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(HE] BE 3T IeekE 5 7 212 010 BOMAK EGE 5 KR0S ILBE 09 v & T sefE ALl . FiiE 30 R
SD KA FEAY A B4, A kRl ima, H4110 2, BEA 20 Fohork % 50 LANAKBAC A 212
P TA) BROPEAR BRSO AL, Ak i g 7 A A KA AR AA AT 30 mind% 14. 8 ¢/ (kg-d) #EF 42, B AL
AN AR AR T AL L RET, ETFRI2A ., )b id o MBEESEAR [ QIEIERRH (CK). LB %A F
I# (CK-MB). SUBRALEBE (LDH) ], &AL E#dedr [ 4ERm =8 (MDA). &pcH ik (GSH) | Fo4a4R
YhF; Bl SR P kelch# ECH 2B & 1 (Keapl) . B4 28 KR F2 (Nif2), B pHAkiE AL
B4 (Gpx4). BRAFHEE A5 R BF K4 Rk N 4 (Acsld) & &A= mRNA 89 KA ; HE Z & U158 L 2m B i
A, BR SRy, BAMK K ECK, CK-MB, LDH, MDA 4, GSH & ik f=f 224k &2 1K,
S LA 2R Keapl . Acsld & & A= mRNA & k3 hm, Nrf2, Gpx4 & @ A2 mRNA &k Y (P<0.05); HE &4
REFHEAE KR CILAR N g L, HKEMIZIE, SPmRRMoRIr, SEALER, MmekEkEipa
X R 7 CK. CK-MB., LDH, MDA T, GSH A X AR EFH &, CMAL Keapl. Acsld & & F»
mRNA F ik B4, Nrf2. Gpx4 & & F» mRNA R X Ft% (P<0.05); HE & 27 Wl m il 5 A &,
LEIR AR AL AP BT 1) BROPEAR T A P AL R AT R RS IR R B B, FE LR T AR R aE i
o) Keap 1-Nrf2 38 &/~ 569 £k 56 == fn L AZAE A

[R$ER] MR RF R G I5; AR BRAICE; k&g ; SR ; RARE; 28T ; Keapl-Nif2
id 74
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LR AEREIR,  ARTTT | R AN ()RR R A 08 ) 0 e )
A, RORIRINAE . BEARZS A 2L LS A A 22 1
PESE N A — R FE R 04 B R 0 e ko o
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FHUA KT B A FAIL o AR S50 28 4 v B2 24 K 2%
Sy L FZES, S 2021009,

1 #R5FHE

1.1 %

Tt SPF 2% SD KB 30 H, AR JF & 210~230 g,
7R, W RO EE2E RS, VFATUEYS . 20210119
Aazz0100000500. 3l #) 1) 5= T4 4 rh B2 25 K 2% SPF
REh W SLEE, IR 21~27 °C, 1B 45%~55%,
R EUE WM S 1R 5 AT S
1.2 %9

IR A AN : 30 g, 6530, KE
12¢g. HREER6¢g, ¥ H 12, r9e, AETH
15g, MH9g, JIIE12g, #HEL9e, Mui9e, H
3 oo AR AR A A N T B 25 A R A
24 1) B AR S5 30 min, R KBS T /N ok CFE R
30 min, B2 R 2 I 2GR A E — 2% & vk
g, A AR 20U R 1 g/ml BN W% 95 17 Tk G
W, —20 CORAEE
1.3 EZXMNAME

ARG DT el (HE YL, M ZE4E/RAEY)
BHEARAT, #5: G1783); NZ B-Actinfilhk,
kelch £ ECH KEEKH H 1 (Keapl) $Uik. AR
SR T2 (Nef2) dodk . 4k H IR S Ak 9 1 4
(Gpx4) Pibk . BEILATHET A & B 6% 5% L 5 4
(Acsld) Ptk (RN =JEAYHARARAF, #5
4% 9k AO4672-2. YT5218. 16396-1-AP. 14432-
1-AP, A04372-2); BCAKHI & (LiEEE = KA
HBRAH, #5: Po013); AEdifbidFl& . DAB
W EERE (RMEFE BRI KA RAR, it
543 B A KIT-9710. DAB-0031) ; RIPA % fi# .
W SRR & . PCRIAF & (R i MERE A 4
ANA RS A, #5525 Q461-01, R198-01,
A711) ; SR (FERAGHARAF, fits
H37022259) ; O WUEGEI 2 0 & . 9% (MDA)
Rl& . SMHBE (GSH) & . AL ek
A& (R EYRHECABRAR, #5551
A032-1-1, A003-1, A005-1, A039-2-1),

fiREAE (P E L ERAERE BR A F, 7
5 Attendor-140Pro) 5 D62 B34 ( H A hitachi 28
"), A5 ECLIPSE 551); HLF W% ( HZS hitachi
JvE], A HT7700) HLIKAL (145 1645050) . H
KA (B4 165-8001) . fh2F KL AR AL (H5
Universal Hood I ) . SZRF 28 Y6 & PCRAY (A5
t100), [E Bio-Rad 2~ ] ; AL (HIE RM2235) |

Y HL (85 RM2235), fE[E Leica 2y w5 il
PR (EEFFEAF, B Bio-TEKELx800) .
1.4 SHhpA 4 &

3 3 A MR A ) IR U TR B T A RUOR
AR, AT N AR E B SAE A R . Horp
BEE AR AR S. 0%, e AR EE 21%, AR
IR 50 s, MRAEFFLLI 205, AWK LTHY30 s
KOH R AER Y 20 s M — MR ER R, H3t 120 s,
BRFFLESh (—H A L4 9: 00 F45: 00),
S 128, FSr S PE BT AR
1.5 Moy rk T

30 HOK B BEMLEC 7 R 1550 M IEF 4L | A7
M. INREIR A, B 10 B g% % 4 B
KA HEARA AR AT 30 min#% 14. 8 ml/ (kg-d) WEH %4
2, IE R AR TR 2 ) A [ R T AR AR K
B, HE 5B L R A5 1 4 A IR AR
W, KR8 h, 242553 NG IR &x6. 3",
YRR, 3 RFR—IRAIRE IR A 27 . 4%
I 12 5.

1.6 MEIARAT &

1.6.1 SHUBE, RACRBIGAR A ML KUK
WG — KAy EsE 12 h, R, EEES 20%
BhitH (0.5 ml/100 g) JBREE, HHUE = 3kR i,
4 °C. 3000 r/min(E5.02FE42 4 8.5 em) &40 15 min,
WeH R MG, —80 CLRAF, Fe HEAH N i 7 5 A 136
A5 20 0 2R AT A o o0 JUL it 8 A B 35 UL R 95 it
(CK) . WUFR BB W] T8 (CK-MB) . FLR I =
(LDH), % AbNidEbrfud MDA GSH.

1.6.2 HEFE&EMEKXKSCMARTESF HUM
Jo, AR BRCOR H BEHLEC T 2k 2 B 3 HLAM M [
ETETARE L, SIFEML R ERS%, F1rREE
Ffs, BT RCME, A BT HA 4 AR R K T vk
FMEIMAE, FFHIEIRR T, —IA 4% 2 H
R, o) — 8 IR iR A R TR
A E-80 CHMNIR VKA . B E fE 2 R H P )
ODNEHR T AT R, JREE RS wm, 2 R
HEWOREESEERLK , ATHE Y . I AEER] | B
R, FEIGA BT T URER O LA B A T S AR AR IR
LEUL.

1.6.3 Western blot 7% #& M| & U0 22 7 Keapl .
Nif2. Gpx4. Acsld & & &ix  FAABA VRO 0L
ZHZ1100 mg YIFE, I 46 00FN B 11 D 1) 51 1R
A, JHUHEDLIHE 20 SARTUIE, #1130 min 5
OECET, BCA RGN & R, s i
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H R, PREct vk, e B —diad
W, —PUFE2h, BEFTRE, 25 H Inage
Lab v4. 0 AR 4L BT 730 Keapl . Nif2, Gpx4.,
Acsl4 55 25717 B K BEAE
1.6.4 q-PCR % 4 0 & JUL4E 28 P Keapl. Nrf2,
Gpx4. Acsl4 mRNA & & 4541 HL 100 mg /0> L4
21, M4 qPCR 7 & Ul W 45 2F 17 52 HU A 210
RNA | I K B0 WLATZU RNA (v B R4l |
et q-PCRY BB RN AU, L
GAPDH AN SN, R 2 B4 Ay K
AEXFZRIRAKE, 51975 b ZE R A= TR
ARARAF G, Nef2: EJiF GACATCCTTTGGAG-
GCAAGACAT, F iif TGGGAATGTGGGCAACCTG,
FE A BE 268 bp; Keapl: Liif GAGATATGAGC-
CAGATCGAGACG, F ¥i# GGTGTAATCATCCGC-
CACTCAT, 7=%jK ¥ 183 bp; Gpx4: i GCC-
GAGTGTGGTTTACGAATC, T ¥ ACGCAGCCGTT
CTTATCAATG, 7=4# K B 257 bp; Acsl4: L JiF
TCAAGCATTCCTCCAAGTAGACC, F i CAGCCG-
TAGGTAAAGCAGGAG, =4 B 236 bp; GAP-
DH: [ ¥f CTGGAGAAACCTGCCAAGTATG, Fiif
GGTGGAAGAATGGGAGTTGCT, =¥ 138 bp.
1.6.5 S%yzsate s JLLL LR Nif2, Gpx4 & & 49
bRk O EE R RGO LA ZURG , 28K .
JBREE S e, U . $5 R Hr L R SR
BRI BUEFE N 5 pm B3 7, B T HIRBE . O~
(] A6 B2 BT ARG IK , AP IR EL EDTA B4 . PBS 42
PR e BETPE R Al . — BT PR
H. DABE A, B HKIREKTHE— R
ARG E R, ERF B NS0T
T
1.7 %itEFx

K HISPSS 25. 0 Ge it B it AT Bctla o b, e
BRI GESS A, H (d+s) Fon, K4l
BOR BN ZE O 22001, LRI E A Oy 2555150 H
LSD ¥, 77 2Z A 550H Games-Howell 3£, LI P<
0.05 W ZERA G E L

2 H#R
2.1 BMKXAoF MDA, GSH Rk AR EF
26823

FK1n, SIEFALE, BRI MDA &
INTHE, GSH FRIk LU & AL, SH A4
Ho, TR A 41T MDA Kk FEAL, GSH 3%
NS TS (P<0.05)
1 BAKBIMEE MDA, GSH ik FL 4k &8 i

(x+s)
MDA/ Ay e
a5 B L GSHpmol-L' B}
nmol * ml pwmol * gprot
EHA 6 9.50+1.32 2811.15+£96.23 19.48+2.84
R 2 6 12.55+1.33" 2400.00+166. 90" 10. 20+1. 90"

IMRERAA 6 5.38+0.65"” 2788. 68+207. 17" 24. 81+4. 42"

d:: MDA, W[; GSH, APt K.

a) HIERAILE, P<0.05; b) SEAA LA, P<0.05,
2.2 ALK RS DUBEA M 45 R 4R

R R R4 6 K, a5 RSt it 6 H
KREEHE . £2/8, HIEHH LB, BEH MG
CK. CK-MB. LDH/K-TI# (P<<0.05); SH&A
HHE, IR EIR 7 2H K B0 WLEE CK. CK-MB,
LDH /KA (P<<0.05).
2.3 ZWMRKACMALHE R ELR

HE QL 25 o, 1E 5 41K U L4 At HE
GIEESE, JEASHN, BT AZ G 8 5] BRI
KEC WU G 2, O JILZH SR 5 148 R 7
(12 O = A B2/ N1 R % N U [ i TR
KMy SEUEAL, IRERSAHR FIREEIE
SHPEGE, WKL,
2.4 ZAKA S MLL Keap, Nrf2. Gpx4. Acsl4
%% 8 Western Blot 4] 25 R rb 4z

FK3m, HIERHLE, BAEKEOIHRA
Keapl. Acsl4d IR IBIGHN, Nif2, Gpxd4 HEHEIA
W (P<<0.05); SERIZAE, MBRERBA
KEO NS Keapl . Acsld 8 k>, Nif2,
Gpx4 IR (P<0.05) . £ 2H K0
ZKeap. Nrf2, Gpx4. Acsl4 75 HHLIKE WLE 2,

F2 AR O AU ARSI 25 5 e (U-L",x+s)
20 51 UL CK CK-MB LDH
IEH 4 6 408. 00+170. 22 355. 47+66. 94 370. 47+95. 42
BRI 2 6 1361. 50+494. 87" 747.08+162. 16* 703. 92+144. 98"
PILIRES/SVE: 494, 67+63. 24" 412.43+101. 89" 338. 40+70. 79"

e CK, WIFREEHE; CK-MB, JUERFEAFF TAF; LDH, FLERMEHE.

a) HIEHW4HE, P<0.05; b) S5EIRL A, P<0.05,
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IEH
TE: H LT A (0 LA A

HERZH

B 1 AHKECOIAL HE Jeagh ) (x200)

RT3 BHKFONHL Keapl . Nif2, Gpxd. Acsld [ Western Blot #2855 Mg

ORPEMH, x+s)

217 ik Keapl Nif2 Gpx4 Acsl4
R 3 1. 02+0. 03 0. 99+0. 04 1.25+0. 11 0. 77+0. 22
TR 3 3.37+1.38" 0.42+0. 11" 0. 35+0. 23" 1.57+0. 26"
PILERESVE 3 1. 07x0. 36" 0.72+0. 17" 0. 86+0. 33" 0. 90+0. 32"

T: Keapl, kelch#tECHRERHMA 1; Nif2, BLLRFESRIT2; Gpxd, HMHKSEMITEA; Acsld, BEEAHES A G REHCEE R IE LS 4.

a) HIEWALLE:, P<0.05; b) SRR A, P<0.05.

2.5 ZAKFASHAL Keapl, Nrf2, Gpxd. Acsl4
mRNA £ & big

T4, SIEWHIE, BAHKEONHR
Keapl. Acsl4 mRNAK-F-JhiE, Nif2, Gpx4 mRNA
KRR (P<<0.05); SBIALZ LLEL, MsRER
HH RO LA L Keapl . Acsl4 mRNA 7K A,
Nif2, Gpx4 mRNA ZKF-Fhm (P<0.05).
2.6 HKFSIMLNK, Gpxd &G F ik
2 R kg

K378, Nef2 BERIREONHAL LS. 5

Nrf2 110KD
B-actin 42KD
IFHEE  REE NKSREHE

Keap1

" 70KD
B-actin 42KD

IEHA  #HRA  RRESHA

IER AL, BERIZE Nef2 BHPE Rk s SR 4
FRA, RS 7 20 Nef2 B Fe 1k 8 T

K478, Gpxd BB RO IH LY MT T,
HIEWH R, BAIY Gpxd WHMERBE D 5
LR 2 L3, R U R T 4 Gpxd 19 BH PR & 38
B

RS, SIEFA LR, BIAA R RO 4S8
Nif2. Gpx4 (7 ¥ 0% B> (P<<0.05); S
RUZH LR, MR RA AR OIS N2 . Gpxd
HF G B I (P<<0.05) .

oo [N S S| 220

IEEHA #3E  JIREREHE

Acsl4 79KD
B-actin 42KD

EEE I INREESHE

. Keapl, kelchBEECH G 1; Nif2, B4 REESEHF2; Gpxd, M kS &1k
YI4; Acsld, BRILGHEE A AR BE RN 5 4.
B2 HHAKRFONHES Keap. Nrf2. Gpx4. Acsl4 & [ vk &l

R4 BAKRBONAL Keapl . Nrf2, Gpx4. Acsl4 mRNA AN 257K

(278 Tag)

2151 FUsK

Keapl Nrf2 Gpx4 Acsl4
EHA 3 1. 000. 00 1. 000. 00 1. 000. 00 1. 000. 00
TR 3 1. 61+0. 26" 0. 66+0. 12* 0. 58+0. 04" 2.39+0. 4"
YIRSV 3 0. 87x0. 84" 1. 00+0. 11" 1.23+0. 13" 0. 85+0. 39"

. Keapl, kelch#EECH M 1; N2, BLLRERNT2; Gpxd, BHCH T ALIEE4; Acsld, BEIEHIEE A S MBHCAE RN 4.

a) HIEW4IHE, P<0.05; b) SBM4HE, P<0.05,
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IEH A
T Nef2, BLLRFRET 2,

P\l SESZR7EN

3 BHKFO UL Nef2 S gl Ak e 25 5 (x200)

IEWA
TE: Gpx4, AN MGE A4,

PILISESZR7ESN

4 FHRFOMAN Gpxd e b g g5 (x200)

RS BAKRBUONHLANL , Gpxd F A REH L

SR CFEPDCE R, ws)
415 LB Nrf2 Gpx4
EH 3 0. 42+0. 04 0. 42+0. 05
AL 3 0. 27+0. 02 0. 210. 05
PILERY 377k 3 0. 340. 02" 0. 38+0. 04"

e Nef2, BLRFEET2; Gpxd, BMH K &4,

a) HSIER4IE, P<0.05; b) SHAA A, P<0.05,
3 itig

HRAE OSA I KRB FT g T h B2 “JEAE”
“REIR” JERE, G0 GERIERMES) H. CRFIRE, IR
FMERH A A, HA AR ABRVER S, AMEIES I
T OSASIEMLC U N E T B2y g
CLIET TUWE, OSAJEI, M. ML HE =EDIRER
W, AR IMAE, JC AT I GO M, 0 R BT
Fr, RIREER, (U . REE. M —=F LN
g, T LA R B IR OSA O WU 15 1Y 3 2k
Bl IMRFRZH U E . 35S 0H, BHETHMNA
R, MR, (EARREIMAT, FRELHE; S AN
AN LU A, AMELFRE , Ay, M R
2y, XM, ARZEIB, TR, AT
BZHA LT wK. EZ. RE=Z80], @5
@M, B RZA, FAAR 2R IHR R A
s WRECHARIR , [ UDUNRRE, 750 R
IR, TR, BREGE TR, —Ha IR

IRBEEZ ), WA 2y, LA Bk
TRARRERE AT 55 s YUE AR A )1k
M =z<2y, LRedEisss, FRefrimi, Eimn
5P, BRYIATE AR, HERIR AT 2, i,
ThIEZE R R . 2.
AN BUR R N AR R A, 4 B R
AR TR, T BOE ARG RS KAk
r ) 7 A AR P s A PN 5 AR 5 DR P S A ok
P OSA B E fEE IR o FE b R R B AGERR
FE, HUARALE T8k ] BRI AECIR A, 51 & AR LR
NI 53 MDA 5 — R YA IER N B,
M5 R ML A8 2R G0 B At A5 P RS 45 49 R T fig
BB 0 T AR T e T I AR R 1) SR AR
TR B R 2 OSA 3 RO I A B 3 55 0 R E 1Y
B EEALE 22— "o T [ BRI S i
PR AR RN, (025 LA AR P I 9 465 5 7
K, SHEMPRIRE AL, OIERAER,
JnAe 30 LA R A5 o F B8 13 RO ILEF Ak, DA
M 200 AT B R AL 1 ARFSE HE Qe tagh
on, HSIEWARBAMEL, SRR FA I Z
BB AR VIS RN N B 1 (1K= AN = oo (R W1
WO, AT WO LR B, WU CK. CK-MB.
LDH ZK-F-B e b Fb, il A MDA B s s i
R A SRR L, DB s T A
B0, I HAFERNGE, R INREIR 7 7] e
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1 AR K SRR P SR R 38 PR 7K P T A A O LA
Bt VE o

BRAET SR AE R A ) — R g M A e T 0
X, BAMEBENAYFRA, B GSH W,
Gpx4 W PE T/, UG B b =Yl &
FR RS KO, B B I A S R
FU, AN BDERFET B Y Gpxd BEKE 4R
I GSH 5% 4k Ry S AL 258 I H K, U2 4 i 9 i
JRFENE ", BT LA Gpxd B9 16 £ H 3 S 8UaE T
MR J3bh, il Gpxd 2 ff Acsld 1 & 35 1
I Acsl4 2 i I R 43 i A A8 — 20 SO ) O
fiti, B2 54 AN MR B Iy, MU AR R AT
T ik i v K S R 0T ek AR Ak A HE R AR 4 i i
i e B, H AT Gpxd 192 15 AT Acsld [
Fhi SAETEAG R N ERFE T & AR B Ei AR . Keapl-
Nrf2 {55 B A R Pr S AL A% Ol . —, 5
AT RR T %0 " Nef2 AUZRPTE LR
NIRRT H AR AR RSO T R A R Y R
TEAMIE RS T, Nef2 5 Fiif Keapl B F kS5 &
T, DERF Nef2 BTG PEASZ 2 E], gt T
R RS s F 2 200 At 2 e il s B A A R, |
TiE A p62 8 i i Keapl 2616, Nrf2 BEfg b, {2k
PG IR AR N, AR N2 5 Maf 2 H %2
R, IR ShEA R TS G, S T
TR AN M ROS AR AR JC IE R i ik, AT 52
M ERFET: Y ARG R BN, SIEE4MLL,
BEAIZH K U IEZH 2 b & e B PRI, GSH & i
WD, Nif2, Gpx4 85 M mRNA ik 2 & FEAL,
Keapl. Acsl4 4 & mRNA %35 B EH L, SR
MM, RGP AH A0 LA S R & FE ek
e, FEH R ] BRAIS A00T B - BOR BUOD I & A4 T 8k
T, I EINBREER 7T AR R T 0 &

L5 L RTIR, INBRIEIE I RE A R P (R
RS R A O R RO I I a0, AL
I T B 2 30 3 B2 M) Keap 1-Nrf2 38 B S B9 ZEFE T2
RIFMEH o BRI R ARSI SLES 56k H AT %
ERHPEXT IS, AR S it — 2P it

S% 0k
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Effects of Modified Ditan Decoction (W ¥%#:%% ) on Myocardial Tissue Injury and Keap1-Nrf2 Signaling
Pathway in Chronic Intermittent Hypoxia Model Rats

LIAO Ran, CHEN Qin, WANG Feng, LIU Dan, LI Jingyi, XU Fengsheng, WANG Yijin, ZHENG Haiyin,
CHEN Lili, WU Runhua

School of Integrated Chinese and Western Medicine, Fujian University of Traditional Chinese Medicine, Fuzhou, 350122
ABSTRACT Objective To investigate the effect of Modified Ditan Decoction (%% , MDD) on myocardial
injury in chronic intermittent hypoxia model rats, and to explore the possible mechanism. Methods Thirty SD rats
were randomly divided into normal group, model group, and MDD group, with 10 rats in each group. The rats in the
model group and the MDD group were placed in a hypoxic chamber to establish a chronic intermittent hypoxia model.
The rats in the MDD group was given 14. 8 g/(kg-d) MDD by gavage 30 minutes before they entered the hypoxic cha-
mer each day, while those in the normal group and the model group were given the same dose of normal saline by ga-
vage, for 12 weeks. The serum myocardial enzyme indicators including creatine kinase (CK), CK myocardial band
(CK-MB) and lactate dehydrogenase (LDH) , oxidative stress indicators including malondialdehyde (MDA ) and glu-
tathione (GSH) as well as iron content in the tissue were measured. The protein and mRNA expressions of kelch-like
ECH-associated protein 1 (Keapl) , nuclear erythroid transcription factor 2 (Nrf2) , glutathione peroxidase 4
(Gpx4), and Acyl-CoA synthetase long-chain family member 4 (Acsl4) in the myocardial tissue were detected, and
HE staining was used to observe the morphology of cardiomyocytes. Results Compared to those in the normal
group, the serum CK, CK-MB, LDH, and MDA levels were significantly increased in the model group, and the GSH
expression and iron content were significantly reduced; additionally, the protein and mRNA expressions of Keapl and
Acsl4 in myocardial tissue were increased, while those of Nrf2 and Gpx4 were reduced (P<<0.05). HE staining
showed that in the model group, there were congested blood vessels in the myocardial tissue, infiltrated lymphocytes,
and slightly swollen myocardial cells. Compared to those in the model group, the serum CK, CK-MB, LDH, and
MDA levels significantly decreased in the MDD group, and GSH expression and tissue iron content were significantly
increased ; the protein and mRNA expressions of Keapl and Acsl4 in myocardial tissue decreased, while those of Nrf2
and Gpx4 increased (P<<0.05). HE staining showed that the pathological morphology of cardiomyocytes was im-
proved in the MDD group. Conclusion MDD can significantly improve the cardiac injury induced by oxidative
stress in rats with chronic intermittent hypoxia, and its mechanism may be related to the inhibition of ferroptosis medi-
ated by the Keap1-Nrf2 pathway.
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