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WAREDER MR, WREBKXIAFALY F RERBAREDKT, GR L5BEFKap, EAEX
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PRt IR AE L R S ] s 4 U B R A
BRI R s s g, BA R0 ALz T,
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o O B PCIRE ] . <. = e, 2%
fEAR G DLIRAER, WA ARG MACE &4, i
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MS) Jiz BRI B, DA = A B XS
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ERCCACMS21-2208-02) .
1 #R5H®
1.1 %

SPF 2 e SD Kl 24 H, 1A F & (250+20) g,
P G ST DR AR DR AT BN R AE, SE3R B A:
FEVFALIES 5 SCXK (1) 2019-0010. sh¥iH 3% T
B R BB A SR Gy, TR (23£2) °C,
AHXTIR JE 509%~60%, S 12 h 288, 4y iR,
A IR MIROK . SE5 I AR RS N A 2R 15 .
1.2 %9

£ AE U I — Bl (B30 ¢
P2 15, HPHEZ 10 g, &AL 10 g) Bl g kL
A, JURER) bt B A 2 AT BR A "l 4R 4 (HiE
. 201005), Jf3R ] UPLC-MS/MS $¢ A % H k47
TP S S s BTE AR A TS A OF i il
2y, Hitk: 20 mg/fr, Y5 EK5190).
3 EEENEANE

Rl (525 . 11163007135) . 2 (%5 .
CAEQ400308400) , Merck 24 d] ; H R (185
RH302171) . 27K (585 : A112080), Aladdin A
Al RO (585 WS20060401), [EZG4E M
AR FIA R A F . AR R P (5575 :G1140) |
e ey (555 . G1100), Solarbio AT ; —Z%
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C Vi % 1 (CRP) ELISA 57 & (78 %5 : YAD8947) ,
A ETHE L IR AE B AR A BR A F

SCIEX ExionLC AD 8 i 200 A1 (6 3% 12 .
SCIEX QTRAP®AY 5 Ik Jit i , & [& SCIEX A F] 5

&3 a2

—_

iMark 744> H Zh i1, 358 Bio-Rad AW ; BSA224
W-CW AU 43 2 — W, F K, {8 [E Sartorius 23 7
Cascada 3. 1 BIZli/KAY, ZEEPALLAHE]; Allegra®X-
15R B & AR R E DL, 3£ [E Beckman A F] .
1.4 o, 54

K BEHLEC T 229585 24 H SD K BUBENL /> g i
FARA, BRI 5 A N AL BTG RATT
H, BH6HR., BEFRHAIHAZHKRSEL
wk [13] MR RUE E s hkosk g iy, RFAR
HBRAIEABREE, HApREEY SEAIHMN, &4
KEAFYRIFHES , BRFARH . BIRIAH K
HEBETIKI5ml/ (kg-d), #5E00AE T4 T
AIMAE N IR R 6 o/ (kg-d) #EH, BIEAL
T 4T PIFEAR AT IR B 2 mg/ (kg-d) HEH .
BARRIHELLHES 44 f3mti A JL s 2 F ]
FOARMTT A 45 2557 R BN (70 ke) 5 K RUAA
FIMFRITHE L 6. 3 S0 1,
1.5 MEIIRL F &
1.5.1 MEFWRBELLES KKAZLE, KELE
NEK 12 h, RHEBU . R 1% S HE 24 50 mg/kg
I Js e SRR, OO E BRI SR AR FE KRR, I ST RIEURE
Mg T3k, M F kB ek . FEE . YA
i, FIHRARR-JL (HE) Yefn, W T oeii
FIE AR AL
1.5.2 23 NO A= CRP R -F 4l Il I 28 5 IR
L (25°C. 3000 r/min &> 10 min, 4 °C. 3 000 r/min
B0 10 min, BRI 10 em), BEEMLTE 2
1.5ml EP4EH, —80 ‘CLAAF . M4l ELISA 37 & it
B AT TR o SR AR ORI, 7E 450 nm JE 1<
AR I 45 FL Y OD A
1.5.3 it an  MyE SR s s, iR
JE 10 s TRAT, HURE &L 50 wl A B X 1 4 5 1 25 0
By A 300 wl 4 BEN PR PR HUE , A E 3 min,
250 10 min (50242 10 em, 4 °C .12 000 r/min) ;
W B T W 200wl 2 55 — A% B 5 1 B A R
—20 CFE 30 min; FHREL 3 min(E02EAE 10 em,
4°C. 12000 r/min) ; W 150 pl b 35 W T %107
R, T LT

o3 4 . ACQUITY UPLC HSS T3 C18 A3
(1.8 um, 2.1 mmx 100 mm); WEIAH: EH A
0. 1% W KE W, KB R~0. 1% HR-LIEH
We; VEMRESIE: 0~11min, 5%—90% B; 11~12 min,
90% B; 12~12.1 min, 90%—5% B; 12. 1~14 min,
5% B; itk 0. 4 ml/min, FEUE 40 °C, PEEEE2 pl.
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fie e, MR T 1 RIS e v R, B
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(FC) M P{t. 7EOPLS-DARHI | %8 =K
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. BTFEARAbTT 4l vs BEHIAL, ARG VIP>1, P<
0.05, HFC>1.28{FC<O0. 8 ik 4% LB 20 i 5+
WA, IR T AR 4L EE 2 (HMDB,
https: //hmdb. ca/) FIHRUHRFER 5 EEH A A B2
(KEGG, https: //www. kegg. jp/kegg/compound/) #
(REAW LB
1.5.5 Ri#Ae EW KRB MBERSH KA
Hvs BT AR . 25BNy vs BERLAH ) 555
RGP IEAT Venn 2081, RIS St 2B Ly 15
MmAEBGEE MR EY ; BRI vs TR
2. BTG T A vs A5 TR 2 1) SR AR i AT
Venn 5347, FRECRTFE A A 7T T 10055 2 49 48 2 114
Rtr &Y. FIH MetaboAnalyst 5. 0 3K F43 51 %) £5
S A IV FIBTHE At T A AR AR A AR
AR, B P<<0. 05 Fil Impact™0. 1 (#94if
.
1.6 %tk

K HSPSS 27.0 B A7 ge it o, M
GraphPad Prism 8. 0 S A7 4518 . THEPTRAT S
ES G AR HE R (Fes) FoR, HEFHZ
2 8] Fb AR FH R 3R 5 2250 B, I L3R LSD
Biy TR, ZANLECRH Welch K55, 7
P L8R H Tambane's T°7% o B AAF A IE &340
BER IS ERARG . P<0.05 MR AEASIT
E- 9
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Figure 1 Comparison of pathological morphology of the injured

50 pm

segment of the abdominal aorta in each group of rats

(HE staining, x200)
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1w, SEFRAME, BRI NO KK
R, CRPAKEI R A& (P<0.01); SR
AL, 2R A Uy AU BT A 7T 4 NO 7k
FHERE . CRPACE TR (P<0.058(P<0.01);
T LA U A BT E AR A 7T 41 NO . CRP 7K
ZSTGgitEE L (P>0.05),
2.3 BAK R FH KT it B

BHMEARPCA ST R B, ITFARA ., #5
RIZH | 2R WU AL BE A T 4 ARt
S B, RS MR W A
fEES; AU AU 45 PR T AL R AR5
W EA, UL A Y B — A
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R AARBUMTENO . CRP A E 45 R LA =
Table 1 Comparison of the results of serum NO and CRP levels u AR
in rats of each group (x+s) #31 UR 0L
A FIFELAITE
2H 51 R NO/nmol - ml™ CRP/ng+-ml™ &
P ARA 6 68. 08+3. 99 6. 16x0. 62
By 6 51. 14+3.72" 8.59+0. 48" g
BN A 6 64.27+4. 16" 6. 93+0. 54° ]
BTFE AR AT 40 6 65. 68+3. 29" 6. 57+0. 53" l

H: NO, —%fk%E; CRP, CIRRIVEM.

a) ST RAILE:, P<0.01; b) SHRA LK, P<0.01;
c) SEIMA L, P<0.05.
2.4 B VLE L i R KA Rk 4R

OPLS-DA #ERIPEA 25 H i 7s , BEAYA vs i TF-
AR RY H0.997, Q*H0.790; k< milAEWLTy
2H vs BERIZ R?Y 9 0.991, Q*40.844; B4
TT4H vs AU ZH RPY 4 0.998, Q4 0.903. =41t
BAMSHRY 5 Q¥R 1, RUTE T BRI
FRE W HE, AR G e R A T R AF A4
b WIETHEARHE, FEARRIA vs i FARA P I
Yoo B 70 R R AR, A g KA WL 2 vs
B 2 v e 8 96 S AT, R BTHE At
TTEH vs BERYZH v AL M0 1 97 Fh S WA

2 [] F3
PC1 (27.18%)

: PCL, BB FE MY PC2, 5 H F MY
B2 AR ™ Y o 2R
Figure 2 Two-dimensional plot of principal component analysis

of serum metabolites in each group of rats

2.5 AR AT 5 TR T 6 e R AR
EmER

B A B S WA OS5, 4R
49 Fh g AL AR U7 B AR AR S . 41 R FEAL
TR R S o RACIAR S AT R T
i LA LT 5 BT Aty T Y 2 AR S A
38Fh, TEILE 2, SR LA, AU

F2 4 ABUIAE NS SRR TT i3 ) 22 5 i i A QbR S AR AL T 0

Table 2 Changes in serum metabolic markers of common differences between Yigi Liangxue Shengji Formula (%5 MANLF)

and atorvastatin

i L BTEAL

fin L PTG

v R 2 F5 m/z AL P - 5 R4 4 Fix m/z AL P
1 B b 342.116 1 ! ! 20 LT 164. 068 l T T
2 R 362.209 1 ! ) 21 R 160. 037 1 ! !
3 HimEmER N 257.103 1 l ! 22 WAz 148. 074 1 l !
4 HEBR 132.089 1 ! 1 23 & 376. 138 1 ! }
5 BikkE 265.112 1 ! l 24 EREHMR 129. 043 1 ! !
6 Kafgmsn: 126.043 1 ! ! 25 it 237.086 1 ! !
7 AR 392,293 1 ! ! 26 D-FulfifrpEm: 152. 069 1 | !
8 N-ZBE-L-RAHEM 175.048 1 ! } 27 Ak 286. 214 1 ! J
9 JREM 175.096 1 ! l 28 JRIFBEHIM 176. 043 1 ! J
10 A RH:ER 148. 052 1 1 } 29 RZEhE 164. 068 i 1 1
11 N-HE-L-#EER 177.046 1 ! l 30 AR 2 IR 499.297 1 ! !
12 ks 145. 158 1 ! l 31 y-BAmE MR 250. 062 ! 1 1
13 Nk 122.100 1 ! ! 32 1-MEMEHR-4-ER IR 2R REE 129. 043 1 ! l
14 BEEEAER 184,074 1 ! ! 33 D-RMERE 152. 068 1 | !
15 4-MCEET % 145.085 1 ! | 34 FEHER 174. 053 1 ! !
16 PC (15:0/15:0) 705.531 ! i 1 35 N2-ZBESEER 174. 101 1 ! !
17 LPC (16:1/0:0) 493.317 1 ! ! 36 D-NAME-D-INEIR 160. 085 1 l l
18 SR 123.032 1 ! | 37 6-BMR L ALREE 262. 045 1 ! J
19 Wk 174.016 1 ! | 38 3 A-THRME TR 170. 058 1 J l

W PC, BEIRMEINGE; LPC, WWIMBEIREEINGL; m/z, Fifatl;

[P PR i 8



+ 1184 -

P = 2 E 2024 4F 6 A 65 %5 11 B Journal of Traditional Chinese Medicine 2024, Vol. 65, No. 11

5 BT FC AR A VT A 3L [ AR R AL (15 2 o/
15:0) [PC (15:0/15:0) . L-7 et B2
Wi y-AEEE AR, RS T, 5
A A Uy B R AR AR AR S 1 R, BT
FEAAT T Hph iy bR A 3, PRI 3.
2.6 AR A NLTr B TR AT AR & 1R
WMER

{8 FHI MetaboAnalyst 5. 0 XAt br &9 24 74X
W EESNT, HAEP<0.05 Fl Impact 5 >0. 1 Y
i ERRAE, 193] 6 4% 4 S A= WLy A AR R A
4 25 BTFEARALTT AR AR, R 3, Horb, Hl
BT AR S5 RS R A AR W 245 4 1 2 [ R i
Wi, WA, RGNS M H ARG 25 A

AU A AR
2.7 AR R KM IE B R B (16:
1/0: 0) [LPC (16: 1/0: 0) 1. PC (15: 0/15:
0). B 5B B 45K ik

AW FE 53 ) LA 245 340 Jb 2 R 1 H T
RE ARG & A2 ) OCHR AR LPC (16 0 1/0 1 0) . PC
(15:0/15 : 0), K52 A AR & A2 %) OB A gy
YIS &R . WAEHE, XF s i AUy 5 THefk
TR IR 22 5% . B4, SEFRAME,
BRI LPC (16 : 1/0: 0), SR . WAEHAKF
FhE, PC (15 :0/15 : 0) KRR (P<0.058%P<
0.01), SEERIZAAL, #5otii A ALy 240 X BT+
HABITH LPC (16 2 1/0 : 0) . SRR . WA MK

RT3 A BUM AW BT FE A AT T B 8 IS A QIR A AR AR
Table 3 Changes in serum metabolic markers modulated by Yigi Liangxue Shengji Formula (25 URIMAENL ) or atorvastatin alone
R/ 1 [TEREE3Y
=} ox B 4 =) re oy
5 1R 4 5 m/z FRAIZH L4l a2 1R 45 5 m/z TR ZH T4
1 A H IR 307. 084 ! 1 1 KIR %R 208. 085 ! 1
2 i3S 113. 059 1 ! 2 W7 E 137.048 } 1
3 L-75 % ke 146. 069 il 1 3 L-% 242 147. 053 1 !
4 2-FHEET R 104. 047 1 |
5 L-FLER 90. 032 1 1
6 SR 192. 027 ! 1
7 T 1% — R 146. 022 1 i
8 TSR ER 88.016 1 i
9 IR 118. 027 1 !
10 L7 7 P 178. 048 ! 1
11 9, 12, 13-=RIH+ /R 330. 241 1 !
W om/z, Faites 1, B L, L
s : o @ 4y :
REE. REQEAERRILH BB S
o EEBEH®. .
 @BBEHARS H R
4 o e <
% O#E ﬁﬂaﬁﬂﬂﬁﬁﬂa it g 5 Fﬁﬁﬂ‘&\,,,,i%%ﬂﬁuﬁﬁﬂﬁﬁﬁt
DPRE ® it T
. ) o ‘ ) 1 g. ° ..O o .
® o NeY, ° “o
B0 o 0%
010 0.1 0.‘2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
Impact{& Tmpact{&
A A U BTHC AT

Tk
&3

B FRIZACHIE B Impact (HBOR, B0 MZL RS B P EBUI
i LR U7 S BTFE A 7T B & AR 2 s R

Figure 3 Results of metabolic pathway analysis of Yigi Liangxue Shengji Formula (£8ALAIUT)

and atorvastatin
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SERREAR, PC (15 : 0/15: 0) KT (P<0.05
% P<0.01). Sz AENT @A, FIFEtk
T LPC (16 1/0 : 0) FRRREE HEE (P<
0.01), PC (15:0/15:0). &R . WH; K
EZRIGIFE L (P>0.05),

) — 2x105
Lsx107 T ¢ b)
.

1x10%
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0 T T T T 0 T T T T
P S S ¥ L S S %
& & 5§ AN
§ £ % éo\%‘
SO 2 &
\a N
L4 ke

e LPC, WIMBEIREEINGL; PC, BEASMEARS .

a) SEFARALE, P<0.01; b) HSEFRALEK, P<0.05; c)
M4, P<0.01; d) SHEEAHLE, P<0.05; ) Hif s

AT AL, P<<0.01,

B4 &K BRMmEREY LPC(16:1/0:0) . PC(15:0/15:0) .

B R SO RS K L%

Figure 4 Comparison of serum metabolite levels of LPC (16:1/0:0),

PC (15:0/15:0), ornithine and spermine in the rats of each group
3 itig

A B 44 0B R A R PCLAR 5 0 A 405 18
2, — SR ORIC &R, AR i s ) T
ARAHAAEAR, WHNEZ R LR R HE S
WA MRCR; J1— SR s . AR A TR
RCE R OC, WOmAR &8 Rl AE LT T 4
FHEE., P2 fPh . SEAEA R, FXFPCI
ARJG -7 BAZOAEHL, I RN T ek 0
93 PCIAR 5 ACRE M . I 5, LUE
ARFOIIEE, R8s EI0 . BiA L2 88

MACEE =N Ry, PCIAR G N B B 5 R E
N AEARREL . IREREE . NI RERRERT . BT AR
Sy ko A T b 25 AR B R DDA OC L IR

b, BEIBRIRYT 2 B SR e & PCIAR SR YT
M EERT Z— 1, 7T T E i
RCAVG 285 2 AR 2 /K -3k B B sl e BE B e (1 4
U BRILZ AN, AT 225158 HAT DR A I )R
TRE A B RAE RN . PrEAL . MUE N DR 23
YEHT, XS AT T 25 259 W R s/ MACE &A=
B BARIT ik Z— " Ik, ASCEE vk F BT HE
FM T THE X B 259

AR EER R, KERE E 3Kk 05 T
DT A AR B B R K IR, 2B PRSP ] L 1 R
O LA MRS A, T g A AR AL R HE At
TTRIAT S8 20 5 M A R 07, A R A R B S )
B, S igniess A, Jas A wi A ULy A
FEARAMTTRRAT 2

Ry Fe A g A AR L5 55 BT AR A TR i 4 45
e E 25, B B 257 PCLAR G Biiia 5 T 1)
Pedhe, AT 2= M, RH UPLC-MS/MS £
AR FPZE Y AT, S5 R B, #5mU A L
75 5B R A YT ] DL 2 R Y 38 AR,
AR IS = . NERR, B
YranwAs e, BRI LPC 2 PC [LPC (16:
1/0:0). PC (15:0/15:0) ] 4 Hulimsheri
VRS SRR AH DA I M0 2 2L [m] A QR ik #e . 1
TH B B A I 42 by 2 R AR AR B AR,
LPC. PC. Ui ARIIPRAE , YITE ST S AR o 46
feh R IEE AR ™, LPC 2 A AL TR %5 1 R K
FEZ RSy, RO MR AR BT, ER
iE SRR R R BT DR B PC #E 4Rk LPC,
I3 LPC RS i = IR R B, T3k
SEFERE AL B RAEMERR P, LPC KB B T Y
SERE AT & B, LPC ] 3 ad 22 24 503E 1L 3R (i
(MAPK) 8 %175 5 5e bR 20 Jik T i U2 M 1) 9 12 2%
TR 5L . PRk, B b B0 LPC i AR
BUAT R AT AT LA TS | R
AR A ) — BT SR o AT 2 R 7R 21 R LS A
LPC (16 : 1/0 : 0) /KFFm . PC (15: 0/15: 0)
AOETRRE, g At A LU 5 BT RAb T T T 15 34
FAET A, 0] LA A A U S BTG Rl T 3
Al DLl PR Ol e e A, sk PC 1 LPC #54k,
NS S RN PN 2 B, RPN IEIE &

T3 S E A R, BEm . NE
MR . WA =AY C R Y], ENTE R A
R AR ™= W . AR 1 BT NO I RTIA
FLAE A YR N B 00 P 2% o i AR A 45 RS 2 BR/NO
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IR . RERAR SRR e i Ae . TR
PUBA 1 SR BLHCIRZS T, KR R/NO i 4232 2l
M, FENOLMIED . INARRIE Z 5 1R 2R
20 B G BRI e iR AR 0, 5 B0 R MR
TR 2 VR K3 R WK R A= W A
MEETFRE, H'5 MACE fm XA G ™0 B3R
SEAB AT S 2R 5 — R 61, HG sz
SO R a5 K BRAbt 0 T2 3l Bk 2 2L - LA i
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Comparative Study on Effect of Yigi Liangxue Shengji Formula (35’ 11/4:/Jl77) and Atorvastatin Tablets
on Vascular Injury and Differences in Serum Metabolites in Abdominal Aortic Balloon Injury Model Rats
MAO Tianshi', XIE Long', GAO Qun', PAN Yi', JIA Wenhao’, LIN Qian'

1. Dongzhimen Hospital, Beijing University of Chinese Medicine, Beijing, 100700; 2. Beijing University of Chinese Medicine
Third Affiliated Hospital

ABSTRACT Objective To compare the effects and differences of Yigi Liangxue Shengji Formula (%<5t A4 L
75 ) and atorvastatin on the repair of vascular injury in rats from the perspective of metabolomics. Methods Twenty-
four male SD rats were randomly divided into sham-surgery, model, traditional Chinese medicine (TCM) , and ator-
vastatin groups, with 6 rats in each group. The rat model was established by balloon-induced abdominal aorta injury.
Gavage was started on the day after surgery in all groups of rats. The sham and model groups were given with deio-
nized water, TCM group received Yigi Liangxue Shengji Formula 6 g/(kg+d), and the atorvastatin group treated with
atorvastatin suspension 2 mg/(kg-d) for 4 weeks. HE staining was used to observe the pathological morphology of the
injured segment of the abdominal aorta; ELISA detection was used to test serum nitric oxide (NO) and C-reactive pro-
tein (CRP) levels; UPLC MS/MS technology was used for widely targeted metabolomics detection in serum, and mul-
tivariate statistical analysis was used to screen metabolic markers and pathways of two drugs; finally, compare serum
levels of key metabolic markers of the above two medications in rats of each group. Results Compared with the
sham-surgery group, the neointima significantly thickened, the level of NO decreased significantly and the level of
CRP increased in serum of the model group (P<<0.01) ; compared with the model group, the degree of arterial inti-
mal hyperplasia in TCM group and atorvastatin group reduced, with an increase in NO levels and a decrease in CRP
levels (P<< 0.05 or P<<0.01). The results of serum metabolomics showed that TCM group obtained 49 metabolic
markers and 6 metabolic pathways, while atorvastatin group obtained 41 metabolic markers and 4 metabolic path-
ways. The two medications jointly regulated 38 metabolites. Glycerophospholipid metabolism and arginine-related me-
tabolism were common metabolic pathways for both medications. Lysophosphatidylcholine (16:1/0:0) [LPC (16:1/
0:0) ], phosphatidylcholine (15:0/15:0) [PC (15:0/15:0) ] were the key metabolites of glycerophospholipid meta-
bolic pathway; ornithine, spermidine were the key metabolites of arginine-related metabolic pathway. The tricarboxylic
acid cycle and glutathione metabolism were the unique metabolic pathways of Yigi Liangxue Shengji Formula. Com-
pared with the sham-surgery group, LPC (16:1/0:0), ornithine, and spermidine levels elevated and PC (15:0/15:0)
levels decreased in the model group (P<<0.05 or P<<0.01). Compared with the model group, LPC (16:1/0:0),
ornithine, and spermidine levels decreased, and PC (15:0/15:0) levels increased in both TCM group and atorvas-
tatin group (P<<0.05 or P<<0.01). The degree of LPC reduction (16: 1/0: 0) was more significant in atorvastatin
group compared with that in the TCM group (P<<0.01). Conclusions Both sham-surgery and atorvastatin could
regulate lipid metabolism and arginine-related metabolism, exert the characteristics of lipid-lowering, anti-inflammatory,
improve arginine/NO bioavailability, and improve endothelial dysfunction. Atorvastatin showed more advantages in
lipid-lowering and anti-inflammatory , while Yigi Liangxue Shengji Formula has unique characteristics in regulating
energy metabolism and improving oxidative stress.

Keywords percutaneous coronary intervention; vascular injury; Yigi Liangxue Shengji Formula (%5 ui A7 )

atorvastatin; adverse cardiovascular events; metabolomics
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