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[Abstract] The demand for innovation in acupuncture technology within modern healthcare is increasing.
Nanomaterials, owing to their unique properties at the nanoscale and precise controllability, open new avenues
for interdisciplinary collaboration in researching the mechanisms of traditional acupuncture and upgrading its
instruments. This article systematically reviews recent advancements at the intersection of nanotechnology and
acupuncture research. In mechanistic exploration, nanosensing technologies enable real —time monitoring of
dynamic neurotransmitter changes during acupuncture, providing molecular—level evidence for the biological
information transmission mechanisms of meridians and acupoints. In medical applications, the development of
nano —drug—loaded microneedle systems and intelligent acupuncture devices significantly enhances transdermal
drug delivery efficiency and the sensitivity of biomarker detection, promoting the evolution of acupuncture therapy
from empirical practice towards precise regulation. Current research has preliminarily established a technical
framework encompassing "material functionalization modification — targeted delivery optimization—precise energy
regulation", demonstrating unique advantages in areas such as prevention and treatment of degenerative diseases
and chronic pain management. Although the integration of acupuncture and nanotechnology is still in the
research stage, its potential application prospects are promising, offering sustainable technological support for
the modernization of traditional medicine.

[Keywords] nanotechnology; acupuncture; integration of medicine and engineering; acupoint injection; drug

delivery

*EAFE BRARMFEET LR B (81774426); F B E 25 F 22020 F KA 523k X P A A= B 25 3 K32 A HFR AL
(2020KTE005)
BAEVEH IR, K, AR, BIX, AR F AL LG e 2 Rk mels RS R
152



2025 F9A F315 %98  September.2025 Vol.31 No.9

*+ & s 518

GERFEAR, BIFE1~100 nm R 1 X4 Jodh A 792 il gl
LS BRI BE AN T BE M AR W Bl 25 KR BAR 19 T2 I H
YR RN BT Fe F AR T I R ST 2 1], A ST
LB B 1A TR A BIHR R & R BT RALE] L Th s e #8 H
il B 25 0y i R R R RS 2 T S TR AR I B R
A LR NS 8 A T A W 15 B Sh S AR R AR THEF RTT IR 1Y
YRR T S SR A I, R A R B ok 25, vl
DA RO 2 AR RA N 43 A5, i AR e 1k A
)P T 2 25 W 7 AL S 758 RN A I ], 2 4K
BT RL

H T, AR AR S50 e i 2s & T BRI 2540536
WSS A PG R R AL IR YT 58 55 S B 4 5 1Y
RWTER A, B 22 W8 I FHKE RS R 0, AR SCZR b 2 5 40
KEARGE AR FE I (DL 1)

Bl #RENAKBEARBMERLE RN

1 WREARRREZRNAR

PAGROR B AR 32 5T 5 0 A ) A% S RE S 0 78 2 2 B A
BB B 7 (B W3 2R R AR S oA TEAESh AT R B
IRACTFIR A 5 Th 45 36 oA T o R R R A0k v Ak
J5 k2 DI RE AT SRR B 0 B 2 A% BT, A BT A 7 it
FEHREM LA Z B (dopamine, DA) . — %L A (nitric oxide,
NO)SFAEWIEE T T 7KV AL AL, B SRIBTT IR P A1t
TAARYE LT P WAERF T AuURL A1 8506 526 4 RHE A 1Y
BEGRE, SIS I I SR AL R I FR R, WA ] 7S %) 2
Jiie Y43t 2 SO, s G e A LR A R B L R RS R R
UFR SRR

BRI T AR AW AR AR S OB AR GG 1
T, A R, TR TR SR 2 4 i, T i AR A
Jei /N BRORM LA ML 25 A B 728 A, 945 B xT R, T
A BT 2 (R B30 191, SR PHOTAE T 1Y) 4 A R R -1 R 526016
P S E A W S B SR /N BRI B J2 I 218 1
WYV, FE—P R 7R TR J U e S I 5 3 R 70 2 ] Y
AAEAERIFLER, B2 2 PRV =R TSR PRI HITTRE 1871
A o
2 WREARRHIEFISET

R BT BRI I A i 2R 0B i S
DARBARYE— O T AR TREHTE 32558 B 03 B R
W AR 01, 3R 3 58 2 % 3 (surface —enhanced

raman  spectnoscopy , SERS ) /& — &) R U FILEAG R 80 2
(3BT AR A A3 S e S R P 3 R A 2R 4T
S ANKITURL IR 2 I A SERSTE MR, RERS 7R/ 41 41
493 11 [l st SO A O R R st AR AR AR A3 T TR
I3 AR B Rk RO s H I A2 T AN R R L SUN
YO & (93 T hairpin DNAFEHE 4 99K UL SERSHRE! , BE
i TR B R BRI A I AU A W P 1 miRNA-21-5p , S BT
IR A W

A, BE RN OK K H AL AR S 2o AT AT IR 3 2 4 Ay T
HLAE , 7R 2R U S 1% FH S 77 cCHEN XS5OG 1oF 7 B8 482
R B 2 TSGR TR Ag@Si0,, HEITIT 4 H A Bt 4 5
ARG, T AR I A T BE T YANG X2
FI R DT AR AL B 2R AR by 2 43 BN OR L fb2 A=
YRR LA L5 AR Th I SARS-CoV-2-SHEE I, Ml
PRSI T8 T SRS R S [ 4 T 4R B
G RESA R TR, A R BR I W R TSR T
BIFT AT A,
3 WMABARRNEDIREDRIE

BERAET AT 20T S 8 45 R (R R0 8 S P 8, 55
YORFEARLE G H 0 A= W A A Al e R BURE Dk e o A
AR SEAS b I A= Wb s ), ShAS W A 2 B AR AL
3.1 HmlR R AdirEY AR, R ITE I A2k
AAAB T B BT T AL AR , SEBRT X 2R AR Wb s 0 1 v R A
FER  VIEIRA DAFI & —Fp HAT 5 L 2 AR A i B i A%
SRR, T ARG A 1 S SK O GJTA H LA ) B fb~#
B AR KN MnOAN K 2 e TG RS, S2 B T PR
PR A R RGN ZHAN S ST £ 4 4 A Uk e 37 2R
Z UGB T Z T 658 T X il Hh B R 3 AR R A
CHANG H EZFUWH—Ff ol A A G R AL IR T SEhd 1
DUEE iAo A b BT A R, SRy o3 BT R A B A I 3 48
WAL AT BSGE T AR SRS Fe 445 G SERSIE IS |
SEHLTORE M b = R A 1) SR AR, DA RIS AR
YPORFEARTERE T T BRI AE Wy br B e 1y I A K
T, AT R I L T RS v TR T AR SR
3.2 Mok R RIE RN 2R B AR PR TR YT AL
RGN E BRI, A BTl o 2 Wk B 2ok v 2 3O 7
R T o 3o M o 2 9 B W K - BB A M A R B R T
BRIy RIS RIS RS2 1 XU o A 3 — 43
B AR AR R K456 AR FH CHEN ] DAEH] 48 Au/
CuZl R X4 R 1) S P R AL TR, Sk NI TR P SR R (1 e i 52
IR AR LR A B O LIU H Y Z5085R 1 X4 i 40 K A 35 3
REARET ZR AT T b, T 8 o S5 D R A ) £ SR 1) 2R AP A
PEVE ARAGIRE R — P T AR BOR B M A Rk
FI AR IR B AN Ak 24 5, S0 H AR T i)
PRI = AR R BRI ONTU X LAEOZE &5 AuNPs AL
BRI ET R M AORAZ IS F T 2500 R R
TR E UL R BRI R GORBAR S & 4 R &

153



* &3 38

2025 F9A #3156 5%9%  September.2025 Vol.31 No.9

SRR P 24 PR M, A i PR 3 24 S A
IR
4 MABARYEZRTHRREHE

YUK 23 1% R G L KRB 2 kAR, LAk 25
FRITRS it P 2 0 R R R o, 2 R T RO SRS R R
N o TS5 5 5T RIFNGOR AR 25 200k, R R R 30
BUBE BE , REAEXT 254 FH ik 3o 3% 07 B RS TS0 R (ARG o
il o X AR AR T A Ge 45 2k 2 e it 24 B AR e Y
(), S T 2R R B TR A Sl it ah
KB AR B TS BT R AT, BENE TR ST A4 IR Bt 326 26 25 9 o s 2]
B 7 AT SR BB I R U DR IR T AR,
4.1 KRR GOk B P EZ R ARG
7, RIDRE A K BB K BRI B b PG 254K TSR
TN 2R 4% | 25 B R AR A 0T 205 38 WA, K 24 ) e R
A R R I 0 o R R IR B R A FH A, AN e 4
2520, A FRET SE220R FH Fey 0/ N— 52 P 35 DA 475 TR e i 28 7 A Ol
P 245 W R A, B 2 it R B — PRCR S | SAE i v E k V
TIgE JIL-4 1L~ 13/ 357K T B RIS, 2 MR tRAS LA A%
SRS o EBIETE W, AR K N T A R A LA S 28 I 0 % ek
EPIRRE IR T AT W OR3P R G 1R T R AL
TR
42 RIS KREI GOKE G KEERIE—Fh i R AP
TR ANANRIEARLZH B A w5 1 B A ), BB A% v iz & S5 o i e
BB R EERREIA, )2 N T2 ik 24 TR A4
YR BERE 7L FE 2 — R RIHTR H , RS 2 R TR B A
I, B BLE R O RCR CWEL W & T —Ffiith 2€
ORARSF24 1) T T G i (87 TS IR R e 7 7K B G , i ZE R AU I
M Fe 0 AR URLZE & | Tl 1 B0 i AR PR RE R I R Th
JPRICR | DA 08 285 8 oo ML R a0 463 4 A i 45
R ITRTT RO A 20 SR 7 AR S A K BT By Tk
SRR ST AL Th 17/ Treg ) S V-1 LIN  FAFLoE
— BT R B OK B Y SRS EE A AT F X R ET HLRE RS T A1)
Hb 2B ) B B, 0 g kAR MRS ORI 25 ) , A R
B AT RAR U ECE T TR AR A X SE RS 45 SR8
IR T WKL B /K BERCAE B R B R BCR B IR Y7
DRI LRSS AR DRI HIR YT HRAL TR S
43 ARIA GORALERE A REHR R I 2 2
KHETCAL, W RN T SRR, HE R AN 45 B i A en
H R SRR YA T RICR S AN K L AT g g i A 2
= HLIER AT R MR AU RO  ZE I PR FH R, 94K L
BB A AR S ST A A DN ) e SR B T] R AIG
NN EERG KU , IR THATFRCRP, DL EAFSE RS, 94K 1L
EHERE R T RCR G R WS e o, A R
ARG R A1
4.4 MRARA EFREFRENS IR B A LI E Y b
B, 0 2R K G 25 W O BRAR A R KA R AT S T
EERR 2535 T AR (25005 25 8 1, ok — Fh B RS 42

154

THATFRCR JERAE I ] DD BRI 81775  iF 5
7N N AR 2 i A B FE AT R BH R A 2 R IR
7/ ST , RS A8 AL W) A2 AN U A B HE 2
SRS G I | A 5T PR, LA, 4K UL A )
WEREET Z AT XY R B IRY P RCR B3, REAS IR EA K
P HHERS PARLE, LL_EAFTE A R, AR REHEARTHATY
ROCR HE A I 18] K il IR 7 T HA R 3, 31X
B RITIER UL A AR L T ) S8
45 RADELR HRLE R R A R HOR , T A
AANIFIRE BT SE G A2 0L, W T Al AR YT 2 R L4
RGN 2 R R] IR 5 2 A PR L) iz T
ERTRE2x Y BUAN [R5 B2 114 Jay A A AR 5 AN BRI o B 40
RE PG P AL RIAR 8D HE e SO A 25 R
AE T, 7t oA i PR AR AN B RORE MR T 7 2R 1 ¥
T3, 5y —TJ5 T, AR A — B T A A A
RERS TR JC BB HEAT T AORN 25 25, O 1 15 e AR
ZHANG QAFSIF 5 P Bl IR JIR 67 8 T ol Dt e = LK
REA O T R IIRE -
4.6 HRATR GOREFGRIE—FIEGOR U FRHTE N
SFRIECT IS A AR C L BAESE i W B AR T 4K
PERITT I AW SR, 6578 1 AR AR B e g A% e ad 72
Az A 11 AP S50 9 3 /NI T T AR A G
WFER R, HUBC RIS A 240 W S AT REAE 2 R ] 20
Fifleish X — R AU N AW )22y Pk it 1 2 R R B
GOV WHAKRE RAE AT TR LRI 3E5E T
SR, o BE 771 B OIS R PR IS, FH 4 R 4L 1307 4 A2
o
5 & iE

ZF PSRN G B2 R SR B 1 2 — R EOR
SRS R r S H LG IR IR EIC 2T P AR
e R 1 B RO, I SO 2 W e B B S RO N K
ARAPUHEE A, A BAREA G B e B2 24 14 B[R] Q5HF
TR 1 AR AR T L K R AR A SRR AR HESh 1%
GUIT L T RS HEA IS 7 i 1 T A A SR, 290 K A% Bt ]
ST B A AR e 205 T SRE A T A A AR RS T Y B
B, WA IR T A RGIIN R RGBT
JETA 7RG 5 76 25103 1507 T, KBS RG4S G AL
TE S AR v 42 25 WD R, 5 R AR 7 245 4 B RE AR S
KBURRCR , A8 AR A PR LR RN

REST 2o B A 2 18 FH AR BOR 5 1L A BOR SR

HAZEG  BERE SEIN W DN B Jo i B b 0 AR AR 5 L A1 SR B 5t
RIZHL IR BURTHEIRT T BB BT Je 8% He o TR , R R4 K
RS e A A L T BT A R R 0T 3, BE— R
TH R R SHL B L IE, dE vl - A Y
SRR 1) 3o 16 — B A PR = — RO HORAE SR, AT 9K b1
BHREIRTE O Z 288 i SRS D03, BE R B 4T 1277 M
IR, A s Bt Je Y ALK o 3K — Rl & AN A L 2 MR 6 iE

%:I
AN
=
e

g W aF



2025 F9A F315 %98  September.2025 Vol.31 No.9

+ & 3 Far

TR PEHIRLA N RS AR ARG T TS

TEARAEAR S B R &5 A A RATHEE P, 5K 4 AT AR
M RACSATTIEAEAT R AR R MBI KR M2 KB T
(2Rt b A IV EVACTA ERE P s RIS R Ris/ I i PS4
SR 52 A L )0 ISR 02 P AT LR i 7 P8 R e
B ZEE I R W 308 o DU R 20 S D B8, S5 S0 A i
PRIBR ) 2RI, S M D00 P AW /K F- i 5 © i A TR
e R B Besl, I LEFFE SRR T 9K AT R U B
RVETT IR0, AAATHG B AR DA B RAIE | 245
BT B IT ke KR BRpr e A 5 57 A SRR T, Jin s
SRR I RFL A

S 30k

[1] CHEHELGERDI M, CHEHELGERDI M, ALLELA O Q B,
et al. Progressing nanotechnology to improve targeted
cancer treatment: Overcoming hurdles in its clinical
implementation[J]. Mol Cancer,2023,22(1):169.

[2] OLIVEIRA T M, GONCALVES C, REIS R L, et al
Engineering nanoparticles for targeting rheumatoid arthritis:
Past, present, and future trends[J]. Nano Res,2018,11(9):
4489-4506.

(3] FEMHE, 2 E Mk, R, 55 GUOREH R AL IRET AR S H:
TEAE PTG RS- R D g R . h AR B 25455, 2016,
31(5):1612-1616.

[4] LI P W, YU A T, HAN L, et al. Highly sensitive
biosensors for real-time monitoring of histamine at acupoint
PC6 in rats based on graphene —modified acupuncture
needles[J]. Nanoscale,2024,16(37):17393-17403.

[5] WU D, ZHANG X X, RONG J, et al. Photoacoustic
molecular imaging using combined acupuncture and gold
nanorods as a composite contrast agent[J]. J Innov Opt
Health Sci,2019,12(3):1941004.

[6] SRIHkREANET F il P 7 AR B AR D] AR - L -k
FR2#,2019.

[7] RISE4E, INKEE B, 45 L A Je B Uiy s AR R I 5
BEISFRIRI). P E 25 24,2024, 30(2) : 174-177,197.

[8] LI L. H, JIANG R T, SHAN B B, et al. Near—infrared
II' plasmonic porous cubic nanoshells for in vivo noninva-—
sive SERS visualization of sub—millimeter microtumors|J].
Nat Commun,2022,13(1):5249.

[9] SUN J Y, SONG Y N, WANG M Y, et al. Quantitative
and noninvasive detection of SAH -related MiRNA in
cerebrospinal fluids in vivo using SERS sensors based
on acupuncture —based technology[J]. ACS Appl Mater
Interfaces, 2022, 14(32):37088-37100.

[10] CHEN X, WANG F Y, ZHAO Y J, et al. Surface

plasmon effect dominated high—performance triboelectric

nanogenerator for traditional Chinese medicine acupunc—
ture[J]. Research (Wash D C),2022,2022:9765634.
[11] YANG X, YIN Z Z, ZHENG G ], et al. Molecularly
imprinted  miniature  electrochemical  biosensor  for
SARS-CoV-2 spike protein based on Au nanoparticles
and reduced graphene oxide

needle[J]. Bioelectrochemistry,2023,151:108375.
[12] VIEIRA D, MCEACHERN F, FILIPPELLI R, et al.

modified acupuncture

Microelectrochemical smart needle for real time minimally
invasive oximetry[J]. Biosensors (Basel),2020,10(11):157.

[13] JTA H L, ZHAO J W, QIN L R, et al. The fabrication
of an Ni6MnO8 nanoflake—modified acupuncture needle
electrode for highly sensitive ascorbic acid detection[]].
RSC Adv,2019,9(46):26843-26849.

[14] ZHAN S S, XU C H, CHEN J D, et al. A novel
epinephrine biosensor based on gold nanoparticles coor—
dinated polydopamine—functionalized acupuncture needle
microelectrode[]J]. Electrochim Acta,2023,437:141468.

[15] CHANG H E, HUO M Z, ZHANG Q X, et al. Flexible
needle —type Microbiosensor for real —time monitoring
traditional acupuncture —mediated adenosine release in
vivolJ]. Biosens Bioelectron,2023,235:115383.

[16] LI P, GE M H, LIN D Y, et al. Functionalized
acupuncture needle as a SERS-active platform for rapid
and sensitive determination of adenosine triphosphate[]].
Anal Bioanal Chem,2019,411(22):5669-5679.

[17] CHEN J D, LIU H Y, WANG C W, et al. An
electrochemical chlorpromazine sensor based on a
gold —copper bimetallic synergetic molecularly imprinted
interface on an acupuncture needle electrode[J]. Analyst,
2023,148(10):2214-2224.

[18] LIU H Y, ZHANG C R, WANG C W, et al. A highly
selective and sensitive sensor for promethazine based on
molecularly imprinted interface coated Au/Sn bimetal
nanoclusters functionalized acupuncture needle micro—
electrode[J]. Anal Chim Acta,2023,1269:341395.

[19] NIU X L, WEN Z R, LI X B, et al. Fabrication of
graphene and gold nanoparticle modified acupuncture
needle electrode and its application in rutin analysis[]].
Sens Actuat B Chem,2018,255:471-477.

[20] LI M J, CUI H, CAO Y B, et al. Deep eutectic

Hydrogels for the topical management of
theumatoid arthritis[J]. J Control Release,2023,354:664—
679.

[21] RSP, BRI, A SO, 25 BREL IO 15 5 78 7 HL s
W Sy o U LS 2 PR R 92 I Tt e 2 0 ) i PR UL
X)) 2 917, 2024,30(10): 111-115.

solvents:

155



P & (3 22

2025 F9A #3156 5%9%  September.2025 Vol.31 No.9

[22] MRKAL, T2, @A , A5 22 A BRI AL I 00 2 iR
S B PR T4 B 2 40 i PR A 9 A . o e rh B 2 2
,2024,39(6):3068-3072.

[23] QIAN K Y, SONG Y H, YAN X, et al. Injectable
ferrimagnetic silk fibroin hydrogel for magnetic hyper—
thermia ablation of deep tumor]J]. Biomaterials,2020,259:
120299.

[24] WEI W, YANG Q H, HU J, et al. Dexamethasone—
loaded injectable In-—situ thermal crosslinking magnetic
responsive hydrogel for the physiochemical stimulation
of acupoint to suppress pain in sciatica rats[J]. Cell
Transplant, 2022,31:9636897221126088.

[25] REN S J, LIU H, WANG X T, et al. Acupoint
nanocomposite hydrogel for simulation of acupuncture
and targeted delivery of triptolide against rheumatoid
arthritis[J]. J Nanobiotechnology,2021,19(1):409.

[26] LIN F, WANG Z, XIANG L, et al. Transporting
hydrogel via Chinese acupuncture needles for lesion
positioning therapy[J]. Adv Sci (Weinh),2022,9(17):
€2200079.

[27] IN S L, GWAK Y S, KIM H R, et al. Hierarchical
micro/nano—porous acupuncture needles offering enhanced
therapeutic properties[J]. Sci Rep,2016,6:34061.

[28] BAE S J, LIM J, LEE S M, et al. Augmented
mechanical forces of the surface —-modified nanoporous
acupuncture needles elicit enhanced analgesic effects[]].
Front Neurosci,2019,13:652.

[29] LI M J, PENG H W, WEI B X, et al. Effect of
acupuncture anesthesia based on nanomaterial sensor on
cognitive function after one-lung ventilation thoracotomy[J].
Mat Express,2021,11(7):1051-1056.

[30] XU W J, XIAO Y, ZHAO M Z, et al. Effective treatment

156

of knee osteoarthritis using a nano —enabled drug
acupuncture technology in mice[J]. Adv Sci (Weinh),
2023,10(28):€2302586.

[31] JEONG I, KIM B S, LEE H, et al. Prolonged analgesic
effect of PLGA —encapsulated bee venom on formalin—
induced pain in rats[J]. Int J Pharm,2009,380(1-2):62—
66.

[32] AL, XK, SKRIN BT 7 BRI A BB I E )AL
EEZ,2023,42(7): 776-778.

[33] JARHT, GRS PR A T BT R 28 S 2 2 A
GRS D). o E AN A 252, 2020, 37(17): 2170
2176.

[34] ZHANG Q, XU C C, LIN S Q, et al. Synergistic
immunoreaction  of  acupuncture - like  dissolving
microneedles containing thymopentin at acupoints in
immune-suppressed rats[J]. Acta Pharm Sin B,2018,8(3):
449-457.

[35] LI B, WEL' Y H, LI Q, et al. Nanomechanical induction
of autophagy —related fluorescence in single cells with
atomic force microscopy[J]. Adv Sci (Weinh),2021,8(24):
€2102989.

[36] E/ M : 7 AL R 2 54k, 2017, 23(5): 7-
8,11.

[37] LIU B Z, YU S S, ZHOU Y, et al. Dual —needle
field—effect transistor biosensor for in vivo pH monitoringJ].
ACS Sens,2023,8(7):2609-2617.

[38] YANG C W, SHENG T, HOU W H, et al. Glucose—
responsive microneedle patch for closed—loop dual-hor—
mone delivery in mice and pigs[J]. Sci Adv,2022,8(48):
eadd3197.

A B H41:2024-01-09 % 4% . B #8645 )



