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Effect of Polysaccharides from Rehmanniue Radix on Oxidative Stress and

Apoptosis of Neonatal Rat Cardiomyocytes Impaired by Hypoxia-Reoxygenation

PENG Hui" , ZHANG Hua-long
( Xingtai People’s Hospital, Xingtai 054031, China)

[ Abstract | Objective: To investigate the effects of polysaccharides from Rehmanniae Radix (PRR) on
oxidative stress and apoptosis of neonatal rat cardiomyocytes impaired by hypoxia-reoxygenation ( H/R), and its
potential mechanism. Method: Cardiomyocytes of neonate rat were isolated, cultured for 72 hours, and then
randomly divided into six groups: normal control group, model control group, PRR (10, 20, 40 mg-L™ ")
treatment groups and SXN (100 mg-L™") treatment group (n =10). Six hours after the drugs were given, the

survival rate was detected by MTT; the activities of aspartate aminotransferase ( AST), creatine kinase ( CK) and
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lactic dehydrogenase (LDH) in culture medium were detected; the activities of superoxide dismutase (SOD) and
catalase (CAT) and the content of malondialdehyde ( MDA ) in cardiomyocytes were determined; the apoptosis
was observed by flow cytometry, and the apoptosis rate was calculated ; the mRNA expressions of B cell lymphoma/
leukemia-2 (Becl-2) and Bel-2 associated X protein ( Bax) were detected by Real-time PCR, and the ratio of Bel-
2/Bax was calculated; the protein expression of Caspase-3 was detected by Western blot. Result; Compared with
the model control group, the survival rate of H/R model group was significantly decreased (P < 0.01), the
activities of AST, CK, LDH in culture medium were significantly increased (P <0.01) , the activities of SOD and
CAT were significantly decreased (P <0.01), the apoptosis rate was significantly increased (P <0.01), Becl-2
and Bax mRNA expressions were significantly increased (P < 0.05, P < 0.01), Bcl-2/Bax expression was
significantly decreased (P <0.01), and Caspase-3 protein expression was significantly increased (P <0.01).
Compared with the H/R model group, the survival rate of PRR (20, 40 mg-L ") treatment group was significantly
increased (P <0.05, P <0.01) ; the activities of CK, AST, LDH in culture medium were significantly decreased
(P<0.05, P<0.01); the activities of SOD, CAT in cardiomyocytes were significantly increased, and the content
of MDA was significantly decreased (P <0.05, P <0.01) ; the apoptosis rate was significantly decreased (P <
0.01) ; the expression of Bcl-2 mRNA was significantly up-regulated, whereas the expression of Bax mRNA and
caspase-3 protein were significantly down-regulated, and the ratio of Bcl-2/Bax was significantly increased ( P <
0.05, P <0.01). Conclusion: PRR had an inhibitive effect on oxidative stress and apoptosis of neonatal rat
cardiomyocytes impaired by H/R, which may be related to PRR’ capacities of improving the activity of antioxidase,
raising the oxygen radical scavenging effect, up-regulating the expression of Bcl-2, down-regulating the expression
of Bax, increasing the ratio of Bcl-2/Bax, and inhibiting the expression of Caspase-3 protein.

[ Key words ] polysaccharide from Rehmanniae Radix; cardiomyocytes; H/R injury; oxidative

stress; apoptosis
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AR # 2 2 , F A5 AN W 5 (A 4R K Zhao 45 Al
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Fo Mg (AST) , WIURR B ( CK) |, FLIR i U B (LDH) |
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£ (MDA ) , AnnexinV-FITC 4 g 98 T ¥ 9 32 771 & &
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2 F]) ,MCO-20A1C B! CO, 4N B 3548 ( H A = 1R 4E
A1) ,BS-300 4= [{ 3h A 4k 4 A AL (TR I 3 5 A8 4 B
JTHL TR A PR A H] ), UV-1800 PC B 48 4 -1] I, 43
JECEE T INBF R R F AL 25 A B /A 7] ) , Maxygene
I 215 B ¢ ' 22 it PCR(Real-time PCR) 47 3§ 4% ( 38
E AXYGEN A H]),DYY-11 % Z B H ik {X S JY-
SCZ2 TUH Pk A (LS —AUERT ) o
2 Hik
2.1 LRI B SingT e TS
B 38 40 40, BT )5 22 0. 1% 1 B 4 4k (37 °C,6
min/ ¥R ) Z 20 UEHH A 78 5 I B WO 1500 xe
min "' B0 10 min BUIUTE, A8 ARG 35 3 (10% Jifi 25 1
% DMEM, 9% 1 x10° U-L™ A 8 £ MEER %) , K
FI5) B e 1.5 ho WOHE R U B 40 i, 0 8 40 il &2
6 x 10° A~/L, 4570 T 35 mm B3R 8L, 48 37 °C 5%
CO,,100% M FE 15 5% 72 h J5 T 555
2.2 YifESrEH S H/R Sifn Rl 6 &K%
72 h J5 B EAREL B LA, BEAL > R 2s 4L, H/R
B2 PRR(10,20,40 mg- L") FHigl"™ f4F i
TS (SXN,100 mg-L™") T HI4l, H4li% 10 4
AL, BRAEAHN, HAKHY S B ST i
(77 1 8 H/R 540500 UL 40 AR 8 | 3 25 0 o
AL A TS LL 95% N,-5% CO, 1R &S M fl 15
min [ ICHE 6 IR 2 mL; 55 A S48 & N, A
95% N,-5% CO, IR A, | L-min~';15 min 5,
Je BB AE A S E T AR SR AN
2.5 h, ik BB B A . FTIF B &, U BE SR, K
HOEVE W, AL 2. 5% BB 4R LTS DMEM £ 35 3
2 mL, B THFANSEEEFE 2 h, IR A E
o BA G W REE LR, A B O k|
Vo TR SIS S A AR B AR SR A
PR G A S S B Ty o N i A T i 45 2 ST B 4
AT, FHUE RN 6 h,
2.3 HMEAEISEARRRIRIN 25T 6 h K dn g
% 96 fLEE M, A 6 N E AL (n=6), 3 51mA
MTT #i(5 g-L™",20 pl/fL) , 4kLE35 5% 4 h J5 % 17,
HIA DMSO (150 L/ fL) #E% 15 min J55E 490 nm j
KA A SR IF T A THEAS A7 R
MMLAENE R = (A /Apy) X 100%
2.4 KiFESE AST,CK,LDH &Mk I B 4n g
R FE W H IR AST, CK, LDH 3% 1 K6 0 38 3] &5 $ 4F
Tk A0 BR 5 A Ak B AN S 45 2H A0 i B 3R
AST,CK,LDH %4,
2.5 Ziffarh SOD, CAT % M F1 MDA & 5 1 6 il

YU B 38 Aok R P 3 A R A A K v AR B 30 s,
%64 °C°F 3500 r-min~' B0 10 min b Hf 5 B L 7
W, K 38 2ok 28 -1 UL 43 501 B I S 2% 2H 4 i 2R
W rh SOD, CAT Jif 4 LA Je MDA & &

2.6 MU TORORRIN SR A 0. 25% JBE I AL O B
DA, 26 PBS ¥ Wk %% 5 4% B AnnexinV-FITC
200 J6 080 R 0 R R 4R AR O vk AP 3R, A 500 L
Binding Buffer,5 wL AnnexinV,5 pL PI J5iRA), Eik
HWEOLHFE 10 min J5 8 8 Ui 2 4 AR D 25 2H 20 i
AT RGO T3

2.7 MR T A B Bel-2, Bax mRNA 3k
ARSI 3E ae PR % A B KB Bel-2, Bax, B-actin Ji&
K cDNA JF 5 5F it =3 L R igl (R 1) w3
TH A IS 25 2 40 B, i G & Trizol 1285 42 UL
RNA, I 7€ & RNA ¥ B2, B 1 pg RNA e #% 5% 08
c¢DNA, 17 Real-time PCR Jz ., LI B-Al 3h & H
(B-actin) N2, iy JK B2 (B 2E 47 2 € & 53 B Bel-2,
Bax mRNA ik, 3115 Bel-2/Bax £ik,

#1 PCRII¥EFF
Table 1 Primer sequence of PCR

SN EiE7]
Bel-2 i 5'-GGGATGCCTTTGTGGAACTA-3'
TUF 5'-TGATTTGACCATTTGCCTGA-3’
Bax 1 iF 5"-ATCCAGGATCGAGCAGGGAGGATGG-3’
TUF 5'-AGATGGTCACTGTCTGCCATGTGGG-3’
B-actin b iF 5'-CCTGTATGCCTCTGGTCGTA-3"
T 5'-CCATCTCTTGCTCGAAGTCT-3’

2.8 #ffirp Caspase-3 KRB ZSM 2.5
I 5 7 B4 B 2 A BB, 12 000 1 min ~ IG R (4
C) &0 20 min BULHE , R H] BCA 3L 8 H & &8 )5 17
FEARE, LA TR (15 35 B 8 45 30 RS 5 I 5
ISOIN Y NI E S AR CH NG B NG SR G
M 2 h, —¥i(Caspase-3,B-actin)4 CHH 1l %\ Uk
i AR AR R EEE 1 h 54 ECL R0, DL
JKBEAE R H R IR I AT E T .
2.9 GEiteEar bt R SPSS 15.0 GE it~ it it
ARG b PR R DL x 25 R, IR R
21 ) 5 B L BER ] One-way ANOVA 347, K% R}
KX K%, L P <0.05 N2 RA G X
3 #R
3.1 X H/R #0530 B WUAR IR 10 R 5
25 AL LA, B H/R LR 20 3 BC JUL AR T A7 37 5
HLF AL (P <0.01) ;4 PRR 20,40 mg- L~ '8 SXN
TH6 h J5 , H/R 45805 3L KL LA M A7 35 =2 0 8 T
- 157 -



222 B 23 1
2016 4 12 H

RESSEAFZERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol.22,No. 23
Dec. ,2016

B (P <0.05,P <0.01);PRR 40 mg- L~ 15 41 41 jifg
AR UL T SXN FHI4L(P <0.05), k2,
#2 PRRI H/RBGAROIAMAEERMOHI (x x5, n=10)

Table 2 Effect of PRR on survival rate of neonatal rat impaired by
H/R(x+s, n=10)

£H 3] J 4 R /mg - L7 FEHGH/ %
zs - 96.8 +4.2
H/R i - 43.7 +5.0%
PRR 10 49.1£5.6
20 68.0 7.1
40 82.5 6.8
SXN 100 71.3 £6.4%

FEHE A P <0.05,” P <0.01; 5 H/R B4 D P <
0.05,Y P <0.01; 5 SXN F-HidH [L#> P <0.05, P <0.01(F£ 3 ~6 []) .

3.2 XF H/R 45145 2L BLcs LA i 85 3% 35k s ALt
PER 2 M H/R BSR4 2L 5O L 40 ff 8% 9% 5L
AST,CK,LDH JG M S M4 B E T 5 (P <0.01);
2% PRR 20,40 mg-L "5 SXN FH#i 6 h /5, H/R /5
FL L LA B 85 55 B v AST, CK, LDH 3 P W] i %
(P <0.05,P <0.01) ; PRR 40 mg-L " 15 41 41 L
K& CK, LDH 3% M B AR T SXN T4 (P <
0.05), W3,

3.3 XF H/R #5045 2L B0 L AR Bt 481 il TR 1 A
MDA & &0 H/R FRZH 2] 50 WL L SOD,
CAT JGPE# %S U240 1 3 AR, H MDA & & i # 7t
B (P <0.01);% PRR 20,40 mg-L™ ' FHi 6 h 5,
H/ R34 5 7L B0 WLAH 2 SOD , CAT i 14 BH 8 7 /&

%3 PRRY H/RBGIAROCNAREEREHOMBEENZM(x£s, n=10)

Table 3 Effect of PRR on activity of enzymes in culture medium of neonatal rat impaired by H/R(x =5, n=10)

2 ) e B /mg- 17! AST/U-mL ! CK/U-mL " LDH/U-L !
25 - 19.4 £3.2 1.4 0.4 508.7 £76.9
H/R #7 - 35.8 £5.7% 2.7 +0.6% 912.6 £158.0%
PRR 10 30.7 £6.2 2.4+0.6 839. 1 +164.7

20 26.3 5.8 1.8 £0.5% 768. 4 +150. 2%
40 23.0 4.6 1.5 £0. 4% 621.8 £134. 9%
SXN 100 25.9 +5.1% 1.9 £0.5% 760. 2 + 145, 3%

MDA &4 B & [ 4% (P <0.05,P <0.01) ; PRR 40
mg L™ T HIZL CAT 16 3% 5 T SXN T HIZL (P <

0.01) ,MDA & &I RALT SXN +H4{ (P <0.05)
W4,

F 4 PRR3 H/RIBGIAROAMEH SOD,CAT FEF MDA EEH M (x £5, n=10)
Table 4 Effect of PRR on activity of SOD, CAT and content of MDA in cardiomyocytes of neonatal rat impaired by H/R(x s, n=10)

21 5 A R B /mg e L SOD/U-mg ™" CAT/U-mg ™! MDA/ pmol-g ™"
2 - 124.0 +15.8 31.7 +4.8 5.9+1.6
H/R F#! - 61.7 +13.2% 18.0 +3.5% 12.2 £2.5%
PRR 10 72.9 +14.0 20.5 4.2 9.8+2.2

20 90.5 +17.8% 24.6 +3.9% 8.3+1.7%
40 98.1 =16.3% 28.1 4. 6% 6.5 +1.4%
SXN 100 84.7 +15.1% 20.9 3.3 7.8 +1.9%

3.4 X H/R 5405 50 B0 LA A 8 TR 350 A 5
HIE# 4 i H/R B8 41 ZL R0 L0 08 7= %
3% 42 %% H/R #5720 , PRR 20,40 mg- L™+
HAM P T B B E WA (P <0.01), HHHEFATHR
R 52 A, H/R BRI A 2L B0 LA A R 1
g 2T} (P <0.01) ;% H/R %40 PRR 20,40
mg- L™ T LA SXN + 75 41 240 M 4 7 3R B 8 [& I
(P<0.01);PRR 40 mg-L ™' T FiZH 40 fa i 778 5. 3
ik T SXN T4 (P <0.05), WK 4,
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F4 PRR3 H/RIBGEAROMAMBATHIIME(x+s, n=10)
Table 4 Effect of PRR on apoptosis of cardiomyocytes in neonatal
rat impaired by H/R(x s, n=10)

21 31 JR R W S /mg- L FT-R/ %
25 - 3.8+1.6
H/R B - 47.4 +6.5%
PRR 10 42.0£7.3
20 27.9 +5. 6%
40 16.5 4. 7%
SXN 100 23.8 +5. 1%
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3.5 X} H/R #4570 B0 LA AL Bel-2, Bax mRNA 3%
SEFI Bel-2/Bax (52 M H/R B 4 3L 5o L4 i
1 Bel-2 Fl Bax mRNA 383k 55%5 (1410 B TH & (P <
0.05,P <0.01) ,Bcl-2/Bax [ Z AL (P <0.01) ;Ti%s
H/R #i % 4 , PRR 20,40 mg- L' T 15 41 40 L Bel-2

mRNA % 35 B & 8 (P < 0.05, P < 0.01), Bax
mRNA 35 8] 8 F ¥ (P <0.05,P <0.01), Bel-2/
Bax {8 %7} (P <0.01) ; PRR 40 mg-L ™" T Fi 41 40
Il Bel-2 mRNA %35 F1 Bel-2/Bax £ ik W & & T
SXN FHi4l(P<0.05,P<0.01), LS5,

%5 PRR Y H/REGIE O Bel-2,Bax mRNA %A F1 Bel-2/Bax KA M (x5, n=10)

Table 5 Effect of PRR on expression of Bcl-2,Bax mRNA and Bcl-2/Bax of cardiomyocytes in neonatal rat impaired by H/R(x +s, n =10)

2190 e B /mg- L ~! Bel2( x107%) Bax( x10 %) Bel-2/Bax
2 - 35.8+6.0 64.9 +17.6 0.55 +0.26
H/R #i % - 46.2 +7.3" 120.5 +25.7% 0.38 +0.17%
PRR 10 51.9 +6.8 102.7 £31.4 0.49 £0.20%

20 58.7 +7.5% 86.1 +35.2% 0.68 +0.26%
40 70.3 8. 1% 74.9 +28.0% 0.94 +0.35%%
SXN 100 53.5+6.2 92.6 +33.1% 0.58 £0.22%

3.6 X H/R #4557l B0 WL4H i Caspase-3 ik 1
2 H/R BRI 2L B0 LAH L Caspase-3 Rk
HEAHHD EWH G (P <0.01) %5 H/R BRI,
PRR 20,40 mg-L ™'+ 4 40 }g o Caspase-3 F ik
B @R (P <0.05,P <0.01) ;PRR 40 mg-L ™' i
AL Caspase-3 ik I FHALT SXN T 14l (P <
0.05), W2 K&k 6,

Caspase-3
ﬂ-actin o SEem, ORISR SEEmEDS GRS gOmeman
A B C D E F

A.Z5 41 ;B. H/R B84 ;C. RPS 10 mg-L ™' T4l ; D. RPS 20 mg-
L' 34 ;E. RPS 40 mg-L ™" T HiZH ; F. SXN 100 mg-L ' T HizH
B2 &4 H/RBGIRCINAKFT Caspase-3 fRik

Fig. 2 Expression of Caspase-3 of cardiomyocytes in neonatal rat

impaired by H/R

%6 RPS 3t H/R {5 Z RO AL4A B B Caspase-3 5k ik §9 %
(xxs, n=10)
Table 6 Effect of RPS on expression of Caspase-3 of

cardiomyocytes in neonatal rat impaired by H/R(x +s, n=10)

21 51 o R B /mg - L Caspase-3/B-actin
Z=H - 0.23 0. 05
H/R #i7Y - 0.58 +0.11%
RPS 10l 10 0.53 +0. 14
20 0.40 0. 08%
40 0.32 0. 07>
SXN F i 100 0.42 +0.09%
4 itig

A A A 3E(ROS) AR5 % 8 2 5 BOWLIAR E Ak 1 i
103 00 T T BRI RE T A fL B SOD, CAT X 4
FRK N IE 8 A= BOIR 25 F 89 ROS 3h & 45 & % %5 &

BRMER BT LL SOD B CAT (4 3% 1 fig % 52 e
BRSBTS AL fE 7 7K 1 5 ik A1 4 B 5 2o S Ak 26
MDA 1 & 57K 7t i ] 42 Sz e B A4 527k 7 38
RRPE I O LA T P KO 2 I R 2 e L
20 M 5 7 1 AR AR TE AR FDRAS R, 0 UL
AF T JULAH B r i i 37 o 3 A A A 0 LA
it 5% 52 450 I o0 WL Tl 44 L SR TR A I 7T 2 AL 3 o0
JULEE AST,CPK,LDH i VEBESA G & , i LIV AST,
CPK,LDH % 4 fiig f% S0 b s b0 JIL 40 Jf 52 43 72 B

Mg -l B A M EN S, G
Caspase-3 F Bcel-2 P FE ", Caspase-3 J& ¥ 7%
AR TR R OGRS S AR T
Jei B BOREAS A T A B A T 5 Bel-2 R A 41 1) 2 R A4
W24, AT B4 5 08 T R 45 G A | Caspase-3
PRSI A T B8R Bax 4 T AR UR T AN i
PAY T A 7, DA T S 0400 A 400 B O T R 4 T Bax
J& T Bel-2 KM O, BA HRLRK B E
A T R R A B 8 FR C L U £ A T2 85 1 Caspase-
9, MFI BTN . Mo, Bax BEB 5
Bel-2 A B RAK, T I Bel-2 3 1 1 {2 2 44
MU P T, BT L Bax/Bel-2 HINAE S 7R B Bel-2 FE H %
T X 240 L R T g A

RSB KI5 25 A4 I #, 24 PRR 110l 6
h, BB A% i 25 AR H/R 352 43 2L B0 UL 48 5% 7% W
L LR (AST, CPK, LDH) 7KV, 2038 5t A AL il SOD,
CAT 357, JFFE AR MDA & &, 4278 PRR B89 A 20N
PR AL B IE T RS A T BR AR D), BE L H/R
40 3L B0 L 40 L Ak 0L 9o 3 5 OF H 48 PRR i
6 h J5,BEf% 3 LR H/R 545 2L B0 WLAH L Bel-2
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Z23K VT Bax 3K, 25 Bel-2/Bax, T 4 Caspase-3
BEEERIS, W B H/R 5145 30 50 WL 28 ff 0
5% PRR X H/ZR 58495 20 BLoc L4 B 08 T2 2 A
A

£ L ik, PRR BEWE i ik 40 i) 4 Ak I 345 s A

20 L TR H/R 45 43 2L RO UL A0 R B — i Y
PRAPE T 5 AE DL AT 68 5 H BOE $T AL B 1, 7
P TR OGP G (B Bel-2 35 i Bax £
ik, E Bel2/Bax) DL M M4l {2 8§ T (1 Caspase-3
RiEA K,
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