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Characteristics of the oxidative stress biomarker signature associated with delayed encephalopathy-induced sleep disorders following acute

carbon monoxide poisoning, and the clinical significance of integrated traditional Chinese and Western medicine interventions
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[Abstract] This study systematically analyzes the oxidative stress mechanism spectrum underlying DEACMP-induced sleep disorders,

proposing a three-tiered cascade hypothesis characterized by "induction via glutamatergic excitotoxicity, amplification through

mitochondrial dysfunction, and persistence of the sleep-immune feedback loop." Building upon this framework, the study

elucidates that the core components of this spectrum include representative biomarkers such as MDA, SOD, and GSH-Px, along

with their spatiotemporal dynamic patterns of change. Furthermore, this study demonstrates that integrated traditional Chinese

and Western medicine interventions exhibit synergistic advantages in modulating this oxidative stress spectrum due to their

complementary temporal and spatial effects. Finally, the study proposes an optimized tri-stage diagnostic pathway guided by the

oxidative stress biomarker signature: "screening and stratification $ightarrow$ intervention identification S$ightarrow$

prognostic follow-up." This paper aims to provide a theoretical foundation for the precise diagnostic evaluation of

DEACMP-induced sleep disorders.

[Key words] Acute carbon monoxide poisoning; Delayed encephalopathy; Sleep disorders; Oxidative stress; Biomarker signature

515

Atk — SR RER A PE RN (DEA CMP) Fr AR B A1
PRA A2, HX BB AT RERE B M R e & ™, B
FF5E R AL 57 DEACMP AL BB 22—,
1 e AR -5 A L S 2R 2 T 1 P P ST o AR AR B R 5
PR R, IR, M AP B S P 2 T A
FALR T TR T H AN T, HIEZ LA R R A
TR ER AR . AL E T DEACMP HEHRBEAT 1)
AL RIELTI AT, P HIARE YIS RAEAE, JFEL R
PR rP PG B U )T T AR 5024 O A SR, LU Z R G
LY PRI S P

1. DEACMP [ERBERP AR B8l . Ok 54%
SpLi

11 BRI Bl . A ERRAE S Ay PERE i %

DEACMP IR BE65 1 S A0 N R Sh R i e T A&
PR RE L7y 1 7 M . — SR BR X T R B A W IV A e
HVEFH B0 ATP A Rt , 30300 1 4o 2800 28 fs ] B A5 2
TR BRI, MAME R RS T i, A BEOE N-H 3
“D-RAFERZIR(NMDAR), NMDAR )5 [ THis | #4052
TREPIT, X — (550 0380 HE I 3 2o R — Rk
AA BHNOS)IE L, S E M A (ROS)AE AL, 7£ DEACMP
FRFEERSE R, X —id BRI RELE T AR — L PR ASRE . 3
YISLss o, ANEYE— A ABRRE I TR BE PC12 40
BAMRES M, 51 NMDA Z1& NR2B W IR EKTFH
9 SR Y Bt 200 PR 65 8 VR B 1 T R A LA T
This . mIE SRS ROS 4 A AL T DEACMP Hifk
FALR BRI LG il e A, hBERE T AR R AR 2T R
AR5 s BRI

1.2 FARI B TIOK : 2RIk RE R 5 sk

IR SE AR5 5 U — 2 filh & 2R AR D) RE RS, T B4R
PRI LAY A RCRAEER . SZERRAREE £ ROS, [RIEHIH]
A& ATP AENIIRE, TER “A M4 d b — 5 2k

115



The Primary Medical Forum EEE%i8iz $£ 8% 5 8 #] 2026 £

A

—LRiAR ROS BEi—SU b —RE I FEIBE— 24 A PERE M N
JE” P TE A5 I 6 3k — I SR L7 PR A 48 R G LA Rk
P49 L S« VA T RITRITAT Pr- iz J22 6 5 B R )80 4 25 D10 DG P Bl
X%t il 22t 31 25 R0 A A4 0 A UG . BFSRIESE, DEACMP
BPISTRN B BRI RIS B B 0 AR SR A RAE | 3R
BALA 1M 3 5 i 2H 2 P 9 42 AL B T R A TR AT
TEHERRAR o S AL R BRSO T 2 e M S8 i
JO AR 0P A A5 , AR 47 I ot I R SRy A1 9 i
AR PRI A3 T 4%, IR LA N 8 A 28 A i
A EOR RS 7R
1.3 LR Apek . MR AR 55 UL R Y XL ) B 3
DEACMP 3% FIIRIRFEis— B AL, (85580 eIk
AT BURE B s 0 X ) 9K 8 G 2R o 18 1 R AR < A B BT AT 3%
KRG, BRI N ZEACEF . A K
KT BB ALRTEERRAC. S sSLse Rk, 21
TR N B R 1 20 ] 2 e K BV S L 4 i SRR N
K, I FBUEEREAT A [RCIC R 1 24 o BEARIKE AT
FE—EFRRE Ul AR A O D F B N AT R, (EXELL S8
AT B R EUE , X — &K IIXT DEACMP BEHR A5
Ay BER P e AT B S . PR MR R A B A ) i R
WSS RS AR R ST SR SR 2 I R — > A 3R
Y5 (0955 B FR——DEACMP W1 EGTRA515 & FALR 3L, &
A S8 2 B MR 0 s AR B R S R o o 2 B S 2 80 7
Bt — I E AL T
EF LA=EHS, A DEACMP R Bt 1Y)
CEIRRER” UL AR IRRES AT M R A AR
BGE i, SRAR T RERE R A O RIATT, BRI A5 A
PRI R I B A R RIRARF LR AR o X — RN e 2
T R 2R 1140 LR RIS 560 8 A28 14 g A AR 1 S 17 DR 2R

%O

2. DEACMP [fellR i i) SA AL BEb R L % 2

2.1 SAALRhR SIS R AL NG 5 TIRE S T

Al DEACMP R IR B 5 S Ak N 1) — SR IAsind 1
B a2 i 28 v i FEO BRI YT A T DRI A3 T 38 — IR i
AL bR R, HAZ O ARFE T R (MDA) I 8— 5 3L 42
517(8-0HdG), MDA ENEFid A b N L=, HIER
W20 B i E AL BG RORRBE 5 8-OHdG J& DNA S fb#Ht
Vi B SRR AR, S W A R R 4 A S Ak vt A
fif o WFCHRGE , —SbiR P35 UG A BB E R YA
7 GDF15 Fll 8-OHdG ¥k & & & TG R, Hixsehn
EBYIKETE R R RIRIT G 2 FRot$ . 7 DEACMP [EAR &
TR 5, MDA il 8-0HAG B3R E Al LIB R R
AL R TR

B RGO PR RS R, LB A Ak b
(SOD)FIZS e H kit AL i (GSH-Px) i Fe 28, SOD 17 i
A B B T RAL RS, GSH-Px NIRRT AL S AA HL

116

AR, PSR AN AR ST AL B A 5 —TE BT R
DEACMP S I477RIHE H 2 0 1M3% SOD F1 GSH-Px 7K
BEREAL, RS A LG4 FEMH . SOD 5 GSH-Px
IR A RS DU AT A S BT AR AREARE | S 4 A I i3
T AT N AR

5= RYCh AL BAREY) , iR S TR R AR
FE(NSE) R AR 245 B H S100 8 . NSE 2 i)
YNAFRR Y, S100 B T Ay ST 5 200 16 Ak B340 0 10 775
238FR, WP, DEACMP &34 I NSE A1 S100 B 7K
BETE, HHARE ST REIT /- HAT A OCHE .
T BRI, 8 = R RAREY AN BB B AR A
B, T2 S A A 38T 5 B B A St U AR
W FH T A R RN TS 1A

2.2 AALREhR SIS R I 48 Sh A RRE

DEACMP R IR i 1) S b7 0 7R 222 TR K R e 28
BT TER A48 |, MDA i 8—OHdG 19T} = 5L T NSE
F1 S100 8 B9 EAL, AR TERIR N ETT. ALBifE
FHIFFERE, SOD F1 GSH-Px 1 T FEta 2 3 51 S Ak 4s
BTt S A sh A R, WA LB I R SE T AE M
P o EAS M AERE b, ARV X X S b I S A B e A7 A 22
5 MG T AIRTAT I B 2 T8 A s B A A TR R 2 Ak
RAREAAREIKF, BN DEACMP AL £ 8K,
T A XA A MR T A PR A T D RE A R AR . RIUE,
SRR BRSPS R 0 SRR R A A 1 P R
(A7 E L P IR

2.3 MR —FRaEY B R A A R

A GE RIS 2 15 %o B — Sk B SR 7 A A T ST
fifisz, HaX UM LIVERR A DEACMP REAREERS 2
BEASH ARSI, MA MDA ARy % T e e sl T
W1 i B SR B, EITEIE XM B AN B I AR
AR IR SN . ORI T RERR AR, 32 i BEAIR R
ZFERIRL BT AR . L, ARISSCHE SR i R A
W A [ E = 2R IRE S TR AR &Y, IR
B2 | LEALR RN 2 4 25, it =& 2 8]
FUAB A ST L S A 43T, v SR AR e 1z AR
T A A 2 LR IR X — B A A 0 SRS L B —FE AR Y
2 X I s o LR R S

3. P PH BRI A A AN,

3.1 YT IE I AR R AL

TR ESIRIT & DEACMP I KT A% .0 F B WAL
NIRRT, = U E B & R 2 . — 7
T, 1= R G A Y A U . O I S, T
AR T IR IR ) BE RS I PEGIR,  MTT TR K ik />
ROS AYAERG . S5 — T, o F A0 B2 A S AL DR i 4
K- EA B . IRRIFSE 7R, DEACMP M4
ZE ARG, % MDA KFBE T, [ SoD



A

The Primary Medical Forum EEE%itiz ¥ 8% 5 8 #2026 &£

GSH-Px /K F- & 0, FREEAIE, mEAXT N
Tk R AR S B — 5 B TR RN, « A Bhim R
FIBITE I MDA Fl 8-OHAG I MR B o 8 3, Wilgia
I7 3 BT A At I P A B

3.2 HR R 2T A SR A R TR A

TR Z57E DEACMP BEAR FEEAT 490 rh 208 “#M<
TEIL . ERIRTES . fPGEL” VAN, O AR S R
TR EA ZHGRAE . SRTE R EROTHFERZ —.
PR T 2541 ML X DEACMP 53 (0 S AL REeIR 25 HAT A
HGEEVE] o AFFTHREE, 757 B ERIETT A KGR = i — ik
A 7 8, n PR 25 At SR 7 3k T — 25 T i AR I T
SOD 1 GSH-Px 7K°F-, [RIETREAIE MDA #1 NO K-, HE L
IO7 I B 14 A0 PR JEE S A SN T RE DT 40 A 42 T i 2 — Bk

w2 52 5 LR 25 B S0 P 11 R IS FH TRIRE SR T <4k
T REFN G 1 14 A PSR o 152 1 T TS, 2/ B
SN : — AN 2 DR R LR BB
AR s R A M AR RS MG AR B, IR A1 A
ROS [ FPVRX AT 32% 5 =3 3 T 55 JS 2 D42 ik D) 328 S i
AT, I Gsss A 5 ) Baidl e S AL R ) S e SR sl R 2% ik
A, KERLLFRAE R 25 S0 AR M2, HiAE DEACMP
TR IR G I FH A, DR8I i ) R B SR T 2
SR

3.3 H PG R IR 1A R M 2

o R 48U T i 5 v s 2 T LR AU B R A O R T
S AN LA SR o o R RN AR A O TR 2R A R s A R A
P, FETTRAECR N BRI IIEEE] MDA 1 8-OHdG B B%E T
W, AN S BE VAR , o iR AR T I
Jo AL R K ST B 5, s L R X D 5
3 SRR AR B IR 1) PR R AR 5 AR
B2 T HGE i IEPT AR R E S, SRR AR B B
BT EAEERE T, AR PRt S A A5 4 0 ] B
Ko Pk, FraEEbE TR A B RS Ak s
DA RS R 32 S pt 2 E ™ S AR R 0 R R A
T2 32 P EEPUAMARS” TR B P T,

4. FETEALRIhR % RS R PR AL

4.1 MR R R

SEH:

AT DEACMP HEHRBEAS 1R 50 7 x0T S AN Sbr 254
147 A Ay JRs B o I R A 560 I LA JTUBRE 3 A0 o 26 e 4t
Yikr& NSE., S100 B A3, W AALRIEAZ% DARGEY MDA |
SOD. GSH-Px [ RGAN v RN ARTEREAE . X —JmBR S
FT WA, F—, 25X MR AT X — R etk
TER BRI TS HE b7 5 55—, TG I DR T T )3 S L
2R PR RN AR A2 = R A I I 2R T ARG 9 T B 5 |
T

4.2 =Bkt R AR

FE T HIIR EAL R R R WS 2R TR 43 28R = Rk
PR, AIESCHI R A 202 . T T . WA B B = Bk
PRI A

S — B B m A > 2 A DEACMP 2 Wi <7 )5 i ek
WISE . A =20 pR ) . MDA 1R R L2 AR,
SOD VEMHi ARG F , NSE VERHL G2 RICTE R
% MDA/SOD LU {8 A SR ] 9 200 i 35 400 43R =4~ S AR 8
DRI = AR 7 = i TN W TR =R A (16 I R A USRI A
PSR, S [R) S0 28 T3 2 R R B A5 () AS ] SR s =

E Ea 0= 5l T 1) I o R =3 ) i T O = R
3R T KA 14 RN E & R =55 . MDA/SOD
HO B N Rl 3R A R 3 0] e R U By R 45 5 MDA R R%
A SOD FFARBE, $ORMEMRENREREANE,
R AL EE 2T HUh 85 AR M E . NSE
S100 B ARk FAFE S AP 2 R4 R mE .

5 = Wy BER TR B B AE T T4 o i BE T, 4 A R
—RAEALRE B R FERTR o 27 MDA /KRR T SOD R
TR, RN HEAR RS AL AT EETIN R, N IR Y B
AR 25 L B 15 R | X — B A B0 AR A B T SE
DEACMP Hf U S5 A5 S T2 RIS o 2 BRI P 2R

4.3 MAREDIE R BIRSHERS 50 155 1L

L3R = W BRI AR B D AR SRR T AR bR
EYTE R A UL PR Y HAS S, BT PR 1 shas
Fl. MDA 5 SOD (¥ FuE A by vh 7 B B e] Jy 6 b s i
AT BEZRYT IR S T 5 o A T AT gl b 2
B, URFGEZKNIFITITE, H MDA/SOD LE{aAfE
AT L R 7 DR EEE o X — LR S 2 o TE 5
PRI AR T N “GIHEIRTT” B BRI R IRYT
FIEISIRAT .

[1]EHE 57, 5K K ARE . 2Pk — AR 2538 P Ioos 1) fG 6 R 22 431 0). T B s 24 1A 94,2025,31(4):596-602.
[21X5% 205 4m 4B 4 55 45 At — S Akl HP 3R PRI 1Y MR 2 Wi [J .1 PR 24 24 75,2004,23(8):66 7-669.

WATH . HMERRRITRITE [ 4% 242740SF0102127642 |; i [E o E 25 A 22 AR B HEAR RS 5 ph 2 P EIG
IRAL A S A ARSI [ 4045 SM-2025-001, SMFH-26-16 ],

117



