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FEE: Bey: WAL P ERIEY (RAS-RH) 425 f i a3 HOC2 o MLga 4R S8 T8 F FA s, 77 % SPF
%% Wistar A0 X R F RAS-RH (100mg « kg™ - d™') #FLBHE&E L 0hF, 3 HIC2 minahy A st (EF &
FF) . A (6Gy X KB4+ EF aFFM) AWRME (66y X BBRH+4HhiFFH), KA CCK-8 )& ki
M &8 HOC2 & L L3 381 9L Seahorse 2m L Ak 34X 4 AT AR A ] & 20 2 JEL 2% 45 4R B A B LA B BR AL K R
ELISA 46 ) &40 20 J 4% 0k Z BB F (ATP) | A pkHAk (GSH) A AmEABRALASE (PDH) Rk aL; ICP-MS %
M E A m AR L E4AE; RT-PCREREM X AmibsA =8B F4MES | (FDX1), —SMm ¥k Lt
(DLAT) ZEiF 84 B (LIAS) mRNA 9 f X H L, 4R Hafmarkik, $EA 437 48h & 72h J5 a0 38 30 1y
T, AmBEAE, ATP &S E. RRAEAE, k&5 . ATP, GSH & PDH &k 39 R A& (P<0.05), @R T
5 4F AR T (24 AF FDX1, DLAT, LIAS mRNA (A3 2 %95 (P<0.05), SARMMbE, YWIRMIZHK 48h &
T2h G e AAE 0L, AR AR | ATP SRE . RARAE . AMk&HEA . ATP, GSH % PDH Rk ¥ L (P<
0.05), AAEABTRIALT A4 EF FDX1, DLAT & LIAS mRNA & ik ¥ W 2 A% (P<0.05), %4 4AR T THA
iAo Ml B A5 09 ERhuh), %3 4n B IR il it B E AR S Lt IR AR T AL, ARl e e AR L T, AL FR
P A S LA 694 R
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Intervention effect of Radix Angelicae Sinensis and Radix Hedysari serum on cuproptosis of radioactive
H9C2cardiomyocytes/ WANG Ming', ZHAO Xinke*, LIU Shengfa', et al// (1. Zhangye People’s Hospital Affiliated to Hexi
University, Zhangye 734000, China; 2. Gansu University of Chinese Medicine, Lanzhou 730000, China)

Abstract; Objective: To observe the effect of Radix Angelicae Sinensis and Radix Hedysari (RAS-RH) serum on cuprop-
tosis of H9C2cardiomyocytes. Methods: SPF—grade Wistar male rats were administrated intragastric with RAS-RH ( 100mg?
kg™'? d™") to prepare drug—containing serum. H9C2cells were randomly divided into control group (normal serum intervention) ,
model group (6Gy X-ray irradiation + normal serum intervention) and observation group (6Gy X-ray irradiation + drug—contai-
ning serum intervention) . The proliferation of H9C2cardiomyocytes in each group was detected by CCK-8colorimetry. The levels
of mitochondrial glycolysis and oxidative phosphorylation were measured by Seahorse cell energy metabolism analysis. The expres-
sion of Adenosine triphosphate (ATP) , Glutataione ( GSH) and Pyruvate Dehydrogenase (PDH) in mitochondria of each group
was detected by ELISA. The content of copper element in each cell was determined by ICP~MS. The mRNA expressions of Ferre-
doxin 1 (FDX1), Dihydrolipoyl Transacetylase ( DLAT) and Lipoic Acid Synthetase (LIAS), a key factor of cuproptosis,
were detected by RT-PCR. Results; Compared with the control group, cell proliferation, basal oxygen consumption rate, ATP
synthesis amount, maximum oxygen consumption rate, oxygen reserve capacity, ATP, GSH and PDH expression were signifi-
cantly decreased in the model group after 48h and 72h culture ( P<0.05). The content of copper and the mRNA expressions of the
key factors of cuproptosis FDX1, DLAT and LIAS were significantly increased (P<0.05). Compared with model group, cell pro-
liferation, basal oxygen consumption rate, ATP synthesis amount, maximum oxygen consumption rate, oxygen reserve capacity,

ATP, GSH and PDH expression were significantly increased in observation group after 48h and 72h culture ( P<0.05). The cop-
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per content and the mRNA expressions of the key factors of cuproptosis FDX1, DLAT and LIAS were significantly decreased (P

<0.05). Conclusion: Cuproptosis may be an important mechanism of radiation—induced cardiomyocyte injury. Radix Angelicae

Sinensis and Radix Hedysari can improve the mitochondrial function of radioactive cardiomyocytes, inhibit the cell cuproptosis,

and play a role in protecting the radioactive myocardial injury.

Keywords: Radix Angelicae Sinensis and Radix Hedysari; Radiation—Induced Heart Disease; Cuproptosis; Mitochondria

FEL S S Iz R R fIER T, TE T
75 5 B A b 9 A0 B E T Y R BE R 0 IE 2 4
ZE A, S BRSO IERS  (Radiation — induced
heart disease, RIHD)'_ i} J: 10 4E 4Bkl . ZLAR
JhE L T T YRS A R R T IR 1 A e o B B 2k BT
HaH, BEE I AEE A A AT R Y EE S, RIHD (1R
g KU IR B S R 2 o BRI 20 A B 4 S
RO, P S BB AR Y I B T 2L, O 5] K 4y
TFhyf#, 1EPE4L (Reactive oxygen species, ROS) it
Bred, SRR IR Y (Adenosine triphosphate, ATP)
G, SO0 WU MR A . B RT3 A e B T
TEANM P R ALY, SR a7 T e 5 4k
BIR =HERGFR  ( Tricarboxylic acid cycle, TCA)
RRERALER S AH S G, U5 3 HE M Ak 85 1 09 2R 42 Fn gk am
MEHE A (iron—sulfur clusters, Fe—-S) ARG, S
HOE AR, TS & 4R AR ZE T RIHD 1%
KAERET SEENES O E A M T- A%, H
AT AT A . A% RIHD B93AY7,  H A R i G661
BRIEIT T I FIB IR T i . PRASUZH AT A BT 5T & J1,
MY LT B UEY) (Radix angelicae sinensis and radix
hedysari, RAS-RH) B I8 5 46 I 5 5 Lo b (A T 1
AHEH T ROS, e H K (Glutataione, GSH) [ 3R
ik, MR EIBIA R IR G e, X
5 RAS—RH #1 i il 5 P.0 LA AR SE T 56, AN
SEAEAE L Pk, ASWESY Ay B i W A% RAS-RH X}
R HOC2 (O LA M AR SE T 1 T HRkON, , R s
2§56 RIHD 14 n] G
1 #FRt57a%
1.1 Sz & HOC2 e B 3~4 Al SPF 2%
Wistar HEPEFEL 20 B, KT (200+20) g, ZHHEE;
BT HN BRI E3 Y e, BRI (24«
2)°C, AHXVBEE 45% ~55%, IEHCH, B HIKE.
SVFAUES . SYXK (H) 2021 ~0004, #FsE4eH
NP EZ RZLK YIRS HE (5
SY2023~083) . HOC2 Z i ) T~ 32 [ p& Fi £ 58K .00
( American Type Culture Collection ), %5 : CRL —
1446,

1.2 %X H  CCK-8 Killikl & (#%5: E-CK-

A362) , W [ BT S S R A ) B B A BN H
ATP , GSH X T4 i f2 it &0 g ( Pyruvate dehydrogen-
ase, PDH) ELISA iR %] & (185 : KMERa011319,
KMERa011056, KMERa010296) , 5 [ 15N Bl #x 4= 4
BHEA LA F ;. RNA SRR & . S skl & &
RT - PCR i 7 & (4% 5: 9767, RR047Q,
RRO14A) , WA= HEAMEAR (dbat) HRAA;
20 i R A4 W T fire A D R B . R T e T R S A
Seahorse XF Base Medium ( % 2. 103346 — 100,
103010-100, 103193-100) , W [ Z#BAE TR
RIRABRAF

1.3 ZFAE X HLMEHY (NORTH BRAN-
FORD; #I%2. XCELL 50); —80°C #k4fi: (Thermo E-
lectron Corporation; %I5-. 8930086V ) ; Ik &5 0> HL
(TR E A RAF; A5 SC3614); R br X
multiscan MK3) ; 2% B i 5E (O-
LYMPUS CKX41; %1%, U-CTR30-2); 4 lE i %
F£#6 ( Thermo scientific; I +5-; HERACELL150i) ;
B'E WA (Leica; 5. DMI6000B) ; PCR "4
¢ (3EHE PE A F]; A5 PE2400); HLBHG 450
ZRF Y (PerkinElmer; %S ICP-MS2000)
1.4 %37k

a1 AR RYEA A BT g R, R
6Gy FRGIFI A X e 8 ) # 57 RIHD 40 ffufsis

1.4.2 & #HAFEMNE HHLOEEIEY (RAS-
RH), A i 0 41 /7 409 4 85 Jor 45°°, 7= b 4t 5
20200902, ¥4 20 H SPF 2% Wistar M I BUHEHL S A
ER L 254, R4 10 . S IRATarsss 5
254k B3 RAS—RH 100mg - kg™’ - d7' FI &, 4>
HOBMRPIRE R 42, s AT AR
AEFREROKE S, R i RECRIE [H] 5 25 2H — 3G
T HUEAE I KIS TIEE IR, RIKL 2 90min
Je, PR KREIYT 1% 056 B L2280 1 s 1 S bR, R
JHIE B PRI, # - =F/NaE, 3000r -
10min, WEL MW, FFARic R IE & M B & 251075,
56°C K1 30min, ‘& F-80°CyKAH, TRAF4H.

1.4.3 54z T WIS RHRge, &
ISR F RAS—-RH 100mg - kg™« d™' il 45 119 55 25 1078 o

(Thermo; %15,

-
min~, B>
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O E HOC2 AN A FH e B . ZERTIMFSE 1.4.7  ICP-MS sl & HOC2 & lm M 4R L% 4

FLBN R HOC2 40 Mo Bl AIL 43y % B ZH (QE R Il T
W) . BEHIZE (6Gy X £k HEAT+IE & Mg T W) AW
SRl (6Gy X LRI+ &2 My T1) . A dih
PAYR S5 TS 250035 SR AE F LTS, A Z5RFU R 0. 25mL,
VIAHMIIGTE 2N L, B 52 S ARAR I B (] Sy B5 532 5 48h,
1.4.4 CCK-8 rb & ix4m HIC2 & L sm it 3 54+ oL
AL PR S 45 2 HOC2 L0 ULAT i Fi AL 24 5x10° A4~
2 AR R AT T 96 LRk, BAREAIRE 3 AL,
MR 3Eas L A Imdni, (E2 0 A R B 8% 37
) . FraufulEIZE{e 12h J5, X R4 RAR Y 20 i AQE
HMWE, WEA A RAS-RH & 2513, 37°C .
5% CO, £5 3248 5 3% 24h . 48h K 72h, HFL N A
10pL 1y CCK-8 ¥R, 37°C EiIRf 4k 4Lt & 3h,
S| FREFERT . 24h, 48h K& 72h Bsf FH B BRSO R #E
450nm ARG RE (A) . UMAFIER (%) = (A
S —A ZS ) / (A XTHE4 A 25 4) X
100%
1.4.5 Seahorse 3% K # | HOC2 «& L 4n 8L 2%, 45 4K AR
BRSO K44 HOC2 0 ILAE M 42 R 3] Sea-
horse XF 96 LA, F DMEM 542 3% 32 KL0F & 24h;
FIBETE CO, ¥ 3546 v 37°C /KAL#REM . 452 K. D
#ill Seahorse XF Base Medium &, 4N ¥ESL 2 ¥k,
TETC CO,BEF-4A 1 37°C W E 1h, HEATZORAA AT
Wik, R R & A 3R (Oligomycin) | fi
BB (FCCP) | fapklil/$1i% % A (Rotenone/ anti-
mycin A, R/A) $eEHeBIHRG RE, AR 2 B4 A %) L
e, AR TR, AT LRORLARFE SR (Oxygen
OCR) K j, #4598 f5 i FH
WAVE A4 47808 5047 o
1.4.6 ELISA kA £ k24 ATP, GSH % PDH 4%k
ol kSIS ATP . GSH A PDH ELISA 325 &5 i
B A54E 96 FLEGFR AR N #EATHAE, FE L BAFE: 4
S EARUHETL . a5 HFLAIREARTL . FRUEFLINA 1000L
AR B R AR v A, a5 LI AL 100 A5 AS 4 B W,
HAFLIM A 100l R FEAS, bR AR LA, 37°C 97
H 90min, JEIS AL RAER, AL Ao A B bR TR
100pL, 37°CHFE 1h, BISFLNWAA, BAFLIMBEHEK
350, W AR AR N P TROAAR . B AL SN WA A
100pL, 37°CHFHE 30min, PEMR 5 Ko HEFLMIEY %
W (TMB) 90plL, 37°C #ESGHEHE 15Smin, FgFLINZ
IR 50pL, ZLab B 7 B A BEEFRIAE 450nm
M EAFLAYGEBE (OD fH) , THRAFR g £ iy a1 5
TrFREC, SRAGFESMREE .

Consumption Rate,

20 HOC2 .4 e s = kA5 0, JHES L 1. 5x10°
r - min B0 10min, R FEW, AMEITIET A
3mL ¥RAS R VAT IE R, UL A IR RO TE f. TH
A5 S, 130°C & @ I ZL B8 30min, & &5
B 20 %, JE ICP-MS {3 4 ST 2 i & i
1.4.8 RT-PCR 3 K #& m 2m ftL 47 56 = % 42 B T
FDX1., DLAT % LIAS #9 kAot #RYE RNA 57 &
YEEH LIS 20 HOC2 0> LN AR 7 8L mRNA | dE i 2
B sl 50) & RNA 2 5% 52 ¢DNA, 2 A &
20pl, SR SRR 25%C. 42°C . 30min,
70°C | 10min; JFFLA AR T2800E & PCR {LHAT
P, DL GAPDH fE RN 2, #2°° Ct 35115 H iy %
RIAHR Fikf . SEEFSITH IR 1,

Smin,

x1 3|¥F75
HEIN AR 31975 0 R Be(bp)
FDX1  F:5’ -CAAGGGGAAAATTGGCGACTC-3’ 231
R:5’ -TTGGTCAGACAAACTTGGCAG-3’
DLAT  F:5’ -TAGTCCTCTTGCGAAGAAGTTGG-3’ 224
R:5’ “TCACTCGACGAATGTTGCTGA-3’
LIAS  F:5 -ACATTGCGGAATTTAAGTCTCCA-3’ 139
R:5’ “TGCAACCTCTTGTGCATGTGT-3’
GADPH  F:5’ -TGGCCTTCCGTGTTCCTAC-3’ 178

R:5’ -~GAGTTGCTGTTGAAGTCGCA-3’

1.5 sitodr  SCEEE N SPSS 26. 0 #4451t
SIHT, THEEPORME S IR A A B bR E2E (x%s)
PR, AR BRI WA ST AEAS ¢ K255 A P<O0. 05
TRERBGIFE L,

2 & B

2.1 Zazmpadgsirbis SR CCK-8 Kl 45 5
RO(ETA) . 5XTREA ik, BRI 40 i 3% 5% 48h
K 72h JE G5 I i F b (P<0.01) ; S5BIAIZE L
B, SR 4N i 1% 3% 48h Kz 72h i 3 4 YA B I b 2
(P<0.05) . #4040 Mud% 5% 48h JE ¥ I iR BE(H, itk
JEr G o FE BEAR (&L IB), PR BE £ 55 5% 48h 11
HOC2 4ilfifd FH ¥ i £ 52 g A .

2.2 BiAdm LRk A E AR L4 SR Seahorse
F ARG HOC2 .00 UL 2 i £k A Bl F A G 465 R 8o
(E 2, £2), SXFIEL LA, AR ZH FERLFE 40K |
ATP & it . B RFESAUR A it 7 e ) W B REAL (P
<0.05); SR b, WA FLREFE SR . ATP
Bl BRFEAUR KA AR I W R (P<
0.05)
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A 124 B 300 4
1 250
200
0.8 -
. 150 -
§ 0.6 wafgl —— XA
o w iR B —HERI4L
WG 3| 100 - — Wl
0.4 -
50 -
0.2 4
0 3
Oh 24h 48h 72h
0" i (h)
BHiE (h)
E1 KA HC2LALEAEEELER (n=3)
TE: A: #5940 HOC2 0o LAN B 1 0 s Sxd IR4 bede, * * P<0.01; SHORA [Ar,*P<0.05, B: 4541 HOC2 Ot K ih 2k
80 R3 KEAMPLRE ATP.GSH % PDH
Oligomycin FCcp R/A . -
RIL LB (x+s,ng/mL)
70 -
28531 n ATP GSH PDH
60 XTHE4] 3 145.09+15. 63 109. 95+15. 37 119. 34%10. 98
s | BERIZE 3 107.9129.77"" 85.78+7.68" " 91.36+9.23""
E —— A L WAL 3 131.48+13.55%F  100.61x12.94*%  114.69+9. 36" "
2w g
;3 i T SXHE4IHES, * F P<0.01; SEURA i, P<0. 01,
Q
O 30 2.4 ZiAmIO4RSLE A i R ICP-MS B

20

10 -

0 20 40 60 80 100
Bf A (min)

2 HEHC2 EpaLkHEFESRE (OCR) Tk

R2 RAMRELEKEFEENRHES T (x+s, pmoL/min)

Mmoo JERGRESCE ATP G ROCREREDR fEE
XPEAZL 3 47.36+0.93  29.45:0.62  57.64x0.83  10.27x0.48
BERIZE 3 34.33x0.21°° 17.8120.21°° 41.10£1.12°°  6.77=1.19°
WERAL 3 40.43:0. 12" 23.18:0.48""  49.85:0.69""  9.43:x0.79"
e SIS, " P<0.05,7 " P<0.01; SHIRIA LA, P<

0.05,"P<0.01,

2.3 KimmpL itk ATP, GSH Z PDH £k b4
SR ELISA E6 K I 45 2H 40 g £oki /& ATP . GSH K¢

PDH ik HEH (X 3). HXF ALK, BHAH

ATP ., GSH } PDH ik W ZFHEL (P<0.01); 5

FULH LAY, WEEZH ATP . GSH Az PDH Fik I 1

(P<0.01) ,

SEASEH HOC2 .t E S EE A (K3), 5

XTHEZH tb s, MERI e R S B EFEWE (P<
0.01); SRz thks, WMELA MR & i B>
(P<0.01),
##
9 . * % —
I —
8 .
@7
o0
6 -
o c
p 5
% 4
IR
E 3
2 .
1 4
0 K
Xof B4 MR WS

3 BEAHC2HAMBILTEIELILE (n=3)

TE: SR, * * P<0.01; SHOML L, ™ P<0. 01
2.5 Bil4miesRse T %4 H-F FDX1, DLAT % LIAS
mRNA &k b SRH] RT-PCR £ A K I 20 i 4 8
TG RT FDX1 ., DLAT & LIAS mRNA [ 33L&
(FR4), SXTHa4 thEs, BERIZH FDX1, DLAT A LI-
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AS mRNA ik WETlE (P<0.05); SHI8IH L,
WELLH FDX1., DLAT % LIAS mRNA 2 ik A B RIS
(P<0.05),
F 4 FHHEMAMEE T XEREF FDX1.DLAT X
LIAS mRNA %5 b %5 (X+s)

205 n FDX1 DLAT LIAS
X 2 3 1. 18+0. 20 0.95+0. 24 1. 41+0.26
TR 3 1.80+0.35"° 1.57+0.43" 2.22+0.55" "
pUEZS%:) 3 1.47+0.31% 1.25+0. 29" 1.75+0. 41

. SXBEA A, P<0.05,"* P<0.01; SHEAIHHE,*P<
0.05
3 it i

TBCTF AE SR IE SR VR T T A AR, U
PO WU A5 2 S 3 o I 508 S e e 9 e R v o B Y
— I R AE, X0 I T RE 4 R i R 2K 20
YT B, O WU 53 R BB S AR N U
DNA #5455 2 B . Ui br =2 0m . bR T g R as . W
WL . AR S BB S e A
ARARAE Z2 B DR AR DG, H S BL AT A 58 42 TS
#0 BT RN, AR AT S B T AR AN Y R
EEM, IR E AR, 8T S5
LRI % A AR N B R, ROS PR BN, 5] &
DNA XU W24, AT B PR 40 ff 38 5 A4, S skodn
Bagifn. PR, FRATHED 4850 20 RIHD, W HEY
TS0 UL AE B AR B E R, 5 S0 UL B £ ks
RIIRERE AT 5C TR A ZH B i 388 axd A6 I 4% 20 400 34
NGO, YEPRSS Sl AR St E] (48h) , DAARUESS
R UER s BE S R Seahorse AR K ELISA 74
45 2H 40 i 2ok AR e B AC IR O, LA PRl LRk R )
fit. WFFR RN, 5440837 48h Jm W 41 ik F e 1H ;
AHEE T XTI, BERUZH A ifuds 5% 48h Lo 72h J5 B HHH
. FEEFEER . ATP & iE . o RFERE . Ak
#%HEJI. ATP, GSH J PDH EKiXMH] WAL (P<
0.05), UHA%R 50T 5 300 ALAN At 28467 44 1) BE f %,
LS TRL N5 Awiii] (A

HBETAE A7 35 A7 20 A2 B 4 — b 4010 it A 3 1 20
T, SOyt PLE (andE T BRIET .
WAERIAETZ48) AN[A],  JHLARR A2 48 A PN 4 25 7 i R
R, SEmERILE A R RE, TILRARNEN
AR RIS 1 (Fe=S) , 5 H BT RE N U
N, EeRPECANMBET- o FEFISET ROLE R, R
HFE 1 (FDX1) ERBSCHEPMEER, FDX1 1 EZUi6e
BENSEARIEEL L&, HE 75 FDX1 454,

DD Cu™ 54k A TR Cu', SECRBLE S A
SEPERRAG, AR A RTIRETE S, He 44 i ok AR T
RYERE IR AR RE B A AE TS, kA, FDX1
AP HE DY R i U (PDH) poflemEfk, i 2s 1 he
g 5 = IRMRIEFF (TCA) v iy 25 5T s It Ak 1 1 2
FIBT (4n DLAT) %54, 30X 864 1 ot & A 58 5
1k, ZEHALAY DLAT Ge6Z T4t TCA 9§51 1 ThfE,
FEC R FR G FR b Ia] 7 4 B SR ORI R AR Il
WYL BB, BERR A NAEE (LIAS) dwE5
TEAFIEMEAL AT B, LIAS B9 Hk 2 AT [5AR 4R 75
PE, DLW LIAS WAl ifs Al i R A 2e T, Bk, M
HE— 25 B A % 55 3000 SR A ) B i A 2 A5 55 4 BB
ToAHDG, FRATRH ICP-MS 150 45 2 40 fo 4 T 38 &
i, KA RT-PCR £ A K I 40 i 45 T ¢ 8 B+
FDX1 ., DLAT }% LIAS mRNA [k {50, W55 &P,
AHER T B, AR 2 40 4 oG 3R & e SO BB T oG
P DX1., DLAT. LIAS mRNA ik & 2 F 5
(P<0.05) , ULAHNFET W] e S 5@ 5 75 5 00 UL 2 it 45
13 ) SRR = —

NI BRJE IR 3k B, RIHD 4 J@ o 2 2« g 817
COVEET SEEEE, NITEL, HAEEEEUN IR R S R
AT, BRI O B R O R R O, A
KR, MAMZZEAR, B EM, S i,
R FTSR, KM s AR RHLE S Bk
PEBE . HEA R . SRR LS. E de FE N A
I, RIHD p97AYT 4 AR IR0, AMILTS iy 3. T
EARAT R I, AR AMSE LY I L0 M H A
D R = S C I M= AN U I TR A K T ot == A L N
B4 AR U R A ek 4 4 0 B 40 M 4 G A
S N L S R W (5= R7oY S - 3 RV S TH i AW
PR AR TR 25 AL A4 T IR s T S Al
BEFHHNE 2k 2509 . 2063 1 2 5 Fe il 2514
LZLEHEY) (RAS-RH), ¥ HE W LM, RAS—
RH A 358 5z 4170 i) g T RR R R AT U LT 4 Ak LA B 4t il
PI3K/AKT/mTOR 58 #% A BFEAR S IE SZ N7, DA T i 1) 9k
AR Eo0 WLAT ML 07 B9 VE T H R 2 4y
Z%, RAS—RH 7ERji& RIHD (AL b a] IRl b & %=
AT o A UR RN 21 4 SE T Y R R E SR R B, AH
TR, WLEELH AN M 8% 3% 48h K 72h G A 1
Ol FERHFESER . ATP & liht . i RFEACHE . Ak
fHeS1. ATP, GSH K PDH FiKkWBI RN (P<
0.05), B RAS—-RH fE#S{E#F ATP . GSH & PDH
PRI, IR TR AT S B0 O LR i 4R 1A T B K A5 o
HE— 2Bk LA 0 40 28 7 B 58 1 S 4 R 1 3R 3k )
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s 2B, A% TSI, WLEELH 4 oe & & B 4

FET-EER - DX1 . DLAT & LIAS mRNA F3k34 85

BREE (P<0.05), i RAS—RH [5i4 RIHD () 4E

FAMLHI AT G 54240 55 2 00O LA AR ZE T A 6
LR LTI, HRAETS AT e R A A9 155 S0 UL 4 f 40

g EZEHLE, RAS—RH i of w2 ki ik T g, 40

B O LA B AR BE T, A B P O L3

IVE o ASIF 5T DA BE T 19 A1 )5 400 25 50 o A 5

T LA B R 455 0 & AR AL, O 3 F b F 98 RAS—

RH X§ RIHD BBIARANL o SR, ASBIETE 18 2 X540 28

TR T T =R R A 2R N6 It Ak £ 1 3 22 0 IR 4 AL 2

ATIRAINGY, 5 ST I8 38 1 90 ] = R B2 18 34 18 ik

EH R, LiE—L 5 RAS-RH 477 RIHD fy

ELARVEF 0 . ASHTFE AT 2 il PRIE & i de 98 352405 25

PZEE e I, XN AR E IR . b Eg

Pt SRV AT — 8 B

Sk
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