© 3412 - ¢ %% Chinese Traditional and Herbal Drugs 35 48 % %5 16 #§ 20178 A

ETRIBHEFERI BT 7 MR ERALEIAT 5T

- ¥

RIFE, KEE, W &, £ ¥, HeE, EF #, IHKRT
JeR R EZA RS, b 100029

B E:B80 @R i AR R BRI IR EACE P R AR A, R AR AL S BOR B I AT A RS R A
PO AATFR LR DR E -IOLE . 5 SR A4 ST 5 18 P R 8 S0 7 72 ST K BT R AR AR 28, DLV F A% DR
PAZER 08T (PCAD. i/ —3FIHI 34T (PLS-DAD Jrid NEE /i 0 1 2B, T th nl RERIEMIAR 84, IF Al
AT LS. SRR AATEIE BRI VA B AR Ah el . BUERE . BHEIAE 21 R/ A,
XA AL ISR R —E A BIRIER, RENSEGE KR BEAP ORI R (gl SREE. AI5%) A M LB AR -
516 AAG IR DR E AL AT Be SR A HMBEARACHE . SRR AT, o S I R AR S5 AR SC ARG A K
KRR Ay AAy RN MR, NIRRT : RS SRR RO, W s T 4T
Pt/ —3RH oA VAR E: TG SR H BRGSO ERACH o IhIRACHE AiE R
HESES: R285.5 ERFRERG: A XEHHS: 0253 -2670(2017)16 - 3412 - 07

DOI: 10.7501/j.issn.0253-2670.2017.16.026

Study on mechanism of nourishing blood and smoothing liver effects of Paeoniae
Radix Alba based on metabolomics information
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Abstract: Objective To investigate the nourishing blood and smoothing liver effects of Paeoniae Radix Alba (PRA) based on
metabolomics information. Methods The stagnation of liver gi and blood deficiency syndrome rats model was established by chronic
restraint stress combined with radiation. Using LC/MS method as the core technology, the principal component analysis (PCA) and
partial least squares discriminate analysis (PLS-DA) as the main data analysis methods, endogenous metabolites were screened in the
model rats to study the intervention mechanism of PRA. Results  Through the impact of phosphatidylcholine,
lysophosphatidylcholine, ceramide, deoxycytidine, betaine, and other 21 kinds of small molecular metabolites, PRA had a certain
callback effect on the disturbance of metabolic trajectory, which can improve the state of stagnation of liver gi and blood deficiency
induced by external stimulating factors (such as irradiation, restraint, and loneliness). Conclusion The nourishing blood and
smoothing liver effects of PRA may be related to the sphingolipid metabolism, glycerophospholipid metabolism, linoleic acid
metabolism, and alpha-linolenic acid metabolism.

Key words: metabolomics; Paeoniae Radix Alba; nourishing blood and smoothing liver; syndrome of stagnation of liver ¢i and blood
deficiency; endogenous metabolites; chronic restraint stress combined with radiation; LC-MS; principal component analysis; partial
least squares discriminate analysis; biomarkers; intervention mechanism; sphingolipid metabolism; glycerophospholipid metabolism;

linoleic acid metabolism; alpha-linolenic acid metabolism; metabolic pathway

MR AR IERE A IR M 5 ke, CEIFGS MR AR UE A A A B AR B>, s 2 25 )
PUROER MR, W T REST . IR ARIE. . 3T 4 ST AZ AR S 2 0 S B TIE W AT
Ha AN fS 2, faErzl. Bar, 56 SSBEmrr s R AR BR E AR A 9 2 i

Ytks HEA: 2017-08-01

EeWmB: HxERRIFESTHIE (81473370)

EZ RGN BFHE (1992—), %, WiLRFFA, BEFI5 R 255 HoR S 8h5R f st 70 5 R o
Tel: (010)64286099  E-mail: 20150931898@bucm.edu.cn

HEEEE TMot (1961—), B, BiHA R, BT N ZEEROR S I S R
Tel: (010)64286099  E-mail: 13381002202@vip.163.com



)

Chinese Traditional and Herbal Drugs 2% 48 % 3 16 3§ 201748 A

° 3413

YER o SR LB LE 0T T L AN 2, A5
DR e I 41 {5 P AL A 8 2 2 R e I N Akt
AT IR M DG AT /N AR b, R0 3
VERIBLE, A IR AR K B PR AR 2 AR I e 1
AE FA MR FE B2 LA 45 o
1 M8
1.1 SLIENY)

TEVE AR FRIENE SD KR 20 X, A& 180~
200 g, W E B AR (b0 sERsh R A RA A,
YFA[IES: SCXK (F) 2016-0002. FFETAbsr
P25 K% SPF &ahps, =ik 20~22 C, MR
FEH 60%~70%, fTHRFIHIA 12h (7 1 00~19 : 00
BHTHE, 19 1 00~7 © 00 B HERE ). SLIGTF A AHIAE
HI2EEIR,
1.2 FENEHE

Thermo Fisher Dionex™ UltiMate™ 3000 &1
WA . Q Exactive’™ PURKATHIE 25 1B o 3 |
Savant™ SPDI131DDA SpeedVac™ B 7% 8500 i 4
{X, Thermo Fisher Scientific; Mix-3000 =% /B~ 2%,
PR RRAX A FR A 7] 5 Mikro 220R £ 35 8 A R
B0, f#[E Hettich BHAEE A .
1.3 FERFA

LN (5 157014), HEE (b5 143710, 7
NEE (HHE'5 158629). /K (35 161714). 4% (it
5 172988). HIliZ (b5 143711) ¥ MJH %4, Fisher
AT,
2 FAEEHR
2.1 PASEERE

HYNIERNPERTE S d 5, B 20 HOKERBENLZS R
2 AN, B AR, AR 10 R, RS
RAVER A 3 h, ELE21d, KA LI KR IE
WA ANERE, AR AR, 3o
fhoe Al e, PREIOCRERE L, DA EiE
&, AR IR AR B . T RS 7 d JE RS
I05E 8 R, RAMUNIEA G MG 1 Ik, HUEHIEN
3.5 Gy, MRYJERRIRSLRIEmFE, BRAEH R
453 h, 14 do GBI 1 RANY ig 52
KIEW LES, ATZFREN 1.8%, fFa (PEZHR)
2015 FFRRESR (>1.2%)], FIEN 2 ghke, THA
AR ig B4k (ig AN 10 mL/kg), ELE
21d.
2.2 HEEERGIE

S 22 K, K RIS RIS , I8 E Bl Bk EL,

3500 r/min B5.00 73 B, —80 CLRAF. Ff& AL
By AR AEER M 2 5657 o
221 MRS MBS 4 CHATERE, I
100 pL ZEARCIFFRZR 1.5 mL 208 F, A 300
uL (2 iE. 780 15s, HATEAVIE. 4 C.
13 200 t/min Z.0> 10 min, H 2R 100 pL, &
T 200 uL WATEH, FRll. [FIES, 520 ST
PR JERE TR G, WA B HFES (QCD.
222 AERRMERS ISR 4 CHRME T ERUS,
B 100 pL ZEAMCIFFRZER 1.5 mL E0EF, A
SAG-HEE (3:1) 600 uL, #AE 1h, JES). 4 C.
13 200 r/min &> 10 min, HUF)Z&5 300 pL k4
T, IMANSREEE-Z6E (1 1) 400 pL =%, s
@, 12 000 r/min 250> 10 min, B2 100 pl,
BT 200 uL PAFE T, FRl. [RIRF, ARG
BT AR B JE A AT IR A, 145 o 24 R 5 (QC2).
23 BiEEH
231 WS kA~ Waters UPLC BEH
Amide (100 mmX2.1 mm, 1.7 um); st A LNE
(% 0.1%H R A1 2 mmol/L HREE , A)FIZK (5 0.1%
FHEZ AT 2 mmol/L F 44, B) s Welli AL 7 : 0~1.0 min,
95% A; 1.0~7.0 min, 95%~50% A; 7.0~9.0 min,
50% A; 9.0~9.1 min, 50%~95% A; 9.1~13.0 min,
95% A; AR E 0.3 mL/min; BEFEEN 1 pl;
40 C.
232 AEMRMERS iGN Waters UPLC HSS
T3 (100 mmX2.1 mm, 1.8 um); BN LIE-/K
(614, & 0.1%F MM 2 mmol/L FIRE:, A)
FE-FARE (129, & 0.1%F A1 2 mmol/L H R,
B); WiFEF: 0~2.0 min, 20%~30% B; 2.0~
5.0 min, 30%~45% B; 5.0~6.5 min, 45%~60% B
6.5~12.0 min, 60%~65% B; 12.0~14.0 min,
65%~85% B; 14.0~17.5 min, 85%~100% B;
17.5~18.0 min, 100% B; 18.0~18.1 min, 100%~
20% B; 18.1~19.5 min, 20% B; A&FIfE 0.3
mL/min; BFEEA 1.0 uL; KR 50 C.
2.4 JRIEFH

JOR B 3 BT R FH 25 % 7 FA LIS 55 2 TR IR DU AR A
HUE S TR 1E. AT T IR RS AN
3.7 kV H1-3.5 kV. BAIE MG 320 C. S
JE 77 206.85 kPa (30 psi), i< 77 68.95 kPa (10
psi). VAT AURE 300 C. WA B
NES . MHESAES, KA 199.95 mPa (1.5
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mTorr). —HAFMSHCNIHE3E 70 000, HEH
R HARN 1X10°, HRFRESI A 50 ms, J# T
EL A YE El m/z 150~1 500 J5 i o SR v R
AbRIE, FERZE N 5X107°, Kok B IE 5 Tk
74.096 43. 83.060 37. 195.084 65. 262.636 12.
524.264 96, 1022.003 41. 7 2-FiEF 91.003 68+
96.960 10. 112.985 59. 265.147 90. 514.284 40.
1 080.009 99. 1Rt %52 K dd-MS* F3i 5 (4
PO . BRSO R 17 500, H3)
WA HARA 1X10°, H KRS B IA] 50 ms, #%
K10 N TR R, hAHRR. R EE
12, fffERE 30V, BREMRE 1X10° Wi RSH
Xcalibur 2.2 SP1.48 #4741 .
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2 H S0 B A FH Ge i B SPSS 18.0 #ET 4t
0T, FEERILY £s £on. S4LATEFR L
KH IR ZE T Z 58T (one-way ANOVA) . R SE
IS4 F N\ Progenesis QI B AFHEAT IR ). ULRECAN
H— AL HE, SR 07 R B B N SIMCA14.1
AR 3T E RS 70 HT (principal component analysis,
PCA). s/ Z3F5 5341 (partial least squares-
discriiminate analysis, PLS-DA), #R#fi PLS-DA &
AR 8 B A (variable importance in the
projection, VIP){fi, 745G ¢ tuie i P A (P<<0.05)
ke FIRZE R ERIERB D
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FE S A 87 R B IR B (TIC) Wik 1~3 fioR. ]
L 3 A TIC ETER—{REE 1A B kg K
N EIREE —EER. HQCHMESEMRLT.
32 PCA

25 RIS L 4 K BRI Y PCA B LI 4~6,
MEHATULE 2 A& A RE, CHEXXNES,
LA 2 HFEA ) AR AP B 2 7. i
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0.904 6, HEFHIR R 25T 0.820 1, WM IE

B
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Fig. 1 Typical TIC of serum nonpolar ESI' in control

group compared with model group
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Fig. 2 Typical TIC of serum nonpolar ESI" in control

group compared with model group
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Fig. 3 Typical TIC of serum polar ESI" in control group

compared with model group
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330 B AAEA R RS IEH KR ke IEW4
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Fig. 5 Score plot of PCA of serum nonpolar ESI in
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Fig. 6 Score plot of PCA of serum polar ESI" in control

group compared with model group
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Fig. 7 Score plot of PLS-DA of serum nonpolar ESI' in

control group compared with model group
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Fig. 8 Score plot of PLS-DA of serum nonpolar ESI" in

control group compared with model group
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Fig.9 Score plot of PLS-DA of serum polar ESI" in control

group compared with model group
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Fig. 10 Score plot of PLS-DA of serum nonpolar ESI' in

control group compared with model group and PRA group
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Fig. 11 Score plot of PLS-DA of serum nonpolar ESI" in

control group compared with model group and PRA group

5] N e
N B HA
SEH
W0 o174l
®
e % .‘ * .
E 0.0+ L J A
= | ™ A A
mil®
u A
m B L4
_15_
—40 0 40

12 #HEBHE, BYE. TAANERETRTEST
PLS-DA 1557
Fig. 12 Score plot of PLS-DA of serum polar ESI" in

control group compared with model group and PRA group
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FR1 BEEIRE
Table 1 Summary of potential biomarkers
Wes VIP miz fr/min WA A [ATA KA
1 496 8265607 10275 WEAREEAEGL (PC [20:4(5Z,8Z,11Z,142)/16:0]) | t ESI CHERRMERRS)
2 1.55 856.6894 15463 HEMEMZNE (glucosylceramide) t V' BSIT CIEARMEERSY)
3 224 3192279 2809 [HE{SHEEE (androstenol) | t BST CIEARMEH
4 610 4963392  3.118 VAILBEAREEIEAS (LysoPC (16:0)) | t BSI™ CIEARMESRSY)
5 695 7585680 10.414 WEAREEAERE (PC[18:2(9Z,122)/16:0]) | t ESI CHERRMERR )
6 329 8156992 15254 HYEFEEBEAR (SM[d18:024:1(152)]) | t BSIT CIEARMEERSY)
7 170 6955728 17.786 HH[EEERE (CE [20:4(5Z,8Z,11Z,14Z)]) | t ESI™ CEMRMEH)
8 124 6506441 16.034 LWL (ceramide (d18:1/24:0)) | t BSI™ CIEARMEERSY)
9 1.07 879.7399 17.385 “Hili=Hs (TG [18:0/16:0/18:3(9Z,12Z,157)][is06]) | t ESI™ CHERRMERR )
10 261 5852699 0812 JHZZE (bilirubin) t v OBSTT GRS
11 133 4152109 0852 {&K%FIEH (eplerenone) t V' ESI" (BdEEfs)
12 1.16 345.1863 0910 2-Z%KEZ (2-ethoxynaphthalene) | t ESI™ (BEEfs)
13 209 4332386 0919 3-[4-F8IE-3-(3-FJE-2-T I dk) 2K 5 ) 2- P i | t ESI™ (BEEfs)

{3-[4-hydroxy-3-(3-methyl-2-butenyl)phenyl]-2-propenal}

14 494 7825675 1.129 EAREEAHAR (PC [20:4(5Z,8Z,11Z,142)/16:0])
15 1.89 4763055 1214 ZEEHAKE (netilmicin)

16 3.67 703.5732 1.851 HAZEEBENE (SM [d18:0/16:1(9Z)D

17 147 5103548 2444 FIMBEAEEE B (LysoPE (0:0/20:0))

18 807 5243700 2368 AIMBEAREEAEGR (LysoPC (18:0))

29 147 4551876  3.660 Jii%EF (deoxycytidine)

20 151 160.0755 3.531 MWW ZEE (indoleacetaldehyde)

21 1.77 118.0863  4.775 MW (betaine)

| t o BSIT (B
t Vo BSIT (B
| t o BSIT (B
| t o BSIT (B
| t o BSIT (B
| t o BSIT (B
| t o BSIT (B
| t o BSIT (B

HIEWAMRALLE: “t 7 RELWE, “ V7 RETH
«“ up-regulated, “4” down-regulated vs control group
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Fig. 13 Metabolic pathway analysis
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