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[(FZE] BH HTEBUERZAR (CaSR) fERFEEMZNIkm & (PPH ) #7AE /N BUBTTY ot i fe B — 4k
RAWE (eNOS) Fik L—F AR (NO ) WREERM . Fik 4 80 JUBiE CS7BL/6 /NRBENL /- A%t HRAL . PPH 4
BRI FHF . Xt IR/ N A EE T2, PPH 4. 3ahsal 4 Aam s 4/ B EE T 129% IRk i b
U84 2 300 4 R0 A 700 2 43 900 0 VR 5 CaSR BN (GdCL) 16 me/kg. CaSR #I1H57 ( NPS2390 ) 1 mg/kg, PPH
AU HRZH DU AE FRER KA, 36 14 do SRAIRAKE — P2 e (il 45 20 /)N BRUM R I 45 28 1k ;. SR Western
blot, qRT-PCR FIRE 4L AAG N 45 41 /NI ZH U eNOS 2511 . mRNA AYZ3E; SR ELISA 300 G I AliZ 405,
WA FIENAR (BNP) K NO &, &R S5XTREAIAEL, PPH 41RIE S 4006 25 pa el Tl B . Bl /N sl bk
MARERRE | A7 520 R L (RV/LV ) e BNP RJESRA B3R, A8 il it 80 2> (P<0.05) ;
Bk RV/LV 4b, iR FEARAEAN IR 4135% PPH 4UREEh R 404 ik (P<0.05) o SXFIRAIMELL, eNOS 1.
mRNA FiA & J2 NO ¥ FEAE PPH 41 W 3% i, 703 sh R 4 v kKb — 2B 300in, i e 40 i 70 20 mp e ikl 2
(P<0.05) . 51 CaSR Wil 520 eNOS FYFRIAFT NO W FEAE#TAE /N R PPH A Hh & 45 8 24
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Effect of calcium-sensitive receptors on endothelial nitric oxide synthase and nitric
oxide in neonatal mice with persistent pulmonary hypertension

LI Xiang, WU Bing-Xia, LI He, WANG Meng-Meng, MA Ke-Tao, GU Qiang. Department of Pediatrics, First Affiliated
Hospital of Shihezi University, Shihezi, Xinjiang 832000, China (Gu Q, Email: gugiangl06@sina.com)

Abstract: Objective To study the effect of calcium-sensitive receptors (CaSR) on the expression of endothelial
nitric oxide synthase (eNOS) and the concentration of nitric oxide (NO) in a neonatal mouse model of persistent
pulmonary hypertension (PPH). Methods  Eighty neonatal C57BL/6 mice were randomly divided into control, PPH,
agonist and antagonist groups. The control group was exposed to air, and the other three groups were exposed to 12%
oxygen. The agonist and antagonist groups were intraperitoneally injected with a CaSR agonist (GdCl, 16 mg/kg) and
a CaSR antagonist (NPS2390, 1 mg/kg), respectively, while the PPH and control groups were intraperitoneally injected
with normal saline instead. All mice were treated for 14 days. Alveolar development and pulmonary vessels were
assessed by hematoxylin-eosin staining. The protein and mRNA expression of eNOS and its localization in lung tissues
were determined by Western blot, qRT-PCR and immunohistochemistry. The levels of brain natriuretic peptide (BNP)
and NO in lung homogenate were determined using ELISA. Results Compared with the control group, the PPH and
agonist groups showed significant increases in alveolar mean linear intercept, the percent wall thickness of pulmonary
arterioles, right to left ventricular wall thickness ratio (RV/LV) and BNP concentration, but a significant reduction
in radial alveolar count (P<0.05). The antagonist group had significant improvements in all the above indices except
RV/LV compared with the PPH and agonist groups (P<0.05). Compared with those in the control group, the protein and
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mRNA expression of eNOS and NO concentration were significantly increased in the PPH group and increased more
significantly in the agonist group, but were significantly reduced in the antagonist group (P<0.05). Conclusions CaSR

plays an important role in the development of PPH in neonatal mice, possibly by increasing eNOS expression and NO

concentration.

[Chin J Contemp Pediatr, 2019, 21(2): 189-194]
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A LRRS i sl ik e . ( persistent pulmonary
hypertension of the newborn, PPHN ) 5 Il £ 2/1 000
(3G = LY, PPHN ) S 78RR AIF 2 fili i A5 BHL )
WG AT B A 0l A0 G e A AR AR
AUAE P, —%AE A (NO) Hi N 4 /N U254
P R AL R A (eNOS) 2E, JFH NO
TEHESF O A TSR OCHAE ], A 38 A 9K ) |
ISP e L0 6 2 5 R A 9 B, AR
FIURIT S AT 9 4 SR 3 T A A1 435 = (1908 2 C5TBL/6
INERFF SRR B Bk s e (PPH) oy, B 8URAZ IR
(CaSR ) YA & LIl sl K-8 ALA0 e Py 5 5 1
RSN, AE CaSR 3857 21 b g Bl e, i AE
CaSR 50 20 rpygi /b 1, A58 LA PPH /s BURE
RN IERY, 20525 CaSR #shs0) Al 179,
TRV eNOS HUKRTE I NO MR BERY 24k, DI h
BrA: L PPH By RIS W SRy F e (e LA
1 MR57A=E
1.1 EERFSMH
/NEHT R B eNOS vz BB A (2[5 Abcam
o), NPT K B Bractin BT REHLIR . AR
o A W bR A0 1Y L AT B 1gG Pk (bt
TG EWEARARAT ) , CaSR #ghi &
fLEL (GdCly, 2 [ Sigma 24 H] ) , CaSR #11 ffl 5
NPS2390 (& R&D 22 Fl ) , eNOS Sk it & |
QuantiNova SYBR Green qPCR 7% S5 & (36
Fermentas 22 ) ) , TRIzol ( ZE[# Invitrogen /3 F] ) ,
NO e 10 & (R st AR TRRESET ) L /)
U FI4MK ( BNP ) ELISA {7l & ( g3t
FHEARAT]) o

F A EAEIRR 5 L0l (£E Thermo-
scientific 24 7] ), #EE5E i PCR {X ( 3&[H Bio-Rad
Nw]) ARy ( BEEEAE ), W
1G5 WAL PRS0 ( 2 [E Media Cybernetics 23 H) ) 45,
1.2 WY EREREN

SR A8 M e 4 1) T ok g N7 Sl SR Bl SPR

P RE C5TBL/6 /N, RTE 18~25 ¢, HIHTHEZET
IR R XL I S o b 3. R4/ R ik
5, KRN ERBERL ST R REZE . PPH 4H . ¥4 8h
FILFFERLAILE, 4520 Ho XFIagB A/ B %
FEEN A, HiAth 3 U8/ RN A TG 25
TR 12% MEEE T BEh RIS PTR 4
/NEVEE B 2R B 3 45 GdCL, 16 me/kg T NPS2390
1 mg/kg MRS FEST 1 K. RIS, PPH 4L A0 BE 21 4
H 257 [R) 1 0 4 55 1 0 A= BRER K IR I N 1 5.
WEs oK . R R s, B SRAbFE 14 d. TE
14 d &R A, B H IS A L iR, Tt
BARF KR (RBWL) AFR 4 AR E 21k
RBWI= ( ZRIKE - ¥R E ) /¥R IR E x
100%.,

1.3 WRARE

RS , BT AN R K G SRR
FIFFMIE . F 24-G ik B B At e T U, H
10% #& 7R PR A B 5 o B 70N BRUH B2 00 J0E
AT AWM, IR RN - L (HE) 3
N LTS . TR, B2 R AT 48 IR Th Ak
[ A A2, ZEIR T AR IS T 80 CREAAREI
1.4  BiE R A mERSER

FELH BEALEHL 6 5K HE Y2 €0 1 il 41 218 - L)
WA AR . THE M et kg (ML) ok
FORMIE AR, BN T AR 1 i
1140 (RAC) SRR INZR 4 =2 48 8 e il i 445
SR R A A PR AR R ™ A Ak A4 2]
T REHLEEEL 6~10 HLEF T MLI & RAC i3,
SEYGAST A 3K,

T LH BE AL HL 6 5K HE Y% €0 1 il 41 200 - L)
TEAR W I AT A Rk Il 21 ) 7 BEPLIE R 5 4
FLEEF 50 4 A2 N 20~99 um &2 100~150 pm B fiti /]
Silk. MishPKEEIREE (WT) Dhif 8RR &AMz
HAFER, WT (%) =100x (2 x [iL5 P 0]BE
JERE ) /AE MR . [RIE B2 BEALIE R 6 7% HE 4%
G OIS R, MeEfhoESE0EREE ]
(RV/LV) , VER Wi sl ik s e S A 0 2= R K
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f6hR. SCERAST A 3 IR,
1.5 Western blot i il 3 4 /I BR A ZH 22 eNOS
EARIEKTE

I 50 mg fili 2HZAF S i BT 18 H M 2R 1 24
WA PMSF w1, #1E 15 min, 7E 4°C'F 12000 t/min
B30 20 min J5 B3, ] BCA 43 By ik il 4 1k
FE o B S0 pug EFRESM T 8%SDS-PAGE SEEHLIK
80 V 120 min fHE % 2 PVDF &, 7EZIR NH
5% WNRAF WA 2 hy INAVINERPTK B eNOS —$t
(1:1000) , /NEBTKE B-actin—PL (1:1000 ) 4°C
I, TBST PRl 3 ¥k, HFIK 10 ming AITABAR T
EALYIBEA R L EPT/ N TeG —hE (1:20000)
WIRFE 2h, BEEEE, &5 H Inage ] 1K
ot . SRUHNEASHNSEAR
R o Sl R 3 K,
1.6 LAY EE PCRERMF £/ RAHAR
eNOS mRNA Fi&i7kF

M8 Ui B 45, R H QuantiNova SYBR Green
qPCR IR F| &A1 eNOS mRNA AXFE k&, 514
M LA TAEY TR IR A RA R A . T
B 2 5% 2 1 RT-PCR B9 51 )7 5 40 F: eNOS I
. 5'-GTCTGCGGCGATGTCACTATGG-3', Fiif:
5'-GTATGCGGCTTGTCACCTCCTG-3'. MACT( N2 )
i 5-TTCCTTCTTGGGTATGGAAT-3', T Jiff:
5'-GAGCAATGATCTTGATCTTC-3',,

fifi FH TR1zol $& BB AE /N BRI 41 21 57 3 i
RNA, M5 L #F 17 300 % 5 82 4E & 20 uL 1Y
¢DNA., & W & %: ¢DNA 3 pL. SYBR Green I
10pL, ETF#SIWA& 1uL, CHEK S L, K
Zeff: 95 C A ME 2 ming 95°C7EME 30s, 60°CIE
k20s, 51T 40 MEIR. LL eNOS PCR =45
MACT WZ 265 BE LLIEAE S eNOS mRNA A9AH
XA T, FRRAT B AL 270 T R,
SRS A 3K,
1.7 ELISA Z#& M &£ /MR ATH LR 51 BNP &
NO iR E

I 50 mg fili 20 230 A G 1A BRER KT S )5
BT 4°CF 3000 t/min #5020 min, BCEIE, ARG
WHIEVI A, /MR BNP ELISA X374 f1 NO
Ao 350 & A Db 3 W BNP R NO (7K,
i 450 nm AR I E OGRS (OD A ) kiR
AN 220473 b BNP FINO B MR EE . SEieh

STHE 3K,
1.8 REALERNFT 4 /NRATAL eNOS FKik
it 2L 2 PP A 7K s A e Al 2
LY F AN B , 28 3% s AL EALER, FHIH)
GIRPURIME S, E ARG PBS sk 3 %k,
ANNEBUR BB TERE eNOS LA (1:500) , 4°CHE
B 1R AR 1 A P AR C A L SR BT BR
IgG =41 (1:1000) , /il A DAB & (i, rfdEm
JE R, BT R,
1.9 SitES
K JH SPSS 20.0 Gt A xR A T 4e 4 4y
B, IFERILIAE £ trifERE (R+s) RN, £
2 ) AR S 2 5 25 00, ALl P L 35k
FH SNK-g K256 . P<0.05 HESAFIT2HE L,

2 #R

2.1 FAEMNR—ARR

VU4 A /N B AR B R RBWI AN 1 i .

PPH 4RI S M 2 i A /N RAE R 818 . R
B LORS SRR S, HAETRIEECAE BN, S X}
MR AR L%, PPH ZH AN 21 37 41 19 {4 5 AT RBWIT
B E RN (P<0.05) , 17 41 4l 510 20 /) BRI 1k 2
RBWI JfJEHI 2250 (P>0.05)

1 RE14dFEHENREER RBWIEEE  (x+s)

251 n 1A (o) RBWI

X HEZH 20 5104 82+23

PPH 21 20 3.7+05" 53+ 1.6"

Wahid 20 3.6+05" 5.1+ 1.0°

et Bl 20 49403 79+14
F1{H 25.227 7.844
P <0.001 0.001

T [RBWIRTISK R, a s 5x YL, P<0.05,

22 FHNBRARFPMBREES. K/DEIHEE
R

HE Qg0 25 R o . S XTI L
#, PPH Z/NRMMIAE K, Il p@iosb; MLI
fEHTN, RAC{EHIE/N (P<0.05) 5 $27 B4 Xt fiti
WEBAHMGIER. FE, #shil 4 minae s,
MLI . RAC {15 PPH ZH A0, 151 CaSR 4 3h
FR IV A 0 o e AR % B e A R T 9 o 51
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ZH 3 PPH 21 Jili v i DR R B A P 92 ik ;. MILL{E/N T
PPH A{EA K FXIIE, 177 RAC fHKF PPH 4i{H
I/NF X EL] (P<0.05) 5 ULBHTEMRA MR,
CaSR #0155 BE el 35 POt 2 7, 3 Al 6 B Al 5k
i, [HARESWE . WK1, %2,

c. D
1 SAFENRBBES (HAK-Faga,
x 100 ) A HXTRE4L, BN PPH 4L, C Migshildl, D Akl
R, SXRLAR L, PPH 4L A=/ MU IR b 2, Ml AR K
il P A A B s BRI ALET A /NS PPH AL/ BURIMLL; i
F41%E PPH AL Tz i, (045 X e,
Fx2 HBAME ML K RACEEE  (xzxs)
20531 n MLI RAC
X HRZH 8 45+9 7412
PPH 41 8 76+ 7" 3.8+0.7"
TBhFIA 8 72 £ 6" 3.9+0.8"
i 75 20 8 61 + 8™ 5.0+ 0.8
F1{4 26.000 28419
P4 <0.001 <0.001

e [MLI] P-4 N IR ;s [RAC] AR i 4. a R
XF R4 L%, P<0.05; b5 PPH 41 b4, P<0.05; c 78 5ish
FZ A, P<0.05,

23 HHNMNBR/IHBELERE, GLOEEER
BNP iRE3T

WEL A5 Ll 4L 20 HE Ye e Y) |, S XFRRAL L
B, PPH 4RIl 2 /N BRI /N sl Bk A AT A %A
N RER IR, A R 4N BUR /N Bh kA
JEREEWN, SxTRA T RS (K 2) o [Fi,
PPH 4 AL 3h 7 40 WT% {44 %5 %5 PR 4 I 25 48
(P<0.05) , {H¥EshF45 PPH dlAH Hb 25 5 o4t
T S (P>0.05) 5 #1052 % PPH 4H WT%
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{E B BFEAL (P<0.05) o ASZEG I8 o K BNP ¥
J Fz il 2 Jik R . PPH 26 13k 2 7 26+ Y BNP
e P A PR A B & 3 i (P<0.05) , 1iBH PPH 41
TR B39 AL /0N RUAF 7 B S P s 39 ok v s 0 i ot 7
I A4 T BNP WA PPH 4 AEsh R 4
BRI, (EA X IR (P<0.05) , UHA ]
F 4/ U 3 ik v R 4 R SR BTk, (R
Rfgst e . S5x BAHM i, PPH 41/ R
RV/LV {8 5 3481 P<0.05 ), VEIAEAEAT O N0
WS RS HLHZE RV/LV {5 PPH 2045 AR A1,
ARG FE L (P>0.05) o W 3.
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. 3 N o J
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W d wle U P 28,
r & Y <) 4 “s N &
A B N - i a® - ,;_- )4\'
NG C Wy A% . oD,

2 BEMENRANIKMEETN GRAR - 0

Y, x 400 ) A NXHIEZH, B N PPH 4H, C NishilH,
D FARIFIZH 5%k BRZH AR LY, PPH 2H FIISSN 30 4 10 45 1 G 2 1 5L |

FHIFR 2 M 4 RE SR EE R PPH 4198/, S0 IRALEIH 25 5%

£33 KHAWT%. RV/ILV % BNP iREHLLE  (x=xs)
2151 n WT% RV/LV BNP (pg/mL)
X R ZH 14 114+£13 0.54 +0.03 499 +9
PPH 4] 14 169+1.8  081+0.06° 6808
MHFL4 14 17.8+1.7°  078+0.05 698 +5"
IHIFILL 14 12,621 0.76+0.06° 523+ 7"
F1H 19.848 33.821 783.355
P1E <0.001 <0.001 <0.001
TE: [WT%] Bli/NEHK AT BEIRRE s [RV/LV] A0 % 5405
BEJEREH; [BNP] BGFIANAR . am 50T R4 AL, P<0.05; b

PPH Al H#, P<0.05; ¢ /n 54, P<0.05,

2.4 FHEMNRAEALR B eNOS EH K H mRNA
HEXRIZERMAR SRS NO IRELTK

il 1] Western blot & qRT-PCR Kl eNOS [
135 M2 He mRNA UK, 4528 78 PPH 2 eNOS
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A B mRNA FaA 8 B0 AL 3, 35l

FIA HE— 2 1958 eNOS 19 85 M H mRNA ik i
(P<0.05) 5 1AMl 458 shF 4, eNOS
A M mRNA Rk A AL, (HATR8R & Tt
M4 (P<0.05) o SXTREZHAHLL, PPH 41+ NO ¥
FEFH @, EhFILE NO W EE i — 2T (P<0.05) ;
I 20 NO ¥ B2 48 PPH 414 T AR, {HA7 & T
XHEZH (P<0.05) . WL 3, %4,

eNOS

e

/

B-actin

N

0 QQ

s B
& &
B 3 Western blot #& iUl & EH & /MR ATHL  eNOS
EHHEKE

x4 HENFRAL eNOSZEH. mRNA HITRIZE
K AHZHLA 5147 5 NO iR ELb &L

(xxs)

205 n  eNOSZFI eNOSmRNA NO (umol/g prot)
SERZH 14 0.45+0.03 1.00 0.63 +0.05
PPHZ 14 070+0.18 2.81+0.06"  231+0.07°
HMEHRA 14 0.94+093" 3.69+005" 597+0.13"
IMHIFIZ 14 0.65+0.38" 1.80+0.03""  1.19+0.11™"

F1H 14.884 2189.627 3857.052

P1H 0.001 <0.001 <0.001

e [eNOS] Bl — S LA AT [NO] —F A am5%E
M LH, P<0.05; bsr5 PPH 4 IL#E, P<0.05; c 7”530
s, P<0.05,

2.5 #FHHENRAGALH eNOS HIRIE

TPEN LTS RR, eNOS BRI EE
FEJili /N BJy ik P9 Bz 20 B RSP 1E ILA B b SR ik, S
HRATAA L, PPH ALt sk 2235 eNOS 14 K2 21
J AT Vi LA B A B o (), iahndd
BN (), i eNOS ZESNHIFILL %
AT, WA 4,

B4 SEANERNEHEMEL eNOS BIFRIE (DAB,
x400) A HXAIIERZL, B PPH A, C ishI4L, D i #12 .
eNOS = AL Nl /INEH Ik N Bz 40 AT 18 LA I P 2k . 5 %) BRZHLAH
b, PPH 4Ll sl ik h ik eNOS Y P4 7 41 it F1-F- T AL A0 it 4 it 14
(), BEhF AR T IR () |, 1R eNOS FEHI
FIH A FLILA T T

3 iTig
AWFE L 14 d REIFH S CSTBLG6 Hil /N
PL#E N7 PPH SRR, WLEE CaSR 4 3h 5 A4 il
FINHHE LN, eNOS K2 NO ¥ BE (95200, BT 5T 45 5
Bx: XA A, PPH 41/ B /N 3h ik i we
JERE A0 aS i B TR Rl 4 215 3 v BNP ¥k
JE I WA, XA PPH Ak /D BURE AU 2 7 pl
Ui. AR, 28084 PPHN (¥4 JLTE
AR S ABET, X500 45 22 50 Ao
5 P e SR DA Sy 2 S B /N B ko 5257 1 L4
J S 3 E s R, 08 PR A 2 S 1S PPHN A
IR BRI R R 2 —,

eNOS J2&: —Fl Z 45 My Sl g, th & A7 40 %
L- KGR . PR D S A A e v R A il A 485
A7 AT N R St Jn Ul 265 A8 I 4 . eNOS i 3 i
NADPH 742 (1) B - 356 1) (37 T 148 i k5 ) 3l 14)
F, SRIG GRS B 0 4 25 A8 Sk b ) il 21 3
ML R AT LSS & 0, Il i ik L- K52
W28 A5 A3 1 NOMY, 45 P9 R A B R T 2 s 1 )
B, Hod NO 7RO A AR ZS B A8 P B DT RE A 11
W R B SCHEVE T, A4 SR 0 0L SF- 1 Lk 1 i) 1A
LML LA 3G AE L S K o A R Lk R I
BRI B

EERI I T N 4 2 e S S Y RN 2
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AR FE P T S vy 15 | A ) il ik o s L2 31 NO
B>, I H NO P=Aid bl g2 S 8Uish ios
ey & U, AR 45 R R et s gl fh e
0, eNOS FEZLLEli /Nl K P9 Bz 4t it AT L2 it
k. A B 45 A Western blot 1 qRT-PCR %5
V. SXFRRZLAI HE, PPH 4H 38 4= C57BL/6 /N R
sk eNOS FIZRIEHEN, Bk /NI 21 535
HNO WREETH . IZZE RS eNOS R R IBTEN )
ik v P R p o — e R EE I R Y R A T Y
it sy ok e P RS BRI It 8052 eNOS i P38
E R IREA—5. [, GdCly (CaSR #sh7))
AEfE Ut — 2 b JH eNOS ik ATt &5 NO WK 5 i
NPS2390 ( CaSR #Ii[5] ) fig B A HRIKFREL NO
W, HTRERY R, eNOS _EAFAE Ca™/ 55
FEH (CaM) 455G TESSH, FFH eNOS 1
TP 4RI Ca™ MR CaM 454 kg M, A
PR R IIFR R, FERESA B E C5TBL6
/NER PPH 1, il sl ik CaSR A4 26 35 1 K i 3 Jik
S LAR P Ca™ W BESE N, 7F CaSR #4374l
HBE NI, IT7E CaSR 570 4 o /D 21, 33
HITES A AT T, Mgk CaSR FRakssihn, [Alnt
SR AN Ca™ WM 3 5, WL Ca™ 5
eNOS JiEPELERY LAY CaM AHZE A T L eNOS Ay
WAL, MRS NO WREER I 25K
3J] CaSR BEXE JIN eNOS e fili ik I 1) 235 A
FEFHE NO BYMRRE, iR CaSR REWA S AMET
NO B—F | MR 7o ABERT, |
— AL R ATEE N NO AT U5 4 S v LET 5k
AT FEEAR I o HAT 08 o, TEAR AR &5
T, NO ¥t 2, IF5% A MG T SRR
B, RYEMMOEEVERT, R M 0 A oy R 5,
0 S ST B ok o s ) i J 1 AR g 4 R
CaSR I g i 8 37 Ca™ ¥R B i %20 eNOS Fl NO
ik, 55 PPH WA . HEKILUH ZGES
WA RS — B AR

Zi Lk, AR/ Eh Ik AT eNOS 3K,
R4 AT i eNOS 235 F NO ¥ 23 %5, #43h CaSR
AL HE— 253 eNOS /9 F 38 S T3 NO VB, [
B NO BT SOl i A5 P B P d, e 38
PPH %/, CaSR MIIFIFFEK eNOS H7635 & NO
W, MIM7E— & 2R ks PPH A fii il & #2405
FRRG il AR R T
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