifENECERNOAIREE Fofe. TNZAWNT, REBKENTYA Y VKDEKREICKDFAEFRE
BETREOE T hSILINS—2I 1 RU—5— (CPG) Za—0OViESZEHEL, KD
LTHREEAEERAMIC K DFRE TR U, RRGEE DZE(LIC K D BANEEEHRIE R
2500, B NEEREESOIUEAR N1 —0VECH D EENE=1—0
ViEEFEbZRDIe. B FPRIRICOWVWTHEIAT S5 XA T 1 —OVERIFUERTRTSHD,
BRETIVIEE FRROABNZANERRD 5182 D X THEICERLERIRRTHD.

Arterial perfused brainstem preparation enables us to investigate the activities of swallowing
interneurons (SINs) by extracellular recording during oral fluid injection. In our study, we com-
pared the activities of during evoked swallowing motor activity after superior laryngeal nerve
stimulation and after oral infusion of water or capsaicin solution. Although the complex activity
patterns of SINs during electrically and physiologically induced swallowing were basically simi-
lar, the activities of peripheral nerves and those of swallowing interneurons in the dorsal swal-
lowing group were modulated in response to the afferent signals. This perfused brainstem prep-
aration will continue to be an ideal experimental model to investigate the swallowing central
pattern generator from multiple perspectives.

@ Key words » ﬂjﬁg-Fty I\ajl‘/} \gg_y:/“I:?\l/_g_ (CPG): ;ESIIKL:E?‘“/, ﬂ‘él]ii?}(ﬂ%ﬁ

swallowing central pattern generator (Sw-CPG), perfused brainstem prep-
aration, physiologically induced swallowing
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Response property of insular cortex-evoked swallows and
comparison to superior laryngeal nerve-evoked swallows

RS, HE HemsArAsREESRANRRERR T/ \EUF—Y a VS E
TSUJIMURA Takanori, INOUE Makoto @ Division of Dysphagia Rehabilitation, Niigata University Graduate School
of Medical and Dental Sciences

SREI, BTICEET 2 LUPED—DTHD. HLEHE TSy hedRELT, BK
EFEBE TORERMZIREIL, LIRBEMEFRBMTIELR U, SREFARMRTE, L1k
MREFAM T SR U CHIERTNERNRS, RIAEEHEERENE, ofe. e, LHREE
FHED RS K FNICE FFERDRZERDHDICH L, EREIF 10 Hz BREIREY(CHE
TzEFEFEUE. BREE LRBHEORRRINIC K DM TARANDHRIE, EERED _LHRIE
FRIERE T I {RERNRHERD SNTD', BHE_E5RE D _EHREEMHERIE CEHRIFFRH SNED >

fe. R&IC, HEMRBEFRNHIE, LHREREEEFRERTE LR CEREFFER T z5a < 1)
Lic. BEhS, EREFHEREFE LRBEAEFER T EEL2NERMZRL, HERY b
D—UICLBHHICED DD EHRES N

Insular cortex (IC) is one of the central regions involved in swallowing. We investigated the
response property of the IC-evoked swallows and compared between the IC- and superior la-
ryngeal nerve (SLN)-evoked swallows in anesthetized rats. The onset latency and the dura-
tion of thyrohyoid muscle activity of the IC-evoked swallow was significantly longer and shorter
than that of SLN-evoked swallow, respectively. SLN electrical stimulation evoked swallows at
the stimulus frequency-dependent manner. While, IC electrical stimulation evoked swallows
most effectively at 10 Hz. When SLN was stimulated at the threshold level, the spatial summa-
tion between SLN and IC stimulations on swallow initiation was observed. On the other hand,
when SLN was stimulated at the supra-threshold level, there was no summation effect. Finally,
cortical masticatory area stimulation inhibited swallow initiation more when combined with IC
stimulation than with SLN stimulation. These findings suggest that IC- and SLN-evoked swal-
lows have different response properties and are affected differently by the masticatiory network.

() Key words b BT, BEE, HEEM#E, REEES, Sv b
swallowing, insular cortex, superior laryngeal nerve, cortical masticatory
area, rats
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Central nervous system of swallowing revealed by human intracranial electroencephalograms
towards functional restoration of swallowing using brain machine interfaces

B b

THIMZ, BAFE O KRR E SRR AR R R
HIRATA Masayuki, HASHIMOTO Hiroaki @ Department of Neurological Diagnosis and Restoration,
Osaka University Graduate School of Medicine

HEDBREEIC KD MEMADIEINU, 2016 FCIFFRDHHEDIERADES 3 LEE >
. LDL, BEFOE MREREEXAZXLRKEEAERATNTOEN. L&, Thbh
EREEDHICBESNICERENEBZRAWNT, BN LAPROBBEE TV IR VALY
H—T1—2R (BMI) ~"DIGAICEDIBATWND. K2 mL ZBEERT UcBROBEE AR Z
sHAILIeEC S, BERE N ICROERNAIORLTIE EFENSEEICEEREE DR,
PEREE ME TRICRMITERT 2 LLWSRAGRERDERSIN. N, RLTEHEHER
B RO LT THD, B NMRIGROTHOFRRFMEFL SDIFIZZIFHBDEEZ SN
COEENMRZEBFEZAVCRBZECHRNSHZHET DL, 80 ~ 90 %DIEET
HECTEc. SBRESOSICHRZESD, BERIEEENERIEIC K D BN ZHl# I DT
@ BMI DRFEZBE L.

Increase in aspiration pneumonia due to super aging society pushed pneumonia up as the
third grade of cause of death in 2016. However, neural mechanisms of swallowing in human
are still almost unknown. We focus on clarifying the central nervous system of swallowing and
its application for brain machine interfaces (BMIs) using intracranial electrodes implanted to
identify epileptic foci. Intracranial electroencephalograms during voluntary swallowing of 2 ml
water showed high frequency neural activity in the subcentral area : the most lateral side of the
central sulcus. This neural activity disappeared suddenly after voluntary swallowing. This find-
ing indicated that the subcentral area is the neural correlate of voluntary swallowing and that
the neural activity in the subcentral area is suppressed by the brain stem after swallowing.
80-90 % of accuracy was obtained for decoding the swallowing phase by a transferred deep
learning. We will aim at realizing swallowing BMIs that control the swallowing-related muscles
contraction by super-selective functional electrical stimulation.

() Key words P BT, TLAYRYVAUI—T1—R, BEEE FESE, BEARE
swallowing, brain machine interfaces, functional restoration, deep learn-
ing, intracranial electroencephalogram
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