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Protective effects of compatibility of effective constituents in Salvia miltiorrhiza
and Ligusticum chuanxiong on hippocampal neurons injured by oxygen glucose
deprivation
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Abstract: Objective To observe the protective effect of Salvia miltiorrhizae and Ligusticum chuanxiong effective constituents:
danshensu, protocatechuic aldehyde, ligustrazine, and ferulic acid combination on primary cultured hippocampal neurons injured by

oxygen glucose deprivation, and find out an optimized combination. Methods Primary cultured rats hippocampal neurons was
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chosen as research objects by adopting immunohistochemistry of the neuron-specific enolase IgG to authenticate, then the OGD
model of the hippocampal neurons injured by oxygen glucose deprivation was established. The non-cytotoxic dose range of
danshensu, protocatechuic aldehyde, ligustrazine, ferulic acid, and nimodipine was studied by MTT method. The compatibility of
components was arranged by Lo (3%) orthogonal design. Primary cultured rats hippocampal neurons was divided into 12 groups:
control group, model group, Nimodipine positive control group, and orthogonal design 1—9 group. The activity of LDH was
measured by colorimetry, the activity of SOD was tested by WST-1 and the levels of MDA were examined by TBA. The levels of
TNF-0, IL-1p, and IL-6 in cell culture supernate were examined by ELISA, the apoptosis of hippocampal neurons was detected by
Fluorochrome Hoechst33258 staining and the cell early apoptosis rate was detected with flow cytometry. The results of
orthogonal test was analyzed by using range analysis method. Results The orthogonal compatibility of reagents played significant
roles against the hypoxia damage of hippocampal neurons, improved the cellular morphology obviously, reduced the activity of
LDH, increased the activity of SOD and decreased the content of MDA significantly, inhibited the release of TNF-a, and reduced the
content of IL-1p and IL-6, reduced the apoptosis of cells apparently. The effect of active ingredients of S. miltiorrhiza and L.
Chuanxiong on LDH activity was danshensu > ligustrazine > protocatechuic aldehyde > ferulic acid, and the best combination was
danshensu (120 pg/mL), protocatechuic aldehyde (120 pg/mL), ligustrazine (80 pg/mL), and ferulic acid (20 pg/mL). The effect on
SOD activity was ferulic acid > ligustrazine > danshensu > protocatechuic aldehyde. The best combination was danshensu (120
pg/mL), protocatechuic aldehyde (120 pg/mL), ligustrazine (80 pg/mL), and ferulic acid (40 pg/mL). The order of influence on MDA
content was danshensu > protocatechuic aldehyde > ferulic acid > ligustrazine, and the best combination was danshensu (60 pg/mL),
protocatechuic aldehyde (60 pg/mL), ligustrazine (80 pg/mL), and ferulic acid (20 pg/mL). The effect on TNF-a content were:
ligustrazine > protocatechuic aldehyde > danshensu > ferulic acid, and the best combination was danshensu (60 pg/mL),
protocatechuic aldehyde (60 pg/mL), ligustrazine (40 pg/mL), and ferulic acid (10 pg/mL). The order of influence on the content of
IL-1B was ligustrazine > ferulic acid > danshensu > protocatechuic aldehyde, and the best combination was danshensu (30 pg/mL),
protocatechuic aldehyde (30 pg/mL), ligustrazine (80 pg/mL), and ferulic acid (20 pg/mL). The effect on the content of IL-6 was
protocatechuic aldehyde > ligustrazine > ferulic acid > danshensu, and the best combination was danshensu (120 pg/mL),
protocatechuic aldehyde (120 pg/mL), ligustrazine (80 pug/mL), and ferulic acid (10 pg/mL). The effect on the early apoptosis rate was
ferulic acid > protocatechuic aldehyde > ligustrazine > danshensu, and the best combination was danshensu (60 pg/mL),
protocatechuic aldehyde (30 pg/mL), ligustrazine (20 pg/mL), and ferulic acid (40 pg/mL). Conclusion The protective mechanism
of the effective constituents of S. miltiorrhizae and L. chuanxiong were relied on reducing the oxidative damage, reducing
inflammation damage, and antagonizing cell apoptosis. According to the experimental results, we need to change the prescription
ratio and guide clinical medication for different clinical courses.
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Fig. 1 Morphological observation on growth of hippocampal neurons (x 100)

B2 BIMETHMA NSE REZANELEE (X100)
Fig. 2 Identification of hippocampal neurons by NSE
immunohistochemistry (x 100)
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Fig. 3 Effects of oxygen-glucose deprivation on morphology
of hippocampal neurons (x 200)
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Fig. 4 Effect of S. miltiorrhizae and L. chuanxiong effective constituents compatibility on oxidative indices of hippocampal

neurons injured by oxygen glucose deprivation (X *s, n = 6)

*2 SMIEREXNRTEWS T
Table 2 Visual analysis of orthogonal design of oxidation index

fabw PSS Ki K> K3 R
LDH A 124.36 100.12 93.50 30.86
B 111.68 112.38 93.93 18.45
C 118.75 107.60 91.63 27.12
D 108.08 104.49 105.42 3.58
SOD A 6.68 5.52 7.24 1.72
B 6.28 6.48 6.69 0.41
C 5.69 6.24 7.51 1.82
D 5.51 6.41 7.53 2.02
MDA A 12.74 8.92 11.45 3.82
B 12.20 8.98 11.93 3.22
C 10.91 11.32 10.87 0.45
D 11.78 10.19 11.15 1.59

3.4 XMEEFZFED I ITHMEEE SOD SRS
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BRECH 3 206, Je S P2l & HAB B 20 TNF-a /KT
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0.05), HRGHHEREREEE (P<0.01). KH
BB B HTiETE 8P 2 )1 5 A 3084 B A
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4 ANAE KB SY B TNF-00 7K () 35 VR R B AR VR )1
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N A2BCoDy .
3.7 XTEHERZEDHE T IL-1 /K FAIF M0
K s Bor, XTHRAMEL, A IL-18 /KT &
FEIE (P<0.01); SHERIAAALL, Fofh 1. 8 A%
FREEME (P>0.05), JEwHFH KB 2~7.
9 4H IL-1B /KPR FHFFHK (P<0.01). KA IEAZBETT
B WTEHE G - )15 U85 A IL-18 7K
PRI . g5 SRR 3. R R KN, 4 MERUL
IR TL-1B 7KF I 32 IR R AR IR )1 5 8 > 4
B> >FEILEE, REREHEN
A1B1C3D20
3.8 NTEMEFIZIEDIHZ TTAE IL-6 7K RSN
K5 Eon, SxTRRAAHEL, B IL-6 /KPR
ETbE (P<0.01); SEBHML, FH 1. 4 4%



- 1378 - ¢ 3% Chinese Traditional and Herbal Drugs % 50 % %5 6 3§ 201943 A
3001 AN * 1507 2507 -
o ~ AA 200
2004 g 100 150-
en

TNF-o/(pg-mL™")
)
<

504

IL-1B/(p

(9
<

5 04 B
9 R e S 1

2 3 45 6 8 9

0- :.. .: = o) O- ) .0.4 —
REHE U e 5t 45 6 7 9 R HH B2 1
P [ e
5

At

¥

A& )ISBYA S B AN EFERFE DML T AR ERITHIRNE (X £5,n=6)

Fig. 5 Effect of S. miltiorrhizae and L. chuanxiong effective constituents compatibility on inflammatory indices of

hippocampal neurons injured by oxygen glucose deprivation (X Xs, n = 6)
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Table 3 Visual analysis of inflammation indicators by

orthogonal design
fabs PSS K K> K3 R
TNF-a A 161.74 134.45 162.79 28.34
B 163.82 131.74 163.42 32.08
C 134.90 99.71 224.37 124.67
D 146.58 153.29 159.12 12.54
IL-1B A 64.57 68.96 73.55 8.97
B 68.01 68.35 70.72 2.71
C 99.84 72.66 34.58 65.26
D 76.30 62.04 68.74 14.25
IL-6 A 143.01 133.37 132.04 10.97
B 180.01 117.27 111.13 68.88
C 154.13 159.66 94.63 65.03
D 127.94 141.02 139.46 13.08

FICREMN (P>0.05), JewH P4 LHBCH 2. 34 5~
9 41 IL-6 /KR EEK (P<0.01). KHIERZEITE
M TEF L2 N EAG RS AEURXS IL-6 7K1
oM, 5K 3. MRPE R KN, 4 NERURS RN
IL-6 7K () 3 IR ER B R IOR S5 Lo I > )1 %5 18 > i
HIR>M2E, RERMAEEN AsBsCD.
3.9 Hoechst33258 TSIt 8 T W 2 & LA BT
SETWL

FOGEIE B T WS S HAMEE, 4580
Bl 6, XFHRAIAH MR AR SR IE (08, YLl
MM BT R e, EAMNDER A SR
Y IR B AZ G BT [ 2, 2R A R RS, 4
JEL A R R R B SCIRS B e, 5 % HEZEL A
e, ZHfusianot REN . SHEAMHM, B
P SRR 1~9 5658 B3 AN [ F2 RS ek 55

1 60 A% [ 4 155 T A B 2H A A
MR .
30 MEREHFESHETHBMBIATEN
A

XTHRZH R D IR T, SXTRRZHAR L,
BRI BRI TR B, ZREE (P<0.01);
SRR, RS RO 1~9 ZHA0H 1
ToREE N, H, fiofho 2R E% (P<0.05),
HAhgh 2 = b AER B (P<0.0D), 53K 7.
SLHAN IR T FR s R 4, RS W B
MBS T - N5 RO 53 Be A 0 A A 1
frsom, SERIEE 5. SR ER, H4E R KN, 44E
B3 M T A R 1 2 YR TR 2 B R > T )L
RIE> N ERE>FI2ER, HERAA AN ABICiDs.
4 g

i L 2R A A N RS R A i 1 2 R
W2 —o CHEIIEEZ BN G F 2R E
FEAE R P AE R RN . I TS, A TR IR
BEPE. M Ca? lBEL. RIE I [ NAFR32S, Xl
MU AT 4y, MERE . LR 7 T sk
i, BHZ&GE. ZHRAPHZMHA, Hinws,
B WM RS R . H AR R A R BRI R
Ve, R T B ERE A, 2 A AL B2
VIBCEE A, A& N B AL g, ¥k
BT VG R

Kk i SRR, RS AER I, 51k EH
SRR, AN MR AR TR AN BRI 2 32 B S H B
Fmyed, SEURFS MR, B B AEES
RBL, TER— R FIE G E 5 R =
MDA, [Fif 5 SOD 75 T 4. LDH & — iz
fif Il , R AFAENUAGE M o B AR ERAS T, LDH

RINIE N5T
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6 Hoechst33258 "KL ELER (X100)

Fig. 6 Fluorescence staining results of Hoechst 33258 (x 100)
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i o B 3 P M I, R 1) 8 A R e e i
Jo e o P R LA o AR L A A 1 A B YD
Aer=E TNF-a. IL-1B S5 FEK T, HH TNF-a X}
RIER N EEZMNFIEH, 25 7 NHAZE5H 1
RAEFMKIE. TL-1B 76 R i 45 e S E
REE a3 (2 11 4 PR RN PN R 00l A A R B v 7 %

i SR, (RS AT DA B ) At 4 i DR {2 ik B 48 i
T 205 A LR SE nH A 2 RE PR+ B A i, E0pp
et . MBI R AR, TL-6 ik KP1E ML
K2 EAES, 3 HE5MAAZHURGLE IE
FHG. BRI, RARAR FiE W IL-6 KA,
A] DA SO0 Ak 40 B 403 A R R T,

Hoechst33258 J&—Fnl DL 28 175 20 ff JI5% (1Y) 15 ¢2.9¢
JeGekE, XTI ER IR, RAEwE . AR
AT DA R S FEAS,  JH EL BB s LT (AR 441 g
IPHTORAS, B, ASEEKR A Hoechst £ 417501
R 720] 20 B AT T2 7 W S R0 AL 4t B A A
2 p BRI T3
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Fig.7 Effect of S. miltiorrhizae and L. chuanxiong effective constituents compatibility on early apoptotic rate of hippocampal

neurons injured by oxygen glucose deprivation

x4 HA5)IEEYAS AN SR EIHMETAR
FHRATERMEME (X xs5,n=3)

Table 4 Effect of S. miltiorrhizae and L. chuanxiong
effective constituents compatibility on early apoptotic rate of
hippocampal neurons injured by oxygen glucose deprivation
(Xx*£s,n=3)

®5 BPHATERNERRITENSN
Table 5 Visual analysis of early apoptotic rate by orthogonal

515 2t il 4 150 4t 5 3A
JAT2/% PTH /%

X e 6.25+2.81 Bifh 4 16.60+2.37"
it 66.54+4.83°" BlfL 5 53.04+1.45"
JEFEHE 21934409 fifi6  39.04+1.90™
BoAs 1 41.38+2.34™ Fofh7  32.93+4.59"
et 2 45.41£2.69™ fifi8  25.19+2.49™
BCfT 3 33.00+4.40" Bift 9 60.50%2.08"

design
K& Ki K> K3 R
A 39.93 36.23 39.54 3.70
B 30.30 41.21 44.18 13.88
C 35.20 40.84 39.66 5.64
D 51.64 39.13 24.93 26.71

ARSI FCAE SRR, FH2- ) S HUor Bith
5 Je F T RE W S AN 41 LIS LDH 7K1
BN, M TT4ERF BRI AR EVE: RERT B4 5% SOD
IS, MK MDA KK, 3R ai s ER A E B
HBET), IR AN, D R L A
IR, Ut B2 - )15 A 2808 3 B AT X SR <5 1
Sz e A TR R R, TR/ E R
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BCATL 5 4 AsBsCiDa AsB3CsDiv ApBoCsDy,
BT BN P MR ERIR . BeAS [F) R 4
i A2 e A TNF-an IL-1B+ IL-6 /KP4
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AT X 4EURE R i b 22 TC A A P AE DR E A

FLRAEFHBARECAL 73708 AaBaCaDi A1B1CsDas

AsBsCsD1, T E TR RO )1 55 R AN LRI

R A0 AZ e o o [ 4, BRI Gy, A0
DU FOIR B ROIR SIS (050, X REZHAREL, i
BARTOC R, MR HE TR ST e
BT 20 55 0850 BC AT 2E 5% 6 i B 38 AN [ R
BEARG, 200 A i 4 155 L B T A 5, A )
P FR A A o Ui Y 25115 A S AT X 46
B i S 2 oA SR TR E R, B2
R T 2R AT ZH 58 AoBiCiDs, FEETTHR
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F3 73 BC AT - 40 22 O A0 B S A 0 P DR P 4 FH e
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