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Abstract: Objective To study the compatibility regularities and mechanisms of action of the Bibing
Yaoshan prescription, providing a scientific basis for its further research and development. Methods Using

an atherosclerosis (AS) rabbit model, this research evaluated optimal formulations by examining blood lipid
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levels, hemorheology and aortic arch morphology. LLC-MS technology was employed to conduct comparative se-
rum metabonomic studies of various formulations and elucidate their metabolic mechanisms, specifically focu-
Results

sing on the most optimal formula in serum, heart and liver. The optimal Bibing Yaoshan prescrip-

tion formulation included Suberect spatholobus, Smilax glabra Roxb, and Astragalus membranaceus (Formula
3). there were 24 pharmacodynamic metabolites in serum among the three formulas, with eight specific to For-
mula 3, the difference of pharmacodynamic metabolites between Formula 1 and 2 was not obvious but between
Formula 3 and other two formulas was significant. Notable variations in pharmacodynamic metabolites of For-
mula 3 were seen in serum, heart and liver, with the highest identification of pharmacodynamic metabolites in
the liver, followed by the heart, Formula 3 has fewer mutual pharmacodynamic metabolism differences in ser-
um, heart and liver. The metabolic mechanism differences between Formulas 1 and 2 were minor, while For-
mula 3 differed notably from the other two formulas. Formula 3 exhibited substantial variation in effect across
Formula 3 emerged as the most optimal, displaying significantly

different tissues and organs.  Conclusion

distinct metabolic profiles in serum compared to the other two formulas. the metabolic profile of Formula 3 va-

ries greatly in different tissues and organs.
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SO i I 48 9% 955 (cardiovascular and cerebrovascu-
lar diseases, CCD) 3 2 i 1 J fill 2 2h Jok o5 + i fk
(atherosclerosis, AS) , 2 BR A i 7 4R 30 ik 22 75 (coro-
nary artery disease, CAD) & £ #J 2 3L K 4 &
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XU R A A AR AL R T b BE i e,
o 1 IR AL 3 2 DR KR |l B LR L L B R A
B, W R A RE TR MR | A5 TR ISR IR YT .

G 245 B 5 i XY I B (Spatholobus suberectus
Dunn) . £ % (Smilax glabra Roxb) Fl%& B 2H i,
FEH: W X B2 T B A e, A i iy R
LR AL SLAAL 25 AT 3R 0009 I 38 28 0 2%
S DT AE T BRI PR AP g H TR 97 23 L L H 220 A
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BT A SFHERE AR AR, B 2 BRI L A
KGR W TR T MR SR b RE Lk
B 58 O LRSS0 MR PR I A8 O & E 55, SR 24 B2
MR R E B AR PR O =S
) R R N e/ B LI DT R et = SN iU E N
By I B B2 B A #h 7. TP 2 B (Astraga-
lus membranaceus Fisch) > & £l # 1 J& A8 9 I 52 3 1
FROAR R LA 24 8800 AN M AR A ) 02 JH T 4 i AR
B35 7, BAR 2 B2 BF 9T 36 W B LA B 0 D RE AR
LA A B VAT W PR | B R A g R TR SR 2
ROGCHFE W A, =i 2 H2EME
B

JREI 24 I 7 e HE 5 M X T By 3 28 X 1 O T
2B KRR RE AL CAS) 9 XUSE 8005 . 1B 1 T8 HE 25 %0

Bibing Yaoshan prescription; formula optimization; AS rabbit model; metabonomics

YEFRMLE A7 Ak B A S i 4l . A SC L
BRI A BE 7 5 G I T AR 2 2 LA F 9 e A TG O
I O T (8 AR 2 2% L D0 A L TRC 7 Rk 58 AR BL
il s S TR A A 6 245 i 5 4 AR 2 S 0 B il
1 #RfAEE
L1 BRI AshY  JHEEE (No. 531F102, Solarbio) ,
BEE R (TC) (No. 2010123 maccera biology Co. Lt-
d. ) A% Mg 2 1 IH E B (LDL-C) (No. 200928 ; mac-
cera biology Co. Ltd. ), H il = 8§ (TG) (No. 201020;
maccera biology Co. Ltd.), & % & I§ 8 HH (HDL-C)
(No. 200928 ; maccera biology Co. Ltd. ), #8 & LW 5
AL (SOD) (No. 20010910228 ; Meikang biotechnolo-
gy Co. Ltd) , B0 (R 415, HY1223-500g, |-
TR PR L A ) B A PR A D L e (No. 0008757 , M
B2k 4.5 AR ARE 2.00~2.50 kg, ]I R Gl
HIRFTAEAFD
L2 BORARETTRm s BUR 2 RET Hlh 25 g X8
M .25 ¢ HARZEM 500 g FERR-ED . B 1 M 75 g
XS E BC A 2 37,5 g ML ERT 37,5 g HARZE LB
753 N 34.5 g X IMFE.34.5 g BAREEFI 6 g BEIE s AR 4
N — Bl 24 7)Aok B 3R LA B B K B ) R A
3.5 g/ (kg + &), MARFEAFIEJE 0. 36 g/ (kg « DV,
AT 2020 £ 9 A 15 HIWH B @i IEHZ5 )5, FE A
(No. 20200915) F#HCF ) VA% A G X h 25k 1 24
WA B0 P 1A 5 N T AR AT s . IR R G
(No. 2020120 DAE N FAM: 25 %, W B Jb 5 db K 4 15 A4
PR A B A . 4 IR RS £ B — 7K (90 = 10,
50 = 50F0 5 ¢ 95, F A R 4 B 3 UK, BB L 72 h)
fEE R TR 8 kg By 1AL 2 FIBCTT 3 MZH . 12
BRI R e di 2 2 L,
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1.3 FEACREMAROTEA SRR A H, 585 i
[ P — F i — B — SRR (1 2 8 2 4 8T
48 MR i 3%, 38 1 1 J8 J5 B AL 4 o0 1E % 4l
(CG) AR (MG | ML fE B (PG) (AL 1 4 (SG) |
BL )y 2 (DG L Tr 3 4 (AG) , T 2H # 52% M Aff 45 F .
SCHS 60 d, BEFIAR 1 AR TR, IE H 4145 T SRk R,
M2 25 7 e Ns iR kL s B Ah IR AL B 1 ALy 2
HFBCTT 3 4 43 DRSS T fE R JBC T 1~3, 4524
60 d,

LA S A KRB ARES K 12 h REH %
B L A %% TC.LDL-C,TG,HDL-C 1 SOD
T (7600-020 4 [ 3l A4 Ak 48 B A, Hitachi) M Ui
LY P 72 “F (SA9000 4= [ 3h # A =X il W 3 28 43 #r
10 . BT 5 % B Dk S 5 h 48 — K (25 ¢ 100,
m/v;4 mL/kg) ARG M B0 bk e £ 1 v O AR,
TR 2 F 5T, R B E B Ik 5 FE A, 1T Motic BA210
B A= B B I Motic BA600 LI - R 48
A3 BT A 43T
1.4 R4 248 80 mg o0 FIHFBE A 4K A
200 pL H, O, 23 VB HE 60 s, A 800 pL HI i — 2
E(1 s 1av/v) IRE 60 s FIMRIEAE A 30 min 2 K,
400 pL FIEE—Z 51 s 1,v/v) IAE] 100 pL O AT
(4R it S LT R T R S IR BE 60 s, IR AE — 20 C ik
1 h PUIEE A SR 7E 14 000 r/min B> 10 min,
FVEWCEE A 0. 22 pm 38 BT 3E, IR ] UPLC-Q-

R1 RENBREZFM SOD HiF

TOF-MS(Agilent 1290 #5808 A 3% . Agilent, AB
Triple TOF 6600 Jii & 43 #f #% . AB SCIEX) 43 #r . Q-
TOF-MS #¢ & H1 5§ 25 (ESD , UPLC ¢ & {5 3% A (45
¥ Waters L ACQUITY UPLC HSS T3 1.8 pm, M
#% 2.1 mm X100 mm;3EHE . Waters. ACQUITY UP-
LC BEH Amide 1. 7 pm, 4% 2. 1 mm X100 mm),
RS SR R0 T 2 50k ) 2 2 Sk . AR AL
WE5E B E I BRI AR A 2R RO BR 2 W) 58

L5 Gk SERBIEME (o9 R R AT$
2 AT ik o i AN [ 4L 2Z (Bl 25 55, P <<0. 05 Rom 2%
SH Gt X, i SPSS 26. 0(IBM, New York,
USA) #1 GraphPad Prism 8. 0(GraphPad Prism, Cali-
fornia, USA) 43 #7 i P $c i . 0k 4k, F§ SIMCA-P
14. 1(Umetrics, Umea, Sweden) B 24 %10 5 22 5 4y 3
A5 F 153 40 B (PCAD | i B /s = 3¢ 340 3] 43 #7 (PLS-
DA) F1IE 52 i Fe /> 3 #1351 43 #r COPLS-DA)

2 HR

2.1 FURLRET A AS BB P ER S
) BT A 5% S 1 R B 0 2 A 18 I 1, AN [m] 2 [ A B 2
SRR, HEAHR SOD H# HIE % 41K, 30 d
W2 S TG X, 60 d if % 2B Gt E L. 1
EEHAEMER TSR, R L, XERHHES
N S 0 AL R EE 30 d NS S, 24 5250 #5282 51 60
d I B A A R AL TS 1~ 3 B 3R
B I S A B AT

(n=28)

S MAERE(1.00 s71) /mPa«s

S IMAERE5.00 s71) /mPa- s

S IMAEFE(30.00 s71) /mPa+s  ZIfEEE(200.00 s7') /mPa-+ s

2 5

30 d 60 d 30 d 30 d 60 d 30 d 60 d
EH4A 18.69+1.23 20.1241.84 8.0640. 88 8.1040. 66 1. 340,09 4.4440. 36 3.1140.15 3.1440.17
F 4 26.2844.70>  25.714+2.18>  9.71+1.23>  10.24+1.51>  4.92+0.451>  5.0040. 37> 3.4440.31"  3.4040.30°
Bl g7 2 4 20.3740.96¢  20.9041.60¢  8.1040. 909 8.2441. 40¢ 4,4440. 08¢ 4,5240. 44¢ 3.1940. 20¢ 3.2140.17
fit 77 3 41 21.0141.92¢  20.7542.33¢  8.5840.51¢ 8.4841.149  4.88=40.64%  4.9440.36%  3.3940.20°  3.0740.18¢
F 12.148 13.227 5.251 5.283 4,497 . 525 4,003 3.521
P <0. 001 <0. 001 0. 005 0. 005 0.011 0.010 0.017 0.028

FUE) REOLBERTFEMSODHEE (=8

. M3 B /mPa s AR AR S R e RSB SOD/U+ mL !
A 30d 60 d 30d 60 d 30d 60 d 30d 60 d 30d 60 d
EwA 1.2040.03 1.20£0.02 6.2240. 40 6.22%0.52 2.59£0.30 2.6140.22 16.03+1,04 17.6240,90 127.40+8.08 126.72+13.56
L 1.2140.05  1.24£0.06  7.3141.20° 7971670  2.79£0.41  2.8040.22  20.8742.64> 20.47+2.24>  121.49+10.37  102.86+14.27°
14 - - - - - - - - 122,40£8.13 103.22418. 54
fiJ 28 1.2540.07  1.2840.05¢  6.11+0.34¢  6.17+0.61¢  2.61£0.05  2.7240.30  15.58+1.80¢ 16.2143.73  124.58£15.27  106.52+16.77°
B3 12140074 1.2040.02¢  6.19£0.50¢  6.2240.51°  2.8340.30  2.834£0.07 18.1741.61%d0 18.254+1.39  122.78+6.06 10412420, 69°
F 1.311 6.560 5.310 6,772 1.330 1.651 13.575 4,457 0.474 2,878
P 0. 290 0.002 0. 005 <0.001 0.285 0. 200 <0.001 0.011 0.703 0,037

. OFRNUHERHEHEU GEDRT, OFFEFAE,a: P<0.05.b: P<<0.01; 5# & 4 th# ,c. P<0.05,d: P <<0.01;5

WeH 2 AWE,.e; P<<0.05,f;: P <C0.01,
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M3 B BB is 25 8, W3k 2. HIEW 41 TG.TC,
LDL-C #l HDL-C A It , 8 8 20 {i K H. 22 5% A 42 it 2
B CP <001 Mg FEAL B 7 1 41 B Jr 2 40 A
T 3 A E T IE H AE AR T AR AL, 5B A2 22 [
Mgit 425 B3, AMmARRA B 14, By 24dl
LT 3 4, Bk HDL-C {H4h ., 2w i ig i = 2K
RO 2 lor 1 41 EC 05 2 41 EC 5 3 4Rl i BE 41

Bt 7 3 4l 2% (% HDL-C {H% & TRy 1 4 MEdJr 2
AT LB, X85 R R W A m ik
1 RE T B0 1085 0 . AR B L BC T 1~ ) 3 3R
— TR 1 T B 24 25 245 A e o ) 55 0 6 2 I B R
ity 3—>H ) 2—>He 1, v AR R )
143 100 B I 2R 25 RE B SR BT AS B BE J7 . W R AR
J7 3 Hg AR 2 RV 25 1 A

X2 ETHRSHMEHE (=93
TG/(mmoL « L") TC/(mmoL « L") A i L PN i JEL g/
2H 5 "
30 d 60 d 30 d 60 d BE/pm Hh S L
Nl 0.964-0.11 0.9640. 14 2.0440. 28 2.0840. 35 19.1645.55 0.0940.02
LT 2 1.5840. 25" 1.6240. 31" 4.114+0. 52" 4.3240.51" 59,5247, 48" 0.254+0. 06"
1M I % 21 0.99+0.15¢ 1.0340.13¢ 3.13+0.18d" 2.96+0. 28" 23.14+6.78¢ 0.13%+0. 03¢
FeJ5 14 1.31+0.18° 1.30+0.17¢ 3.7240.15 3.7340.32c  45.23+6.32d>  0.16=£0.07°
Bo 7 2 4H 1.2940. 23" 1.2640. 15" 3.6640.14 "¢ 3.6840. 43" 39.14=+6.89d"  0.15+0.06¢
Bt 3 2H 1.1140. 09" 1.17£0. 12 3.63+£0. 17" 3.66+0.41"™ 35.23+8.93d"  0.14+0.05¢
F 13. 815 13. 265 56. 205 31. 817 34.987 8.533
P <0. 001 <0. 001 <0. 001 <0. 001 <0. 001 <0. 001
R2(E) FHHRSHMMmMEBHE (=8

LDL-C/(mmoL « L") HDL-C/(mmoL « L™") BE e FR
2H 5 PEY T AR /pm® o "

30 d 60 d 30 d 60 d F k= m R
IEH 4 0.4940.19 0.6240.07 0.8040. 29 0.7140. 35 16228. 5345958. 44 0.04194+0.0170
FE R 1.6340. 35" 1.9440. 33" 1.1340.19° 1.1940.09" 105878.964+7992. 85>  0.2213=£0.0527"
1M FE 2 1.024£0.22%  1.2140.23d" 0.9940.15 1.03£0.18"  55742.46+4889.23d" 0.0650+0. 0356¢
W14 1.29-+0. 31" 1.5340. 29 0.824+0.19 0.8940.21  68634.533£5871.32% 0.0723=0.0483¢
Bl Jr 2 4 1.1840. 26" 1.4540.28% 0.95%+0.17 1.06=£0. 15" 57649.25+4782.13d" 0.0699+0.0288¢
Bty 3 21 1.1140.29"  1.3940.32% 1.114-0. 23 1.1240.17"  53578.92+2418.02d" 0.0667+0.0296¢
F 14.767 21.005 3.586 5.615 214.124 24.581
P <<0. 001 <0. 001 <<0. 009 <0. 001 <0. 001 <0. 001

FOFNUHERHHEUCEDERT, OFEFEFAI,a: P<<0.05.b: P<T0.01; 5 ¥ & 4 W% ,c: P<<0.05,d: P<<0.01; 5

B 2 #H ¥ .e: P<<0.05,f; P<C0.01,

LV 73 2 R B W35 1. FIIE 8 440 1L, B i
TEFE T N4 L s VD6 b, A 20 A& TU{E T R 2%
BHEITFERE S, REHEH 2 4URES T 3 4 {EER &
TIEH A AR T8I A 20 B9 {8, Be U7 2 21 B 72U 20 A
Fo, BA 2 Y148 50,60 d 4 1 25 .30 d i I 3¢
FEEA 60 d B4 R VI 46 O nY G2 1 2% 25 RIS i
B, B 3SR 2 Lz m, B 2 E .60 d
B IS 6 030 d B4 i R MI B s A Gt E X
HE T 3l Tl 2 4m, D 45 REHKR e
F AR & RT LA 3 e B AE L Be 7 2 A D7 3 #F LA 1
Bii 257880, BL 7 2 2554 ms e F Ly 3.

F B0 Bk 5 6 BB A5 0F 5 A0 &5 SR WL IR 1, P S
{EL P9 E o S RS BE (L o A B B Ih RS SR LR 2,
TE H 2 PN B %) P B2 40 iR X S R HE B K 5 R g

7 RS BT 5 v RS- i UL v A8 R 1 HE 3 R A BR R 2 OE R
P4 5 DA P 81 e B 8 0 AT 2R B I VK 400 B A T T DT AR
FIIE 5 2HAH LU o 45580 20 P REE P Bz 4 i 11 0 ik R 72
REAIRZ KM, — L8 Py 5 T B W7 224 5 °F 1 L2 4
FIHEZ ek, DA PR R 58] e SR i B9 o 7 4 i S 0 AR
MG RELH L7 1 4 W7 2 LHRNTC 7 3 4H &k 2k T R
TR0 20 R RLFr s 72 {EL R JBE LU ARE 7R 2 A%, Lo A8 R E PR R
FER R R 1 4 VB 2 S 5 3 41 i iR R
20 H 55 N RS FE A L PRREE | v B B L B ok A B B
H—F, X egh R W I As e iy 25 3 B ik, L 7 1 Y
RS  BO T 2 25059 FECUT 3. LA PuAfk i
JIE B3 L AR A RN BRI A A R L B 7 3 2P AS
1 s L BE T
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F:CG A E¥ 4, MGC H#EAMN PG H Ll FE4H.SC HBH 14.DG HEF 24.AG hTEFH 34,

M1 o mRELAHARER

2.2 R
2.2.1 BERIRTAEPE AR E HEOFSY N T I B R 24
i 75 AS TR BE 75 A e B 22 5, LR 5 T 4% i O T
AS FAMLE AL sy T 0 4 T A 5 24 15 O AR
S LA ST TR 3 T 1 AS K AL L FAT
U4 2%, B (QC) # 4t UPLC-Q TOF-MS & #
I P B I ) ) RS R 3 0 114 o 7 A AR AR
U FRWIRE A~ 5250 o AR rp A g R 22 51 1 AR AR B
i XCMS A IE /58 5 BT 23 51 DIl 3 O
FUFE 2 BS54 il g2 11489/8516.,
16286/11321 F1 16147/11150, iF & F U % B ¥ T
BT U, RIIE G T A a8 B AL 80 IE B AU T
B R,

f#i 1 UPLC-Q-TOF-MS #{ #f& # 57 & i 4 5 #r

(10X)

(PCAYBEARITFUI TE # 20 IRV (I 1 By 2 4
FIBCH 3 4l ZIMp a2z (ILE 2.8 3.% 3). BF
i QC IEf B F AN B I 4R R % AR RS
WHAREMEZN., BoREWART S FRT
I3 A AL A RN OE 2 RL Dy 2 AL RNAR R LA, e
ANF AR REAR G 2R 2, XA S5 R RO I JIE B
TR I %0 i AR 2 R AR R AT .
A A T 5 /Iy — 35 ) 551 43 A (PLS-DA) 1 IE 52 et B
I T A ) 4 At COPLS-DA) 3H 51 A [l 41 18] (49 4K i 22
S CLE 4~ 6,3 3), B eI T Hild
53 B RLZH ({8 Ky 0. 473 cum b, HE HESK T
0.50 cum ;& BIACIEAE AR &l 5 O FE IE B TR
HCFL Ty 3 20 AR ARY 2 2 i) A5 78 1) e Mkt B

10

o cr

12
]

T T T T T T
-30 -20 -10 o 10 20 30
Lyl

Ly}

FEEMEELNEERETFHERXTMNR.AHERXT R X @45 £ 0.544 F2 0. 555;
CT.MD.EJ.EY ##t EHY 4Bl R Z E% 4 MAH By 14H. 0y 2408y 34,
A2 fEREEEHHEARQCO MW E &2 0 (PCA)EF 4 B
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& 1 * XGT - » XCT
s XEF a XEF
® .é"lﬂf‘ _é»ém
A 21
g - * g -
[ A
e A
*w BT
o A
B
XCT: CG XCT: CG
XEF: AG XEF: AG
XMD: MG o | XMD: MG
8' 7! T T T * T T T T
40 -20 0 20 40 20 10 o 10 20
(U] i1
= GCT = GCT
2 2 G i
gc 2] ac
.
: .
GCT:CG GCT: CG
w0 | GEF: AG GEF: AG
¥ GMD: MG GMD: MG
-Zru .:u o \Iﬂ E‘D —2‘0 71‘0 0 1‘0 2‘0
1) 1)
FoEEMAEEANEEREFHERTMR, EE IS TE N
B REX 451 0.517 10,568, FF e R* X 18 451 & 0.542 #1 0. 5113
CGHE¥A.AG FBEF 34.MG A4,
A3 WA QC t PCA 4 & 4 A
X3 EAFEISHRX.RY Q&
PCA PLS-DA OPLS-DA
45
RZX RZX RZY Q? RZX RZY Q?
1)
BRI /1 4l 0.586/0. 570 0.564/0. 254 0.997/0. 986 0.927/0. 752 0.564/0.328 0.994/0. 995 0. 826/0. 560
Bl 148/ 4 0.593/0. 552 0.456/0. 334 0.984/0. 954 0.925/0. 413 0.460/0. 337 0.984/0. 960 0.906/0. 596
By 1 41/8img] 0.541/0.561 0.445/0. 481 0.993/0. 990 0.874/0.780 0.341/0. 481 0.980/0. 990 0.849/0.719
iy 2 41/1E % 4l 0.580/0. 556 0.538/0. 295 0.995/0. 970 0.920/0. 618 0.538/0. 410 0.995/0. 991 0.920/0. 748
e 77 2 41/ B 4 0.501/0.561 0.436/0. 600 0.998/0. 994 0.925/0. 965 0.371/0.600 0.965/0. 994 0.843/0.725
By 3 4 /IE% 4 0.527/0.537 0.579/0. 439 0.997/0. 994 0.934/0. 819 0.515/0. 439 0.949/0. 994 0.850/0. 770
By 3 41/ R m gl 0.515/0.527 0.329/0. 486 0.996/0. 989 0.760/0.821 0.329/0. 486 0.996/0. 989 0.690/0.773
L
AL/ IE % 4 0.553/0.585 0.451/0. 460 0.963/0.993 0.899/0. 887 0.451/0. 460 0.963/0. 993 0.861/0. 881
B 3 4/ 1E W 4 0.536/0. 605 0.499/0. 388 0.994/0. 986 0.949/0. 914 0.499/0. 388 0.994/0. 986 0.890/0. 903
By 3 41/ K m gl 0.533/0.503 0.430/0.310 0.990/0. 947 0.764/0.595 0.430/0.310 0.990/0. 947 0.473/0.594
JiF
PR/ IE % A 0.521/0. 520 0.279/0. 441 0.990/0. 996 0.745/0. 897 0.279/0. 441 0.990/0. 990 0.784/0. 900
By 3 4/ %4 0.521/0.533 0.290/0. 380 0.991/0. 989 0.869/0.911 0.290/0. 380 0.991/0. 989 0.824/0.902
By 3 41/ BRI 0.563/0. 568 0.221/0. 459 0.994/0. 994 0.732/0. 818 0.221/0. 459 0.994/0. 994 0.742/0. 639
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HETHEP2AHAEREFERN, CCHEHA MG A AU,
M6 APEAAES FIEYHGE) K PCACEE) PLSDACH ) F1 OPLS-DA(E ) &4 H
*4 VMEBREFS
No. 2 No. Vs No. b4
1 1-Stearoyl-2-hydroxy-sn-glycero-3-phosphocholine 57 Glycerophosphocholine 113 Nitrosobenzene
2 Acetylcarnitine 58 Cytosine 114 Glutathione
3 D-Mannose 59 Guanosine 5’-monophosphate 115 Gly-Arg
4 1-Stearoyl-2-oleoyl-sn-glycerol 3-phosphocholine 60 Cytidine 116 gamma-L-Glutamyl-L-glutamic acid
5 1-oleoyl-sn-glycero-3-phosphocholine 61 1-Palmitoyl-2-hydroxy-sn-glycero-3-phosphoethanolamine | 117 N6-Methyl-L-lysine
6 Trigonelline 62 Pantothenate 118 4-Aminobutyric acid
7 Creatine 63 Inosine 5’-monophosphate (IMP) 119 Adenosine monophosphate
8 1-Stearoyl-2-arachidonoyl-sn-glycerol 64 Pro-Asp 120 S-Methyl-5"-thioadenosine
9 L-Alanine 65 Anthranilic acid (Vitamin L1) 121 Dioctyl phthalate
10 Histamine 66 1-Aminocyclopropanecarboxylic acid 122 ADP-ribose
11 L-Glutamine 67 L-Leucine 123 D-Mannose-6-phosphate
12 2-Amino-2-methyl-1, 3-propanediol 68 L-Anserine 124 Adenine
13 FERI4 (18:2(9Z,122)/0:0/0:0) [ rac] 69 Thiamine 125 Tyr-Arg
14 D-Proline 70 alpha-Linolenic acid 126 5,2"-0-dimethylcytidine
15 Betaine 71 Pantothenol 127 Leu-Thr
16 4-Imidazoleacetic acid 72 His-le 128 L-Aspartate
17 1-Eicosatrienoyl-sn-glycero-3-phosphoethanolamine 73 Cyclohexylamine 129 beta-D-Glucosamine
18 Sphingosine 74 L-Glutamate 130 Lys-Pro
19 5-Hydroxyindoleacetate 75 Adenosine 131 S-Adenosyl-L-homocysteine
20 beta, -Cyano-L-alanine 76 1-Myristoyl-sn-glycero-3-phosphocholine 132 Uracil
21 PC(16:0/16:0) 77 sn-Glycerol 3-phosphoethanolamine 133 Nicotinate
22 L-Citrulline 78 Arg-Ala 134 Isomaltose
23 L-Carnitine 79 Arachidonic Acid (peroxide free) 135 N6-methyladenosine
24 Thymine 80 Dihydroxyacetone 136 Gamma-Glutamyleysteine
25 L-Proline 81 D-Lyxose 137 25-hydroxyvitamin D3
26 2-Hydroxyadenine 82 DL-3-Phenyllactic acid 138 Linoleic acid
27 (3-Carboxypropyl) trimethylammonium cation 83 3-Hydroxycapric acid 139 L-Palmitoylcarnitine
28 1-Palmitoyllysophosphatidylcholine 84 77, 10Z, 13Z, 162, 19Z-Docosapentaenoic acid 140 Stearoylcarnitine
29 Creatinine 85 Capric acid 141 3-Methylhistidine
30 Triethanolamine 86 4-Pyridoxic acid 142 D-Ribose 5-phosphate
31 L-Histidine 87 1-Palmitoyl-2-oleoyl-phosphatidylglycerol 143 D-Galactarate

855



2023 4F AT B % 27 e = 4l 55 6 4
R4UE) VMEBHREES

No. E4i8 No. E4is No. 4k
32 L-Carnosine 88 Thymidine 144 D-Erythrose 4-phosphate
33 N-Palmitoylsphingosine 89 Dihydroxyacetone phosphate 145 Bilirubin
34 5-Hydroxytryptophol (5HTOL) 90 Pristanic acid 146 alpha-D-Glucose 1-phosphate
35 Phosphorylcholine 91 L-Malic acid 147 D-Mannose 1-phosphate
36 Sphinganine 92 L-1ditol 148 D-Ribose
37 Sphingomyelin 93 Myristic acid 149 Cholesteryl sulfate
38 Cholic acid 94 all cis-(6,9,12)-Linolenic acid 150 D-Threitol
39 Deoxyinosine 95 Norethindrone Acetate 151 D-Allose
40 Thromboxane B2 96 Inosine 152 L-Sorbose
41 Pentadecanoic Acid 97 Cytidine monophosphate N-acetylneuraminic acid 153 Flutamide
42 Quinate 98 Methyl 4-hydroxybenzoate 154 Glycerol 3-phosphate
43 12(R)-HETE 99 Vanillin 155 cis-9-Palmitoleic acid
44 Heptadecanoic acid 100 UDP-N-acetylglucosamine 156 D-Maltose
45 (4Z,72,10Z,13Z,16Z,192)-4,7,10,13,1 6,19-Docosahexaenoic acid || 101 N-Acetylmannosamine 157 D-galacturonic acid
16 Prostaglandin H2 102 N-Acetyl-D-glucosamine 158 Glycolate
47 1-Stearoyl-sn-glycerol 3-phosphocholine 103 Xanthosine 159 2-Methyl-3-hydroxybutyric acid
18 1-Stearoyl-2-oleoyl-sn-glycerol 3-phosphocholine (SOPC) 104 Quinone 160 2-Oxoadipic acid
49 1,2-dioleoyl-sn-glycero-3-phosphatidylcholine 105 Uridine 5’-monophosphate (UMP) 161 Acamprosate
50 Argininosuccinic acid 106 D-Glucose 6-phosphate 162 DL-lactate
51 1-Palmitoyl-sn-glycero-3-phosphocholine 107 Tyr-Val 163 Acetyl phosphate
52 Flavin adenine dinucleotide (FAD) 108 Xanthine 164 Isovalerylglycine
53 Adenosine 5’-diphosphate (ADP) 109 Guanosine 165 Deoxycholic acid
o4 Thioetheramide-PC 110 2-Methylbutyroylcarnitine 166 Indoxyl sulfate
55 1-Stearoyl-rac-glycerol 111 Val-Phe
56 Melamine 112 20-Hydroxyarachidonic acid
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ML o 25 7 139 4> DM, 43 5 4878t 29,26 Al
33ANELTT 1.2 F1 3 1) PML, £ ILTE v, 2 — 24 X 1 i
)R o A R AR S A i RIS e 1 A8 Ry 2 1,3
A PM(VM 7,19 . F1 45) I %% s — 28 PM £5 5048 1k (fold
changes, FOEH W NLF (VM 29, Bt 7 1 4H/Fi Al 4 =
16. 39554381\ J7 2 4H/HEAI2H = 1. 163027468) ., = &
PR (30 e 7 1 4l /A AL 4] =12, 68455178, i Jr 2 41/
FERILH =7, 942100461) Fl 5-F-B-15| W 2, % (34, i 5 1
/R = 1. 677599136, BC 7 2 41/#E Rl 4 =
2.781925834) S AAAE Bt 22 5 L UABH G 7 1 R 2 Ay [l A
TR 250 B B AR i i b, MR 2 AR
Ji 3 W, 2 4> PM(VM 23 Fl 40) I 2% il i1 51 3 11 4
PM(VM 7.9.17,18.19.31.42.44 45,47 F1 48, [a] i}
R PM(VM 12, 2-% H-2- W 31, 3-7§ —; VM 29,
WAHHFC & Ak As . myEHh . By 3 4 8 MFA I
PM;HCTr 1 13 A 26 DIL[E A PML LT 1 A3 A 24
AL PML 3 DM25WA 24 DN IEA R PM (& 5,58 5
MK 6), XLy R LW J7 I Iy & AR A2 A 0 H 2 7
2 AT 3 B, v T R A AR 22 R R A T
A 0 AR Ak, 2 BAR I AL & 2B T B B i AR Ak



2023 4 A VT RO B 2 B 2 %56 10
x5 MAIMBEAF2EMBR PMER

No. VIP FC P 24y No. VIP FC P g 2 No. VIP FC Pg %4
1 4, 432 11,094 <0.001 i1 15 18.547 1.678 0.009 [ 30 1.166 0.620 0.031 fiy 1
1 4,432 11,094 <0.001 fiJr 2 15 18.547 1.678 0.009 fiJr2 30 1.166 0.620 0.031 fik2
2 22.450 0. 444 <0.001 fi )y 1 16 1.436 0.322 0.011 fh1 | 32 1,438 2.197 0,037 fihil
2 22,450 0. 444 <0.001 Bl 2 16 1.436 0.322 0.011 Bijz2 | 32 1.438 2,197 0.037 [
3 2.7506 0.465 <0.001 i1 19 1.505 0.270 0. 044 fh1 34 1,270 0.331 0.042 fitl 1
3 2.7506 0.465 <0.001 fiih2 21 1.272 1.715 0,017 h1 34 4,270 0.331 0.042 Fih2
5 10. 361 1.750 <0.001 Bl | 2t 1.272 1,715 0.017 Eh2 | 35 2,956 1.248 0.043 [Wi!
5 10. 361 1.750 <0.001 By 2 22 1,242 1.458 0.019 By 1 35 2. 956 1.248 0.043 [
6 1,996 13.247 <0.001 filhy 1 22 1,242 1,458 0.019 ik | 38 1.116 0,414 0. 006 fiily 1
6 4,996 13.247 <0.001 B2 | 23 2.820 0.269 0.020 ikl 38 1.116 0.414 0.006 Fih2
7 2,598 0.412 <0.001 fii )y 1 23 2,820 0. 269 0.020 fh2 | 39 1.557 2. 080 0.027 iy 1
10 6. 409 0,248 0.003 Bij1 25 1.861 2.208 0.021 Bl | 39 1,357 2.080 0.027 [
10 6. 409 0,248 0.003 fihe2 | 2 1.861 2.208 0,021 fhe | 40 2,064 0.110 0,035 fih1
11 2.787 1.775 0. 005 fii )y 1 26 2,363 0.231 0.026 FH1 | 40 2,064 0.110 0.035 Fh2
1 2,787 1.775 0.005 [/ A 2.363 0.230 0.026 e | 4 3.296 0.547 0.038 iy 1
12 5,326 1.536 0.008 fiihi 1 27 5,301 0. 664 0.027 i1 i1 3,296 0.547 0.038 [
12 5.326 1.536 0.008 figr2 27 5.301 0,664 0.027 2 45 3.708 6. 850 0.005 k1
14 6,687 1.550 0. 009 fii )y 1 29 11. 805 0.890 0.031 L

14 6. 687 1.550 0. 009 B2 | 29 11. 805 0.890 0.031 B2

6 BASEARAHLAEERPMER

No. VIP FC P KR No. VIP FC P{f 3 No. VIP FC P{g K
27 5,301 0. 664 0.027 1 122 1,094 2.185 0.006 iF 134 1. 804 1.514 0.034 JiF
27 10. 360 1.300 0.045 I 65 3,544 8,724 <0.001 JiF 9 3. 326 1.166 0.021 L
20 15174 15, 444 <0.001 IS 79 6.103 2.516 <0.001 I 128 1.878 1. 496 0.016 i
49 12.405 2.570 <0.001 ig 79 2.813 1.721 0. 008 i3 23 1.438 2.197 0,037 11
66 2.174 1.313 0.010 JiF 78 2.786 1,432 0. 044 D 22 1,242 1.458 0.019 L%
17 1014 7.235 <0.001 s 78 1,30 0.538 0,024 s 74 3,404 1.397 0. 045 N
76 1.556 1.463 0.041 L 50 2,411 1.942 <0.001 D 74 4,655 1.273 0.037 i3
48 1.383 1.971 <0.001 0 129 1.129 1.523 0.0161 fiF 11 2,787 1.775 0. 004 1L
5 10. 361 1.750 <0.001 1k 15 18.547 1.678 0. 009 IR 11 1,789 0. 700 0.009 JiF
5 8.142 1.411 0.026 lis 145 1.053 2.515 0.001 fF 31 3,502 1.747 0.019 L
61 4,098 2,167 <0.001 L 38 1.116 0.414 0. 006 i 91 5,899 1.276 0.011 L
50 2.510 3.187 <0.001 L 38 1.058 0. 365 0.007 fif 139 2.424 0. 662 0,041 JiF
51 2. 365 2,132 <0.001 L 7 2.598 0.412 0.001 [R5 25 5,675 1.678 0.026 M
1 4,432 11, 094 <0.001 1 7 1.780 1,475 0.000 N 25 2.661 1.295 0.030 i
1 18.908 2,990 <0.001 D 29 11. 805 0.890 0.031 1K1 93 11.39 0.628 0.022 N
47 12.906 2.113 <0.001 T 29 3,267 1,178 0.041 N 135 1. 306 0.743 0.035 i
55 1,094 2.518 <0.001 D 29 9.540 1,267 0. 002 iz 133 2,052 0.571 0.021 JiF
112 2,033 1. 664 0.002 i 73 11,582 2,004 0.012 D 21 1,272 1.715 0.017 ik
137 1.809 1.734 0.039 JiF 39 1,557 2,080 0.027 1L ¥ 1 3,296 0.547 0.038 11
12 5. 326 1.536 0.008 IR 80 1.071 1.329 <0, 001 L 35 2.956 1,248 0.043 ik
26 2,363 0.230 0.026 1§ 82 1.077 3,754 <0.001 D 35 9. 505 1. 636 <0, 001 I
160 8,179 0. 560 <0.001 JiF 81 2,346 1,289 <0.001 D 64 1.033 1.430 0.002 L
141 4,254 1.648 0. 044 JiF 3 2.751 0. 465 <0.001 (k) 42 1.972 2.326 <0.001 11
16 1,436 0,322 0.011 iR 3 2,049 1.195 0,036 L 131 1,561 2,934 0,019 it
86 1.197 1.623 0,004 L 14 6. 687 1. 550 0.009 1K) 18 1,378 0.257 0.013 I8
126 1.068 1.573 0.008 JiF 14 3,930 1. 409 0.007 TN 140 2.355 0.732 0.043 i
19 1,505 0,270 0. 044 1fl 7 52 1.004 1.546 <0.001 N 69 1.964 1.480 0.009 N
34 4,270 0.331 0.042 ik 136 1,054 1.353 0.037 JiF 54 1,468 0.507 0.001 s
2 22.450 0. 444 <0.001 1 116 1.615 1.663 0. 004 fF 30 1.166 0. 620 0.031 1K
2 10. 368 0.333 0.035 JiF 114 10. 640 1.534 0.003 JiF 6 1,996 13.247 <0.001 11
124 3.776 1.597 0.007 fiF 49 2.645 1.599 <0.001 N 125 1,016 1.617 0.008 it
75 4,161 1. 559 0.024 D 57 2,134 0.495 0.043 i 107 1.329 13.331 <0.001 JiF
75 1.659 2,282 <0. 001 JiF 44 4,957 0,454 0.003 1% 132 1.901 0.816 0.019 i
53 2.130 1. 660 <0.001 L 10 6. 409 0.248 0.003 1L ¥ 99 1.100 1,855 <0.001 JiF
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W) EBE RN R ZE 28 PM(Jh 45 4 2 mEE ), & &
BERT T 2EBIBERAL TN PM, Uttt i A48E
WENAGMEERRGETES 1 EFNPM Rk d 5
BensN IO NESFFAET R 2 AN PM, Hhae
SEd RENENEST T EPM, B AMAETF T TR
PM, % & &t RAMEF H PM.RET KA HEE F
PM;#EE R G AWM RAERF N PM, %6 &0NAERL
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BB MASE L E PM AL B &N R AL P PM, ¥
BMENAEREFFEPM. R ER X MENRFFZPM; R4
BERT . BEAAN NS MBS LY 2 EAHN PM, R EH A
Wy kS R A 1 A H PM,
B8 #HBRMERM—BE/ AL —HPHRRENL

MO I 23 1 45 2 1 56 A 97 4~ DML 33 il 41
AT 3 ) PM. ALY L0 FHF R R %S 2 31 6 4~ DM
(VM 3.5.14.,29.41 1 48) ; Hp VM 29 b IfiL i . .0 il
FF 34T B9 PML, VM 48 JAE.OH A PM,L, VM 5 4 Al
& A 1 PM, VM 41 B g H i PM, VM 3 f
14 R0 AL 7 H 384 DM, MO FEF A %8 52 3] 16 4>
A1) DM(VM 49,54.56.,57.,59.63.,65.66.,74.75.78,
79.83.89.91 F1 95); VM 54.57.65 Fl 66 HAEAF K

PM.VM 49 #1191 HAELH 5 PM.VM 74.,75.78 F1 79
TEOFIAT P82 PM, MG I3 48 58 B 3k DM
10 A~(VM 1.7.9.15.18,27.,31.32.35 #1 47), VM 15,
18 fil 32 HAE MM 2 PM, VM 47 HAE0 R PM,
VM 1.7.9.27.31 F1 35 760 FI ML H &R & PM., MUIF
AL 2852 # 34 DM 11 A~ (VM 2.8,11,16.,17,
25.26.28.,38.44 1 45), VM 16.26 Fl 44 HAE Ifil 7
4 PM,VM 17 BAEfFH S PM, VM 2,11,25,38 #il 45
FE ALV AR 2 PML, I L O AL b 43 i) 4 E)
18,31 F1 71 ANFEATHY DM, Horh 43 il 12,15 F1 24 4
J PM, DL ESEREVIAFE & E AL DM K H 7
STEARH L G B rh PM fA1EE K2 5, R 2 A TH]
M A E H AR E B IFZ DM W VM 3,29.57 Al
58 I MR A — R (WR 6 KA 5, K]
PRI 5 BRATL T 245 9 FE A TRV 2 20 g i b AR L A A7
1B R DO

2.2.3 ARHE AT W MetaboAnalyst 5.0 #E4T
A % 0 BT R 4R 23 BT B T OG B AR O T R (L
A6 A 7T, R R MIE A A Chist-
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FRUHE P& XT3 A~ T J7 #8 2 Wy o 2 A AR % TN
MR & E R Eh A & R £ L1t (alanine, aspartate and
glutamate metabolism) , ¥ 2 B2 1 il & f2 1 i} Carginine
and proline metabolism) , %§ & & & ¥ & Al (arginine bi-
osynthesis) LI} 20 & R 18 i} (histidine metabolism) J&
e 7 3 7EO v & 45 245 20 Y o AR 3 % 5 o &R B W)
A D- A B A D-4 Z FR ER R (D-glutamine and
D-glutamate metabolism) , ¢ B H KA 8 (glutathione
metabolism) DA S PN 2 2 . K 4 2 R £k T4 2 R 48 15
SETC T 3 e R 4 25 2 AR . DA B85 R
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10 HEmREy &y 2 &0 (B AAFCEED 8R4 E

3 itig

LDL-C 233 AS By C8t P R L BRI K P 2
ik AS & AR K 22 5000 il & B SE T R R 10 B 2R
#;LDL-C 5 HDL-C ¥ H A AR 2 20 sh bkl HE L & B
R M i 25 1 T A O 3R, 2 FH R T 000 O i A 9 0 &
A EEFE AR L IE WA R A I IR 4 L B
T4 By 2 A E 7 3 41/ LDL-C 5 HDL-C HfH
16 30 d BF2» 94 0. 61,1, 44,1, 03,1, 57,1, 24 A
1.00,60 d B 48 % 0. 86.1. 63,1, 07, 1. 71.1. 37 Al
1. 245 BRIEC T 1 44 X Be 5 AL 5 F2 3y ik = 95 #LOF
FEAER B, X R 3 AN T #R AR A R T O I A R
kALY 3 B TR 2.

FE 3 AT I AR AL A g b B 1M 2
PM2F AR BT 3 5 -#%KPM EFILE KR, &£
BIFERC 7 3 v, 3 B o B AR /DN (H T RS 1) 25 3 A 2
WEEN, AN, 7R A 2 5 T c 5 0 A R
— 6 PM JH 2k, — 48 PM R iR 7F , (2 H FC H b & 4
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