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[(FZE] BH TSRO B R0 (HIBD ) #rA: R B X A5 B T (CRT) 193k
A PR RS Ca™ WRHE DL A eI T 2 i B T RERO IR BT . ik 7 HIRHTE KBNS %t BB . ik
F B MBI, AL ABEB NS 3. 6. 12, 24, 72h 54, 4110 K, 2 Rice %
il £ HIBD AH 5 X FRATAS T il Bl A b B s S BT B4 T A5 7 B G s v B S R (10 m/kg) , HE
H 1k, %M 3 d, RT-PCR & Western blot Bkl CRT mRNA M2 (92687540 s 5 5 (URE v 46 100 G 41 it v
WEES Ca™ WS VaRAIMARKMMZ T %, SR BB 4R S BT 4 4 ]S CRT mRNA R %
RO R TE R (P<0.05) , HLZET gl i 4 sk i 2 7 s BB & (P<0.05) 5 NIRIBSTE] A, 4
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[ PESRILRIZE, 2015, 17 (3) : 281-286]
[RBR] SRR, BCREUnERRG; SMEA; BT KR

Effects of Shenfu injection on calreticulin expression and neuronal apoptosis in the
cerebral cortex of neonatal rats with hypoxic-ischemic brain damage

LIU Wen-Qiang, XU Yan, HAN Ai-Min, YANG Qian-Qian, WANG Jun. Department of Neonatology, Affiliated Hospital of
Xuzhou Medical College, Xuzhou, Jiangsu 221002, China (Wang J, Email: snakewzh@sina.com)

Abstract: Objective  To examine the expression of calreticulin (CRT) and the changes of intracellular free
calcium and neuronal apoptosis in the cerebral cortex of neonatal rats with hypoxic-ischemic brain damage (HIBD), and
to investigate the intervention effects of Shenfu injection. Methods Seven-day-old rats were randomly assigned to three
groups: control, hypoxic-ischemia (HI) and Shenfu-treated. Each group (n=50) was subdivided into 5 groups sacrificed at 3,
6, 12, 24 and 72 hours. Rat models of HIBD were prepared according to the Rice's method. Rats in the control group only
underwent the separation of right common carotidartery. Shenfu injection was administered by intraperitoneal injections
right after HI insults and then once daily at a dosage of 10 mL/kg for 3 days in the Shenfu-treated group. The expression
of CRT in the cerebral cortex was detected by RT-PCR and Western blot. The free calcium concentrations were determined
under a fluorescent microscope. The apoptosis rate was measured by the flow cytometry. Results ~Compared with the
control group, the expression levels of CRT in the HI and the Shenfu-treated groups were obviously up-regulated (P<0.05),
and the expression levels of CRT in the Shenfu-treated group were notably higher than those in the HI group (P<0.05) at
all time points. The concentrations of intracellular free calcium and the apoptosis rate of neurons in the cerebral cortex
in the Shenfu-treated group were significantly reduced compared with those in the HI group (P<0.05), but increased
significantly compared with those in the control group at all time points (P<0.05). Conclusions  Shenfu injection may
have neuroprotective effects against HIBD by up-regulation of CRT expression and relief of calcium overload.
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B A L S 1M ki 45475 (hypoxic-ischemic
brain damage, HIBD ) J2& H T £ Fi A4 ) %= B 5] &
(AP A3 B e AR AR, i I A 9D B A T
LSRR U vy, BT EB A LA
PEFET- RS MR 2 R i iy R R 2 — 1,
AR KR AL TC R A A, A R PN A R O BRI
SR 5| HIBD fy#Ld 2 —, %S M & H

( calreticulin, CRT ) £ A PN 5 W H 5 —Fh Z T 43
TR, TEAERFAE AN Ca™ RS Th R EEAEH
H RSN . RFERIPE T2 HIBD B £ 0AET
PIPIRD 2K, i e A e L5 B0 3R R T b 22
JCAET - FE S QM T A 5 P

S SR ) F LA R NS R B 32k
AW, RDINAERSE . BRI . R
LA MBI IR T AR A RAFI O ERT, I4Ek
AF 5T 32 B0 SR X 750 G 5 1 o A AR - 1 £ 4
PERP, T4 M Ra o & S S e s
HIBD 34 K S onii Ty kA, HHEXS T
HIBD J& CRT &AL ANAEA Ca™ Msgmainfal, [
PO A ILARIE . A TZ50 S M Rice 2 P @257 HIBD
BAY, RSB RO HIBD J5 BB IX Ca™ 156
HH CRT ik MM & ITI T2, S-S
SRHACTE HIBD S8 AE KB b ] REAY I R A B
1 RS
1.1 =WzhY
7 H & #r4: Sprague-Dawley (SD) K, &
12~16 g, WEHEARR, F AR s 2 B 52 50 sl ) rhocs
ik,

1.2 FERHA

Trizol Reagent ik K Invitrogen NI P
RT-PCR 1257 & T st RARAE AR FRA F]
1Y BN S LA T AR AR RS A R A
Pefit; P CRT Z 5 EPUAI T2£E CST A,
P Pl B -actin —Pi . P FIL R
i EMBEARARA T ; Fura-2/AM H Sigma 23
R A, SN SR A = LA BR A R AR
P2 (A5 220043116)

1.3 R BIRHI & R 58

B SD R ERBEAL T F X HRA | kA it 2H

ST 4. 208 Rice 75 ™ i 4/F HIBD #4. Kf

Az 7d SD KEHTCK Bk A BRI S5, B0 R
A7, VOB e FFARM L, S0E Y J ik,
s A M EE sk, 222453, /0, g
B ; EERE 2h, FE T RFN 2000 ml,
JHRETA CO, MR A MK . SR AR FHE M
EAA VBB N BRERSET 37°CKE T,
DL 1~2 L/min [ BEH AT 8% . 92% AW
RAAMK, ik 2h, M. X IR AR
VITF A SR Sk B R, g4, &5 biH
Je WP IE 25 Ro ST A T 15 A K 2 )i Sz B
I VE B S M S (10 ml/kg) , AR H 1R,
B 3 do BB N TS AL 5 5 X B2 —[R]
AT A PRER K T 5 o 4% A 4% FROWL I 1]
AN[E 2 BB S 3. 6. 12, 24, 72h S
A, Y10 5, Hph 8 HJUTRR . EH.
Ca™ YR SAAT R AGRM, 5540 2 R THARE -
e (HE) 4efs,
1.4 HE LBHRAHE

I3 B A AR A R A I R A e R A A
FHEE . K. AWEEE, T HA M,
S5 — R 24 T H- I FTZE 2 mm KF CEDAR Y TR
W 13807 AT REIRAI I ZIY) -, R HE Jefa
e T R K Z B 2O HAR A
1.5 RT-PCR #illl CRT mRNA &£

R i R Mk K2 2 bR A%, TRIzol i 7] $2
BUALRNA, SR 0 3% sl R &, #e IR EA
P AE 2D BR 347 36 5% 5k I V. CRT 51 9 5 41
b % 5'-CAAGGATATCCGGTGTAAGGA-3',
T W% 5'-CATAGATATTCGCATCGGGG-3', 7
YK B 445bp; N S B-actin 51 ¥ ¢ 4. I
¥ 5'-CGTAAAGACCTCTATGCCAACA-3', K f
5-CGGACTCATCGTACTCCTGCT-3', 7= ¥ K J¥
229 bp, PCR Jx 1 & % (25uL) : ¢DNA 3 pL,
2 x Taq PCR MasterMix 12.5 uL, I F i 51 ¥ %&
1 uL, ddH,0 7.5 uL, PCR "3 41F . 94°C i
P 3 min; 94°CZEME30s,55°C( CRT )/57°C( B -actin )
Bk 30s, 72°CHEM 1 min, 30 DMEIR; 72°CH-IE
it 7 min Z 0BV . B 5 ul PCR P*WI7E 1.5% 3Eh5
WHEERCHLIK)S , FHBER BUR T R G434 . FARE,
5L H M 5 NS S K EE(E U E RN
1.6 Western blot #:ill CRT ZEH& £

BUBr et A7 M KM B2 J2 2120, ] RIPA 24 54
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R fE M, BCA LM E R, M5 SDS-PAGE #E
JEHL K, TR NC B, —30 (1:100) 4°CH#
B EEE . DAB ERASFHAME, H Image
VBB T RGeSty IR BEAE, I8¢5 0T o
1.7 BAATES Ca® iRENE

AN s i) 5K 5 2L A AR BRI D ) BB
E T Hank's W (pH 7.4) , 43400 K e )2
MU IE BT, B AR 0.125% EEEN AL 3~5 min J5
H 10% /N I35 B9 DMEM 2% 11351k, 200 H it
i J5 1500 r/min 50> 5 min, 3 L, Bk 40 i
FVET Hank's Y H ) B 20 B . B R B
1.5 mL 1A 1 mmol/L /) Fura-2/AM 7.5 pL, 37°C
TR 40 min, FH Hank's VEPEE 2 IR, &%
J& Hank's ¥ (pH 7.0) 277, F B 4004 WA
B — i T b, W R
2 min, PN BB RN, P EIR T R
SR B G 240 L R B, Uk B R 340 nm
1380 nm, KK A 505 nm, F340 nm/F380 nm
FUAE S B Ca™ W B .
1.8 RRMEEARUSHKMEEHETTHTE

BRI R S22 E T PBS R BTE, K
BLOE Y PBS FiBe 4 mL, REMKAT 20 K, UL
YE 5min, WV, 4200 HIE Mg 2 v, Hil
FRCEAAH R, LA 700 mI/L 2 FE 4°C [ 5E 12 h,
ALET A PBS Fi ke, FRRES.OE BTE, A PL

Xof R4

& 1
Wy BB M AT AT R, RBUEOR, TR UL,
PRIRRER, ZEEK kAL

2.3 HAAXRRFEEA CRT mRNA REBHIRIE
T

S A i 2 K 2 B AL 4% ) TR S CRT
mRNA 2 2 /) 26 38 7K F 35 & xF B 41 7 &
(P<0.05) ; SHEHUMAEM LR, ST g%

BRI 2L

BREGRIL 72 h 24 M R R IR ERBLEE (AN - DY, x 400)
TR BEMI R, R . RS S M B S s R

Yeifi, 4°CHOGHE 30 min, 24 h AR 400
SR
1.9 HiTEHH

R JH SPSS 16.0 e i Bl AT 5e 7 1
BT, THEGORIIEL = bR (Rxs) R,
ZH A LA T BN R 07 2290 0, 2R IR P LL SR
FH LSD-t #5565, P<0.05 F2ERA G245 X,

Z#R
2.1 HIBD X R—#%I1E5R
BRE 2 10 min 5, FTAT B AR K BT 46 0T A
e, BEEDI LA B kA, PERm e, 2k
SEAER, AT AE S R A s BRAEE]A 30 min
P BJE, &SIk 1 h 5 I RE A
2.2 MALRELT

AR BRI 72 h 5[] SR AH 2R 48 HE L 5,
JEAT G WA SO A B X HEZH ik 2 2R 454
A2 UOEMT, Mgy 85 5%, BEE
TEH 5 R AR 2 s AR DX ZH 2 4 i ] PR 3 K
YUARFRET, KAPEAE, BV MARFIE I,
FUBAS . RYY, AR E K, RS B AN
SER, BREREEE, JHEAARIAE, RN
45 . AR 2 BT o 2H 4t A HE S 1 A
TRFRE R, SRR, W 1,

Zf T
XHRZH A HES B, EASIE

Ff i) 45 CRT mRNA B8R 1 2238 7K P iy B i
i (P<0.05) . CRT mRNA 23k /5 I 4 90 7 3 45
J& 12h, CRT #1235 M0 A& BS 24 he
LI 2~3,
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bp Marker 3h  6h 12h 24h 72h 6h 12h 24h 72h
600 CRT
400 55 kDa
B-actin
200 payiieii
e 3h  6h 12h 24h 72h
bp e cL o _ o
600
400 f§ CRT e
200 g ot 3h 6h 12k 24k 72h
bp Marker 3h  6h 12h 24h 72h Elimmit
600
400 CRT 24h  72h
ST AL
A A
= X 0.6 = AL
AR A w AR 2
= ST 05 ab w ZHTH4
1.4 1 a,b a,b a
b
1.2 1 2 a,b = 04 4 ab a &
a,b a ab g a,b a a
1.0 1 a a = a
= aab = 03 A
S 0.8 S
&
£ 06 0.2 1
&
0.4 1
0.1 7
0.2
O EEN________EIEm 2 &=m  =.. =m . =
3h 6h 12 h 24 h 72 h 3h 6h 12h 24 h 72 h
B B
2 RT-PCR il & AR E R E s CRT mRNA K& B 3 Western blot #:ill & AR E B8] s CRT EH K
% A B HAIRB ] A CRT mRNA BBk &R, B N&EHA Rk A S HARRIB ] S CRT BEA L E. B SRR

[FJAF[E] 5 CRT mRNA Fk R GEHHDIRE (n=8) 5 a REXFHRL
L, P<0.05; bR SHAHMA LR, P<0.05,

[8] 25 CRT 2R AR NG THARE (n=8) ; a 7n 5% B4 LA,
P<0.05; bR SEEH A L, P<0.05,

2.4 HBAMMIAEES Ca® iRENTN NI PR Ca™ vk FE B BRIl 4H PH S R
Sl AR I 2H 45 TS ) M A0 6 P S Ca™ {EA B TR (P<0.05) , HIFE Ca™ /KBl
B IR TR (P<0.05) , JFBEEREIHERS , A HERS W T . DL 1.
TS Ca™ KO- THE B Wi 2 TS ST
F1 BAFERESAENKEEMEMEE NS Ca® REHTL  (xzs)
ZH 5 n 3h 6h 12h 24 h 72h FAH PAY
X HE A1 8 1.05+0.14 1.05+0.15 1.03+0.13 1.06 +0.16 1.02+0.15 0.573 >0.05
i AR 4 8 140£0.12"°  1.62+0.15°  1.95+0.14"  2.12+0.16°  226+0.14" 53.745 <0.01
i 8 126+0.16™  1.40+0.14"  1.63+0.18"" 1.89+0.15" 1.99£0.15"  47.494 <0.01
FAl 25.947 66.721 98.743 121.084 147.853
PA{E <0.01 <0.01 <0.01 <0.01 <0.01
e a nSXTIRA LA, P<0.05; b s SEMESAEL L, P<0.05,
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25 BHEAERESKEEEHRETEATE FALLHL, 2 BT S002H 4 i T s ) i 28 0 00 T 44 )

X N 2 45 ] T8] A5 B2 J2 Ao 28 T T R A A B AR, (BT TXPIRZE (P<0.05) 5 dRAEHRIN
SRR L AN S BT IR A I ) s ph 22 T2 RS T IR B BRINLS 12 h #h 2T T
PP IR W T (P<0.05) 5 iAgdéamtima e, Wk 2.

x2 BEARRERENKHEERZTETERILE

(xxs)

2851 n 3h 6h 12h 24 h 72 h F1i4 P1H
X AL 8 0.61+0.11 0.60 = 0.15 0.63+0.14 0.59 +0.12 0.59 +0.12 0.834 >0.05
R LA 8 172+025"  749+176" 1449+177"° 1131+1.12"  6.77 +0.58" 8431 <0.01
e R e 8 149 £026" 598+ 1.13" 11.09+1.77"" 8.19x1.08" 4.60+047" 79.48 <0.01

F1{H 16.06 59.13 117.57 94.18 45.92

P{H <0.01 <0.01 <0.01 <0.01 <0.01

T an ST IRALILER, P<0.05; b s S s A Al LEL, P<0.05.

3 i
R SR 1L B8 M 45 05— P o3 A D M A
(ZEJT 4~6h) FENRIZHFARAR & S (2
BUG 6~72h) PIABYBL,  RHAS T 5 0 dk S ok
M5 3. 6. 12, 24 LLK 72 h fE WSS S iR
BAVIIE S Ak R AT 2 K B it R i Na ™K~
ATP i, BRAHFHORGE Ca Wi, 1M Ca™
AEE, DT A T A N — R BRI Ca™ 19 2E 1L
SN, AT T CRT & N M b 20
Ca™ Z5G R, ALY YT Ca™ IEAF T 5
LIRS Ca™ KV, IHE RN G TS
HEATISE, AT GRS EAETS.

MR IR T2 Z R AEY 2 YIRE. CRT AELS Ca™-ATP
fiff ( sarco endoplasmic reticulurn calcium ATPase,
SERCA ) WEREALY C- diiK R FAEAEH], 24 5k
Hh Ca™ FEVRIT, W #ES, ATP G4, IR
N Ca™; MR Ca™ FT R, PIEZA,

PO ATP G ML, B Ca™ 1] A BT I % 52 45
1k, $R CRT A REiH I SERCA SEIRY Ca™ Fads.

H AT SCHR G T CRT FEBRIMBRAE . AT 85 3L
AMLUA TP PR M AT . ARGEIN Y CRT 2
5T AN Liu 9 RS R B, ERI0
J o7 I R R BV T v, SR IR S Ca™ MR T
w, Ca” P, CRT RikTHE, S5 Ca™ i
BN BT IR T, s T AN TERL
U2 SR 5 1) O B LRI L 2 P B 200 A A5 2
e, AR CRT AT LI 2 9805 A J5 9 17 3580 s 1 ke
EEVRFERT. 5 ERFRAHR, A iRIEIN N

CRT 33 35 18 i 240 O X5 0 T~ 3 3 R SRR ME . Lopez
Sambrooks 45 ¥ YIE S T 40 5 LAY CRT 34 i 1 40
R T R . Shi 45 PR SE IR T R R
FEABFIE L, CRT REfEHE MR 4L ry g =,
il fieb 8 0 L ) S A S A A0 . ARBFSE R, B R R
SR B2 2 h CRT B IA7EBR BRI )5 3 h BN E W]
WA, HAER IR BRSNS 12 h ISF i,
HEAE 24 h ik B e, BEJS B0 R RE, 72 h 758
WX RALL . P nT UHED CRT AH AR 5% %
R [ A ol S o LA IR A8 380 £ DR BRI B2 )2 P
T

ZMHESRIR TS, LS T4
SO TS A, R I NS
A SRR LR W0 T AF R 5T I 2 B S
B Z R 2 B A 2 e, SERL R
THERAA A B L, SIS B A e 7 A s il
i Ca™ N, MRS FERSRIER T, 9
FRRAERN; I BCL-2 #ik, Pl 40 r-a5 1,
2 5 M R S R SHRAEAR (S mb/kg) |
(10 ml/kg) o 7 (20 mL/kg ) AS [R5 28 18 i
FESHE XS SD R BSR4 47 Par 4, HLIEH)
AN KR, AR, Apseiksssh
FEREWSHEIE (10 mLkg) o BLIRAFFREE R
R HEEB M A AL, 2 BT T2 A 2H 21
o BB 47 B e, T EL B 2 X R TT i R TR
WETFE, UMb, ST & I 5 CRT Kb
TR BRI AL, MO Ca® YR EE W] A TR
BRI, $mZ TS T Ak B8 CRT /Y
ik, B BEORD M ZITIE T, I 3]
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