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[ABSTRACT] It is well known that acupoints have an intricate connection with the nervous system. The specific
mechanism of acupuncture in regulating the nervous system and exerting the therapeutic effect is one of the hottest and
most difficult aspects in the field of acupuncture research. The regulation of acupuncture on the nervous system involves
multi-target and multi-link neurofeedback, and how to find the critical effector neurons in this process is the primary
concern. In the present article, we introduce some modern paradigms and methodologies for screening acupuncture-
responsive effector neurons starting from elucidation of structural and functional connectivity between acupoints and
neurons, for example, 1) neurovirus tracing techniques for studying the neuronal structural connections, and immediate
early gene labeling for identifying functionally connected neuronal ensembles activated by acupuncture stimulation, 2)
neuroimaging techniques for observing the impact of acupuncture on brain functional connections from a macroscopic
perspective in real-time, 3) in vitro and in vivo electrophysiological recordings, as well as in vivo fiber-optics recording
or two-photon calcium imaging for revealing the activity characteristics of activated neuronal ensembles, 4) analysis of
the causal relationship between the key effect neurons, their neural circuit connections and the therapeutic effect of
acupuncture by using multiple measures such as optogenetics and chemogenetics, etc. We should further strengthen
the connection between the experimental research, basic theory exploration and clinical practice of acupuncture,

accelerate the process of revealing the scientific connotations and promote the modernization and internationalization of

[DOI] 10.13702/.1000-0607.20250407

S| AR Ak S, BT, B Sr BRSO e 7 R S ) S I 48 B S 1 BAC I 9 B R R [T AT BT ST, 2026,51(6) - 781-788.
T B SR : [ R ARG F I H (No.82474623 ,82374573) 5 [ 5K [ SR Bk 5L 4 44 351 H (No.82430125)

B 1EHE : Wb 8% , E-mail : yaolulu@gzucm.edu.cn



< 782 -

Acupuncture Research

acupuncture therapy.
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Table 1 Tracing viruses commonly used in acupoint studies

L ERVN

S AT 3k 9 7 WE5E R FES I SN N ] ik
AT B 396 4 7 JRA R T (AAV) N SMAIC MEcZ M EE HEEN,FRA21d, e /N
Al 5 58 fih R FrE I BA
A7 5 22 2 fiph PRSI 5 T SN SMAIT AT ML TS, BUNT R s R, =1
(HSV-H129) 2 fuh 35 5 1Bk &R Fpg ik 5~7d
IRHE T 1T 9% B ML B 2R MBSTIKR  HETH L BUNT NS sh L, =1
(VSV) Frgr ik gd
NI4T 1 5 2 figh JIR A S 75 1 7 Y 1 ML A B MBS IR LHrFES AAVI-Cre il 88, T iiF /N
(AAV1) 5 Dio i, W5 #ik 21 d
MRAH SR HE45 A & B R BHEES, W ERIL21d /N
(mWGA)
o o T S ( TKO) 1 5 A B B 14 d RS B
PRSI 5 7 HSV-ATK, &85 1
(HSV-ATK)
T AT 5 £ 2% fh PHAER 8 7 (PRV) TS METT MLz EEE L BUNS PR SR e H =
2 fih $5 G Bk &R
AT B L2 ik R G Y MU [ R R B AR A A B R 14 d RS W

PHAER TR EE (RV-AG)

RV-AG, 8 &L HH

2.2.1 RIS Ml 1R B

A #5 2 il s 75 78 5 AT B2 T T B 98 X0 S RE AR
BN G ME RGN RS R KM & TRl
BRSO R . I AR B 58 fils B T 4R B B RIAF
5 N )R 2 R A SR — M 4 0T S A
2R LA W B AR B A o R 22 0T (nis
s 2o)!"

FEDEAT AR 5 53 Ml R B S E 0 B 4 BR A G
W BE (AAV) , H I 5| (9 G 2 S W 45 55 , AT ZE AR N
KR e Rk o fEEFE AAV IR 85 217 B 28 5 i
I DX 3 AN T I3 78, DR JFE e 2 T 9 i A X A A
L 24 75 R 20 20 R e RO R T R B T AAV 2-
retro 8 AAV9-retro HA % = A 0 AT AR IC RE )
AAV-PHP.eB ] L) #5 # i b# [ . Jaehong Park 45
NBE AAV 2-retro i 75 1 569 3 52 50 B , 76 4 6

SR AT A B R M s B — 5 RT AR o ik o K R
R 2T
2.2.2 AT 5 5 flds T A

AT 85 S il s B AT 4 O AT I 22 5 i B AN
AT B OGS ke 1 o ORI AT B 22 28 il B O TR
AL R, T AT B 22 O fi 4R B X A 2 AR R
SRR 2290 o X T RE ST kR ER Y AL, T Z Y
B AT 7 i BCRT O R A 0 Jey RN B 1R pp
25 RV 45 40 1 DG I ) UE B | U7 326 31 1 A 2% P
ZI0. X T AT IS 2 5 fil s B R 18 DA R e
# (PRV) , B BB 98 ™ 4% i 1] 25 22 5 fish o5 10 A 22 )
2% . Yao 554 PRV VST #EAME/INEL B SR b, T4
iz ol K 2 (ML) 5 02 W58 31 — 75 32 95 B A il 19
P22 I, IE B PR ML EI AR JE R SRR b 2 B R
ke L A5 K 485 45 AN [] 2 S 8 1) PRV 43 0V S A



c 784 -

Acupuncture Research

5T WS AN [R) €095 B E I N A AT 1 S b A
L, W ZE 2 1T BE P9 0 A2 40 M 555 43 (MVePC) L E 4
JEL AR A% (G R B 55 % (PVN) (R E 4 B #%
(Subl) # 28 70 35 AN W) B 65 19 o B A i, B G N
PN B SR U2

SRy TS BRORG M ) B 5 ik ) OB R,
FEAL B AE R IG B (RVAG) B3z i A o 31X Flois
P BR 3W0AT 1 K e 0 H 3 2K 5 58 il i BB 0 L DA B 7
F B 1 (EnvA) B 4 KSR BB 85 11 G(GP) , B
A TE I FL3h ) wh 46 o0 b A FE R SR IR BN Z R (TVA)
FAMNEME G E AR, RVAG A 1] DL G 33 26 4 28 5T
IS HL g ki AT 38 RN H TR ST E B RV
/NG WS 32 A SR 2 1 e R g DX 28 0 22 (] ) B
filt 45 # Bk R . Wang %5 78 ik T K & T K R
(PAG)ESF RV-EnvA-AG . AAV-mDIx-Cre } Cre
WM 1Y B Bh R & AAV-Dio-TVA #l AAV-Dio-
RVG, 1E 5 R (ARC) 7] W% 3 b ic 149 Bl 28 7 Ml
& UEH] ARC #2820 7] 85 28 il % 59 21 PAG 1Y y-2
BET R BB i o i 22 0T,

2.2.3  JWUAT 5 5 il 5 75 7 B

AH I HbL AT 5 5 flo 75 1T 49 R AT 855 22 58 fioh
FWEAT 25 B 28 fish o I FH AT B 22 58 i 2 AT IO (1)
5 22 5% fill 4% B 5 £ F 5 1 A A & 09 1 7 2000 p
2600, SR H BT A OG0 N R D R R L
WA e R A DX A 28 0 22 ) B 25 R IR AR . AR R AT
175 22 53 il /s 5 B, P 3 FH B 296 256 35 (HS V) |
KA E R E(VSV) . H AT HSV-1 835 5 1
H129 MRt )z H T AT %5 2 fild /s 5 4 456 41 Ji ) o
X Ko H AR i 28 B S L T VSV 2B o e 4
W REE . Yao 255 VSV IE BT 9F M1 K X, Wi 47 85
2 5 il BF 5T ML R 3 i X7

Xif AT 5 o2 fh o L B AT S T A
Bl 22 T 22 1] 1 BRL5S i BR 2R 1T FH ) 7 B O s 6
HSV-ATK 456 5 B 8 , LA S 28 56 K TR it 1
1o T B Y AAV L A EEY [ A A 48 A 28 0
PR T i 1 22 IR B4R 3 (W G A AL AAVP,
2.2.4 N FHAN 20 B R BR R T R R

X bR B R R S, T B R R
A5 45 52 G $ AR A B RS B R R T I .

FE S AR 7 : (1) O TARFESCIG 45 Ry —
Pk S A — A O B g — T S S 8, i g
TRBE SO S A AT 2 A IR
Y A BEAT VIS BRI ST AV S R L A5 R
B2 RAE TR P S ) — B, [ R T SR A5 R i mT

FEVE ORI [F] — S VE S S BN REA B KT T 3,
(2)FF SN A AL S 5 R ERKHESZ
SRS, R 1~3 pL™, X T HLA 418150 A 5 /b
e o SR TR SN A AN (| DS S R SN 153
BB A A T e B A M B K, R I AR AT O
A7 B3 B AT AR 56 2% BB LA 2 SR AL 1 L AT 5
R R (DX T AR A S
W 5 (I HSV . VSV \PRV) , 4K 13 8 5 S2 56 3h ¥
— AL BEAF G 3~5 d, A1 AV S A7 0 B[R] A PRk
SRS R PN M o NS R B e N R E 2TV
REAFF I o o 45 125 52 fih K50 5 T S0 A I 5 TEAH OG, DA
PRV 4 # 01 , o AKX 7E 5 J5 24~36 h 5 — 2 5 i,
36~48 h 5 Wi 2 fih , 60~72 hit5 = R fph sl F £,
A o3 Z2 A B (8] 49 S IBORE A Bl 40 0T s 27 15 o 31 5 UL
PRk, T RSB RTAE T R RS R W
B I 2 B Sh Wk A, A PR HEBORE B ] o e Ah B
VRS 5 By B B A 3 A v S A, A BT
S KE S E W AT T, Jo ik 50 I8 i 2
P2 TE LSS 595 B TR S S AN R[] R G 1 5 B A
2 RGeS (2) 27 R 75 7 1 KR T8 vk S B X
PR B, W] 2 RS N A R R 5 Y AAV B 15 G
ZREEFI (W CTB FG) , AN E 77 2 % 1) i 28 7
iR iR (3) BUAT 7 B B 0T RN BB AR IE A 22 2 H
AT B2 306 47 R0, O T B o BF oY 45 R n] AR
PE |, XF T[] — 4% A 8% o5 40 FH P A B DL B AS [ 9
R WA 36 3E . W Yao 25 A F CTB-555 . /& 6 J&
AAVI1BR B VSV i 47 5 558 il RV 22 8 55 1iE
T M1 258 (PBN) - (NTS ) 38 s 25 4417

3 M IfEEEK BN F O L ROM 42 T

S e HH - A SR S SR 3 S 1Bk ) 20 M 22 0T
N RS RN s N R R DT s MG VA ]
SER PRI R O, b BT TS 28 00 5 B RO A D RE
WA o i a0 5 R 2808 EL A ) B R B AR M 22 DT Y
J7 ik BAR AL 45 i o B 2 B 2R IR (TEG) Frid B0oR
WU 32 B 500 PO B o T8 A 800 5 AE SRR L R —
A5 D RE S B (A rl A BRAE ¢ AT S IR S ) X
X fi L M 22 U HEAT T RE MR IE , A A0 A G B
RN Y B SR
3.1 ARGEITVEARIC 32 AT 5 ) A4 Ak 28 T AR R

Bt R 5 T BT R — AN R . 4
B, 32 3R R 2R 0 2 OO L [ I TEG 2
T 32 PO B A 22 T HP DR e i, {91 G0 4 i i ik I
Fos (c-Fos) | ) 2 K 2 B [ 7 1/%F 45 3 H 268



Bt BT 5

© 785 -

(Egrl/7if268) . & ¥ 8 57 40 i B 42 A0 5C 26 11 /36
PE 5 3L A 3.1(Are/Arg3.1) il Homerla, At ,IEG
AR R BS80S 9 43 AR e, Hirp e-Fos
AR B TEG 3 shbrid o 7 FH kR
SRS R A e e (e B S A
AUl g o) B A 24 32 1Y J7 6 Al AL TEG & H
R/ 33k S Wb RN OR LAV <Y i NI <SAE A
R 5 28 oo e Ny BE R S R o Yuan A5 58 L 5 oY
JeY 1 AR IE T M1 PVN NTS PBN i}
PR AT S 8 R SR A 7 ) R 2R T R T A R e
e 55y B R I BB IO 09k 20T, B 9 AR
FERNTREFBEMET Fos-GFP # F /N, X
57 4 10 4t B RS | AR o-Fos #if 28 J0 728 45 5
i = 2
3.2 AETE S A Ay B R b bR IC A2 B R R A Y 2
JUHERE

B TR G RIARIC T ¥ R A — R A TEG KR
Fric T H BT %, T S B0 AE 0TORS B 1 B 1) %0 1 PN B
ORI 4 O B R 40T
3.2.1 HETAREEIINATRL

Guo 5544 c-Fos Ji 2y T #5417 b 5 15 5 4 v
4 i CreER Y Fos-CreER /) [ 5 % iA td Tomato
68 1119 CreER-AI9 /N 24 42 , 14 5 Fos-CreER;
AL /N B 45 T M 5 ORI AR W A- R A 5
% (4-OHT) LA f 1 c-Fos Ji 3l F i 3 A td Tomato
MK, 7E c-Fos RIE M I [ %4 11N T/ BN 26
S0 HEAT BT SR T BT R, DA R S b A g T
RN L EZPTve
3.2.2 RETHRRMETRL

VUIR ZE bR 25 (TetTag) 5% 78 M 5k H £ 3k R 4t 3k
T4 TR X DU PR 2R (Tet) (Y i 25 AL Bl 50 1 . wF
FEE B Tet A 45 H K 35 RGN Tet-on Fl Tet-
off i/ R 4t , il 1 c-Fos Ji 8 F 9K 8l 14 4 2% 2 X%
G (tTA) B R G & H CTA) R B .
£ Tet-on R4, 3 3 i A S0 JE 4 2 78 25 & (Dox)
i tTA 5 DU R Z S Je A (TetO) 454, AT LT
TUF R B R IA . FE Tet-offl RGE il A Dox J&
tTA M TetO I 25, 40l T e 3k B i 2™, i
K6 457 TetTag /R Dox, /] LA R & # ¥ H 1Y
JH DR & 38 04 BF 8] 7 1, 52 80 X R A 1] DX JR] PN Y 36
LEE L 2D v A T

WAL B A O pl 2 T R B 3K (CANE) &R 48
TN 5 i 2E filk 9% 2 ) T 4R (E-SARE) & 859714
IEBVCGRANRH LR T B A7 B T 08 50 350k o b iR

) o 97 A O T AR 2R T SERETY 7R DA R SR AR
AR S H A SR A 4 I R BT DX, R 4 AT
Pric 5 75 B0 58 5 R 15 T B0 4 ik () TEG %
KA AT R AR A WU E bR X, ) 2
XF H i DX AT SO AR 0 #EAT R R RIS
3.3 I AR TC O B2 T B R 1 R

KGR TEG b3 i B0E M & T i 5 5 i 2
B T2 I T AR 9 s G T R Y R 8 R
F AR AN AEAE — € Ry BRAE 76 N B 75 2 DA
FILA (D5, 2 i s B 5 A £k
TEG , £ I 45 5L W] B8 A48 75 1 RO w1 461 30 o) 38 1
P28 T8 4R 5 HL TR, B8 I X (5] G Jk i FIE Bl
J2) 1 TEG K& PR R filt /K V-3¢ &7 L 7T RE TG 5 5F = 4 i
M) 7 4 f R 8 1) e 5 T AR B R R AF AL, AT
4565 2 1EG Fnid W kA7 40 20 5% £8 (Cln XL Are Al
c-Fos 8 F1) , i 1] ) 76 R X 7 B A5 4 A B 0
SEP 28 0 Y 5 05 2l AR Ak, B B 28 50 B SO 1 O .
(2)IEG W FRIRARF 8 A1 18 e e ST il i 1 s
BN, PRI 25 5 A R A R I AN B IR AN S . R
T4 R TEG bR i R 54, vl o 15 e IR
HEBR T4 R R M 456 2 Fho il 5= Be Canot 28 5598
SR B R RIE A R AR B SR ) MR 2R e R R (i
St i Ak 2 AL ) Bl B B UE TEG ARt 45 4 . (3)
B T IEG st T 5, i m] j FH 3R TEG MR8 br i a0t
P 45 B9 T MKl 89 8 T L Cal-Light f1 FLARE %
Gi R T IEGHKH T W 2254 5 3 %
IR, DGR A B AR TR O I ORT B 2 T i B
CH5 Y ) J00G JE R 3R 58, ko T 25 AR B i
T A A Ta) R, 45 0 1 b A B IS TRDRG B L (4) 8
W TEG MR A & 55 25 R An ic i B T 3%
WG B PR 200, TR UG R R & ot A
W 98 3 JF & #0280 TE PR R BRI SC T AR R
Yy —— B 2 Ak () 9 T R I S (pPDH) |, 1 55 %b
IEG FRid i A 2
3.4 HE— 2B 5Y 2 T R A A 28 o0 45 T S R
YONAISE R PR

FEM 28 2 G010 [R]— 1 DX PN, %y M 55 4o ol 4 4
2 038 32k 5 il 3% HE TV WL ) e B RN Y JR S I 2%, TE A
[i) fiq DX T, S5 J5 14 Ao 28 o0 K )2 A 1 i 22 3R
AR M S RGN TR IR . X o0
(9 T3 B 5 5 Pk S A0 S I R0O8E 7 A I O B R Al
Sy 7 TR A R A S e R R TEG R i me R B R i
TR IS AT 45 G S g ) 5 TR I A 2 0T T
HY 30 T DT VR 2 UK A B A2 FH A0 A SR 2 2 4



© 786 -

Acupuncture Research

MEITUH oy THHE . BiS , 456 B R 320 B 20
I SO T B, an e R R R SRR AR A B T
PR 2185 12 53 45 LI B o) ) o 22 50 0 8l 19 L
Wi de e, A Ot A s an A | 2 B A I 4 4
T BT 32 41 5 v ) A 28 o0 5 R S O i R
M2 UG S AT B AR 2R iE AT s I, BT
T 52 PR A 22 TR T T RO e B R ST
H 7 22 T T B0 R RN B DR R &R B 2 ] g
2B 5 MR A 1 228 0 B R ER B 114 Dl BE ML

4 F)FHHE RGBSR T AR R X
HITENEE R

e/ U T S G e S U - L 2N KL Er N
W RE R LR A% (IMRT) | Zh B 7 iR (FUS) %5
W 58 K0 2 e % 422 W 2%, 45 6 52 22 N 46 43 B O 12
WEFE M PN B 9 TAEBLE . X AR R AR B R
ANAHE N IR 55 B vh J #E 35 AR, i L T3 B
FHF 4 ) i Bl 52 56 58 b o Xu 5l A B AT
At g 3L 4R AL 12 (rsIMRT) |, 7 Al B £ X 5XFAD 71 B
Kk ) B Bz 1 s, 45 3 R B ER S SXFAD /)
B ZE I T 12 A4S JE % BB XY T RE B e O A
ST Yin 2558 o rsMRT UL 2] H B AT 3 T
A1 S i A 70 /N BRSO i X3 (B 4 2 Ik
FEAZ AR 43 R Bz 2 ) =2 ) ) TR 1 R
T WL 2 T 28 52 A5 B R A A TN i g i ) 246 v
KRB EEMER, R0 2 A o At T
25 4 31 ) R B4 TIE 9% S 4

5 RESRE

H i 8k R 22 19 0F 5% O R BT T I AR AE M
T T, A 5 0 L X A0 b 28 28 S 1) T SR B) A
A AR B 5 5 70 H AT 45 R TR 2R B 2808
IR R 570 B A I REHKE & 1Y i & o0 W > 8y
T T, T 5 A 280 o 52 0 5 R £ 280 48 T Y
AR R ST S Ry i (1) o AT L W os & T
FIFH #2890 B 7 B B OR T 3k 5 X7 B S5 B &R
28 TT 15 B TEG #rid 98 5 &1 0 0% 2 A T g
PRI R R 22 ST SRR, R 28 52 18 1R N % 0 £
3£ 5% A O 5 s o A IR D i 3 B IR B, &2 B R 4%
A i 6 O B R0 i DX B P 28 A B . R BN 5K
B 0 T B AR ) A 2 T WY B A R AR A AR R A
057 DA S AF R O 4530 53 3 RO T 45 B 1% 45 0L
B DL 7% 395 4 i 28 00 4 B 103 S A L s DO IR
o 25 T 27 a5 A% 2 S5 PR T B, i — 20 i By G B AL
IO i 28 0 B L bl 28 PR I o B 5 T T AR DRAR G

©Q S EEERE RS

ARSI

1EBESER Y
| rne > O——<O——<O——<O—
&u 1 AAV HSV, VSV, AAVESHE
) e B
Ui ey > 9> 9> 9—0
i_l_ AAV PRVEHS
p |
b © F5 S REE R
2 Py
= [ 1§£f67‘ii£‘|: s \ s [
7t L Fos-GFP{HER, ﬂﬂ]ﬁ&nﬁg{ Jo——
e | EFEESNESR TRMEETTIERD - e, maim
SRR IEGIREEEH {“ﬂﬂﬂwﬁ* WEMETEE | Sulat
HENMET 7| mcl8 | meeersmmRRs e
DEERRSASEENRATT

TE:AAV N TR AR SCHG i HSV Sy SRai g B 1, VSV hy
AKITE A RFEEE PRV N P E R 2, TEG Sy B2 FUDTEE R
B 1 Gk 52 5 i 52 Y SR 4 42 T B B A SR R B A
FHiEREE
Fig. 1 Summary figure of the modern paradigms and
methodologies for screening acupuncture-responsive

effector neurons

Fo AREAR bR A 7 2 T BT A 5 A T
EPIE

B ) S 8 PR T R T R BF R e
Al 55 T i PR, S& 1T H AT (9 552 56 B 5 P AT A7 AE VR 2 4
AL, S S A PR S B A I R AT A TR NG .
Je , H Al S 56 Xk G2 5 N IR 1) 1Y 5 ) b 2% e 5 )
il WF 5 R B4 e PR e A B . R 14 S 56 0F
FEXF G 2 E o WA R B, B T MR B S5 R
T fiff ) 2 AR Bl 2E A7 AR 5 Y 2 22 5, 5
6 T A5 2 B B 2 B CAn B R R ) RO AL ) o a2
T TR o R B S 6 P I ) A R A
S fa7 B CHN IR 22 W 75 5 1) Yk 2 1 A A8 AR A AT DL
P 5 | R 1 IS Y Al 2 A S U A S A R XU
BYAE) , FO BBLA AT D AR JC vk 58 @A U IR
SR R GEPEPIN , S5 S By A5 2 BRI
T HLH A )N B AT RE S A 25 o D3 Ah, BAT S
B 5 22 R T L AT, T A% S8 A1 0 B 9 56 381l 2o B )
LB B AR BN, 58— 2 B LB Ik T REAE
DAASE UL I PR L 52 B B P TS 2 o ROk 7 LR
M — 4% TR W PR 5 1o 1) S 6 F S B, AR
IO JH B i s ) B SR AL R AR N TR RS
FAR T R A AR B 5 B A 3 52 56, 0 45 7R
Hh B B YT R DN B R R A S B T i E 1)
BACAL AN PR A o



Bt BT 5

787

FlamsR A EE VIR P EHETFRER N
AP G2 HAR S 5A SR L

£ % Lk

(1]

[3]

[6]

[7]

LU L M, ZHANG Y Q, TANG X R, et al. Evidence on
acupuncture therapies is underused in clinical practice and
health policy[J]. BMJ, 2022, 376: e067475.

KRR, TG, W, S TR TR KOS R BB k2
TR IT O B Bl 2 AL LRI LT, AR BE 2k Ak, 2024, 43
(8): 795-803.

ZHANG Z, HE T, WANG X, et al. Based on “Du meridian
entering collateral brain” , this paper discusses the nerve
conduction mechanism of acupuncture at Du meridian points in
the treatment of encephalopathy (in Chinese) [J]. Shandong
Journal of Traditional Chinese Medicine, 2024, 43 (8) :
795-803.

FEWeT, T, i, . 007N 8l 7.
SPARC i3 B EH TS [T ], P RIBESE , 2019, 44(3): 157-
160, 175.

WANG X Y, YU Q Q, HE W, et al. From “molecular
SPARC project and
acupuncture Chinese) [J].
Research, 2019, 44(3): 157-160, 175.

AB, WARTE, A, 5 AT i B (T
WF5%, 2018, 43(5) : 285-289.

SHE C, XU D S, CUI 1], et al. Our considerations about

medicine” to “electronic medicine” :

research  (in Acupuncture

studies on structure of acupuncture points (in Chinese) [J].
Acupuncture Research, 2018, 43(5): 285-289.

S, FAE, RARTE, BRI ORI AR B 28 2 Y
2 i ) 22 B AR (P 3C) [J]. World J Acupunct Moxibust,
2021, 31(2): 129-135.

WU S, WANG J, XU D S, et al. Neural interconnection
between acupoint “Chéngshan” (7% L] BLL57) and sciatic nerve
in the rat[J]. World J Acupunct Moxibust, 2021, 31(2) ,
129-135.

KA, WARTE, EE, FORROEA XX S E LR s
SCRLRARSCTERRTELT ], AFRIBESE, 2018, 43(7): 414-418.
ZHANG Z Y, XU D S, WANG H, et al. Correlation
between “Shenshu” acupoint area and adrenal innervation in
rats (in Chinese) [J]. Acupuncture Research, 2018, 43(7) :
414-418.

CAI M D, PARK H R, YANG E J. Electroacupuncture
modulates glutamate neurotransmission to alleviate PTSD-like
behaviors in a PTSD animal model [J]. Transl Psychiatry,
2023, 13(1): 357.

TANG X R, SHI J H, LIN S M, et al. Pyramidal and
parvalbumin  neurons modulate the  process of
electroacupuncture stimulation for stroke rehabilitation [J].
iScience, 2024, 27(5): 109695.

XUE M, SUN Y L, XIA Y Y, et al. Electroacupuncture
modulates BDNF/TrkB

spinal signaling pathway and

ameliorates the sensitization of dorsal horn WDR neurons in

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

spared nerve injury rats [J]. Int J Mol Sci, 2020, 21(18) :
6524.

ZHENG X Y, LIN W J, JIANG Y M, et al
Electroacupuncture ameliorates beta-amyloid pathology and
cognitive impairment in Alzheimer disease wia a novel
mechanism involving activation of TFEB (transcription factor
EB)[J]. Autophagy, 2021, 17(11): 3833-3847.

LIU S B, WANG Z F, SU Y S, et al. A neuroanatomical
basis for electroacupuncture to drive the vagal-adrenal axis[J].
Nature, 2021, 598(7882): 641-645.

XA . X AE BB EF R DF T a8 A B R KB 2 09T 314
[1]. BH 541, 2019, 37(15): 6-8.

LIU Z Y. Liu Baoyan: it is suggested that acupuncture
research should be included in the national scientific research
plan (in Chinese) [J]. Science &. Technology Review, 2019,
37(15): 6-8.

W2 BE, sRAHSE, R, &R =B RGEM Zn iy
Btk oy i (HRP BB FE) [T ], #1RIBTFE, 1983, 8(2): 136-
140, 158.

TAO Z 1., ZHANG Z P, WANG L P, et al. Segmental
distribution of sensory neurons in Zusanli point area (study by
HRP method) (in Chinese) [J].
1983, 8(2): 136-140, 158.

XU XM, HOLMES T C, LUO M H, et al. Viral vectors for

Acupuncture Research,

neural circuit mapping and recent advances in trans-synaptic
anterograde tracers[ J]. Neuron, 2020, 107(6): 1029-1047.
PR o BACEE Zo 2 DL 0o M o - B0 488 A 5 R i AT
[T]. &FIFSE, 2019, 44(8): 620-624.

CHEN S Z. Analysis of the correlation between acupoints and
target organs from the perspective of modern acupuncture (in
Chinese)[J]. Acupuncture Research, 2019, 44(8): 620-624.
PARK J, CHOI S, TAKATOH J, et al. Brainstem control
of vocalization and its coordination with respiration [J].
Science, 2024, 383(6687): eadi8081.

YAO L L, YE Q P, LIU Y, et al. Electroacupuncture
improves swallowing function in a post-stroke dysphagia
mouse model by activating the motor cortex inputs to the
nucleus tractus solitarii through the parabrachial nuclei[ J]. Nat
Commun, 2023, 14(1): 810.

gk, RAL, BIEY, A SR TR TR BR HR RS N ORI
F AE 1 B4 A0 28 i ) 22 B R [ C /72022 4F P [ B Je 2% 23 4R 22
WICAR TR, 2022: 420-426.

ZHANG F, WU L B, HU L, et al. Exploration on
neuroanatomical connections between Neiguan acupoint,
stomach and brain based on viral tracing technology (in
Chinese) [C]// Proceedings of 2022 Annual Conference of
China Association of Acupuncture-Moxibustion. Jinan, 2022:
420-426.

WICKERSHAM IR, LYON D C, BARNARD RJ O, etal.
Monosynaptic restriction of transsynaptic tracing from single,
genetically targeted neurons [J]. Neuron, 2007, 53 (5) :

639-647.
WANG Q, LI Z H, NIE D Y, et al. Low-frequency



788

Acupuncture Research

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

electroacupuncture exerts antinociceptive effects through
activation of POMC neural circuit induced endorphinergic
input to the periaqueductal gray from the arcuate nucleus[J].
Mol Pain, 2024, 20: 17448069241254201.

ZINGG B, CHOU X L, ZHANG Z G, et al. AAV-mediated
anterograde transsynaptic tagging: mapping corticocollicular
input-defined neural pathways for defense behaviors [J].
Neuron, 2017, 93(1): 33-47.

TSAIN Y, WANG F, TOMA K, et al. Trans-Seq maps a
selective mammalian retinotectal synapse instructed by
Nephronectin[J]. Nat Neurosci, 2022, 25(5) : 659-674.
MULLER P A, SCHNEEBERGER M, MATHEIS F, et
al. Microbiota modulate sympathetic neurons wia a gut-brain
circuit[ J]. Nature, 2020, 583(7816): 441-446.

HERDEGEN T, LEAH J D. Inducible and constitutive
transcription factors in the mammalian nervous system:
control of gene expression by Jun, Fos and Krox, and CREB/
ATF proteins [J]. Brain Res Brain Res Rev, 1998, 28(3) :
370-490.
CHUNG L.
activity into fos signal[ J]. Dev Reprod, 2015, 19(2): 61-67.

YUAN S, DENG B, YE Q P, et al. Excitatory neurons in

A brief introduction to the transduction of neural

paraventricular hypothalamus contributed to the mechanism
underlying acupuncture regulating the swallowing function[J].
Sci Rep, 2022, 12(1): 5797.

BARTH A L, GERKIN R C, DEAN K L. Alteration of
neuronal firing properties after in vivo experience in a FosGFP
transgenic mouse[ J]. J Neurosci, 2004, 24(29): 6466-6475.
GUO Z L, LIN X X, SAMANIEGO T, et al. Fos-CreER-
based genetic mapping of forebrain regions activated by
acupuncture[ J]. J Comp Neurol, 2020, 528(6): 953-971.
ZHU Z, ZHENG T, LEE C G, et al. Tetracycline-controlled
transcriptional regulation systems: advances and application in
transgenic animal modeling [J]. Semin Cell Dev Biol, 2002,
13(2): 121-128.

KAWASHIMA T, KITAMURA K, SUZUKI K,
Functional labeling of neurons and their projections using the

Nat

et al.

synthetic activity-dependent promoter E-SARE [J].
Meth, 2013, 10(9): 889-895.
SAKURAI K, ZHAO S L., TAKATOH J, et al. Capturing

[32]

[33]

[34]

[35]

[37]

[38]

[39]

and manipulating activated neuronal ensembles with CANE
delineates a hypothalamic social-fear circuit [J]. Neuron,
2016, 92(4): 739-753.

Ak, W . 2R T I SO BT S I B Y
HRELT] P ERE . R, 2019, 49(3): 202-219.
WANG J H, HU H L. Research progress and prospect of
development and application of neuron activity dependence
tools (in Chinese)[J]. Scientia Sinica (Vitae), 2019, 49(3):
202-219.

HE Q Y, WANG J H, HU H L. Illuminating the activated
brain: emerging activity-dependent tools to capture and control
functional neural circuits [J]. Neurosci Bull, 2019, 35(3) :
369-377.

LEE DM, HYUNJH, JUNG K, et al. A calcium- and light-
gated switch to induce gene expression in activated neurons
[J]. Nat Biotechnol, 2017, 35(9): 858-863.

WANG W J, WILDES C P, PATTARABANIJIRD T, et
al. A light- and calcium-gated transcription factor for imaging
and manipulating activated neurons [J]. Nat Biotechnol,
2017, 35(9): 864-871.

YANG D, WANG Y, QI T B, et al. Phosphorylation of
pyruvate dehydrogenase inversely associates with neuronal
activity[J]. Neuron, 2024, 112(6): 959-971.

XU M Z, LIN R, WEN H N, et al. Electroacupuncture
enhances the functional connectivity of limbic system to
neocortex in the 5xFAD mouse model of Alzheimer’s disease
[J]. Neuroscience, 2024, 544 28-38.

YIN X, ZENG X L, LIN I J, et al. Brain functional changes
following electroacupuncture in a mouse model of comorbid
pain and depression: a resting-state functional magnetic
resonance imaging study [J]. J Integr Med, 2025, 23(2) :
159-168.

TRiE ik . W HOARJE 92 BT J AR 78 S i p e 25 (7] 1 3
5T, 2025, 50(5) : 526-530.

QIAO H F. New technology is an accelerator to realize the

breakthrough of modern acupuncture research (in Chinese)

[J]. Acupuncture Research, 2025, 50(5): 526-530.

W Fm B 1 :2025-04-20 & [81 H 3] : 2025-07-22



