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Abstract

Introduction

Neurally mediated syncope refers to a condition in which the balance between
sympathetic and parasympathetic tone is disrupted by various triggers, leading to
hypotension and bradycardia. In veterinary medicine, syncope has been observed in
dogs due to triggers such as defecation, urination, coughing, and swallowing. However,
the underlying mechanism remains unclear. This study focuses on neurokinin-1
receptors, which are widely expressed in the central nervous system and play a role in
various functions, including pain, emotion, and emesis. The study hypothesis is that an
antagonist of the neurokinin-1 receptor may be used to inhibit autonomic-mediated
reflexes. The study consists of three chapters: Chapter 1 reports a clinical case of
neurally mediated syncope in a dog, Chapter 2 describes an experimental model of
reflex-induced hypotension in rats, and evaluated neural activity in the medulla
oblongata of the rats using the c-Fos method. The results suggest a potential role for

neurokinin-1 receptor antagonists in treating autonomic reflexes.

Chapter 1: Case Report of neurally mediated syncope in a Dog

Background

Neurally mediated syncope is a frequently encountered condition in veterinary
medicine as situational syncope related to defecation, urination, coughing, and
swallowing. This report describes a case of a dog with typical neurally mediated

Syncope.

Case



The patient had repeatedly been fainting during coughing and was being diagnosed
of mitral regurgitation. She was referred to Azabu University Veterinary Hospital to

investigate the cause of her syncope.

Progress and Discussion

After performing echocardiography and chest radiography, a mitral valve
myxomatous degenerative disease diagnosis was ACVIM Stage B1. The cardiac
disease did not appear to be the primary cause of syncope, as no clear clinical signs are
common in this disease severity. The history of. syncope were associated with coughing,
a neurally mediated syncope was considered likely, and a Holter electrocardiogram was
performed. During Holter ECG, sinus arrest appeared just before the onset of syncope.
Based on clinical signs and Holter ECG findings, a clinical diagnosis of neurally
mediated syncope was made. The patient was followed up with medical therapy for a
cough. Although treatment options are available for neurally mediated syncope as
mentioned above, it is often difficult to cure completely, and symptomatic treatment is
often necessary. Therefore, | decided to delineate a mechanism of reflex hypotension
by focusing on the reflex circuit in the central nervous system and to find out a new drug

candidate of the central mechanism.

Chapter 2: Involvement of the Neurokinin-1 Receptor and Circulatory

Changes in Rats with Reflex Hypotension

Background

The primary therapeutic approach for cases of neurally mediated syncope, as described

in Chapter 1, is to control the pathophysiological conditions that contribute to syncope



and then avoid life events that trigger syncope, sometimes with pharmacological
treatment that increases the basal heart rate. However, no medical treatment have yet
been developed focusing on the autonomic reflex pathway. Therefore, this research
focused on the reflex pathways in the central nervous system during neurally mediated
syncope and hypothesized that pharmacological blockade of the afferent vagal and

medulla oblongata pathways would allow control of the condition.

Materials and Methods

Colorectal Distension

Male Wister rats were used for the experiments under urethane anesthesia. Rats
were classified into a colorectal distension group (CRD group) and a fosaprepitant
group (CRD+NK1A group). After induction of anesthesia, a distension balloon with a
diameter of 2 cm was inserted to a depth of 6 cm from the anus. In Group CRD, 10 ml/kg
of saline solution was administered intraperitoneally before colorectal distension; in
Group CRD+NK+A, 30 mg/kg of fosaprepitant was administered as well. Colorectal
distension was performed for 10 s to increase the balloon pressure to the target value,
maintained at the target value for 40 s, and then lowered to 0 mmHg over 10 s. This
procedure has performed three times at target distension pressures of 40, 60, and 80
mmHg, in that order, with an interval of 5 min between each stimulus.

c-Fos immunoreactive cells

The tissue sections 50 um thick were prepared using a vibratome, and a quantitative
comparison of c-Fos positive cells in the area postrema, the nucleus of the solitary tract,
and the caudal ventrolateral medulla was performed using ABC and DAB methods. Rats
in the non-stimulated group (Control group), in which no colorectal distension technique

was performed, were also prepared as histologically negative controls.



Results and Discussion

A significant decrease in blood pressure was observed with colorectal distension
compared to pre-stimulation at all balloon pressures. A slight increase in heart rate was
observed only during 80 mmHg distension. Comparison between the CRD and
CRD+NK+A groups showed that at 80 mmHg distension, blood pressure was
significantly lower in the CRD+NK+A group than in the CRD group, suggesting that the
afferent vagal stimulation induced a decrease in sympathetic nerve activity. The
CRD+NKHA group showed a significantly smaller change in blood pressure at 80 mmHg
distension than the CRD group. There was no significant difference in heart rate
between the two groups. These results suggest that the administration of a selective
neurokinin-1 receptor antagonist may attenuate the hypotension induced by colorectal
distension.

Chapter 2 demonstrated that neurokinin-1 receptor antagonists might attenuate the
hypotension induced by colorectal distension. The c-Fos method was used to evaluate
the neuronal activity in the medulla oblongata, the nucleus of the solitary tract, and the
ventral lateral area of the caudal medulla oblongata, which are thought to be involved in
autonomic reflex pathways, to investigate the association between neurokinin-1
receptors and vagal reflexes by evaluating neuronal activity in the medulla oblongata,
the area postrema, the nucleus of the solitary tract, and the caudal ventrolateral medulla
by the c-Fos method.

The number of c-Fos-positive cells in the area postrema did not differ significantly
between groups. In the nucleus of the solitary tract, more c-Fos-positive cells were
found in the CRD group than in the Control group, but there was no difference between

the CRD and CRD+NK-A groups. On the other hand, in the caudal ventrolateral medulla,



the number of c-Fos-positive cells was lower in the CRD+NK/A group than in the CRD

group.

Conclusion

The present study suggests that neurokinin-1 receptor antagonists may inhibit
reflexes evoked by colorectal distension. Neuronal activity in the present study did not
differ between groups in the area postrema and the nucleus of the solitary tract, which
are afferent input areas to the medulla oblongata. In contrast, it did differ in the caudal
ventrolateral medulla, which is responsible for the inhibitory projection. This suggests
that neurokinin-1 receptors play a role in neurotransmitter pathways within the medulla
oblongata. Based on the pharmacological properties of neurokinin-1 receptor
antagonists, they may suppress blood pressure variability in autonomic reflexes induced
by stimulation of receptors other than colorectal distension. It is necessary to investigate
the usefulness of selective neurokinin-1 receptor antagonists in different types of stimuli
of autonomic reflexes in the future. The results of this study will contribute to the
establishment of the treatment of neurally mediated syncope in the veterinary medicine

and human medicine.
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ALk U CIERB R OPERR 2 Fifih & U, ORI 370 b BRI M B T2kt LT

TENENOFERITS T D EMPRIEZAT 5 Z LIZR DD AR T o 5 PRI A



H U7 IRIEITMENL S LT WV, 2 2 CARMEIE Tl £ Ot g itk 2k O B R i s
(Perego et al., 2020) ¥ X OARERNZ I HAEER « B340 LT, APREFREE I AR 5 8L
IRF D AR 36 1T DARIERRIR (T H L, SRODIERR MR & BB 2 T L 7o R &
FHEPNCT 0y 7352 L THEO Y hr— VR AEERO TRV EFB L, #

M2 P ERS T 2% L1o T v b & MV e K ahm L7z,



e
o2 T
“‘

X 1: s L o b oA (BRI A TG, TR HIEE)

HEE DY X 9.7 HEIR, KB SCRE S, SRR T RS RE IO,



kS

1 Ao Diam 1.17 cm
LA Diam 1.45 cm
LA/Ao 1.24}

LS
IVSd
LVIDd
LVPWd
IVSs
LVIDs
LVPWs
EDV(Teich) 18.89 ml
ESV(Teich) 1.06 ml
EF(Teich) 94.38 %
%FS 66.45 %
SV(Teich) 17.83 ml

X 2: LGRS ICBT 5, DEEESEBETHE O B T— NE (LX) B X OFLaE

KL~LDME— RE (TH), ZO0F - ZOERAREOILRIT RIER .,

10



1s

aVF
RW\MMMMJMMW

X[ 3: FeNER e EL L AR X T

D% 189 bpm, P E 0.3 mV, RIS 2.7 mV, PQ#KE 60 ms, QRS #E 30 ms,

EFARETH D FFET NS EFITRIT RN T,

11



L

D D

X 4: IO R L2 — OB KO ERER G (ER) 3 X O RRIES (TER),
kS e\ N T R 45 G P R3S L OV QRS BEDWE S (IfE 1) 23R S (BE), B

HMF ., R TAIBHEONT LA BT (FX),

12



28 EMEMERETHER T v MBS HIEEREEED
I5Ab L AEREIZ 31T 5 neurokinin-1 &= &K DR 5-

FAH XU DI

PRARFREIME AR OTE R, B AR SO BIEIC B 1T 2R DE B L OE LKA — 7
M & LTIBRITAET 2 b OO TR O SRS 2 FWRE TN S TR,
Z 2 CAMESE TIRFARARRE O RIS 2 B 59 2 A DS B AR R SO IS B e JAF L
RAOFFRE Y b — VR ABE L 72 D D TIX eV L F L, SRR A Gl L7z,

HAFRRE S I 3 1 D FARAIRERR I O PRAR I R OHFIE TIEBEESMUEF D = = — 1
N DR 2 7B E O 531 51T\ 5 (Polson et al., 1992; Reis et
al., 1984), iT4, neurokinin 22K T 7 I U — 3 HRMRR IS L. WIRMEY 2 R
T® 5 substance-P & & HITRFZLR, HFH) (R0 9 D) BLOWEMN 2 8~ 2T
HIEBHBNERYOOH D, MA T, T HOZFERITLME HEHEEIC LG L
TWD EWVPpiILTW5 (Mistrova et al., 2016), Z @ neurokinin &K ~7 7 I U —D 3
DD TF R (substance-P. neurokinin-A, neurokinin-B) 1%, FFLEAIZ ISV T HAKH
ROMBILEME E L COREFEINFEH S TW5 (Maggi, 1995), 72/ TH
substance-P 1X. 7 v MEWNIZR LA FET HMETF RTHY (Arai & Emson,
1986). THEIEER R OFETLCATEI ORI KE < FEH LTV (ltoi et al., 1992), Z D
Z L5, substance-P [T\ VELFIPE 2 7> neurokinin-1 5 AR AN ERR LT IV THPREF

Bt IR O SR FAENC B 5 LT D LRE L. neurokinin-1 Z B DOEHIE 2 w5 =

13



I Lo TAEMRA T Lo 2 MH CE RN H D & E 2T,

TR ELHEBR N L— U B JAWNTZ Ty b D SATIIIE Tl M B 25 a ~ DL IR
(2 K o TREHMEIMITERE TR Sz 2 L n3dil Sz (Lietal, 2006), Z O FH LN
fRET /L E LTHEA SN, RET v N CIIREENBARLIC L > CTEALSEC c-Fos
RBLEFHET HN (Traub et al., 1992), Z O RISIEFRERCH#RE IZ L > THIH S5
(Ness & Gebhart, 1988; Traub et al., 1995) Z &N BN D, AMFZE TIZFREE T TORE
W ERGHEAR RIS 0 RO PRI RS T 2 #5258 L 72 325RE 7 /L2 IV, neurokinin-1 4
RAEHUIRIC Ko TMERE F RIS IH S 4125 &R 2 LT TRGE L7z, & HIZ, c-Fos
1% O CHERE O MRRIEME 2 34T L . RO PR ME R T2 31T 2 neurokinin-1 52 5K DB
B L2 DITEIET DA - BREIT o7, AFRICL Y | ARRFREIE LD 2

= A LRB & BT B RIEOREN T CE D B T,

28 MEE Gk
B

FEEREN M D HL D RNIFRAT R PRIV T A BT A AZEESWTER S v (BT
KEFEBE MELE B 2% 5 :191205-8), /K 250-350 g ® Wistar 7 » k (SLC,
FRfEl, HAR)18 LA W e, 7w MI3PLIT LT 23 £2°C, 60+ 10% DR DERE D /-
—3 (225 mm x 338 mm x 140 mm) (ZIXAE L. 12 R OHBE A 7 ¥ 2 — L TR &L
v I (CREA Rodent Diet CE-2®; CREA Japan Inc, HiX, HA) #HHERI W, T

NTOMET, L &b 1 BEEOBEHIFORICERN RSz, 18 ILDOT v b

14



EREGE G IEEIC X D5/ AR (CRD #£) & neurokinin-1 22 25 IR 5 1 38 &% 5 Bf
(CRD+NK1A ) 12 6 LD, #fkFH M= e — o7 OIS ARE (Contro
) 26 IEA2 /3% L7=, Control #£iX CRD #%, CRD+NK/A Bt & [RIERIZIREREDE N - #E
Ff o BELAER L, ASGEIBTLEO FRITERE IS, S MEHOFE~ AT,
FERBEL B EIRTFEL

FERGEGILIE O FHIT, JefTHFZE (Li et al., 2006) 1255 < FHEIEEEZ M2 TiT-
7o 7y MI12glkg DU L2 U ERENEES 2 Z LI K0 FEBRIC LB RIRE &
1= ARBFIED T FEBR Tl O FRFSE Tl TEIRE D Z BB REE T o 72726 R
TCME - DIHENLRET DT LY VRPN LETH D LB, VL X OFE,
. tR& X T4 F7 1 (Guidelines for Urethane, UC San Diego. 2016) (2%t ~> Tlgk
BICEH LU, MEHMEARL, KEBEIRIC D 7 —7 V&8 L, BhRE & e sodk L
oo KRB =ab—rarvZiil, Rikvy NET T 00y MERAWTERIEZ#ER L
7o EEBRF . B OERAIIANENT TR 2V, fBEIBILEIX, 77 v 7 A7 a—7T
TER L72 2.0 cm D/ b= Z LM BIFEA L, 23— Dl 6.0 om OIR SIZRE
LTI, 22T/ — R S5 2 & THEM Lz, MEIF=IROZER 2 L
E gz O Ty =y 7 TR LI E ARG 2 T b= DE 2= b e
—/V LTz, REIBEGILEIT 10 BT THEEANRRZE S E, 40 BE BEEZHER L
%, 10 B0 TN 2 LT, BERIRRSE 40, 60, 80 mmHg DONEIZHLHEZ1TV .,

YRR DA > 2 — SV TIRAR 6 43l 2 ffe b U Tz, IR dS KOV b — AR E OfIE 13 E

15



J175fags (DX-300, HANETE, HR)ZHW, 7 r s -5 U VA figs (PowerLab
4/26. ADInstruments, Dunedin, New Zealand) %\ CF ¥ % UG 5128 #A L CRodk -
EHT U 7o, HEIBIELGHR IR T Rk S VT BRI D e R 2R 2 FRsE AT O FHANE & Fik
L7z,
EREERROEE, Sk, B

T EABILIR DO IR T L2 T v M. 90 /3 D RRBEERF 21T > 72 %, 10 mM Y
VAR E AR BLRIE K (100 ml) TRODIBHETE L, £ D%, 4% /X7 RV AT VT b REE
i (500 ml) Z MW CTREBRIEE 21T > 7o, MERIEE ., Mzt LT 4°CT 2 HA D%
B E 2 AT > 1o t% MR FRILBE 21T © £ TV Uil B Bk THEIRIE (4°C) LT,
#fk~7 o v Z713e 77 F—24 (Microslicer DTK-1000, Dosaka., ##(. HA) Z >,
JERH A% 50 pm JEO#EEE Iz Lz, feW T 3% mfe{k/kE 43T 10 mM U o FEfk
EAEFRIE K T 20 Z0iRE L CHRIES VA F o X —EB 2 RIEMHE L, U U REE A
HEHIK TS (3 /9x5 ) %, UUhZ27 e yX 7K (1% EFEYXijEEa Y B
EEAFAEK) 12 1 BREE Lz, 7T EY B F U EAREITREONIZEE D FiE
(Kakiuchi et al., 2014; Pete et al., 2002) (ZIEIE& MM CTHEhi L7z, £7. —&kbuk
(polyclonal rabbit anti-c-Fos; Santa Cruz Biotechnology. Santa Cruz, CA, United States)
7wy % 7T 1:10,000 [IZAR L, B A A =RiRC 24 RFfIRIE L 7o, RIC—Rbuik
7 ) PR E AR E R K THEF L (3 49x5 (1), 1:200 (ZA7 R L 72 —R&UA (biotinylated

IgG. Vector Laboratories, Burlingame, CA. United States) T 90 77fflA »F =~— |

16



L7c, kUK Z Y el BRI K T4 (3 4rx5 [F]), Vectastain ABC % >~
(Vector Laboratories. Burlingame. CA. United States) # i\ TT7 BV -E 4T %
BN FF A — RIS E T, VT, DAB YT 10 pfo~ A4 %o 7 —E K
JSEAT O 2 LT Ko THRIERSZ Al b LTz, S RO O I LIX, i EDMEE 5%
b=y T VB OV AR U E =PRI Z D Z 2 K - T/ (Haxhiu, 1996), 4

BLIZURIEIRY-L-U Pra— MBI AT A N2~ 7 > b U, BAMEE Tl 28l

217,
SRR S S RO LA

FERE % B & AUE% O FEIKIE, brain map (Paxinos & Watson, 1998) (23S CiE s
L7z (Horn, 2007), EANZERAE SMAIEF | IAMAREERIAEZ & B IC I E 7o fEIk & EER LT
(Stornetta et al., 2009; Wang et al., 2001), c-Fos 5% SOt A OB 2246 K OVE{4 ftdki X
TYHNT AT (EOS Kiss, Canon, Hl, HA) ZHW, HHEEKOKE S &SI
UG TT U2 b LT, 7 ¥ % VWb L 72 lif% 1% Imaged (National Institutes of Health,
Bethesda, MD) Z M\ THEdffm %S . IREZ, RBABESIESMUIERIZF 1 c-Fos 51
fada o b Lz,

WL ETARAT

T — X OIEFRNTIE R (R version 4.0.4; R Foundation for Statistical Computing.

Vienna, Austria) % M\ 7=, Shapiro-Wilk & CIESE A FHM L7212, BBl ES A0

T PEARAE R 2 M A0 TR SRAR[ U (AL PR] T3 L7z, MG IE NG IR R Al

17



D MJE DA D el iz, IERSA OB-A 1T paired t-test 2, FEIEIR 441 Tl Wilcoxon
signed-rank test % i\ 7=, BER OIS KOV A O 21, IERO A OHA 1T
Welch’s t-test %, FEIEH /A Tld Mann—Whitney U test Z i i L 72, c-Fos BtEin%L
ORER LB IZIER 04 DA 1% Tukey-Kramer test %, FEIEMR />4 Tl Steel-Dwass
test i L7=, P<0.05 Z##FHCHE &HE LT,

o3 HT MR

FERBELBYLIRIC X D EREIROEL
i B IELIBPEIR I K 2 SRR 2o R BR BN AR D ZE L 2 X 6 1R d7, LIRS MG G HEGE D BR

BN IHRONTAR T U, B E T 2 &2 IZIEE T 2812 R S vz, fEGIE
NG YEsEE AERT O I E 1% CRD #f & CRD+NK/A BECTZEN 1 89+ 11, 84 + 11 mmHg (P
= 0.47). DHIEIZ T EH 431 + 40, 419 + 30 bpm (P = 0.57) T W AEEITH B
o,

b W BB PE R T % O I D ZS Bhig I X PE5RE 40, 60, 80 mmHg TZiZ41-3.9+ 1.9,
-52+2.0, -8.0x2.0mmHg TH Y, WITHDIEIRE T AEGE NIRRT OE) b AR
IRMERE F AR L (WTHh P<0.01), D3RO ZEE)E 40, 60 mmHg OIEIEE T
IFAEZIIA SN D> T20 80 mmHg DOIBEE THER LARALNEZ (FAEh
0.3+1.0, 04+£1.0, 1.2£1.1bpm; P=0.57, 0.42, 0.04),

W OREC B W T B A EIGFILEIC X 2 5 R T 1365 15 AR ILER O LRI K 7T

LTEVIETT2BmAA LI, $L5RE 80 mmHg (ZRW T DZEUIRIZEEE & 720 |

18



CRD #f & CRD+NK/A BEOMICHEEN AL (K 6A), —J7. LTV Fh ok

RIEICBWT O TOREZRIIA LR 72 (X 6B),
c-Fos B - %
JEREF % B 3 L OMVRAEZ I 31T 2 RERR kG 2 B 7 (2, RBAEREAESMAIEF 12 35 1)

DG K 8 (T, EREREE O c-Fos BPEMINEELT Control #, CRD Af&
CRD+NK1A BETZA 241 882 £ 43, 974 + 154, 990 + 198 /rat THh v | B CHEZ
LA BN o Tz (B 9A), AIVREZ TldZ £ 907 £ 235, 1628 + 530, 1504 + 526 /rat
TdH Y. Control Bt & CRD B CHERENA LILIZAY, Control £ & CRD+NK1A #EE
LUV CRD # & CRD+NK/A FEDH TITA B ZEILA Do Tz (K 9B), EMIEREE S
1% CiX Control #£, CRD #f & CRD+NK A BECTZ 1241 450 + 140, 1157 £296, 784

+194 /rat &, TNENORER CTHRERENA LT (K 9C),

FAH B

ARETIE neurokinin-1 SZEKIEF R TH LR AT 7L FOREIZLY | #lGE

pith

JBIEIR THl & Z SN D MER TR S D 2 2o L,

SEATAIFE T T substance-P M4 #5 & F VW THIEE @ neurokinin-1 52 284 % 14K A 12
FRES S 2 & T RMERE AN L > THHE SN TBIRES A g- DB 2 i S
72& LTwW% (Potts etal., 2007), £7-5IDOH5E (Culman etal., 1997) TiE, HAXIZH
B &S neurokinin-1 S AR HUERE S AN RFIEUCBEFE S 2 08 SR SO 2 i 9~ 5 2

ENFERE I NI, ABFZEOREHRIT, BIRAY neurokinin-1 FEH I THARAT L X

19



F DEF G DREGEIGILRIC & - THIE Sz A BRSO 2 )9 2 rleet: 2 7R
L. c-Fos i%& H T IERE OFRRRIEEYEFAM ClE, BMABEREESMAIEFIZ351F 5 c-Fos I&
MARAT 7L L MREIZL > TS D Z LR sz,
c-Fos AL, MRMIAIEHEO~——& LT &1 (Greenberg et al., 1986),
BRIV 1T D IR OIS BN BEI 2 D DICH MR TIED—>TH %, 7 v FORGE
YLERIZ BT 518 E O T, B E RS Ad~ORITRIZ X > TMERE T & B SRt
VO FAZ NS = L RAHESNTHEY (Lietal, 2008). A%DT v FEF L4 A
WIZAWIFE T R EIGHEIRIC K > TIREZ & BAEREIESMAEF C c-Fos [5E#lid o
MO HERINT-Z D, ZOBSRIIER O B A REIKZRB LK TH 5 2 &
ISTRIE S ATz,
RITFEAINRIS K o CREMRUR 2353 L7277 v N OBFETIL. JEREO H AR I |
B9~ 2 FEIKIC c-Fos AN EM L= Z L3 ST % (Holstein et al., 2012), A
(TAEIBEGHLIRIC I o THUREZ & RAESEIESMAIEF T c-Fos B PEAINE I3
RoNTEY, AEOHKRENGONTE LB DD, MAZITRBS B Em 0 b RO MR
x2S U THERE~ & AT DRMDOFERTH D | S HITF 256 BAFERNE SMA T 2 %
M L TR RERZ T & 2 WAL EIE M B [ B DR E T D5 B2 6N TS
(Holstein et al., 2012; Reis et al., 1984), =D 7=, RKOMERIPLIC L - TEE S 7=
FZ I K OVRAUNAE ARG SMAIEF O IR TEBY 0 1 3 0 1%, SRR, 772 b bR M

JLEZGISEZ L, MEKRTICE-TEEZXLND,
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PNfigA B AR & AR AR & O BIFRIZIZ W < D OIEDTELE L, ] 2 X KGR AR
IXAERE AR B IS KBS D & & D (Zhao etal., 2022), Lo L7ads &, ABFZE CITiEMG
EGIEIRIZ X o THERR L B IZ 31T D c-Fos MMl O #INE A HviginoTz 2 &)
5. AWFEOFIEIC B W CIERI R & B OB G IRV & b7z, 2 Ol R LI 5 4
B2 31T 5 neurokinin-1 2 AR D A3 A3, FERED MO ERALIZ LR T2 L ICEEE L
TWAA[EEMEDY® D (Nakaya et al., 1994),

REDFBRTIARARAT LS FOREGEOFHET, IERREE & MR O c-Fos 5
PRI Z 2T R o 7o, — 07 RAEREEAMAEF CIIA A7 7L e X o hORGICE
2T c-Fos M DA 3 - HivTz, T 6 OBGIE, neurokinin-1 2 K 7H A&
N ORI I T IVREE D & RBAABEREIEAMAIBEEF ~ DB ATEFRIZEE G L TV 2 W] Reft

BRTLOTHS LEEZ bR (K 10),
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Pulse pressure
[mmHg]
g 8 B

Mean
blood pressure
[mmHg]

Heart rate
[bpm]

L 4
L 4

Balloon ‘ ‘

Pressurization
Start Release

X 5: FERGEAGIEIR 21T - 72BR O MR ERENRE O #UR Y 72 KOS (23— J£: 80 mmHg), ik
ROFNEL, BFEE~ 10 0T T2 12 EH S8 (ER). 40 oo THERF L (5R4R).

Z D% A0 T TR T 5 (BfR) = & THFF60 B OMEGEMILR AT - 7o, Bk
JEITHEREAR L O LH- 2R LT BICBE R TR A, JEZ T 2 LR < IZHE

SRATOMEIC R D8R A- D3R8 ST,
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(A) (8)

Balloon pressure Balloon pressure
40 mmHg 60 mmHg 80 mmHg 40 mmHg 60 mmHg 80 mmHg
0 5.0
A
B a
.
S
,5; .
— 25+ P oa
£ E .
-4 4 Q
e . a |t
o group @ group
<§( ® CRD E 0.0 1 ® CRD
£ > 4 A CRD+NKA @ * A CRD+NKA
8 -8 1 g’ A
= ©
: 5 ‘
P O 25+
0 .
12{ 018 0068 0.0045 Pvalue P
C;D CR‘D CéD CR‘D CI‘?D C;D CR;Z) CR.D CR.D CR‘D C;D C;D
+NK.A +NK,A +NK,A A +NKA +NKA

X 6: il ELIBPRaRINT A O ENRE (MAP) 3 XL OVDMa% (HR) D21k

EHEIREDZEALE (A), L OZELE (B) [T, MIBEBILEIL S L— VT 40,
60, 80 mmHg THEIE L7-. JLIEALE O 40 2511, CRD B (n=6) |ZI3/E B At Ak %
CRD+NK1A Bf (n=6) |ZIZHF AT 7L EZ >~ (30 mglkg) ZHEVEN&Z G LT, T —#
XIEERT OB O EEHE S 7 7 TR L, EFEE2 T T ——THK L,

P<0.05 Z#stmlc B E & HIE L=, P1{A: Welch’s t-test
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Control

CRD

CRD+NK;,A

X 7 EBEAL RS X ORISR T 2 REM 2 k% (Control #% vs. CRD #f vs.
CRD+NK/A ¥)

AP: fLBEf B (the area postrema), NTS: fll# k% (the nucleus of the solitary tract)
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Control

CRD CRD+NK,A
/oM UMy

LRN

-

X 8: J& A%k AE S A B 12 35 1T S ARER A e MLk 158 (Control # vs. CRD #f vs.
CRD+NK/A ¥)

CVLM: EHIEFERGESMAEF (the caudal ventrolateral medullary region), Amb: %&£% (the

nucleus ambiguus). LRN: #MHIHEER{AEZ (the lateral reticular nucleus)
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(A) (B)

c-Fos positive cells in AP c-Fos positive cells in NTS

P=0.535 P =0.088
[
1400 4 0.982 3000 0.885
0.434 0.036
L] L]

§ 1200 1 §
P N P
% § 2000 1 .“
[$] [$]
3 3
& 10001 ° - o .
e . T e -
o % o ’..

8001 : - 1 1000+ {_

Corlntrol CIiD CRD+‘NK1A Corintrol CéD CRD;NK1A
(®) y .
c-Fos positive cells in CVLM
20004 | P =0.047 |
0.026
1
<0.001
L]

_ 15001 e c-Fos cell counts per individual
> — mean value
g .
8
3
© 10001 .
8 P value: Tuley-Kramer
° Error bars: standard deviation

500 A )

U
Corl1trol CI%D CRD-;NK1A
X 9: JLH 7 (A), EREZ (B), RAEREIESMAIEF (C) (2381 % c-Fos G ilfuk

CRD #¥ (n=6). CRD+NK:A E£ (n=6). Control # (n=6) T, 7 — X T EHE % K
MTRL, BE¥FELZ =7 —N"N—TKL, P05 HELHELRZ (P fH:
Tukey-Kramer test), AP: #Efififc % % (the area postrema). NTS: fll& 4% (the nucleus of

the solitary tract), CVLM: J2{AIZESERE SMAIEF (the caudal ventrolateral medullary region)
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Afferents

[>—{f} Excitatory Synapse Blood Vessels
»>—¥ Inhibitory Synapse

B 10: BAMRHELZE S LHEE SN D ERANRI 2R TR, W EoRE
(Dampney et al., 2003) 75 5| FHikZE

EGRITIIE &> THl & e Z S ROPERIBUIMARE~E AT L, K< CVLM DOffifE
EENOIEHEALIZ L > T, =2 —ar 2N L CIER FT2RT B2 6N 5, BN
) neurokinin-1 A AEFEHIIE A HN D Z & T, NTS 205 CVLM ~F 49 5 i Fe 3 #niil
Shi-EBE L7~ NTS: fIlEE% (the nucleus of the solitary tract), CVLM: EAAZEREE
SMMEI%F (the caudal ventrolateral medullary region). RVLM: Wi{Al4E &6 i ZMAI S (the
rostral ventrolateral medullary region) . IML: 3 # ¥ [ 4 fl % (the nucleus

intermediolateralis)
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e

AMIFFE TIPSR E M IR I8 AR OO SO BRI 36 1 2 JERE T OMPRIEENCIER L, &b
WHELGIEIRIZ KX o TIVHRAE & RAGEREIE MU 12 36 1T D IR B O TR LN E = 5
& RAGESEIESMAIER (236 1) TR N AR 2 7 7 LB Z o h O HIZ Ko Tl S
HT EEHLNT LT,

it ELHRARIC K 2 M R, IR b O FEBRCIINIBRR 2 A L. SRR
EDOLAE G A B X 23 (Ness & Gebhart, 1988), L72>L., A#FZE ClLOfko K
ERE(IFmE SN e oTo, UL, MBS NIBGEB RS Z I THIH L7c e Th D &
Zz 655 (Ness & Gebhart, 1988; Traub et al., 1995), AMFZETIZ—E DT v h TE
BIMESFREBR AR DTN R L, ZO®%IKT Lic, 2O ZMMEORIGIE, Fiix
I LT AR (Traub et al., 1992) & Z AUt < e & L 72 Bl A AR S
(Monnikes et al., 2003) IZL 5D THDH LB Z BTz, AT, MBEGILRIZRT
% 0L SR O SOG TR RBEE OFEFECIR SITAFE L, Z ORUSOFRE T LI LIXEE§ 2
ZENMBN TS (Ness & Gebhart, 1988). flE{A = L (2% D KGIZ M H 72 AT RE
MR D, RBFFED L 5 \HEMFEIGIEIEIC & - TIER TG s niz—F, Dok
ERZ Ly e S R, SBATIFED 7 L & & RO TR BR BN E O 28k & L L T e
(Ness & Gebhart, 1988), H AR EIZI T 5 0O EN ZBIET 2561213, A
RHEBRADLETH D &b,

Neurokinin-1 5 (KD IEFRAHRRAER b MEICHEE L2 5 2 27 ethEnH 0 | KIE1E
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FICRET 2 8EN N O0d D, £9°. neurokinin-1 Z FIAFEHIHKIZ1X substance-P 12
K95 BT T < R AZEARRRIZF5 1T % neurokinin-A EWHEN bR H G Tk
V. ZAUARFTRI I N R G & Bl L 7= rTREME AN & % (Kaczynska et al., 2016), #&
IFEGIEEE 7 » b &2 W2 647422 Tk, neurokinin-A 2SI IZBI 5425 Z L VR S
NTW5 (Juliaetal, 1994), 3725 neurokinin-1 52 AR HHK AR R 0 2k = FR R
HoRpoT, KR, BESEER, IEFEHICOLEE5 L TWDAREERH DT, i
ROMRIZIZZN OO G EET DLEND D,

AT TH BAVTEAERIE, WG EAGIRRIC X D IPEASIERE 2 et L Cill R T2 5] &
BT ZEEHLMNI L, ZORIBIIERAT I LEY v FOFEETo BRI, #5
ELIGHEIRIZ K o> TIERED T A T 2 IR OMRTIEEN T A 22 > 72D
L. THIHIEIS O RABESERZIMUEF OMRHEENCITEN H D Z EAVREhi, OF
D RRERFREE S O SRR IC B T, neurokinin-1 32 AR O B G- X EER N O s 2R
BETHE Z > T D AREMEAVR ENTo, T OBBRITITAR 2 725 BRI 23 A0 LI B
HLTWL MR H D720, £ AR Y b U — 27 OFEMZ A LT 57201
XS ORDUFENPMETH D,

NEFE Tl H0E ORI BARZ T U 7ok B T & b kR x 7 BiG 03l
S TW5H 2 (Bae et al., 2012; Kollikgl et al., 2019; Neri et al., 2007; Sadahiro et al.,
1995), Z4 5 DOSIN A3 2 AR T HEITMENL L TV 7RV, KD LRI BRARRAS

WBEXITHOT-DIIE, 20X I BEERELORELINETAHZERNEETHL, A5
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