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W E BH: BRIESMUEEF  Z R (ventrolateral orbitofrontal cortex, vIOFC) 7£ F| #1, i 3 (rizatriptan, RIZ)
V509 25 4 1t 2 4 M 2L JF (medication-overuse headache, MOH) /N BAE A e 4 1B . Fik: ¥ 22
R 8 A ¥ Hf b CSTBL/6T /N B % M AL 4 & ik 9 £ 22 3K (Saline, SAL) 4 fo A #L i 38 (RIZ) 41, %
A1 R, 2AFER SAL fn RIZEF . 5 Jo kv 3030 s 42 L 36 0 2B F 36 R/NR K xE B4l
WEBAPE A BRFERMHA. dEREA, THAEEERSE. EE RIZEEH# L MOH #4,
TP A H AR B, A FE ML R %8 R4t B {4 (mechanical withdrawal threshold, MWT) #1 HE J& A1 4 77 [
(head withdrawal threshold, HWT), Rl %.3% 7% A H AN c-Fos ik, A ATHES * & JiT (orbitofrontal cortex,
OFC) FoAf K i DX 0 2 JU k& KT B fb 3 th ORI 90 4 vE M, 1746 2 Xt MOH /) B By %
W, £5R: RIZ 4N MWT #t HWT B ZK T SAL 4. %Z % HE R BT, RIZ 4/0 K vIOFC # c-Fos
RIKBEW (¢ =3.821, P =0.012), T A & (ventromedial thalamus, Vm). #7407 % [El & J (anterior
cingulate cortex, ACC). 3 /K% J& B & i (periaqueductal gray, PAG) c-Fos &k 5§ SAL 41 = 7 L4 it & X
H#— F G it & I OFC #Lk E K38 4 b 72 JEAMI (¢ =2.723, P =0.042), T WA £ 3 B Sit & 3L (¢=0251,
P=0812). f# f {3t FHARMIE vVIOFC K #4270, ¥ B FHRE RIZ 40 MWT f2 HWT,
# VIOFC &2 %. £5i8: MOH /N & vIOFC # & Jui& 2038 An, kv % i X ] 2% A% MOH 5 A2 #y B
Jok B
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Abstract Objective: To investigate the analgesic role of the ventrolateral orbitofrontal cortex (VIOFC) in a
rizatriptan (RIZ)-induced medication-overuse headache (MOH) mouse model. Methods: Twenty-two 8-week-old
male C57BL/6J mice were randomly assigned using a random number table to the saline (SAL) and RIZ groups
(72 = 11 per group), receiving intragastric administration of saline or RIZ, respectively. For neuronal activation
or inhibition modulation experiments, 36 mice were allocated into control, activation/inhibition, sham activation/

inhibition, and control virus groups through stereotaxic injection of different viral vectors. An MOH model
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was established through repeated RIZ administration, with baseline pain thresholds assessed by mechanical
withdrawal threshold (MWT) and periorbital head withdrawal threshold (HWT). Immunofluorescence staining
was performed to detect c-Fos expression and analyze neuronal activation in orbitofrontal cortex (OFC) and

related brain regions. Chemogenetic approaches were employed to modulate neuronal activity for evaluating its
impact on pain thresholds in MOH mice. Results: The RIZ group exhibited significantly lower MWT and HWT

compared with the SAL group. Immunofluorescence revealed significantly increased c-Fos expression in vVIOFC

of RIZ-treated mice (¢ =3.821, P =0.012), while no significant differences were observed in the ventromedial thalamus

(Vm), anterior cingulate cortex (ACC), or periaqueductal gray (PAG). Subsequent analysis identified predominant
activation in the ventrolateral OFC (¢ = 2.723, P = 0.042) rather than medial OFC (¢ = 0.251, P = 0.812). Chemogenetic

activation of vIOFC neurons significantly increased MWT and HWT in RIZ-treated mice, whereas inhibition

showed no significant effects. Conclusion: Enhanced neuronal activity in vVIOFC of MOH mice may contribute

to cutaneous allodynia, and selective activation of this region could alleviate RIZ-induced pain hypersensitivity.

Keywords medication overuse headache; chemogenetics; pain; orbitofrontal cortex

25838 BE A B Sk 9F (medication overuse head-
ache, MOH) & —Fhdt K 1S g, 12 HEa H
LA 60% 52 MOH U, OOl 4R AL T
A S H B EORYR . SRR IR T DR 25 R K
AT, REBAT AT AR — e TR, A
HEIWNIRRAE, HAEE—EERE, Hi,
H AT 75 BRI H R ML R 78 5 2307 ik Pl

AR F W50 R, MOH i A\ AE T 7K E
FEl 2K Jii (periaqueductal gray, PAG). 047 [l 7 Jii. I
fioi« HEZH % Ji (orbitofrontal cortex, OFC) 25K [X 17
TESER . ThREFARM i 22 5 . Hord OFC 789K
i R R E hRE R R EEER Y,
HBEAEWT AL, MOH i A OFC fil X 77 fE A 7+
O, SORHTRES 5 MOH [ RR I 2.

Ji& P9 AN E A 0 2 iR (medial orbitofrontal cortex,
mOFC) 5 I ZMUHERH K7 5T (ventrolateral orbitofrontal
cortex, vVIOFC) L& K ThRE b, fEMAERTT
[, mOFC FES5REEZ. MM, 5 X S22 FAH K
0 DX A e 5 Th g %82 ), i vIOFC U5 Fe i
AATAZTEPIR G 248 15 AH DG 1A Sk R 48 i B
BRI R D) B, fEPRIAYE T, mOFC it 33 -
P AE FAE FH S22 e 9 B 48 2 Jf m 4 i L
TEEN I AR O 7, vIOFC U i 422 % 97 £ I ) £
FEFEM NS 25, W) S 2R B LIS T SRR v 420
R AEREAT N, R, OFC KN TEX S5 T
MOH H RIS HE, HET AR A B AR

FRYFEEAERT 7T, OFC M [X 5 Hi 177 =] K¢ 7 (anterior
cingulate cortex, ACC). i P9Il Frfii (ventromedial thal-
amus, Vm) 2 57K F B 7K (periaqueductal gray, PAG)
T RCH) BE A 5, 4% 5 vT LR fif K B AR B 51 i
(O FEL R S ST 4 20 0 T b o g e ok U, (H LA

MOH H 112 5 & L1 B ARE A S = W 92, R,
I B OFC M #H G X 2 5 2 5 MOH K, LA K
4% OFC & 75 82 W MOH A 5 BURE R, X 8 m
MOH L FNFF A AGAET TSk s B 2 3

FET B AR, AR SIS R 3 MOH /) R
B, SRAAT R RPEROG G th R 5 0 A% i 45 55
LI ARIR R OFC 25 MOH KR A EHLE] . LA
HAf# e OFC B2 AH 2% i X /£ MOH H (1) 2 5 15 I
OFC WA~ X 2 5 MOH 1 K £ R B,
OFC £ 70 RE 75 10 #5 MOH Ji B 25 1) 7, ix stk
FoK o MOH ML 78R #E ] 36 77 $2 06 2 18 4 4 A
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1. SEE B I 540

A FEAE 8 JE S e 1% CSTBL/6T /N, THH
Jb 5 SPF AMEARA R A E (FAfUES SCXK (3Y)
2024-0001) , SEEGLARINZE S R B R AR B 2
HEvE o /N RUAREE 2226 g, BHEHEIK S A FR I — 8L,
&R 3 K JE B2

22 R/NER, G BN 7R o R EE 2
7K (Saline, SAL) ZHAH|FL 31 (rizatriptan, R1Z) 2H,
A 11 R, 4l T SAL BRRIZ #EHS .

P IUEOE RSS20 36 H/NE, 1%
ML 7R E AU (72=9): XHIEZL (SAL +3Dq +
CNO A, SAL &EBLFFVESS 3Dq i, {4 CNOD
BE4 (RIZ + 3Dq + CNO 4, RIZ iERIIF7EST 3Dq
WiEE, S CNOY | REIE4 (RIZ + 3Dq + VEH
4, RIZEMIFES 3Dq WiTE, EH CNO &EFD -
SRR (RIZ + empty + CNO 41, RIZ i 3F7E
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SR EREE, S CNO)

TN E RS HE36 KN, N
VU4H (72 = 9): *HIEZH (SAL + 4Di + CNO 4, SAL
WA IS 4D1 i, VES CNO) | #ifil4 (RIZ +
4Di + CNO 4, RIZ if B I i 4 4Di W6 55, VE o
CNO) . R4 41 (RIZ + 4Di + VEH 41, RIZ i%
B VESS 4Di i 85, ST CNO 7D« X 55
41 (RIZ + empty + CNO 41, RIZ i 15 5 7 5 2% %%
WEE, VEST CNO) o Hrr, 3Dq 1 4Di 43 5 A4
A O 5 M HR R, CNO NIC/K, VEH M|
XTHR, empty N HII -

2. FEAXEE

von Frey #4422 (Bl EWE, NCI12775) , /I3
YIRRIBENL  CERVRAE, R500) , VK%Y H ML (Leica,
CM1950), i 374K E AL B iR %, 69100)

SR (WrERgE, DX12) , FIFLEHEIH (Yang-
GuangBio, H222277), bt CGmik{&, R510-22) ,
=R ZBF (Sigma-Aldrich, T48402), #U¥EF (Sigma-
Aldrich, 152463), & Eh2% M (Solarbio, P1010),

B RS (YangGuangBio, C200101), FERE (Sigma-
Aldrich, V900116), O.C.T. (Sakura Finetek, 4583),
5 &} PV (YangGuangBio, C220702), rabbit anti-c-fos
(Abcam, ab222699), Goat Anti-Rabbit 488 (Jackson,
111-545-003), DAPI (Abcam, ab104139), i i J5i
BEW (E#EZAE, abs9027) , rAAV-EF1o-hM3D
(Gq)-EGFP (BrainVTA, PT-1839), rAAV-EF1a-hM4D
(Gi)-EGFP (BrainVTA, PT-1840), rAAV-Efla-EGFP
(BrainVTA, PT-0291), & %F (BrainVTA, CNO-02).

3. 2t AT S RS 7R 2 5T % S 4y 2

i i RIZ ¥ 57 MOH #:7, 4 H/NRZA 2
BN 4 mgke, FIESETAFBNBEME AT M
H0 R, BHAZ 1R, ek, MidXfhE
B2 7, B MOH R A\ 2543 B2 4 5
2, WG 4on A BRI o SRR
=LK 1A,

4. 7IN BRI JE AT IS 150 B Jo Ll 80 1)

K _E 25 (Up-Down) 3 5E /I SR LRI 84 2
J 41 BB (mechanical withdrawal threshold, MWT) &
HE J5 ML ) (head withdrawal threshold, HWT), 7E
£ HZA 251 PP MWT A1 HWT. £F von Frey 41442,
AL/ SRR R B/ B K TR X e, (AR 422 S 4 IF
g 3~5 B 2/NEUE I GE ), BRTCER kK T 3 S
BUAT A, AdsNBIYE (X), Rz N (0).
5”7 XO/0X” [ MR A BRI E, Bk
BH 1 2 B I 4k 452 58 B 4 I 1) Y e st fE
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253 #F 53 (https://bioapps.shinyapps.io/von_frey app/)
N Y2 ZH )R NF A, THE 50% MWT. J
it 98 1) s Bt /) B WL BBUBOIR S, DI (] | 5
IG5 0 KA AL 12 REHR.

5. /)N BRI EDORE 2 5 ' G R A (1 i) £

S 1.25% Bl T BRI 71 BA 0.02 ml/g I i v
SRR /N B o 1R 8 5 00 O, A8 P B Sk Sk R T ORI
FEANROR, K37 CHAAN 20 ml R £h 2% v R
(phosphate buffer saline, PBS) 2% 2 % A /N R 1L ¥ 7§
W, JEBRE M. FEEIRKHE 4°C PBS. 4C 4%

3 W 5T (paraformaldehyde, PFA) 32 47 (o I
o BEESEBT N, SeERE /N RNA L.

B 2020 E T 4% ) PFA [ 58 24 /NiF. 486
FERERETE T (15% ~30%) BEAKALRE, BRI B fr 41
DURJE AT HEN T —IREERREE . KRS, Fiwndd
UL TH FERVA W%, AN O.C.T., JFET-20C
T 4 /N[, #ON-80 CRAR IR KA AR AT

6. /)N I 2H 2 G T e et e A

FERUKER IR HLEA 30 um & EEBEAT HEZY) R I
BT IR PBS . Yo, A PO T
T TACEEZZY 15 4345, BEEWFE c-Fos (b,
Abcam, ab222699, A 1:10000 —Hi, 4CF
18 /NI o ZHUF B M B, 1E4% Alexa Fluor 488 7 &
2 /NEF. A & DAPL 3 AE B, R T B
BN naug .

1 F 4= S 3 64X z-stack A 2030 45 = TS 4L 2Y)
Fr, BFEERS 2 pm, 3035 7~10 Z. EXTSHIX
HeV s e 6 sk A K = HOH B ik 4L 2R 00 B gk AT
ERNT. BEEMAMEIE (Bl E PP, X
E ) AR B RO T, I Image J X
PEEAT 9IS AL HEAT A0 BT H 2, K G
oA 8 SR, KXt LU A Minimum 3% &8 “27,
Maximum &% BN “39” ; H i A Plugins H1 ) Cell
Counter Jfi 4t — AT F a4 R 28 (1 4 A5 )
AN, 2o FD EAASGI N T3

7. A ZEB AR S SES O RE LA E 7 VRS AL 2
UL AMUNER D)

I3 5 AR E VRS SE IR T MOH 22T 9 K (-9
KO T (LK 4B) o /N BRBRIR ] 52 J5 5 22 1
%1% Paxinos i &1 7 VIOFC (A4FR AP +2.58 mm,
ML+1.12 mm, DV -2.40 mm) , A fEES 5L
30 nl/min 3% 5 W OFC :4F 200 nl % & . £
TR, SIS S rAAV-EF1a-hM3D(Gq)-
EGFP BUd 85, X HR41VESS rAAV-EF10-EGFP ¥ %),
JaEE RRERIA ST, WOE4LIE S S CNO (0.02 ml/g),
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TRBE AR5 SAL, ZSEIR X FRAES CNO.
FOSEIG R AR 24, SCUR2HiFSS rAAV-EF10-hM4D
(Gi)-EGFP il 5, #0|4HES CNO, B4
TESF SAL, A E AT IR AT S CNO. 3 B v 4T
9 KJG (550 K) Jazh MOH &4, 315 12 KIF
GRNEE TU IS AT NG, BT CNO + T3 7E
VAT H 3R A & [P St S AT 2 S 30
A3ehl /N MWT 1 HWT.

8. Gil2E o

ARSI R EN I IREA B T REAEF R 1Y, M
G*Power AL, IR 2SI BrE Sk
EHaEEMFES . YREEELIER 2 M
HEZEWT FEATHERR . 0 T B S B0/NRR, B 5 SR
UEEIOE R U B S AL AN HER, ) 2 HERR AT
NEEHE . B 7 1 B GraphPad Prism 10.3
(GraphPad Software, FEHE W) 58, i HE

A
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B[] P A2 A 3 T = A 0 6 LRI 3R 7 22 40 BT (repeated
measures two-way ANOVA) #7411, 2 &EILECK
F Bonferroni F 5545, Foxf ¢ #5536 H T 95 CNO
th2E iR AL 12 AT )5 (pre-and post-CNO) 47 Ky 2= H 45
(s . HE2E R M IS Image J 804 (FUL, SE[E
E 2 BAR T FahillE, KR MILFEA
RIS AT G R CAIEL + ARvEIR (X £SEM) R,
P<0.05 NEFRBAGI R L.

s =R

1. RIZ 41/ BRI ) 1 1%

B 1A TR, B MWT A HWT 3T £l 28 0
REF 12 RIFERFR. RER, HERZE
B BEAC T A MWT AHWT: B 77 & 58 i,
THFRERE (LB, 10) o M MWT I 2 K

Medication-overuse period: SAL or RIZ admimistration every other day

<

Day i I >
7 10 12
QQ
Mechanical withdrawal threshold test Head withdrawal threshold test
B C
© —e— SAL —u— RIZ —e— SAL —=— RIZ
5 1.04 —~ 0.4+
= ()]
2 5
> e}
g 0.8 * %
s * otk ok o 0.3 o
g ; =
& 0.6 *k © sk wk
° = * *
= T 0.2+
= 5
— 044 =
3 =
C ©
© T 0.1
§ 0.2- 2
£ 2
o
S 0 T T T T T T T 0 T T T T T T T
© Baseline 2 4 6 8 10 12 Baseline 2 4 6 8 10 12
Time (day) Time (day)

B 1 RIZ H/NRIERE R T (2= 10-11, X =SEM)

Fig. 1
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(A) MOH Je xR fon . 29 FER . B8 1 R& TAIFLANE (4 mg/kg) S EKER . Bk
LR 2RI /N B MWT A HWT; (B) 55 0~ 12 R/ RUL RN (C) 25 0~ 12 K/ BUIE A HLA S B«
Mann-Whitney JEZEUG 4, *P <0.05, **P<0.01, ***P<0.001, 5 RIZ 41#LL

Reduced baseline thresholds in RIZ-treated mice (72 = 10-11, X =SEM)

(A) Schematic of the MOH modeling procedure and its control group. Medication overuse period: Rizatriptan (4 mg/kg)
or saline was administered via intragastric gavage every other day. MWT and HWT were measured prior to each
administration; (B) MWT of mice from Day 0 to Day 12; (C) HWT of mice from Day 0 to Day 12.

Mann-Whitney nonparametric test, *P < 0.05, **P < 0.01, ***P <(0.001, compared with RIZ group.
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MIHWT )28 4 RIT4R, RIZ 201 5l B B 21K XA eiE sk (K 2A) . 4R &R, MOH

T SAL 4, HAEH 12 RIEFIRILKFE. DL g /INBR OFC i X 5 % BB ZH /N BROAH L, 48 28 0 30 2

XKW, EHE RIZEBARET T MOH /) AL, FHhn (r=3.821, P=0.012, W& 2B) ; ACC.

R T/ B IR R PAG i [X 1128 T0 B 7K T 5 %6 A /) BRORH Bl s s
2. RIZ /N OFC i X B S5 30% AR, HERLSRIFE L (ACC: t=0.974, P =

FE /N BRI Rk AR (3 12 KD IF, Bk If 0.475; PAG: t = 1.321, P = 0.235); Vm i X 412 7034

SN B R WA S i X, AL FF ACC. Vm. OFC. HACFAZ R TG 2 X (¢<0.001, P>0.999,
PAG HEAT c-Fos i 9 e e th,  DAIFAL /)N B 25 i JLE 2B) .

& 2

Fig. 2
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3
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3 40+
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8 ns
5204 &
)
o
ACC Vm OFC PAG

RIZ /N MHIX c-Fos FiL1E UL (72 = 3-4, X £SEM)

(A) SAL Al RIZ /NRIHETFIH B (ACC). Vm. OFC K PAG fisi[X c-Fos (£¢f8) 1 DAPI (Hh) FIMREEME G
FOEEIME, HBIR =20 pm; (B) SAL Al RIZ /MR X c-Fos FHTEANMIEGE i B (R4 3~4 FUNRL, BN
AR 6 Sk, FESK DI EL 3 4> 0.09 mm® MEFTH9ME) .

KA URARBCRT ¢ I8 P 2 E 1k, *P<0.05, 5 SAL 4L

c-Fos expression in brain regions of RIZ-treated mice (72 = 3-4, X +SEM)

(A) Representative immunofluorescence images of c-Fos (green) and DAPI (blue) in the anterior cingulate cortex (ACC),
Vm, OFC, and PAG of SAL- and RIZ-treated mice. Scale bar = 20 um; (B) Quantification of c-Fos-positive cells in brain
regions of SAL- and RIZ-treated mice (72 = 3-4 mice per group; 6 sections per mouse per region; 3 fields of 0.09 mm” per
section averaged).

Significance was assessed using two-tailed unpaired #-tests. *P < 0.05, compared with SAL group.
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3. MOH /)M vIOFC o [X #4128 JC 4 B

RS 12 K (B RIZ 2170 SR IE AR R IA A 1%
G, FIRXT vVIOFC i [X AT c-Fos % & vé G gLt .
Wi 3 Frax, £ MOH /MR, OFC # & I X
FEIE VIOFC, WAHFIERES T E 2R (t=2.723,
P =0.042). 1M mOFC Jixi[X, MOH /) 5 x%f M4 %
G X (t=0.251,P=0.812).

4. Ak AL 0% RIZ 2H 7/ B vIOFC fisi [X $if
20 R IR AEH

NER 7t vIOFC fisi [X 7E MOH HiI/E ], AW
IR VIOFC ¥ 54k 2 3845 5 B A4 2 TR 22
S8 K ] rAAV-EF 10-hM3D(Gq)-EGFP 3803 76 7 «
rAAV-EF 10-hM4D(Gi)-EGFP I il 35 5 J¢ 25 4% 9% 7%
(LB 4A) , 2546 RIZ EE S MOH B4 (I,
K 4B) o 5 E LB H 4R I0E (L 40)
SRR, fERHEBRIE R 12 X BB
Uf CNO #if vIOFC # &t )5, L34 /N R MWT
ATHWT B2k B3 (WL 4D, 4E) , Tixt R4
g . X R R R LB E A k. #H] vIOFC
I (UL 4F, 4G) , 5352k (Basline) M L,
HH/NR MWT 1 HWT Z R LS it 2 E X, &R
B VIOFC IO RE S Ve % T 25 & A 5 510
BB S . %45 RN VIOFC #4024t M i
$51E MOH i B E R b B B 2R .

SAL

RIZ

200 pm 20 pm

c-Fos DAPI

——
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m - mnssll

Wi

AR FTiE N B RIZ B Y E 7 MOH /h
BB, L MWT A HWT B 45 24 1k 805 B 8] 44 #i
PETR . c-Fos it g a2 IR, MOH /M
VIOFC # £ JC s 2 & 1 58, 1l ACC. Vm. PAG
To 5 E B . A AL R P e i — DR SE,
SRS VIOFC #1428 0 Al i % MOH /)N B i 1ok
1X R B0 vIOFC #1228 7646 MOH J i = A 2 25 ok
HEAEH

vIOFC ¥ £895 1E F AL il 0F 90 H A3 &R 510 3 e
1997 4 Zhang [ BA B 38 I SE 58 0F SE vIOFC 7] 1)
il N B B s, I R B U AR AR T e 1)
PAG Zhfit ", 2021 4 Huang % ™ #8715 T vIOFC i#
it VIOFC-PAG #ifl 28 3 4% 22 fisd i £ 453 405 155 700 95 81,
HiZid 22 L vm 5. H ACC /£~ OFC Liif
05 DX A B AR O U (EARHF R B R, MOH
NEAH I VIOFC 753035558, 11 PAG. Vm 1 ACC
RILEZEAN . XA R REZ BT vIOFC #1450
PIBOERIN “ARSHRY ” , FERE AR R
55 U, REEA% =9 gamma 1R 3% B EE A RIS T
Wi X 35 zh 1

S W FC R 7R VIOFC 3 ] 7= AR S i i 1Y,
{EAH 5T R B MOH /I BU7E VIOFC #1148 70 H K PG

B
O SAL [RIZ
60 %
ns
° —
o )
I RS
4
g 40 b @
: :
> °
o
[72]
h
L 20
°
0
vIOFC mOFC

B3 AL iHE S 425755 vIOFC #1& ICidE (72 =3-4, X ZSEM)
(A) SAL 1 RIZ /N OFC H c-Fos (4¢€4) F1 DAPI CHEta) MIAFTRMERZEVOLEIE, HFIR =200 um A1 20 um
(FED ; (B) 5 SAL 414, RIZ 41 c-Fos BFAMEANMITHEL (B4 3~4 HR/NR, ®BHANR 6 5k R, &kl

B3 AN 0.09 mm” MEFFI{E) .

KARARRCKT ¢ K da PP R E . *P<0.05, 5 SAL 4L

Fig. 3 Repeated rizatriptan administration induces activation of vVIOFC neurons (72 = 3-4, X +SEM)
(A) Representative immunofluorescence images of c-Fos (green) and DAPI (blue) in the OFC of SAL-and RIZ-treated
mice. Scale bars = 200 um and 20 um (inset); (B) c-Fos-positive cell counts in RIZ-treated mice relative to SAL controls
(72 =3-4 mice per group; 6 sections per mouse; 3 fields of 0.09 mm? per section averaged).
Two-tailed unpaired ¢-test. *P < 0.05, compared with SAL group.

S

2025/5/21 22:38:51 ’7



| T

——

Fj [ R 25 24 2% 3 Chinese Journal of Pain Medicine 2025, 31 (5) 349 -
A i B
rAAV-EF1a-hM3D(Gq)-EGFP
rAAV-EF10-hM4D(Gi)-EGFP Medication-overuse period )
rAAV-EF10-EGFP AAV injection i.p.CNO
\‘ Day L L 1 T >
' VIOFC -9 0 10 12
Behavioral test
rAAV-EF10-EGFP rAAV-EF10-EGFP
C
400 um 20 pm
D —e— Baseline +~—=— Chemogenetics E —e— Baseline +—=— Chemogenetics
s 67 R 0.4- L
B ns
® 1.2 © 0.3 ns
;: : )
3 0.8 % £3 02
== - =
— O =T
8o ’ 55 019 §
= ns ns ns
§ 8 0.08- — 1 838 e o
.;:35 < £ 0.037
E 0047 % R 0.021 é
N ©  0.019
3 0 : : : : 0 : : : :
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Chemogenetic activation of vIOFC neurons in RIZ-treated mice produces analgesic effects (72 = 7-9, X £ SEM)

(A) Schematic illustration of viral injection; (B) Diagram of D-G experimental protocol; (C) Representative images of
viral injection. Scale bar = 400 pm (left) and 20 um (right); (D, E) MWT (D) and HWT (E) in SAL and RIZ mice before
and 30 min after neuronal activation in vIOFC via CNO (5 mg/kg, i.p.) or saline injection. Paired ¢-test, *P < 0.05, ***P <
0.001, compared with SAL group; (F, G) MWT (F) and HWT (G) in SAL and RIZ mice before and 30 min after neuronal
inhibition in vIOFC via CNO or saline injection.
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EERHTEZSIIRZWMETSE . MNEEQREREHE T

VI ARG 7 5 (primary somatosensory cortex, S1) F1 60~90 Hz f] Gamma %% (Gamma-band oscillations,

GBOs) 7E/ HEAS B R EEEAEH . S8, 49555 PR RE07 A& sk 3 A 22 oL 5 BT AT 48
I 50 N 25 v % v H 90 51t (electroencephalography, EEG), %54 KB/ R A HId 5. 85 g

P Oe A S B A U7k, RN R BT 03 T A R0 K GBOs ML 45 2R

1) W78 B B I KA AN

K EEG B¥5 Mt KB, &I 5 K 1 m R % A5 5 52 B R 5 B (stimulus intensity) 5 AN & 3 W2 OF 43
(subjective rating) [ X E 520, H 32 B 53 A7 AE e X 38, B 32 BERYF T 000 S X3 o 7542 i o B2 L & 5

R 5 5 5 B PP 0 Z A DR 45 B ARG AR R o, M AOGS PA F) PF 2 B v
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AR AL RER, 20t 7R ST X &/ I g AR . S1 XK GBOs - gm by mon e, I H
GBOs HH M & TT R LIRE . (3) RA/DNREE TG, X5 #r/NE 8 H (parvalbumin, PV) [
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