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HETE IS TACC B R REMT & TG o2 i 5 ME IR
1¥7i,mf‘§7ﬁéﬁﬁ *

HEH ZFR ok B INEB RBE EEFE OAFF FEA A
GNP 22 26 K27 B R 58 = 25 26 =R PRIZZ 2258 WL 48 &F R A 20008 St 78 F 05 S8 %, Bt 310053)

B E HH: HITYM R4 T (rostral anterior cingulate cortex, rACC) 4 % BR & ## 4 J1. 76 & &
HEM XML ERMAT MR, AR RA R TS rACC 2 AR & T R 2| EEAE
ATHER. 7':75%' JEJR T E 4 524 H# I AE ] (complete Freund' s adjuvant, CFA) 0.1 ml 2 7 X i/ 18 4
RUERAEA; i FRE R EF S (ACC A ARk WA LiE ., HEM 2 S RK MW Ny 37
5235 (open ﬁeld test, OFT) 27| A4 M E A AR 45 & X 4 BI{E (mechanical withdrawal threshold, MWT) fr /&
FEAT 9 R A= rACC A 2B B 70 22 02 © X B4 (electroacupuncture, EA) & = B . = AR X H
MERFATHERT A%, ER: FREREEERS AR rACC AE B G2 T UF R ERAE
1TH; s raCcC @M’* A M 2 LT & MR CFA AR R K R B & R AFAT A5 AT &M CFA KR
JEAEAT M B AE B e e R TE TACC AR BR e & i 4%, S5l W4T B T (ACC AR 2
ToTE M AR M R MR A R B R AEAT A

X YN B AEAREWEA T, BHER; BTN, B4t

Electroacupuncture alleviates the inflammatory pain-induced anxiety-like behaviors by
glutamatergic neurons in rostral anterior cingulate cortex *

XIAO Siqi, WU Zemin, SHEN Zui, SUN Haiju, ZHU Yichen, WU Mengwei, ZHU Xixiao, FANG Jianqiao,
SHAO Xiaomei

(Key Laboratory of Acupuncture and Neurology of Zhejiang province, the Third Clinical Medical College, Zhejiang
Chinese Medical University, Hangzhou 310053, China)

Abstract Objective: To explore the mechanism of glutamatergic neurons in the rostral anterior cingulate
cortex (rACC) in regulating hyperalgesia and pain-induced anxiety-like behavior of chronic inflammatory pain
model rats, and to investigate the effect of electroacupuncture intervention. Methods: The chronic inflammatory pain
model was constructed by injecting 0.1 ml emulsified CFA into the left hind plantar. Neuronal activity was reg-
ulated by injection of adeno-associated virus. Mechanical withdrawal threshold (MWT) and anxiety-like be-
haviors were measured by dynamic plantar tactile instrument and OFT respectively. It was investigated
that the activation of rACC glutamatergic neurons affects the electroacupuncture (EA) intervention on
pain related anxiety-like behaviors by stimulating the acupoint of "Zusanli" (ST36) and "Sanyinjiao"
(SP6). Results: Specific activation of glutaminergic neurons in the rACC induced anxiety-like behaviors in
normal rats. The glutamatergic neurons in the rACC inhibited specifically could alleviated the pain-induced anxi-
ety-like behaviors in CFA model rats. The antianxietic effect of EA was reversed by specifically activating glutama-
tergic neurons in the rACC. Conclusion: Electroacupuncture alleviates the chronic inflammatory pain-induced
anxiety-like behaviors by decreasing the activity of glutamatergic neurons in the rostral anterior cingulate cortex.
Keywords rostral anterior cingulate cortex; glutamatergic neurons; chronic pain; anxiety-like behaviors; electroacupuncture
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2020 4F [E FRy& i 2 b P E SN R —
o 5 52 o R 7 P 2L 245 40 A G PR AN i bR Py S A
T B, S5 MAm & M AT %
WA, 18R AR ROE AR R v [ 5O gy
BIA 37% A1 41% 2, e IR E . H
I 5 7 M A7 4 A SR TR IA 50% B TR IR AR RE A
Mot itk — 20 SRR AL (R 2 K, SRR Y,
TEBGGIENERS, 24 SBUSMAOmIT . Bt
TRIT 1S LR R ) AR SR RS 2 VR T 18 ME R 1)
HETTH, NEBM. RN T 1R 5 eI
o AR ML, T BT R AR R A T SR AR R K
P, RIS ATE ST IR MR X — R A JE T A
R IR 77 1]

RE A3 HIF 78 & B 0 A7 #1145 2 J53 (rostral anterior
cingulate cortex, rACC) 7£ 18 4 4 Jf 1) 4k +5 ' Al
MBI REEEER Y. BRFT TR,
95 N2 PR SRR R S VR A BT 0 HY B2 T (anterior
cingulate cortex, ACC) it < ™5 18PN
THBLEREMEESER, ACC HMEItH KM
JHCHL AT R B R0 P 5 ACC Wk P £ R 11
PROEAE s 4 MY A OCERIE B, 5e 4 3R IR AR
(complete Freund' s adjuvant, CFA) fg 75 & K B 11 £
JEREAT R M, T rACC 23 &R g 4 2 T TG P AR ALt
1L R AR K FE FEREAT Ty T AFAEAE HTIE R I AR
E. HET, sl HORIE TR A R & AL B
FEHR T R U, AR RSB R P R R R 4L
S TRAL I B A ME RS rACC R AL ML T, DLk
P 718 1 MR A R AR R REAT R TR AL

it A V6 977 1 M R 9 R FH B 24 K5 Bt 5 LS 41D
AR5 2 W BARICA A — S FE I btk
MR AN 25, R RIE RO, IHEE B
PRI RS AR AS RS Mo i L
JAE R I, EVR YT PRI MR AT 46 AH DR e 1
HAT B (i R AR U, BRSNS A R
N H S HEHE IR rACC RABRRENE TURIE
GRS PR P R AR FEREAT B E L i AR AT S

A 5T Ry 5 R R 4 rACC B &R et &
TG, WLEE N AR BUIRAS S CFA 5 K18 M 5 1 5
YR SRR B AN EE R REAT ARG s 7E ILBE Al
b, BEMAER T I rACC B R IR ALt & Xt LT
(electroacupuncture, EA) & =8, =B 7ALIIHT
YRR I PUER FEAEAT AE R I 2, DA I e BT
PRI P R B FEREAT NI AR BIL o A S 6 25 L DU
RE Ml PRBIE R E 7 18 8 e v 28Uk 3 2 D R 1
177 R AR AR -
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1. SIS o340

SIS B G T S A B EYE SD KB 67 A,
PR (300420) g, HIWIVLH R 245 K S2 50 sh P
PRk, SEEG AR Ao B ) A B R e N R SE AN
R H AR 2006 SEAAR K] (RT3 45 LI 311
TRGEIY , FEBETHT R B2 KK 78
O R FAC I L 2 H % (10745).

AR BRUE RN SRIR A, IR S0 AT TIE
MPEMETE 1 (IR 23~25C, {8 40%~60%) .
KEH HIRPUKAEY), R EA R 8 XA
TR IERSE, 12 /NBTEHIEIEIR . R XA REHLE
RN 64 X4l (C+hM3Dq + Saline
M, 77=11) . H +rACC #iF4l (C +hM3Dq +
CNO 4, 722=11) . BAHRZL (M + hMA4Di + Saline
H, 72=11) . 8 +rACC #Ifi|ZH (M +hM4Di + CNO
H, 77=14) . A+ HEH (M +hM3Dq + Saline +
EA 4, 72=10) . ¥ + rACC & + AL (M +
hM3Dq + CNO + EA 4, 72=10) .

2. G AN 7%

(1 i N EFTEST: JERERT 14 K, AT
JREFE S . 1 3% R 2R 60 mg/kg 7
B G G PRI R B s S R R B [T E i S AR e
i (RWD A#D  EIHFAT IR, 7o 5 6o 44

(CEFENTF4EM+74%) . & bregma ) x. y 24
Az B, #AE Paxinos and Watson [ K B K i 1% 1%

CHESHO i tACC (g 7 2 240: + 3.00 mm
anterior to bregma, 0.8 mm mediolateral, -1.4 mm
dorsoventral) HIAZE . M EE H KB AP = 9 mm,
W S BRIl 1 AP (B 5 BHE & Lh il 57, 3 HZK
BLSE PR rACC Aetbr. M EMESS, ¥ AAV2/9-CaM-
KIla-hM3Dgq/hM4Di-mCherry CEGIUHX 25 i B H A
HIRARD ESE rACC N, FEHNEE R 400 nl,
JREHRE N 5.34E + 12 vg/ml. KRR IR R 5 i ] 1 9%
B, JEEEATAT REERI

(2) R SRR IR BT 3 CFA FLAL 1)
JPiEE R 8 M A A 1T, BRI K KR T A
JEJRVEHT 0.1 ml CFA (sigma A &) F AL, X
KRR G R JEIES 0.1 m1 0.9% LR AR E K (bt
INRAEZNEARAFD .

(3) HEFAE: B4 H KRGS 28 Kt
AT — T T BT AL AU 5 i« =BRAS”
JUR R ZH R (AL M TES IR (LR
FALEEY O o HER (R IK HANS 200E 2 A,

W 20225973 .indd 495 $

(T

2022/7/18 16:41:57 ’7



- 496

e TR A D SHAR: 4% 100 Hz,
SRS WIUATEEE 0.5 mA, BERE 20 2B 0.5 mA,
). 60 434t

(4) ¥ rACC i X B & TR Repi &2 e id M. @
MEAL G, E KR rACC AbfiEiF L 2 1A% 9% 75
(AAV2/9-CaMKIlo-hM3Dg-mCherry), i ## J5 28 K

(W™ SEEG T 30 408D MR vk 9 & A — AL A

(clozapine N-oxide, CNO, ¥ J&¥: 2 mg/kg) LL¥IE
rACC BRI T0; Wi el 5, ERKR rACC
A ik B S AL a8 AR 0 B (AAV2/9-CaMKITa-hM-
4Di-mCherry), i JE 28 K (37525 AT 30 204
J8 i VE 5 CNO BLII I rACC R A TR REMI 4 T8 Xt
HEAH K SR IS vE S 25 0.9% TC T A K.

3 AT A

U ATk P g Rl A SR FH 2 2 A2 I fl it A

(7 K¥| UGO Basile 2 &) AT WL 2 [ 5 5

A (mechanical withdrawal threshold, MWT) &I, #
TR ) A3 4 )5 26 27 F1 28 Ko EOE KR E T
JRIN R M B AN &, & BESET
TEN 20 Sl RS ST IR BRI . R A
FIARGEIET (EAR 0.5 mm) 31 ZE KR A G 25T
gr, BRAEIRAC L 0~50 g/20 s FIZRIE IS /13347 15 7
WIS, K BUE R A D 4 2 RE. JE ST S I
Mg, FRIERE 30s, BUS 4 IERSFEEE R
MU BRIME . MR PR R TR BRI PR B 22, = MRS
N 23~25C, BERIIERS R 9:00 am~ 12:00 am,
A5 VRN IRE A1 S R A T IR S AR ARE U o

(2) HEEFEAT NI GRS 28 RT3
M (open field test, OFT), #& M i [A] 4 8:00 am~
12:00 am. & N IBEORFRRE N 45%~55%. HEN
23~25C, MR 40 7 DICLF, = AR ERELT
HEAT HE o MK AR K SR T 55 18] 1 /NS R RS

W 375e 1 mX 1 mX 1 m [ 1E 7 2 0T 55 A i
FEAR, 0I5 40 B 16 AN IE T T 7 R X 3k,
] 4 A58 R X3, JE FEL 12 AN 7 AR Xk
MERET, K RCEEY b g, &N 30s 5, A
ANY-maze ST NASTEREE RS (35 Stoelting 23 7])
SRR BAEY 37 5 min ) B ARG SN IE L. B A KR4S
W JETETEY I FAE F 10% RS N8 32 e AR T
By 115k B IR R RO J5 82K BRAT it BRI o

4. WM J i 1 s

AT NFEER G 90 min HEATEIYEM . 3% KL
ZARTEIE 60 mg/kg FIERRIHF AR, 7RO, #E
FEESLHORIEN, S 0%E, BEFEZMK, b
B e Sk, BT AOH, PRIEEES: PBS TR
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200 ml AL ZRERHAMRARD , HERNRINK
AL 1, Bl E 2 HE: 4% 2 5 K 200 ml
(PR TARAFD o BEEES WG 40,
BT ZRHPBET 24 h, FHEH 15% F1 30% [
W (e REN TRAARARD BERAK, =
KN 578 AU S5 G A PRI AR, T -80 CUKFETRAT «

5. e gt

TR i IR ZH S KR DA L (32 Thermo
Fisher Scientific A &]) #47 V1 A, JEJE N 30 um. 4
ZU)F S 10% 9P I3 (Solarbio) Jf PAVRAE 37 CIHIR
HKIRFEES T 1 he BEEIMA—HTT 4 CUKFEREH 18 he
Anti-c-Fos (Rabbit, 1:500, ab190289, Abcam), 5{ Anti-
CaMKII (Mouse, 1:500, ab22609, Abcam), TBST & ¥t
JE M\ —$i: Donkey anti-rabbit 488 (1:800, Jackson Im-
munoResearch), B Donkey anti-mouse488 (1:800, Jackson
Immuno Research) , 37°CHEIE/KIBFEIFE 1 he el
FALAI G KT (£ DAPL ab104140, Abcam) F 1,
ZAEIG AT R . SR VS-120 BB b) B (k)
A (Olympus A 7)) WELRNAE 5, FFH Sense
Dimension KA M E AL TAE.

6. Gt

KHI SPSS 20.0 Geit B AFEAT G it 220 i, LAY
B+ FRifER (X £SEM) s HSEHRRTE A A Al
JiZESHERT, SRFEIMSIFEAR ¢ 465560 9 NAEIERS AR,
KA. P<0.05 AZEREAGHEE L.

B R

1. RS MBS rACC RARBEAM A TS KA B
RE KRB EFAT A

T Y6 7E KB rACC Ab i & ¥ 59 b 2% 38t 4% i 23
(AAV2/9-CaMKIlo-hM3Dg-mCherry) (JLE 1A, B) .
42 KJGIE e ey th, 1 rACC M5 21 58 1)
2L A58 (mCherry) 155 (WK 1C) « &40 IR,
RSB ER A A IThRILY) (CaMKllo) JERIE R
H80% (WK 1D, E) o JF H 54 (C + hM-
3Dq + Saline 41) #HEL, rACC BRI AEFIL TCHGE
41 (C + hM3Dq + CNO 41) 1 mCherry 1 c-Fos ]
HLRIEER I (P <0.05 WHEIF, G . HIt#E
A 2384 TV REE R HE R R RIS rACC B 2R A
MZITTIIER. OFT 45 R EoR, SXTRAMLI, #
TR RRIED 31 Hh Sz sl i (8] B 2 B4 (P < 0.05),
HIXWA s BB oS 2w (WWE 1TH-D .
FENUMAE SR A I b, S5 AR b, S 4L
HEBEMZR (WE 1K) o DL EGRER,
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Vlrus aneCtIon OFT/MWT AAV2/9-CaMKlla-hM3Dg-mCherry
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H | J K
[ C + hM3Dq + Saline [ C + hM3Dq + Saline [ C + hM3Dq + Saline
B C +hM3Dq + CNO B C + hM3Dq + CNO X B C + hM3Dq + CNO
251 % 25+ ‘
| — (ICJ
i ] _]_ = -
204 [ 20 3
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8 g o)
o
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1 AN
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Bl1  fEAEFRESKRA, RS rACC RAFRAEM A ILREN SR IEFEIT N
(A) BEA LI FRALE (B) iR (AAV2/9-CaMKIla-hM3Dg-mCherry) vES 7 B (1K R AOR B (C) 7 #9345 5 78
rACC Rk AR E CHLl RN 200 pm) 5 (D) FidE (Z060) AMAEFRAEMZ JChRicY) CaMKlIlo (4E(h) L3Rk
MARRIE CEEBIRDY 20 pm) 5 (E) CaMKIHo FHERPZE e AR 2383805 8 S 80 0 B (72 = 3)s (F) £ rACC &
IREER R, R (L) 5 c-Fos (4 JLLARMARE CHLEIRDy 20 pmd 5 (G) LR EEM c-Fos
L RS (72 = 3): (H) BAKRBRAEN k5 h i) b RIg s a2z = 11); (1) & HRRAE 17115
FIEFEEEE (72=11); (J) A KRIEY R izl B ARERE: (K) SHRRMERIE (2= 11)
*P<0.05, 5 C+hM3Dq + Saline 414 Lt

Fig. 1 Specific activation of glutamatergic neurons in the rACC induced anxiety-like behaviors in control rats
(A) Schematic diagram of the experimental process; (B) Virus injection location in sagittal view of rats (AAV2/9-CaMKlla-
hM3Dg-mCherry) ; (C) The representative image of virus expression in rACC after virus injection (Scale bar = 200 pm);
(D) The mCherry (red) and glutamatergic neuron marker-CaMKIIo (green) were co-localized in the rACC (Scale bar =
20 pm) ; (E) Percentage of mCherry and CaMKIla co-localization (72 = 3) ; (F) Representative diagram of mCherry (red)
merged with c-Fos (green) in rACC virus-expressing rats (Scale bar = 20 um) ; (G) The percentage of the co-expression
of mCherry and ¢-FOS in each group (72 = 3) ; (H) In the open field test,the center time of each group of rats (7z=11) ; (I)
Total distance in each group of rats in the OFT (72 = 11); (J) Representative animal trajectories and heat maps of rats with
each group in the OFT; (K) The comparison of MWT in two groups (7z=11) .
*P < 0.05, compared with group C + hM3Dq + Saline.
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FPEROE rACC B Z R Ae i & T RE S 5 R AE FIRAS
KB FEREFEAT N .

2. R PEH] CFA BEBUKE rACC B AR R
LI R AEEREAT N

BT UL EHEFL, AR rtACC BRI AEM &
TCIE TEAR AT CFA B i A8 JEAEAT N AIHL IR 1 T/
B R0 o GEREET 14 K, FERER rACC AbTlE v E Y
b 2 3% £ 9 7 (AAV2/9-CaMKIIa-hM4Di-mCherry)
(I 2A) o 42 RjGiEd Ryt t, 18 rACC
ik [X W %% 1) 38 56 1 21 4.5 Y% (mCherry) 55 (L&
2B) . GitiEon, HXTHEZL (M +hM4Di + Saline 41)
L, rACC B2 R AE A £ ol Hil 41 (M + hM4Di +
CNO #41) " mCherry F1 c-Fos 1) 3t 3% 15 07 &2 g /b
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(P<0.05, WK 2C, D) , ML WfhAs AL 5k
RERS K PR SRS rACC B SRR REARZ TTIIE ] .
OFT ZE R, SXFIBAM L, Mk 47Ey il
HRR I B 2 1 Hh I B A (P < 0.05), H4Lm)
ZHREELHEZESR (WK 2B-G) o 7ENUMIETE
BRI Hh L R ZEL R G B R AR (UL 2HD .
DL 25 BERIR, R ] rtACC B E IR BEFH 4 T
REMS 2% fif CFA 18K BRI R FEFEAT o

3. RS rACC 2R BE 1 20 7 BH T F 4t
X CFA KBRS REFEAT AT VEH

IR g5 B BH] rACC BRATRRER L TTRESE
FRAE P 8 P TS B KBRS FEREAT o BRI AR,
HLET REE B SR AR AR SR MY B IR AT AR L AT

A B C D
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)/4{’\ @ S 40
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200 pm > s}
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Saline  CNO
E F G H
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B M + hM4Di + CNO B M + hM4Di + CNO B M + hM4Di + CNO
157 30 o 207
* T
— n
o E - 15
o 107 8 207 S
£ = =
pul % 10
E : =
¢ 54 < 10 Ol.
© e 5| 57
0 0
B2 7C CFA BERUKR A, FERMEMH] rtACC FIR IR RERI & 0 RE S 2 ML LB FEAT
(A) 7 (AAV2/9-CaMKIlo-hM4Di-mCherry) {5107 B KR AR EL (B) rACC i Bl Z B CLLIRCA 200 pm) 5
(C) AEZH KR A, CaMKlla FHTERIZTE (L) 5 c-Fos (£ffh) LRAMMREE CELBHIR K 20 um) ; (D) &
40,7 CaMKIlo [ 22 761 c-Fos 3L33% 15 & CaMKIlo [APEM 2 TG H 20 H (72 = 3): (B) ARH K BRAEY R5%
R RIS ZIN ) (72 = 11/14); (F) S ARBEN RIS BIEE (72 = 11/14); (G) NRA KRN il Iz )
PR FEIAI AR R B (H) & KRR B UL (72 = 11/14)
*P <0.05, 5 M +hM4Di + Saline ZHAH I
Fig. 2 Specific inhibition of glutamatergic neurons in rACC alleviated anxiety disorders in the CFA rat

W 20225973 .indd 498

(A) Virus (AAV2/9-CaMKIlo-hM4Di-mCherry) injection location in sagittal view of rats; (B) The representative image
of virus expression in rACC after virus injection (Scale bar = 200 um); (C) Representative diagram of CaMKIla -positive
neurons (red) merged with c-Fos (green) in each group (Scale bar = 20 pm); (D) The percentage of the co-expression of
CaMKIlo-positive neurons and c-FOS in each groups (72 = 3 in each group); (E) In the OFT, the center time of rats in each
group (72 = 11/14); (F) Total distance of rats in the OFT (72 = 11/14); (G) In the OFT, representative trajectories and heat
maps of rats in different groups; (H) The comparison of MWT in each groups (72 = 11/14) .

*P <0.05, compared with group M + hM4Di + Saline.
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A B I FEIK tACC B2 IR BE AR & O TE 1 K 2%
R EREAT AIIPE- . N TIRIEX — 5548, ASLES
7E HEE T T [F) IR rACC 43 0 R RE 1 22 7T B0
ML BB EFEAT N IIE & RIS E . FEIE R
BT 14 K, BT KR rACC AR Sk 2 3 AL 5
7 (AAV2/9-CaMKIlo-hM3Dg-mCherry) (LI 3A,
B) . HIEEMRGE 28 K, T REIMEHK “E=_"
“C=MRE T HHT AT COLE 3C) . OFT 45 R B,
5%t HE -+ B £ 41 (M + hM3Dq + Saline + EA DA EE,
PO + B A (M + hM3Dq + CNO + EA 41) ik
IE BN T BRI (P < 0.05), HPAKRIEsh e
B ZER (WK 3D-F) o AN B ASI 4,
XTI+ FET 2SS + AT AR AR YT AT S
B A (P<0.05, WWE3G) o PLEZERIER,
HLET BT 1) rACC 25 20 IR BE A1 42 0 176 11 R 4 22 il
P 5 I TR AR AL K B R AT A A .
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TN N BRI, DT TR R i - D 15 4 - TR S
A GYEER . SHAMBEAR, FiEELE T
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Y E 157
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o) a +
o 54 e
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0 T 0 T Pre After Pre After
B3 AENIRAR SC AR B REAT D RO/ I AT BARRE SV B0 rACC 23 R RE 1 42 JTFH I
(A) LR FEE: (B) i (AAV2/9-CaMKIla-hM3Dq-mCherry) 7507 B (11 K RCIR B (C) HUEHAIT IR &
K CE=H. =F150) (D) Wipikierh, AR KRS RZshif i) (72 = 10) 5 (B) &HKRAEY 7%+
BAEIEE L (72 = 10) ; (F) FHKRAEY 550 iz sh Pk FARR AR (G) AN 4L il 5 7
HLLE (72=7)
*P <0.05, 5 M +hM3Dq + Saline + EA ZHAf Lk
Fig. 3 The effect of EA on pain-related anxiety behaviors could be blocked by specific activation of the glutamatergic neurons in
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rACC

(A) Schematic diagram of the experimental process; (B) Virus (AAV2/9-CaMKIla-hM3Dqg-mCherry) injection location in
sagittal view of rats; (C) Schematic diagram of EA treatment (ST36 and SP6); (D) Time in center of the OFT in different
group rats (72 = 10); (E) In the OFT, the total distance of the rats in each group (72 = 10); (E) Representative trajectories
and heat maps of rats in OFT; (F) In the OFT, representative trajectories and heat maps of rats in different groups; (G) The
comparison of MWT before and after EA in each group' s rats (72=7) .

*P < 0.05, compared with group M + hM3Dq + Saline + EA.
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