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Study on the effects and mechanism of luteolin on osteogenic repair of bone defects

TANG Shengyao', HU Minhua', ZHOU Ruoyu', SUN Weipeng', TANG Xintao', LIN Haixiong™?, JIANG Ziwei'
(1. The First Clinical Medical College, Guangzhou University of Chinese Medicine, Guangzhou 510405, China;
2. Ningxia Hui Autonomous Region Hospital of Traditional Chinese Medicine&Academy of Traditional Chinese
Medicine, Yinchuan 750021, China; 3. Institute of Tissue Engineering and Regenerative Medicine, the Chinese
University of Hong Kong, Hong Kong 999077, China;4. Dept. One of Orthopedics, the First Affiliated Hospital
of Guangzhou University of Chinese Medicine, Guangzhou 510405, China)

ABSTRACT OBJECTIVE To investigate the effects and mechanism of luteolin on osteogenic repair of bone defects.
METHODS The targets and potential pathways of luteolin in the treatment of bone defects were screened by network pharmacology
method, and then the top 2 targets were selected by Hub gene screening for molecular docking verification, with binding energy as
the evaluation standard. In vitro experiments were conducted on rat bone mesenchymal stem cells (BMSC) and rat umbilical vein
endothelial cells (RUVEC). Phenotypic validation was performed using alkaline phosphatase staining, alizarin red S staining, and
in vitro angiogenesis experiments. Western blot assay was used to detect the protein expressions of phosphatidylinositol 3 kinase
(PI3K) and protein kinase 1 (Aktl), so as to validate the mechanism of luteolin on osteogenic differentiation of BMSC and
angiogenesis of RUVEC in vitro. RESULTS The results of network pharmacology showed that the effects of luteolin on vascular
formation and bone repair in bone defects were mainly related to Aktl, SRC, estrogen receptor 1, epidermal growth factor
receptor, cyclooxygenase 2, matrix metalloproteinase 9 targets, and were closely related to PISK-Akt signaling pathway. The
results of molecular docking showed that luteolin binding to Aktl and SRC proteins was stable. The results of in vitro experiments
showed that luteolin could significantly improve the expressions and activities of alkaline phosphatase in BMSC, increased the
number of calcium salt deposits and calcified nodules, and promoted calcification of BMSC. Compared with luteolin 0 pwmol/L
group, the angiogenesis ability of RUVEC was enhanced
ARSI ERKH AR REE BT H (No.8197150751) ; T & significantly in luteolin 1, 10 wmol/L groups, the length of
FIOARL2# 354151 H (No.2022AAC03398)
* E—EE WULOME . BT W ARG E S O i
E-mail: 1315492593@qq.com
HABEEE FAEhEN, 2 W BRI P ES AR S the concentration, the better the effect. CONCLUSIONS

K55 . E-mail : ainemylyy@163.com Luteolin may play a role in promoting angiogenesis and bone

blood vessels and the protein expressions of PISK and Aktl
were significantly increased (P<<0.05 or P<<0.01); the higher
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repair at the fracture site by activating PI3K/Akt signaling pathway and promoting the protein expressions of PI3K and Aktl.

KEYWORDS luteolin; bone defect; osteogenic repair; angiogenesis; network pharmacology; molecular docking
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PR SR H HTIE PR L BTR YT I 58 A v H R BR™
BRI, e B PR P I A8 RN AR AGRE T I 25 90/ 6 B
BRI AT

bz A 2T A SR TS . IR RGE,
ANE 2 — 7 T AT AR AR AR g i A
TR, A A AT ™ o — T T m) i B ) e o1
21 Jitd (bone mesenchymal stem cells, BMSC) 14 5t 5 1l
AR AR R 5 R B, B B A R (total
flavonoids of Rhizoma Drynariae, TFRD) E. 5 i #f 4% 5K
B TA] B B BUR R T e, nl e S AR AL
[ 3 {84 1 (phosphatidylinositol 3-kinase , PI3K ) -4 [ {4 i}
B (protein kinase B, Akt) {5 5 i ({1 7 15 SR 10 48 A Bl
BB, TFRD A S5 B A% AE T A SR L o3
SIS )R R IV N ST e 5a o B SE HiSTis
[ CA O (= N NN S i I E DI r i i < i ) <
K I AS B At 1B A OGP I A 22 | T A 2R B 3R AR X %
D BRI A DA AT S50 25 R Ry A, i ik I 2% 245
FHAF RN 3 0 42 TR R B 30 O AR 1 R Sl
#% , LAR B BMSC KR BTl 5K A B2 208 i (rat umbili-
cal vein endothelial cells, RUVEC ) A5 X4, FE 412
A 395 UE A JBR 5L 2% 5 TFRD AR A2 1 i I /8 i 2
REML , U B S v P A2 v e i 2590

1
1.1 EEUEE

TGL-16¢ ¥4 VR 25 LI H 5 RE AL 56 = AU
H & A FR 2 F] s SCO6WE U Aa il 1% #7246 14 1 55 [l SHEL-
LAB Al ; DMi8-M U5 & i 55 4 [ F2 [ Leica A F] ;
DR-200Bs R fifg b5 f6r AW [ Jo8) 46 TS B4 FRA
] ; PowerPac Basic 7Y B, JK {1 FH 3€ [E] Bio-Rad /A A ;
Micro Publisher 7 i % 22 4t 4 H i K Qlmaging /A Fl 5
WD-9405F 8 i €2, #2 PR W 11 Jb 3 7S — A 25 A BR A 7
FB201 B H H A< Canon /A Fl o
12 FEHRSEF

KR EEE VR (HL5 DA21442 , 46 =989% )l [ g
SO TR AR YR H A B W 5 8 R R 2% vl (PBS) |
DMEM {IA# 15 37 5 G 2F 1003 Y49 F 5€ 18 Gibeo 23 7] 5
BCIP/NBT i 1 i & i 8. €358 57) & (L5 €3206) i
21 5 Ak 25 e €357 & (L5 C0148S ) \RIPA 4 fifd &
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A 24 (H1L5 PO013B) \BCA & 1 & it iU & (it 5
PO010S) e SR IR 4 - 2R TN T i B i Hi UK (SDS-
PAGE )7l & (#1t 5 PO012A) . Western blot £ (417 . [
FIE PE R LS i B B3 = RAEYHARA R
8 R (415 356234 ) 1 H 3£ [# Corning 23 7 5 FLJR
Aktl Bt A (4t 5 AF6261) . FUJE PI3K 1 4k (it &
AF6241) BRAR & S AL Py b i i RO S e 3k & 1 G
(immunoglobulin G, IgG) —#t (k5 S0001) ¥4 [ & [
Affinity /A 7] 5 B W — % & & B (PVDF Ji§ |, #it %
IPFL00010) 1% [ 7% [ ¥R 5 23 7] s ECL 8 Ak 2 & W
(L5 P10100) 14 F 7R MW B FESE A MR AT FRA R Hir
TR L = A K Atk .
1.3 A

KEBMSC . RUVECHHt 573515 CP-R131,CP-R232)
B F PGSR A R A BR A A
2 FiE
2.1 MRAEFSHT
2.1.1  RBBRRDZE AR S F 3 2 PubChem %545
(https: //pubchem. ncbi.nlm. nih. gov/) 3K BUA 2 55 2K 1) 43
F 25 ¥y , il 1 SwissTargetPrediction 7£ 28 - &5 (http ./
www. swisstargetprediction. ch/) Fil I A R 5 2R 114 78 7 #
A3 5 FFH UniProtKB %445 % (https : //www.uniprot.org/ ) {#i
BB e A FRbrR AL, TN R B 5 A
2.1.2 E S AH OCHE S I SE L) “traumatic bone
defect” Ay & 88 1R 7E GeneCards FUHE ¢ (https : //www. gen-
ecards.org/) . PharmGKB ¥ /%2 (https : //www.pharmgkb.
org/) NCBI %4 % (https : //www.ncbi.nlm.nih.gov/) 148
RGPS . BIFREE  H EiAe
A 5 R R 2 TN S A Venny 2.1 45 3158
AR ST Venny [, 15 2 1 3 4R S R R B ZR
I7 B B VA I A
2.1.3  AZOHE SR -8 B AR 43 A Hub 2
AU 3833 String £dE 72 (https : //cn.string-db.org/)
X A% 0 B0 S8R 1 - 2 1B AH B H (protein-protein
interaction, PP) #1773 #7 , 75 £ PPI W 2% [£] ; F] F Cyto-
scape 3.8 AKX XF PPI W 48 E A7 4 402423 Bt , LA (de-
gree) .10 M (betweenness centrality, BC) | 3231
L7 (closeness centrality , CC ) &2 4 1% 2 IK , #1545 PPI
W2 A ORI
2.1.4  TARIEN 5 RN A H RN B E S b
R AR g w4341 I Kobas 48 /% (http: //
kobas.cbi.pku.edu.cn/kobas3/) X A R B2 IR T B S0 1Y
T TEAE A s AT U AR L I 5 I 4H A #4245 (Kyoto

encyclopedia of genes and genomes, KEGG ) {5 5 i i &
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LB NI R A 1A (gene ontology , GO) FIRE & B 404,
ifi 1% 15 P<<0.05 A5 -5 B R A= 11 72 (biological proc-
see) A fifL 4143 (cellular component) | 43 F I HE (molecu-
lar function) 2% H . X 8 ZLYEHE i 20 £ ) KEGG 55
1 AN HE 4% HF 10 42 19 GO T RE 4% H £ il L - ATtk
P, R A o0 -5 5 B AT AL 24
22 oFxE

TR AR AT O S SR R R R A
JHOEZ o D\ PubChem 8 PEAG I A R RL R (19 73 14514
145 A Chem 3D BT Rg It/ IME, 15 21/ N1
pdb 1 ; 7£ PDB %4 /% (https : //'www.rcsb.org/) 148 &
R0 5 B B Z5 48, ) PyMOL 3R A4 B 7K 43— il
INGFBEAA s 8 5 F AT AutoDock Tool 1.5.7 444 4k 38
PR B A R R 2/ N T RO R0 SR T 2004, LA
TESE R A AT S . DR R R R S50 M S X #2245 &
RERVEMEE G 2R , #5455 58 < —5 kJ/mol, BEWTEA
GG RATT, HEG R BUE AT, UL 255 35 Fl T B
SR, S AR E
2.3 SMEWIGIE
2.3.1 g 50 RAAARY RUVEC #1 BMSC 7R
37 CAH IR  FEREE 4 PS5 mL 58 48
FEHAY 15 mL B0, 7E 24 °CLA 1 200 r/min 250 5
min £ FIEW . EHHRINS mL %8R R EBA
BeFR LA 76 37 °C \5% CO MR FE 4 R a4 2 Ko
Hedh IR . Frai AR K B RLA N 80%~90% B i 17
AR, R IR L, N A 2 mL PBS W ¥E 3 Wk . Bk
PBS, A 2 mL 0.25% JBeas AR T AL, Fra R 40
JMA 4 mL 58 @35 FEMATIR S 2R Ak, F 15 mL 250
SEAEAN B, SRS HE 24 °CLL 1 200 t/min Z5.0> 5 min,
FBR_EVEW, N6 mL 58 ARG IR AL B ANRIIVE , ATIRS)
J& AR B 2 R FR L A e ARG IR AL E 5 mL,
A 37 °C.5% CO.INIEFRFERT %, 24 h S e, i
WLEE , o 240 FELIU B Rl 5 )5 450 5 FHAS 35 10775 1) DMEM 15
FRWRETR 24 h, IR 82505,
2.3.2 2N AR B IR B PRSI SR A ol R i
. BEHL3 A BMSC I AR T 24 fLAR . 1 dJ5 430
YT AN AR B R R B R R (011,10 mol/L) 14 BB
VI T 10, 25 25500 1 2 2% SCHR[ 15 AR IR 4T i
WIS s . B d L L IREE SR, T AR
BCIP/NBT i P 5l 12 i . (0 U0 G e £, 7 e H e 4
Brg B, i FH PBS W5 Uk 2 Uk, BRI 1% 4% 2 R H Y 40
JH 1 5 AR T 0 L, 5 30 2% 4 115 30 miin J5 K BR A% B
WM, FH PBS w3k, K 5 min, AR5 H% BRI A5
il G o AR A 24 LA, 37 °CIE IR 30 min,
5 min A LR, AP B GRERIZAOE . KBRIRE
WA, FHPBS WV 2 K, 21k 0y B B TR W

TEZG; 202345 34 55 TIH

S0 (O VR BEITHARIR SIS A 3, D B e g
0 J5 FL AR T R € UR FE B A3 A1 U L R PR A o 2
TR, 3 AT T L, 10 4t L P P T A
2.3.3  AAEESALIE ORI CRAHPERLLS Yeta, BEHL3
& BMSCIHALIZERN T 24 fLAR T, 1 dJ5 20 545 T & A IRl
e P AR B B (0. 1,10 wmol/L) (B 75 S IR EAT
T, 25 2470 2 SCHR [ 15] R0 A 152 25 2 R 300 1 S 06 2%
W E . B3 A LIREESRIE, 14 d S50 R B 4 S
g i R S TR . e AR ARG R, LU
PBS 15Uk 2 K , P FH & 4% 22 5 B 1 40 o [ 5 VL 461 5
A, % IR 4515 F 1 %E 30 min Ji5 22 [5:5% B BUA , FH PBS
PPk 3 UK, BRI 5 mine SRIGINAPEZRLL S YA, 37 °C
TEIRIFE 30 min, 55 5 min & A& 1K, WO IA 2 A B E
BPZR il ERRYL O, T PBS W VE 2 T, & 1 v . e
BT AT WA AR IR S A 3K
PAPE Z L1 S e e Jim FLAR 20 € TR BE K o A Y L A
P, BT, 43 A Ju B R, RS Eh IR 22 | 5
AR Z .

2.3.4  AHMINAE S ARRE TR SR AR SR A TR A S
ORI . SEEGHT 1 BT L1 & 100 pL ARk T oK
A 4 CCURFR I 1, o 56 5T I RE % 7E AR IR 25 A
flAl o S 2 R FH T4 R Sk 56 T lRE 7R K L 3
FIIMAT A AR b, BEAL 10 WL Y50 B 26 U , et
AR B SR IS A AR A Y s L BT 10 em
FYEEFR ML, AR AK BRI, i 1R R A
37 °C 5% CO.IWIEFEFH , FF 30 min DA AL LTI .
H4 50 L Z8 AN [F] v B AR R B R A (0.1, 10 pumol/L) il
AEFY RUVEC (5 000 /™ 4 J ) i A 48 A a3 Fr v
JETE 37 °C 5% CO. Y5 FR A6 1 3% 6 h, 25 2577 & 2 2% S0k
[15)FIA R ZH i i S g 2 AR o Bl 15 2 i
BN 9 5 A BEHLILET Hh W4 RUVEC A TE 2578 Ak A 4
B RGO, SEge de i A 3k, i ] Image T FAFh Y
“Analyze HUVEC Phase Contrast” p& %31 54 F 2 1fi. 4%
K,

2.3.5  ZHMIP PIBK  Aktl & FKEI R A Western blot
AN, L35 TF X 2% 24 30 27 T 7k RO 1) 1 A R B 2R g
BB A A R T S A IR AR T R
BMSC 0 21 6 LAk L, 257 75 AN [a] i B A J8 R 2V
(0.1.10 pmolV/L) (I HIEFW T 7 d, /27 ES%
SCHER[ 15T FIAS PR jif I IS g0 25 R % B . HI PBS st
T RELH AL 3 Y, SR AR I AT SRR A 4t e A8 A
LA A IRV, FE 200 B ) 0 R 4 e AR 4 3
1.5 mL EP4EH ., vK E#HE 30 min, &:f% 5 min Z % RS
1R, fE4°CLL 12 000 r/min &.0> 30 min, W5 FIEHK,
RIR SR AT 1 BCA B A i) &l e H g
FAHE R, B R 25 A E 6% TR 110 H Tk e L FL ik A0 85

China Pharmacy 2023 Vol. 34 No. 7 - 809 -



JFiE oL L BRI A% A5 2 PVDF i | 85 PVDF IRAEZE IR T
T B A 45 min, SR 5 1E 4 °C 5 Aktl Hik  PI3K
PUAR R Ry 1:1 000) —ElF B w . Ve 3,
BHEAREAST S P BE R 1:5000) fEEHE T
WEE L he A BEREHATHNE [ B, LI E
52 3. i Image J 3R X 45 EAT IR BEAE 434, LA
PI3K . Aktl 5 N2 [ (B-actin) 54 I B 1 10 LU Al 2w
H B IRk
24 Sit=4bE

K SPSS 22.0 BTG 3 b o T TR 2
IEAA A Lhx + s Fom , 24 I0] FL R FH O 2208, ik —
AW FL AR LSD- K 56 . R 360 7K E = 0.05.
3 R
3.1 MEHEBEHTER
311 RRREER A EAHSCH S SRS
1 PubChem %5 4f 22 3 7 1 15 21 AC B 75 2 11 98 70 #5
1034, i id Genecards . PharmGKB ,NCBI £§ 4} /72 {# 2%
IR R E T, A5 20 B A OCHE 2 14 1614, A
FH Venny 2.1 84, 45 2B S 5 A 2R 7 2% 28 42 114 0 i
9T AN, RIA A R B ZIRY 7 bt 1) v 7R AR FH A
3.1.2 PPI4MHT Bz Hub JERIfi 45 R B Bk 97 38
15 5 A String 248 5 Fl Cytoscape 3.8 5, 7531 PP [¥]
LR IR WA B 1 A, XF PP 28 HEATHRF I A0 BT , 45 50
R AL 92 45 SUFT 996 £5301, 4 rh a
R B AR TR, 1Y A5 Y degree ELAR K, 36 HAE PPI I
P P B R N 2530 2 S 54T Hub 3
IR 1 , 55 1 IR LA degree fH R F 2 % 37 %%, BC {H .CC
(B R T P B0k 25 R0 L 275 2 IR LA degree {EL \BC{H
CCIHRTH A 2 F e (] 1), 5245 8] 124~ Hub
LR HEA AT 6 AR A Aktl SRC MERIZE 3244 1 (estrogen
receptor 1,ESR1) . [ A K [HF 32 1K (epidermal growth

factor receptor, EGFR) | ¥f fill & i} 2 (cyclooxygenase 2,
PTGS2) . F i 4> J& £ [ 1§ 9 (matrix metalloproteinase-9,
MMP-9),

3.1.3 KEGG i ol Foiréi R il KEGG &
LA B 197 5505 S, e HE 2R HEA T 20 2 915 5
T ARE (B 2) , 25 BoR  ER A FEESE
TE i IR Y 38 1 (pathways in cancer) | &0 1€ i (nitrogen
metabolism) Fll PI3K/Akt {5 5 8 % (PI3K-Akt signaling
pathway ) S5AH G P& H

314 GOIREE T4 GOiht s o tritis
#1670 45 GO 4% H , I E M HE 44 Hi 10 45719 2% H i
T IAL B (E13) o 25 SR s, AR B0 S B
JF B R 1k (protein phosphorylation) | 8 T~ 15 2 (19 71 2 15t
JH75 (negative regulation of apoptotic process) . X 4 i
1Y) [ (response to xenobiotic stimulus ) 2% ; 2 JItg £ 1
PO RN 5T I (cytosol) | 4 Jif it (cytoplasm) | 4 Jifd #%
(nucleus) 5% ; 73 Dy & 32 22 4 v T 2 1 3 14 (pro-
tein kinase activity) & £ I 7K i 1 7 (carbonate dehy-
dratase activity) , BRI 1145 & (ATP binding ) % .

315 A FRHERUESS R AU DR R R s
B, AT A HEA 1T 2 O A HE A (AktL SRC) A T4+
X4z SRR R RZE 5 Aktl SRC LS A RE N
—34.2,—20.8 kJ/mol, #4/NF —5 kI/mol , KB ¥ HAT 5
SRS A EAEH OGR4, Hrpb  RBHEEE
Aktl PR LRI HE LYS179 . ALA230 , ASN279 T il ik
HHEAEH], 5 SRC 1y 24 B 2 5k Ak GLU339, GLU157,
LYS321 . TYR326 J¥ i & HEAH BAEH

3.2 MRSMRIGIIELE R

3.2.1 AKRERFREXS BMSC BUH A Lrysgm  fiiEwkig
it e (25 R R, KRR 0 mol/L 4 % €4 JL-F- AN 1]
UL, AR R HCZE 1 pmol/L 21 W AR X B &, A B B % 10

_AKRIA
Gper
CAl
AKR1B1
cAl AVPRZ 7 MAOA
F2
cag ARRIBY GRKS ABCB1
cas ACHE APP
_— cA12 chucy [SxenT 2 ADORAZA . v
3 ABCB1 XOH _TIR AKR1IC3
AKRIC4 ESRRA criceFTR  CAS RO i APP
ovpipi,  KDR\LAPP INOXE gcriane; :> l /PLG I:> .
HSOITRY, Ao ESR2
M Bocs Eska o ks e o0 CYP1B1 CYP19A1] Aktl orocs wiBD
5 i NS AKTlipg TYR ALOX12 CDKS5 EGFR
TOP1 esri R SRC NP3 A MMP9
ot ABCGZ 3 MMPS PIKIRpII2 o TOP1 ESR1 AR T
MET
DAPKT COKEEOR, &% 1-%:; ABCG2 PIK3R1PTK2
GPRIS piegs  SYK \ MMP2 PLK1 CDK2
NB
ol AURKS N ALKPFRFB3 CDK6 RT CCNB1 CDK1 PARP1
PARP1 FLT3
CCNB1 GSK3B
[ degree>15 PARPY degree>32
e BC>0.003 527 BC>0.016 741
CC>0.433 333 CC>0.491 892
RS2
A. PPIFJEE [ B.5 1 Uik C.50 2 i ik

1 HubEEFiELE
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PI3K- Akt signaling pathway
Nitrogen metabolism

Pathways in cancer ()

Chemical carcinogenesis - reactive oxygen species

Endocrine resistance

Ovarian steroidogenesis

EGFR tyrosine kinase inhibitor resistance
Steroid hormone biosynthesis

Prostate cancer

Proteoglycans in cancer

Y

oocyte
FoxO signaling pathway
ErbB signaling pathway
Cell cycle
VEGF signaling pathway
Arachidonic acid metabolism

- log10(pvalue)

count
@® 10
@ 15
[
[ 3
@ »

Oocyte meiosis L J

Estrogen signaling pathway L J

Prolactin signaling pathway L]
Metabolic pathways q
0.00000 0.00025 0.00050 0.00075

T < PR AR/ 2 5 R A B L B A O, A
R 7 B RS B B 22, 2 (e BT 7 L
E2 HiZB20 I KEGG 55 ERS AR

Count

A 41 2H AL Pl

E3 HEZHT 1018 GO ThEE = £ A Ik E
pmol/L 41 b fA e IR , 33 3% W R J2R i 3% i W 35 34 1= BMSC
DA B A 8 R 119 22 TR /K R 2 , DLIBT BA . P ERET S Y
OZE R IR RBELZE 0 wmol/L ZHLL (v T B #5/)N
AKBREEZE 1 pumol/L 41 fi (AR X B 4, AR EE 2% 10 umol/
L 40 f o e R il ), X SR MR R B R g b 2 1
BMSC 5L TS A 25 15 %kt , 42 iF BMSC (945
k., WL 5B,
3.2.2  ARBEZEX]RUVECHSMIETE Mrs2m &5k
M T RSB 25 SR, 5 AR R 0 wmol/L 41 1t
A, RBRHEZE 1,10 pmol/L 2H 21 it 1fn A5 1 Wi i T ik 2 14
s, A5 KR B 351G in (P<<0.05 1% P<<0.01) , BE4E K
WK, FIRZE R B £, H 10 wmol/L 41 &% 5 o i 3%
L 6,

HEEZG 2023455 34 B T

B. AR5 5 SRC AT X%
4 KEEZEZOESERFBEANS 73

=
. -
APRELZ O pmol/L 41 APREEH | pmol/L 41 ABEEEZ 10 pmol/L 4

AR AR R R AL B B PE R A (0 45 2R

C6®

AR HEZE0 wmol/L 4L ARBRHEZE T pmol/L 4 AJREIZE 10 wmol/L 41
B AN A R R R AL PR S P B 2T S Ye (4 AR

5 KREEZRIBMSCHE LB

3.2.3  AKRBFZE N} BMSC P PI3K , Aktl £ Rk A 52
M EAEREZ O wmol/L 41 Hu#k, KEREZE 1,10 wmol/L
ZH 20 i PI3K | Aktl 5 13835 7K O I 25 48 = (P<<0.05 5§,
P<<0.01), HARFRELZ VR LB , PIBK \ Aktl £ A K
PP R W T, iR KRR R
0 PIBK/Akt {5 538 % , 42 #F PISK  Aktl &5 1Y 3R 35,
NI L=
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7'( R um(;I/Lf.E l E? }Lm«;l/Liﬂl
AR BE AR REZR AR IS AR BT MR LS (L BIR =100 pm, n=3)

b
A

AR IR

1 10
25/ (umol/L)
B. AR AR R R AP 1 LA
a: 5ARBHZEO wmol/LYL LA, P<0.05;b: 5 AEH KO0 pmol/L
2] i, P<<0.01

E6 AKREEZEXRUVEC I MER RSN

ARG AR AR ARG AR AR
0 pmol/L 1 pmol/L 10 pmol/L 0 pmol/L 1 pmol/L 10 pmol/L
il il il Hil il Eil

A. Aktl HL K& B. PI3K HL 3k %]

1.5 1.5
b
b
A
1 1.0 1 1.0 ]
= X
w® "
¥ * 051
{3
0
0 1 10 0 1 10

254 g/ (umol/L )
C. Aktl E H#ik
a: 5ARBAEZEO wmol/LYL L4, P<0.05;b: 5AEF K0 pmol/L
2 H#R, P<<0.01

E7 KREEZEXBMSC K PI3K. . Aktl B RIEAIEN

234 %/ (wmol/L)
D. PIBK £ iA

4 Wig

BB SR — MU A A Rr AL, A AN B
SRR AR BEE FRYI B B A T Rl R A
S 20 L E B A DX S SR 5 A R R A Y
Al T O AR PR AR RS B AR AN S
T IRRESZ LR R, DR b St 6 5 A HC AR o A - 1l
BRI X — i A2 AT R AS IR 2 i3I AT 5 A 2
fft £, T A ) 2% 2 B R O3 0 R TR R B
ENOE S (S Sy i) e R e DM v aT R BTN E
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