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[ Abstract ] Intrauterine hypoxia is a common syndrome in embryonic development, especially in prenatal period as a result of patho-
physiologic high-risk pregnancy or uterine blood flow decrease due to vascular disease, consequently reducing oxygen supply to the fetus and
retarding fetal growth or even causing fetus death. Chronic intrauterine hypoxia during pregnancy will inhibit fetal cardiac function, change
cardiac gene expressions, increase apoptosis of myocardial cells, and also contribute to premature withdraw of myocardial cells from cell cy-
cle and myocardial hypertrophy. These changes manifest clearly in the perinatal period, and may work via physiological and metabolic pro-
gram control to change adult cardiac structures and functions as well as increase adult heart susceptibility to ischemia or reperfusion injury.
Therefore, it is necessary to review both the effects of intrauterine hypoxia on cardiac functions of fetus, newborn and adult offspring with rel-
evant research.

[ Key words ] Intrauterine hypoxia; Cardiac function ;Fetal programming; Fetus , newborn and adult offspring rat

OV PR H T BA TR A S A B 1Y 2k 5 %
T AT S s R AR SR R RATE 7 X
FABEH R B DI, 1989 4 Barker 8557 & LA
AR LS H S AR O I8 B A BAT R G
Ph R T M B R R LR R L
48 (intrauterine hypoxia, TUH) 7] fBJ& i L8 5% i) i

EE&UIH: ERARFAREGRBIH (8170178)

HEL 5 i PR e R A S, 0 Jif Lo JIE 45 ¥ R D BE K
B AR TR R B B2 — o H DL 300 4 Uk
F LR ZE SR IR BT REA B el 52 )5 22 30 ik 4
TR R RS S W S I PR, 3 5 e A X
UEUR B YR 3 3 S e sh e 25 I R A O, Kb
P A R AR ] BRSO JOERE DR e 3K, I LR I 1P 240

YEE B Selim (1980—) , PRI, 75 Sefi 1, 3 N0 i B HR I FE . Email : cnnenn@ 163. com
BEEE GBHEE U0 A4S0, B4, FEMNFOMELKIIIE ., Email ; zhaoyajun1964@ 163. com



- 402 - ORI 2016 4E 7 H5E 37 B55 4 ] Adv Cardiovasc Dis , July 2016, Vol. 37 ,No. 4

MIFET, 3060 G JLC R D BE , 158 5 B2 Ao Ak O LA 3k
PR AR R B et 0k A SR A A 0D L2 D R
PR R R T A AT RE X e M AR T BETE AR
ARAEAE, 51 O IR 235 46 FN ) BE 1) 2l A8, 38 n T B 47
O BT UL BJe 0 - P 3 02 43 1) 2 JEe | sk /D ke S
e IIREMK S o BUALE A B SR L B LS
SETACOESRER R R AT 2508, A 1 5 2 A S 1
LR BRI B PN S 4807 04T O I A 58 0 & A
fEH .
1 BRSREXTIRILOBETBE RN R AR R 5

2 LI 3 kS % B (B L T e, e i JL O 1 I
VB J R R T A IS BT AR L, E BRI ZE A O
BERFURE ) AN G . Bl 22 5 35 m, B LG ik
ANWHE I, o0 2RI, O WL 4 J7 hnaik o [R] B Bl
250 WU I O AT 2 75, O IO BT 17 P 348 o 0 5
EP Ik DI RE LB e

AR R 51 BG LSk &, G L L R 2 5158 43
T, OG0 I P L 3 2 480, DARAIE 2 oy 0 B 2
BB AL 5 AFUR 22 0400 JUE i 9 2 e R L0 IR ) R
far 38, R B B AR 1 P R N i AR 2 S BUIG L O IE D) g
TR BFIE A B, A v TR L DX, VR i S0 G5 AR 4 R 1Y
LIiaef B A, R B0 HE il = s b O DL R
FI T AATTIA R G O T BE AR R ] BE 5.0 LR
N DA RA AR IR = B IR (ATP) A1) i A e B
BT LR 2T 4 ATP BHE PERE IR %0, B —T
XTE N ERAE SRR L O BT RE IR SR, S REA
SR EUR S ORI RE SRR, BRIAOE + dp/de 1§
B 3980, O WA AR BA AR AR N, & 17 far 8
ZEU % B MM BORA o A, A O U AR P A A
N BEGE RO IR R & B, B R IR 2O = 4Tk
TR e A EF 5k S I (R Ea FRAIG, 200K
IIET o i 0 0 B (i Aa 50 BH B 4028, U BHLO 47
Tk DI RETE S 2 ET 5k A DL S A S 20 B B R AR, 42
TREL A B SR I 26 O R B AT IR T EE D L I R
5T LB 2, B P B SR MG L3 T R B 0 R 0
e L E e T

XURZ U WL A0 S B T8 B2 o0 LA I B 28 40 £k )
A5, U AN D 2238 H A RS0, 22k T Ak S A
MIRETT o SCHRHRGE , B BN R iR L LR J7
PEAR AT, 18 AT 38 I A% 160 WLAH I 0 B &, P
B P AR TT B B G LO LA B s R S T
AWFIE RN, B LRI A, T G Lo JE RN T
AEHE T4 B G 3O R %) ke AR D) 2 e S A T N A
STYALO]) < I 1511 N 2 by N N = 7 L= s =

T LTI O LA A S A, O LA T AR R
1A S0 1) Dk 2 T A AR S AR TR AR K, O LA AR AE
X fif Lt S %) 3 I P s I T T R A T 48 B % £ A
A 2O JUUTR A £14 5 B0 B A BREE R O LR M ik A8 T
L0 JUE A1 45 g R 5 PR R 36 ol JUL T A 0 A 28900
T AU JUE A e RIS 4 1) RE B

#4175 5 K +-1 (hypoxia inducible factor-1, HIF-
1) R—Fp R R AR, EFH 120 kD(=~1.2x10%)
() HIF-Toe 191 ~94 kD( =9. 1 ~9.4 x10*) ¢y HIF-1B8
PSS A7 2 ik, HTF-18 MV 5 78 40 i 3 v B s 25k,
1M HIF-1o MV JEAE B PR 5 BBl 2 28-3R 1t K A R i
PRI, 7F TE 7 S8 M R BT B4 40 i S AR A A 2] HIF-
Lo (HJEAEBREUIRAS T, 1% 00 56 9 [ A 3 o1, 1o 1
18 W IEIE WA 16 PR Y HIF-1, 5 1) 4 M A% 9 JE 15 2
FRIEIA G S IEHWIEOLT , 38 s 0l 7L 3h 4 16 DU
RGN R O 3 8 A A R A M AT
ST SR T 45 S e T R B P AR S
6 ) LoC A H O UL J 14 40 L A0 T 50 B Sl 34
e T Y B, O LR A% HIF-1 FakBs i, & i
BE AT fEE i L E HIF-la 25 7.0 087 0 E &
w0 B R, HIF-o BERR 0 22 B, R BLO IE &
B R, RPN O R R H G R S bR 1 R
WA, A RURT G BE T P B A I B R
135% ~40% o, ARSI, IR LG WLAH A AT 38 ik
HIF (B0 T e 5 DR AT A B e i B P 1 AR B A U
BEALREG 1 FLBRIE AU A R R H Ih R R T s 1 3%
IR, 3 5 7E A R R R e L B
HIF-1o b3, JCie & FL# i HIF-1 W o ( HRE) 5
A e 3ok ) 2 38 2 5 i A 1) A S DR 4 T A gk
WMMAETG o X SE R 5T I, 76 iR )L & i R,
KA A S 038 I S T B HIF-1 (5 S5 S0 Bhf
WFFEUESL, O LR M i HIF-1o0 7] - 98 12 72 B P 40
SET-HE [ BNIP3 Fl1 Bax A3k, 765 P EEXT IR L
& E T8 T & B, HIF-1 38 5 3 5 s 77 3L A
BNIP3 | caspase-3 Fl p53 fY fo i & ik A = i JL Mg 4t
B3t T WL AR P R AR RS R, HIF-1 A 98
HA XS, X T gEf HIF-1 5 HRE (4560056
K, B S AR A R B A G, Bk — 2Dt
TR, A LR RAR A W & i A e 23z 3
S FREE S HIF-1 iy ' (8 HIF-1 168 P BR
5L R & B AE A EL A 2 i Ao 8 9 TR L i
DR AR A T B — 5T
2 BEREBREXTFEILOCREIIEER RN R E KR

G LA I, 20 bk S 4% 0 B 15 FL G BT, o il I %



DM R 2016 4E 7 HEE 37 B5 4 W Adv Cardiovasc Dis , July 2016, Vol. 37 ,No. 4 - 403 -

LSRR S e T A LB P RTE I A &R .
A Je A0 B S AT RSN, 200 W B RT K
Ttg 56 J LS H0IAH Lo B 52 s, A O % D RETE AR
HiE TG Ak, B LB O BE T BE S0 BE 7R B N
R B BE R A LR B8 2R 8 02 A5 IR DA O A
PR L IR FFE VIR DG, b, AR BT i iR
WA TS H R R R A L0 T e Y B
K=

— TN ¥ I R L RIS O P RE Y 3B
PAAE AP, B B - I U 2H 5 R O T 2 iR L
Tei #8500 B & XA A R = LA A O =
Tei Ta¥ s ¥ W] 1 & T X7 R4, A W] 1 403t 2% 2
SCHP S A AR R X T L U I i A 451 S HiE 4 5|
BrE U, B AE L O Re kA B, BILE
PN 3 R L 0 e H UL S o e 6 LR ) R
A RS FITR P RE , L 300 ke S80S A Lo JUE Y 5 i) 2
FI O WU 1 1 T O LI AR D g R B IR T]
BT 51O A 25 D RE RGO HE Il 2 R, 0 L
AN K AR R L PE SR A, AL B0 AR O 3RS R
JER AR, HifC AR BrRBILENERS
L H I B O LAY 1 AR AP TE B DR &R o

TATIE A s, R st S N OO R
oA ) LE B R T N EZEE N, = D5 O RER
HI KA ARGR 20% ~51% , Ho 9% ~21% 1 il K
J& e 1 Y O NUB TR TR A LS, ki
AR Y 30% ~40% , A (R T 90% 1R
o IEEO WA ZUH T A AR AL A2 ATP Dy 2H 41
HERE, W) I 7ENP I RE 7% b B b D ol B
A LR B BT AL R GE T B L, R 23 X LA 3 b
15 B 2 ™ i O AU I 5 B0 0 JUL A AR HEARS A2 , ek
AR AL SZBE, 330 A H R 77 A LR AR A
B AR, X2 S — A0 O LR AR i 45405, fE ATP
BREAT , C JUURE S AR AN A2 0 LA B e A 7R e
MIFETBIRAE , B — FR 51 55 5T AR JLoO R4 35 1Y)
IR DR, dol ST BRSO L L AR 353 405 7
A LS B O IES FE b AR AR .

B4 B &E H B (matrix metalloproteinases ,
MMPs ) 5 — R 2548 5 D RE EAH OG0 N BROK il g2 , L
PEALTR VRO T4 8 15 1, 2 5 VA% 20 g o0 ik o e fie
S, A SCERIGE , B A BRSO TR BRSORHE T
AL IE MMPs 55 4 Jeg 25 11 il 2H 2L 41 1) 551 ( TIMPs ) (1) 3%
ST o QTN 111 O it s | 2 S A
U AR R, B8R TR Y B A A RO I
MMPs-1 FIkFEAL, i B MER UL MMPs /-5 (9 5 i

DUBL, MHT R AT BUC L MMPs-1 kg, I A 1
PRGN, M AR A AT O I d B I 5 140 AL
TR T AT REAEAE T o Xu VY g &
BB N AR T BOR B AT BLO IE MMP-2 26 1k 1Y
I, I AR RGN, 20 # AT IR, AR 32 4 o, 0 %
SRIBERRRT 4 ~ 6 /> H % B B X ket P45 3 )
Sy PRI . IXBERT SRR | BB R B A A = A9 R B
0 A GO IE 28, R RE R PN B AR T BUIR RO AR
R R I 300 K A e g B A 5, MMPs R BEAE IX
— AR KA E R
3 ERNBRERAEFRORETBEY RS R 18 X R

FATI X i LI AL T A R R BT A9 A
R TV v D WYX 4N R PR A e A = S
SHLSCAR o R RO MU B, Qs I T M 5 1) 165 IS
PESE A G, I E Bk M PR RO WL I 5. Sh ¥
LI T AR R X OSBRI A AFAE . BFFE A B, B iR
TE NG 6 A e AR O X i i - 1478 1
A5 A0 A R Lo IR ] A8 0945, SR B A R I S
OMEDIBEIK S BE ) T B, O JIUREZE T AR5 0, I AT 0L
SO MUANMHE K 0 X5 88 T8 B4R 4 A4
B AR RO AT 5% K 3, A0 28 o i 5 4T 6
S0 PR SRR AR OB, B/ o WLBK
PG LG (R0 o, 8 R RE I I 222 e - 90 7 Ak B
Ja , 2 e T E B AR B 2 0 2 BT 5KOR T 3
e F A R, + dp/de BEAR, SR 3l bk H
HEEL, XTI AN, 18 PR E P SRR AR A
HEE R R i, ~-FE-ORE S 3 4 A B T

PE— PSR B, 7 E PN R AR AR A0 L
A3 003 T BEAF 7 B , A 5T s, HOA R
JIATE AR Bl Co IR R B 1 Xt 1 - P08 1 5 2 SR, 3
MBS RCRE B T BUR L O R B E O
Ce (PKCe) JERBRFALA S ™, tAg SCHRIRA , 7 i
A D ZE D IR e & 70 (HSPT0) il PKCe
AEIE , (0 CAR A0 JIE X dfe i~ PR 2 A8 7 ) R
PHEFREAR 2 B 88 T8 9 B AR AR RO
JIL caspase-3 FIkIEJin, HSP70 5 P4 Bz B —E AL R A
SR P TR I B I A 1 B R X A
AR B P 28103 B8 5K 3R R G HA T e AL 42 A
JFH 8 i A B 5 AR T il A B K R I L B2 A
e i A K 5 T3 Ao 1 4 B S 9 R 1
Bl 172 e gE e A i T AR S 1 I 5 i, 5 30 it
PUBL Sy Y BN AR 7000 JUE 110 350 26 5% 0 7T i
557 R A G L BEAE A 31 OB 2 A 5 & AR
R PP 1 AT O™ A A AR U AT



- 404 -

ORI 2016 4E 7 H5E 37 B55 4 ] Adv Cardiovasc Dis , July 2016, Vol. 37 ,No. 4

JEILTER A T E N AE R AT E AR
PR, B S IR LB O IR B 7 A B2 H AT
ABIFFE 7, B PR R S AT 5 1R G L B 2R L RS 1
LN S5 &7 3k D RE T I, B A2 LR AR AL A
290 L 4P IO BRI o, PR PR AR M T T L UK AR
FA LSO AR e A d B , (5 R B K AR BILRD
Aoy WlEh, IEAL THRR T AR SO E P B SERT R
U A LB AT 70 JE I BE A4 52 W) B A AT 5
JEHEATERIR , WO IE A B DA A TR BB AR08 2 3L
JOSCAFE o JFE R T 58 7 385 F) SR P 084 1, T R s I
MES 5 K B E B AL 22— BIER AL A AT
T PR T A b 54 i o7 HA 18 1 A sl S S Y
FEE 5 (ELET PR SRR O U AR 52 W) 22 T T Y B3R
AL EPEVENE AL, 512 NI IR T R SRR A
MR LA B I OC 2R AT ok e WLIBE A% 4 3 12 AL
TENR LA IR A BN L I B BV 4 32 2 AT
RUE BRI Z — o B2, AR Y A S AL i 4
HEIR AT TR

[ & % 3 #k ]

[1] Nicoletto SF,Rinaldi A.In the womb’ s shadow. The theory of prenatal program-
ming as the fetal origin of various adult diseases is increasingly supported by a
wealth of evidence[ J]. EMBO Rep,2011,12(1) :30-34.

[2] Giussani DA, Davidge ST. Developmental programming of cardiovascular disease
by prenatal hypoxial J].J Dev Orig Health Dis,2013,4(05) :328-337.

[3] Kamitomo M,Onishi J, Gutierrez I, et al. Effects of long-term hypoxia and devel-
opment on cardiac contractile proteins in fetal and adult sheep[ J].J Soc Gyne-
col Investig,2002,9(6) :335-341.

[4] Sharma SK, Lucitti JI., Nordman C,et al. Impact of hypoxia on early chick em-
bryo growth and cardiovascular function [ J]. Pediatr Res, 2006, 59 (1)
116-120.

[5] Acharya G, Rasanen J, Makikallio K, et al. Metabolic acidosis decreases fetal
myocardial isovolumic velocities in a chronic sheep model of increased placental
vascular resistance [ J]. Am J Physiol Heart Circ Physiol, 2008, 294 (1) .
498-504.

[6] Ream M, Ray AM, Chandra R, et al. Early fetal hypoxia leads to growth re-
striction and myocardial thinning[ J]. Am J Physiol Regul Integr Comp Physiol,
2008,295(2) :583-595.

[7] Giussani DA,Niu Y, Herrera EA, et al. Heart disease link to fetal hypoxia and
oxidative stress[ J]. Adv Exp Med Biol 2014 ,814.77-87.

[8] Bassareo PP, Marras AR, Cugusi L, et al. The reasons why cardiologists should
consider prematurity at birth and intrauterine growth retardation among risk fac-
tors[ J]. J Cardiovasc Med ( Hagerstown) ,2016,17(5) :323-329.

[9] Liu H, Fisher SA. Hypoxia-inducible transcription factor-1alpha triggers an au-

tocrine survival pathway during embryonic cardiac outflow tract remodeling[ J ].

[10]

(11]

[12]

[14

[15]

[16]

[17]

(18]

[19

[20]

[21]

[22]

(23]

[24]

[25]

Circ Res,2008,102(11) :1331-1339.
Gordan JD, Simon MC. Hypoxia-inducible factors; central regulators of the tumor
phenotype[ J]. Curr Opin Genet Dev,2007,17(1) ;71-77.
Chen W, Ostrowski RP, Obenaus A, et al. Prodeath or prosurvival: two facets of
hypoxia inducible factor-1 in perinatal brain injury[ J]. Exp Neurol,2009,216
(1):7-15.
Neary MT, Ng K, Ludtmann MHR, et al. Hypoxia signaling controls postnatal
changes in cardiac mitochondrial morphology and function[ J]. J Mol Cell Car-
diol, 2014,74:340-352.
AU, KA MREELL, 5. B Tei 8800 a6 L™ /™ 5 O3 g
iR [ J]. BT TEBE S A 44,2014 ,23(17) :1839-1842.
Doroszko A, Polewicz D, Cadete V], et al. Neonatal asphyxia induces the nitra-
tion of cardiac myosin light chain 2 that is associated with cardiac systolic dys-
function[ J ]. Shock,2010,34(6) :592-600.
Simovic AM, Kosutic J,Prijic SM, et al. The role of biochemical markers as ear-
ly indicators of cardiac damage and prognostic parameters of perinatal asphyxia
[J7. Vojnosanit Pregl,2014,71(2) :149-155.
Tong W, Xue Q,Li Y,et al. Maternal hypoxia alters matrix metalloproteinase ex-
pression patterns and causes cardiac remodeling in fetal and neonatal rats[J].
Am ] Physiol Heart Circ Physiol ,2011,301(5) :H2113-2121.
Parthasarathy A ,Gopi V,Umadevi S, et al. Suppression of atrial natriuretic pep-
tide/natriuretic peptide receptor-A-mediated signaling upregulates angiotensin-
Il -induced collagen synthesis in adult cardiac fibroblasts [ J]. Mol Cell Bio-
chem,2013,378(1-2) :217-228.
Xu Y, Williams SJ, 0’ Brien D, et al. Hypoxia or nutrient restriction during preg-
nancy in rats leads to progressive cardiac remodeling and impairs postischemic
recovery in adult male offspring[ J]. FASEB J,2006,20(8) :1251-1253.
Rueda-Clausen CF,Morton JS, Lopaschuk GD et al. Long-term effects of intrau-
terine growth restriction on cardiac metabolism and susceptibility to ischaemia/
reperfusion[ J ]. Cardiovasc Res,2011,90(2) :285-294.
Xue Q, Zhang L. Prenatal hypoxia causes a sex-dependent increase in heart sus-
ceptibility to ischemia and reperfusion injury in adult male offspring:role of pro-
tein kinase C epsilon[ J]. J Pharmacol Exp Ther,2009,330(2) :624-632.
Inagaki K, Churchill E,Mochly-Rosen D. Epsilon protein kinase C as a potential
therapeutic target for the ischemic heart[ J]. Cardiovasc Res,2006,70(2) :222-
230.
Bae S, Xiao Y,Li G,et al. Effect of maternal chronic hypoxic exposure during
gestation on apoptosis in fetal rat heart[ J]. Am J Physiol Heart Circ Physiol,
2003,285(3) :983-990.
Li G, Bae S, Zhang L. Effect of prenatal hypoxia on heat stress-mediated car-
dioprotection in adult rat heart[ J]. Am J Physiol Heart Circ Physiol,2004,286
(5) :1712-1719.
Yan X, Schuldt AJ, Price RL, et al. Pressure overload-induced hypertrophy in
transgenic mice selectively overexpressing AT2 receptors in ventricular myocytes
[J]. Am J Physiol Heart Cire Physiol ,2008,294(3) ;1274-1281.
Han YS, Lan L,Chu J,et al. Epigallocatechin gallate attenuated the activation
of rat cardiac fibroblasts induced by angiotensin Il via regulating beta-arrestinl
[J]. Cell Physiol Biochem,2013,31(2-3) ;338-346.

A5 B #1.2016-01-03 5= B #41.2016-02-25



