e 226 - [ O IS5 220 2017 48 7 A4 44 555 48 Int J Cardiovasc Dis, July 2017, Vol. 44, No. 4

NVP-BEZ235 XHKE ST F REGOHLXL
3= 3l ik B4 52

RKREF W B # B S4B UHR

GEZEY B 630 B Ig BLILEE 3 8 (PI3K) /i Lo 4 & e & £ #% 8 (mTOR)
1% 5 38 2 E #p 4w 77 NVP-BEZ235 s TAKEAHF F T KRS IMAE L3RG FHra., 7 ik
& & 2842 NVP-BEZ235 4 E T £ 3 £ 45 5 69 I EAR R A A4 70, P BB AL T % AR5
F 4% . NVP-BEZ235 F#28% F 35 mg/kg NVP-BEZ23 [a X i#t § AKX AL B xR LL[%
EATAREKER., 210dEHARKASCERZ(RVW) /AR (BW)IE; 828K &
S RO IALAT HARFAFLLE E, FF 0 208 W B K B B W 12 ) 2 30 BkAT 5K
44 g & Russell Movat # & & o F B WL E G (oo SMA) %05 218405 3 & 5 o)
KR mFH P FRNEAERRT(VEGHAF, 2R (DKALKKETBARVW/BW
B 29+ (P = 0. 0002), NVP-BEZ235 F 28 X R 24k A28 RVW/BW 8] 8 AL (P =
0.0021), () £F SR HE % & T WAKE L K R 8 Wlgm o 7] 20, 20 i 18] 19 38
% s NVP-BEZ235 F T4 s UHE 7] 22 %6 5, 4m i 18] 3B A0 AR B2 A P o, 1> 53 4 KR8 L
hERBREBREFAGITFELP H>0.05), G mBieTLIKALKRMEHD
BRFEVE 4 4 HE ) F 4L, B3R I = 0 & NVP-BEZ235 F 48 K K4 £ 3 bk 69 7 X 54K
R TR, KB R R EFHIRE AP E oo SMA F AR BRI 4 3 hm; NVP-
BEZ235 T34 X .M £ 30 Bk o SMA E X AR R ATl U, (DARE LA K R o i
VEGF KP4 3+ B 2090 2 5+ 3 (P = 0. 0027) , NVP-BEZ235 F A &4k &40 VEGF K-
B 2 A (P=0.0060), %3 :NVP-BEZ235 T L #p 4 4& 235 5 F K RS LA £ 3 ik
M T, SRR A A S 09 ik VEGE 945,

[REIRY KA S 230k e AR A KA F

doi: 10. 3969/]. issn. 1673-6583. 2017. 04. 009

Effects of NVP-BEZ235 on myocardium and aorta of hypoxia induced rats CHAI Xiaoyu, XU Meng ,
YANG Xue, MA Weilin, LIU Xinmin. Department of Geriatrics, Peking University First
Hospital , Beijing 100034, China

[Abstract] Objective: To evaluate the effect of PI3K/mTOR dual inhibitor NVP-BEZ235 on the
myocardium and aorta of hypoxia induced rats. ~ Methods: Male SD rats in the hypoxia group and NVP-
BEZ235 intervention group were raised in the specific hypoxic incubator while the control group were
raised in normoxia condition. NVP-BEZ235 intervention group received NVP-BEZ235 (35 mg/kg ) by
intragastric administration every two days while the control group and hypoxia group received saline.
After 21 days, the right ventricular weights (RVW) and body weights (BW) were measured and
calculated for the ratio of RVW/BW. The myocardium tissues were stained by hematoxylin-eosin, and
the amount and internal diameters of myocardial vessels were measured. The thoracic aorta tissues were

processed by hematoxylin-eosin, Russell Movat and «SMA immunohistochemical staining. The
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serum VEGF levels of rats were detected by ELISA.  Results: (1) The RVW/BW ratio of hypoxia
group was significantly elevated compared with control group (P =0. 0002) and the RVW/BW ratio was
decreased in the NVP-BEZ235 intervention group when compared with hypoxia group (P = 0. 0021).
(2) The hematoxylin-eosin staining of left ventricular myocardial tissue of hypoxia group showed
myocardial cells derangement and intercellular space widened; NVP-BEZ235 intervention group showed
less myocardial derangement and intercellular space than hypoxia group. There was no significant
difference of the quantity and internal diameter of myocardial vessels among groups (all P>>0. 05).
(3) The pathological staining of thoracic aortic showed elastic fibers derangement and local cytoplasmic
vacuolation in hypoxia group, while the changes in NVP-BEZ235 intervention group were relatively less.
The expression of o-SMA in the middle wall of thoracic aorta increased unevenly in hypoxia group while
the expression of «-SMA in NVP-BEZ235 intervention group was less than hypoxia group. (4) The
serum VEGF level of hypoxia group was significantly higher than control group (P = 0. 0027) while the
level of NVP-BEZ235 intervention group was lower than hypoxia group (P = 0. 0060).  Conclusion:

NVP-BEZ235 could attenuate the changes of myocardium and aorta, and inhibit the increase of serum

o 227

VEGF in hypoxia induced rats.

[Key words] Hypoxia; Myocardium; Aorta; Vascular endothelial growth factor

(1252187 3 O ST | 2 5 7 B 7= W A B
O VAR O A S A Sl sh kAR L,
Bl IO SRR S5 0, A Sy 2 R L SR A1 I 4
XA K B 32 3h bk i i 4 L 7 sk R R
F5E % B Wi As T UL 3 38l (PISKO) /i 7L sh 4
A% R A (mTOR)F 53l 2 5 HLALEAR A IR
B A 4N A T S 4L 2 T IR S N T
FH PI3K/mTOR $ 4l 7] 0] LA 2% i I S8 1755 1) K B
O L K & 3 ik m A8 fb. NVP-BEZ235 J& B %
PI3K/mTOR {553 i S A 71, 45 253845 07 18
H R T 2 R o v s I R 1/ 11 5
AW B IER T NVP-BEZ235 X4 251 T KB
O LB SRS RE 2
1 #MRl5HE
1.1 EEFhH ZAX A

SD B R B (8 JE ) SR U F b o K56 — =
Bt sh ¥ 52 % p 0. NVP-BEZ235 ) F 2%
Selleckchem 23 &), Ifil & M & 4= K K F (VEGF)
ELISA 25 &0 F U IEAIAE DA BRA R JRAR R
£ (HE) Z% 83855 G0 TRl A= R R A R A W]
Russell Movat e 57 & F H R P8 A H IR
EL Y o P LB 1 G SMAD BRI T 36
Abcam 73 7], T H 2L 2= R & 0 F P A2 &6
oSl
1.2 SEEshdoi

18 U SD M4 K BB #1143 4 IR A 41 NVP-
BEZ235 il fixf B4, B4l 6 H. LA 4L A
NVP-BEZ235 T-#i 41 & T 5% 5 = 4 1l (19 IR R AIK4R

G TSR, 250 3 Y A SRR BE 20 10 %%, % R
HT WA B iR 38 . NVP-BEZ235 + Fil 41 44
F35 mg/kg NVP-BEZ235[ ¥ 57 5 N-H L i ng
Lelil (NMP) /5 2 — [ (PEG300) , K FH ik fE ol
10% IR RHE B o G E 4L e i) B2 B K 25 7 4
KR, 3HKREE TR —mFRNE. g =E N
TELBE (25 £ 2)°C B BE (40 £ 10) % .12 h BEBA /4
FEIE 2R . 21 dJ5 . 520 I3 O be 2 M 1 3 7 5 Rk
1 h ) I 3R AT OB b B
1.3 HSERERVW) /K5 E (BW)E R E

FREBH AT 4K BRI BW (@) FLLE 0 8 5
1) RVW (mg) , 11455 RVW/BW {i , /E R4k K BRA
D E SRR R bR .
1.4 ASESIAENRARLF EE

OB KA D = O WL B k. 400 2 58 B
[ A L, VD Ja H RLB S K, TR R R e
10 min, WG 1 03RRI TG R ¥, 1741 Y
61 min, F RS B TP RIS B R . O B
BT EE HE Qe @450, i Image] #4017 K
RO E O HE Je @ 8 R, 540 K R 2 50 0
15 51 R, XF R ALET Y I AR 10~50 pm (1)
O WL A 85t B I AR A T o

F 8 kbR A e B3 5] &5 10 BH A3 24T Russell
Movat Yefa,, bR & B % 5 4 Bouin [ 5 AL Hi
10 min, 2B AT 5 G4 IR AR 22 LU et 21 G4 WK
R R L R £ A6 e W 55 e 0 2D TR S i AL A% W]
Hr AR R e BB N SR, Fe
e RS L S



+ 228 - PO il s A 2017 4F 7 4 44 255 4

Int J Cardiovasc Dis, July 2017, Vol. 44, No. 4

1.5 RBEALBAFEELMNMEEDNKR «SMA
ik

R U 3= Bl Jok A7 I A A i R S T
HAU AR G 78 G PR PE L AL W A7 45
FREMIAB IR AE 52 B Al S v 30 W I A IS A
aSMA—41 4CIF &, — T 5. & DAB
BAALGFAREE YA 1 min 2247, 170 5L R K 7
[IANER 3/ QUIN SIS IRTAL Sl U -SSR RV
LT NS .
1.6 ELISA #1255 VEGF K -F

W K BRI BR AR BT e Bk A P IR B 0
(4°C,1 000 #%/min) J B JZIM3E » T — 80°C 47
£ Fe RN G U W ELTISA 346 K B
Mm% VEGF K,
1.7 %It Eo

K H] SPSS 18. 0 Gt gt AT 8 s o0 i . 1 &2
OB X H £ bR ME 25 R OR, P4 E) LR
Student’s ¢ #:5% , P<<0. 05 N LS H G55 L,
2 #R
2.1 RAACERERE

AR BEZH IR RO IR /N3 v A 5 E JE
T s ISR R B OO G O A 2 e JE B 1 RS s NV P-
BEZ235 5 2H < U5 AWK 480 2H A0 I A 28 B 498 )52 ik
B, S5XR4IM e IRAE ALK R RVW/BW B i 7t
BLL 64 £0.12) mg/g ¥ (0. 69 £0. 04) mg/g,
P=0.0002]; 5% 446 kb, NVP-BEZ235 T T4
KB RVW/BW[ (1. 15 + 0. 03) mg/g | W] & &%
(P=0.0021),
2.2 KRASFECIUMAL HE &%

D Z HE e tan] UUXT 2 K RO ILER
HEHES R FF 20 M /NG H 8] 5 b b D 5% 1 4
R 5 AU R B0 UL 20 L HE 21 2556 448 A [ ot 38
T+ O ULEF 28 25 14 AN 355 i LA 6 B S 1 5 e M I
B ALY, 0] 5T AT D 58 M 40 = 1 s NVP-BEZ235
T HZH K BRC WLEF AE HE S B 5%, AR UL BH I 1.0 AT
YLV AR 20 B R) BE AR AL AL A TN

AR T BRA K BRLC LIS AR Ry 10~
50 pm I ECE A (1. 87 £ 0. 91) 32, 3 1L N
BRA7.10£6.34) pmi KA ZH K BLO ILINLAE A2
A 10~50 pm I AE ECE h (1.93 £ 0. 88) 37,13
M4 MR R (15,89 £ 6. 89) ym; NVP-BEZ235 T-1ji
HR O NN 10~50 pm (1 10055 50 R
(2.26+ 0. 96) 3, ¥ If 4 W A2 (16, 23 +

6.23) pm; 2520 KRGO LI B B0 B AR g, 22
SHTG B (P ¥>>0.05),

2.3 KAMEDRAZMEELZERE «SMA &
AR

HE Zv 5 ) Russell Movat Yy {634 ] Il %) RE 20
R BN = B R 27 4 - i 3% 22 HLE S I8 s KA
ZH K BRI 3 3 ik s 1 2 A HE 91 25 8L L B0 BE A4 AR
Ui, P LA LR AT PR A2 Ry B 3K 25 90 AR s NVP-
BEZ235 -1 2H K U 3 30 bk i el 28 AR S| A A B
I | BV LT A i 2k HF- i il

F BT 1 WLAE ML FE 5 1 R 38 o« SMA FEH .
S AU 22 e B 45 R R, 56 BATAE L, (IR
M EFKE R R o SMA F£iE AN 5
A2 48 b, NVP-BEZ235 1 i 41 K 5 3= 30 ik
a-SMAZGR AR D o
2.4 KA MF VEGF KT

5 %f BRZH A bE AR AR R BRIV VEGE 7K B
BT E (40, 87 £ 19. 64) pg/mL X} (8. 60 +
3.56) pg/mL, P=0.00271; 51L& 4 AH L, NVP-
BEZ235 T i 4 Il i VEGF /K ¥ [(11. 13 =
7.33) pg/mL IR FEK(P = 0. 006),

3 itig

RAECAT LAt /N 3 ok 45 B LA o Jil 20 ok A e
TP R A S B A VR L 5| I A RE SR A
i TR /D 3 S5O B0 R 7 T v s s il o A5 A
HoEREMTY, PIBK/mTOR {5538 1 -5 40 i 1
B TS R A A I A A A T e DDA 2
NVP-BEZ235 & PI3K/mTOR {53 j% % 417 il
FI o AT 0 o X6 {5 5 30 B A DU o ) i R 3 TR
& U R B R 0 2 AL BE AR 1) R XK
S5 S 1 T Bk s s B AT A e AR A 0 AE 1 g
Wi, TEADE S AR R RAE 21 dARARES
I RVW/BW 25 T 87/ (R T LA 3 KRR
L EEMN ., NVP-BEZ235 F Wil Kk Bk 47 0 %=
JEJE A B B B AR TR A R B AT e 5 NVP-
BEZ235 3 33 PI3K/mTOR {538 & 52 i 41 Jifg #84
58 NIRRT 2 A OB B A G,

AR A] L RE e O B 7 3 ) g A & BE O LAY
WCARET IR D RE . 38 24 AR A PR BE I 2R ] D4R &0
LIy B %o dife 1L dike 420 1 35 1 3 1 73 7 (R A AT
JEARSA R ISR A E DR Z . WF9E k3, 1% 1
(i) P AP 4 AT A 35 A o0 B B VR S AR 34 s g T
PR A A Wl e R ] 2 e 2 (AR



PO L A S 2017 4F 7 J 45 44 4255 4 )

Int J Cardiovasc Dis, July 2017, Vol. 44, No. 4

1 3AXRAZDAALR HE L ELER(X200)
Xt B

Russell Movat

Ay
a-SMA i 21 :_2;,4 S0
LU RE : :

W o 1)
B E Sy w8 e

{E : Russell Movat e (4 SPEEF 4R e Ay s S AL Y (0 o SMA R T A FR

Llive=gz NVP-BEZ235F T4

Pl , e
a5

2 3AKRRAMEZIK HE 3 Russell Movat LR REHAANUFLEER

FEARFFEH AR R BRUAE 21 d 18 PR AR AR %
T A O VAR HE S ZE AL 4 M I B BE L O LER
YELEA AR L 2R I 4 T BB B4 = T RE T B s T
NVP-BEZ235 41k fl A2 % /0 LS AR TR 4
KE A P %, $2 78n NVP-BEZ235 1 ] PI3L/
mTOR {5538 8 v i8S 518 HAVA S S R RA
FOUVAE TR . A5 2 B0 WL A5 B0 i % A A 4
oA WL SRR Ak 7R AR R S xS bRk 3l ik i 52
i o] BEFEAS i

T2 2 B A P X T A A O AR PR R T &
DR E L, KRNIk v 2F 2 2 by P L

Yiffr=E FEARHIF AT o B A K R o B ik
B JZ2 1 3 ) 2 Ak ST T LA L 30 2 5 IR A A
-V VAN B 34 2 55 ) 2 2 HE S ZE AL i DR AT 1
%o SMA FFAFRETH RIS XA RE S
ik = Bl Jk v B ST T UL 400 L R A 23 G 4 2 4 i
SEH BT WA . T NVP-BEZ235 20 K i
Fah bk oA A X AR R AR R TR R $E R
NVP-BEZ235 0] g i 7€ Jl T PI3K/mTOR {5
T PRI S N KR 32 30 kO 1 L 2
By W S

VEGF B4 755 4 2147 44k AR 2 M5 9 Bz 4n



e 230 -

I FR O AT 24 25 2017 4F 7 A4S 44 555 4 )

Int J Cardiovasc Dis, July 2017, Vol. 44, No. 4

A0 G R AR P BT A LA A S 8 o If 4 0 1 4
FRMETE S S BIEE . FEADETE IR A
KEUMTE VEGE 7K 3% T 5 415 4 B2 A
FA A SRS WA <, rTRES SO AL 30
KA Wi NVP-BEZ235 n] R i o 10 i 20 1
HETE Ko i S RERAN ] VEGE 9Kk,

25 LBk . NVP-BEZ235 a] LUl IR A 75 5 19
KRBT O E MBS LA B 700 280 WU 32 3l k% [
RARAE PR VEGE AKSF1 T » HoT A i
M) PISK/mTOR {5538 #% 1M A 454 AL ]
A Rt — AL

& % X #

[ 1] Wang H. Tian JL, Feng SZ. et al. The organ specificity in
pathological damage of chronic intermittent hypoxia: an
experimental study on rat with high-fat diet []J]. Sleep
Breath, 2013, 17(3):957-965.

[ 27 Douglas RM, Bowden K, Pattison J, et al. Intermittent

hypoxia and hypercapnia induce pulmonary artery

atherosclerosis and ventricular dysfunction in low density

lipoprotein receptor deficient mice [ J ]. J Appl Physiol
(1985), 2013, 115(11) :1694-1704.

[37] Jain K, Suryakumar G, Prasad R, et al. Myocardial ER
chaperone activation and protein degradation occurs due to
synergistic, not individual, cold and hypoxic stress [ ] ].
Biochimie, 2013, 95(10):1897-1908.

[ 4] Carrasco-Martin C, Alonso-Orgaz S, De la Pinta JC, et al.
Endothelial hypoxic preconditioning in rat hypoxic isolated
aortic segments[ J ]. Exp Physiol, 2005, 90(4) :557-569.

[5] LiP, Oparil S, Feng W, et al. Hypoxia-responsive growth
factors upregulate periostin and osteopontin expression via
distinct signaling pathways in rat pulmonary arterial smooth
muscle cells[J 1. J Appl Physiol (1985), 2004, 97 (4).

1550-1559.

[o]

(7]

[8]

L 9]

[10]

[11]

[12]

[13]

Maira SM, Stauffer F, Brueggen J. et al. Identification and
characterization of NVP-BEZ235, a new orally available dual
phosphatidylinositol 3-kinase/mammalian target of rapamycin
inhibitor with potent in vivo antitumor activity [ J ]. Mol
Cancer Ther, 2008, 7(7):1851-1863.

Nathan SD, Hassoun PM. Pulmonary hypertension due to
lung disease and/or hypoxia[ J]. Clin Chest Med, 2013, 34
(4) :695-705.

Nakada Y. Canseco DC., Thet S, et al
heart regeneration in adult mice [ J ]. Nature, 2017, 541
(7636) :222-227.

Zhang H., Gong Y, Wang Z, et al.

Hypoxia induces

Apelin inhibits the
proliferation and migration of rat PASMCs via the activation
of PI3K/Akt/mTOR signal and the inhibition of autophagy
under hypoxia[J]. J Cell Mol Med, 2014, 18(3):542-553.

Kholdani  C. WH. Mohsenin V.

hypertension in obstructive sleep apnea:

Fares Pulmonary
is it clinically
significant? A critical analysis of the association and
pathophysiology[J]. Pulm Circ, 2015, 5(2):220-227.

Hung MW, Kravtsov GM, Lau CF, et al. Melatonin
ameliorates endothelial dysfunction, vascular inflammation,
and systemic hypertension in rats with chronic intermittent
hypoxia[ J . J Pineal Res, 2013, 55(3) :247-256.

Garat CV, Crossno JT, Sullivan TM, et al. Inhibition of
phosphatidylinositol ~ 3-kinase/Akt  signaling attenuates
hypoxia-induced pulmonary artery remodeling and suppresses
CREB depletion in arterial smooth muscle cells [J]. J
Cardiovasc Pharmacol, 2013, 62(6):539-548.

Garcia-Romadn J, Ibarra-Sanchez A, Lamas M, et al. VEGF
secretion during hypoxia depends on free radicals-induced Fyn
kinase activity in mast cells [ J]. Biochem Biophys Res
Commun, 2010, 401(2):262-267.

OlAS :2017-02-06 1527 :2017-06-05)

(AR S B S )



