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Role of parabrachial-central amygdala system in inflammation-pain association
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We found that 1) brief local inflammation activates and causes plastic
changes in the parabrachial-central amygdala system, 2) these plastic changes lead to nociplastic
pain and result in long-lasting widespread hyperalgesia, 3) opioids markedly inhibit excitatory
synaptic transmission between neurons in the parabrachial-central nucleus of the amygdala through
presynaptic mechanisms. This might be a primary target of opioids for its analgesic effects and may
also be a mechanism for preventing delayed chronic pain. 4) In the early phase of systemic
inflammation, PBN-CeA synaptic transmission inhibition by endogenous opioids occurs, potentially
suppressing hyperalgesia. The inflammatory activation accompanying nociception would determine the
subsequent establishment of widespread chronic sensitization through activating the LPB-CeC system.

Neurophysiology

FOsSTRAP



1. MEMBLIDOER

(1) BEUER, £<D5E, BEHAIIRSRWENE - EFE0REL0EXEIT. 25
MRS - BEYE - 58 - BB Y 7V U P RESEORENEFTHS. LL, RERK
G - SOREERAL & 32 < B2 RO BIE 20 & ORI R IR BB AN R Z SN D DB, T OH
BIEHI TR, BRERAERIE, FHRA  =XHREFHEEZEZBETHIEASND.
D10 FIFEDMEIZEY, BEZEBERD, & U THIEER - RIMEAHOMERIZE > TRHIZ

ES5N, TOBOERETE - BAESCEEIE25XEITE TEREEE 0D
EWRINTE A ). BiEKIE, IEIELRFEEERRY ~ 2\ TrtEAn
WNATS TBEYS— o) WEME LCRERD 2 ED, § S bden

7=, WAL, BEROBEERIITMNZ, ALV ARBEED
HREREL, AN - BRSNS -FHEfTEREE2FERKTI L
WX TEBETRMEE2EDS [EFEY A7 RS | #E%T
HBLIBBINTEITVS., ZORD, [EMER, HHRMERE -
—REEBEFEDHEIRIZBVWTEERREZHS Z 2 1% < DR
ETRINTWS. 20 [ REWEE-BEE—RMERTESE
b RNEREEEE] 2 \WVWHRIE, BALREIZEI->TELS
FRMEBEDTE R L TV L EEIND.

—7%, FEERRAEIZBEVWTHRMER 2 EELT 5 BES
MEe L THWSNDTY R NFT Y, lipopolysuccharide (LPS) m1 EEsssossEE4mHA
i, MRT, OBRBHDI 702 7iEHlL, BXOQbEK  HROETmER-RRES LR
B J U@ R FIE TD Fos FIR % A D D3EIRIIZFE S
5. BREFIIBREMENEEBESE T, AREBMOE 2N LU CIFOWENIKNEBIZBITL D 5
AITHY, —a—1arDE L IIBERADERE 2FHD. 25MDORKEIXZ D HilEE—RkirR
EEAL— AR REE ] IR 2RI 2 HREMENH D, X512 LPS D25KE5E, THEME
RlIOBEEEHREZEXBITIEEREINTVS, ZOFEEERIE, I /Y127 VEILEBIZL
VRFTET S0 BT 6 IFBREBEFD TLR4 HIR 12707 ) 7OEMLE N TS AREMEDH 5.

AKBRETEZ LD & UOHIRIOE TREERE, ED LD RHET, BA, ThE2508N
T2EBRLIZIAMMBIEINEDEAEE U ITE2DN] LWHHETH - /=, ZOMWIZHL, [BE
TRBWE BEBRIE, VT NEFEE—RRERE WS LBORMAY A7 L& FEEAL, HHE
I Z DR ENEL 2R T I I2L > T, EfEREEBL & DHRMERE %45 EME
READBITEET] EWHINERERIET 5.

HEREEIL, ZOBEE—RRMEROERD, 28NS DBESHERZZITL L L EIZ,
ERERE, BEMERINE, BETE 2T 2EAHEHOFKY AT ATHEEEZHFHAL TS

=, — 7, BEEEET VDS RP—RIMEDNL IZTEWT, BEZFARADIEEIZIZMAS D
RIEMNED . FBIEEIZ 72D BRI, BAIRERE 2N U TREZBHRIZEE TSR
E—XNZBRBOBIEREDHDF L ANIVOELEFIZRIT. MERRESIZOBHICEU X
Y- BRI DRIEL, RIEIPAL & IFEEN 2 LR AL BT DR R @S = 2 HEROEIAICH
FOEUIEIZEELEXEDHRE L TS (Sugimoto et al, Pain, 2021). ZHo6DBEEI N
BB, TR D BREIRHGE OB REB DRI DE R IA S NDRIEY AT LDIEMEILAEE
ELUTWAHEEEEZRLTWVS,

2. MEOEH

(1) AFEEOEMIL, MBEZRBRE SEBRIE, BIEE—RRER L VS HBORKA S A
TLEEMEL, HEEENICZORBENELZETILIZL-T, BALHERL, B
A R B & D FRIRMERAE & £ 5 EMREIREBANDRBITE2ET] L WO IRHERIET
52 ThHol. BEZREBETERATIHMEE —RMMERD=2—OVIZRILU=
a—BYEFBON? TNSDOEDY F T AEKIIBETEATE2DOMN?  REM
ERIZED ZDRDOYF T ATBEMIZE TS, REVZFIVEEDL S IZEELTWS
DINT? 72 LD questions IZEBRIZEZ DI L2 BNE Lz, ZORMBIZEZS720,
UTD2o0DHEHT, TNThOEMEHREL .
HE 1 OEBSEHRE - BEZEBRORIRGRIYEEBEE T IVIZH T 5 Bitstsi-Rhk
BHOMEY F T AGEEOREY  MERRENRH LS U2 BRER ORI LE
MREREBOE T INVEW & AV, BiEE Rk = 2 —a VDY F T REENED &
HIZHELEZIIT TV ERIET 5.
R 2 BE-RRE TR OMEY T AREERICB 2 2 G REDNESE - 25 MEL
FEDBERL-RIMR RO Y F T AEEIZE D & D REEE RIZTTH, TOHEDRER
BREIZED &S 20 FHEENRE DL NEEIRT 5.

3. HERDF %
(1) OEEEHARE - BERBRORMFRRIVETSECE TV E T D BiE-RkE .0
B> 7T AMREO RN

Fos ZBHEB IO A My v ZREFEEAAMKEDRIZ cre-recombinase % FEIH T 5



FosTRAP2 ¥ ™7 A & cre recombinase fR7E/JIZ tdTomoto % FHIR 9 5 Aild ¥ 7 A &2 33HL X
V=< ZADBIHERIZ channelrhodopsin-2  (ChR2) IR X —%EA L, KEME—B
MgEEE =2 —aY (BT, BA—a—0Y) |2 ChR2 &R X8/, BolRE,
B~ ADRAEFIER T 1 AER L, BifEREA= 2 —10 205 OFETHRME & Sl
ECIEMAL USEER Y F T ARER & R O EAE L= 2 —1 > (tdTomato 5
M) LIEEMAL=—a—8 Y (tdTomato f&M:) M SEEsRE LA (K2) .

Virus

injection . Acute slice

3-8 wks Histology  patchclamp recording

EBECY

X 2 D’éﬁﬁxf{é‘ Mlb=—a—OY~ADF ¥ 2 K7V VEA (Okuda et al,
XAREfEF)
(2) HufER-Rikikd MG - T AEZEMERICE T2 2 G REDES
Calcitonin gene-related peptide (CGRP)FEEAMATIZ cre recombinase % F¥1 9 % CGRP-cre ¥
¥ ARifEt% CGRP 8= 2 — 11 /(2 lipopolysaccharide (LPS) % #%5-U T2 B M RIESFH
FUT. 2-24 FfEE, BA T A1 AT ChR2 FIRMKR & R L, BifEhi— Rk o
VT AREE T L /2. BiERE CGRP R =2 —0 Y DKW A A1 R u 2K
(MOR) mRNA % FIH U TWAHZEN insitu hybridization ETRINTEY, ELZX N
IRFNY T TARNIREBR U TS HEEMICER U, AFHY F T AEEITKRIET MOR
VEEIEDMR & TN RIZT 2B W IREDFE % Ff U 7=.

AAV-DIO-mCherry

AAV-DIO- ChRZ eYFP
AAV-Syn- ChR2 eYFP 11 o
ale > ) "

7 TRAP2

habntuailon

’,EDfT;m

s.C. 4OHT|p

4., WHERE
(1) OBSEIHAE - BEZRZORPRGEIEREEET T IVIZE T 2 hiE%-RkRS 0%
VT AEDRG RN,

FifER: — WA ORI Y F T AEERRE L 28 25, BifEEA A= -0 N60D
ANDREFROEREA= 2 — O VIR E RV F T RARE B OERTE 25 THE

NSNS, BT, BiEE=—a—a v heDYF TAAAN, Bk gsa
FIZIZE L ANTE I iFdTTIZESoNTWED, TOFRTY, WiEEA= 22—V
A o1 NS R OMERE A= 2 — 1 U ADEEEE DRk
m . RSB (BARE) ICER L TWEEES

RHEUA. ZOfEE%E (pCeCl £ @M&L, BA - KMEM
o SEVEMACICES T AREBMEBTH A AHEEEEZREL

b

c

WWW Je. E7, LPSALE 5 BRI, RHKEE(L= 2 -0

20ms

IIEEEBEEREZAENKR MIDg 2 KE X E,
deschloroclozapine |2 & » TiEMALT % &, BRBBHIE

85 00 | 200 BN, 2OV AT ABINIC & B ER MR BRI
i J } LTWBEEIEZRI N~ (Okudaetal., FHXAELESH
§§ 50 3 ':F')
L (2) Bufstz-RkiR %Y F 7 2 RE BT S
c 5 " b ek RENES
fm £8'71 S CGRP-cre X7 AT, BifELIC cre fk77HJ ChR2 A
: J j T R EAL, B — RO T A g E
5]y 22 0] - HIEU/2E 25, AYF 7 AZED MOR 1EB)ZE([D-
§ od— §- %2 ol eveweie A, N-Me-Phed,Glycinols]-enkephalin, DAMGO) (2
. Pre-DAMGO DAMGOF Pre-DAMGO DAMGO f%ﬁﬂ(:?ﬂ]ﬁ%” \ig mé %% ;& EL \||i[I b 7—: ( 3 ) . ,féi,&ﬁ,
o - BEHMEBICEZ AREXELRTHBEM, XM
L B $ gos e 1% — BuE— R MR R OB N ST IC MOR 7 O = A
Sl ot e L T L Mzko TIMEI A EERE, A A1 ROBEEIERO
05_* = oot e FERENPBEY R TH DI L VI LW
PeDMMCO oMo 0 .nh.iﬁ.on - HEEEERURTEDTHS. —4H, BifER—Rikikd
o b TN = 2 =T VDY F T AMREN, LPS 5 2 B
i% ; ’ o’v“ﬂ‘ Jsopa EVE 24 REABDOAMDERLU TV SIERNRE I
} il gy, EMDA C A ROMBANERED LPS 5 2
58 oJ ] P B 1T LR U2 TTREMEAYE 2 Shiz. 2 2 CEBARIC
>0 ‘%A&E‘Sm eretion (M) MOR % ;EWr3 % D-Phe-Cys-Tyr-D-Trp-Arg-Thr-Pen-Thr-
.35Mﬁtﬁ%@¢u&/ NH2 (CTAP) DR B 2 #ET L 72 & 2 5, CTAP I, BilEH:
FIREE RIES NOR B — AR S 7 AR B R R X R A,

FDEA (Sato et al,2024)

Z DIEIRER|T LPS MLE D 2 B0 H A 24 Bt L v



LERIZREho /- (K4) . —H, LPS #E5H % Bl o
BB ER TRl ERFE LA IS, ¢ . caeiw
Fos DERWEIEN T TIZRWZ I W55 2 B§fEE
IIEBEBEMRE U - 203, 24 BERICIIERL
BERIBUCE DRIMEER T R 5z (¥ 5) .

Ta
a o * NS
| 2] |, 12T
A —8- LPS (n=5) g0. e 10 ¢
S -8 Saline (n=5) b Nriéwo . g ;o.s 8
3 $ 'T""‘T"gs 50 il g
= S NS & 0.4
= _Jopr2 = 0- T~ 02-- T
o * i Pre-CTAPCTAP  Pre-CTAP CTAP
= Saline 2 hr Saline 2 hr
g 7 * B1
£ %] Lpssaline ws.pre) LPS 2 hr
o Ii : : ‘ iz CTAP 1 uM
Pre 0 2 6 24
Time after intraperitoneal injection (h) -
5. LPS (0.5 mg/kg, i.p) HE£D _dfsm
> VL 4 c B2 B3 R
IR R R AR YT By = 2 O
=< .
(Sato et al, 2024) ZE 200 104 e
d £ 190 os— ¢ 8
o100 o °gg5 18 $
£5 50 04 83
- > BN - > 773 o= 0-- - 02-5 T
— m o %: ErH (\_IE% L/ 2 é ﬁ¢¥R t L/ < ’ LPS lim _Joopa Pre-CTAPCTAP  Pre-CTAP CTAP
20ms LPS 2hr LPS 2hr

EMEA A A FOBEREE L, ZERIEIDRBAED
REZAWEERAEMZ, Tht 24 KFEP LR

-
Q
N

Cc

T BB R O OEE L E TR U, 2l 557 g s
BOBMEAEEE M) A —T 5, LD AREEAE g EHLlaw
2SN, MEHE, DHIBEREN CRGIORE 55w S8 oo {iTE
G L R ERMERORIALES 70t 1 g §o2 =

AD— KT H B ATREMEAVR X N, e A e
AFERRI Lo TUTOADDEENESNL @ mq =5 O o

mor-. OEBEERT 5 RINER, BEg- S2m] o fgmq o |
ROEROBEMAL L 2 < TEIZHLES X [22/%] a0 g £2010] “hisk
BT, QZOWEBENEL, BEEAWLDELS  £5: 4 255 o .
R, B, Rk o amsegoEe ¢ 0 o 8 o

gf &, ﬁ%}i}ﬂ 7}{9% f;) %ﬁgéfﬁ ﬁ‘rﬁzﬁ%ﬁ@ﬁiéél =] Sakg pocton LPS njoction
2. -k O = o —o U E B : y T
B -7 AR, PRI MOR frgy 2 4 IIERECTBEA LS
WRIC k> T, ¥ F 7 ARIMOMEE A LCEE L7 SR RIEY MOR S
M5 h5, ShAHEA A NEREDE L oMl ROPEETNIERIES LPS
ThdL Lz, BREOBMALE FIEL > 5 KkE &5&@5??&3%)@0)55 2 (Sato
ThHBITEMND 2. DLEWAEOTENE (~%  ctal.2024
) 1I2BWT, WEMDOA UA A NEBETOEIC L5 20V F FAGETHNED, 7
BBEA—BMIHI 2 5N TR D 2.

BlEEY, BESEREDEMILL & 6174 L 2 LEROERIIL, Bils — Rkis%
DIEMALEBUT, TOROBHILEEBRORTOREIES - L 2R AN L.
SBOBMEFH L IBGEERS 2P EL FREE -6 THERETH 5.

(51 FxCHkY
Sugimoto M, Takahashi Y, Sugimura YK, Tokunaga R, Yajima M, Kato F. Active role of the central
amygdala in widespread mechanical sensitization in rats with facial inflammatory pain. Pain.
2021;162(8):2273-2286.
doi: 10.1097/j.pain.0000000000002224.

Sato N, Takahashi Y, Sugimura YK, Kato F. Presynaptic inhibition of excitatory synaptic transmission
from the calcitonin gene-related peptide-containing parabrachial neurons to the central amygdala in mice
- unexpected influence of systemic inflammation thereon. J Pharmacol Sci. 2024;154(4):264-273. doi:
10.1016/j.jphs.2024.02.004.



10 10 1 9

Ito Mariko Nagase Masashi Tohyama Suguru Mikami Kaori Kato Fusao Watabe Ayako M. 14

The parabrachial-to-amygdala pathway provides aversive information to induce avoidance behavior 2021

in mice

Molecular Brain -
DOl

10.1186/s13041-021-00807-5

Sato Naoko Takahashi Yukari Sugimura Yae K. Kato Fusao 154

Presynaptic inhibition of excitatory synaptic transmission from the calcitonin gene-related 2024

peptide-containing parabrachial neurons to the central amygdala in mice ? unexpected influence

of systemic inflammation thereon

Journal of Pharmacological Sciences 264 273
DOl

10.1016/j . jphs.2024.02.004

Yajima Manami Takahashi Yukari Sugimura Yae K. Kato Fusao 13

Pregabalin attenuates long-lasting post-inflammatory nociplastic mechanical sensitization in 2023

mice

Neurobiology of Pain

100131 100131

DOl
10.1016/j .ynpai .2023.100131

Murakami Toru Ishida Takashi Tanaka Satoshi Nakayama Jun Tsurugizawa Tomokazu Takahashi 324
Yukari Kato Fusao Kawamata Mikito
Inflammation and subsequent nociceptor sensitization in the bone marrow are involved in an 2023

animal model of osteoarthritis pain

Life Sciences

121736 121736

DOl
10.1016/j . 1fs.2023.121736




Suzuki Jiro Nagase Masashi Sato Naoko Takahashi Yukari Okamoto Aikou Kato Fusao 113

Delivery-Dependent Shift in Oxytocin-Responsive Cell Population in the Central Amygdala of the 2022

Female Rat

Neuroendocrinology 48 63
DOl

10.1159/000525860

Yajima Manami Sugimoto Mariko Sugimura Yae K. Takahashi Yukari Kato Fusao 210

Acetaminophen and pregabalin attenuate central sensitization in rodent models of nociplastic 2022

widespread pain

Neuropharmacology

109029 109029

DOl
10.1016/j -neuropharm.2022.109029

Yamamoto Sumii Takahashi Yukari Kato Fusao

10

Input-dependent synaptic suppression by pregabalin in the central amygdala in male mice with
inflammatory pain

2021

Neurobiology of Pain

100078 100078

DOl
10.1016/j .ynpai .2021.100078

Matsushita Takayuki Otani Kazuhiro Oto Yohsuke Takahashi Yukari Kurosaka Daitaro Kato 23
Fusao
Sustained microglial activation in the area postrema of collagen-induced arthritis mice 2021

Arthritis Research &amp; Therapy

DOl
10.1186/s13075-021-02657-x




Koizumi Momoko Asano Sayaka Furukawa Akihiko Hayashi Yoshinori Hitomi Suzuro Shibuta 22

Ikuko Hayashi Katsuhiko Kato Fusao Iwata Koichi Shinoda Masamichi

P2X3 receptor upregulation in trigeminal ganglion neurons through TNFo production in 2021

macrophages contributes to trigeminal neuropathic pain in rats

The Journal of Headache and Pain -
DOl

10.1186/s10194-021-01244-4

Tokunaga Ryota Takahashi Yukari Touj Sara Hotta Harumi Leblond Hugues Kato Fusao Pich? 26

Mathieu

Attenuation of widespread hypersensitivity to noxious mechanical stimuli by inhibition of 2022

GABAergic neurons of the right amygdala in a rat model of chronic back pain

European Journal of Pain 911 928

DOl
10.1002/ejp.1921

42 29 17

46

2023

With pain, we survive

2023




Kato F

The Posterior Capsular Subnucleus of the Central Amygdala (pCeC) - A Nociceptive Site Receiving Direct Inputs from Pain-
Activated Parabrachial Neurons

Amygdala Function in Emotion, Cognition and Disease Gordon Research Conference

2023

2023

2023

46

2023




46

2023

Kato F

The central amygdala - a core risk management system for survival.

5th International 26th National Iranian Congress of Physiology and Pharmacology

2023

76

2023

76

2023




Kato F

Active role of pain-associated central amygdala in transient orofacial pain-induced widespread sensitization

2023TC-MRC International symposium

2023

Takahashi, Y

Functional and anatomical analysis of the connections between neurons activated in the process of pain chronification

FAOPS2023

2023

Manami Yajima, Yukari Takahashi, Sumii Yamamoto, Hiroshi Kawahara, Fusao Kato

Long-lasting mechanical sensitization at the hindlimb primed by trigeminal inflammatory pain is attenuated by analgesics
affecting amygdala activities in rodents

Society for Neuroscience Annual Meeting 2023

2023

Naoko Sato, Yae K Sugimura, Yukari Takahashi, Fusao Kato

Systemic inflammation affects the synaptic signaling between neurons in the parabrachial nucleus and central amygdala

Society for Neuroscience Annual Meeting 2023

2023




13

2023

- (nociplastic pain) -

63

2022

Kato F

Robust synaptic transmission from pain-activated neurons in the parabrachial nucleus to those in the central amygdala

Pain Mechanisms and Therapeutics Conference

2022

- nociplastic pain -

26

2022




56

2022

Takahashi Y, Okuda T, Sato N, Kato F.

The structures that excite the central amygdala neurons and pain network in orofacial inflammatory pain

Federation of European Neuroscience Societies (FENS) Forum 2022

2022

Yajima M, Takahashi Y, Okuda T, Uchiyama S, Sato N, Sugimura YK, Kato F

The parabrachial to the central amygdala system regulates long-lasting widespread sensitization in the rodent model of
nociplastic pain.?

Federation of European Neuroscience Societies (FENS) Forum 2022

2022

Kato F.

What has Made the Central Amygdala So Central in Understanding Non-Thalamic Pain System? - History, Circuits, Translation,
and Prospective

International Association for the Study of Pain (1ASP) 2022 World Congress on Pain

2022




Kato F

The Central Amygdala in Widespread Sensitization in Rodent Models of Nociplastic Pain

International Association for the Study of Pain (1ASP) 2022 World Congress on Pain

2022

Yajima M, Takahashi Y, Kawahara H, Kato F

Mirogabalin mitigates widespread sensitization in murine models nociplastic pain.

International Association for the Study of Pain (1ASP) 2022 World Congress on Pain

2022

27

2022

nociplastic pain

27

2022




nociplastic pain

15

2022

96 / 43

2022

44 2

2022

nociplastic pain

2023




100

2023

CGRP u

100

2023

Fusao Kato

Active role of the central amygdala in widespread sensitization

The 24th Annual Meeting of Korean Society for Brain Neural Science

2021

Fusao Kato

The central amygdala plasticity controls widespread chronic pain

The first China/Korea/Japan International Meeting held at the 44th Annual Meeting of the Japan Neuroscience Society,

2021




Fusao Kato

Active role of the central amygdala plasticity in chronic pain.

IBRO-APRC Nepal Associate School on Neurophysiology of Pain: Mechanism to Medicine

2021

Fusao Kato

Central Amygdala Regulates Ectopic/Widespread Sensitization in Rodents

IASP 2021 Virtual Congress of Pain

2021

43

2021

34

2021




43 2021/11/20.

2021

28

2022

2022

2022

The central amygdala in nociplastic pain

International Brain Research Organisation, Institute of Home Economics University of Delhi, & Indian Academy of
Neurosciences Virtual Symposium,

2022




2022

96

first author Journal of Pharmacological Sciences

https://website.jikei-neuroscience.com/?p=44

https://website.jikei-neuroscience.com/?p=41

https://website.jikei-neuroscience.com/?p=39

Pich&#233;

https://website.jikei-neuroscience.com/?p=38

https://website.jikei-neuroscience.com/?p=36

https://website.jikei-neuroscience.com/?p=35

https://website.jikei-neuroscience.com/?p=34

Neuroendocrinolgy

Eur J Pain

first author

first author Arthritis Res Ther

(Takahashi Yukari)

(Sugimura Yae)

(Tokunaga Ryota)




(Yajima Manami)

(Sato Naoko)

(Okuda Takao)

(Piche Mathieu)

(Yamamoto Sumii)

Universite de Quebec Trois
Rivieres




