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[ ABSTRACT] Aim To evaluate whether the timing of maternal hypoxia during pregnancy influenced cardiac angio-
tensin converting enzyme (ACE) - angiotensin [l (AngIl ) - angiotensin type 1 receptor ( AT, ) in the adult offspring.
Methods Pregnant rats were randomly assigned to maternal hypoxia group starting from early period of pregnancy (Gl ,
day 3 to 21 of pregnancy) , group starting from middle period of pregnancy ( G2,day 9 to 21 of pregnancy) , group starting
from late period of pregnancy (G3, day 15 to 21 of pregnancy), or control group. There were 6 rats for each group.
Rats of maternal hypoxia groups were subjected to hypoxia for 3 hours in low pressure cabin with an oxygen concentration of
10% £1%. The level of cardiac Ang Il was detected by Enzyme linked immunosorbent assay ( ELISA) in the adult male
offspring at the age of 3 months and 5 months.  The mRNA expression levels of cardiac AT,, AT, , collagen I and collagen
Il were measured by reverse transcription PCR.  The protein levels of cardiac ACE, AT,, AT, and phosphorylated extra-
cellular signal-regulated kinase 1/2 (pERK1/2) were also detected. Results Maternal hypoxia from day 3 to 21, or

from day 9 to 21 of pregnancy induced increased expression levels of cardiac ACE and Ang Il in male offspring at the age of
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3 months (all P <0.05).
offspring at the age of 3 months and 5 months (all P <0.05).

They also induced increased mRNA expression levels and protein levels of cardiac AT, in male
And they lead to decreased mRNA expression level and pro-
tein level of cardiac AT, in male offspring at the age of 5 months (all P <0.05). But maternal hypoxia from day 15 to 21
affected the expression of AT, and AT, only in male offspring at the age of 5 months (all P <0.05). Maternal hypoxia from
day 9 to 21 lead to increased protein levels of cardiac pPERK1/2 and increased mRNA expression levels collagenland collagen
MM(all P<0.05).
collagen Il mRNA (all P <0.05), but maternal hypoxia from day 15 to 21 didn’ t affect the expression of cardiac pERK1/2,
collagen[mRNA and collagen Il mRNA (all P >0.05).

tion of cardiac ACE — Angll — AT1 axis in adult male offspring, which is most obvious when maternal hypoxia starts from day

Maternal hypoxia from day 3 to 21 increased the expression of cardiac pERK1/2, collagenImRNA and

Conclusions Hypoxia during pregnancy will lead to the activa-

9 to 21, or from day 9 to 21 of pregnancy, and will lead to the phosphorylation of ERK and cardiac collagen deposition.
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DHENFETERE R M SRR ARG (RAS)
AngllfE ACE FYEF T H Angl( angiotensinl) A 1%, J&:5i
A A= IEYEY) , SIS E B2 AR ARSS & B AT, (angio-
tensin type 1,AT, ) SZAAFNMAE Kk RIR BI(AT, ) 5214,
AngllFH22 AT, SZHCEARVE R, DRI — 28 Sl ] 4
PR A 55 5 3R e A - 1 A % 7k R T il A sk R
I (angiotensin converting enzyme - angiotensinll- angio-
tensin type 1, ACE-Angll-AT, ) 3% {& %l ACE-AnglI-AT,
i, CATHIETE R AEYRIIEE 1 552 BR 25 5 1R e Jeg s
RAS BUE™ $URE R RIREEXTG L RAS REEHA
REFPACTRLEAE T, ELIXFh e nl 445 2 A, M dEk
SRS A USRI ORI TR RAS FR 2 i AN 1]
i, ABITIE BT AR ORISR B AL TR L
JIE ACE-Angll-AT, HhFRIFEN , KAzl d A7
JEDURREIPER

1 #EEE

SRS Eh AN LRI
{# FE Sprague-Dawley (SD) B 12 JE# K B, (A &
200 ~250 g, 24 R RN 12 FH AR 9 R, KE
300 ~350g, Mg B LR S s A IR AT, KR
T 4 101 Bl RALA 2, LR ILIAM W RS 0 K,
RSN 44, IR (CL,E4RE 3 X)) Fréh
BB PHI(G2, RS 9 K) b E 4 5 #(G3,
WARSE 15 R) Frabs 841 Fn = A Xt B 41(C0) , F A%
6 R, sh4ta 34 L 7.00am ~7:00pm, 38 K 22
+1°C, B BE B eIk,
1.2 BHgEREEEs

HETREED YTk HESD ZRLMEN
RKEMN, KERAFNHALLBANER, 7EA
HALBNAA, BHENE DB BT H = A8
A A BEEER S ER, TG NERS #4
KA, FEHNIIKAEFHEH, HABHERE KX
A LR K E R A Z A sk, S450 B E A

1.1

AL (IST-AIM A 5] A 7= ) & F 48 ) o, LB
O, MmN, N E, RN O, REZEHE 10% =
1%, &3 N EREH, ETEAF, UEH
REEW I ABRAEEZH(HRE 21 X), A HEA
ZRETRBNGRERE N, FEBNSA, /KK
WERKE LG —B, B T4 W e I B sE 4,

AR 8 gt FREZHEIE 8 RA Xk,
DL R AR B AR AR T mH, FRA
R 3 AWl RIREHEETFRARQ2~3 /&),
1.3 HEFRRXBOERARKSE

FRAR2A T3 ABKS AR NEEFL
W EAREEFHES6 R BOE, YR ENE
LV BB T 10% B B BEE E P 4C EE 12 h, FH
TR TR AR AE R - T0C KA RA
1.4 ELISA MZECAEHELR Ang Il

BHLIrREERFCNRE, REAME TH, K
BEG e, B BRI E, %R A & 5 R K e
AT RRA . & & TEEARR M A E 492 nm &, U &
Bt EILEE E A H oD &, RIEK R AR
ARG AR Ang T %5,

1.5 ®MOAESR AT, AT, R 1 FEE Il mR-
NA &i&

B - T70°C k48 PR A7 B9 K BUG ALAL 4, Trizol iR 7
3% K RNA,# F 3 4% R B R RSk 4% cDNA, 3F 27l
B E T B 44T PCR ¥ 8. PCR A3 % :94C
A M 3 min, 94°C30 s,51°C30 s,72°C45 s, & &
72°C#Ef# 5 min,30 MEF, AT, AT, JKE [ g &
Il 77 GAPDH ( # B2 H W BE L 288 ) 51 4 )7 7 & 1,
B PCR RBL 7= 4 #E4T 2% B R A 6 f v ok, KB
A )5 £ Quantity one B 247, 45 K DU I 2 FH/
GAPDH #y R0 KB E W E & T,

1.6  Western blot #2ill:\0ALZEZ ACE, AT, | AT, 0
pERK1/2 &R

W -T0CHKEHREFHRRSCNALRRE A,

BCA = & & WK, 2 R W W Bt fi 32 16 A 8 fe v ok
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&, B B NC JE E 5% Bt Fg 958 A B e N — 3t
ACHB, A EMAN_HBEH, ECLE¥, A% )5
FlEE R R B L2 R AR A A & B Kk WA A
T 4RV E B #/B-actin & 1k 58 & pERK1/2
5 ERK1/2 XK BE K T,

*F1. EEE PCR ¥ &R 45155

Table 1. Primer sequence of genes for reverse transcription

PCR

HH a Pag B
I
EA 7S S KJE (bp)
Wi: 5'- AAA AAGGAACCTTTGT-3’
AT, 4] EiiF: 5 GGGCAAGGAACC 3 277

Fii%: 5'- CAGATGCGAAATAACGCAGA-3’
AT, 4 Loﬁ 5'-GATGCTGGTGCTGAGAAGA-3 13
TU#: 5'-CAATGTCATAGGGTGCGATA-3’

L. 5'-TTCACCTACAGCACGCTTGT-3’

5 JE 5] N 196
B Tf: 5'-TTGGGATGGAGGGAGTTTAC-3'

- [ 3% :5'-GATGCTGGTGCTGAGAAGA-3’ 207
- T :5'-CAATGTCATAGGGTGCGATA -3’

3% .5'-TCGTGGAGTCTACTGGCGTCTT-3"
GAPDH N 442
T %5 -ACGGATACATTGGGGGTAGGAA-3’

1.7 GREALKMNOANAL pERK] /2 FIE

A ENSNALELEY (4 um B),
WAL A, LR B A, pERKL/2 (12500 ) 47 14
HF.DABRE , AAREEL, FPHMEHKF, BHE
THRE,
1.8 SFitFEFHE

TERE U £s ko, KA REEF £ 04,
BIAENL P<0.05 HZFARIUTFEN, Y7 £
AHTAF P <0.05 B, ¥ — 5 ¥ A SNK A 36 % $E 4T 3
b QNN R

2 # R

2.1 HEEFRABESEFOEALR Ang Il KFE

3 AN 5 s A4 R B A 4 TR) A G
FEF(3 A Gl 428.09 +44.66 g, G2 362.65 +
47.33 g,G3 395.87 +17.79 g,G0 408. 71 +47. 06 g;
5 .61 550. 69 +57.43 g, G2 504.37 +63.18 g,
G3 574.76 +105.29 g,G0 559.25 +37.74 g) .

3 AW MR KRR, G1 K G2 0 L
Ang I KE¥ B ZE R T GO 4, ZR AR FE X
(¥1P<0.05),G2 At ;1 G3 5 GO 41t
B Ang K22 5 0 i 4k, 5 i it +
fRRE,G1.62.G3 5 G0 A %, DA Ang 1T
KPR EET(E2),

x 2.3 AR5 AREMFRAREHOCHNEALR Ang I 7k
F(xxs)
Table 2. The level of cardiac Ang Il in male adult male off-

spring at the age of 3 months and 5 months

| n 3 Ak 5 A&

G141 6 5.69 £1. 10* 5.38 +0. 64
G2 A 6 6.01 £0. 63" 5.70 +0. 62
G3 4 6 4.82 £0.58 5.43 +0.33
GO 4 6 4.53 £0.71 5.16 +0.22

ay P<0.05,b}y P<0.01,5 GO #H b4,

2.2 HEMHFRABROREAR AT, AT, RE 1 K
JR1II mRNA RiZHiER

e 3 AT KR, G A G2 40 kgl 2
AT, mRNA BYRRBH I &T GO 41 (¥ P <0.05) 1M
G345 GO 4R JCH] & 25 55 & 4l 0 E4L 21 AT,
mRNA FIATCI 25 (14,38 3) , 765 i
PEFACK B, G1.G2 F1 G3 4.0 E£H 4L AT, mRNA
FyFekH =T GO 41, (¥ P <0.05), L G2 417+
Ei U Gl G2 fil G3 40 EZHEY AT, mRNA fY
TR BALT GO 41(¥ P<0.05; K 1B;3% 3)

7E 3 AR R, G2 A0 WAL SUR AT
JE I mRNA k%8 GO 2 W E 3 hn (P <0.05) , 1
Gl G345 Codllm LM B 2E 57 (B 24, % 4), 7E5
AR, G140 G2 H Y O WL U R
W mRNA k%8 GO 2 W3 hn (P <0.05) , 1
G3 415 Go Al T w22 5 (| 2 fik 4) .

% 3. 3 Atdfns AREEFRARESEOIEALR AT, (AT,
mRNA M RAER (v +5)

Table 3. The expression of cardiac AT, mRNA and AT, mRNA
in adult male offspring at the age of 3 months and 5 months

3 Hi 5 ik
S n
AT,mRNA AT,mRNA  AT,mRNA  AT,mRNA
GL4L 6 0.56=0.07* 0.60+0.09 0.91=0.08* 0.27 +0.07"

6
G24 6 0.58+0.11* 0.65+0.08 1.08 +0. 14" 0.30 +0. 03"
G341 6 0.43+0.12 0.63+0.08 0.90+0.11* 0.40 +0. 09*
GOZ4 6 0.39+0.11 0.620.05 0.75%0.06 0.61 =0.04

afP<0.05,bHP<0.01,5G0HHHK; c hP<0.05,5G3 4tk
B, dlP<0.05,5 Gl 4L,

2.3 HEMEFRKXBROEALR ACEAT, # AT, EH
B Western blot ¥l 45 &R

15 3 H IS HEE AR B AEA 24U, G162 4l
) ACE Fl AT, AR EWEE ST GO 4 (P <
0.05),JFLL G2 AT e W] s & 20 AT, FE R
KRB 2R (E 3A,%£5), 5 Al FRURR
DIEHLA T &40 ACE BB ERIATLTH B ZEH,61.,
G2 Ml G3 41 AT, AWM B & F G0 4 (¥ P <
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0.05),Lk G2 It eI ;G1 G2 FG3 41 AT, & HIWEART G0 41(P <0.05;K 3 fMES5),

A B

1. 3 A& (A) %5 A% (B) #EFRRBOMALR AT, AT,mRNA RixFiR
Figure 1. The expression of cardiac AT, mRNA and AT, mRNA in adult male offspring at the age of 3 months (A) and 5
months (B)

2. 3 AR (A) &5 R (B) #MEFRXROANEAARE 1 R MmRNA RixF5R
Figure 2. The expression of cardiac collagen I mRNA and collagen I mRNA in adult male offspring at the age of 3 months
(A) and 5 months (B)

F 4.3 AiRF1s AREMEFRABRSEHOMEALRE 1 EKEI mRNA HFRIEXFER (x+5)
Table 4. The expression of cardiac collagen I mRNA and collagen I mRNA in adult male offspring at the age of 3 months

and 5 months

3 Ak 5 A
S n — — — —
BB T mRNA Jig L I mRNA B T mRNA Ji5¢ )5 I mRNA
Gl 4 6 0.52 +0.05 0.94 +0. 10 0.72 £0.11° 1.63 +0. 12°
G2 4 6 0.59 +0. 09" 0.97 +0. 09" 0.67 0. 14° 1.64 £0. 12°
G3 4 6 0.49 0. 04 0.80 +0. 13 0.39 £0. 12 0.94 £0. 06
GO 4 6 0.47 +0.09 0.78 +0. 13 0.25 +0.09 0.92 +0. 14

a i P<0.05,5 GO 4l Ib#,

% 5. 3 Ag#n 5 A FRAROAEAR ACE AT, AT, EAHEMRIXER (x +5)
Table 5. The expression of cardiac ACE AT, and AT, in adult male offspring at the age of 3 months and 5 months

s 4l n SRELL 5 Al

ACE AT, AT, ACE AT, AT,
Gl 4 6 0.87 £0.05*  0.90 £0. 14* 1.80 +0. 08 0.26+0.11  0.91 £0.16°  0.82+0.11"
G2 4 6 0.99 £0. 13"  0.97 £0. 11" 1.77 0. 04 0.27+0.14  1.16 +0.23™  0.83 +0.08"
G3 4 6 0.76 +0. 05 0.69 0. 16 1.78 +0. 06 0.27+0.08  0.89+£0.13*  0.92 0. 15*
GO 4 6 0.74 £0.09 0.65 +0.22 1.80 +0. 06 0.25 +0.06 0. 65 +0. 08 1.14 £0.21

a} P<0.05,b H P<0.01,5 GO 4tk ;c N P<0.05,5 G3 4 Ib#,

2.4 HEMFRABROHEASLR pERKL2 EHHNRE 2R AR S AT L R s LA M A% 2 Bk B (]

284k F0 Western blot #2345 R 4A), Western blot Kifll /8 G2 4H pERK1/2 & H ik
1 3 SRR RO 429 pERKL/2 = BIEET GO 41(P <0.05) ,G1 1 G3 4 pERK1/2 #

BRINT UL B R IAR 6 A G2 s FI3RA S G0 Al 22 5 (K 5A Figk6) .
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5 A TR REL, G1 .G2 .G3 4H.C LA A
T ] WL ER B 8 pERK1/2 3k (B 4B)
blot ¥:il7~ G1 F1 G2 41 pERK1/2 #H 1% AW 25
T GO (¥ P<0.05), Hi DL G2 HFF W i,
1M G35 G0 AT 25 (K 5B fiZke6),

A B
Gl G2 G3 GO

Western

Gl G2 G3 GO

ACE

actin actin

T e
AT, emp——
4T, et e WP
——
E3.3RAIR(A)RES AR (B)EEFRABROMAR
ACE AT, AT, ERRIZXBER

Figure 3. The expression of cardiac ACE AT, and AT, in adult
male offspring at the age of 3 months (A) and 5 months (B)

El4. 3 AR (A) RS AR (B)HEEFRAROMNAR
pERK1/2 EH & ALK

Figure 4. The expression of cardiac pERK1/2 in adult male
offspring at the age of 3 months (A) and 5 months (B)

F 6.3 AkcIns AREEFRARESHOINAL pERKL/2
BERENRIEER (v +5)

Table 6. The level of cardiac Ang Il in male adult male off-
spring at the age of 3 months and 5 months

4y n 3 A 5 A
Gl #H 6 1.47 £0.23 0.18 +0. 02"
G2 ¢H 6 1.65 +0. 26" 0.20 £0. 03"
G3 4H 6 1.27 £0. 11 0.13 +£0.02
GO 2 6 1.11 £0.20 0.08 +0.02
aj P<0.05,b >} P<0.01,5 G0 #4AIL%:,
3 4t i

AR S P B AR S ) R DL —
LI A7 B B S PRI A C I BB shi
BRI TR PR AR & o i v g 4 3 8 Ak, i
WEMES PR B0 X B RN R R RN B B

FEAR ORI E TRATT A 52 90 L

A 61 G2 G3 Go B &1

E5 3 A (A) RS B (B)#MEFRAROCMAR
pERK1/2 EARIEER
Figure 5. The expression of cardiac pERK1/2 in adult male

G2 G3 GO

offspring at the age of 3 months (A) and 5 months (B)

ERAWNWSLT RO
FEARSE S AR PR IR SR A AR T AR+
RKEBONERFE RAS REE, MEIRR  HhIbok &5 i 3
AR B IERIER ACE | Angllf) T+, DA M
3 AR S S HEEFOR RO IE AT, 2R k1
i, 8 s A FARKEUDAE AT, SZRE R, i
UTHRIG A B B AL 22k 3E 5 H WA I T AR K B JUE
AT, VAT, SZARFRIE 3K — 45 487 U i ST S0 0T
WAETACK B OB RAS B A
L5 ACE-Angll-AT, i {b, HaxX B 45 5 i ik
WIS BT G, AR R P B h AT 4R i S
PRI B EREE RAS RGERYH M e I, RO I
BREAMIRHIEE 9 REH 13 KA TFHRAMMEAE
BHHE T LIA K I A R RO A R Gk
B CEERT ), PR A O P A sl P A LR A i 2
HH S A2 i B IS R 0 7 DB () 7 i/ 1) 9
R85, DT BH I 5 ) AT A R BRLO ISR RAS &
e, SO, AT E BT IR PR AL AR
REEFP“—B ACE Angll7E 3 ATt (HTE 5 H I IE
B PR AT AN, G U B i AR A ) B AR
Eﬁ—mﬂ’ﬂﬁr&to 177 55 G [RTERE 2  vh B e 4
HALEFEDR, I AT, mRNA K& H7E 3 H IR R IE#
Y, 7E 5 AR U] 301 AT 3 158 ) 4 i U e AT

REF= A K A 5E
TERAE O R 2T, Jm A iy Angll LB 433
H/ 5055 53 Wb 1 T8 3K 7™ A 45 T KON, 52 el i D A
et SRR IO U 4 A 20 A A A A1 S 6
W Angll 28 AT, SZ VRl 2F 4 S R4 . ERK
T R TR I (MAPK) S0 P 5 AT R E
B SR 5 1 51 22 — , B1 p42ERK Fil p44ERK ( ERK1/
2)@52 WA K B R et AR S
ZARGE G T, Angll 38 0 72 UL A B0 R
ERK1/2 ,TE 3K 2% 38 I 1 B s A0 R ERK /2 9
Ak, B RR AL ) ERK BS A0 A 20 B AZ T 00 3 s % K
Wl fos HOBERR AL ANTE AL , (2 08 JBE A S AR O
IR P 52 DT A o B R T R SR I AR f J
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ARszu O HE R ACE-Ang IT-AT, %l 1k %
A 3 9 4 i v 309 i AR 2 e L L4 31 pERKL/2 B
A T I mRNA AN, 76 3 A k1Y
FAKRENC B, MidE R G A 5] 5 H lat
A H B0 R pERKL /2 85 AR T e I
mRNA FIRHEN, M % 5 32 41 A K B0 IR =y 33
ACE-Ang Il -AT, %l A0S Qe 4 v Sl A 2 W e A
Ko DA EGEIREER AT IR B | 01 4 i A 5 0
PR BLOIE R ACE-Ang IT-AT, i, /5 Fiif
ERK1/2 Bk, feakfe it 1 A0 TR 4E

T ST W M 30 e S 2 AR R B, B R TR R L 22
LSRR AT, 2RI LR, R R R A AR
ACE-Ang Il -AT, Bl 4k, (R IRATTIF R AE XA W5
#| pERK1/2 8 I AU R A 3G, X vl g LA T R
: Oz FARK UL E R ACE | Ang IT TGS 7E 3
Aikek 5 A8 5A& BB B AR, 488 R ACE-
Ang T -AT, Fl136 bz /A 0 4 -7 40 a8 4 e v 40 B 4
ZH A 5 QIZLLONE R AT, 2 ARk 80 A i
O L Bl 4 R v 3 BB SR I R AT G, A F T R
AT, A2 2 20 M A= K RS TR 1 4 £ 08 5 e
AT, ZARBTH LI T AT, 5248/ 19 ERK §51k,
AT, SZARFEIR A o] LA 0k 2D Angll 75 5 (14 62
2Tk 4 6 184 B 0 A0 41 56 S R A i 00 i ) 5 9 £F
bt R, FEAE PR | b s A, B G 0
AT, SZARFIRAEE TXF AT, ZARMFESBUEM,
{23 T ERK MIBEmR L AR TR, %A R B
M4 R G EERRG EAFIRY T

B2 A 2% B AT WR AN [ 3 ) S 38 45
L BUAEHEPE AR K B0 E Ry 8 ACE-Ang IT-AT, %
WAL, DA IR | r 0 5 B ke S0 00 32 B 1) 52 o 5
L34 S8R ERK1L/2 B2 1L, S & 5.0 BF
I DB SRk G i, A58 487 4 R I Bk 480 5
O LR Y i LR P 97 o A O , LA B 0 ke 4 1Y)
B ML R TG0 R IR 7 Ak, 8 T 0 M4
P i LA IR 24 16
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