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Abstract: Objective  To investigate the protective effect of prostaglandin E1 (PGE-1) against brain injury
induced by hyperoxia in neonatal rats and observe the changes in the expression of glucose-regulated protein 78 (GRP78)
and cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP), and to provide a theoretical basis for the
clinical application of PGE-1 in the treatment of neonatal brain injury induced by hyperoxia. Methods  Sixty neonatal
Wistar rats were randomly divided into air control group, hyperoxic brain injury model group, and hyperoxic brain
injury+PGE-1 group. All rats except those in the air control group were treated to establish a hyperoxic brain injury
model. From the first day of modeling, the rats in the hyperoxia brain injury+PGE-1 group were intraperitoneally injected
with PGE-1 2 ng/kg daily for 7 consecutive days, while the other two groups were treated with normal saline instead.
The water content of brain tissue was measured; the pathological changes of brain tissue were evaluated by hematoxylin-
eosin staining; the apoptosis of brain cells was assessed by nuclear staining combined with TUNEL staining; the protein
expression of GRP78 and CHOP in brain tissue was measured by Western blot. Results  The water content of brain
tissue in the hyperoxic brain injury model group was significantly higher than that in the hyperoxic brain injury+PGE-1
group and air control group (P<0.05); the water content of brain tissue in the hyperoxic brain injury+PGE-1 group
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was significantly higher than that in the air control group (P<0.05). The pathological section of brain tissue showed
inflammatory cell infiltration and mild cerebrovascular edema in the brain parenchyma in the hyperoxic brain injury
model group; the periparenchymal inflammation and edema in the hyperoxic brain injury+PGE-1 group were milder
than those in the hyperoxic brain injury model group. The apoptosis index of brain tissue in the hyperoxic brain injury
model group was significantly higher than that in the hyperoxic brain injury+PGE-1 group and air control group (P<0.05);
the apoptosis index of brain tissue in the hyperoxic brain injury+PGE-1 group was significantly higher than that in the
air control group (P<0.05). The protein expression of GRP78 and CHOP in brain tissue was significantly higher in the
hyperoxic brain injury model group than in the hyperoxic brain injury+PGE-1 group and air control group (£<0.05);
the protein expression of GRP78 and CHOP was significantly higher in the hyperoxic brain injury+PGE-1 group than in
the air control group (P<0.05). Conclusions PGE-1 has a protective effect against hyperoxia-induced brain injury in
neonatal rats, which may be related to the inhibition of cell apoptosis by down-regulating the expression of GRP78 and
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CHOP.

[Chin J Contemp Pediatr, 2018, 20(3): 230-235]

Key words: Prostaglandin E1; Hyperoxic brain injury; Glucose-regulated protein 78; CHOP; Neonatal rats

VAR, TR A= A LAk 05 K B L de
RoaIrh, PR BE R, H/N LM R T
BB & A A B B A L i 2 B A
JRIRARZS , Herb e B2 4 7 T BRI & AR
BAERIIN, WONRART A LV E AR RN R 2
—, BORBZ BN EM, PPIESE, KRR R
RERE A, R I fih g v BE AR PR B, AT RE A e 22
BHIREZ B E, AR Rt 2 —
R B 1 g R ST I IR, LA 2H 2 g
BT RESZ B A, JUHAERT A LB B,
BRGRF AR, Hoh, Bl i 5 50
MRERS P DR R B, Wik KERE RSB R)S,
S S TR % (ERS) , i IRE-1. PERK
HIATF6 =/~ 28 HiL il i s i 4k, 5 5 I 9000
CHOP, 5T, 540 MIJH 7% VA G B4
P EH 78 ( glucose-regulated protein 78, GRP78 )
FIRUIR T, R R JEan g ke, BT
T 55 b 7E ey SR BE h i fA] S2 E AR M, RS R 2R
E1 (prostaglandin E1, PGE-1) fEH ) iz, BEFFAL
AN P, 3 v A ) A il S A DG T Y
ST S RO KEA DA OE 1Y (i 1R i3 A P =
VI E AN 77 A A G I P A s — R U
AECE R R A R K SR R, DA
RN M A8 T A, AR VA BRI, SR K e A
R, EAMTHAEIMERGE LT, K&EKRE
AT FEO AL R M A R GBI, RN
PEATHEN AT RERR DG, EZ MRS H5RYE 4
R, RARHLEIAE] P RS 0% (HSP)
W B EE ARG, TEARE TSR
Pr A, GRPT8 S Ll 4 R G p
B LA SR Rk (HIE ) | B0 55 0 e A
K, R LUE R AT R, R 2

fpfZoe, GRP78 AL LM, CHOP £&—
A ERS ¥ st W7, HAR: R, 75 IEHE 6 TAK
KT ZFREAF AN, ME ERS f, FREK
FKHEN, FEFHZTIET Y AR i gL H
PGE-1 X vy 48Ul #6119 39 A= K BG4 21 H GRP78 .
CHOP #E (M & s 2, PR PGE-1 X} & i &
A5 B AR 1 FH 4 mT BEMIL AR
1 MRS FE
1.1 SR EN RAR
R Wistar B K 60 H, {KE 6~10 g, H
WESI SRR, SF TR . SYXK ()
(2007-0011) , AiFIARE E1 (PGE-1) (dbmi#
HEHIZERN A BRAE ), CHOP Hifk . GRP78 $ifk
(Santa Cruz A7l ) , SDS-PAGE 5 i i vk ik 57 &
(Solarbi A %] ) , TUNEL 4 A 75 7 J5 o7 46 0 2 77
& (M BP AR ARAF ) , Diff-Quik 44
IR AR & (e R A R ARG BR A )
1.2 BERIRGERNTE

SR FH i e JE 4015 S0 ) % v SRU B A A 1,
60 H A Wistar K FUFHLS B2 S0 HRAL . 544
I 153 473 5 760 4 D v ARG 461 405 +PGE-1 41, MfE R
FR, A4 20 H, 23550 BB T IRw RS ]E
B, S A R AL AU G +PGE-1 4
S RO E A R S SR, FREEE A 100%
P AR (2 Limin) 5 8RS0 0S5 45 1
AARAN A S CO, MRIE, AR IE 85% L) |, CO, ¥
< 5%, FPRCE A AR R R IOK S £
AR CO,, FELETd. BEESAN S P 4 R AE
24~26°C, IBJEYEIFIE 60%~70%., 2555 5 AN
B2 TR H A R, R G LR R AR e A

231



2053
2018 4F- 3 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.20 No.3
Mar. 2018

PSR, S BORIFRE ST R LA A= R B
A BT +PGE-1 4 FE LSS 1 K, 4 HUE
Rl H RIS PGE-1 2 ng/kg, 3EZE7do =S

Xof BB 21 R A 2 A5 5] ey O A R ER K
1.3 —REIER

H S 56 e s AR R BRI AR AR R — etk
BN PR, WIGARE, KREi6, BERET.
THALRE S BAET R EFR I
1.4 FRARRE

Tl ARES 7 K, I T FOERIE.: Bk
7d KR OBZESWARBG, B FREG,
BRSRER, RIFAUE, RN LI,
e AN i 2V T K D A 5 A s 4 i 2H 21
BT 10% HEEHEW P EE 24 h, $I1EA A
AT IR AKRE - L (HE) Ye 8 (n=2) K40
JHTARI (n=8) ; AT A2 E T -80°CIK
N ERAE, FH A0 ik 41 21 7 GRP78., CHOP %%
HFRKF (r=10) .

1.5 BALRESKENE

SRAERRAS B 37 B BE I I ZE M ki 2 2,
B= FHARIE S G 2R 1 S R L, R RR A, ek
R LNRE R —FRAE T 80 CIERE M #5 T K
Ay, BFHIHR, Sk 2 d FREEE A H
A —%0fE, B ZTEIFid %, M Elliot 24
K= (BE—TE) /{BE | x 100%, THE KL
Tk, BRARET 37 CHERNRAT.

1.6 FRALFIEYE

20 mL 10% M [ 5 Y 08 v [T I 2 20 (24
Smin) 5, BERITAMNEE, BZ 24 h, WHRBER
WK, RS EH T AR R, JREE 3~5 pm,
Y HE Y, AR 2 s BRI F . WS4 4R
Y AP FEE .

1.7 FNBLRMATN

PR IRA% L 0 454 TUNEL ¥, P4k J 4 3
VIR RN, VERG G, A NH SRR 4
jk TUNEL Y2 ¥) -, BT 400 f5 Wi F, A5k
IR BEH S AN [T, S0 s A I 4 B 20
AR N =i ok = 1 R 5 R = G D W <]
ITHFIR
1.8 Western blot i% # M ¥ 22 28 GRP78 &
CHOP &HA

AL B BUbR A, TR R SDS-PAGE H
VK, 90 VIEL 60 min, T XFLEE (PVDF )

300 mA fHI 40 min, BHEE LR, TBST ZZ o
Wrh IR Ve, Al — . bt (LR
FREHA) R 1:2000 ECM A5 ) o X G BEGR T
oo R, BT, WARE I KEE(E S B-actin 5571
JREEAERY LUAE, RIS AR AR R A
1.9 HITESH

K SPSS 16.0 SeiH AR -1 T 48122 4
Bro THREBERIDIE + i (x2s) Fow, £
2H 6] He AR i 224047, 2RI P LR SNK-¢
Ky, P<0.05 FnEZRAGIHEE L.

2 #R

21 —RER
PR BT AW AL 7 d 5, Bk
H(127+1.7g) BIBARTX A (17.9+2.1¢)
(P<0.05) ; SXFHRATHAE KRR, BRI HE
KEAAFTIE, YA R, HILDIREREAL,
[ o0 B R4 11 . 4t PR, ATl
AREMAERG RN, XRS5 A LK
F A (I R SN AR AR
22 FJBAKXKBRRALAGSKENE

W ERBERNAN T KERKERAS
g 3 X (F=44.67, P<0.05) . 1 4 K 8 45 46
Y ZH ki 2 25 K (84.3% +1.5% ) 15 T i S
4105 +PGE-1 £ (79.9% + 1.4% ) J =5 S % MR 41
(73.6% +13%) (P<0.05) ; EEMi +PGE-1
LR AN ZH A K R s AN IR (P<0.05) &
2.3 BHXRMALREBLERSH

W5 R R, SRR K iz )2
PREAHIAE ST, AR SHAE, b AR A s
D&Y ) N == W D E it vy e o g )
HEIZETL, MukzimR, KA Egn, MBiRyoKm,
NS EEY TR FEMA Y, WP ARG i) S AE 20 A
R Z YA 20 mdb A o s 4 +PGE-1 4:
PN B A HES N 55, A28 b RBRGE R, S o
Fol R E AR A W S gD, MK st . DI 1,
2.4 FNALRMIETIEE

220 3 B K B 2H 48 TUNEL 4 (5,30 22 2 ity
P TR B A 25 R A S i A B L (F=982.63,
P<0.05) o e 440 477 5 50 2 il 2H 2R A U TR
% (36.4% +2.3% ) & T & % Mk B 05 +PGE-1 41
(30.9% +0.7% ) I 75 % B2 (5.6% +0.7% )

232



5520 % 55 3 1) b E S RILA R E Vol.20 No.3
2018 4F 3 H Chin J Contemp Pediatr Mar. 2018

(P<0.05) ; At +PGE-1 2H ki 2H 21 41 i )4 T-I85 s T2 S AR (P<0.05) o WHE 2,

*"Xﬂﬁ’fﬂ ﬁiﬂwbﬁ% ffiiéﬂ AT +PGE-1 21

E1 SHEARMEALRFEYR (HERE, x400) 23O IR AT UL G A HED R 5, A o) i
PR AL AT YLK 2L LA M AEDI ZEL, A 4 M B, SRR 225 T SRt O BN Le e, s SR 4 +
PGE-1 LN LML ARSI 457, AABUA2), WZLEURAE A A SPami /b, W2 A At K i ) i

llri "" L‘.éﬁ,‘h 'l\ . 3:__.' g
AR 0 .J o
L)

“ K. S \
P 1 R
Xfrﬂﬁéﬂ T A A AR 2] A +PGE-1 21

H/
|

B2 FEKXRFMALMBETIER (TUNEL @, x400) DAPI Y48, 23500 IRGR IR 2 4L b B 14
R UL, DAKHN R 2 R ik 32, WAz Y i € i S P A R 2 s H R 2o A A SR B R 1 s 1 6, SRR /MR,
BOBAE R T4 s v 25407 +PGE-1 R AT/ IMACe AR U 28 1 Sl i/

25 KAMAELR GRP78 K CHOP EHMMIZER
e S I A58 477 455 78 2 i 2 21 GRP78 . CHOP &
1A 3R 35 2 T e 48 B £ +PGE-1 4 A 28
XF 2 (P<0.05) 5 e 48 B0 45 +PGE-1 28 fii 41
41 GRP78, CHOP 4 [ Y 3% ik i T 28 U Al ] . -
(P<0.05) . W1,

m CHOP

£
T o144
S 12
. -
*1 KAMALR GRP78 & CHOP BAMRMLERILE ool
— g :
(x+s, n=10) = 8_2_
215 GRP78 CHOP 09
235 N AL 0.
2SN R 0.15+0.08 0.59 +0.07 W% w% ,\%%
U R AL 042£009°  166+0.15 T i e 0
O
Ui +PGE-1 41 0.29+0.06"  1.42+0.08" e e
FH 22.67 83.94 ‘
P4 <0.05 <0.05 & 3 Western blot % # il & 48 i 4 42 GRP78 &
CHOP &H  LEUNHIKAIFEL, 1. XIRAL 2. Uit
. e a /RG2S A IR, P<0.05; b /RS SNk ik BOBAL 3. S5 eURBHG +PCE-1 41, FEINEHHE (n=10) . asf
pidl ‘
R 55 S IRAL B, P<0.0S5 bR 5 B IR 13 0 0 40
P<0.05,

233



%204 53 ) P E S RILFEE Vol.20 No.3
2018 4F 3 A Chin J Contemp Pediatr Mar. 2018
3 ifig TE A R FAHI T BB S AH DG R i b A A8 1

B BT A LA AR R G T, ST R
AL LA RARST h i F B RIR T . A
FEMR R, KRG = AR PR L
Gy e S R I B 5 . o S D R AR HIE
Ep, mATFERILETE B, FEEEZmEIL
(A7 105 2R R AR J 1 A 1 o, D AR AR A A
R R A A EE B L v e S A 4 kA,
PGRERESOK, TG, ARk, AR,
Fe VR B AR RE R A R, A R ) o s P TR EL
Bl I T R L R AR, EAIREEN
AT REAR B AN M B, dEimE> T a8 pt, B
TICHh e FE B i B B L /D 2 J 5 440 i 178 3 i R i 8
BRNFRBEAEESNIETE, —EREL, ¥
M) i LY OB A, DA 52 Wi ki 2 78 B P AiK R Ge T B
B, T T pha g R T ik, s 7 pf
2 N & ) S R ey A | K= ) SR R o
o

Mo won, W JLNARZE SR, S5R%
FA 5 DX LA O P A T AR B & e,
Wik B R e & AR, SEERE
AR KRB 1 d A Y T4 18~20 AR L, &
J& 2 d MY T2 20~24 ARG IL, )R 3 d ST
Ziil 24~28 JEIIGIL, A0 7 d ST 28~32 JE A
MR = Lo BIZESE 1T AE R R, A TR = h
AT Lo BT AR R BRI & 5 AR LA,
Dorrell 25 " ¥4 3 d KEWEA 5% A/< 60 min,
FREEW A 24 h, 30 HhWpisihger: 14 5, f7i
9 LU H B 5, R SR LN R
— 3, BRI SR PR K ST e U 9 3
B, B I IR R LK D5 R T R B
S, SRS 7 d AR R
ZH 3 A R U ZHL 20 HEL S B A I 5 2R B, I
BHAR SIS RIS LT, i PN B J2 At s 2 A0S R
AW BAL, X5k HEE A —2C ", Dk
BRI 5 HAR ML, FT A DS X B 7= L s 48U
B PR SR AE AT AT I S AR

AT, BERE R A B A LI
AP T A An iar BVR A, B N 48 he
T AT D G5 A L 23R A R 5 08 1) R AE S g A
TR A T DRI AT, AT SR 4 B

AE o, TEE AR LG5 Y 25 5 R iR
T R IR AN S B M, e RO A R R 1
PERRSRE T RE ™, RI7E SV R IR R B A
KM, IANHIT B 2 7= — B B, RN R B
FENG 5T, A LR IUAE PR e A 08 7 S B M
PGE-1 VE N DGR AT A, A FLA Y sk i 4
B A& @ S VE R, B R R B A
TR M AN A, SEMIAR G4, PGE-1 {4
MG, WK, PGE-1 A i KRR AR
K BH IR AN A Tl B RE Sy, ki A R — A
KA R, S AT A TR T 0 &
JEM & A, GRP78 HEH R ERS R4t —Fp L1
PEAREE T, 7E ERS BFRIE3E N, Bl b mT Dhdds
ERS. A LR B & SR AT S E AR
N (UPR) Hr, ZREE T & W3 2 4 il b GRP78
FAREEE, 4R —Fh = 2 5 B L,
FEYARPE T, R SCEEAY TR ER ", CHOP J&
—~ ERS FEF MR SR 7, HRRsIRFT . A
Wo B, EWEN T, CHOP £ik K F,
ERS B, CHOP ZRik WM h0, w6578 N i
i) UPR A 2¢ "™, PGE-1 78 40 M B 5 Ak ik i 2
HEPPEER, 5400 5 R 2R 22 k2
B VTG Z R NG, PR IE T RE AR N ) o
Pr& B A A, A P S5 R 38 s o kAR 1
ARSI EER BR, mR AT SR K U418 A
KB B, R K B AR K RS TE
WA (SRR ESERAE 85% L) 7d A,
GRP78 J¢ CHOP £ A XS R ik s R S Th i,
N2 PR T ERE . PGE-13RY7 J5, GRP78
K CHOP Z& AT &k s i N, o F e
BT 5 R A MK b e 2 it A7 A [ R B i

ZE LTIk, PGE-1 X A= KB 075 5 I 6
iR R ER, HALHI AT RE bt ERS iR T
] GRP78. CHOP 31k, MM#pdl4upid .

(& % x k]

a5, TR0, % . Toll BEAZIR 4 7 A=/ N B e i AUl
WP VE (1], a4k |, 2012, 28(2): 98-103.

BEEAR B AE B O LRSS R (). R SR L
BIA4EE L 2012, 27(5): 339-342.

Goren B, Cakir A, Sevinc C, et al. Uridine treatment protects

(1

(2]

[3]

234~



F20E 3
2018 4F- 3 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.20 No.3
Mar. 2018

[10]

[11]

[13]

against neonatal brain damage and long-term cognitive deficits
caused by hyperoxia[J]. Brain Res, 2017,1676: 57-68.

KT , VERZ B RS . B A S O AR T 1] 2E
YIS A Y P | 2007, 34(11): 1136-1141.

Salmaso N, Jablonska B, Scafidi J, et al. Neurobiology of
premature brain injury[J]. Nat Neurosci, 2014, 17(3): 341-346.
BHEAE, BIET WAL AT R A R e U A
B AR SEHLE [J]. ILZREE 24 | 2016, 56(31): 40-42.

FEVR L RCBKAE RS L AL P BT IR N I B A G 4 T
GRP78 Bz CHOP TEME RN/ U b2k A2 4L ()], H#K
BERIR 2R, 2011, 32(1): 90-94.

RN, EARE, BRI, S OB R B S AR
WFSE (1] AR LRGSR L 2014, 29(1): 54-57.

Rumajogee P, Bregman T, Miller SP, et al. Rodent hypoxia-
ischemia models for cerebral palsy research: A systematic
review[J]. Front Neurol, 2016, 7: 57.

Semple BD, Blomgren K, Gimlin K, et al. Brain development in
rodents and humans: Identifying benchmarks of maturation and
vulnerability to injury across species[J]. Prog Neurobiol, 2013,
106-107: 1-16.

Dorrell MI, Otani A, Aguilar E, et al. Adult bone marrow-derived
stem cells use R-cadherin to target sites of neovascularization in
the developing retina[J]. Blood, 2004, 103(9): 3420-3427.
Kurul SH, Yis U, Kumral A, et al. Protective effects of
topiramate against hyperoxic brain injury in the developing
brain[J]. Neuropediatrics, 2009, 40(1): 22-27.

Benderro GF, Sun X, Kuang Y, et al. Decreased VEGF

235

[14]

[15]

[16]

[17]

[18]

[19]

expression and microvascular density, but increased HIF-1
and 20 accumulation and EPO expression in chronic moderate
hyperoxia in the mouse brain[J]. Brain Res, 2012, 1471: 46-55.
Serdar M, Herz J, Kempe K, et al. Fingolimod protects against
neonatal white matter damage and long-term cognitive deficits
caused by hyperoxia[J]. Brain Behav Immun, 2016, 52: 106-
119.

Ritter J, Schmitz T, Chew LJ, et al. Neonatal hyperoxia exposure
disrupts axon-oligodendrocyte integrity in the subcortical white
matter[J]. J Neurosci, 2013, 33(21): 8990-9002.

Chen X, Orriols M, Walther FJ, et al. Bone morphogenetic
protein 9 protects against neonatal hyperoxia-induced
impairment of alveolarization and pulmonary inflammation[J].
Front Physiol, 2017, 8: 486.

Ogawa H, Kaira K, Takahashi K, et al. Prognostic role of
BiP/GRP78 expression as ER stress in patients with gastric
adenocarcinoma[J]. Cancer Biomark, 2017, 20(3): 273-281.
Jiang Q, Chen S, Ren W, et al. Escherichia coli aggravates
endoplasmic reticulum stress and triggers CHOP-dependent
apoptosis in weaned pigs[J]. Amino Acids, 2017, 49(12): 2073-
2082.

Gezginci-Oktayoglu S, Orhan N, Bolkent S. Prostaglandin-E1
has a protective effect on renal ischemia/reperfusion-induced
oxidative stress and inflammation mediated gastric damage in
rats[J]. Int Immunopharmacol, 2016, 36: 142-150.

(ARt T8



