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Protection of Calcitonin Gene-Related Peptide From Damage Induced
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Abstract: Objective To explore the influence of different oxygen concentrations and the effects of calcitonin gene-
related peptide( CGRP) on type Il alveolar epithelial cells( AEC Il ) isolated from premature rat lung in vitro. Methods
AECII were isolated from 19d fetal rat lung and cultured for 12h to attach. Then AEC Il were randomly divided into ten
groups ; air group,40% oxygen concentration group,60% oxygen concentration group,80% oxygen concentration group, hy-
peroxia (40% ,60% ,80% ) plus CGRP group, hyperoxia(40% ,60% ,80% ) plus CGRP and CGRP8-37 group. AEC I of
air group and hyperoxia group were exposed to 21% ,40% ,60% ,80% oxygen respectively for 24h while hyperoxia plus
CGRP group were added with CGRP and hyperoxia plus CGRP and CGRP8-37 group with CGRP and CGRP8-37 (CGRP re-
ceptor antagonist) before placed into 40% ,60% ,80% oxygen concentration. Concentrations of maleic dialdehyde( MDA) ,
superoxide dismutase(SOD) and total antioxidant capacity (TAOC) in culture cells were detected by ultraviolet spectropho-
tometer. Reactive oxygen species (ROS) and apoptosis rate of AEC Il were analyzed by flow cytometry and the mRNA level
of surfactant associated protein C (SP-C) was measured by RT-

Wi B HA.2012 -01 - 04 PCR. Results The levels of MDA, ROS and apoptosis cell
HEEWH . BHR ARFER S RBIH (30973218). number were increased whereas TAOC,SOD and SP-C mRNA
WIAESE P IR AT 023 - 63630685, E-mail : xufengd899 @ expression declined in hyperoxia group compared with those in
yahoo. com. cn. air group( P <0.01). Reversely, MDA, ROS and apoptosis rate
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were significantly lower and levels of TAOC,SOD and SP-C mRNA expression were significantly higher in group hyperoxia

plus CGRP group than in hyperoxia group or hyperoxia plus CGRP and CGRP8-37 group.

Conclusions  Exposure to

40% ,60% ,80% oxygen for 24h could cause oxidative injury,induce apoptosis and decrease SP-C mRNA level of AEC Il

in vitro in premature rats,while CGRP may play a protective role against hyperoxic lung injury by antioxidant,inhibition of

AEC apoptosis and promotion of the SP-C mRNA expression.
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ygen species, ROS) , 7 | 2 4 it P A Ak ST A Ak AR 3R 2k
T BRI 05 2R A LR
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Sigma 24 H]) , EDTA (b 5% 5 B AE W H AR A R TR
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1.3 SEBRGERSNERSSE

6 FLAR AN RE 32 24 b 5, Wika L N BE 33t
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fL. RABENLIT AL, W A0 5 S 25 K41 . 40% A4
40% %A CGRP 411 40% %8 CGRP #5154 ;60% A
2 60% % CGRP 4 #160% % CGRP F54i174H ,80%
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10 4H
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(1R BRI, B P A R AL, BOA) 3R 0. 2 mll, #2150 B
TR A, ZRBKAZE 43T 532 nm 520 nm,
550 nm ALAEZESR 3O FEAL N E 454 OD fH, #&
55%F B8 4% B ks i fh OD B9 HE (B 1155 40 e MDA |
TAOC K2 SOD Ay &4,
1.6 MTT i&#&illl AEC Il 15 %

BIFEAC B AEC T LA 1 x 10*/mL ¥ B
100 wL/FLEEFF T 96 FL 40 B 1% 57 i, DMEM/F12
10% FBS ¥i3#4 K E4M 80% e A RS e , WEALIE
7RS4, B 6 NEAL, TALHS 24 h
7 MTT &0, A 20 wL/fL 5 mg/mL MTT, 4k £z
Kt 4 h,/hOEBR BW, A DMSO 150 pL/fL, #&
¥ 10 min ZEOALE 58 R E S | BEAR{UGT 490 nm
Wl Ab 5L OD fH,
1.7 Annexin V/PI ARIEZERN AEC 1 LT

AECII DL 1 x 10°/mL % FEH R0 T 6 fLAR, 41 i
A % 80% Al G BT AT = ST, 24 h S 0.25% ik
T AL B 25 ZH A i, Annexin V-FITC/PL XUbpic 2%
HEAT it 20 M ARG ] | R A 4 A 0] & 130
FitbAT, SERFIWT . A2 T G IRACR I 4 ( Annex-
in V —/Pl - ), 2 I 52 FRAR & 240 Mo e 2 5 78 v 1 3
E@Tﬁ{ﬁéﬂiﬂ@(Annexin V-/PlL+) ,ﬁT%KE{t%@%
HAPE T 401 ( Annexin V +/PL - ), £7 F % RIC KM
W T-FIRFEAN M ( Annexin V +/P1 + ) . 84
KA G2 PR 40 A5 5 A L 300 0 7 4 i e 00 O
T M RBEAN A A S A R AE T ik,
1.8 RT-PCR #&ill SP-C mRNA HI&RiE
1.8.1 3144 & M Pubmed nucleotide 54 )& 48
& SP-C mRNA % ID %, ¥ H Primer primer 5.0 ¢
FA S5, I 38 i B Sh 2 A YR A
FIA AL, §HE SP-C FEPRIE SCEER S5 .5 -
CAG ACA CCA TCG CTA CCT-3"; Iz SLAEFH Hy.5'-
AGC ACT GTG CCC TTC TTC-3',7=#) i Bt 248 bp.,
B-actin 1E LHE 5| ¥ )¥ %1, 5'-CAC ACT GTG CCC
AECC TAC GA-3'; ) L& 5|9 ¥ %1, 5'-TAC AGG
TCT TTG CGG AECG TC-3', "4 F Bk 400 bp,
1.8.2 #mfia RNA #9450 R TRizol — A $EHL

AEC IT /95 RNA

1.8.3 RT-PCR & & kM 2 #iL#E47 RT-PCR
KU
1.8.4 sfg#mstic vk JoHl R 1. 5% Bk, B

PCR F=¥)HfL 6 pL, 5 BAER wBiR 215, ATk
YIRS TR G B Y 172 B 45 Ik LK,
s [E] 24 30 ~45 min,
1.8.5 R & B KRG, HEIKA EB
AW 10 ~30 min, HEER R RGEME IR,
Quantity one 3XPE4FHTH 4 71 55417, Mg 454 1y Al
WG, UL SP-C 5 B-actin 2577 B9 WG RE U AEAE N
SP-C mRNA FJFHXT &2,
1.9 S ESHR

BARILL x = s Fon, SPSS 13. 0 it vk 17
BiiteE AT, ZAEAR I BB P R 22500, 4
[ PIREAS B LR ¢ K235, P < 0. 05 H 225
A WEE,

2 % R

2.1 ARESRERE 24 h jg AECIHEESZETK
18] B A 22 0 S 2R SR, 28 R AL 4 e 2 TR E
SO TG ERAE K B, B TS, 4
B H B A B N R 2 (81 1A) 540% R4l
IS A AN AR ACAS K TRI B 3 58, M3 v L
23, T3 HR 2 /AR Y JBERE 40 ek > (B 1B ) 5
60% F 41 AEC 11 2215404, 20 i 4 , (R AR08/, g
PSR (A2 /IMA) B0 H I8/ | TR BRE K, B0 K S
RN A KA RRES, HLILH 7 4l i B BE (& 1C) 5
1M 80% A 21 40 M Wi 4, ] B3 o5, A KA R (I
D),
2.2 |SREFERK CGRP FHxt AECIELIRFGHIF M
Eos S M ,40% 60% .80% F.41 AEC 1T 44
i ROS k¢ MDA 7K-V-iZ i i, 22 7 A &P (P <
0.01) ;1fi TAOC,SOD & # & ¥ FFE (P <0.01),
60% 80% HA 5Hi 2 HERAWEME(P <0.01);
60% 80% HAI WA b2z R on A W E M RIK T
60% A #7524 h J5 |55 T AP ELLRE S, 3L
S AT AR A D R AT, 5 | RS T 4 A 1) S Ak
055 2 76 = A AL A0 in A CGRP 5, 40 JfL 1)
TAOC .SOD 7K-F-H 15 %] TPk &2 , i ROS MDA [%
%, S E A XA CORP # PR AL 2 %h W
EMEE N (P<0.01)(F£123),
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E1 AECHESFTH(BEEBRERRIE x250). A EHE7RAM, 28R4 K B:40% 0, S AL, B BRELAS | I EE %

AR AH DU i E AL 5 C.60% O, HANIARTHAIH | B o | 5t AR RS RUIRIL D .80 % AL 4 M4, MIBR I 5, A KR R
Fig.1 The change in morphology of AEC Il exposed to different oxygen concentrations( x250)

F1 0%ERER CGRP T AEC I ELIRG IR (n =6)
Table 1 The oxidative injury of 40 % oxygen and the protective effects of CGRP on AECII (n =6)

M5 ROS ¢G5 MDA ( nmol/mL) TOAC (u/mL) SOD(u/mL)
il 24.95 +2.44 1.21+0.14 14.14 +1.77 39.87 +4.98
40% A4 33.22 £4.71* 1.68 £0.18% 11.06 +2.56* 30.03 £2. 64%
40% % CGRP 4 28.46 £2.30" 1.42 +0.06" 12.34 +2.13" 34.04 £2.97"
40% % CGRP #5hi4 32.91 +3.63 1.71 £0. 14 10.78 +2.56 35.77 +2.98
F 12.143 9.579 8.126 6.478
P 0.000 0.000 0.000 0.001

a: S, P <0.01;b: S5EAHKFS CORP HPUR A e, P <0.01

£2 60%FRER CGRP FHxt AEC I &L IRGAIRNE (n =6)
Table 1 The oxidative injury of 60% oxygen and the protective effects of CGRP on AECII (n =6)

4 5l ROS ¢t MDA (nmol/mL) TOAC(u/mL) SOD(u/mL)
=N 24.95 £2.44 1.21 +0.14 14.14 +1.77 39.87 +4.98
60% %A 41 47.67 +5.31° 2.22 £0.18° 9.87 £2.45° 25.23 £2.61°
60% %A CGRP 41 34.57 +3.30° 1.36 +0.05" 14.78 +2.24" 35.87 +3.28°
60% . CGRP F547 7140 45.91 £3.49 1.95+0.13 10.71 £2.89 26.73 £3.41
F 60.345 71.234 9.155 25.192
P 0. 000 0.000 0.000 0.000

a; G2 RYLEE, P <0.01;b, 5S4 K 5% CORP FEHTFIA HL#E, P <0.01

®3 B80%FFER CGRP FHxt AEC I ELIRGHIRN (n =6)
Table 1 The oxidative injury of 80 % oxygen and the protective effects of CGRP on AECII (n =6)

a5 ROS 265k Ji MDA ( nmol/mL) TOAC (u/mL) SOD(u/mL)
=54 24.95 £2.44 1.21+0.14 14.14 +1.77 39.87 +4.98
80% H A 58.79 £5.60° 3.11 £0.21° 6.16 +1.79* 16.01 3. 14°
80% % CGRP 41 42.43 +5.54" 2.41 £0.11" 9.81 £2.34" 25.14 +4.10"
80% % CGRP FE P4 59.22 +4.13 3.75+0.12 5.71+1.88 14.42 +2.47
F 81.442 87.479 12.321 29.799
P 0.000 0. 000 0.000 0.000

a; ST, P <0.01;b: 544 KA CORP H5Pi 4l thEr, P <0.01

2.3 ARIRESRER CGRP FHixt AECIDETBIRNE TR, 4 [E B i A CGRP #)3Z & $5 315 CGRP8-37
60% ENEF 24 h G AR T T RS SRR JE AT R T, BRI ZE R A SRR
2H B TS A CGRP J& , 4iMe M T4k B X (P<0.01) (K 2,%4),
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Fig.2 The influence of CGRP on apoptosis of AECII exposed to different oxygen concentrations

®4 ARIREERER CGRP THxt AEC AT HI# M
(n=6)
Table 4 The influence of CGRP on apoptosis of AECII ex-

posed to different oxygen concentrations(n =6)

£5 AEREERZER CGRP FHixt AEC I SP-C mR-
NA RIEBIFNE (n =6)
Table 5 The influence of CGRP on SP-C mRNA expression

of AECII exposed to different oxygen concentrations(n =6)

ATl P8 (%) Tl SP-C/B-actin mRNA
=N 0.53£0.17 =EA 0.74 £0.02
40% 24 5.99 +0.22° 40% 4 0.55 +0.03"
60% A4 11.24 +1.46° 60% A4 0.48 £0.02°
80% A 16.02 +1.87° 80% A 0.41 £0.02°
80% % CGRP £ 12.11 £1.29° % CGRP 4 0.64 +0.03"
80% % CGRP H5 P4 18.47 £2.60 4% CGRP 5714 0.39 +0.02

F 41.001 F 65.372
P 0. 000 P 0. 000

a: AR, P <0.01 ;b 55 E 4 X % CGRP i 4l
tb#, P <0.01

2.4 ARKESEEN CGRP F#ixt AEC I SP-C
mRNA X HIF0

RT-PCR %5 R R, AN [l B A AR 3 24 h ),
AEC T ZH o ) SP-C mRNA kK0 AR T2
XHIBZH (P <0.01) ;{H &% CGRP 4141 i &) SP-C
mRNA 3R 3K W] 1 38 5 ) 5 1 S 41 i %0 CGRP8-37
M LA G2 (P<0.05) (£5,K3),

3.1 AERESITEZR AEC I B9
1o SR 45 45 1) 7 B R S N AR T AT
TR YIA DG, 7E Fio, 1 80% LA LA}, FE 5[5

a; G AU, P <0.01 ;b 55 A4 M % CGRP i 4
Hbds, P <0.01

500 bp
250 bp

B-actin
SP-C

3 BEALH SP-C mRNA RiAKTE. M. Marker; 1: 55
41;2:80% {5 54133 . F %A CORP 414 54 CGRP #5141

Fig.3 The SP-C mRNA expression of AEC I in four
groups by RT-PCR
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PG K A T < 60% B SR HR BE DA S A X 2 4
(1 o A DU 30 ek PR 14 71 5 25 0 38 FH T 40%
60% 80% MI4A., 7% 24 h, 5B WoR , =40% W)
AR RLAEC T A R i, 52 [
Xof BRI o 2R 25 S BRI R B AR T 60% A
WEETE R L IR AR AR &4

ARG IZ UESE , e S840 15 A AR AR Jir PR 2
TGt E N 2 g, ROS A5 B A AR T 3 &
A R H R RS, R iE M v T
AR IR AL R A B R 98 0 40 2040 i 35
PEST . ROS XA A 5 1 A T AR A R A
T Z AR FIR IR , 51 & G i AL R N, = A= R
S E LY an MDA | PR ARG I 1t 35 H MDA J2 S
Jig S S B o A B AR ROS A
B HC R A i 1) 48 AL B R fb 2R B 1 T RS-,
Ak P Al Ay, W) 25 5] e 481k 07 3801 il 52 403
SOD 24T AL RGN FE Ry 2 — , BB B
P20 L A5 R R ) 4 1 Pl B R I TR e AT A
HERE A REEMRE

AR AR K 7R 0 R R AEC 1T 288 T
40% 60% .80% %A 24 h J&5, & P40 M) ROS K
MDA 7K-F-34 5 25 1 T 25 SO0 IR T SOD I 4t
SEAL TS PRI BRI . Annexin V/PT B 6 0 41
J R TR B B SP-C SRR EE St 1, B A
P XA K R e SN 40 B P v D AR 15 R )
fud s 2 A R AR KA ORI, =T 60%
DIEM WA E e, Mg RENRT
40% MSAAEH 24 h 5L T 57 B AEC T AL N
W et T AEC T T, HI 55 T AEC T f A= 3
ifie, il e B Fh I AE , BEm I R LX) 5= LA
AU HZL R Rl R4,

W2 RRIE RS2, B LA 5 2 e A 5
M, H 2 &4 BPD 867 8 1 J5 st hE . — SRR X X
FRERGAE T HEW A Ry 3 J2 fh T 5 7 L AR B Y
AP AR A i 1 3 R T s 55 0 i 3 TR O 1 4
(PS) R LB AMBITE ", HH AN, s
SRR 32, I ANTE T HA B i A ALl B Al 7K1
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() ARG, T 7E T R S, AL R 75 AL 48 it 4
LT ( AOE ) 1% 7 K H: mRNA 9335120 #hipsese
KL G B SR N 1 AOE 761 &% mRNA ik
FEFET G PR A I TR 34 T 150% ~ 200% , {07 2
TR AT R RS R RIIE, ARA S
IZHZIN AOE AR R, PR, I IR b ] & 215 )L
B H L R ECE R 22 11 5 & A ilidsi 475 52 BPD

1T~ ROS 3 /51 2 i 28— 2R 514 10 1) g B LAt
PRI ROS A2 1 B2 S LR AOE 19 37 4 i in
AOE 23k, i S Ak fpr &4k R AR S5 22 1E
A B T Tt A2 e B 40 . SR s, 467
B B BRI AN N-2 k> e 2 8 T #2855 SOD 7K,
W DZRAR Y ROS A B, B 8 98 5 2 BR v 48Ut
(TR Buy k2 PN S N e 7]
AR, B T PUAAEE T, U TR TE 100%
H IR , B T AR S R A )
I AT P 2 R R A /D B B A A/ BRURD B T 1
A — Bt G H 28 A0 R B R, R kA
L ) U it i e R A A AN R
XL R B PTAA R G RE I AR R AR 43 Y
Ha AR
3.2 CGRPHETHSEMBMNIRGIER

CGRP & —Fli iy 37 A~ FL R 5% L2 1 g J it i
ZRIK, T SR A 28 A A TR 28 PN 43 06 20 TR
B COGRP M HAZ AR i =5, 7 i A 2 g 3t
REAE T EEER" BRI CORP E—Fii
K MG T, T2 AT 2D PE SR R TE R,
B HATA 75 IA R CGRP A L B AL MG e |
P CORP 3[R () SR ABE IR /N BRI, &
IR $E =/ VB AOE I 4%, 38/ ROS Y7 Az, AT
SEALRT R K% CGRP ¢DNA YR %
eI A b H 40 R AS49 41 it b fd H st Rk
CGRP, 1] 35 REAK IL-18 75 T 19 1L-8 33 B2 20 it Py
ROS Az 1, Xif e 48U 0 ke 20 O B 1 %Y Mon-
neret 2% KPR, ANIEY: CGRP R ] A B A7 241 it
AR AN TR RE TT , T BHLE PR 2R 5 1 3500 R R
JE, PR A B A R e R AR R

AT 5% 45 S 7 7 i S AL A0 s R oA
CGRP /7, 41 M4 i) ROS MDA B S A% T % B 41, i
TAOC ,SOD A & /& F X HE 2, i 3ol e I L & B
240 R )R Y Sl 2 A 4 L R
LA SP-C Fik K&, CGRP il J5 AEC I #/ 1=
I i B A, T SP-CmRNA FEik300, >4 FH 32 ik
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F5Pii CGRP8-37 BT CGRP 532 K45 & 1, I
WAETE A s, A 25 SR 4R CGRP A] LI
B AEC IT W84k 301407 , 4 5 L 00 o AR B o A, AR
FH AT 68 2 30 3 2 1 400 B P9 B S AR /K S 3] ROS
Az R SEBLIY

5 LR = T 40% A AEH] 24 h BIA] DU U
7R AECTHSR 1, Ho IR % /N % 8 @ ATt 32, 8T
60% AN 7= FOFA R L 4 1) SR = ) LEHE
%8, CGRP AT LIS E A 1, T RE 2 ML PR R
PEG I e AU Bl i i A R

B3k

(1] AFsksg i % SRR, & Rt ae T Ak
By A E R & INK 25 4544l (1] £RE
H K 554k ,2007,32(11) :1150-1153.

[2] ‘#ptiF, Tk & &, 5 SAHAFEREHEHHB
AR B B EHA[]]. FEDIILEKE
% ,2006,13(3) :224-226.

[3] Dakhama A,Park JW,Taube C,et al. Alteration of airway
neuropeptide expression and development of airway hyper-
responsiveness following respiratory syncytial virus infec-
tion[ J]. Am J Physiol Lung Cell Mol Physiol,2005,288
(4):761-770.

[4] Dakhamal A, Larsen GL, Gelfand EW. Calcitonin gene-
related peptide :role in airway homeostasis[ J]. Curr Opin
Pharmacol ,2004 ,4 (3) :215-220.

[5] #&eP, o 2, FIGK, 5. 06 KA ey o & b A
BBRRIER[T]. P AR FFR - EF MK, 2003,
32(6) :597-600.

[6] Warner B,Stuart L, Papes R, et al. Functional and patho-
logical effects of prolonged hyperoxia in neonatal mice
[J]. Am J Physiol Lung Cell Mol Physiol ,1998,275:110-
117.

[7] Han R,Buch S, Tseu I, et al. Changes in structure, me-
chanics, and insulin-like growth factor-related gene ex-
pression in the lungs of newborn rats exposed to air or
60% oxygen[ J]. Pediatr Res,1996,39.921-929.

[8] Altemeier WA, Sinclair SE. Hyperoxia in the intensive
care unit; why more is not always better [ J ]. Curr Opin
Crit Care,2007,13 (1) :73-78.

[9] Zhang X,Shan P,Sasidhar M, et al. Reactive oxygen spe-
cies and extracellular signal-regulated kinase 1/2 mito-
gen-activated protein kinase mediate hyperoxia-induced
cell death in lung epithelium[ J]. Am J Respir Cell Mol
Biol ,2003,28(3) :305-315.

[10] Wang Y, Feinstein SI, Manevich Y, et al. Lung injury

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

and mortality with hyperoxia are increased in peroxire-
doxin 6 gene-targeted mice[ J]. Free Radic Biol Med,
2004,37(11) :1736-1743.

Folz RJ, Abushamaa AM, Suliman HB. Extracellular su-
peroxide dismutase in the airways of transgenic mice re-
duces inflammation and attenuates lung toxicity following
hyperoxia[ J]. J Clin Invest,1999,103(7) :1055-1066.
O E R A, T T RS ARG P AT
REERHRGRMEA[I]. PEAEREHKE
5,2001,13(12) ; 745-747.

Russell GA. Antioxidants and neonatal lung diseases
[J]. Eur J Pediatr,1994 /153 .S36 ~ S41.
Nagata K, Iwasaki Y, Yamada T, et al. Overexpression of
manganese superoxide dismutase by N-acetylcysteine in
hyperoxic lung injury [ J ]. Respir Med, 2007, 101 (4) :
800-807.
Simonson SG, Welty-Wolf KE, Huang YC, et al. Aemsol-
ized manganese SOD decreases hyperoxic pulmonary in-
jury in primates physiology and biochemistry[ J]. J Appl
Physiol ,1997,83(2) :550-558.
Ahmed MN, Suliman HB, Folz RJ, et al. Extracelular su-
peroxide dismutase protects lung development in hyper-
oxia-exposed newborn mice[J]. Am J Respir Crit Care
Med,2003,167(3) :400405.
Aot , FAE BT AAMX KR EHEALAS
FIREEF[]]. T d EFAF A E,2011,39(02)
121-126.
Springer J, Geppetti P, Fischer A et al. Calcitonin gene-
related peptide as inflammatory mediator [ J ]. Pulm
Pharmacol Ther,2003,16(3) :121-130.
& RIS R ET UL F BT AR ARK kA
B RGN R B & S o AR R K B e A BAR B ik
MA[T]. A2 53R ,2003,55(6) :625-632.
Li WJ, Wang TK. Calcitonin gene-related peptide inhib-
its interleukin-1B-induced interleukin-8 secretion in hu-
man type II alveolar epithelial cells[ J]. Acta Pharmacol
Sin,2006,27(10) :1340-1345.
Ao X, Fang F,Xu F. Vasoactive intestinal peptide pro-
tects alveolar epithelial cells against hyperoxia via pro-
moting the activation of STAT3[J]. Regul Pept,2011,
168(1-3) :14.
Monneret G, Arpin M, Venet I, et al. Calcitonin gene re-
lated peptide and N-procalcitonin modulate CD11b up-
regulation in lipopolysaccharide activated monocytes and
neutrophils [ J ]. Intensive Care Med, 2003,29 (6):
923-928.





