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47

B E HBW: #7248 | B (occipital nerve stimulation, ONS) xt 1% 4 1 3k & (chronic migraine,
CM) A K BRI RAT AW . Fik: KA KIEF (inflammatory soup, IS) R H A BAE i A% AL,
K FEALE F R EH M SD KR B MR SR A KR4 (CM 41) .« Asl & s R T 18 1k
FAEA KR4 (ONS+CM41) . xtH4 (Con4l) , #4175, %t CM 4141 ONS + CM 41 X § 3% 4
14 REE IS R E, 4 H 1k, % 15 X3 ONS + CM 4 #47 ONS, H& K% 1. 5. 9. 14K
ISHEJE 24 h X ONS AR Jg 24 h W& K &5 @3 2 FALAURCR B Al ZR AR K AT . AR 18R A
von Frey | &, A AR KX 4T A K F CinePlex” 1T A 0 £ 48, KE AR 15 min 94T A %, SR
A IS R RAE o AT A KRR Sk T S ATLROR B T O R AR AT, ONS W] 3 4% 3 AU 8] i ONS
AHEEEL ISR RNARKTEAEER. WETHREETANRE. &it: ONS JhE
CM HA KRR AEERIAL, My LmE AT L.

KA thwZEERE; BRSO AR

Effect of occipital nerve stimulation on pain related behaviors in a rat model of chronic migraine *
MAO Jingrui *, LI Yang ", LIU Yinglu >, MENG Fanchao "%, LIU Ruozhuo *, HAN Xun” * , YU Shengyuan > *
(' Chinese PLA Medical School, Beijing 100853, China; > Department of Neurology, the First Medical Center,
Chinese PLA General Hospital, Beijing 100853, China)

Abstract Objective: To examine the effect of occipital nerve stimulation (ONS) on pain related behaviors in
a rat model of chronic migraine (CM), and to explore the underlying mechanism of ONS in migraine. Methods:
Twenty-one male Sprague-Dawley (SD) rats were randomly divided into control (Con) group, inflammatory
soup group (CM), inflammatory soup + occipital nerve stimulation group (ONS + CM), 7 animals in each group.
A classic CM rat model was established by repeated dural infusions of IS. The ONS + CM cohort was implanted
bilaterally with electrodes to produce ONS, Periorbital, prefrontal and occipital mechanical threshold were evaluated
with von Frey filaments and other pain related behaviors were tested. Results: There is no baseline differences in
pain related behaviors among the Con, CM and ONS + CM group. After the CM animal model was established,
animal model displayed behavioral results similar to those experienced by migraineurs. Specifically, there was
a decrease in routine physical activity and increase in freezing episodes. Also, the animals demonstrated mechanical
allodynia in the periorbital, prefrontal and occipital region. They were ameliorated by the treatment of ONS.
Conclusion: ONS improves mechanical allodynia and some pain related behaviors in a rat model of CM.

Keywords occipital nerve stimulation; chronic migraine; headache; central sensitization
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CM) 75— M N IR B RN 1%~3%, THEH 2.5%
f O SR N R RN CM, CM RAE 2/ 15 RIFH
BT 3AH, HAgH MR k56 1 K5
RATF 8 K, THELMHE N AEGMTAE. Hir
W PR 3697 (S 88 E B 25W0IR 9T, AERIIENT 8500
Z A8 MR SR A RIBE R, IR OIRZG Y 6 A
HIRG7 9697 #9 ANALA 25%,  BE R4 0 R 254 12
MNARIRAARE] 14% B, R & a4
FFE A CM 2593657 5%

FLAHZE B I (occipital nerve stimulation, ONS)
Je— P 2 AR LG ik, A A Y R
1 — I 110 4 523 F 47 K F VPl 4 2 ONS
TETT D S T8 (A RF 7 F R I L T I 2 ek i Sk e A
F S i FR R I 1], IF SI2 ONS & VA 7 i Sk IR B A 2%
Iridie NN ONS & —Ff 22 41 MW A 30697 18
MRSk, HEABAREEAS, 5 TIFE,
DR K R 283 9 ot 0 A ] PR PR R 97 L 22 B
o1 20 B TR A R Y A A T R 1 A
X ONS B3 ¥ 97 ot [ 1 b wh 2098 . 22 20 [ 4 i
PRAREG R 7T 7 N ONS Y877 CM i A 14 2tk
Joi 4. Schwedt 25 7 4 i ONS Xif 18 14 3k I 1)
ZIRF KT 50%. Saper 25 ¥ K FE T ONS JAIT CM
RIS 2 O BEHLER E NHBRE ST, 45 SR E W] ONS
2R CM 93 A kTR K AEHR S0%F N 39%. Silberstein
2 U1 3E4T ONS VG 7 CM (11 22 T il WL XU %o R T
FoEE R RBIAIT HAS B L R L ZE . =T ONS
TRTT CM K AR (1A 97 8 B0 L 1T ARG S R AR
B2 f Sk sm g U H Al A I R BF 7T X6 ONS ¥
J7 CM A BEFEAE 4, H ONS 97 I BLA
AERE . AHFCRHZIESZE CM BBSRR T ONS
FE A AR T R S T 50 2 i R AL B o B AR L A 56 47
NI, A PR T ONS 69T CM 11l IR
SEHIPE K ONS AEHMLHITR R S (it i .

Bk

1. SIS AL

SEUS AW ek SPF 2% Sprague-Dawley (SD)
KB 21 K, A 180~220 g, W H AL 5t D=L
HAGRA A [ FAES SCXZ (5% 2019-0010) ],
T 3% T o BN AR S S B SPF RshW s, IR
22~25C. {5 40%~60%- 12 h/12 h IS 6 8 A 3
TYIRIKTE 2 o ARSI FE i A BN IR
ERE R AR W%, TR ST A S IR AR B
HFHE (B H 55 S2021-349-02 5)
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FEIGA AR DS N FEM . von Frey %398 i
MR E A (Anesthesio, FE[FE) ; LR Z HIEME
s K4 R4 (Plexon, FE) ; 25 ul fif &= 3E 5
% (LilE, L AAEEER (BNRE,
62001. 62101. 62201. 62501) .

T B M 5-HT (Sigma-Aldrich, H9523);
AT IR 2 B2 (F 7 bk, P860711) 5 4LA% (Sigma-
Aldrich); ZZ¥Ik (FZ7itk, B860429) ; PBS Wif&
TR (Solarbio, P1010). F PBS ¥RV fi# 5-HT .
ATAIIRER B2 4% RBKM R, FHAWE 5 7
N2 mM. 02 mM. 2 mM. 2 mM, [ &7
(inflammatory soup, IS) ¥4 -

2. IG5k

SEYG A i FE: 21 W SD KRR I BE LA 7
R BB PE R SR AR R (CM 4D« B
28 VLT TS 1 s Sk TR B A K B ZH (ONS + CM
H) . XHRAH (Condl) , HH 7R, FrRBREMN
WES 1 JEH& CM AL, fEEERKE T KesE
Je il e FE LRI, T Cineplex® 47 A4 T R 48K
KRBT AEE 15 min. 25 1. 5. 9. 14 K IS
B G 24 h Sk AT SRR IR B0 e SR AR K B
15 min 17 9%, BT NIRIS Fd. T2 14K
IS %5 24 h #47 ONS R, ARJGKE 24 h j5E
KBRSk THTEBATLARR B SR AR K SRAT A EE 15 min.

CM B £ =4 KR ¥ DL 3% b %
BN 50 mg/kg BRI VE BT BRI, 2% K7 [ KT
MO TS V) O, R e e . T B AT X+ 1.5 mm.
M) + 1.5 mm b8k —E 42N 0.9 mm [H Ll k]
AR o Krh2i R EE T E, HZFRKIE
LB D, a0, mRiEdE. REs 7k
Fuhh e s HR (10 mg/kg) #EH 3 H, PATHFG A 5 &%
et B HKRIERSEFMF T RERSE, A
K. REWKE 7 K5, CM 4LF1 ONS + CM 41K
BP0 I8 25 25 3 B 0 10 pl IS J 8 fivi s,
LMY 14 K, Con 445 T4 & PBS S .

ONS: IS #i7¥ 14 K5, ONS + CM 4 K il 2%
IR, KEHFAR. FEERKEETE. KR 4%
SRS RRIE ST G e THRE G, AR, TR
TRl RS 3 HMEMEFYIO, BREFARUE,
i FHERBHSEVE 2 BN, B EEALMZ . Bk
S CE T HMRLRRZE (L 2) , YIOE L )i
{RFFHZURE . ONS: 2/100 Hz, 1 mA, i 5 min,
[E)FE 1 min, FLHIEL3 YK (15 min), FEIRGEEE LAS]#E K
BRI = S L P WS 4 de /N SR FE AL R IR 485 R
J& Al CM 441 Con ZH 3533347 [FIRE K F AR HoK He
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Fig.1 Implantation of the cannula used to infuse IS
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WS E TR 2 HAE AR IEATIE

2 A o AT Sk AT LB 0 94 e A i 3
7E 1S #iiE S 24 h A1 ONS Ji5 24 h ill5E, i von Frey
2 2 22 P50 OR B OSUI R AEE JE) L 0 A 38 B Ik
FYE 22 ZIFEVI N 0.16~26 2 (0.16 g+ 0.4 g+ 0.6
1.0g. 14g. 2g. 40g. 6.0 g. 8.0¢g. 10.0 g.
15.0 g+ 26 g)o FHAE SN Jy H BT TCom 24 1 $k 2 41
Yoz, PO RGE. SRR PR E— . 2
P K H up-and-down 25 115 & B 10 0 b 20K
FR AR R o 0 VRS U € R o) {1 2 il i 2 25 245,
P75 EOR AR /0 & LA PR IR S N kT .

ARSI FAT AT ARSI TR IEH Y4 H
TP AT, THREK IS #VE )5 24 h BLJZ ONS
FHiE 24 h ME, KA CinePles studio V3 185 K RAT
N 15min, R CinePles Editor V3 2 AT E % .

WEFRPR: O/KFiZ3) B (moving distance,
MD); @R ZEAT N (exploration behavior, EB): )5
JNFE L, PIET A EEp\ T8 R, 2 e 1A IR
SN1E; @ 4517 N (freezing episode, FE): P4 H T
FH AR, AR AUAN S @1 AR EEAT N (facial
grooming): 9 i JTUA S PR 2 sk [T 38 IX 4k P AT A
A OFMEAEAIT N (body grooming): W ETK. &
SKEW T 2 Ak 30 IS LA S R X 3 © RIS R
AR B E S TR ZU P ek i 0 5 B A
QIEHIEYI=grN k= P =& =A Sk V=PI ELE €7D ]
S LA ) B A At [X 3

3. it o

AW EHE 1 ] SPSS 26.0 (IBM, Armonk, New
York, USA) ¢ it 814 347 BdiE 0, oxh Bdis it 47
IEASYERT IS W R BRI AU IR M IEZS 73 A0 B T B 5
Bl SR £ bRl ZE (X £SD) #AT R, XTRT
Jall TR, MHESNET 20k, ST
BROEATS, A BROEAS I A Green-House #f
TEVESR A BT L I TA) B 32 208 Je S8 AN, J
A 2H B R 32 7 22 0 AT iR AT 22 e o i (I LA fel
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I REESTI GRS G N
Fig. 2 Electrode implantation to produce ONS

=2

FLSD %) B[R 3 5 R I & 05 22 7 . B A
A ¢ KL A AL 3 B IS TA] R BT B AR o X R R AN IE
oAt ET R, AP (RN T
Vo r ) #EAT R, (8T SO v J5 72 20 M ik
I3 AT IR T 3 OB R AR O, JE A AR
2% Kruskal-Wallis & % 1 Frideman £ 38 £ 5 F&
658 73 BT 25 99) 2 ) 8] ) B B RS . P < 0.05 922 5+
ARG R AU R s, B A H
Graphpad prism (ver.8.0.1) F#AFZ:Hil .

& R

1. =21 K BRAS R B[] Sk TR AT UG 1 1 22

HEE J LB B A A8k JE2R. 55 1R 2B 5 IR
IS % fi = 20 K &R HE FR LB B O . 38 2 5. 2R
9 R\ 5514 RIS HiE fg =4l KRR HBLE 2 2 7
(P <0.001), ONS + CM ZHF1 CM MU R 7> 5
Con 4123 FFf%. 447 ONS J5 24 h, ONS+CM 41
5 CM AU B 2 T =y (P < 0.05), {HPZEAS R
E/NF CondH (LA 3 .

AUAUWLBOR B A8 A 2R, 58 1 KIS Hnid:
J& =K BRRT AR G 2 2 22 5, 58 5 RIS Ha
TEJG CM A5 Con 41235 R (P <0.05), 29 X,
514 RIS frd f5 — 4R BB 2 22 5% (P < 0.001),
ONS + CM HAI CM H 53 4% Con HEZE T F%. 447
ONS J5 24 h, ONS + CM 415 CM 41 2. & T+ (P < 0.01),
5 ConAEEZS (WE 4 .

FLEBHUBRE B A A JE2k. 28 1Rk, B S IX
IS Hrd 5 =20 R BRI RSB UOR BR G 22 22 . 28
9 WK+ 14 WIS Hnid Ja =41k e H IR & 2 57,
ONS + CM 4 F1 CM 443748 Con 422 FFE (P <
0.01, P < 0.001). 45T ONS J5 24 h, =4LETE#H
Zw (WES) .

2. =2 R BRAN R B 18] i /K P38 Bl e B 2 AR

I 7] R 5] 34568 K B MDD 5 8 35 i HL b 2
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Baseline 1 5 9 14 ONS

Times of IS injection (times)
SR SRS [ 1) A5 HEE b I LA
%P < 0.001, 5 Con ZLAHLL; P<0.05, 5 CM 4l
AHEE
Comparison of periorbital mechanical threshold among
three groups of rats at different time
*#%P < 0.001, compared with group Con; "P < 0.05,
compared with group CM.
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Occipital mechanica threshold (g)
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Baseline 1 5 9 14 ONS

Times of IS injection (times)
AR BRAS [F] I 18] R B AU R B B
*#P < 0.01, ***P<0.001, 5 Con 41AHLL
Comparison of occipital mechanical threshold among
three groups of rats at different time
**p <0.01, ***P < 0.001, compared with group Con.

s

Fig. 5

A H 5T (F gy = 5.095; F i = 53.555; Fon =
5.095; Py =0.001; Py =0.001; P,y =0.001,

PIRor) o O, 51 IRIS Fik G =4 KR IW
MD ZREHTHFE L FSR BIR. H 14K
IS #i7F J& ONS + CM 41 fil CM 41 34 %¢ Con 41 & 2
BE:; ONS F1iJ5, ONS + CM 414 CM 412 &1
o, 88 E{%T ConH, CM A& ZLT Con 2H (W,
% 1. B6) . @ ONS+CM 4 A CM 4 MD ) [t
IS Hyd A b, FEEE S S IR
R HFFS R 14 4TS5, ONS J5 ONS + CM 4
MD # ONS | & & 38, HAL T 25 5 O 28 9 ik

——

[ PR PR 2% 4% & Chinese Journal of Pain Medicine 2023, 29 (12)

(T

O Con W CM B ONS + CM
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Baseline 1 5 9 14 ONS

Times of IS injection (times)
AR SR AN [ I 18] 25 A UL B B
*P<0.05, ***P <0.001, 15 Con 4AHLL:; “P<0.01,
5 cM Atk
Fig. 4 Comparison of prefrontal mechanical threshold among
three groups of rats at different time
*P < 0.05, ***P < 0.001, compared with group Con;
"P <0.01, compared with group CM.
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—0— Con —a— CM —4— ONS + CM
8000
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g
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Baseline 1 5 9 14 ONS
Times of IS injection (times)
Be —HAKRAFNE LK EE) B EAR
*P<0.05, 5 Con ZHAHLL; "P<0.05, 5 CM 4lAHEL
Fig. 6 Comparison of moving distance among three groups

of rats at different time
*P < 0.05, compared with group Con; “P < 0.05, com-
pared with group CM.

IS fryE HE KT, RWKE BILKFE; CM EBF
ARHI G MD £ R % 5. Con 41K MD 7E%5 5.
9. 14 WHNE IS JG¥RIELHE N, HEHEMZ
W25, HARTFAHGZ4 KR MD #J6H
BZER (WARED

3. AR RN R (R SRR AT AR

IS [ 126 51 359 568 K B, EB A5 i 5 i HLW % 2.
AR ELRSI (F g = 37.458; F oy = 38.718; Fy =
4266; Py =0.001; P =0.001; P,y =0.001,
BIRRAr) « OHELR. 1. 5 5K IS fad fg =41
KRIEB ZR LRI FE N H IR B 14K1S
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Table 1 Comparison of moving distance (MD) among three groups of rats at different time
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2051 Group

L

Baseline

B IRER IS 5
After-1st injection

55 KIEST IS A
After-5th injection

B9 WIEM 1S Ji
After-9th injection

ONS +CM (77=7)
CM (72=7)
Con (72=17)
F-2HL 5 {8 BR8N F-group effect-simple
P-2053) 155 5248 P-group effect-simple

5129.26 £763.87

4542.56+87.22

5178.93£654.27
2.581
0.103

4883.96+656.43

4443.19+143.35

4917.891849.64
1.255
0.309

4041.23+£302.73*
3942.07 £408.24*
4451.53+272.55
4.606
0.024

2549.49+471.61*
2910.17£236.02*
4341.494409.11
42.347
0.001

27 Group

B 14 YGRS IS 5
After-14th injection

ONS F1iji5 24 h
After-ONS 24 h

F- I [R) i 525 57

F-time effect-simple

P- I [R] ] L5

P-time effect-simple

ONS +CM (72=7)
CM (72=7)
Con (72=17)
F-2H 5 {8 5208 F-group effect-simple
P-ZH 53 57 523 P-group effect-simple

2362.34+715.10%

2394.77 £ 666.54*

4081.09+686.75
14.220
0.001

3506.61 £364.14**
2323.611£415.05*
4478.29+1010.04
18.454
0.001

26.131
45.763
2.428

0.001
0.001
0.058

FRIERK W=0.256, P=0.083, *P<0.05, 5 Con HAALL; "P<0.05, 5 CM ML

Mauchly's Test of Sphericity W = 0.256, P = 0.083, *P < 0.05, compared with group Con; *P < 0.05, compared with group CM.

FER L ASFEIES ) =K RKFIZ B8 5 L
Table S1 Comparison of moving distance (MD) among three groups of rats at different time
N ONS +CM 41 CM 41 Con 41
NG EIRE - - -
' 4 ONS + CM group (72="7) CM group (72=17) Con group (72=17)
Different time
t P t P t P
R ] YorE
Pair 1 . ,% LU IS E. 0.996 0.357 1.557 0.171 0.797 0.456
Baseline-After-1st injection
s s Vst
Pair 2 L Eﬁ 5 KA ¥S.}§. 3.003 0.024 3.463 0.013 2.734 0.034
Baseline-After-5th injection
g VeV B
Pair 3 2 .% 9 DA ?S.E. 9.991 0.001 20.98 0.001 2.622 0.039
Baseline-After-9th injection
SELE S 14 Yok
Pair 4 A .éﬁ 14 URTEAS I.S.E . 5.831 0.001 9.19 0.001 2.575 0.042
Baseline-After-14th injection
. HEZE-ONS 15 24 h
Pair 5 Baseline-After-ONS 24 h 4.652 0.003 13.009 0.001 1.324 0.234
Y3 By _ ey B
Pairg o0 | KHEATIS 55 5 YR IS J& 2.583 0.042 4,002 0.007 1.195 0.277
After-1st injection-After-5th injection
e 1 Y KO Ve i
Pair 7 #1 O\E.gi IS.E 9 {AE‘.%_.} IS,E 11.509 0.001 16.273 0.001 2.228 0.067
After-1st injection-After-9th injection
A Ve B _ W B
Pairg O | EATIS 5-5 14 RS IS /5 5.782 0.001 8.492 0.001 3.014 0.024
After-1st injection-After-14th injection
. 51 REST 1S J5-ONS T-Hil)5 24 h
Pair 9 After-1st injection-After-ONS 24 h 4.411 0.005 11.14 0.001 0.761 0.476
. 55 UES IS 5 -5 9 AN IS S5
Pair 10 After-5th injection-After-9th injection 3:936 0-001 4914 0.003 0467 0.657
. 55 UIES 1S J5- 45 14 YGEH 1S 5
Pair 11 After-5th injection-After-14th injection 6.575 0-001 4.756 0.003 1198 0.276
. 85 TS 1S fF-ONS TS 24 h
Pair 12 After-5th injection-After-ONS 24 h 2.824 0.030 5.999 0.001 -0.08 0.939
. 559 TES IS J5- 45 14 YT 1S 5
Pair 13 After-9th injection-After-14th injection 0420 0-689 2.016 0.09 1521 0-179
. 55 9 IXTES IS J5-ONS T-HiJm 24 h
Pair 14 After-Oth injection-After-ONS 24 h -3.814 0.009 3.518 0.013 -0.318 0.761
e 14 Ve B ) -
Pair1s 0 14 KIEATIS J5-ONS T 6l 24 h 4264 0.005 0.216 0.836 1,056 0.332

After-14th injection-After-ONS 24 h

W 202379 1214 S .indd 901

S

2023/12/20 9:49:42 ’7



| T T

W 202379 1214 S .indd 902

* 902 -

HivEJS ONS + CM A CM 4 % Con A& F T
[%: ONS F1i)5, ONS+CM 1% CM 415 Z 1,
HEZLT ConH, CM KB EZMLT ConH
(W2, B7) . @ ONS+CM 4 A CM 4 K i
EB B IS #rid kAl nfimb, 7E5 9 RIS it s
L ZE S R R LR SR & 5 14 IKEESS , ONS J&
ONS + CM 4 EB #; ONS R 2 &8, HATH S
UCRIEE 9 IR IS FrE AR, RIRE 252K
CM 7R TR A /5 EB LW 2% 7. Con A K EB
TESE Oy 14 RGVE IS JF L LR B N, (B
P [ LeE el B 2 5, HARFARRT 5 %4 KR
EB C 2R (WANER 2) .

4. =R FAFIBS 8] SR 54T N2

IS 1] T ZEL ) 2456k K B FE A5 S 50 H % 2
) 47 76 M AR T O 2 RORE RS LR 2% g =
183.339; 27 =1554.776; X* . =558.831; Py =
0.001; Py =0.001; Py =0.001, ¥  OFELL.
LIRS SIS ik fE = KR FE Z 7 B4t
B 9. B 14 RIS Mk S ONS + CM
LA CM 41458 Con 412 Z W in; ONS T i),
ONS + CM % CM 2 & i /b, (H B 2% T Con 4,
CM KR FE{hEZE&ET Condl (WLE 3. K8 .
@ ONS + CM A1 CM 41K 5 FE B 1S ek Eus
JosE b, RS 9 YK IS HvE S L 1 HRRLk
B 14 ]IS ik J5, ONS Ji ONS + CM 4 FE #¢
ONS i &2 Z Jk /b, (HALT55 5 IRAES 9 K 1S frdk
WK, RIKE B FEL KT CM BT ARG
FE LA % 5. Con 41 KR FE 7E56 9. 14 4aiE
IS Jo ¥R I LR B 3, AH L P9 2 8] LA e i 2
Ze5t, HEFARMEZHAKNR FEHBLHEZES (I
AL 3 .

5. ZAH KBRS A 8] S T BARERAT A B AAR
FATAWEREZEZR (P>0.05, WE4. 5 . =
K FRAS [ B[] A (R0 f IO SRR B R4 Js T B
ERMEB TR EER (P>0.05, WE6. T .

it

AT 5T ok E A TS ) A i A ST T CM A
A, PRIT T ONS X CM 58K B9 AH R AT N 1)
i, AHFTSE K, ONS AElg il CM REA K
Bt S T 38 22 SR AL LIRS B PR ARG . K Tag Bl A BE S K
WERAT NI BREAT N2 AR 7555 1 IR
555 KIS HvE G 24 h K RCEKTH S UMM B A& R R,
B9 KIS Fryk J5 24 h K RSk TH AU B B H

——
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A AERFAE B BE

i ST 1 i B BTN 208 K = X4 i g
A4t (trigemino-vascular system, TVS) ¥ (14 28 Y5
g M. B TIS ey A R b A R DA T A
S T RS2 2, R = UM A I B, 1
PRI ARAE. BEE SRIFEPEM, TVS FME R A ff
LIS S UK BESG g, AR B B . IR
WS R EIE 79% (1w kI N E H# &3 (an
Fisk. 20, Yel. FIRBTECHEIN) BB IR,
A Sk R B Sk B2 FNBEJE ,  iZ I S AR N e
U S A ML RIS 2, WD R AN A LA
HRORXERAL, A R RO 1R R AR A R SRR i A i
P LA PR = A 22 ] ) R PR A, A O Sk 0 R A B
[) B 5 2% AL [K] A 22 JIK (calcitonin gene-related pep-
tide, CGRP). i %I % E, (PGE,). — L& &
3 A1 J5 45 258 S R i B A of A A T MR R A, R
15 55 TR 2 s ) A M R e 2 S K, A 1R 2 2 )
SIS TG IS B R A S PR BT R ™ A i B
SEURBEIL S M ARG R R = WA
B AN M AZ (trigeminal nucleus caudalis, TNC).
o Ji J5 A% S B i 12 i A A S5 i X, 12 DX Ak )
M TCH RIHEIE Z, SEURIKRBSZE YR, Xk
TR LAAM B Tk B0 H i 3% 2 B4 35 PR R as 2 7= Ak
i Y, s AT A H IR R O R . 5 A A
15 Rl BEBVERROC, I R g T KA R T
By AR R o A5 i X £ T R Mk AR ) R e A
Ry ] SR AR, TS RS R O G R S AR AE HUZ
i K.

it S I 98 N AN [R] Rl A PR AT DA S et s o A,
IANTE]: O Sk Jm A AT I N 75 8 S i ik 25 A%
5PN R = S B, P A S — i e (Ab
JARAL) s @Sk Jm A AT I A% 5 A A =k i 5 R
JoR T 51 2 Sk TR D O B, N A (R R
Mi. CEL IETEE (TNC X&) " Ofmkmk
AE D) 3 i 5 95 DU Js oz Bk 5 b 12 Ak s i e BB 52
0N G At N Al B o R B A (i) MY
AW FERM], X T4 HH I o R RO B R BRAT
ONS J& Sk I 5 () WL B - B T3 . ONS 72
—Fh TR IT 18 MR e & ] vk ¥, {2 ONS
TBIT SR IR I IRST AR 22 . 29WNRYT i s
E D SR8\ H IR bR R S i e FH R s i 2,
20 Sk e 9 Nt BRSO S VR T RO R A
ONS Y597 CM NI M ANE 4, (R n] R o [ p 4
b B e = AR A% E G K (trigeminocer-
vical complex, TCC) 2%, TCC H = X #&H K%
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Table 2 Comparison of exploration behavior (EB) among three groups of rats at different time

* 903 -

413 Grou L WU IS5 S RIS A 59 ST IS )5
- p Baseline After-1st injection After-5th injection After-9th injection
ONS+CM (72=17) 40.14+3.44 41.29+6.58 41.861+8.30 12.00+5.80*
CM (72=17) 46.431+8.24 44.29+6.80 35.00+12.73 14.00+4.44*
Con (72="17) 46.431+6.29 44.57+13.83 41.861+7.93 35.29+10.23
F-2H 5 {&] 53408, F-group effect-simple 2317 0.248 1.121 22.15
P-2R53) {55 52408 P-group effect-simple 0.127 0.783 0.348 0.001
Y83 Grou 14 WEH IS 5 ONS T-HiJi 24h  F-H [AIfa] S350 P- I [5 fi] B RE
- P After-14th injection After-ONS 24 h F-time effect-simple P-time effect-simple
ONS +CM (72="17) 12.00+8.47* 28.2945.44%# 33.128 0.001
CM (72=17) 13.14+6.01* 14.14+3.93* 27.598 0.001
Con (72=17) 34.00+9.45 34.14+11.07 1.993 0.108
F-4059) 15 5208 F-group effect-simple 16.339 13.253
P-# 3] 1 $ 2N, P-group effect-simple 0.001 0.001
*P<0.05, 15 Con AAH: P<0.05, 5 CM AL
*P < 0.05, compared with group Con; “P < 0.05, compared with group CM.
*hFEFR 2 AFEIN ) R =R AR RAT N LR
Table S2 Comparison of exploration behavior (EB) among three groups of rats at different time
S ONS +CM 4 CM 4 Con £
Zﬁ K HﬂLlEﬂ.““ ONS + CM group (72="T7) CM group (72=17) Con group (72=17)
Different time
t P t P t P
B ek
Pair 1 2 .Eg L REEA IS E. -0.668 0.529 0.568 0.590 0.301 0.774
Baseline-After-1st injection
Fiop VeV Bt
Pair 2 A .ﬁ 5 UG ?S.EA -0.473 0.653 1.810 0.120 1.218 0.269
Baseline-After-5th injection
Hiob 4 Vi 93 B
Pair3 B O RERISIE 9.908 0.001 8.097 0.000 3911 0.008
Baseline-After-9th injection
FELE A 14 YRUES
Pair 4 G .% 14 URTEAT I.S.E . 8.387 0.001 9.771 0.000 2.770 0.032
Baseline-After-14th injection
. L -ONS T 24 h
Pair 5 Baseline-After-ONS 24 h 4475 0.004 9.936 0.000 2.423 0.052
K51 Ve bk ; eV N
Pair 6 = 1 U\E.%T. IS.E 55 {AE‘.E].L IS,E -0.136 0.897 1.559 0.170 0.350 0.738
After-1st injection-After-5th injection
o i [y
Pair 7 # 1 U\E“.%T. IS.E 59 {Aﬁ,gi IS,E 7.940 0.001 19.299 0.000 1.349 0.226
After-1st injection-After-9th injection
. B IRTES IS J5-55 14 UGS IS J5
Pair 8 After-1st injection-After-14th injection 8442 0-001 7213 0.000 1.647 0151
. S5 1 IKIES 1S J5-ONS T 24 h
Pair 9 After-1st injection-After-ONS 24 h 3.731 0.010 9.906 0.000 1.680 0.144
5 VeI b O Y B
Pair 10 ® S O\E.ﬁ IS.E 9 U\E.ﬁi IS.E 14.980 0.001 4.402 0.005 1.251 0.258
After-5th injection-After-9th injection
. 555 UGS 1S 5 -5 14 YGE 1S 5
Pair 11 After-5th injection-After-14th injection 5.428 0.002 3.527 0.012 1.825 0.118
. 555 IRIESY IS J5-ONS F-HiJ5 24 h
Pair 12 After-5th injection-After-ONS 24 h 3.505 0.013 3.878 0.008 1.468 0.192
. 359 IESS IS J5-58 14 IRIEST IS J5
Pair 13 After-9th injection-After-14th injection 0.000 1.000 0.231 0.825 0.227 0.828
. 55 9 KTES 1S Ji-ONS T-Til)i5 24 h
Pair 14 After-9th injection-After-ONS 24 h -4.830 0.003 -0.061 0.953 0.155 0.882
% VeV B K 7
Pair 15 5 14 YA 1S J5-ONS iU 24 h -7.158 0.001 -0.378 0.718 -0.036 0.973

After-14th injection-After-ONS 24 h

W 20237 1214 3 .indd 903

S

2023/12/20 9:49:42 ’7



| T T

- 904 -

FMTAZ AN E30BCA BT AR, ISR B AR
B Rk LR s fi RS P A = X 48 R 48 43 A
XN sl U o i ) 1 i Sk A 7 K B
HILEE R C~C, J& M/ TR 41 B B B4 s . k%
2 U@ IR B KB C, M1 C, B i B A T
SRR SR T DACKCE DARE IR TS SN
TGN IFIRFLRE . ONS J& 75 At il M ph 248 N5
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(T

H— B, HRTH AT I ONS 1E F H# ik 2 %
I I T 1A AL, A% S A0 R Ak B 1 A 27 4E %
RedMfAE SRR 0 C B M (ES, XWE
LRYE AR AT A MR R RE S A T A, [
N5 JEL ) R e Jof A A A S A K 2R o e S5 4T i
AN T 4B i s B m) B4R 38, TN A, £F
YEEY, C 2 2 1T >R 1R SR 70 i) 3 5 B4 ) e o 4 i Xt
P AL S /E 7 Vincent &8 "V B FAUEH] 5
H % ONS T-Ti I K B AH L, ONS T A & 35
Jik I AT R BR I A ) CGRP 335 2 2 4%, K ONS
ER 2S5 GGRP B X, fFdt—Hio.

AW FERIEH, CM ALK R/KFiEs) e

—0— Con —a— CM —&— ONS + CM —0— Con —a— CM —4— ONS + CM
80 80
B —
£ ¢
§ 60 £ 60
.; 8
s o
S 2
2 40 2 40
c
8 * 2
o N
K] o * * 4
3 20 I# La,_: 20
w 1
*
0 T T T T T 0 T T T T T T
Baseline 1 5 9 14 ONS Baseline 1 5 9 14 ONS
Times of IS injection (times) Times of IS injection (times)
B 7 =R R A SRR AT AL B8  =ALREA N R 1T AL
*P<0.05, 5 Con 4LAfILL; P<0.05, 5 CM 4litL *P<0.05, 5 Con 4lAHLL; 'P<0.05, 5 CM 4L
Fig.7 Comparison of exploration behavior among three Fig. 8 Comparison of freezing episode among three groups
groups of rats at different time of rats at different time
*P < 0.05, compared with group Con; P < 0.05, *P < 0.05, compared with group Con; P < 0.05,
compared with group CM. compared with group CM.
F 3 ZHRBAEIN ] S REAT L
Table 3 Comparison of freezing episode among three groups of rats at different time
48] Grou B2 BUREHIS ) S KEHIS A 9 UGN IS J
- P Baseline After-1st injection After-5th injection After-9th injection

ONS +CM (72="7) 1.00 (0.00, 2.00) 2.00 (1.00, 3.00) 5.00 (2.00, 12.00) 20.00 (17.00, 32.00)*

CM (72=17) 1.00 (0.00, 3.00) 2.00 (0.00, 4.00) 9.00 (4.00, 16.00) 21.00 (19.00, 41.00)*
Con (72=17) 1.00 (0.00, 1.00) 3.00 (1.00, 6.00) 2.00 (0.00, 13.00) 4.00 (1.00, 14.00)
221 8 B URE 2 %-group effect-simple 1338 0.904 3.349 13.526

P-2159) 15 5258 P-group effect-simple 0.512 0.636 0.187 0.001

B 14 KES IS 5 ONS /7 24 h A7 IS} 6] ] BN P- ) [7) ] L A5ON

#L3 Group After-14th injection After-ONS 24 h 2*-time effect-simple P-time effect-simple
ONS+CM (72=7) 44.00 (37.00, 64.00)* 18.00 (15.00, 24.00)** 31.763 0.001
CM (72=7) 41.00 (33.00, 57.00)*  53.00 (41.00, 60.00)* 29.857 0.001
Con (72=7) 5.00 (3.00, 6.00) 5.00 (2.00, 7.00) 12.799 0.025
V2 LH ) fT AN 2 %-group effect-simple 13.457 16.657
P-4 ] 52808, P-group effect-simple 0.001 0.001

*P<0.05, 15 Con AAHH: P<0.05, 5 CM AAHLL
*P < 0.05, compared with group Con; "P < 0.05, compared with group CM.
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Table S3 Comparison of freezing episode among three groups of rats at different time

. ONS +CM 4] CM 4 Con 4
AN T7] ONS + CM group (72 =17) CM group (72=7) Con group (72="7)
Different time
z P z P z P

FLo Yhe Sk ERb =
Pair 1 A .;‘ﬁ L A IS )E. -1.511 0.131 -0.171 0.865 -2.032 0.042
Baseline-After-1st injection

FLo Yhe S ERF —
Paira  REK-E S IEMTIS 5 2207 0.027 2.028 0.043 -1.892 0.058
Baseline-After-5th injection

FLok Yhe S ERb
Pair 3 - .’5‘%' 9 Yk ?S.EA -2.375 0.018 -2.366 0.018 -2.032 0.042
Baseline-After-9th injection

s YRR 5
Pair 4 - .’5‘%’ 14 JREESS I.S.E . -2.366 0.018 -2.366 0.018 -2.388 0.017
Baseline-After-14th injection

. HLZE-ONS T-TiJ5 24 h
Pair 5 Baseline-After ONS 24 h -2.366 0.018 -2.366 0.018 2375 0.018

&1 e 5 ey Bt
Pair 6 # 1 (AE.M IS.E o {AE.;U IS.E -1.866 0.062 -2.197 0.028 -0.734 0.463
After-1st injection-After-5th injection

s ey s 0 I TR
Pair 7 # 1 “"I.HT IS.E 5 9 {AE.;U IS.)E -2.384 0.017 -2.366 0.018 -1.016 0.310
After-1st injection-After-9th injection

1 Ve i - e Et 1S
Pair 8 # 1 {AE.H IS.E 5 14 “IJI‘.EJ. IS.)E -2.371 0.018 -2.366 0.018 -1.480 0.139
After-1st injection-After-14th injection

. 1 RVES IS J5-ONS T-Hi)5 24 h
Pair 9 Affer-Ist injection-Afier-ONS 24 h -2.366 0.018 -2.366 0.018 -1.403 0.161

. S UCES IS J5-58 9 RS IS f
. -2. . -2. .01 -0.542 .
Pair 10 After-5th injection-After-9th injection 2.371 0.018 2.375 0.018 05 0.588

. 5 WIEM IS J5-55 14 DTS IS J5
Pair 11 After-5th injection-After-14th injection -2:366 0.018 -2:366 0.018 0-000 1000

. 2 5 WESH IS J5-ONS T-Hi)g 24 h
Pair12 o T injection-After-ONS 24 h -2.366 0.018 -2.366 0.018 -0.954 0.340

. 9 UGG IS J5-5 14 UGS IS J&
Pair 13 0 o injection-After-14th injection -2.366 0.018 -1.690 0.091 -0.763 0.445

. 29 WS IS J5-ONS T-Hi)5 24 h
Pair 14 o injection-After-ONS 24 h -0.845 0.398 -1.859 0.063 -0.507 0.612

. 2 14 EST 1S J5-ONS T-il5 24 h
Pair15 injection-After-ONS 24 h -2.201 0.028 -0.677 0.498 -0.258 0.796

x4 ZHKREA RN R R AR EAT L

Table 4 Comparison of facial grooming behavior among three groups of rats at different time

2H5 sk BV IS G SSRGS IS G B9 IER IS5 A 14 KIEH IS S5 ONS +il)5 24 h

Group Baseline After-1st injection  After-5th injection ~ After-Oth injection After-14th injection ~ After-ONS 24 h
ONS+CM (7z=7) 12.14%+2.61 11.714+3.04 13.00+5.86 15.14+3.34 7.29+4.89 8.14£527
CM (72=1T) 9.71£5.06 9.43+5.53 11.57£8.83 14.14+7.90 6.1413.63 9.14+5.37
Con (72="1) 9.86+2.41 10.29+2.75 12.14+3.58 15.71£6.47 8.29+4.35 10.00+2.52

RS ZHRBASIRI 8] 5 B A AT Y EE AL

Table 5 Comparison of body grooming behavior among three groups of rats at different time

2053 HeL WUV IS T B S IS ISF SO VA IS /7 25 14 JESS IS /& ONS +Tii5 24 h

Group Baseline After-1st injection  After-5th injection  After-9th injection After-14th injection — After-ONS 24 h
ONS+CM (7z=7)  6.57%+3.41 5.57+£3.26 6.86+4.45 5.86+6.15 3.00+5.07 5.29+4.39
CM (72=1T) 7.71£5.12 6.8615.30 4.29+4.75 8.43£7.63 1.57+2.51 6.29+7.27
Con (72="17) 7.57+1.27 4.57+3.05 7.00+5.83 6.57+3.64 8.43+8.32 7.714+2.93
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Table 6 Comparison of ipsilateral hindpaw facial grooming among three groups of rats at different time

A5 H VIR IS F MSUAESTISIE O UIESS IS5 S 14 UUESTISJE ONS FHilf5 24 h
Group Baseline After-1st injection ~ After-5th injection  After-9th injection After-14th injection — After-ONS 24 h
ONS +CM (72=17) 0 (0, 0) 0(0, 1) 1(0,3) 0 (0, 0) 0(0,1) 0(0,2)
CM (72=1) 1(0,1) 2(1,6) 1(0,3) 2(0,9) 0(0, 0) 1(0,4)
Con (72=17) 0(0,2) 0(0,2) 0(0, 1) 0(0, 1) 0(0, 1) 0(0, 1)

RT =K EASIRI 18] [ 005 B A A AT 9 EE A

Table 7 Comparison of ipsilateral hindpaw body grooming among three groups of rats at different time

) He FVUGER IS5 S5 EM IS IGS9O YGEM IS 5 47 14 UESS IS /5 ONS TS 24 h
Group Baseline After-1st injection  After-5th injection ~ After-9th injection After-14th injection  After-ONS 24 h
ONS +CM (72=17) 0(0,2) 0(0,1) 2(0,2) 0(0,1) 0(0,2) 0(0,7)
CM (722=17) 0(0,2) 2(0,3) 0(0,3) 1(0,1) 0(0,1) 0(0,2)
Con (72=17) 0(0,2) 1(0,2) 0(0,0) 0(0,1) 0(0,1) 0(0,2)

B FERRAT NP TR AT NI A%, 75 7
IS fEf5 24 h KR FiRIT AT H BN, FiZE
RIS iy JG 24 h K BOK-FI2 3 FE R MR R AT N
Wb, EREEAT NG, ZRAT NSRRI R Gk
TR S AT LB e 18 44 5 T A R AEL, B o B O R RF
GEAELER, IXTATREE CM 41 )2 ONS + CM 4K 5 A
I R BB B 7 AR IR REE BhAT N AR R 9%
Nk AR AR “AEES). ERE. BR
FRMDE LA AT AR, RSB L5 H W
A S R S gm, Rk, 7E Sk R AR R N
AT [R] [a] 38 k T S L B s S AT o U i8Eh
[0 3 0 L 2 S 3 2 [ 3 R ATL A B B s A I
BT REAR T, O 0 B i A ) L e R R 980 A
TSI R AR — By, B REOE 2 S 8083 A
Mif 52, RE A g Sk S IS 2, X TR T
I AR AR EE R T B R I AT M. ML NG Bh
PR, X0 R SEKIHIE ) BB T NI %, 2540
TARWF TR SLaeah Ao s N DR S5 1T e A 5 | S B
HIEJEWEZEs R xR, KEEZEsh 2 FEIEHENA
HEGR 1SR A LR 4R Y, e &k
HERFRIDRIMEYEPR, 1% 3R — AN AT BB 70

AW RFN], Con H KR HBUK Pz E
PEEBS IR ZAT N MR 4547 G ) o8 . SR
BEH, Con KR HWZ R T &4 Z4EEMN
N, HORAE LG A RS SR, X AR
RO T KR T — R E N Em, FHmTsS
29I MEE W), 7 EOR R AUE R, X MpEh Z 4k
ACH TR FR IR BN T K R it & —Fp S k. 5
Ahy FER BAITARAT R I ) 2 56 o R BT 2
iz S, WRIT N P G

15 (VI RIF 70 o o — SO RO T 76 fm Sk 9 A THE R B 4
A 2 R . A R RS 2 I Sk IR 12 M AL B AR 1)
— I fE [ R 2% B2 FEAHIE 7T K BROK I8 3h i BE
PRERAT 9 oS08 H THLLE 8 i O R o 8 A7 7 B K IR
RAEMmLFEMAZ 5, B RAT A RELT
SO R 2RO 70 S AR S G S A e — P IR
Fo AWFFRENH, ONS AMUATLAKE CM BALK R
(R DB O 5, 348 mT D3 2 HL At P FH AT )
o, R BTN S AR LR AT N AR R AT
N BEhEE R A . SRR Sk R R A
e — P T REBR RS, T AR R A
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SRS A OC BN DR S AT R Bk, i
S RKHN R i IR, ONS A& 75 Al 3 5 i A v 57
M5 CM KBRIRAHIAT NSO A Rpdt— D 7.

A FEA L Z AL A 5T 3R B B ONS 1] DL
B CM R K BRI SRAH AT N B8, {HER K ONS
2SR ) RE B[R] J2 22 YK ONS 2 15 2 5 A Rl £ F
Fio B8 RN R KRR A AR ONS
FIIRITRCR . BAN, =K AR B[] 5 ]S T
TSR EAT Ay RS SRR ERAT T 2 3 22 5%
{H Melo-Carrillo 2 ¥ ({)1f 7% % W] 4% 1S J& 45 min
P A2 2H K BR A RT R ALK B TR 5 JTOR AT Dy J2. 25 18
e 3BT AR F0 5 A — S0 B - O A A AT HA
S0 3R B B 25 T 1S J5 30 min, T ATL Bk O R S
ZFF, 3h BERAK, 5~6hKE EVIHAKT,
DR VBT 1S A2 T CM 1 5 i BRI 20 i) &bk
RAE, FrLA IS V59 5 B2 SR AR 34T 38 b, i fE
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