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Lipidomics study of protective effect of Salvia miltiorrhiza and Ligusticum chuanxiong
on rats with focal cerebral ischemia injury based on UPLC-Q/TOF-MS
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Abstract: Objective To study the regulating effect of freeze-dried substances of Salvia miltiorrhiza and Ligusticum chuanxiong
Decoction on lipid metabolism abnormality in focal cerebral ischemia rats. Methods The focal cerebral ischemia rat model was
established by monofilament method. The rats were randomly divided into normal group, sham operation group, model group, and drug
treatment group. Plasma was collected after the last dosage and UPLC-Q/TOF-MS was used to study the plasma lipidomics. The
lipidomics data were analyzed by orthogonal partial least square discriminant analysis (OPLS-DA), and the lipid metabolites changes
were examined before and after the intervention of S. miltiorrhiza and L. chuanxiong. Results The focal cerebral ischemia rat model was
successfully repeated. The S. miltiorrhiza and L. chuanxiong Decoction freeze-dried substances obviously reversed the abnormal lipid
metabolism profile in the focal cerebral ischemia rat model. The plasma lipid biomarkers of ischemia injury rat were PS (21:0/0:0), PG
(12:0/17:0), C16 sphinganine, phytosphingosine, PE [18:1 (92)/0:0], PC (16:1/2:0), PC (0:0/18:0), PC (16:1/0:0), PC (16:0/0:0), PC
(18:2/0:0), PC (18:1/0:0), PC (18:0/0:0), and PC (20:5/0:0), respectively. Conclusion S. miltiorrhiza and L. chuanxiong Decoction
freeze-dried substances have protective effects on cerebral ischemia injury, which may be related to the regulation of abnormal lipid
metabolism, especially for phosphatidylcholines (PCs).
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FEARGE, (PC). BEAEME OFENE (PE) BRI MR AR
W ERELAERR, Bk 5 B IR A2 BUE S BUA L
Tl AR B N, o I R 4% P S B I R A S F TV L Tl
NEZKF, TN S5 R R, AR, ZhAS. A
PEA R dsh 453 £ 06 LTS VPAN . 299007 0P A
HERE . RRASEX IR AT RA 0T, R
AN AR TR 2 10284k, AR
VA OB R AR VAR SRR, FEh T
MEEAR PPN 250 B4 TR

HH R ZGTER R s A R G AR R T 45 1
BITEY, PFS-)1E 2 TR i 2 A a7 B
FHZGXHEN, - Rt FORIF 70 1 R it L/ P P A
Y. B E ASCEETE BN, IR Ak
JE TR 2 A AR DGR o AR 5T 35 T i 5 2 Mg e o 45
i R EEAE R, R SO s T AT
KATIF A R3S (UPLC-Q/TOF-MS) a4 5 )2:- )1
EL R (R E ) RIS M A
AR K BRI 2% AR AR A AR Ak, SR TEAS (A
N FRFIHI M (OPLS-DA) ETFIRIBENIAEFE
VIbREYD, I IR RS S-S 250 ik i i 5 fR
FHERBINLE], R 290 R B PR N F$e i 5%

1 7R
1.1 {28

UPLC-Q/TOF-MS: HZA ¥ LC-30AD #=24
WA, & SIL-30AC H 3 FEES, CTO-20AC HHiRAH:
2:[H AB/SCEIX A ] AB SCEIX Triple™ TOF 5600"
KAT S A] %, 4 Analyst TF 1.7, PeakView
Software. MarkerView L{Eui. LGJ-12 =A% T
BNl LR RATRAEN B R R AR A F]D; TDX-1 iR
JERER bR rEikRH AR AR E3116R &
AR B 0L (€[ Essenscien A ] ); 24 L4
WAL (5 SRR IR AR V8 IREIR A% (36
Essenscien A 7] ); Finnpipette F2 ##i#¢ (Thermo

Scientific A7]); MDFC8V —80 CilE/RIRIKF (HA
Panasonic A& ).
1.2 K5

FrzéiM (M EBEEAHIWERAR, #5
190901 NEZHM (JINBEZIARAF, it
51612010, WM ERZG K 2E K g F R B S
%€, NIEIREHEYI Y S Salvia miltiorrhiza Bge.
(1) 8 AR S AR ZE R0 < JE B W )1 & Ligusticum
chuanxiong Hort. [JTHERHRZE; 2,6- T JE-4-H &
M (BHT, [ Sigama A#]); 4fF (falhaf, #t
5 QAFAIH, EJe F5/RAF]; TTC #i7 (Sigma
A, fits T8877); SLIGHEEZA/KIEE MILLI-Q
RGHA
1.3 ¥

TR SD KB, 5= 300~350 g, |
PN R 245 K B P S B R S A, ARV RTE S
SCXK (#) 2013-0020.
2 ik
2.1 A& )ISKELIEETIRHIE

R4 ChEZy HE, DAFZ-NE 5010
PIELH, EXZ584T 500 mL Fepf e, LB TKIRHE 15
min, JIZKHE 2 K, DKESHN 4. 3 %, BHEIK
N 300 20 min, RUGF U IEEMELGE . RKRIIR
MBS AT, BB B0, W EER AR T48
MUEAET, —80 CHiA4 12h, —80 ‘C. 1 Pa %fF FH
AT 360, Y (4 HPLC K& UPLC JIIE,
BT S PR B 31.1 mg/g. FUBEER 1.2 mg/g) H
RIS ORAE R H o I FH AT AE B Eh KA A
22 KREMMHEBRMRRNE S STEN
2.2.1 BRI B SD KRR, BRI AT [ R
By B R EE B K (CCA). Fish sk (ECA)
MELAZNK (ICA), 73 AIHE CCA I ICA A
ECA MRIEBIT 7> A2, 4531 CCA o LA
J ECA, fEfE CCA 7 X3 4 mm 48— “V” JEY)
O, Kkedk (BEAZ 0.26 mm B LR 50 mm, —
SRR KT IR 2 G I BRTH, K H 3 EIR NTEIA
AR A H R S, 7 R ] A e T A [
Rt AR, Ak BV . AEERERTAT 20, 30
mm [FIAL B HFRC, IR0 0.1%0 2 Bl RIE R+,
U EAR AT HlAEI ICA, FHIRRBHERHER L%
NP, ML 53 A FFAE 5, 16 AR FELE 17 mm
IR A B A B 7 B 0k, 2540 ICA DA & Zike:,
GG TR . SIS A R R K R TSk AL SE, R UK B
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222 MIEAITHNFEWS RH 5 X4 5k 0
gr: TMEDIREEBUER; 1 7 BEMAE TR
1, REMAREE MBI 2 4.
LYREER, HBLERAE; 3 /. HEEMSThREE
P, ATERME, e 4 45 AREERATE,
BIKT R,
223 TTC Zett KRN ZHPRE AR Z) 20 min,
RN T ARV 53 V)% 2 mm B EERY
M2 5~6 Jr, BT 1% TTC B S MR
t, 37 CIEILEEEIFE 15~30 min, AKEISHN
RG], REsRtEE 4%2 RPRE
T E AR AE
224 EFARAE TCHA AR Th G B K L BE
RIRER, PEMRT 1 s RIS s iy K
Hh ) Jik RS 46 0 B BRI 1R K i 3 bk B B ik A s I
B RAFTEBIRUE B A] 550185 TTC Jeftk L
FEAEL:
23 PE54%R?

T SD K BREEHL A NXTHEZL 8 K. BFARA
8 HL P& IS T o R, g 8 K. TR
MR G 7> B A SR BB, DAL, %6
. BRI FIR kIS R 3T M 24T
R 174 NS visk S s o W T X T DNER s ¢ 9 = N == I !
H, BMA, BFRARR ig 4 THEBEEIK, F12-
JNEFAER S, 5 2 RIgEIARIRITE4 T
FINARRREE T GRAEZFIEN 2916 gkg, T
S5 1.944 g/kg, A Z55&E 0.972 g/kg)
AR ERKVE, S 7do RIREZS 1 h &4 R
IR YR PTEEIL 1 mL, 4 “C. 4 000 r/min &> 10
min 7B M, —80 CHEAEH .
24 &S FHAR B MERERMA S REF
i
2.41 WREBEFHIZME (1) UPLC il 26 4%: Waters
ACQUITY UPLC HSS T3 faiff#: (100 mmX2.1
mm, 1.8 um, FHEPHD, il 30 C, HRER
FE 4 °C, WBhHN 0.1%FRRAKIER (A) -0 (B),
BEEESAE: 0~3 min, 90%~40% A; 3~6 min,
40%~20% A; 6~9 min, 20%~10% A; 9~10 min,
90%~100% B; 10~13 min, 100% B; 13~14 min,
100%~10% B; 14~15 min, 10% B; A& 0.3
mL/min. (2) Fii%&M: £ — 208 K
A I AT E i A SRR (IDA) 3R1F =G A .

IE &R — 0 m/z FHE7EER 100~2 000,
JEARZE N m/z 0.050, HifERE (CE) N 45eV. —
21K high sensitivity B3, m/z TRV
50~2000, RifEREAN 45eV. B TIRENLS (GS1)
ISR (GS2) #2855 Pa, A i (curtain gas,
CG) A 35 Pa. E N 500 °C, W% HLE N 5500V,
ZFEHRIE (DP) N 80 V. i Al —Zmiik
m/z FARETEE A 100~2 000, Jii &4k %A m/z 0.050,
WL R 45 eV, RS m/z FRGEE N 50~
2000, REFEREN 45eV. GSI1 Al GS2 #4855 Pa,
CG N 35 Pa. {ifE4 500 °C, W5 HiE —4 500 V,
DP H-100 V.,

2.4.2  IMIEFESLATACE e I BRI
R EY 0.15 mL 28T 1.5 mL 208 N (UK L #
fE)s AN 045 mL 4 CEAG-tail HEERAW (2 :
1, % 0.01%BHT) i®ji€ 60s, =ik N E 5 min,
JEN 115 uL #B4i/KIE 2T, 12 000 r/min 250> 10 min,
&SN EEAM RRZEEVIEY. TEAN
o WEUTFZW 200 uL £ 5 mL ZIFEFE0E N,
40 CEAMT, 300 pL ZH5HiE 1 min, ¥
Z 15mL BOEN, —20 CA%JE 13 000 r/min
£ 10 min, 2 X, W ETER 200 pL T-36H A AHE
PIRE R A . B, BRI 4 uL, 3R
B EFRE (TIC).

IS AH IR AE S AR A, AT B 5 1 N R
FERES . IE R AR S RE 6 YT R G TS B AN
P AT IR X R AR R TR P
2 )BT TR BI0FAE SO, it 8 e itk
FE 1 IRBLEEFE A, TP A LI iR R 41t
SEME
243 A AL E KA PeakView
Software B {FREATIERHE. T35 BEHNER . THIAH—1L
TR R AL AC T, MarkerView B4E R IE. 71T
R IR 5 44 -5 A7 LU 5 O B I (R 50 5o - B8 1 i
FEI = 4R R, 2L 8 AL S , 5N SIMCA-P 14.1
B Gif it Umetrics A7), SHTPRUELLATALEE, SR
F Hotelling’s T2 ;2 DModX #R i7ike F i FEA

K- H Pareto FrEvd: (Par) X st HE 2H FIASE A4 2H i3k
1T OPLS-DA Kb, @57 lg B 2H 24554, DL R? (cum,
FORFRR R 2257, 02 (cum, 7 Fr I ()
B 72 ) VR RN R AR 55 Bbm i, B B
GHEI RS i S UK (S-plot). VIP KB,
ol Jed ek P i e 0L ABE 2R 1 2R i SR A b .



23

Chinese Traditional and Herbal Drugs 28 50 % 252 #§ 201941 A <411 -

HAFIAAZ XIGAE (cross validation, CV) % 300 X
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BEARPEAN PF 2 )1 55 /K BB 10558 Jad Jeb A28 i sk 1T
P75 R SRR TR, b FEx i B A= b 6
YIRISZM . A -EE AR AE IR M 300 UEAUE
eI UE S PP AR B B
3 HR
3.1 KRB MG MAREITFMN
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Fig.1 TTC staining figure of rat brain
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AERBM R, LB 95%IG FHE
[ T2Crit (95%) 1 Jym]%E, LA 8k 99%lm 58 [ T2Crit
(99%)] & E A 5. DModX K UL i Al
[DCrit (0.05)] 2 f&ArHE R H. 42REKH,
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BT ARHFEA 6 Hotelling’s T2 1248 FLAE, =
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Fig.2 UPLC-Q/TOF-MS TIC plot of rats plasma under positive ion pattern
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Fig. 3 UPLC-Q/TOF-MS TIC plot of rats plasma under negative ion pattern
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3.4 KRANERIMAZERRE REYIREYIR A R EE SH ) 22 SR AR AR RS AT 78 40 Jse L) ek ek e ke i A5

IE B TR R S HRAAEA R R4l BKR S EH KR ZRAFE. 3B ILE 6. 1
FHAE AT OPLS-DA ABE, WIS 7 ey BV AN IRZH 70 il T 4350 S A A . A a4y
AL, R? (cum) >0.5. @7 (cum) >0.5, 74 REH MK FH P AN R EEZR ., VIP
WTHRMZERGEE, BARGHHNEET . IE. KR S TR 7. 8. S T bR &4 A () X
B FRCERA L RIE R R R Z a0 S Rl 7R R 2 AR A BT R IR 2 T v R
(CV-ANOVA) 4 P<0.05, #EUABIBAIGRIER  FRAK.
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Fig. 6 Lipidomics scores plot between control and model groups
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IEEFE 300 IREHIGIELS R RP>0%, R?
BEE N 0.753, O* B N-0.663, BT 300
KBS R R2>0%, RP#EFE N 0.549, Q7
HEEN-0512. Q*¥IE R 2N, H Q*WilHH H £k
5y B A2 e R, SRR R LG
SR 9.

RE R AE bR £ 8PS (21:0/0:0) PG
(12:0/17:0). C16 sphinganine. phytosphingosine-

PE [18:1(9Z)/0:0]. PC (16:1/2:0). PC (0:0/18:0).
PC (16:1/0:0). PC (16:0/0:0). PC (18:2/0:0). PC
(18:1/0:0). PC (18:0/0:0). PC (20:5/0:0). #5HE W,
*1.

IEE TR, miz 606317 7 NIEET M+
KJY, —ZJRitEA 280.117 2. 223.050 5 &85 —
W ET, %ENPS (21:0/0:0); m/z 698.495 0
NINAEE T [M+NHLY 200 HAE 681.471 8.
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#1 #TF UPLC-Q/TOF-MS £ E i F A B 54
Table 1 Differential metabolites identified by UPLC-Q/TOF-MS
ey :
R (Lﬁf,’ﬁ) BEAES | Parl VI FC PRI B RCT P A
EEF 1270 6063177 606.316 8 1.48 PS (21:0/0:0) 0.81 198 1.85 7.6943X107 t 052 00011 ™
10.79  698.4950 698.496 7 243 PG (12:0/17:0) 0.87 203 175 6.2946X1073 t 0.59 0.0010 ™
407 2742746 2742740 2.18 C16 sphinganine 0.77 9.89 0.80 5.6647X10™* | 122 00090 1™
409 3183004 3183003 0.31 phytosphingosine 0.83 8.96 0.81 1.9540X10™* | 121 00060 1%
6.09 497.3386 497.3350 7.23 PE [18:1 (92)/0:0] 0.87 9.19 027 12803X107° | 1.99 0.0098 1%
6.09 5183206 5183241 -6.75 PC (16:1/2:0) 0.78 6.66 036 4.9139X10™* | 1.74 00062 1%
5.63 5203400 520.3398 0.38 PC (18:2/0:0) 0.61 10.17 043 0.0138 | 191 0.0069 t*
6.48 5223551 5223554 -0.57 PC (18:1/0:0) 0.81 9.08 029 1.4266X10™* | 1.80 0.0084 t*
7.60 5243695 5243711 -3.05 PC (0:0/18:0) 0.70 10.81 0.39 0.0025 | 199 0.0017 t*
AET 525 5383159 5383151 1.48 PC (16:1/0:0) 0.68 11.49 0.04 0.0058 | 250 00042 17
5.86  540.3317 540.3307 1.85 PC (16:0/0:0) 0.64 11.22 0.16 0.0158 | 139 00164 1%
5.63 5643317 564.3307 1.77 PC (18:2/0:0) 0.58 13.00 0.25 0.0033 | 143 00021 1%
6.47 566.3465 566.346 4 0.17 PC (18:1/0:0) 0.62 14.39 0.18 0.0018 | 148 00060 1™
7.30 568.3623 568.3620 0.52 PC (18:0/0:0) 0.62 7.88 0.18 0.0233 | 150 0.0058 1™
5.10  586.318 586.3151 4.94 PC (20:5/0:0) 0.68 6.13 0.04 0.0014 | 555 00017 1™

R v T IRZH, AR A IR AR U A5 R TR 2 A 0T T AL AR O T ST AR o 8 B ) B A
“PIB ST vs B, AR AEEGR A DA KPT2 )1 T T R Y 20 B Jot 1 231 S5 R X i B A AL

P12 E T B I R AR

R 2 BIARERIZ G BT BT 2 b T e AN AL
R o R R Z AR B

“Model group vs control group, fold change is ratio of average relative intensity of lipid components in model group vs control group measured by

instrument, The 1 and | represents increase and decrease of lipid in model group, respectively; ““Danshen and Chuanxiong group vs model group,

fold change is ratio of the average relative intensity of lipid components in Danshen and Chuanxiong group vs model group measured by instrument, The

t ""and | ™" represents increase and decrease of lipid after Danshen and Chuanxiong intervention group, respectively
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