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Spectra-effect relationship of anti-inflammation of Salvia miltiorrhiza extract
based on gray correlation analysis
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Abstract: Objective To study the relationship between UPLC and anti-inflammatory effects of different extracts of Salvia
miltiorrhiza, and to provide a basis for clarifying the material basis of anti-inflammatory effects of S. miltiorrhiza. Methods UPLC
was used to analyze the different extraction sites of S. miltiorrhiza. The anti-inflammatory effect of anti-bronchial epithelial cell
inflammation model was studied by different extraction sites. The spectral relationship was established by gravitational correlation
analysis (GRA). Results 50% grams of ethanol extract (S3), 80% ethanol eluent (S4), filtered precipitate (S5), and extracted
aqueous layer extract (S9) had strong anti-inflammatory ability to inflammatory cells. The 50% ethanol eluate (S3) of the ethanol
extract of Danshen was the strongest. The effect of chemical composition on the anti-inflammatory efficacy of each characteristic peak
was as the following order: A9>A1>A2>A6>A15>A11>A12>AT7T>A10>AS>A14>A3>A18>A4>A13>A16> A8,
and the top four peaks with strong contribution to anti-inflammatory effects were peaks 9, 1, 2, and 6, respectively. The results were as
follows: tanshinone 11, danshensu, salvianolic acid B, and 3’-methyl salvianolic acid B. Conclusion The anti-inflammatory efficacy
of S. miltiorrhiza is the result of combination of various components. It is clear that the four components are tanshinone II,, danshensu,
salvianolic acid B, and 3’-methyl salvianolic acid B. The efficacy of the largest contribution to the future to explore the efficacy of
anti-inflammatory eftects of S. miltiorrhiza provides new ideas.
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P20 S ERMEY TS Salvia miltiorrhiza Bge.
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heZ il (PBS, #it'5 10010-023). Hanks ¥ (it
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Fig. 1 Extraction flow chart of S. miltiorrhiza
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0.4 mL/min; HEFEEN 3 ul; HEN 35 °C; HEFERS
(B4 28 min; JMENAH A 4 0.1% R /KSR, WEhAH
B 4 0.1%FR- LG BhETEIRFE T WK 1.

%1 UPLC/Q-TOF-MS % &4
Table 1 UPLC/Q-TOF-MS elution conditions

t/min A/% B/%
0.0 98 2
3.0 90 10
5.0 82 18

15.0 70 30

23.0 0 100

25.0 0 100

27.0 98 2

28.0 98 2

222 JFIEAAE N PUBRAT AT I R] ER T
1% (Waters Xevo G2 Q TOF, Waters A+, 3EH)
AT 5% . RHIE. i, dmis e
TR ESL s A AR 700 L/h, B 70
JE 450 C; HESLTUARURE 50 Lhs &I
120 'C; B HSE 3 000 V. AR 7R
Ju Ik 50~1 500, R4 R A MSE #X.
23 HiX@EEE

G 9 FIAFIFIZ I 50% LR
BTSN EZ 1 g/L AR S, 1 0.22 pm
TUALYENE, HXERER, HEAT UPLC/Q-TOF-MS 4347,
24 MEERARBES

RS0 Wa FH2E L B2, —
ZSTZW. FHRIR By F12 5% 10.0 mg, & 10 mL
S, e AR A R Z, HIF 1 mg/mL
FF RSV, 1 0.22 pum TRALIENR, BRI,
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252 RAEMMAEA K525 R TNF-o 3%
BEAS-2B Al E 0. K4 WU R 12 4 (n=
11): XA, BRI, HiZEKAA LR PS4 9
ANFE A

FH AT 0 i3 (1 R FR 2% 12 h A i e [l 4k
BB AFEEEY (10 g/mL, 85 PR 50 Ik A2 B0
PR B A PU R R AR ) DL HhZE KA (1
umol/L) FH5EHFH 4 h 5 iIA TNF-a 10 ng/mL $1] 3%

MY 12 h, DDA MR SR T2 K A f-«B
(NF-«B) A8 o
2.5.3 NF«B PRI 4 96 FLANMLET IR
PIBREAFLESIIA 20 uL #2340 MU 2R3, 4%3% 30 min
{FAH M2 o HX 20 pL AbER S 40 B A 100
pL TSEHCHF 2O B BRI, VAT, HZO A
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RrIFNES, A Il s O 7
GRS FE RS (POCRBHR A 3L =
R BHENE/ NS9O BE D -
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Fig.2 Total ion flow chart of each extracts of S. miltiorrhiza

in positive and negative ion mode
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Fig.3 Characteristic peaks of S. miltiorrhiza extracts

7-4",3"-dimethyl-lauric acid 8-tanshinone IIg

£2 fS1EE4 UPLC/Q-TOF-MS EliE45fEIE R 15N
Table 2 UPLC/Q-TOF-MS map of characteristic peaks of S. miltiorrhiza extracts

[M—H]/[M-+H]" [M—H]/[M+H]"

IS fy/min ZAEN IR BT (mlz) Dy
S SRR

1 2.80 197.0450 197.044 8 CoH 00s  179,151,135,123 PAE S
2 1151 717.145 6 717.146 4 CyH30016  519,339,321,295,279,185 FHB R B
3 6.11 313.0712 313.0716 C;H;4,06 269,159 PR F
4 4.08 137.023 9 137.023 9 C,H,05 109 Ji ) L2
5 8.88 359.076 7 359.076 7 CisHis0s  197,179,161,135,133 RIEA R
6 12.09 731.161 2 731.1617 CyH3016  551,533,507,353,335,309 3-HESHHTR B
7 13.62 565.134 6 565.133 8 CaoHpsO1n  521,327,309,211,193,185 4'3"- T AR RIS
8 18.09 311.128 3 311.129 1 CioHs0s 293,275,247 FEZH 1
9 2146 295.133 4 295.133 5 CioHis0;  277,249,231,207 A LITRIN

10 2046 297.149 1 297.149 4 CioHyO5  279,251,227,219 (SRl

32 ASEBWIMAIMLE M

e 3 4N, HEAA L, J1E 50%0 R
(S3). 80%VEMi (S4). yEVIIE (S5) FIAHL
JEKZHEE) (S9) T2 40 Mot 2 A FH AR U
HZESEFE (P<0.05); HLRAMIBIMEREIIR
ERMBIC B ZE T . WS 50%0E0H . 80%
VEMCA SR IR AL BUS K2 B A LR AE
1, b 50%3E B A F s
33 ASEEW UPLC BZSHAERAMNREX

B 547
330 JURECRR T B LA R (2

R WM . R REFFE R {Xo()}
TIFAEN XD} o SIS A R P 2 76 1
(W2 RARAE N BT A, PFS AN R I B R ik 06
WETHTRAE R T P41 o

3.3.2 4 EFHI KRR BIIE 8 =k I

£3 ASTRIEEBWIM KAELRRAHIFNER (X £s,n=11)

Table 3 Inhibition of different extracts from S. miltiorrhiza

on inflammatory cells (X *s, n =11)

25 TICFE MR A FE G
X I 90.97+ 0.19"
HhFE AR 7935+ 3.74”
Y 1242+ 7.53
S1 63.60+ 9.33
S2 59.76+ 8.86
S3 90.37+ 0.26"
S4 88.49+ 2.95"
S5 56.53+ 537"
S6 46.39422.58
S7 4744+13.72
S8 52.84+ 8.06
S9 66.31+ 3.78"

R S TP<<0.05

*P<0.01

"P<0.05 “P<0.01 vs model group
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Ck M5, BEFAL R Xk, TRalidh
Xy, BEFHE 5L 22 78 50 Aolk) =
Xo(k) —X(b)|(1<i<m)o VWWHAE t=k W BEFH) 5T
FE BRI R AL (k)

(k) = (minmin | Yy(k) — Y{(k) | + pmaxmax | Yy(k) —
Yik) | Y( | Yo(k)— Y{(k) | +pmaxmax | Yy(k)—Ydk) |)
Yo(k) AP A SRR 25 B ERb: Yi(k) I FFBA
ISR EU A RS MR W TR A — s & S p Mo
A AP0 59 R 4axd 22 BUE 0 R I, $Rm R R
B EZESR, pEWO,1), AR p BL0S; | Yoh)—Yi(k) |
KBRS 5 F P A 4% 2545 minimin | Yo(o)— Y(k) | K
A ZEAE M/ IME,  XAEA Amin; maximax | Yy(k)—Yi(k) | A
Ykt ZEE A, XAkl Amax
333 KREERE () BIUHE r ST BRI a] 4]
JURIRR LA, e BEP A5 19 513 AN 21 (1) 26
R B2, S5 R 4.

1 n
r=—1
"
n KT PA AN EL
T4 KEKEL

Table 4 Correlation results

e 5 r e 5 r
9 0.8225 5 0.730 8
1 0.797 5 14 0.729 9
2 0.786 9 3 0.700 8
6 0.777 6 18 0.673 5
15 0.769 7 4 0.633 5
11 0.748 0 13 0.633 5
12 0.743 8 16 0.6172
7 0.742 2 8 0.615 4
10 0.739 5 17 0.5937

3% 4 TR RIS HUI AR QU 55 L hT A FH 1 ¢
WA BT T 0, P2 F 2 DT RO (R AIE
W (') A 9>1>2>6>15>11>12>7>
10>5>14>3>18>4>13>16>8, il }ZHLH
PIRIBTRAE A A E o7 LR 25 2R
XL AE 2520 BROC T 4 NS HR0 94 1. 2.
6 T, Lol Hx S ASCER G B TR A,
O SIENPIEI L. 1 SIS E, 2 508N
FHBR B, 6 54 3-HIELFHHIR B.

AHIF SR F K A S I E 43 AT 7 i P R 258
(1) 4 B ASE Y 5 PF 22 25 8 AN () 8 A T e AT Deg U [

AT ORI, BREKILT 4 T2 st R 4E -
MITTHRFE B K, $87R F—20 1) TAE E A2 XX 4
Pl 28 A3 AT 78 1 2 BT LA R 20PN SR, LA
War L — B P S RAE SO R, R}
] P S e R A F I 252800 JURE Rl AT T
4 g

KT FHS A [FHEEY) UPLC F5 8BS REE
PR mAEdE -, SRR G5y
MR, e T RSB RER IE W FT AR R (A 27 B 53
PR A TTRRA RN . SEE3R 4 Bl rTan, S5t
RAEH SR EAHDC AT 4 A, Fo QIR B K
£ 9 5 (FIBEl ). 1 5 (JI3%). 2 5ik
(PR B) Al 6 5% (3-HEFHHR B). KWIFT
SR AE WAL 2 o SLIRIPE I 45 5

PESCHRAROE, FHS AR ] 1L-12 p40
FEP mRNA KPR A, 1 B S 20 AT 5
30 IL-12 p40 F BRI EURTREIE (1 (1 2R 5 1
BRSPS ISR PR AP, SR 0T &
B, Sl L3 TNF-a 35500 IL-18 £k, 1 H.
FFZ-A X AN FH sk, JLig e —i ] Gl
T 0 NF-xB (131K o 3X 5 A5G R BT 20 11,
LPu R 28O e K& e — 3L

5 I A5 RO o AR IR K B RN e, W5
Al ZhE (LPS) HIOK B B Wk 4 i f5 TNF-o i 5%
MRS DL, RIL LPS MBS TNF-o #2805,
BEMWES TS E AL S LPS R Bl I 40 it i
TNF-o FER FIRIA G DL 45 53R W], LPS Refili
B4 51 TNF-o, 11052 2 e 292> LPS Xf
K RUIE I BG40 B PR i, AT TNF-a )
YRR . ASSLI  AIE S Z B S PR
FHK

WILERY], FH& 2 MR R 2t e ki A
it CACS) A HMIEHPT R A, ) C [ VK
1 (CRP) (W=, [RIRTF s AR R K, &
BRI THE IR T B2 ST 2 Mg kK
HIPR . i ACS TR EENLHZ —P, Asg
B FFER AR PR R BA PR . 47 B
Pk, FHSHEERE TP S P2 Z R R
A%, PRI, WA R bR T
aRgE A

ARSI PES 9 BN FERIGRAI#E4T T UPLC
3R, BRE TR 18 Mg R AR, I B
10 ANMFFAE I BT A AL 22 1 7, PR Hh ik 1%
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