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Protective effects of Salvia miltiorrhiza and Carthamus tinctorius active ingredients
in different compatibility on cerebral ischemia/reperfusion injury in rats

CHEN Yu-lin, WAN Hai-tong, ZHOU Hui-fen, YU Li, HE Yu, LI Chang, CHENG Lan, YANG Jie-hong
Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective To explore the protective effects of Salvia miltiorrhiza and Carthamus tinctorius active ingredients in different
compatibility on cerebral ischemia-reperfusion injury in rats. Methods Adult male Sprague-Dawley (SD) rats were selected to
establish a cerebral ischemia-reperfusion (I/R) injury model by middle cerebral artery occlusion (MCAO) method. The rats were
randomly divided into sham operation group, model group, and positive control group (Danhong Injection 2 mL/kg); And orthogonal
test method Lo(3*) was adopted to compose nine compatibility groups from main active ingredients of S. miltiorrhiza and C. tinctorius
(trashinol, salvianolic acid A, salvianolic acid B, and HYSA). Rats were tail iv administrated once daily for continuous 3 d. Score
neurological deficit was evaluated after 3 d; qRT-PCR was used to detect mRNA expression of glucose regulated protein 78 (GRP-78),
nuclear factor-kB (NF-kB), C/EBP homologous protein (CHOP), tumor necrosis factor-a (TNF-a)), and interleukin-6 (IL-6); HE
staining was used to detect the pathological changes of cerebral cortex, and the expression of NF-kB p65 protein in cerebral cortex was
detected by immunohistochemistry. Results Compared to the model group, Danhong Injection group and orthogonal compatibility
nine groups significantly reduced the neurological deficit scores of rats with cerebral ischemia-reperfusion; increased the mRNA
expression of GRP-78 in the cerebral cortex; decrease the mRNA expression of NF-kB, CHOP, TNF-a, and IL-6, and decrease the
protein expression of NF-kB p65 in the cerebral cortex. The results also showed that the protective effects of the 4th group (danshensu
30 mg/kg, salvianolic acid A 2.5 mg/kg, salvianolic acid B 16 mg/kg, and HY SA 8 mg/kg), 6th group (trashinol 30 mg/kg, salvianolic acid
A 10 mg/kg, salvianolic acid B 8 mg/kg, and HYSA 4 mg/kg) in the 9th group were more significant for cerebral ischemia reperfusion
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injury in rats. Conclusion The active components of S. miltiorrhiza and C. tinctorius can play a good protective role in

endoplasmic reticulum stress and inflammation in rats with cerebral ischemia reperfusion injury.

Key words: Salvia miltiorrhiza Bunge; Carthamus tinctorius L.; Danhong Injection; ischemia-reperfusion; endoplasmic reticulum

stress; anti-inflammation; trashinol; salvianolic acid A; salvianolic acid B; hydroxysafflor yellow A

S A P4 i UL % 9% Cischemic cerebrovascular
disease, ICVD) & 5.OIEEW  BYEMIEFEFIA
RERBIEMESR 2 —, AT FIE R, s
ERMPET R EH R 2 N, BAEmRRE. &
BhkE., mBARERSER S, BTHAKNREZHE
Aes RIFDIR. BAERTT I R R LR A,
A HPTIR SR AL 2 24 AR e - P — P
—IBRHEATIRYT, MCRATHAR, WM EARIT
ICVD b2 U T T il 597, RIHLZH
WL ZEf. ZHARERR R, ERKHZATRE
T U7 SO R R A

gt ARER KA SR AR a4,
WZAEA, BCMfER. BT . S8R, 2+
I BB, R ST BRI o R
BT SR 5 TRFER RN o FES -2 102 4 %)
2o V% Salvia miltiorrhiza Bunge 1E (24 g )
2015 SERRAFICHEON “ R, A0, BTG, 36 MAEHE .
BZ RS OB EYE Rz DA, KEsiss
B FC 5511 PR FH 25 R 0P F 25 68O i 1L A5 05 R L 1Y)
1RIT RURB), T4AE Carthamus tinctorius L. WA
DE A 2 &, PRI, H0. S, DIfEiE d
2. b, MUPTSAEY, diehEY, =
HEM, —%E—iR, MR, BRATmAGIE, &
AL AR, BN ERIG IR T FH B4 3 2550
U, R DU N SR & 04 A 24 8 PR 2 S
(Danhong Injection, DHD) B /EIGIAR B2 M AT
O MR R ITE), REdRSTH R BN, 1%
b Ml R . FH B 22 (P0G LA 38 H 243 5 7 2 — 160,
KSR Z 50 b B FEEA BT [FHE
. PR A FHHIR B LRI E AR A
(HYSA) 1, RIEZS I B 7%, XS54
TR R8s SR ERAL TG, AP E T
FRVF] 7 B 2H 43 BCATL B DR A% B AT 1) SR B0 B 7 R R
T3S, FRFFT S 5 LA U5 FCARRT K R 5k
L PR PR PR B DR SR 098 5 22 7 T ORGP A FH o
1 MR
1.1 SEIEEnY)

SPF 2% SD KR, MM, AF&E (270+£20) g,

BT L A &5 R = b ieft, SLiesh W vr nliE 5
SCXK () 2014-0001. A K RIJERPEFFE 7d
JE AT S5
1.2 Zhm. XTI

DHICGH KA 2 A R A, 5 16121045);
25 (BERtEMEDREERAA, #t5
SZ201707038DSS, &%t 98%); FHEHIKE A (14
AP AED R AR AR, it SZ201706001DA,
JREE 98%); FHIEE B (i st AR A TR
AF], b5 SZ201706003DB, Jfi &% 98%); HYSA
(R AR AR A ], 165 SZ201702005QA,
Ji 40 98%)

gt (AL PIIRBHE AR A E]D s Wi 5l &
(ABM A #]); qRT-PCR i 7fll & (ABM A 7] ); Trizol
Reagent ( H /& TakaRa A #)); # AR ZE K (3£ [H Simga
ANFD; B (EE=E2BRAFERATD; Jiikk
B (AL A2 S A IR A R D5 76 %0 B 4% 2
[1 78 (GRP-78). 1% 3% K ¥ -«B p65 (NF-kB p65)-
R X 1 SR Y- (CHOP) . R SR FE Al 1--a
(TNF-0)« EZEAN -6 (IL-6) S Eifgd: T4
VTR HRAFAK; NF-«B p6s fittk (EE
Santacruz A& ).

IR B Ol (IR EE B OHL s a4 (3£
[ Millipore /A 7] ); StepOne™ %¢ )¢ € & PCR ¥ (3£
ABI A7FD; AWETIAHL (FEE Microm 2 #]);
RAERGEHL. FEA P (FEE Leica A7) Fa/K
fEmBEFRAE . AVERTRM (b E R EETT
WRARAFD.
2
2.1 BNERIEE TR K RARESI&

K F Longa %P1 R IR 2R K v 2% K RO v
B Pk s I P E BT . FORET 12 h KRAE
“EEK, ip 10%/K A S (4 mL/kg) WRIEE, fREML
e, MM L, FESERAEDID, Bk s 5
AL RS BB S AR LA B (B B, 708 4 2 R 30 5
ik (CCAD, FEor&Esmisbahik (ECA) FIHA Bk
(ICA). 22284531 CCA Ui L& ECA MR,
LB keI A ICA, 7E CCA T 53 XRE— “Vv”
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AN, Mgkt B Sk B U] DAL R EAEN, 4T
FEEMAN Bk Ie, A LRAR 20 AN Bl ka3 N KR H 2 ik
ECf i DL SE A BEWT LI, [H @R LR, 1 h R
RS ILEEE, LBDIO, &45R%. BFEARA
BRI AN A2 oh, HAhI R B BN =
i (24~25 C) Ti#AT. BRIEFARASS, K T5HE
S H AR Homer 1iE, &% H B A B N =
fth, A7 8 I e e A0 P B3], ELEBURE IS R R IR
JRG H I3 B AR o B )
22 PARERT

W EARAER SD KR BN N T AL, B
BRI, PAMEXTIEZ] (DHI 2 mL/kg). PANSFIS 54
A RS Lo(3Y) IEACHCM 9 4H, 3L 12 4, &4
12 Ho BHEEXRA . P2 5068 085 Bifn T
KBS 1 h SLEPRE iv 4525, Ub)E 2 d AHFER
M BOESLAA 2, HES:3d, R 1R, BFERASH
AR iv 4 FEREHIK. S 54006 80850
BCAT 4 BC AT & WL 1.

®1 AS50%BHHASEMTIE
Table 1 Compatibility dose of active ingredients from S.

miltiorrhiza and C. tinctorius

FE/(mgkg™)

5 THZE AmmA AWEmB  HYSA
fitfi 1 15 (1) 25(1) 8 (1) 2(1)
fitfh 2 15 (1) 5(2) 16 (2) 42
WCAT 3 15 (1) 10 (3) 24 (3) 8 (3)
Mfi4  30(2) 25(1) 16 (2) 8 (3)
MRS 30(2) 5(2) 24 (3) 2(1)
M6 30(2) 10 (3) 8 (1) 42
WfE7  60(3) 25(1) 24 (3) 42
MR8 60(3) 5(2) 8 (1) 8 (3)
[IKEY 60 (3) 10 (3) 16 (2) 2(1)

2.3 KBRMZIHEEERITES
KRIESA25 3 d T & Thaeit s, KA
Longal®'s ZGiForbrife: 0 4y, RILMEIhREHBR
Bl 1 4y, 325, SRR A il Tk
SEAAPEXTMATAS: 2 25 R, AT3ER SR R
REMIFLPE CERRED; 3 4y, =HJE, TERME, &
PRI e KA 4 5y, ANEER RATEBGEBUKT
k.
2.4 HE FBNRKRAMEEREFRS
FHRKRTHZ3d )5, ip 10%KEEE (350

mg/kg) TREEFRIE, CoEREVEAFR EhK 2 4% % T
M2 SRR L, WSk HU, HBUMZHZRTIE, BN 4%
R R IR M 2 24 h,  H B BKHLA R

Ky BB B, EWHAEAE, YR PUEE
SR RYI ), HE Je )5 065 8 s Wl 52 i 2 23 2
JEIREERAE, IEREEIR .
2.5 SERTRHAEE PCR (qRT-PCR) #5MAR X
fX & GRP-78. NF-kB p65. CHOP. TNF-a. IL-6
mRNA FiEER

BRI ip 10%7K & SRR BE R 5, SZRIHEX
I, PR 73 g R LA K B =, Trizol kAl &
RNA, Wi# 5374 cDNA, KH qRT-PCR . FrH
1% 38 GRP78: i 5°-TCAAGGTCTACGAA-
GGTGAACGA-3’, Nt 5’-CTCAAAGGTGACTTC-
AATCTGGG-3’; NF-kB p65: Liif 5-ACAACTA-
TGAGGTCTCTGGGGG-3’, i 5>-TCATCTATGT-
GCTGTCTTGTGGAG; CHOP: _Ljif 5’-CACACC-
TGAAAGCAGAAACCG-3’, iff 5>-TGCCCCCAA-
TTTCATCTGAG-3’; IL-6: _IJi# 5>-TTGGAAATGA-
GAAAAGAGTTGTGC-3’, R 5-ACCAGAGCA-
GATTTTCAATAGGC-3’; TNF-a: FJi#f ACAAGGA-
GGAGAAGTTCCCAAAT, T 5°-GTCTTTGAGA-
TCCATGCCATTG-3’; GAPDH: _LJif 5°-GTCGGTG-
TGAACGGATTTGG-3’, Fiff 5’-GTGCCGTTGAA-
CTTGCCG-3 o Wit 55 [ I 464« IR BiAAR F 24 20 pL,
25 C. 10 min; 42 C. 15 min; 85 ‘C. 5 min.
qRT-PCR M2k ROMNARZR N 10 puL, 95 C. 3
min; 95 C. 15s; 53 ‘C. 30s; 72 C. 15s; 3t
40 MG o e N g5 R E AR it 26534, L GAPDH
TERWNZEEIA, SRA 2722+ B 193E K mRNA (1)
X RIE R
2.6 SREBNERNAKRAMEEE NF-kB p65 EH
ik

KM Y] 7 5, KA EnVision™M
TUPEHT R A Yt . HR S R KAk, R
F i =y AT PURIE R, 3% HaOo ZKIA R BH T A
PEPERL S AR, N NF-«B p65 —¥t, 37 ‘C R
A 60 min, PBS ), WhNL=Edif IgG Piik-HRP

AR — 90, #£ 37 CF¥ A 30 min J5 PBS ik

3K, DAB A 1 min, SR T RN,
H R AL N, R ARZF R E R4 % 1 min,
95%- 100% LEEREK, —HZKIEH, PR RE A .

Gy AL NF-xB p65 £ [ FH M e A T4 B A/
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BN, REE, M REEA; FERLAT
i P L7 P 7 B A T PR AN R R A S . R
FAe e BT 43 7715, R S 5 5 R0 3 2 4 i 5 e
BTG T
2.7 GtFEAE

i BRI LY +5 RoR, SLIEHR R SPSS
17.0 B AFREAT 94T, 2ELIA) E 28R FH B IR 2R 2290 M
3 #R
3.1 FE&5OHBYR S B ARSI G E T 5%
KR BETEERI S

BFARHAREARNMZEIIRAT AR (K2 5§
BFARMLE, HAH KRR E (P<
0.001). SERIZ LA, DHI 4. & 506688085
FEHLK R E D) Re s PRI E B & GE (P<
0.05); {H DHI 45 & B Ak LEEE R
3.2 AE50HBYR S BRI G T 5%
i RBXIE ERIETAIFN

e AsE FUZERT L (B D, BFEARAKRR
KGR JZ 450 52 %, AT, HEFH T
MR FE, difkx RELEE HAA R BRI K
BROK G B2 2 ph 22 g M ) Bt e, HEF 3L, Al
GREAL, MR T0 R M B /MRS RN SE, 4
HEG RN =M. DHI . F1Z 500846 805 % il
AR AL T SR AR E AR, HS

Mg 7

PR UL, M 25 T 2 P,
Horp i 4 4. 6 LR 47 B IREE W] . HE Jeth
SRR YNSRI KBS, DHIL M2 540466
RO BT REA R R BN AR B AR A

R 2 S5O EHRSEEN R EE TR AR L
IhHEFNANZEZR F NF-kB p65 ERFIAEHIFM (X L£5,n=16)
Table 2 Effects of main active ingredients compatibility of
S. miltiorrhiza and C. tinctorius on neurological function and
protein expression of NF-kB p65 in brain tissue of rats with

cerebral ischemia reperfusion injury (X *£s, n = 6)

A MZEIIREVFS:  NF-B p65 AR IA &

BFAR 0 1.50+0.61
it 3.174+0.37" 11.254+1.25*
DHI 1.8340.69% 5.0040.89%
fitfh 1 1.67+£0.47% 4.5040.55%
ficfh 2 1.50+0.50% 4.8841.20%
fictt 3 1.674+0.75% 4.67+0.52%
ficft 4 1.334+0.47% 3.08 £0.79%#58
ficft 5 1.8040.75% 7.00£0.77#58
BifH 6 1.33+0.47% 4.2141.25%
it 7 1.67+£0.75% 5.5440.60%
ficfh 8 1.50+0.76% 3.711.14%
Bt 9 2.00+0.82% 8.00+ 1.22#58

HRFARALE: "P<0.01; SHAAE: *P<0.05 #P<0.01;
5 DHI A LL#: $5P<<0.01

**P<0.01 vs Sham group; P <0.05 *P <0.01 vs model group; %3P <
0.01 vs DHI group

Fieft 8

E1 BEXRKMEE HE RELER

Fig. 1 HE staining of the cerebral cortex in each group of rats
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33 &S50 BHMA S BRI KGRI EE TR
AR AREZ GRP-78. NF-kB p65. CHOP.
TNF-a. IL-6 mRNA FiAEHISZ0E

qRT-PCR £ BN (£ 3), HGHETFRA LR, %
T K BRI B2 2 GRP-78. NF-kB p65. CHOP.
IL-6. TNF-a mRNA Fik/KFEZTHR (P<0.05.
0.01). SR L%, DHI 4. BAH 1. 2. 4. 6.
8. 9 4L KR KM JZH GRP-78 mRNA K&K

BETHE (P<0.05. 0.01); %4244 NF-kB p65-.
CHOP. IL-6. TNF-a mRNA [#] 21k 7K A 5] 72 E
(FIFEA%, R 4. 6 A NIE (P<0.01).
L5 DHI ZHAHLE%:, At 6 41 GRP-78 mRNA 3%
KK B E TR (P<0.05). 45 2%&9 DHI. J13
55 27 A0 A RO T AR X i it L P9 9 453405 K B
AP VER, HrP AR 4. 6 ALY 1 AR T Hodl
Fic fH 277

=3 AS50TBNR ORI R I EE R G AR kA2 GRP-78. NF-xB p65. CHOP. IL-6. TNF-o mRNA &

BN (X +5,n=06)

Table 3 Effects of main active ingredients compatibility of S. miltiorrhiza and C. tinctorius on expression of GRP-78, NF-kB

p65, CHOP, IL-6, TNF-a. mRNA in brain tissue of rats with cerebral ischemia reperfusion injury (X Xs, n=6)

5] mRNA XI5 &
2077

GRP-78 NF-kB p65 CHOP IL-6 TNF-o,
BRFER 1.02+0.24 1.13+0.18 1.02+0.22 1.0340.22 1.0240.21
et 1.38+0.21" 2224031 2.16+0.25" 3.454+0.16" 2.0940.22"*
DHI 1.77+0.26* 1.86+0.39% 1.72+0.12% 2.2340.13% 1.6240.23%
BifT 1 1.8040.34% 1.7140.32# 1.4740.26% 2.4440.42# 1.654+0.30%
BT 2 2.0440.39% 1.7940.26" 1.5040.38% 2.3740.32#8 1.8740.20
B AT 3 1.584+0.23 1.7940.24% 1.76+0.32% 2.584+0.19% 1.684+0.25
BT 4 2.104+0.31%# 1.624+0.27# 1.5140.38# 2.26+0.25% 1.4040.12#
Bl AT 5 1.524+0.30 1.8840.35% 1.834+0.42 2.9840.12#58 1.8940.30
BifT 6 2.2140.21#8 1.584+0.32# 1.46+0.16% 2.05+0.28 1.6040.33%
B AT 7 1.6240.38 2.014+0.31 1.754+0.37 2.6840.22#8 1.6240.19%
i fT 8 1.854+0.35% 1.754+0.36% 1.4940.25% 2.5440.16" 1.76 +0.30
BiAT 9 1.7940.28% 2.104+0.22 2.00+0.34 2.8240.23#58 1.724+0.37*

HHBEFARMALE: "P<0.05

*p<0.01; SERIAHE: “P<0.05 *#P<0.01; 5 DHI#HtE: SP<0.05 $P<0.01

*P<0.05 *P<0.01vs Sham group; *P <0.05 *P <0.01 vs model group; *P < 0.05 %P <0.01 vs DHI group

34 P50 BHMAS BRI NG EE TR
KR ANZAZR R NF-xB p65 & HRIEHIE N

TR AR (2. B 2) /R, NF-«xBp65
B R BRI P I P R 4R AR oA i AN
B4R ME 0% ) NF-xB p65 ML i\ 31 i %
WEEEAEREE A BT AR KRN ZIR I A B
[ NF-xB p65 FHPEA R IL . SRFARALE,
TR 1 K BRI ZH 240 B NF-xB p65 1A B fil 14
T (P<0.01); SRR LR, K45 254K R4l
UGN NF-xB p65 FIAKFEERE (P<0.01);
5 DHI 4Eb%, Eifh 4 4H NF-kB p65 ik /K7 i 2
i (P<<0.01).
4 g

w24 5 7 R TE 4 AR B R R SCAL AT B K

IR 250 R 3AL b, R B 58 75 2R
% T EWT R 25 2510, (H 24552 75 470 B
ok, MECIRAUERL, A P FUATLAR S DL 355 480,
PR PR T 25 7E bR LA AT AR e 2520
I3 O AT AR 1R 24 IR FHARDNS B . B0 A OS5 2 0
A BT 2T SR B B 25 N Y
Wit T4 EALIE FCEH, R AE I
PRI 2 N i) o 25 R 7 29 AR AT e A, X 3
Hh B RO AT IR A R AR ik, BRRE TR
B2 2 40 R BRI R R, O DU
wafh. REA R .

1A — RO TR R ALK L it B
IR 2 IR R SR . HLRF 2 VR BR 15 2800 ) (A
SR, i RT3 I A 3 SR S R AR S (R L
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ficfh 6 Bof 7

L P
e ‘e

RS ALE

E2 &5 ENMASE AR AETIRGKRKELR S NF-xB p65 EH FRIEHIF/NT

Fig. 2 Effects of main active ingredients compatibility of S. miltiorrhiza and C. tinctorius on expression of NF-kB p65 protein

in brain tissue of rats with cerebral ischemia reperfusion injury

Tz N T2 B B ARG . 2 R T A Sy
AT . XFFS . e RO BRI T AR
WAL Bt 3T 25 e 7 8GR, 1 HA R T ik
HAERMUH], [FE A48 SIRARRAER 25 2%
T R BEE T SLAR AL

FHIFESHR TS, 446 2 WG, T 2002
SESRE LT, AEREMRKEEM, TEZMNHATE
7 2 MR A, A& H TR R s
iR 02, HaT o % e T ERE 63
MMEAE I, Liv SMEFEKUHERD
HPLC-UV B 10 MR ES R+ 16 4
Ay CMIER . JRFF. BRI, RAEER. S-FH S
. FEB R, BILEAR. JFILAEE. HYSA. 57T
FH - R . RIEEFR. KRR, PR B,
Mg A FHBRR C© AT T &=NE, WK
LESRP IS ERNFEE, N 1408.7~1120.5
ug/mL, FHREE A 5FHRER B 15 S FE AR X 4
B, AN 523.1~187.4 pg/mL Al 801.0~324.2
pg/mL, {H HYSA 7EPFLERR P & EIRIK, e
B HPLC-UV Kl th, 2T 24 fe B
RFHERE ST, BT ERHT S 54166 &%
B G RERS, PATRER T &R m . ZEE T

BIFRIPr SR PR A FPHRER B 4b, dig$E T
HYSA, & 43 HEAmm s, R RS 1%
TH, WP SRS BEAT R AL, ARIZE RS fil
BRI EIR BB ORAE IR ROCR .

SRR 2 R AR, 22 R — RV B AR
1k, R RACE RS . SO R . 45 B TR
L W3 (endoplasmic reticulum stress, ERS) DL
RARIE SN o AT IR A g AR 32 1 B 55 B
NI, g, EAEFFREAE RS RS £k
HEMEA . GRP-78 & i T P9 ma I i 145 25
TGRS T8, EIEEHEL T, GRP-78 53
B RNA O/ FMEEFE ER RS (PERKD. LA &
il 1 (AORED). BUEHRET 6 (ATF6) 2554 T
KIFIRA . 2 ERS KARS, GRP-78 51X 3 i)
RAEMRES, AR ERL, Hik, GRP-78 LA
& BT I RER bR 5 1 2 e, {3 GRP-78 1) iR
AT ek A JoT R 4T B HE B S Y. (unfolded protein
response, UPR) fifif, {E#kds A IEH S5 MMIKE,
IR P2 00T PUR T RI/ERM . 4 ERS i
FERILRE, #i4ra3h PERK/CHOP 4%, 5l K=
4MIZET:, CHOP YENEE 1 M4 E R T
F, FEFEHPA A BERS KA & Z AR 0T,
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WL, ERS HRAEWAFEL Z BRI,
NF-kB 2 5145 2 Fh J0E K1 S R T3 DR R e 5%
FERIER M DIRY . AHFREMH, NFxB 5
UPR AH BAFE FH T A 2ERE, T 989 [ 7 A2 2 &
WIREE L, HE—nE ERSU. Bl NF-«B
SRS, ek TNF-a. IL-6. IL-1 % K&
FERER T IR, I 2 o 2 245345

ARSI R IEAS I T E SR i a4, IR
T P2 5264 R85 BT v Sk L PR K B
WIS RAESETTTRIE R . A E DI REVE 73
A HE 2025 T DUE H, DHI MM S 54006 H 3%
FA3 T A 2H 22 B AN )RR B8 M A3 K B 446 T A 43
SR DA SR i 52 2 (s BEASUAG AR B, R At 4. 6
2 0 A S I B A BE B ST QRT-PCR G K B 5
I % 2 GRP-78. CHOP. NF-kB p65. TNF-a. IL-6
mRNA KEEMER LR, B 4. 6 HIEALT
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