Advances in Clinical Medicine Ifi/REE2£3E/®, 2025, 15(12), 2361-2367 Hans XM
Published Online December 2025 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15123664

SESKST RSN - RIHY
R : M5 Tl B Im AR R

% ﬁl, %ﬁk'}éla %Fiﬁ'c?za x ﬁ'la F'é—; %l*

YRR R A R R R R, T A
AR X R BB, VLR R A

it

Woks H . 20254F11 H18H; FHEM: 20254F12H12H; KA HIH: 2025412 19H

R

HES857 (Hyperbaric Oxygen Therapy, HBOT) 54 RAIEAFF BB EA I L KIRTTF B, THERAE
PMEN ST A TR FEER&EZRE. B EEETIREEHAESE, BishiEEBE RS, Hi%Nrf2/ARE
B, WREAPEIR: RN EEIPHINF-BfE S, BEKTNF-a. IL-655E X FEFRE. RUE
WEIEREME - B LR R IR AT 2@, 7 B iRk, {E#Tregdifitl, RIERG M
RIEA . WEBRAMATER “EHRE - SR/ MEMFRRSL, ERREERS. BE#HEHRG5
SERFRIHEETTM. AXRGGFDEER S54RI EER K FUH RIGRIESRE, HiE—P%0
BEA TR RS AR RGFR T W, REF A EA SRR 6T iR B .

K §Eia

RER, fR, s, LR, 2THHL BREST

Research Advances in the Antioxidant
and Anti-Inflammatory Mechanisms of
Hyperbaric Oxygen Combined with
Acupuncture: From Molecular
Pathways to Clinical Effects

Bo Yang?, Xinyi Yang?!, Haining Zheng?, Shu Wang?, Dong Chen?*

1Affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing Jiangsu
2Eastern Theater Command General Hospital, Nanjing Jiangsu

IR

XESIH: B, Bikta, BT, T8, BS. SEEBAEROPTEA-FTRIUEIETE TR T8 B B R 3K
M. G REE 272, 2025, 15(12): 2361-2367. DOI: 10.12677/acm.2025.15123664


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15123664
https://doi.org/10.12677/acm.2025.15123664
https://www.hanspub.org/

Wil &

Received: November 18, 2025; accepted: December 12, 2025; published: December 19, 2025

Abstract

Hyperbaric Oxygen Therapy (HBOT) and acupuncture, as two therapeutic modalities with long-
standing histories, have recently garnered significant attention for their synergistic effects in the
realms of antioxidant and anti-inflammatory responses. HBOT alleviates oxidative stress damage
by elevating tissue oxygen partial pressure, activating the antioxidant enzyme system, and modu-
lating the Nrf2 /ARE pathway. Simultaneously, it suppresses the NF-xB signaling pathway, reducing
the expression of pro-inflammatory cytokines such as TNF-a and IL-6. Acupuncture, on the other
hand, exerts systemic anti-inflammatory effects by activating the vagus nerve-adrenal axis and the
cholinergic anti-inflammatory pathway, regulating macrophage polarization, and promoting Treg
cell differentiation. The combined application of these two therapies creates a synergistic “redox-
immune modulation” network effect, demonstrating remarkable efficacy in treating conditions
such as diabetic foot ulcers and peripheral nerve injuries. This article systematically reviews the
molecular mechanisms and clinical evidence supporting the synergistic interaction between HBOT
and acupuncture, further addresses existing challenges in combination therapy, and explores fu-
ture research directions, thereby providing new insights for the treatment of various inflammation-
related diseases.
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f1 R %R YT (Hyperbaric Oxygen Therapy, HBOT)ZE7E =T 1 N KSEATA) KIS IR A 100%4E
AR TPTFB, s 3 m RS AR R B, SR A RECIRES, OB 12 N T8 PR 2 05t 5 N
ARG VBRI BT SRFEME R 2 S i IR BV T 7 [1]-[3]. IR AEWE ALK I, HBOT mlidid i %
“arEvE AR EIRULATR RS, SR ARRTh RS, [FIN ET E RET, RIH 2 R R
PLEA SPURRFE[4]. B RIENRGEFIARERMEITIE, Pt RS ORI SOk E M E - B AR
OGS o BRI ZBENERR 2 /4 (aTnAChR) i &2 JAK2/STAT3 JBIE AT, TERRIEIRT K. itk
W 9% 5 11 B o 5 Mo AR Y o e 2 U 2 28 A0 i R 1 RE A [5] [6] - MEASE B, mIEASE R
FA RIS JONE I N THAFAE ELAME . HBOT EZAEH TA M AL S5 T4, st RO E T - G
AT, XM P E SR T B A . BEE 2 RSRITER MR, SRA S R IEE B
HCERBEMAEBEIEE . 1860 & & 50U S on AR T3 — a7 IR RO . A SCKE 7T
AR RSSE F G R =N R, 3R 0 B I 3 A R 7 VR P [FUAE R R AR St Fe ik e, IFAe il SR T3
TERE PR /235007 R0 & Bl A 2 50 S8 Th R, RIS ER N 20 AT B B 7L R BRPE S8 FE RS, Sk g
FLAE SRIEAH PR I S SR 2%
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2. BESATTHMEN - KRS TG
2.1. SHLRAEIN e BEIER

R AR IR AR A GV E R, PR AR RV E LRI N . FEHA HBOT RIS &
PESE(ROS)E FERI N, ME 40N N EBE 8 R 4E[7] [8]. WEFLERHH, B#UI4IZ HBOT A 5, &MY
AL (SOD) Al S AL B (CAT) R IA B 20 IR T 1.8 540 2.3 %, X PP b B & vl R4 07 )5 72 /)8
[9]. 7E2r T /KL, HBOT il {2t T Nrf2 &% %54, 98 3 5 580 S S o (ARE) 45 & B
73, ki AR AT 2 IR -1 (HO-1) S5 TIAH AR 2 g ¥ 20 o X ndh 2 1 e B A 2H 200 i 8 S A A A A it
DI, 9 HBOT 7EMS M 58 h e v (1) S 4t 1 B BE il . (EE RS2, HBOT ML R
RS BA WA RN . fEANBECE AU R, 2.4 ATA JEJJF 2 90 /8P al s SR 1% A W,
MIEK 2 120 7304 ) S5 DNA 45 F5 54 p-H2AX Rk h0 35% [10]. XA “ W TIE1” H5 L3RI 7R
R BRI AT S5, BRI A RGA TSN RN . BT T IE R, T & HBOT 4,
WHATT 5 RMRE 2 K AT E e WL I8 A5 A8 MR 4 R T8 4 A B R [ 1]

2.2. MRESEBAEE

TEPLR MU 7T, HBOT F B 280 SRkt . ZhWSEIGiEsE, 2.0 ATA & 5 S AR B T 3 i i 22 4
S NF-«B 54k, EEVEAME S TNF-a 1 IL-18 /3 2K 60%~70%. {E 2 REME it i, & H
HBOT 677 .3 KA I H 21 IL-6. IL-17 SR R FRIE, RIAEHIR K 1L-10 KPFHEA 2.1 5. X
T 6 R~ % 1% P18 5 P T R R 4 ) S DDA O —— R B B R, HBOT 4L i iE i ik
JEAERE = BERG N, AR BT T B, 5 SRR SOREAR B R IR AR OC[4]. 725 Bl A 2 45 4 93, HBOT
I PR T AR A T R LR R T RERR RS, (LT TSR N 45% [12]. X FP R E S 0]
TLR4/MyD88 15 Sl i I8/ b/ MR R ANMIEAT 5. IR SR, 52 HBOT 4 BhiA 7 i) & [ fh 445
Y, HAp At Sl B W e FVA T LR 30%, HL A5 BRI O 120 PR AR B 2 3% [13]. AR
52, HBOT MHt & B 7E S M 475 R It 28, X a] -5 L elest L 2L | el D A5 5 8 11 (HIF-
Lo) /3 (1 JTE IR I A K
3. St RMERME - BRBHHFI
3.1. PEmEEmAIBERRIE

JER BE T 28 0 B — 2 R AP - AT ER AR, TEDIR IR, SERBUT) 2 TR S S s 20
i o7 JEBEA B0 2 AR (aTNAChR) S At K G, e R4 T % K+ «B (NF-xB). Janus il 2/15 5
G RS EOE T 3 (JAK2/STATSI). i PIBK/IAKT 2545 5@ M, 1 40 S N AR B 59[14]-[16]. 4F&
BT R AE 2 ZAE B KBRS - B ERRA” IX — A s AT @ EOE R E bR, SIGHEFUIESE,
R = BT A ME R HE EIRE KT BT 3.2 £, R BI a7n AChR {51 )34 42 00 1 JI R 53 400 B NIF-
kB JHAG[5] [6]. 7EAS P AR EVE 2 7 (AR AL BT, 64 F R ACHE, DX a7TnAChR FIAE K E % 1E % /KF
(1) 85%, HWZE{EHE 1 N JAK2/STAT3 15 SIEER G RIE, X PRI AT {5 ) a7nAChR 375K A
oL, B F/KFITH, aTnAChR S 51 Kk STAT3 BERRLIG5E, HEmifeit b & FF 1L-10 FFiRH 5%, TEk
FOURATIIEIR » WGIRTFTCRBL, 25T B B e M (5 2L CALRE S, e = BT &350
PEZE 7 98 BB E L5 I RN Treg A0 LU G M2 FR 1 2.5 %, Th17 ZHM0AH ST IL-17A. RORyt ik
SBT3 17 1Y) H A8 PR A E ¢ 2 0 B 0 B A SR —— U IR Nk E A S, R
Xof Ji T8 9 E B B E 2 T0% AN G AELE[S], B RACAE BT N Fof - 44 - B BARS, bR i R R Rk
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SIS A7, XA A A YL E SRR R S A
32. RS RGEMMAHR

BHRIOPTAAE HL DL W] AL SR btk A8 B IRIORE BT O AR oy, e = BRI 2R ARSI
R BT RS2, > T PR B AR DU P DB AR TR TIE SR T R SRI AR R L, 2 AR
FESSIEAP L p2 B b R ER S A S R PR R A BT A A XA RN 22 R R R, A R BPFREAE B
AT AR 22 21 A U AR R 58 R BT 2 A B, A LI A AR A T P2 Y, 2 S 7 S UL 5 O R BE[ 171,
LPS RIBOTAa TS T BT AL BE AT ] M1 BB AL, T 7E SR U SRS I A2 M2 AL, iZahas T
FEPEAE AR R . BIPI I RIZXA R B B AR e A A RURAE Y, S U A 0E, BH R AT 22250
Foil A P I BAR AL R, B - NPT RS 5 AR KT, IOUIRE R SRR RT3 At T8
PIN AL

4. BESSHRABEIERILE
41 FHERSHERTOENYAN

e e SRR A 2% P P [ 208 2 ST AE B AT VEAE ML B2 |, HBOT R EEBR S E 2 T E
PG A UG T, HAS Bh Nrf2 Ss 23 s 40 i (0 BL b e 10 BT ROBEBIFRE - See T4, %
R ARE RSP RS 1B, AT B E A 2 rp, R T LA, BCAIRIT 4R DU R TR
DU B RARA . AR ST BRI PLR BT IL-10 RIAERF R R —iayr H e e
FEA B AN 2 R, R R RO B VR 1 HBOT Bt 2 e B AL AR MR BT IX — 150, T4t 4 )
IR TE T H e A K 208 32 TR0 WK SF[12] [13]. B2 TIBER T, WAV R0 H A8 SO P 4%
£, HBOT %S M HLAIEE ROS 1 hN Al s AMPK R, 18653 A 0 S0 22 70 1 D48 K P Tl
Ok E A PR IR, WASEIL «7nAChR #IH] HBOT 45| 2 i 3dk B Ak 147, 3 ot X i) 8
TSP, AR AR R FPIRS PR, R F 0 R, AT L DRG #i4 ot
FrBT AR R R B X3 25 F AL R FE St v 3 A%, B R T TR R RRCR [11]

4.2. I@AE R IR

HAEl, mEABRERCENHT 2R . R 2707, BEITERIH “1+ 1>
27 [ . HBOT i i 3% B M A S ERECIRES . Dy 2 4 40 i 38 58 AN R S5 i At 17 b L SR A R,
[ B 175 1403 SR A R T S P VR ML A A o T 2 USSR T 4 B S SN, BRI LIS R TNF-
o~ 1L-6 SEPHAS A R 28 /K7, o] REadid (e 3k = S g PR AN 48 8 F2 IR R, IR ZH 8UB Sk
2o ImPRMLER RoR[18], WG 7 Znl i R B0z T B INA &L, @A R MR E 4R . ok, —IU A
PR 20 B A2 A R T VR I v R SRR i A P S A R A FE T mIRNA-335 Rk R4 Ma o 14U R D 4 7E i
SRR IR TT B FB AT SRR EFRIE YT, Y097 JE KR SRR N B R VT 7 Sk R Barthel 16508 R 1T 7
By A, AR D 2 miRNA-335 23 = TR 225140, BH4A 4 & R S i b G BRI D RE,
P HE A TG JI[19]. SEEE R E, 7R B BG A, — DU 160 51415 14 A A TR 2 4540 1)
Il R FL[20] 93 Fh b [0S AR AL T i UE o 25 SR BoR, BRATRIT A B A AR B2 & T
FRZLE o X PPIG PR 35 B AR ILAE 40 48 Fi AR B AR AR I b BRA TR YT 4 AR 3 BT M 4202 378 AR A4
B, M IR SiEah A A R R E T R, SRR B R X SR MRARIESE, BEATTIEE
T G B E O R SR R AN, AR T A R E, (R TR A SHENGE . XEIFES R
SRUER T i RS R IE S RAE BT A B 4 7 T PR B[R] 386 RO A
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5. MFERESRKMKFE
5.1 BEMRHBERYE. FUSHERK

JE B I 5 e s S IR A5 P E IR PR 22 B FORIE 7 FRE B Y R B s (R SRk, (R T A AT
FAPG WAFAEFEA TN Bl SRZ BRI SRR, SECERE R EMIK, Fhl R
BT HE LA S I an 256 AR XUE W FE - UM Bk Tk DL “43307 IARIR S iR
BAE R AT BRI s H RN I HL AT R Gt 2 V5 e R T S IR S SO R A5 2
TR BEAN, PR T IRARAL T HAd e T O SOk U B e A, (H R R AR B A X S AT AR B (R Ak
BN ORI R P LR AR DU BT R AR R (VRO . BRI IRy e AL AR T
AT AT AT A O &, Ry AR RN E R M. MR R RS, B bR B
AN B B G KU -

5.2. BHIREXSMEULER

AFEWFFEH HBOT /7. FFEES IR JRYT IR AR B 2 e itk [AIRE, #HRAGIECT A, ALk $E
L7 R R Mok = 48— AR AE[17] [21] 0 XANAL S BEAEAS T T0 205 R B4 BUBR o R RO 7 75 Il d 77 i -
RN TT, LTI R BN B S B 7 58, g i Ve T RE R s 5 70, i 1B AT VIR
I3 U 3 R PRI AR T 5 o MR T S B 110 75 5 S E AR SR 2 LI S BEEBR . HRV
I3 B A DR PT REAT BT TG ST S S [22] 540, REGE R4S TR TR £ T e B R SR R
S, T AR S K P o 1 B U LR B HBOT e . JFARTEAI. S i A= P 4k s s o7 i 7%
FHERARL, R SKBURSHELR ST (1 oRHE -

5.3. HUBITARKRANSHT R

BUA W TE 2 B b 1 PUMT o0t RS BR O ARSZ S0, X B R E 0 AL R A L . R 2
22T AR N R WAL P P 28 ] A SR AR T K HIRONE s B - N R LT P IOPE AL s £k
RifAZh 7755 B W P R R T HLE] . K38 B L IR RGO AL A BOR AT B pr i &8 - ok - B
AL IR 5 RUEEXT U I PRBFALTT I, DRSEHIE FE 5 ) AL 00 [ R A e R 5 8 70, B & i &
ST, PUA YRS (23] FARRIVER K HBOT RIAEHS K1 DNA A LI f7 XA, @B A4 &
AL AR RN 3 ST 5 22 A T T AT

6. &t

mEAIRIT SE R FEHIELEA CAIEERE” 5 WS - Rt ENLE, BT
MR BT - PU ML . FERIITFFTIESE, HBOT Jlid Nrf2/ARE i B 38 5 40 e b S A i e, it R 48
oTNAChR-JAK2/STAT3 i@ A2 ik FE 289 S B, 2 7 Jo] BRI A e 450 07« W PR 2 S 0 T R LS B 2 1)
AN .. HET, BRIIEMIERN, mEEREH KRG ZNH A R, #—PuiH—
FN TR TS J1[241-[27] AEWF FEAFAE IR BRYVE G 05 V8 70 RS 38 7 38 AT 75 22 DA fin ™ i (1)
58 S AR B R B E LI STV SR I I PR, AR 78 B N A B a7 S 80bn AL . AR bR S48
SR TT B AN 2 A PP AL 5 DG in) . [t R P WL A SR8 A5 R0 T AR A 4 2 T PR PR N B
EEASHRX i Z SMAITIERSS G, R RRER DS B L 50 HL T 5 B SR T s . BRI IR
HET™ R I R YRR T 58, b B JORE w] e B R B AR T, ] M Bk i P AR WIS HBOT, i@
B AR ERE T 2K
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