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Abstract: Objective To analyze the mechanism of action of Mongolian drug Baolier Capsule in the treatment of hyperlipidemia based on
lipidomics. Methods The rats were randomly divided into control group, hyperlipidemia model group and low, medium and high-dose (270, 810,
2 430 mg-kg ") Baolier Capsules groups after successful modeling, and the rats were continuously administered for eight weeks. Non-targeted
lipidomics technology was used to analyze endogenous lipid changes in rat plasma to explore potential biomarkers and related metabolic pathways.
Results The results of lipidomics showed that there were 34 lipid differential metabolites in the plasma of hyperlipidemic rats in control group,
model group and high-dose administration group, involving metabolic pathways such as glycerophospholipids, phosphatidylinositol and
glycerides. Conclusion High-fat diet can affect glycerophospholipid metabolism and lead to hyperlipidemia, and the hypolipidemic effect of
Baolier Capsule is mainly achieved by regulating the metabolism of glycerol phospholipid and linoleic acid. Lipidomics effectively revealed the

formation mechanism of hyperlipidemia and the improvement effect of Baolier Capsules, and at the same time verified and supplemented the
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findings of metabolomics, further emphasizing the key role of glycerophospholipid metabolism in the process of lowering blood lipids.
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e i IRE 2 — i DA R AR e W5, |
P A St gk, RIN if 2% i IR [
B2 (TC) =FkHl (TG) MRS FE g & 1 -fH & i
(LDL-C) /K~F-Tt i, [R5 1% i 2 1 - P J]
(HDL-C) 7K-F BRI o 3 i BRAR AS B A A A2 Bl ik
B E B 1 o U R A m 60 LA % i L % 9% 0
MR BRI E, ARRERRRRL EAR, HiAr,
o IR IRE (YR 97 2540 E B HEATT 8. IR I
RS GRS, AhyT IR 25 i id ] 3-F5E-3-H
F IR R S A ICJEEE (HMG-CoA), Jk/>fH
[ B ()& R, i LDL-C 324433k BA% L2 TC,
BAEAENTE T FBE T v S he S A R s REel;
FR R 25 E BB IR B, D U S AR I R A
B AT FAR TG AR, KGR 5] R D Ag
e MURERF =S5 ) /s R BREA v S5
ety ARG IE AL IR [ i 2 A R AR R, TR 3 B
AR E B B, SR 251 & B ImiEAED), XLl
WAE AT MR/ 7 T S SRAF A, (HHAE A A
I R 24 P XU, BR i T T k81, A
I, JERBANAITHE S . SRR E 2 G BIEIT 5
WS, T AR 24 T v AR I AP S AT ) = T 1)

W2 R T AR . AN R RN DTS2 3 2 %
P HE RS AN, @ 2
BRAy iR 2P EE LS, AT RRERY
RO AS R B 7 T E A SRS . X Fh 2 4R
(A RS =X s i RE 96 97 S 6L 17 8 i F 7 A
prOCI, R iy, S G AR B = A2 A R AL A4
FHBSPHRE, s RIEAREER, AR S THERZ L,
RSEADRESIAR P TN, 4 S I | AN 5 |
P&, WENET 446, =t KESHRIHZET7,
BTG s . FHE PSR, ik
B, CRAR IR FEAE VAT IR BT Y5 i e A0 B IR
[ 7 TR AR S 257 04, Ha, 2R EC N T
IR, 5 ANV E AR, DA ST 240 2R,
FLAE R g RE Y6 97 HH A EL AR E FE AL A BT, R
R AT HASR AR 20 7 3R 0, CRFR i B vl
IR i A S B S AR T A

iAoy o W TP RS2y N S E o a3 IRA B /LN
R IRFR T AR S5, Thie LA A,
R 55 AN IR Fhia O AR N AS S5 B ) 1

20101, PGB A, PR HE A4 A IR 0T B oy
(1324, IR NSRS R R IR ZEALE = IR AR Y7
(RN o w5 i I 1) e A2 2 BER T AR 2k
15, AR Re e 3 BT X — I AR R R BEEA Y,
AL EARIG T o RISk, MR BRZH 24 B PR R
PR BRI/ E AL, ACE BT 487 5 i U AR
IKENRZR, AR AL R BEAR, [F] yiidl
TBIT 5 SARINIT bR SR AR AR -

AT TR R = RO - ER P 3 (UHPLC-
Q-TOF-MS/MS) #5iAR, FIFH RS ZH 2 THEIRANIR I IR
IR P BEAE 5 AR AR RN 5 I 7K~ T g
PRHL, SABIRISWT. TERA YT SRR
1 R
1.1 AHRS5EERF

RERRIEHE (S 2208027) T H N 52 52241k
WERAT]; FARR (D12451) WE/NRAZE (b
3O VIR R A B taeiy | T8 e b
) AVIEARERAF; Gl (REs =
99.9%. b5 WXBF2013V). itz (JfEs)
#$=99.9%. it'5 WXBF2341V). {4l 7 5 (i
4 99.9%. fit'5 WXBF1802V) I 4 3£ [E Merck
Awy ZE® PR (RESH=995%. #t5
1611001YT) I 3 [E Merck A #]; 4K (b5
121636Z1) ) E AN I e G AR A PRA 7]

1.2 SKIEE4)

SPF ¢ SD #Et4 KR, )& 160~180g, MWH
e B R E LI B ARB IR AF], FrliES:
SCXK (31)2021-0011. K BRAFFRIAE Ay TE (22~
28 C). MIXHEE (50%~70%). YIRS s #
(12 h), KAVREEH, 475 ek B e 7=
1 JH o B S 58 SRR b [ B Rt e i s
ST S YC B A 2 A AR AR AT
SIS . IRM-DWLL-2021128.

1.3 FENUF

Nexera F % 8 & WA &% 4L (H A
SHIMADZU ‘A #]); Triple TOF 6600TM %4 & 4T
B B 1A% (3 E SCIEX A F]); Centrifuge 5810R £
Dige & 20O (2 E Eppendorf A #] ); FEATY R
JiEfRZ %8 (£ [E Thermo Scientific A#]); DTC-15
BB EN CRRAENRHOR S HIEARATD;



EA8EFETH 2025F7H

Z;X"'%f-'[ﬁ? ER Drug Evaluation Research

MINI-10K+C AR ES ML (BT KR RRA #8827 D
MS105DU fiifE K (82 IR 22 A A F]D
MTN-2800W ZWAL (BURFEE R AR A F)D;
S50 L maim /s (AT CRED GRAF.
N22=>99.999% 1. 10 mL BEFS B 0 R H Fe A9
BHEEIRAT]D; WITEG JiK 2 Ui g s 8 (1
Witeg A#]D; FARWL GERT EREBIA R
By BB RH R AR A FD
2 Rk
2.1 ERS%HE

SD HEVERE 50 R, BEbL A S A, 53 An g
M, mRMmERAE, RAVRREMS. . SiE
41 (270, 810. 2 430 mg-kg™!, HIAST 1/3 &
1. 3 fFIRIREEGR &), B4 10 . GRS T
AR TE, HAMAHS TR RRRSE. 4 FE ig
Y, FTEHENESEAZ 8 G, MEFNCRIL,
T RR R 425547
2.2 MRHARLIE

NE AR — & R e B, seieid iy
8T FH BB B O B RRE o AR R B B R 4
: B 100 uL I ZRAEARE T 10 mL B B OE
BN 900 pL 4l K IR e A 30 s; A 2mL H
FEFD 0.9 mL S, #5252 10s [ E 30 min;
TN 1 mL FREEAT 0.9 mL — S W ke, RS
10s, HIDE, EEAKHE, FENEHME; &
£ 10 min, #3# 1 500 r-min~!, W& T EH M
BRI 2 0N — TR BaE s LE Y, 484t b
JZMA 1.8 mL & H%E, 1500 r'min~! 5.0 10
min, W T E A VAR AR 2 B & 08 I 5ar
RIS, BEBERINKTE, H0.1mL
AR (R 11 A5 mmol- L 4
FRAEVETE Y, 4 "C. 12000 r-min~! &> 30 min,
e 2N FE b A 2 E R P g AT T R

JRE (QC) FEARRINIS: FEATRE, WNEA
FEAZEL S L A JG % QC FEA . TEREA R K
S, & 10 MERFA 1A QC FEA, DLV
A L e RS R PRI RS TR B
23 iEEH

i 44 A Agilent Eclipse Plus Cis (100 mm X
2.1 mm, 3.5um) iEEE, JRBIE A AR FEE- -
KO CEFIEE T 010 1) A1 5 mmol-L™! ZWg%#:, B #H
RNFREEA 5 mmol- L' Z.FR%:; A 30 C; R FH
A 0.3 mL-min~'s BEFEAARR 1 uL, JREIAHGEIES

Vol. 48 No. 7 July 2025 + 1719 -
FERRPWIR 1 s,
=1 RSB ESR &G
Table 1 Gradient elution program
B 17 /min Al% B/%
2 80 20
3 60 40
5 40 60
15 2 98
20 2 98
22 80 20
30 80 20

24 FRIEEHG

KA ESI &1, Wi HES500V (IEEFH
D, 4500V (AEFHEAD; HMSHIE, fET
A —8, BRI 500 C; LR 80 V;
Wi RE R 40 V; EEREES N 20 Vi SHAES
241.32kPa (35 psi); A (GS 4B (GS2)
)4 379.25 kPa (55 psi). K F] DDA #E(i#k4T —
TAAERAE, AR S — IR TOF-MS 34
A1 12 K MS/MS 4. TOF-MS i &5 FEA m/z
100~1 500, MS/MS )i & a9 m/z 50~1 500,
2.5 FERRAAFHIBLIBES

JIE 53 20 7 3504 1 AL B 5 93 M {8 MExplorer
Uitime 4 CKIBGARD F1 MetaboAnalyst Chttps://
www.metaboanalyst.ca/) M3, i AL ERGLFE 1% R
GEBUE SOOI TA R, R B RPN WA, 2%
M STEAHERIEN R S, BT S
(PSSR AT A PRFE RIS EL,  FIF Lipidblast,
MsDial SEFFIEEAT 0T T A A A T 5 AR . A
THIRFEAR Z Mo R ZE e, R T B A
Far oAt (PCAD R B I TEAS S e /N — 3240 31)
534 (OPLS-DA) JEATRE4E T, DLARTE 2 4 5 45
Wi =AUV IRTE SR T OPLS-DA #8d Hi [1)AF
HEMHE (VIP) MIZESMEEE (FOO, Jfgt—Pait
MetaboAnalyst FEHIEA SR 4 AL (KEGG)
WS E T T IR . RS HOR BT

(1) WEHEHL: BEARSHOFE R/ NETE 65, K
B 60 s\ H/NERFE KT 100, FAMEREIE S /DA
B 3 A S LRI B AN /NT 15 5. ARYEERE
SEFRAE LN A S BOHATIE S AR, X I
T REE M SR AR HE AT AR L

(2) KIE: FH QC HAX #1715 T
WIE, [ HERRARTE QC FEAS H R I 2 1 1 0



« 1720 - FA8EFTH 2025578

{;X’Lfﬂ'yﬁ‘{ ER Drug Evaluation Research

Vol. 48 No. 7 July 2025

(3) MRIRERE: B AT s A 1 25 e,
TR A5 5 R AR T 2 A5 P 3515 5 DL 3
P ACFRI e . N O T R E, W
SEFRIVEE N +5s, Bifr Eya A £0.005, RBRE
Skl JEdT RS, SE Mgy
GO, B HEE AT S, — g LR R E
N 1.0X1075, —Zf i thiR 2% N 2.0X 1075, LA
PRUESE SEVUECHERR B2, A58 H B 2 645 HMDB.
Metlin. MsDial 1 Lipidblast .

3 #R
3.1 PCA F1 OPLS-DA P &AM ARZEF M

KAl UHPLC-Q-TOF-MS $ AR 47 - ) i i
20T, NEENS IR R SRR R B e
FIRAM A Aikass, KA PCA Xf AR 424451t
177 #r. PCA BRI E1F5r B4 Rl 1 i, QC
FEALEEI B R, RPUERMIZITE HE0RE

AlE. [FI) PCA 255 B B . AR 5 AR AR
TFE BTt D1 (33.3%) vs D2 (33.3%)
TN 601
21, i 1
18] -a"
14 |
10 30:
° 6 20:
E 2 104
w 4
a 2 1
-6 ~10
-10 ) —20]
ATy - '
-18 4

-22

20 -15-10 5 0 5 10 15 20 25
D1 Score

T THA

501
40

IR mF B HREA A TR A, X 3 A ) F sy
BT AR E, E A AR A A B
o [RINTAREE 3 2 A, MERYZH A IR X)) T
XTREZH I &S, SR IE R D v 5 SR AL,
LRFI IR o 3 v 77 B 2 A Tm) o6 B AL [ P 3, IR A
PRFR BB = 7R = VR 7 R
OPLS-DA Ak — B4R 1 o 25 I ZH (A 582K
MG, RUFEAHZ BAFEHRER . SHIMKE
FiHE#E OPLS-DA 1377 KA IEaN A 2. 5
IEA 2 P, R EARSHN R AR ZH A Y
M R?y=0.99, 0*y=0.96; {RF|/RIKEE S 7 EL4A
FERIZH ) R2y=0.95, 0%y=0.85. 200 {RXBEALE HeibiiE
e EoR, RELEA RIFIRADIGE S, WA EM
Hro I NFEE XIAIE, Oy BREHE 1, AT
5, UEPRRAYEE OISR, R2 AT 1, IERIRALIR %=
SRR, Bl BAE ARG R, AR . 4
FH, FTESLH OPLS-DA #i7 HAT RT3 RE
D1 (47.6%) vs D2 (26.2%) Qc
. WA

@ D
oRFRIEHE 2 430 mg kgt

(T

—30
—40

—-250 -230 -210 -190 -170 -150 —130

D1 Score

1 M¥RBEFRLBHIE PCA 557 E
Fig.1 Plasma lipid group data PCA score plot

3.2 ERBRFTIENSH

NI 2 R RSy, HE T VIP>1.0. Z R
%% (FC) =1.5 8] FC<0.67 LA KX P<<0.05 fIbrifE,
XA REZE . AEA AR R AR R R e R = A
HHATIR PR LLi, SR, AL 215
NS, 162 4D E, 53 AN T RAIRR
P EAEIEH 140 D2 FRWY, 48 A EiR,
92 NN, ARIERZER LB, WE 3. Ak
A i SR TT R UCREAH S IR 22 SR 0, % R
. B FNCRA R e B ) s 2 3 AR A ()
HATHRUER:, BEIE. BT 2 M, fiEd
34 MhEFAER, 20 B, 14 AT, BAER
PIARE AR 2 B AR TR, I e 22 55 i ot

FE AR JR 2 3% v 751) B 2H v S B H 1 sxof 2L (] 3 11
B, XL BRI FEARE: TG WK 14 Fh,
ZeltE (SM) 2K 5 7, BEIEBEULEE (PD 22K 1
i, BEARBEAEGE (PC) W3 5 Fh, —MHhEE (DG
W1 Fh, IR ELEG (LPC) 3K 1, JH
S ElE (epicoprostanol) 2K 1 Fh, AR 6 Fhi,
TG fEZ i 5 e, AEEZERIRR, Pl
34 Fh 2 S I8 AT B OR A R I B AE R YT i IR IUAE
HH ) SR R AR AR A
3.3 BRSO

T AR T T H G HE A 5 AR A 2
[F) 22 5 I BT B R IA 7K, anlEl 4 o, S5 R EoR 7%
SRR EAYE PC. DG TG K7 T. W &R



FEA8EFETH 2025F7H %¥ryhak #. Drug Evaluation Research Vol. 48 No. 7  July 2025 « 1721 -

A ol e dE B o o BAIRIKE 2430 mpke
2000 21000
L ]
& 1000 P 2 1000 —
S "
& 5 =
= o0 * g =
] g g
=1000- e = 1000
—2 000 ~21000
500 0 500 500 0 (
T score | 1] (45.1%) T score [1] (43.2%)
C R vs BY D T vs {RFIRIEEE 2 430 mg kg !
10/ | ' SR .
05 0.5
0 o |
-05
10/ | 05
000 025 050 075 100 000 025 050 075 100
K %15 v B : A8 v BRI 2 430 me kg™
10 1.0 .,
08 " 038 !
06 06 :
04 04
= 02 =02 {
= 5
£ 0 g8 o
g =
A~ 02 0.2
04 04 _
-06 06 i
0.8 0.8 X
¥
10 -1.0
=10 000 0 10 000 20 000 30000 —20000 -10000 0 10 000
Pl P[]
A. B-OPLS-DA 4}#77343; C. D-OPLS-DA B #:ka3613/>&; E. F-S-plot #i#k&.
A, B-OPLS-DA analysis score chart; C, D-OPLS-DA permutation test score chart; E, F-S-plot loading plots.
&2 [3RAEFRALEIE OPLS-DA 55 RIERIIEIEE
Fig.2 OPLS-DA scores and model validation charts of plasma lipid group data
HoF R vs A5EHY R vs fRF R 3R 2 430 mg-kg™!
- Tl KEEE - Ll T LEEE - EH
61 = T
i 4+ ot
o bl e § SR
41 : e 31 v
B e 5 CHER
T 2 AR
L N % :.‘..
’ B e L e e e e
e e L L L T s EE TR 1 Kod
0- i 0- HE
—15 -10 5 0 5 0 5 10
log, FC log, FC

3 ERBERALE
Fig.3 Differential lipid volcano map



<1722 - EASELTH 20254678  L¥Wi4a A Drug Evaluation Research Vol 48 No.7  July 2025

*2 BEERERKEY
Table 2 Lipid differential metabolites in groups
i Xif HE vs R BLEC-H vs f57%Y
WA VIP log2FC  #%% VIP log:FC &%
PC(P-18:1(11Z7)/18:3(9Z,122,157)) C14HsoNO7P  11.015 4 764.560 POS.  1.39 0.65 1 1.65 1.07 1

Z= 5 AR s ¥ tR/min - m/z

NEG
SM 28:2;20/12:0 CusHsoN20sP  12.548 4 843.660 POS.  1.33 0.87 1 1.36 1.04 1

NEG
PC 17:1_20:3 CusHs2NOsP  11.659 7 854.592 POS.  2.69 2.19 1 1.20 1.03 1

NEG
alpha-eleostearic acid Ci8H3002 3.3619277.218 NEG 5.77 1.92 1 5.34 2.02 1
10E,12Z-octadecadienoic acid CisH3202 4.922 4 279.234 NEG 18.62 1.13 1 9.70 1.32 1
6-octadecenoic acid Ci18H3402 4.9381281.240 NEG 2.08 1.20 1 2.08 1.30 1
adrenic acid C22H3602 7.127 7 331.264 NEG 1.93 1.27 1 1.76 1.33 1
phosphatidylcholine lyso 16:0 C24HsoNO7P  5.872 3554.346 NEG  8.77 0.85 1T 10.18 1.24 1
FAHFA 36:3 Cs6Hs404 4.9225559.472 NEG 1.65 2.51 1 1.63 2.71 1
DG(11D3/11D3/0:0) Cu3H7207 12.0743699.519 NEG 2.64 2.70 1 1.05 1.11 1
SM 18:1;20/16:0 CsoH79N20sP  11.004 5 747.565 NEG 1.23 0.79 1 1.15 0.85 1
PC 0-16:0_20:4 CasHs2NO7P  11.813 9 826.597 NEG  1.59 1.14 1 1.61 1.29 1
PC(0-22:1(132)/20:4(82,112,14Z,177)) CsoHe2NO7P  13.232 5 848.651 NEG 1.00 0.76 1 1.06 0.97 1
SM 29:2;20/13:0 Ca7HgesN206P  13.189 3 857.676 NEG  1.51 1.02 1 1.32 0.99 1
SM 37:3;20/5:0 C47Ha1N206P  12.646 6 869.676 NEG  2.02 0.72 1 2.41 1.10 i
SM 30:1;20/12:0 C47HesN206P  14.004 8 873.708 NEG  5.36 1.02 1 4.85 1.04 i
P1(18:0/20:3) Cs7Hss013P  10.160 5 887.559 NEG  2.37 1.08 1 2.18 1.16 i
TG(18:2/18:2/18:3) Cs7H100NOs  16.170 0 894.750 POS 3.11 2.68 1 211 2.06 1
TG(16:1/18:1/20:4) Cs7H10:NOs  16.529 3 896.769 POS  4.18 1.35 1 3.82 1.35 1
TG 16:0_18:2_20:5 Cs7Hg606 16.167 1 899.707 POS 1.72 1.98 1 1.43 1.81 1
epicoprostanol C271H4s0 18.107 8 371.355 POS 148 -1.12 1 157 177 l
1,2-dioleoyl-rac-glycerol C3gH7205 13.1931638.569 POS 1.79 -1.11 1 174 -1.23 l
PC(18:1(92)/P-16:0) CsHs2NO7P 11,9313 744568 POS 124 -1.76 1 1.03 -1.32 l
TG(16:0/16:0/16:1(92))[is03] Cs1Hg606 17.0191822.750 POS 1.66 -1.01 ! 22 =275 1
TG 14:0_15:0_19:2 Cs1Hg406 16.618 0825.691 POS 1.05 -1.34 ! 116 -2.37 !
TG 16:1_18:0_18:0 CssH10406 17.936 7 878.812 POS 4.90 -2.12 ! 517 -3.99 !
TG(16:0/18:0/18:0) CssH110NOs  17.928 8 880.822 POS 199 -1.96 ! 211  -3.56 l
TG 13:0_18:0_21:1 Cs5H10406 17.9327883.769 POS 273 -1.68 ! 3.07 353 l
TG 10:0_18:0_24:0 CssH10606 17.9324885.775 POS 1.04 -1.28 ! 125 -3.08 l
TG(18:0/18:1/18:2) Cs7H10sNOs  17.650 3902.816 POS 6.12 -1.15 ! 6.42 -1.66 !
TG(16:0/18:1/20:1) Cs7H110NOs  17.984 0 904.830 POS 436 -1.54 ! 498 -3.24 !
TG(14:1(92)/18:0/22:0)[is06] Cs7H10806 17.9934906.837 POS 1.66 -1.28 ! 195 -2.72 !
TG 14:0_18:1_22:1 Cs7H10606 18.007 8 909.787 POS 277 -1.30 ! 327 276 l
TG 16:0_18:1_20:0 Cs7H10806 18.3307911.800 POS 137 -1.44 1 1.64 —-3.95 l

POS-IER T NEG-H g 7 t-Z8 BT -85 R BLEC-H-RFURIRE &7 A

POS-positive ion mode; NEG-negative ion mode; 1-content increases; |-content decreases; BLEC-H-Baolier Capsule high dose group.
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