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Protective Effect of Salviae Miltiorrhizae Radix et Rhizoma and Puerariae Lobatae Radix

Extract on SH-SYSY Cells Injured by Oxygen-glucose Deprivation/Reoxygenation

CHE Ruomei, TU Shuxin, HE Xiaoli"
(Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing 100193, China)

[Abstract] Objective: To explore the protective effect of Salviae Miltiorrhizae Radix et Rhizoma and
Puerariae Lobatae Radix (SP) extract on oxygen-glucose deprivation/reoxygenation (OGD/R) -injured
SH-SYS5Y cells based on oxidative stress and apoptosis. Method: The extracts of the two medicinal materials
mixed in different ratios were prepared. Human neuroblastoma SH-SYS5Y cells were cultured in vitro and the

injury was induced by OGD/R. Cell counting kit-8 (CCK-8) assay was used to screen the optimal ratio of the
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two medicinals and then the extract was used for further experiment. SH-SY5Y cells were classified into normal
control group, OGD/R group, and low- , medium-, and high-dose SP (2: 1) extract groups (10, 30,
100 mg-L", respectively). Cells in the groups, except the normal control group, were rapidly reoxygenated for
12 h after 4 h OGD for modeling. Then cell viability was detected by CCK-8 and cell morphology was observed
under the microscope. The release rate of lactate dehydrogenase (LDH) , superoxide dismutase (SOD) activity,
and content of glutathione (GSH) and malondialdehyde (MDA ) were determined by spectrophotometry. The
level of reactive oxygen species (ROS) was detected with 2, 7-dichlorodihydrofluorescein diacetate (DCFH-
DA) and mitochondrial membrane potential with JC-1 assay. The nuclear morphology was observed based on
Hoechst 33342 staining, and apoptosis was examined by flow cytometry combined with Annexin V-FITC/PI
staining. Result: The viability of the cells was highest in the presence of the extract of the two medicinals mixed
at the ratio of 2: 1. Compared with normal control group, OGD/R group showed damaged cell morphology, high
release rate of LDH and levels of ROS and MDA (P<0.01), low SOD activity and GSH level (P<0.01), low
mitochondrial membrane potential, and high apoptosis rate (£<0.01). Compared with OGD/R group, SP extract
improved cell viability and cell morphology and reduce cell LDH release rate in a concentration-dependent
manner (P<0.01). In addition, SP extract at 30, 100 mg- L reduced the level of intracellular ROS and increased
SOD activity and GSH level (P<0.05, P<0.01), and SP extract at 100 mg-L" decreased the content of MDA
(P <0.05). Moreover, SP extract increased mitochondrial membrane potential, and SP extract at 30, 100 mg-L"
lowered the apoptosis rate (P<0.01). Conclusion: The extract of Salvia miltiorrhiza Bunge and Radix Puerariae
mixed at 2: 1 shows better protective effect on OGD/R-injured SH-SYS5Y cells. The mechanism is the likelihood
that it alleviates oxidative damage of cells and inhibits cell apoptosis.

[Keywords] ischemic stroke; oxygen-glucose deprivation/reoxygenation (OGD/R) model; Salviae

Miltiorrhizae Radix et Rhizoma and Puerariae Lobatae Radix; oxidative stress; apoptosis
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Table 1 Effect of different compatibility ratios of Salviae
Miltiorrhizae Radix et Rhizoma and Puerariae Lobatae Radix

extract (SPE) on SH-SYS5Y cells (x£s,n=3)

4150 R VR B /mg- L AR /%

2 HA 100.00+0.00
FHS B0 30 97.52+3.11
BRI 20 30 102.08+1.65
PFE AR AR A 30 102.32+4.08
PFE-EAR 24— A 30 100.55+1.45
PFB-ER TR A 30 96.08+4.18
FF&5-ER 2 REU A 30 101.03+4.89
PFE-FAR 4 TR A 30 97.98+2.10

Ei]| FRARWSE /mg- L AT R /%
2 HA 100.00+0.00
PSR 100 99.01+3.38
B AR B 24 100 99.69+1.20
FFZ-ER 14 R B A 100 102.10£1.26
PFE AR 2 4R A 100 100.32+0.96
PFE-EAR R A 100 96.60+0.66
FFS-EAR 2 1SR Al 100 99.25+1.31
P15 4 R A 100 96.87+1.61

3.2 R[EECR PS5 AR BEEUY) X OGD/R #i4%
SH-SYSY ZH ML 52 7 HE47 PF 2 - 55 AR 2 By
OGD/R #it 7i SH-SYS5Y 24 84 S 56 2 |1 , 1 & X OGD/
R P 455 SH-SY5Y 4 Jifd (1% ke 420 B[] 4 A7 8 3, i JFL %
20 A5 05 R 35 3] 40%~60% , B 8 4 1 Y R 4 4%
4 . Bt % B SR R SE K, SH-SYSY 21 it 7 1 {H [
IS, FE B4 4 h i 40 I AF TS R 290 57% , B Ui ke
FE ik BB 4 h A A 12 hAE o EOBE R 2 AR
WA AT R S 23052 %6 . 5 OGD/R 4L L, R
[f] b 49 ) 25 - 56 AR 4 B 2 40 B 77 T SR B T 4R
5, 7E 30,100 mg- L' JiT & ik R 3% B B i 2%
(P<0.05,P<0.01) , H i PF 2 - B M ECAL LL 5] O 21 1
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B, OGD/R i 155 SH-SYSY 40 M (0 17 1% X i &, 1
100 mg- L' JiT 5 & T K5 2] 84.04% , ik iU P+ 2= -4
MR 201 BE AL EL 49 £ 31 Y SR B DR AT S SRS 5 . UL
Fo2MFES3,

%2 FESEMELESSH-SYSY WABMEEE (its,n=3)

Table 2 Survival rate of SH-SYSY cells after different hours of

hypoxia treatment (x£s,n=3)

2H 531 S 7] /h YA LAF 5 /%
s 0 100.00+0.00
OGD/R 41 1 82.97+15.44
OGD/R #4 2 77.01+10.55"
OGD/R % 4 57.42+1.19%

525 4 # "V P<0.05,% P<0.01

33 JZ-EMR 2 1IERY(FFR2:1 SPE)X OGD/
R #5115 SH-SYSY i fd (9 fE ] 5 OGD/R 4 1L #%¢
2:1 SPE 10~300 mg-L" £ 4 MJ 77 1% & 0] & 42 &
(P<0.05,P<0.01), H 5 0 — & (4 7] £ 40 8 1 |, il it
fl 2: 1 SPE 10,30, 100 mg-L" ¥ 17 J7 42 52 % .
W4,

3.4 2:1 SPEXf OGD/R #i{5i SH-SYSY 4 &1
W S AL A AR H R 43 A0 i 5 B A K
HIE ; OGD/R 21 4 At 46 47 , %5 W1 b s /b |, IR 5 o
ANTERE 452521 SPEJG A £ B 45 2
W TR A SR Wi T IEW . WK1,

3.5 2:1 SPE Xt OGD/R #i f4i SH-SYSY 4il i LDH
Bz 525 4 A, OGD/R 41 40 My b5 W
o LDH B i % & 3 7 55 (P<0.01) ;5 OGD/R 41 [t
#,2:1 SPE 4545 2541 LDH B il % 2 /) m AR #ivE
F%(P<0.01), WLFES5.

3.6 2:1 SPE X} OGD/R #i 4 SH-SY5Y 4f i ROS
Msem 2 HA sk @R, 58 A4 i,
OGD/R 21 4 Jfl 522 W] 52 ¢ 0.5, 75 ROS MEFRUY £
(P<0.01);47242:1 SPE Ji7 , sk (0 ¢ Y0l 55 , Fl 5 4
2 ol BE 0 T e a0 5 O i B BE IR, 20 1 SPE 30,
100 mg- L' ] B} 55 B2 I 400 i 1) %€ >t 5 3 (P<0.05, P<
0.01). W&e6 .2,

C

®3 TEEMELGAS-ERRZEY I OGD/R # {5 89 SH-SYSY
MEAMIER (x+s,n=3)

Table 3 Effect of different compatibility ratios of SPE on OGD/R
injured SH-SYSY cells (x+s,n=3)

2H 5 Jo ik i /mg - L A0 LA /%
ISk 100.00:£0.00
OGD/R 41 56.46+7.57"
PSR A 30 64.22+8.98%
B AL ) 2 30 62.40+4.11%
FEE - 4R A 30 66.40+4.67°
FFS-EAR 24 I A 30 69.48+3.87"
PFB-ER R A 30 69.13+0.61%
PEE-ER 2 1R A 30 74.74+4.93%
FEE-B M 4 1R B 30 68.72+12.16"

251 J e /mg - L YA LAE G /%
2 HA 100.00+0.00
OGD/R £ 53.19+9.00"
PR 41 100 75.02+7.25%
5 AL I 21 100 69.08+7.297
PFB-EAR 4R A 100 74.27+2.02%
FEE-ER 2 4R I A 100 76.66+6.61>
FES-EAR 1 LR A 100 77.3243.44%
P& -EAR 20 1 SR A 100 84.04+8.53%
FHE R4 A 100 76.64+5.82%

TE 5% 4 BV P<0.01; 54 T 41 1 #5802 P<0.05, %' P<0.01
(F4-F8MH)

*& 4 2:1SPEX OGD/R 515 SH-SYSY A1 A (x+s,n=3)

Table 4 Effect of 2: 1 SPE on OGD/R injured SH-SYSY cells
(x+s,n=3)

4 531 J bt e /mg - L i WA 15 R /%
k] 100.00+0.00
OGD/R 41 51.07+1.14"
2:1SPE4 3 51.06+2.19

10 66.22+3.44%
30 71.70+2.26%
100 78.53+2.91%
300 88.38+5.09%
&
5
D E

WA S 4 ;B.OGD/R4;C.SP 10 mg- L4 ;D.SP 30 mg: L' 41 ;E.SP 100 mg- L™ 41 ([ 2-[K 4 [A])

B 1
Fig. 1
.28 .

2:1 SPE X OGD/R #5719 SH-SYSY A i f£ 75

) 5% e ({8 2 0 BB L x200)
Effect of 2:1 SPE on morphology of OGD/R injured SH-SY5Y cells (inverted microscope, x200)
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% 5 2:1SPEXf OGD/R % {5 SH-SYSY 4 B2 LDH %% i 89 1€ B
(X+s,n=3)

Table 5 Effect of 2:1 SPE on LDH release from OGD/R injured

ffi SOD i £ (P<0.05) 1 GSH % 4t (P<0.01) ,
100 mg- L™ 0] B 5 (K MDA & 1, 2 R A G it 0
X (P<0.05)., W7,

SH-SYS5Y cells (x+s5,n=3)

241 3] i k9 /mg e L LDH B 12 /% % 7 2:1SPEX OGD/R # {5 SH-SYSY 4B 3 E L 6 H 9 &1
(x+s,n=3)
K 1.70+0.23
Table 7 Effect of 2: 1 SPE on antioxidant capacity of OGD/R
D/R £ 4.53+0.32"
OGD/RAL 53+0.3 injured SH-SYS5Y cells (x+s,n=3)
2:1SPE#H 10 2.92+0.16"
N 13 Jo A VR S SOD GSH MDA
ZH 7
30 2.58+0.47 ! /mg-L"! /U mg /wmol-L"  /mmol-g"
100 2.18+0.12Y
EHA 13.38+1.25  11.7440.10  1.31+0.53
%* 6 2:1SPEXt OGD/RIR{5 I SH-SYSY 40 i ROS IS4 (x5, OGD/R 41 6.74+0.89"  5.66+0.09" 3.23+0.40"
n=3) 2:1SPE4] 10 8.5042.46  6.01+0.07  2.51+0.79
Table 6 Effect of 2: 1 SPE on ROS level in OGD/R injured
2) 3)
SH-SYSY cells (745, n=3) 30 9.63+£1.68%  8.34+0.52 2.30+0.80
21151 ke i /mg - L ROS/% 100 9.56+1.117 10.0140.17”  1.72+0.63
e 100.00+0.00 . -
) 3.8 2:1 SPEX} OGD/R )i SH-SYSY 4l il ki 1A
OGD/R# 274.84+12.21" " . - " .
(AR DA A S A LN N VAT N PR
2:1 SPE4 10 237.73451.16 o
. e T R AR 7E Lo PR R
100 117.1046.26” JC-1 REFEL MKW I T R RE W, il L™

3.7 2:1 SPEXI OGD/R #ifji SH-SYSY 41 its Hi % 1k
BTS2 a1, OGD/R 4 4 i SOD

I P F1 GSH &
FIbE, ERA G

i E PR AL (P<0.01) , MDA 7K - i
B X (P<0.01);5 OGD/R 4

FLs, 4525 2:1 SPEJH,30.100 mg- L™ AT W & 48 =5 4

N -----
o -----

% 0E (DCFH-DA %8 645 4T, x40)

Merge
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B 2 2:1SPEX OGD/RIRZ{HHI SH-SYSY 4/ ROS K &

B

Az 4148 5 T8 SRR IR A B AR BT, JC-1 AN Rg 2R
£EE Z0ORLIR A BE TR b, U JC-1 Ry B A ] DL A
U, 525 HA K, OGD/R 4l 4% 8 5 ik J&
Fhisr, 208 9 0 0 BE AR, B 7R LR (A B A 6 T [
5 OGD/R A %, SH-SYSY 4 i 4525 2: 1 SPE )7,
SROTOGIR A TREAL, s R . WLIE 3,

Fig.2 Effect of 2:1 SPE on ROS level in OGD/R injured SH-SYS5Y cells (DCFH-DA fluorescent probe, x40)

3.9 2:1 SPEXf OGD/R #i15 SH-SYSY i #% e &
FISZ 0 Hoechst 33342 A] L %% i85 4 it it , 4L 0 )5 4

TS 40 M 2 0 & Lt IE F 40 i B 8 3R . Hoechst
H 4 a0 A% g 6 2 0E % i 6,

33342 YL {0, j5 , &5

OGD/R it 14i J5 8 4 \fﬂiﬁﬂﬁﬁﬂlﬁléﬁ,zﬂﬁﬁﬁm
PP RSSO IR TORE A2

2:1 SPE J& , 21 M A% 18 45 %5 it A B sl /b, 52 34 204K

5 A €02 ' i AN I K G 2 | Bl A 45 24 Tk R Y T

T A R S T IEH ,2: 1 SPE 100 mg- L 4H %507

el WK 4.

3.10 2:1 SPE X} OGD/R 1 1ji SH-SYSY 4il it i 1=

RIS Annexin V B85 20 Mg 8 12 0 A2 o B 4% 1) i
. 29 .
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B3 2:1SPEX OGD/RIF{HHISH-SYSY FA Lk AR FE R (LRSI (JC-1,%40)
Fig.3 Effect of 2:1 SPE on mitochondrial membrane potential of OGD/R injured SH-SY5Y cells (JC-1,x40)

A B C D E

4 2:1 SPEX OGD/R #5158 SH-SYSY 4 B #% i, Z5 89 %% Il (Hoechst 33342,%200)
Fig.4 Effect of 2:1 SPE on nuclear morphology of OGD/R injured SH-SYS5Y cells (Hoechst 33342, x200)

0 5 A5 IE 22 2 IR 1= S RN R 456 FH 9O LR &
FITC 454 Annexin V G818 X 43 4 T 40 ig F 1F 5 40
JHL, P AT LA 25 375 40 i R 453 1) 1 1 G S5 4 e R K
Jfl , FITC-Annexin V 5 PLEK A { ] ] X 43 HL 45 4 7
MBI T- 400 . OGD/R J5 , SH-SYSY 4il Jitd i -
A T m (P<0.01) , - 51 U T 20 1 0 g 49 0 1
A ECE I B2 4525 2:1 SPE 30 fi1 100 mg- L
Jei AT S AR AN TR (P<0.01) . WL 8.

% 8 2:1SPE3Xf OGD/R#51j SH-SYSY A =M F M (r+s,
n=3)

Table 8 Effect of 2: 1 SPE on apoptosis rate of OGD/R injured
SH-SYSY cells (x+s,n=3)

21 51 J A e B /mg - L AR PHT- 5 /%
s 3.10+0.10
OGD/R 41 20.57+0.96"
2:1 SPE4 10 19.17+1.26
30 17.73+0.32%
100 9.37+0.31"
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M 2z — TR I e AR A I S R AN i R T R
I7, T AE T U A i ke ot PR T A R B S B
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ST = ! 1 U S R 1 7 3 = 1 D
PRI LR o H AR B ST HEAT TR AR N BOAE O%
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AN, PR L) B SOD f GSH %5 ol KB #E , 15
SL A B TS R A B JEE T IR R AR S A R
N A B MDA, Il ) 248 J B8 451 45 , 17 22 1 SPE 45 25 AJ
RGBT P9 ROS 75 4k, 42 i LA ROS AR W) i Bt S Ak
fitt SOD I J Mi¥it A A ¥ B GSH & &, B AR i ot it
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