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# E BN ATHRAFREGRAFHRASZIAET(GA)EIK S F b 2 (DOX) s iR ALE . J7iE H#36 R
RS A 3 2L (CON 4L, [ R B F ki A SF AR A R 3R+ H R § SRR AE %K) DOX A (&R E#HIESH 3 mgkg
DOX)#» GDOX #1 (4 % # § 100 mg/kg GA+% X B # k24t 3 mg/kg DOX), #4012 R, 4235/ 4 2 $K 15d, KE DRI
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A A B (KEGG)'E Eo#r, Ml A RS BEZ LR F & e sk Ak (Apelin) (B RS BLLEE 3-8 85 (PI3K ) A= & & 3% 8 B(Akt) # mRNA F=
E 8 Rk KPR PISK Akt & & 9 B B ALK T 3E4T I E , HF HIc2 s WLsm At 5~ A 2 18 28 (CON 21 ) \DOX £ (2 wmol/L ) F= GDOX 8
(2 wg/mL GA+2 pmol/L DOX) , M € o A & R tm I W MEBE AR KA KT, B5R a6 fitRAF 5 R G Mu Tk
Fli# ¥, 6146 Apelin 13 %5 il % \PI3K-Akt 15 5 il 56 M & & 35 5 30 7 X Apelin PI3K-Akt 45 5l 56 P § L2 AR B K 5.
e 5L IR R BT, 5 CONZLILER , DOX 4/ RS IEZL 2% F Apelin \PISK #= Akt #) mRNA AGxF R ik T A& & Rk R, AR
PI3K . Akt %& & 64 B BR AL K -F 3 2 3% 4K (P<<0.05 2 P<<0.01) ; 55 DOX 48}k 4% , GDOX 48> S8 I 48 22 & Apelin , PI3K #= Akt 49
mRNA 85} % ik & PI3K Akt & & #9 8RB LK T3 2 591 35 (P<0.05 % P<<0.01), b33 & 9,5 CON ZLrk4x , DOX 41 48 iR,
HE R R ERAR(P<0.05), 20 it b 5] 2 AR AR IR B A B B EABR | SLER A9 AR XT A AR B39 B F 38 m (P<<0.05) ,ATP ARSI A X T B
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0.05), Z5it GA TaeA@id EiF.S B2 P Apelin PI3K A= Akt #9 mRNA & 3% & kA Ay BBk L A2 | 3 /o 5 & DOX 7 &
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Mechanism of Ginkgo flavone aglycone in alleviating doxorubicin-induced cardiotoxicity based on
transcriptomics and proteomics

TU Yujie"?, CAI Ying"*, CHENG Xueyi"*, SUN lJia', PAN Jie’, LIU Chunhua’, LI Yongjun®’, HUANG Yong®,
ZHENG Lin', LU Yuan'[l. State Key Laboratory of Functions and Applications of Medicinal Plants/Guizhou
Provincial Key Laboratory of Pharmaceutics, Guizhou Medical University, Guiyang 550004, China; 2. School
of Pharmacy, Guizhou Medical University, Guiyang 550004, China; 3. Engineering Research Center for the
Development and Application of Ethnic Medicine and TCM (Ministry of Education) , Guizhou Medical
University, Guiyang 550004, China]

ABSTRACT OBJECTIVE To investigate the mechanism by which Ginkgo flavone aglycone (GA) reduces the cardiotoxicity of
doxorubicin (DOX) based on transcriptomics and proteomics. METHODS Thirty-six mice were randomly assigned to control group
(CON group, tail vein injection of equal volume of physiological saline every other day+daily intragastric administration of an
equal volume of physiological saline) , DOX group (tail vein
AELE FMARHETI H (No. B3R5 F46l1-ZK (2022) — injection of 3 mg/kg DOX every other day) , and GDOX
fB 374, No. By RHEF- 5 AA-CXTD(2023)019) s St 4 i85 2 R A A group (daily intragastric administration of 100 mg/kg GA-+tail
AATEH (No. iR £ AA-GCC2023)036)
* E—EE WL GEE . WS Tr ) 2 2 A R L
E-mail: 2739462030@qq.com
4 BISEE BT Wi S0 - BEST T PG R saline was continued for 15 days. Mouse heart tissues were
FAill, E-mail: luyuan@gme.edu.cn collected for RNA-Seq transcriptomic sequencing and 4D-

vein injection of 3 mg/kg DOX every other day) , with 12

mice in each group. The administration of drugs/physiological
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Label-free quantitative proteomic analysis to screen differentially expressed genes and proteins, which were then subjected to Kyoto
encyclopedia of genes and genomes (KEGG) enrichment analysis. The expression levels of Apelin peptide (Apelin) ,
phosphatidylinositol 3-kinase (PI3SK), and protein kinase B (Akt) mRNA and protein in mouse heart tissues, as well as the
phosphorylation levels of PI3K and Akt proteins, were verified. H9¢2 cardiomyocytes were divided into control group (CON
group) , DOX group (2 wmol/L), and GDOX group (2 pg/mL GA+2 pumol/L DOX) to determine cell viability and the levels of
key glycolytic substances in the cells. RESULTS Six common pathways were identified from transcriptomics and proteomics,
including the Apelin signaling pathway, the PISK-Akt signaling pathway, and insulin resistance. Among them, the Apelin and
PI3K-Akt signaling pathways were the most enriched in terms of gene numbers. Target validation experiments showed that
compared to the CON group, the relative expression of Apelin, PI3K and Akt mRNA and protein levels, as well as the
phosphorylation levels of PI3K and Akt proteins, were significantly decreased in the DOX group (P<<0.05 or P<<0.01). The
relative expression of Apelin, PI3K and Akt mRNA and the phosphorylation levels of PI3K and Akt proteins were significantly
increased in the GDOX group as compared with the DOX group (P<<0.05 or P<<0.01). Cellular experiments indicated that
compared to the CON group, cell viability in the DOX group was significantly decreased (P<<0.05), the relative uptake of glucose
and the relative production of pyruvate and lactate were significantly increased (P<<0.05), and the relative production of ATP was
significantly reduced (P<<0.05). Compared to the DOX group, cell viability in the GDOX group was significantly increased (P<<
0.05), and the relative production of pyruvate and lactate was significantly reduced (P<<0.05). CONCLUSIONS GA may alleviate
DOX-induced cardiotoxicity by upregulating the mRNA and protein expression of Apelin, PI3K, and Akt in heart tissues, and
regulating glycolytic processes.

KEYWORDS Ginkgo flavone aglycone; doxorubicin; cardiotoxicity; transcriptomics; proteomics; toxicity reduction mechanism

£ Z 11 (doxorubicin, DOX) MARBI % % , & —Fi
BAYURIE IR U R IR R B T TIR)7
ZFOGAE IR . SR, BT DOX ™ H 1% 7] £ 4
O MEFEPENE AT, S BOH IR R 32 208 BRI, AR A
i 7 7C ( Ginkgo flavone aglycone, GA ) J&—Fh AER 7Y
S AT 7 figp 12 R JBC R B A I 288 ) B 2
Yy, EEEMERL M R LR A AR A
T 90%" . ARSI AT 7E GA PR AT/ BRUAY
IS R I, GA AT U IR A FH AR DOX
DWEREEAE R, ol LABEAIR DOX 2H /1N BRUA 0 JIE 4 BiORn
M35 7 B L4 IR IK (B-type natriuretic peptide, BNP) \N
A Vi i £4 B AT A (N-terminal probrain natriuretic peptide,
NT-pro BNP) /K F-, 803800 Ik 2 256 48 Kot WLEF 4 Ak
JFES AHAHOCHLIR A WA , iR A

AR Z ikt 2R T R RS
2T FEARMERT R L HE T R G0 A T 0 A e 5
SR A AR B IS 0 A, ] DL ]2 T AN [
FBE R 245 )0 TR T 483 705 ik PR 7 2 7 s )
PRAF AR P 0 AR, 15 2 00 e R B A IR R IR R
B T AT R F /N B IEZH 2354 T RNA-Seq
5t S 2N I A1 AD-Label-free 22 it 25 [ 20 27 Rl | 0 1
22 S B AN T AT SR L SR e SR I 2
g FE SR B A T 4% I 1V (real-time quantitative reverse
transcription polymerase chain reaction, qRT-PCR)
Western blot 7% JCEHAF 538 i v (1) S5 24 s A T IR IE
I R A0 M 52 30t — A5 A 245 ) A 45 A 2 S A
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Yt 2, LB R GA REAIR DOX 53 1 O 5 (4 AT g
YEHIBIL .

1 ##
1.1 FENER

AHIFFE I F 0 EZALARA - NanoElute LC R AH (4
T . TimsTOF Pro AYAf A2 25 ¥k J& B3 {X (3& [= Bruker
4yl ), Agilent Bioanalyzer 4150 %Y 5 8l fb HL ik & 4t (36
Agilent A ) , Allegra 64R I I =5 3 250 AL (B H
Beckman Coulter 2 H] ) , Variskan Lux %I 22 ) fE i A (X
(32 Thermo Fisher Scientific /A &] ), TS100 #1{8] & i 3%
i ( H A Nikon /AT ) , EL204 B HLF JOF (M58 -F0 R £
S0 C i) A7 BRZN 71, Q225 HU 9% )t 72 i PCR A (X7
LI ERHA PR A D
1.2 FEXRRBSAF

1% DOX JFURL 24 (415 NO625 A, 41 Ji>98% ) I
KIEFZCHEWHARARA T GA LI (i 2= 1L 2%
1y S B 25 R 50 Il 47.28% . 43.42% . 1.93% ) /1 5%
A AR A AR rp O ] B 2043 S 5 CCK-8 7 & (At
- GK10001) 14 [ 3£ [ GlpBio 2\ F) ; i A4 . 74 Bl iR i 7
£ (5402 20230922 ,2023091) 41 [ R m 8 2L
Yy TREWIEFE I 5 FLIRR N & (Hit5 KTB1100) 1y 3¢ [
Abbkine /A 7] ; = W2 i 1 (adenosine triphosphate , ATP)
A& (5 072523231121) W [ i34 = KA P4 AR
WA A5 BR A 7] 5 Pierce ™ PR BCA 8 R & (k=
A53225) 1 [ 2% [E Thermo Fisher Scientific 23 7] ; FRIEH
TH P -3- T iR 1t S0 I (glyceraldehyde-3-phosphate dehy-
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drogenase, GAPDH ) B 5w BEPLIA | A2 IABKAK ( Apelin)
BT REGTAAR S IR B R Ik LEE 3-34 % (phosphoinositide
3-kinase, PI3K) HL ow F& 471 1 (4t 5 43 Ji] 24 ab8245
ab181786.ab191606 ) #4114 [ 7 [5] Abcam 23 H] 5 S il &5 1]
1 B B (protein kinase B, Akt) Hi 1A (#£5 10176-2-AP)
W [ R = A R AT BRA | 5 A R B R 1k PISK
(p-PI3K) B sa FEHLIA AR IRBERR 1L Akt(p-Akt) B 5w BT
A (543 1)k 4228 ,4060) 24 [ 35 [F Cell Signaling
Technology /3 A ; BRAR & A ALY (HRP) i 19 LU - 41
SRR 1 G(1gG) — Pt HRPARC I LI EH R IgG —
Fit (3543514 E-AB-1003 . E-AB-1001) ¥4 [ I H3E
T A R O A BR A 7] s DMEM B3 5% 3% i 4F 1l i
e A 35 [ Gibeo 24l 5 R  H BRI 2 35k Joa i 4l
1.3 ¥

AHHFE it FH sh ) SPF 9 I ICR /R, 336 1,
R 18~22 g, W { K DT REAEWH ARG RA A, A&
FEVFATIE S o SCXK (1) 2022-0011, sh¥34 4 3% T
J& 18~25 °C FEXF IR 509%~T70% Ry PRI, ] 35101 )
NEUE IR POK . ARSEES T S E i SN BE R R A
SEI S R D12t E  #HEHESR SR 2101200,
1.4 4Hp8

KBGO U A HOc2 1 [ Hh E R B FifE A= a2
WFFEBE AL R L
2 AEEHER
2.1 YIS E EE AHEHEAKE

36 HUNR St 7 d3E N IR IR I B ECT Rk
I3 R IE N BRZE (CON 4l) BEAYZ (DOX 41) iR YT 4l
(GDOX 41 ) , &2 12 H . [ CON 41 5}, DOX 41 il
GDOX 41 /Iy B K B2 i Bk 13 5 3 mg/kg 19 DOX 243 1
K, It H GDOX 21 /s U #E DOX 40 iy JE 7l I 45 K
100 mg/kg Y GA JREI 17K ; CON 41/ bR K R bk v
SRV W AR B U BIER K . TS 2/ BER K 15 d.
R 25/ KRG B /N EUD IEZEZY, FTJC RNA il
TR R 2 W R TR T S L T —80 °CTRRAE,
AL I3 o A AR S T 4 AR T A
252l e /N BV TP R A R a2 I URR it LR 0%
fit [vi) T il 0 LR B SRl KO, IR SE T GA HA M
DOX U IEREPE 1 2580 ™, 507 52 38 SR 45 2 /)N R
O ZI0] T2 2250 W BB IESE 5
2.2 INROREALARNEREAFHR
2.2.1  RNA$RIC T K50 et

32,175 CON 41 . DOX 41 Fl GDOX 41 1 fifi
HLIEEL 3 /N A CMEL 2L (5 H 249 50 mg) , VK TR
JIA T mL %) Trizol i 51 , 2J %%, H-F K L it & 10 min DA
Fo UM RNA . H Oligo (dT) 4 2 & 4 mRNA Jf6
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FATH, LA mRNA R R AE N5 18 cDNA S 1HERBER , 75
BCIERE A 7l cDNA (95 2 5555 . X XU cDNA #1740
fb B Ky # cDNA U, EALINT o F 5 IRF 51 (raw
reads) 2% BRI 5T 5t B 255 )7 4 5 R A% = T 4 JF 4 (clean
reads) , i 33 HISAT2 /4% clean reads F12:% £ [H 4H 1F
TP A Xt SRICHAE S e A A B A5 B Bk
AN T AR R B3 P RR R AR A AR R B2 R H
Bh5ERL.

2.2.2  ZESARIRFE G E S IRE S

F I R 42 DESeq2 X 2 [ia] 5 R 47 28 , 07 16 2%
hg 2 5 A% %% (fold change, FC) >1.2 8{ FC<0.8 H P<
0.05. &R, HIEH /DR ILE, 22 DOX s £ A
KRR MUE B2 GATRYT 5 1 4 22 52 28 56 A (dif-
ferentially expressed genes, DEGs) i 2424~ F:rf1,DOX
4425 FiRIN GDOX 4 % FiFAY DEGs £ 724>, DOX
AL T AM GDOX 41 2% L DEGs A 1707,

K A 15 75 46 F 5 (https : //www. bioinformatics.
com.cn) % il DEGs AR E#E (K 1A) , )78 DEGs £ A~
Rl 4 o] ik i 84k o F$ 75 2 DEGs 5 A DAVID %1
7% (https : //david. nciferf. gov/) FEAT 5T # 4L B 5 5L K 41
B #l 4  (Kyoto encyclopedia of genes and genomes,
KEGG) i #% & S 704 , L el e 45 21 31 AN i . 4%
W PR/ BEBUHERT 20 4 9 45 B, IF3@ 1 HiPlot [ 25
(https ://hiplot. com. cn/home/index. html) #f 17 1] #i 1k 43
Mro 253 WR, GAVEE DOX %5 T 1Y O AR PE A ML 75
Ko A JE 0.0 L (hypertrophic cardiomyopathy) | Apelin
{5518 1% (Apelin signaling pathway) \PI3K-Akt {5 53 [
(PI3K-Akt signaling pathway )55, T iLIE 1B,

2.3 IMNROEEANERRAFEHRR
2.3.1  FEARALIE BB R AR

SN “2.1735 F CON 41 . DOX 41 Fl1 GDOX 41 i
PLEEH 3 H/NER A BEZH 2L (B K 29 50 mg) , T-oK 157
A IMAGE 5 SDT AR AE VK 153 5 5 min, SR)5
7E4 °CF LA 12 000 r/min £§.C> 10 min, 4 L5 0O T
—80 CCHRAF o SR JH Ik 8 A5 A7 B AR i i) 25 12 00 A A4 IR
BOft AT R, 2 s B VR TR 5 A IKBE AT 40 L 0.1%
HIRR S0, EHLREEEUE . ACEA I 25 A an R - S 2 AR
AR 0.1% HR-/K T shH B 4 0.1% H HR- 2 N -/K , 86
el (0~3.00 min, 5%B—8%B; 3.00~43.00 min, 8%B—
26%B; 43.00~48.00 min, 26%B—40%B; 48.00~50.00
min, 40%B—90%B ; 50.00~60.00 min, 90%B ) ; Jii # H
300 nL/min; 1IE&FHRIAT & IR 15 kv, 3570
B S0 77 HE (m/z) 100~1 700 85 115 420 T4
PR A R R IR A R B SE A
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- Row Z-score
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arrhythmogenic right ventricular cardiomyopathy = L ]

human T-cell leukemia virus 1 infection - .
AGE-RAGE signaling pathway in diabetic complications - [ ]

ribosome = .
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focal adhesion 1 @
PI3K-Akt signaling pathway (@

© o s

dilated cardiomyopathy 4 o

15

calcium signaling pathway - O
proteoglycans in cancer - ®

=

o
00000 °:
&
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M o oh ot insulin resistance O
O 0O AR
A. DEGs [IERZEH A B. DEGs 'y KEGG & #5M7
1 FEPMROEARNERAFSMER

2.3.2 ZEFFRIBEATE SR

B 562K H UniProt (4 /% (https : //www.uniprot.org/)
1 NCBI %4z %2 (https : //www.ncbi.nlm.nih. gov/ ) ¥ ik Bt
FE9I 5 8 RIS EC , JH MaxQuant 85 2F (RAS 5 1.6.14) %
A H AT M A E B A, LR BN AR Y R
& 4= # (false discovery rate, FDR) <<0.01 A 25143 531 i
En] {5 Ik BORIEE M1 5T, AR5 B IR FC> 1.2 s FC<
0.8 A 4% 11 i 3% 2 S 4% 3k £5 H (differentially expressed
proteins, DEPs) . 455 7~ , 5 CON 41 %, DOX 4 I+
&1 GDOX 41 1) DEPs 47 86 4> ; [ i , DOX £H T~ 1]
I GDOX 21 L4 DEPs 47 1144, il it 2 R RIS
Xt 44 2H /N IEZH 2 1) DEPs 4T I92 (181 2A) , 45 51 1
7N L 45 4L 9 DEPs AHARL, 17 4 (B A B S i 25 5. SR
DAVID %45 72 %} 75 21 (1) DEPs ¥£47 KEGG & %04, 3t

Row Z-score

AR 57 A s, b 15 4 5.0 WUk M e &=
FOBAR G, T2 S Apelin {5 538 % (Apelin signaling
pathway) . PI3K-Akt {55 53 % (PI3K-Akt signaling path-
way) . P i iR 18, 3 (pyruvate metabolism ) %538 % , 1 UL
2B,
24 INROBEAANEREZSEEERAFKESN
2,27 F01%2.37 T i e 4538 ) DEGs Al DEPs T &
A 3] 1438 %5 A Draw Venn Diagram [% 3 (https : //bioin-
formatics. psb.ugent.be/webtools/Venn/ ) #f — & L 32 £ |
1330 6 455 sk 21 27 5 8 11 T 20 2 ny R Rl d %, 40 5 oy
Apelin {5 518 #% | PI3K-Akt {5 538 J% R 15 ZHEHT IR
T I A AE P IR AL 287 ) b 32 1 (AGE-RAGE)
F 5 AL U A 5K AL L , P 2L Apelin
15538 % F1 PISK-Akt 75538 % a4 21 i KL 8 H

Apelin signaling pathway 4 ]
ECM-receptor interaction [ ]

—log, (P value)
7

insulin signaling pathway 4 @
PI3K-Akt signaling pathway 4 .

glucagon signaling pathway [ ]

6
5
pyruvate metabolism 4 ° 4
3
2

diabetic cardiomyopathy [
hypertrophic cardiomyopathy L ]
AGE-RAGE signaling pathway in diabetic complications [}
thyroid hormone signaling pathway 1 ®

regulation of actin cytoskeleton { ]

count
® o
@ »

metabolic pathways '.
dilated cardiomyopathy 7 [ J
fatty acid metabolism 1 ®

insulin resistance 1 L 2

2.5 5.0 7.5 10.0
=R
B. DEPs ) KEGG & #43#r

2 BRENROBAANEARAFSINER
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2, ULHIX 2 5515 538 I 7] BB 7E GA BE{IK DOX 5 3 10
JE B v A R E AR, R SeAS TR AT XX 2 4505
51 R A R B 4 (Apelin  PISK Fl Akt) HEATERIE .
2.5 INRIOREZE 4R B Apelin , PI3BK #1 Akt mRNA R i%
Lol

K qRT-PCR LA o HL“2.17 30 42 3 H/NER
O MEZH 2L, 3 5] 4% RNA $2 B0 70) & 09 106 B 13 42 B2l
U S RNA, 2K 50 G 48 5, He i i sl i) & 7 0ok
RNA %58 cDNA. Ll cDNA A#AR#EFT PCR P4
19 AN A 4E A= Rk (RO A R R 5,
TEUWLR L, PR R 0 F (#£ 10 pL) : XSYBR" Green
Pro Taq HS Premix 5 uL, I Fii#5/ 44 1 uL, DNA
template 2 pL,H.O 1 pL, PCRY M40 1 95 °CHi
A5 30 5395 °CZEPE 5 5,60 °CiB 2k 30 s, 65~95 °CHEfi
5, EM 40K, UL GAPDHAE NN Z:, R 2 it
Apelin, PI3K il Akt mRNA [ #H X} ik &t . )i ] Graph-
Pad Prism 8 #/F X B HEAT /00T o ARSI B 775
IEA, Lhx + s Fon , 2410 LR FH L R 7 250
Mr, 5 PG HL R F LSD- K656, K36 /K i =0.05,
g5 WoR, 5 CON 41 b4, DOX 41/ B0 ik 21 21
Apelin, PI3K Fl Akt ) mRNA %} 3¢ 35 i 24 i 35 FAK
(P<<0.01) ; 5 DOX 4 L4 , GDOX 4 /N Bl 2 48
Apelin ., PI3K 1 Akt () mRNA #H%f 2 35 5 34 B & 7+
(P<<0.01). giRhLF2,

x1 S|IMFIIRFYKE

Zklt B I8 B AR ISR AT S5 R A UK o B R R R M
(PVDF) i T H s rR 36 4L 1 min, 3% %€ LM 250 mA, T
VKV TR R 60 mine 45U ¥ PVDF A E & 5%
JB ARG A v, T EE IR B ARG E A L he A AImA
GAPDH (F# % 4 1:10 000) , Apelin (FiE& %4 1:2 000)
FPI3K . p-PI3K Akt p-Akt (R BEEE A 1:1 000) —P,
4 °CHFE R, I TBSTIEGE 5 U, AR —Hi (Fike
¥121:3000), 08 1 h 5, HH TBST FRIEVES K. 7E
PVDF [ Jii e i B fb 27 2 TR A O S 31 T
B RS A . A Image J #F43#1 B b5 257
FIR A, 8 3d H 98 5 GAPDH( N2 ) 8 4401 IR
FEE Y AT B B9 1 B RIR7KF, AR s 1
SRR AL 1 B R IA AP U R R %8 A R BER A
Ko 257 WUR kAT ge it s o . AR LA
3.3,

9 kDa

Apelin

p-PI3K 85 kDa

PI3K 85 kDa

p-Akt 60 kDa

62 kDa

HEREZFF A -3 P4 i GAPDH 36 kDa

GAPDH 514 TGTTTCCTCGTCCCGTAGA 106 condl box 4l v
J2 75 43: ATCTCCACTTTGCCACTGC i oo o '

Apelin 1314 CTGGGTTTAGTGAAGCGGGT 118 3 FBE/NFOBEALF Apelin. p-PI3K . PI3K . p-Akt
F2 73147 TTAGGGACTATTCCGGGCCA 1 Akt /B RIEHI B KE

Akt TE[f7147: GCCGCCTGATCAAGTTCTCC 115 \ . .
S £3 ZANROIALRT Apelin, PI3K B @& kT

PI3K 13141 CACCTTAAATGGTGAGCACGG 169 FIPISK Akt & H I BEER LK F LB (x £5,n=3)
F2i7/47: ACACCCCAGCCAATCAAGTC 4l AplnGAPDH  pPBKPIK  PBKIGAPDH  pAkUAk  AKUGAPDH

®2 SQNRLIARH Apelin PBKAAKRImRNA - T0 O R

el - :
M RIAELLR (x+5,n=3) GDOX 4] OTTEONL 0ME0IS 0891002 083009 090006

Bt Apelin mRNA PI3K mRNA Akt mRNA
CON# 1.04£0.06 1.04£0.06 1.10£0.09
DOX#4 041£0.01° 041£0.04 0.56£0.05°
GDOX 4! 0.71£0.04 0.68+0.04° 0.87£0.06"

a: 5CON4] HL#¢, P<<0.01;b: 5DOX4 Hb#:, P<0.01,

2.6 /NER U BEZR 22 B Apelin, p-PI3K . PI3K . p-Akt F
Akt E HRIERH N

K Western blot PRGN o B 2,171 R 44 3 H/N
FLOIEALZL, A R B, vKys IR 51 K ) 78
4 °CF LA 12 000 r/min &5.0> 5 min, W& FIEW, B Ky
B . FHBCA BRI &l e B HkE ), T98°C
ZelE RIS ARLHE 10 WL ZS PR 1 AR T
VKL HL UK S R 4 e LR 80V, AR B I HL I 120 V, 1
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a: 5CON4 HL#, P<<0.05;b: 5DOX4H H#s, P<<0.05,

R R, 5 CONA b, DOX 4 /ML I ZH 21
Apelin , PI3K 5 [ % 35 7K 7 Fl PI3K | Akt 25 [ ) B 2 1k
TR & R (P<0.05) 3 5 DOX 4 b4, GDOX 4H /)
FRLC L b PIBK Akt A R IR b 7K 13 f 25 7 iy
(P<0.05),

2.7 DOXF1 GA xf HI¢c2 4R A i& 71 I 545

4 HIC2 41 & T 7 10% A A= L35 1 19 X (5 8
H-A4ERE R ) 1Y DMEM 8535236 h, 37 °C 5%CO. K5 374
s O K 109 HOc2 40 a2 % 96 FLAR
YA 1X10°4y/mL, &AL 90 pL. TR TE
24 hJ5 , B 45 CON 2 (R 452, Bl XH IR ZH ) . DOX
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ZH (2 wmol/L 1Y) DOX W , ¥k AR P S 4 25 SR i )
GA 4 (2 wmol/L GA VR , W BEAR I8 TS 4 45 R B ) Fl
GDOX £ (2 wmol/L ) DOX % i +2 wg/mL i) GA IE K,
W EEARYE WS g 45 RS ) A E 3R AL iR
g A MG 2 fL. N2 )a RS & 24 h, $5
FREEHRE  FALINA 10 WL CCK-8 ¥R , 15535 2 h 5 bR
3 450 nm AN A FLIOGRE (A 1E, H i
R, WA R = (A —Asen)](Awmn— A srm) X
100%., $%“2.5" W F )it geit2oitr. 4R Al 4,

100 —
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