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Inhibitory effects and mechanisms of dihydromyricetin
against caudal venous thrombosis in zebrafish

71 Shi-xiang” ,CHEN Cai-yan", LI Wen, CHEN Yun-zhi, CHEN Shuai *

School of Basic Medicine ,Guizhou University of Traditional Chinese Medicine ,Guiyang 550025 , China

Abstract : This study aims to elucidate the effect and mechanism of dihydromyricetin (DHM) against venous thrombosis in
zebrafish. Zebrafish at 3 days post-fertilization were randomly divided into six groups:a blank control,model, DHM low , medi-
um, and high dose groups (50,100,and 200 pg/mL) ,and an aspirin group (25 wg/mL). After six hours of treatment with
DHM or aspirin,all groups except the blank control were exposed to 30 pg/mL arachidonic acid for 1 hour to induce caudal
vein thrombosis. The caudal vein and cardiac erythrocytes of zebrafish were stained to evaluate the antivenous thrombosis
effect of dihydromyricetin ( DHM) ,live fluorescence imaging was employed to observe neutrophil activation and recruitment,
RT-qPCR was performed to determine the mRNA expression levels of myeloperoxidase ( MPO) ,tumor necrosis factor-alpha
(TNF-a) ,and interleukin-6 (IL-6) ,reactive oxygen species ( ROS) levels were measured using a fluorescent probe assay,
intestinal hemorrhage was examined under a microscope to assess the safety of DHM , molecular docking was conducted to ver-
ify its binding activity with key targets. Results showed that compared to the model group, DHM significantly reduced
thrombus formation in the caudal vein (P <0.01) ,increased cardiac red blood cell staining area (P <0.01) ,decreased neu-
trophil fluorescence intensity (P <0.01) ,and suppressed mRNA expression of MPO (P <0.001) ,TNF-a (P <0.001) ,and
IL-6 (P <0.01). DHM also markedly inhibited ROS generation (P <0.001). DHM did not cause intestinal bleeding at any
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tested concentrations. Molecular docking indicated that DHM exhibited favorable binding affinities with MPO, TNF-a, IL-6,

and nicotinamide adenine dinucleotide phosphate oxidase 2 ( NOX2). These findings suggest that DHM may reduce caudal

vein thrombosis in zebrafish by inhibiting the TNF-o/IL-6-ROS-MPO signaling axis,without inducing hemorrhagic effects.

Key words: venous thromboembolism;Zebrafish ; Dihydromyricetin ;neutrophil extracellular traps ;myeloperoxidase ;inflammation

e ik 1 A% A% ZERE ( venous thromboembolism ,
VTE ) J& 4k IV FE A b R 2 5 86 = R a5 WL .0
IR , HAA W S R AsE TR . BT
HEML25Y) 2 BiR VIE () EZFB, SR X se 25 W) 4k
FHEE i B — HIPABR S 2B 1k VTE By &R %k,
HLE T A M I B g T BRI R W, He i R
AT e SRR o AT AR, SR O SR A T
ik R T b VR 4 32 0G0, X R AR AN 52 ) 1
LTI RE A B0 T 490 i DK i A ) CEAT ) REAE
RF T2 SR8 AT ST fih 2 1) r A 4 i 475 4
( neutrophil extracellular traps, NETs ) J2 & Jik 1fil 14 J&
Y BRI R |, 18 5 2 Fh i A A o i Dk A
a1 A AL Wi ( myeloperoxidase , MPO ) J2 £ NETs
R — A B bR . % T NETs 76§ bk
T I ) S BEAE FH b G55 9T SO ) %85 U0 S R Sl
BPUBE S HOARIE 1 IR 7 W 1R B AR FE R
TR Tl R B/ BT I A 245 1) 2 0 R 4 1 S
P, BLE B2 0 T A R G Y Al BIF 58 245 9
TR o I8 R 4 5 B 5 AR 2 ST i A S T
Bt Ey 8 MPO-EGFP( LA MPO Ji5 5l 8K gl 14 5 B ¢ (1
¢ .75 [ ( enhanced green fluorescent protein, EGFP)
FE PR L b R S PR 2R GR ), R LEE (RN O A
1o A X T VR AT AT R, T Ok
REAE I b Mk 4N 75 TE O 26540 .

S #3 & (dihydromyricetin, DHM ) J& 3, [{
ZHEZS (Ampelopsis grossedentata ) 1Y 32 B2 15 4 1% 47,
B 1N 11 = ) N | =R AR (S N P 14
Y MR IO, CHERS, R R P,
BA TR FNR I M TR s 3 A5 14 )
271, DHM BAT R RS AR ¥ 7, MG SE I 4
TR 7R FLRE A% S BRE 1l B () 400 1 o/ SR B R I
T I, S A PR VR A A 3 B AR A A
BRI ST A L, DHM 8 5 9 ] i /A0S Ok
PGS N B A 22 TR AR R AT Sl K A A T, HANH
A R o Ak, DHM BB 2 35 AR i 50K
F-IgE 25 W30y A E K40 bk KUS12 48 5
F- 988 28 HE Rl F-a (tumor necrosis factor-alpha,
TNF-o) F1 5 41 Jifg /) 2 -6 (interleukin-6, L6 ) 7K 3F-,

a7 T BRI 3 RS G S SN A P K LA
fER S R A RIS B R T DHM 3l i
e M RE AL/ SR A R T AR VR T (2
B8 1o VA58 S AE G2 SO T T Ik A T v AN
B . ASBFFEAERT I CAE R LA |, il id 57 MPO-
EGFP 5t 5 fa R ik A A8, REEAR T T DHM i
T T RAE RN S NETs T B 0T i ik i Ae: 4 &%
Bl , 2 DHM STk i eV 3 S 56440

1 HR57E

L1 #8

1.1.1 %

MPO-EGFP %% FE P i 22 5 5y £ ply 52 B8 25 K
PR BN S YE . S B Oy A S 3
K (3 days post fertilization,3 dpf) &, 1835 F 28 C
AFR K R OR B B 1 L B @& K $ A 200
mg A LR, B 5% 450 ~ 550 pS/cm,pH 6.5 ~
8.5, T 50 ~ 100 mg/L CaCO, ) , VA fif 4 W JiF 4k 3%
6.5 ~7.0 mg/L fF45 3 dpf BE-Lh A ) 19 R FAT 5K o
DUBR 14 h:10 hOBHRAEER, &5 HE R R A A
SEIE T SN P R 2 R SRR Sh YA PR A R Ol 2y
A HEE (HE S5 : 20250328002 )

1.1.2 XA

DHM( (2R,3R)-#4%, [a] 3 = +15.5 ~ +17.0
(c 0.9, FEL) ;b5 : D101549 , 4l i = 98% ) i
CRK (45 : A104180, 4L )% = 99% ) \ FE4E DU M R
(b5 - A111764, 4l =99% ) A I T 7 e (4L
0755476, 40 = 99% ) AT (#E5: 5129538,
giffy = 99% ) (_LilEBTHr T A AL B AR A7 BR A
F)) ;DMSO( 4 = 99% ,41t5 : D8418, 3 [E Merck
Sigma-Aldrich 2\ #] ) ; CM-H2DCFDA %¢ S #8541 (3l
5 .06827, 3 [E Thermo Fisher /3 #] ) ; iTagTM Uni-
versal SYBR Green® Supermix (#t 5 : 1725124, 3£
Bio-Rad /A #] ) ; FastKing ¢DNA 2 — 4§ & i H &
(LFEFEA) (5 KR116, Jb 5t KARA LR A R
/N 7)) 3 Universal RNA Extraction TL Kit C (it 5.
TLO643-03C, ffh LB LA W R A FRA F]) o
1.1.3 BH

ESEN-AW B £ #8157 58 i) 77 28 40 (b at % 4= 7
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PORFEA IR A7) 5 SZX 61 R ZOE B3 ( H A
Olympus 23 #] ) 5 SZXT (R 2 558 ( H A< Olympus 2%
) s CP214 K5 i 7 R ( i sl E PR S o A
FRZS+]) sSPARK Z I REREHR X ( i1 51 5 A R
AH]) s IXFSTPRP-24L 4 |5 4 i PR BfF JE 43 ( I
A E SO R A FR A H]) 3 Auto-Pure32A 4x { Fi#%
PRAR I (LI BB A A PR A W] ) s T100 %38 PCR
Y184 (£ [E Bio-Rad /A7) ; CFX Connect % ) 5E 5
PCR 1 ( Z& [ Bio-Rad /\ 7] ) ; Heraeus Fresco 17 /&
BB ( 3£ E Thermo Fisher 23 7] ) ; NanoDrop
2000 £48-1] UL 406 96 JE 3 ( 35 E Thermo Fisher
A7) s BE-6100 Gl FLARE AR B3 0o AL I T oAk D
IRA gl A PR A ) o
1.2 7k
1.2.1 33 & B#H Mt A 69 22 5 & 254 T
BEALZEH 3 dpf MPO-EGFP B £, 75 8 il e T
Pk KB IEH S Ay T 6 fLikh, f LA 2
30 et . ST DHM (44 2555 55 T
IR AT G 1 S O KRR YAE BT
g PR A AR o i R R R S e
(12.5.25,50.,100,200 pg/mL) 7 191 5 56 fifi 12
ZEHL 7R ,50,100 F1200 we/mL X Ifi k8 18 BA
FAMHIE BOEBGX 3 A BEAE N IE X L E A
H R, BOE 6 DNIIER A« A5 N BRZH (control
Con) AEA: DU BR B AU 2 (' model , Mod ) | B ] DT Ak
(acetylsalicylic acid, ASA) X} H 21 DHM Ik 71 & 41
(50 pg/mL) DHM HF[41(100 pe/mL) .DHM 75
FE2H (200 wg/mL) . Con 4. B T & 0. 1%
DMSO #fa7K H 4 35 s Mod 4H: BE 58T 30 e/
mL fEA: PUMRTR A K i 35 1 b 258040 0 0l R 3
D AR R R DHM BY 25 pg/mlL i) 7] DL
ARE K H A SR 6 h, FEAAAGAE DU R 4k 251w 557 1
ho FELAT BEEy 8 S v, 4 S B A 4B 3 Ytisr
WEY) B CFATSEE) o
1.2.2  ARERw) AR g G R 3 T & B F5 bk e
FERHRS1. 2. 17 Jy e Ab PR S B0 2H B 1 f, JH] 4%
Z R EEE E 30 min f5 FHBERR 2% ik ( phosphate
buffered saline, PBS )y 3 3 , il ACHT & Fic il fr) <3k
] 7 JHC PR (0. 6 mig/mL) Ao K AL A F) 3 8 2 AR
LA T Y BEEIE R 15 min J5 H 0.05%
Ik 20 [ PBS YUK 3 i 28 1k S B2 B AL Pk
10 R fh, i AR A (40 x ) WEERBE 5y £ )2
PR I A% A U JUE 2140 i 2 €41 0L . ] Imagine-Pro

Plus 6.0 QA0 PR 5E 73 M 5 5 £ R # K B oL
HIELT 20 1 2 5 T AR, 3% 23 2K (1) 3158 AR JE R
(Re) ™ 45820 (2) I AR 3 (R
S, -8,

S
Sn =S4

S

Ry = (D

R, = (2)

A1, S, S, Sy 3B F R BRI AL | 25 R IR A
2520 e R DK LT 20 P 24 e e T A
1.2.3 8k MBI P 4 dm i

5 0.05% =R AW 1% W IEL 4t R 457 K
P& LI A B fa [ , R FEAL PR L 10 BB S
1, TEARRDOE B (40 x ) TSGR E Y RID
iR 40 M, A Imagine-Pro Plus 6. 0 [&] 4% A 3 %k
1 T 3 A B £ O EIREE
1.2.4 RT-qPCR #m MPO & ¥ 3¢ B -F &4

i F§ Universal RNA Extraction TL Kit C $2HU4%
SEYRHBE S £ 5 RNAF 22 40- 1] W6t
X RNA VR BE 20 B AT 2 . B 2. 00 pg 35
FFE AR RNA 4% ] cDNA 25— 555 a0 4 16
#elE, 61 20.0 L ¢DNA i i RT-qPCR £l B-ac-
tin MPO TNF-a Fl IL-6 BR335SR 44424 -
FAEE 95 °C 2 min; 48 1E 95 °C 5 s, 18 K/ ZEH 60 C
30 s, 439 MIER, I Ze N 65 °C FHE %2 95 °C,
REERES s HEM 0.5 °C, H B-actin AF R HEFFIEH)
W5, R 2755 MPO TNF-o 1 IL-6 SR 1Y
mRNA FIXf Kb, 5P H Ik 1,

x1 s|¥MFE5
Table 1  Primer sequence
£ 519551
Gene Primer sequence(5'—3")
B-actin F:5'-TCGAGCAGGAGATGGGAACC-3’

R:5'-CTCGTGGATACCGCAAGATTC-3’
F:5'-GCGCTTTTCTGAATCCTACG-3'

INF-a R.5'-TGCCCAGTCTGTCTCCTTCT-3!
L6 F.5"-TCAACTTCTCCAGCGTGATG-3’

’ R.5'-TCTTTCCCTCTTTTCCTCCTG-3'
PO F.5'-CAGAACCAGTGAGCCTGAGA-3

R:5'-CTCTCTTCTTCTGCCCCCA-3’

1.2.5 5 RBEEARAUE M & 1A

KSR IR 1. 2. 17 7 AL BRBE S fa ),
A CM-H2DCFDA % S5 X 1 4 4 ( reactive oxy-
gen species ,ROS) 1 7hric, L FBEE 2 h 5l fHZ
DI GHEAR O 2 B:41 ROS 2B
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1.2.6 BMENRRL & HERhR o

BEMLIEHC 3 dpf MPO-EGFP BEh a1, 75 B il 5e T
Pk KB IEH S Ay T 6 fLikh, f LA 3
30 B th, B A X BRZH (control, Con) 4K
7T 4 (model , Mod ) F1 DHM £ (50,100,200,
400 pg/mL) , Con 4. B+ 0. 1% DMSO f1)
K37 Mod 41 B 5 1 F 5 8 pg/mL = flifih
TTHI KRS 6 h; DHM 41 73 B BE o 0 T 5 R
[ 2 DHM () K i) 5,6 h 5 T B UE T (40
x ) WLEE A 2H Bt £ g 3 S A OO, Gt & B S
K0 77BN RN 1R 3 @t 7B WA bl (1 o
1.2.7 5Fst4

A3 FXFEESCIG F T I UE DHM 5 5G40 25 TNF -
o JL-6 MPO i Ji 75 08 Pt fle i g e — A Y TR e IR
A L1 2 ( nicotinamide adenine dinucleotide phosphate
oxidase 2 ,NOX2) (454 15 Pk, TNF-o  IL-6 % [ 45
¥\ PDB %% E ( https ://www. resb. org/) #HL,
MPO NOX2 & 145 #9 M AlphaFold %45 J%E (https ://
www. alphafold. ebi. ac. uk/) 3K, DHM %543k H
PubChem %% 4} JZ£ ( https ://pubchem. ncbi. nlm. nih.
gov/ ) o, ¥ AutoDockTools 1. 5.7 X} & H & i
LA O B R4 A, R IG4E DHM 1) 7] Jie %
. FIJH AutoDock Vina 1. 1.2 X{4)5 i+ EH S

Con Mod

50 pg/mL

Con Mod ASA 50 100 200
DHM (ug/mL)

100 pg/mL

INGF TR A W75 3, JF A8 Pymol il Discovery
Studio HAFFEFT o0 AT AT IR 2 3
1.2.8 %its ik

ARSCH T A SEER A 3 I, SRR DLy
18 + 19]?{@%(; +5) 3o H GraphPad Prism 9 %
PTG o3 e s B, SR FH LR R T 2257
Pl o K30 L 805 2 W) 22 5+, P < 0. 05 Rk == A

e eI
2 HR

2.1 DHM ##I5E D fa R EREk A& AL

3 3 X JRE T i R 7 Ik B O U 20400 M AT e €5
WF5E DHM X 5 £ £ Fe i i T2 R S0 . 4%
WA 1 7R, 5 Con 1K L, Mod 215 1 A R k4L
2 i e £ T AP RN, BT IRy 94. 2% ,
St T £ JE 0 ik L R A R e 7 R T . 5 Mod 2 A
Ee, DHM K | ) 4 T 15 Y RE B 35 b R
BRI (P <0.01) , MR 243 512k 29. 9% ,
47.7% ,60.2% , BAT e A PE . R, 55 Con 40
FHEG , Mod 211 BE 1 100 JE 21 240 0 2 0, 1 4 ) 4 v 0>
(b 0 UK 20 200 0 2 €5 T AR5 2 0 ok I A 97 A
)1 T Mod ZHAHEL DHM A% rp w2 T B
B i U LT AR e (5 TR AR B (P <0.01) .

500 um

Con Mod ASA 50 100 200

DHM (pg/mL)

Bl 1 DHM X{BED & A KIS B AEL RO B0 (« = 5, = 30)
Fig. 1  Effects of DHM on zebrafish caudal vein thrombosis and heart erythrocytes(; +s,n=30)
A BRI O NN B, i R R B RIKA B . 5 Con ZIAHLL, P <0.001 ;155 Mod 4HHLL, * P <0.05,* * P<0.01,
***P<0.001, F[F, Note:The red dashed line indicates the position of the heart,while the blue dashed line marks the location of the zebrafish
caudal vein. Compared with Con group,*** P <0.001 ; Compared with Mod group, * P <0.05, * * P <0.01, * * * P <0.001 , the same below.
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2.2 DHM #ij#l] MPO-EGFP 3 5 fa FEf# Bk M2 E
PR E L S5 E

I FH SR A5 G ER AR 0 H A 20 i 1 2 ik PR B
s MPO-EGFP HE 57 J2 i ik i A A 78, 3 3k 2% 5% I
TS AETE ARG DL T RS 45 S B0 4 B o £ MPO 245
S E A 5E DHM S BE I £ i fk i e 455 750 o s 4
TG BRI, 25 SR WA 2 fr7R, 5 Con 4

Mod

50 pg/mL 100 pg/mL

250004

200004
150004

10000 i

50004

intensity of MPO (A.U.)

0-

Con Mod ASA 50 100 200

DHM (pg/mL)

F H Mod 21 5 1 £ ek 48 i 7 8 7 bk 14 0% Ak &%
SFAEUIR I, DHM K Hb e 50 i 4L T B Pk
L2 B TE DK B 15 1L B 55 4 5 Mod 1A L3 (2
FHMEWA (P <0.01), [FEF, RT-qPCR £5 R /R 5
Mod £ # L, DHM ik, b & 57 4 45 7T 12 35 T 9
MPO H£ R AT k4 (P <0.001) .

200 pg/mL

MPO mRNA

Con Mod ASA 50
DHM (pg/mL)

100 200

2 DHM X} MPO-EGFP 38 I & e {4 i 48 i 44, S BE SR OB M (« £ 5,1 =30)
Fig. 2 Effects of DHM on the activation and recruitment of neutrophils in MPO-EGFP zebrafish(; +s5,n=30)

2.3 DHM & E#k M HEEB T & NETs 85
K FH RT-qPCR /5% DHM X BT 25 £ i ik 1l i A
B NETs AH XK RAE K F TNF-o Jo IL-6 23K

TNF-a mRNA
T

Con Mod ASA 50 100 200

DHM (pg/mL)

gERANE 3 F R, 5 Con 4141 H, Mod 41 BE 1 61
TNF-a J¢ IL-6 FHXTF3E w3 W E . 5 Mod 41
FHLE, DHM 2H ¥ RE B 25 07> TNF-o AHXS 355 (P
<0.001) K IL-6 HXFFikH (P <0.01)

IL-6 mRNA
tn
L

Con Mod ASA 50 100 200
DHM (pg/mL)

E3 DHM XAk MR BT D 8 & B F R &M M (v £5,n =30)

Fig. 3  Effects of DHM on the expression of inflammatory factors in the zebrafish caudal vein thrombosis model(; +s,n=30)
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2 DHM X E#IK M RABE D& ROS &
A (x +5,n =30)
Table 2 Effect of DHM on ROS production in the zebrafish

caudal vein thrombosis model (; +s5,n=30)

2H 5 F & Dose ROS FL{E

Group (pg/mL) ROS fluorescence intensity

Con - 1088 +22.3

Mod 30 1641 £19. 2%

ASA 25 1490 £20.2% **

DHM 50 1445 £16.3**
100 1394 £25.1***
200 1362 +20.6* * *

25 Con ZLHIEL, ™ P <0.001; 5 Mod 41k, *** P <0.001, F
Il

Note : Compared with Con group,™ P < 0. 001 ; Compared with Mod
group, * * * P <0.001 ,the same below.

Con Mod
— v .
f(ml
100 pg/mL 200 pg/mL
ﬁ(rum

2.4 DHM #)#H| EF#pk MR E DI T & ROS =4

J T it —WF5E DHM X NETs T% i 1540 , 38
9 EHEM R IC ROS 58 DHM X1 5 NETs JE A%
1) ROS A2, 45 R I3 2, 5 Con HAHI,
Mod 23 51 ROS %77 A= 338 . 5 Mod 414
Lt , DHM ZH 346 2 35 4 i 35 5 £ ROS 1Y 74 (P <
0.001) .
2.5 DHM R5|EHS&EH MK

BT HETHE PR 259 1 F 2R BV H
ISR, 38 52 ST S AR A TT 5 5 10 B 25 i 3
BIRIPEAL DHM %8 et . 455K 4 %3R3 Fis,
5 Con 4 AHEL Mod 2H fit ). 25 5| 2 B 15 fa1 i 38 S 1.
FLIE, ML & A2 %k 94% (P < 0. 001) , 1fif DHM 4
BIR G| BE 5 g 38 I RN, O R AR R 3
0% .

50 pg/mL

S
-~
500 pm W'_unx
400 pg/mL
——— =
. ' s T e—— e
/ .
S00 pm 500 pm

E 4 DHM X{5E5 & iz 18 H 1 49 7200
Fig. 4 Effect of DHM on intestinal bleeding in zebrafish
TE L0 R A A, 215 k45 7R M i IE S 7 # . Note:The red dashed box indicates the intestine ,and the red arrow points to the

location of intestinal bleeding.

&3 DHM X315 & 78 H e #2m (n =30)
Table 3  Effect of DHM on intestinal
bleeding in zebrafish (n =30)

2.6 DHM 3 FXHZELER
¥ DHM 5 TNF-o.1L-6 . MPO . ROS Hi % & [
NOX2 #4743 X4z, i —20 56k DHM 10 il & ik i,

i} - B it iy . Ha 0 1 PS5 45 R 34 2 S IR, DHM 5
215 il BT 0 B3 KA
Group Dose( ug/mL) Number of zebrafish  Incidence( % ) %4 DHM EMOIZRIEER
with intestinal bleeding Table 4 Molecule docking results of DHM with target proteins
Con ] 0 0 ok “irie
Simvastatin 8 28 Q4 ### Target Binding energy ( kcal/mol)
DHM 50 0 0 TNF-« 6.8
100 0 0 1L6 6.7
200 0 0 MPO 7.1
400 0 0 NOX2 7.6
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TNF-a

5 DHM 53 =i5F i HLE
Fig. 5 Molecular docking visualization of DHM and targets

TNF-a IL-6 454 883 /NTF-5. 0 keal/mol , 354 ] DHM
5 TNF-a 116 Z[AIZ5 7 RAF (455 REBIRUEII 45 15
FasE) . 1 DHM 5 MPO }z NOX2 44 REX/NT-7.0
kcal/mol , 350 DHM 5 MPO J NOX2 456455
3 Wit54%RR

AN T B BRI ST B Sl DK AR , K A )
TR B AL THRR G B ik A e 2
HR FERRIREER BRI LUk —H L) 1856 4
Virchow $ H (14 1L T B = & 22 S8 figp FB i Jok I A4 11
AL, LA LB , L 5 BER A LA S i 45
P37 AHUR, MR 2 B RIS 2 B8 i R 7 i Ik
AR & A R RS i b R B EAE ] . P kLA
WITE 52 3 55T RIS I 20 200 HE P S SHEEE 1 ) e s T
THIE , B ) e €0 O 3R A S A AR S 200 B o it 2R
SER A, KM G T R 2R BURLE (R
MPO) BT 3 J SME i NETs . NETs #9818 % Bt
M/NRFNET AR B A T RS 1Y =4 3SR, JFAe ik
1l R 2T 44 2 1 TR AR 0 A A T
NETs 942 5032 9 0E PR -5 S8 A0 LB BUE i 455, R
i ¥ TNF-o 1 TL-6 G 3o b 8140 i 20 08 Pt M i 2
" ¥% H 2 #5 B8 ( nicotinamide adenine dinucleotide
phosphate, NADPH ) % /il 1 ¥4 , 75 5 ROS 42 % , M
ROS Jf— 2 3475 MPO J4iE o NETs Bk ™™ &
X— 3t #Er, TNF-o/1L-6-ROS-MPO {5 & i 2%
HRTBOR PR A2 i NETs B, H75 T i IR AR P Ao

DHM {E Sy i s vh i) E 2GS ML), 75 2 WY
IR B B it R S Hi AR LPER]. DHM fE
%38 13 7 4% [l T--,B ( nuclear factor-«B, NF-«xB) FI
22 B4 5 35 AL B 3 % ( mitogen-activated protein ki-

nase , MAPK ) 4 58 i AH A5 538 % , 1235 1 9 TNF-
o IL-6 IL-18 S5 5 AE PR - 1) 22 35, AT U028 98 P 461
G BEAh, DHM RESIE A% E2 AHCH - 2/10L
LI EIN4A B 1 (nuclear factor erythroid-related factor
2/heme oxygenase-1,NRF2/HO-1) {5 5%l , 38 5% PN I
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