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 E B/ RAFEEREAT T ERTR T R RT3 97 LA AR 4 A4E (myofascial pain
syndrome, MPS) W 1E FIHLE . Fik: KA R HEMITEE S BB NE L MPS K RAEAL, FE4E.
8T HA 184S TUATLARR B 48 B R 4T {E (mechanical withdrawal threshold, MWT), # A -7 21 3ot 2L 5
WAL L B A WR, R A B R % 5 & 2 3 FUE BOR HOR (LC-MS/MSS) x5y # AL R #AT X
WHE AR, 8 1 mzCloud. mzVault. Masslist 2545 % b 4t 247 € & % %, KEGG. HMDB. LIPIDMaps
B E AR HATIER, (5 £ R 24T (principal component analysis, PCA) Fo /N = % % 3+ 4 4
AT (partial least squares discrimination analysis, PLS-DA) ¥t1T % Tt 0 i 4T A #H 4T 2 Kt i i i, 8 3t
KEGG ## & 8 £ 5 Rt x R u i B, R B HITEIBT MPS W REMHLHl. &R 5H
RAA L, BTNANMEREETHE, HEMSUEWE. LC-MS/MS 4 it o4 K AR 4T T #
BT MPS AR B HMMALRMERMAR KL, EAETHEATHEUFHE 40 #Z 7K 47,
Hb A 10 MERREYSE EEREEE, 5RFE T HIET MPS K BAR X #1138 5 7 82 35 L
Rt Hlst R R ERmAHE, L+ EZYREZFRNMMEHE LPC20:0. LPC16:1. LPC 16:0.
L-REEB. "% 3-8 L. S8 WRPUEH R #RIT7 R IETT MPS ALHI W KR 3 LA S ER A .
T8 e 1R A A R B AR A

KSR AR G A4, R RHUTE; KR, FRERsLy

Study on the mechanism of silver needle therapy in myofascial pain syndrome based on non-
targeted metabolomics *

SHEN Chang-yu ', MENG Yu-jie ', HUANG Peng ', SHENG Duan-yang ', HUANG Yuan-xin>*, WANG Lin > *
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Abstract Objective: To investigate the mechanism of silver needle therapy in the treatment of myofascial
pain syndrome (MPS) rats by non-targeted metabolomics. Methods: Local blunt blow combined with eccentric
exercise were employed to established MPS rat model, Mechanical withdrawal threshold (MWT) was detected
during modeling and treatment, the pathological morphological changes of local muscle tissue were observed
by hematoxylin-eosin staining. The metabolic profiling of localized muscle tissues was performed by ultra-high
performance liquid chromatography coupled with high-resolution mass spectrometry (LC-MS/MS), quantitative
identification was performed by mzCloud, mzVault, and Masslist database comparison, and metabolites were
annotated by KEGG, HMDB, and LIPIDMaps databases. Principal component analysis (PCA) and partial least
squares discrimination analysis (PLS-DA) were used for multivariate statistical analysis and differential metabolite
screening. The metabolic pathways related to the metabolites were enriched by KEGG database to explore the

silver needle therapy for the treatment of MPS possible mechanisms. Results: Compared with the model
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group, the MWT in the treatment group was significantly reduced, and the pathological morphology improved

significantly. Statistical analysis of LC-MS/MS assay revealed the local muscle tissue metabolic spectrum of MPS

rats was significantly changed after silver needle therapy, and a total of 40 differential metabolites were statistically

screened in the positive and negative ion mode, in which 10 differential metabolites were involved in the

enriched metabolic pathway, The metabolic pathways related to silver needle heat conduction treatment of MPS

rats might include choline metabolism, glycerophospholipid metabolism, and tryptophan metabolism, in which
the main differential metabolites involved include LPC 20:0, LPC 16:1, LPC 16:0, L-kynurenine, indole, and

3-indoleacetonitrile. Conclusion: The mechanism of silver needle therapy in the treatment of MPS involves

local muscle tissue choline metabolism, glycerophospholipid metabolism, and tryptophan metabolism.

Keywords myofascial pain syndrome; silver needle therapy; pain; untargeted metabolomics

AU IS i 27 A 1iE (myofascial pain syndrome, MPS)
& — i H B0 A TR R B VLR AN R M R £
AAE N, R R AR E LA R B PN T B A
JULATH B8O . (myofascial trigger points, MTrPs) *, R[]
TE B B ULEF4E o mT fid A PR B 5k M R 2% b FE R R AN
G IR , RPUAR A R, A 2,
E ANV IR R R TR Y, e T AR
AR RHREEAEIR, WY 5w s A\ IE & AR I
Ao H T PR AR AN I AR 2 R AR AR
ISR S BORIR R BTG, 15 MPS UK
112 P B S, 4> MPS TR BCRAME,
TE RS M o ] PR o Il PR A AR B B 3 A T iR
MPS A BEF R T 2, AW RER b
RS OANMER) MPS nE R R A S BT v
TRIT H AR RT3 RS SRITIEE
W7 MPS JiTH O R T FE MG AR 7, HE AT
Xof AL 72 18 AN 576 42 48

R 2 — 1T RGURAE LW A BN HE AR
TRIHTERL, RIS IRt A EMEE Y,
1 B8 7= R A 590 9T BOR 2 18] 1 SRk P
MPS Hh2 S AFEREE AR AR, R RYT
o A I A AR X LA R A R VR TR R E T
WA DLAHOCHRE . DRI, ASH TR A A m A 4
=53 MPS K BB A R i ULZE 23 AR ) e
PASAR BLEHIGR T TS, vk EAR U S #uT
1EIRIT MPS $R AL 2 B FR KR -
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1. SIS EN Y 5 4R

AW 5T K ) SPF 2% Mt V£ Sprague-Dawley K i
25 1, 6~8 Fii%, K= 200~250g, HFMIEER K
S AR AE [ RTIES: SCXK () 2022-0011].
S I S R R RS SR S M B R R

S

fit (B ILS 2201530)

T I BEAL A R IE N 25 HOK R A BELIHEL 6
SHERIEHH (NHD , AMAEFF . FR19
ORI MPS B, 5 B 3 3 A ] 1) [A] L
AL PRI AT 28 2} B BAE I K SR B A 4 4% BEAL
B 35 e FUIG IE AR 2 4 ST R T ) MPS KB, 6
ARG R 12 K B 42 L 2 v B AL
6 RAE B (M 40D, 6 RAERBITAH (S4D) .

2. FEAEE 5 A

HRPE B Pal R A CRIgBE T RO KA R
NF, YRX160256) , HflBITEST e (i
BERZAOREWE =R , i s R
B A KRB H R A F, DWPT 1) , von Frey #f 4
#% (Stoelting, Wood Dale, IL, USA), Jiiit{¥ (Thermo
Fisher, Q Exactive™ HF/Q Exactive™ HF-X), fAif{}
(Thermo Fisher, Vanquish UHPLC), %4+ (Thermo
Fisher, Hypesil Gold column, 100 mm 2.1 mm, 1.9 pm),
IR B0 HL (Scilogex, D3024R), IE B %¢ % AW

(HAJERD , Bz (E254 G0 A
RA®D , HAKE-FAfl. —H K (Solarbio,
G1120), H'EE (Thermo Fisher, LC-MS Grade, A456-4),
FFER (Thermo Fisher, LC-MS Grade, A117-50).

3. MPS S5 AL & il

w1 R, SRERRSE My
MPS KRB . AR S B 4 T8 8 JE AN
WE 4 . ENIAEE, BRIEWAS, HRmA
KEIERHT 3 REEHM & BT ERtEizsh. RH 1%
I EL LG 4 T 3 milvkg R RRGBEAT IE i IR, K
U EMEAT [ 58, B BT8R 200 BT KR
FMEE S, R BRUBCR RN [ S5 I HEAT
e UL L 78 73 22 e, E & 1000 g 4 H il
T 2% M 20 em & B2 B BT V& T A 00 g ol
WL, R s CIE 1AD , FT o Bl i AR
N lem. 2 RMEHE3IR, fE-16° WHBIH G L
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HEATIREE N 16 m/min (1) FYH, 4L 90 min, i
7 R R IRGEE K R RAE R (LB 1B) « &2 F 4 RAKE. .
AT W, LT 8 E, mEEwEFERE 4 .
WAL R ERENLPIE 4 RIEBCR Rt T, &
BHB AR S BA LTSk, JRE i
T ARG -G, DASSIERE A2 75 T

4. RFE S HIGTT

WA IASE R G R A 1% B Z A8 3 ml/kg
XoF R BRI T RIS, I FH 2856 25 5 1R DA 22 DT K B
A 0 AL P L2519 B 5K E AT e, iz IX
WARC R T IR IT X 3. 3R RIETH R )G,
FE AT O P00 AL 2 5 0 L 20 ) ) N AR R 4 (4t
K 10ecm, BHF05mm) , FFHZ K BUA KL
SATE Rk, HERWAUE KRS EH LE
1C) o [ FHAR AT 3 RO SO BT S -7 ik Gl
FEVE N 110°C, nFAf (a4 15 min) , £ A5 HL
HAR S EE, 02 AL B ROk R 5,
J IR AR SR AT I T AR

5. LB 2 5 RI{E (mechanical withdrawal
threshold, MWT) £

I3 R FAERRT 1K (TO). M SE R 1K (T1).
R SRITIRIBITIE 1 R (T2) 80 MWT. 754
DR ITF G HT, K K BB 22 HEAE G R 4 22
M OEAFE T 30 min LUERNFIIAEE. KR L HEi%
M “up & down” VAL A 422 2~15 g) A KA
] 2 3 R AT R, RN 2 g ST FETFAR,
erdise IS % “C” o “S” MIFLERF 6~8s, 2k
BRI B 2 R 4 ] R S EEAERAT A R T R
PR, F “X” Fow, BOH/DN—Z A4 22 )3
TR “0” F£ox, SHR—HIIEA AL B
PE W “OX” B “X0” I, 4ksEii 4 K,
oG — IR R AR de 22 71 . o FTic 5

£ T—

B USSR LR ALK AR B ] 54T IR A T BT IA T

——
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FAbEE, {fH Dixon AXiHH: 50% MWT (g) =
[(10 %7 9/10000)], H: v XF R 5% 28 ] 1) &1 4 22
log 1, « &AFFHINEERIEME, & & &EF4EL
I S WO BRI 2, 2975 0.224.

6. FANE -4 (hematoxylin and eosin, HE) 44t

I RSN 52 i SR 1% [ EL-Z4MIA T 3 mlkg
W IR BRURR T J Ab B8, AT KRR A 00 s P il L35 67 22
2, MHR G AW, —HaHTIHARR-HA
Bett, B H TR BREAET 4% £
S R ] 5E 48 h, 4 FH VR B I I 1) £ R R
BEAT IR AGE W, Al A 5 H4E 4 pm AT A
2 MbE KA S AT HE Jeta . IR ARSI Gt
5 min JEK¥E b R, WK R AT R
Jett s min, KFEEPEAHPHERESE, L%
L T LA 100 TR RSB S A 4E A S HES .

7. B R OB il S HE RS B HOR (LC-
MS/MS) JEHE ) 4R 35 2 2 A8

(1) LC-MS/MS # ft il %= ML 100 mg A& WF
BE R AR E T EP & R, I\ 500 pl 80% H
P 7KV VIR e RE 5 0K EEE 5 min, 15,000 g, 4°C
B9o0 20 min, FIE VO TS G OK MR R R RE A
N 53%; 15,000 g 4°C &0 20 min, YK4E LiEHERE
LC-MS/MS #7701 MAEEAN SEIR A A p B 2 R A
FEAR21/E N QC (Quality Control, Jii &4 H1] ) # il
25 [ (blank) BE A ] 53% FF IS 7K I8 A 5 Sz 06 e
A, WP FR L SIS AR A AH [

(2) LC-MS/MS Hriil: R FH €3 A5 £ B S 1 A
RO E: OGO RE: BlFREN
40°C, AN 0.2 ml/min. VBN A: 1% HFER K
W, B: WEE, Gl EBeiifE7: 0~1.5 min 2%B
AH, 1.5~3 min 2%B #H 7+ % 85%B #H, 3~10 min
85%B A L F+ & 100%, 10~10.1 min 100%B # T

(A) BiPEFT s (B) B0 EIEE); (C) MPS KEATHTUE- S HIATT
Fig. 1 A rat model of myofascial pain syndrome was replicated and treated with silver needle therapy
(A) Blunt blow; (B) Eccentric running exercise; (C) MPS rats were treated with silver needle therapy
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P& % 2%B #, 10.1~12 min 2%B #l. @B
WE: FEEERE m/z 100~1500, 76 1F/ 68
TR TIEIT, WiEHEEN3.5kV, #HREN
35 psi, HHBYAARGHE DY 10 Limin, 5154 iR
fE9320°C, B R ST 60, 4B Mk
FRIRIE Y 350°C. LC-MS/MS - G471 4 Ay 0 4 i
s, EREL RS, REARE 10 DMEEABEAT —
DAXCAS R B RS IE4RAE, [RIN A5 TAVRG 6 MAEASEAT
— IR QC AT, MRHE QC FEA ) o7 f % B AL 11
BHAR KRG IRE

(3) H Al AL 3 LA e TSR
Compound Discoverer 3.3 # FE &K HEAT A0 B, X
AN A AT OR B B[R] J5 A bl 5 2 0 7 SR 0
%, ARJELLEE 1A QC #HAT I AR IE, %€
EHER, BEJE W E R 2 5 ppm. 15 TR 2
30%- fe/ME TR NGB TS BT ISR,
[y o I AR AT e B, MRS HFE T, A
oy 7B T AR By B kAT > T R T R
mzCloud (https://www.mzcloud.org/). mzVault (https://
www.mzcloud.org/) FI Masslist (https://massbank.eu/
MassBank/) £ 4 22 #E 47 % b, blank #£ A % B iy
ST, BERIREESRRE AN FEAFGER
B/ CREARR Y € AL S F/QCT FEAR ) & &
HAFD , AT AL BE, 75 21 FH X 06 TH AR
FEHE QC B A v AH Xt U T 7 1 A8 57 22 34 (coefficient
of variance, CV) KT 30% HI L &P B, & )5 15
S 25 7 AR E A5 IR . B A B o0
T Linux #:1/E 245 (CentOS WA 6.6) LR #AE R
(R-3.4.3 ilRA<) . Python (Python-2.7.6 fiiAS) AT

(4 FAEGE o34 8 KEGG #0488 (https://
www.genome.jp/kegg/pathway.html). HMDB ###
(https://hmdb.ca/metabolites) 1 LIPIDMaps 4§ & J&
(http:/www.lipidmaps.org/) % 4 52 B AR TR

ZICGrh o Al ay, A A A 2 A B A B
1+ metaX X Bt BEAT B e J5 1EAT T2 S 43T (princi-
pal component analysis, PCA) Fl {5 /N — 3y 34 1) 5

R AR BHUBORIBEG 2 SO BB (2= 6, X £8D)
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HT (partial least squares discrimination analysis, PLS-DA),
A5 20 B I AR B 4 H B (variable
importance in the projection, VIP) {f. .48 & 43 HTH6
gy, FET e kORISR S AR E AR St B
HNE (PAED , RSP AE P 2EL TR PR 22 A KL
(fold change) R FC 8. 7 AUk i RN bR i
N VIP>1, P<0.05.

S R B ggplot2 HHTZ: 4], H KEGG
HE R SO A ) D RE AR &%, 24 x/n>y/n
W, Wz E S BRI P <0.05 1,
INRIZRBHRE R 2w E.

8. it i

K H Graphpad Prism 9.0 #X£F3EAT 0 #r,  S20G
SER DI £ bREE (X £SD) Ron, ZRE N E
SITEEL MWT Z 200 2 5, P <0.05 Xox %7 A
A8t Lo

s B
1L AR B AT § AT VR IR T MPS KB MWT

ZHRE MWT L% 1 fis. 4l ik
I, N4 MWT £ TO. T1. T2 ifa] S 760 B4 1k
M Z17E T1. T2 BF[a] 25 MWT %¢ TO B B B BF K (P <
0.01), FEANUA LI R BB R L ), T1. T2
) S LA TE I B AR A S 4 MWT 78 T1 B[] s
TO I 7] 5 R % (P < 0.01), T2 i Ja] 55 MWT % T1
IF IR 5 B R TR (P < 0.05). 1A LR B, TO I
B fU = ZH R B MWT S8 0 W S 22 5 T INFIA) s MU
S ZH MWT % N 4L F#K (P < 0.01), M4, S4
(B JCHAE 72 5y T2 WA A5 N ZHAHLL, M4 MWT
Fr 42 4k B B KF (P < 0.01), S 4 MWT % M 41
HETHE (P <0.01), $EREHEESHITETIS
MPS K MWT, ZZ AR L I8 5 U

2. HE el 58 —H K RNA AR

KSR P LB 50 3R LA SR T HE %%

Table 1 Mechanical withdrawal threshold (MWT) in the three groups of rats (72 =6, x =SD)

207 Group IEH 4 N group FEHIZH M group VRITH S group
HERERT 1 R (TO) 14.3945.16 12.6743.22 13.71£3.41
RESERUE 1K (T 13.9144.95 5.6411.94%% A0 415+ 1.78%* A0
R A SRTIRIRIT IS 1K (T2) 12.76+3.70 4.78+1.69%* 24 12.261+4.35%5

#P <001, 55 TO B AL “P<0.01, 5 T1RELME: “2P<001, 5N4AML: *P<0.01, 5M A
#%P < (.01, compared with TO; “P < 0.01, compared with T1; ““ P < 0.01, compared with N group; *P < 0.01, compared with M group.
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B 2 Fros, N AN IES, L4005 %
N2, WURIRREIS), HEFVRE A M LT
YIS, HIANE RN A [ 78 B [
W4, g ZEal (W 2 ik pos) « 54
GLAHLE, SANALHRFLSGE, NAREAREL
TIEH

3. KRR A LU AR 1L

PA=2H K SRR =R LA S U e R, il
FH 21457087 (principal component analysis, PCA) 1

A '
2N

4 3
|
"“

X

* Ol -

it =25 QC Ff s AMIRFL, fE LA TR,
—RESREIEM R B, QC M (ZkD fEIEM
BT AT RERE, FRLCMS RGAA RIFH
g 1 LSOO AT 2 2 0 B T S (LT 3D
188 F Al 5 /I — 3R 3241501 43 AT (partial least squares
discrimination analysis, PLS-DA) #7737 N, M
S AWM ZE 5, Horh PC1 R IZBR i 28
— Ry, RIS R KK T, i 32
38 ok PC2 R B 58 — oy, 2

B2 ZHKREEARMINALIEERI (HE Jtt, 10X, 100 um)

Fig. 2 Morphological manifestations of local muscle tissue in the trigger points of the three groups of rats (HE staining,

10X, 100 um)
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PC1 (22.33%)

3 ZH KR M QC FEd PCA it
(A) IEE TR (B) 513 T

N: [E®; M: f8g; S: HiTdl: QC: FisEis|

B N +M =S -=QC

257

o
!

PC2 (16.34%)

-251

o3

-50-

-20 0 20
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Fig. 3 Principal component analysis of QC samples and rats in the three groups

(A) Positive ion mode; (B) Negative ion mode

N: Normal group; M: Model group; S: Treatment group; QC: Quality control
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BHRAE T 38— R IR 17 1) AR S ORI
), B IR 3222028 S ok Q2 R 4 AT AR AL Xt
Boym gy 2= AT I R ], BPENE, iZ{EmAR
TNZAE T (T 8 AR s R2 KR M AT 1 AN
T ZEAE,  FB AT R0 B Uy 7 B e AT R
FILL, BUfEREER, 1ZAER KR AR R AE ) 5 .
PLS-DA /7 5k Kl 2 x, MAE N4 (LE 4A,
4B) . SHE5 MY (WK 4C, 4D) 2 [A] IE 4 5 5K
TEMPFMZHR2 KT Q2 H Q2 FIALY Y ik
FE/NT 0, RABACKR “AWE” , BAREFRR

A M_N
Intercepts: R2 = (0.0, 0.89), Q2 = (0.0, -0.51)
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sENE. PLS-DA HI7rHUG B R, M A5 N AR
PHEE ARSI HESE (LE 5A, 5B)
S A M A sy B RAF (K 5C, 5D) , £
M AT N 2K B R Ut B0 A R AL 2H 23550 A A7
EREEAL, SAHE M A RKRMEERESE, ¥
B AR B0t 297 T TR LA T MPS K B AR
FEIE

4. M 45 S 47 s AR Em ik

HRHE PLS-DA #2288 — 32 pl 7 AR e 8 HL 22
J& (variable importance in the projection, VIP). % 3¢

B M_N
Intercepts: R2 = (0.0, 0.83), Q2 = (0.0, -0.46)
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Cor
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” g
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Cor

4 MASNAH., SHE M HZAREHE PLS-DA HEF 5E K

(A, O) IEE T30, (B, D) 18 T4\

N: EHH; M: B S: Jy7dl; Cor: MRAREL: Q2: TMAE; R2: fRRER
Fig. 4 PLA-DA sorting validation plot metabolic profile between M group and N group, S group and M group

(A, C) Positive ion mode; (B, D) Negative ion mode

N: Normal group; M: Model group; S: Treatment group; Cor: Correlation coefficient; Q2: Prediction rate; R2:

Interpretation rate
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o8 20+ o3
207
( 10+
o3
o5
< 6 o4 =
S o AN £ o
o Te]
© e
~ ~ -10
O O
a a
-20 -20
-30-
-20 -10 0 10 20 -20 -10 0 10
PC1 (19.89%) PC1 (24.06%)
R2Y: 0.90, Q2Y: 0.18 R2Y:0.91, Q2Y: -0.02
C D
M &S M &S
20_ o8 o3
10
10+ 1
16
—_ 4 —_
X 3 X 0
[} N~
[ce] o]
© o
< 0l Ao
o O -10-
a a
-20-
-20
-30+
-20 -10 0 10 -30 -20 -10 0 10 20
PC1 (23.23%) PC1 (28.78%)
R2Y:0.93, Q2Y: -0.18 R2Y:0.91, Q2Y: -0.25
5 MASENA. S4H5 M AR PLS-DA 135 # &

N: IEHH; M: 8R4 S: T4; PCL: SH—EMr; PC2: M1l
Fig. S PLS-DA score scatter plot between M group and N group, S group and M group

(A, C) Positive ion mode; (B, D) Negative ion mode

N: Normal group; M: Model group; S: Treatment group; PC1: The first principal component; PC2: The second principal

component

f5%4 (fold change, FC) Al P-value = NS ILA %
S A PIRA T I, W BIEN VIP > 1.0, FC >
1.2 8% FC < 0.833 H. P <0.05, fF&ZE&MHIHINA
R R, R LEILE 6 fiR, S5 M
HAH R IE B AT 3 24 A 2= AR, H
oA B, 13NN AR 16 A
Ry, HhsAERE, NATIE. BkER
R WK 2. 3.
5.S 5 M ARG e 4L

¥ S ZH. M 48] 2 F A 3 47 KEGG i i
B, WA T HOT IR T MPS KR TE
kR BV PO IR N 2% . KEGG & #£45 R iR, It
H 10 R AW (IR 4 5E3 22 F RS
B (W7 . # P <0.05 ) KEGG € XA &
5 %M KEGG 1@, O OB IR
o e RE A, EEW AWM E R RGP LPC
20:0. LPC 16:1. LPC 16:0. L-RREA. BV, 3-
W W 2B 4
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Fig. 6 Volcano map between S group and M group
(A) Positive ion mode; (B) Negative ion mode
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Table 2 Differential metabolites between S group and M group in positive ion mode
Fyyre Mﬁ:‘%fﬁ Pannidoibicy S AN M AL
Differential metabolites olecular Molejcular FC P-value VIP Changc? trend of group S
formula weight relative to group M
LPC 40:7 C,sHg,NO,P 839.58 0.631 0.032 1.809 down
2-E i H C,Hy0, 336.26 1470 0.028 1.643 up
Zﬁﬁ%ﬂS -FRE-2- 303, 4- Z 2R LA C,H,.,0, 135.04 1.581 0.002 1.881 up
N1-5F A3 -2- CTH-2-MERg FEFRIE -1-FHBEIE - CoH LN, 232.10 1.963 0.002 1.898 up
6-7K3E-1,2, 3, 4-DUA-2, 5-F% F 5 20 - 1- C,H,.N,O 232.10 1.761 0.003 2.100 up
PC 17:2_22:6 C,,H,xNOP 1631.08 0.626  0.036 1.332 down
X -1, 3, 8- = CH, 134.11 0.703 0.045 1.814 down
T 6w C,sH,sNO; 335.18 0.565 0.023 1.857 down
N-P-75 5 1 W i C,H:N;0, 291.20 0.485 0.035 1.656 down
(S)-5E 2 C4H,,0, 132.08 0.237 0.006 1.238 down
2-[(3S)-1-F 2 -3-MEME e L 1-1- L1 H-ZRJFkme: - CoH, Ny 291.17 1.902 0.032 1315 up
L-RJR %% C,H,,N,0, 208.08 0.223 0.026 1.912 down
TR (C18:2N6T) C,sH,,0, 280.24 0.761 0.032 1.949 down
S-FR R A4 B AR -2, 5- UK -2- i C4H,0, 166.02 0.511 0.005 1.896 down
LIS CH,N 117.06 1.346 0.040 1.396 up
miE B2-AMHR C;5HgoN,0,S 1404.80 0.157 0.007 1.435 down
LPC 36:5 C,,Hg,NO,P 787.55 0.383 0.005 1.767 down
L- AR TN C,H,NO,S 165.05 0.430  0.044 1.596 down
PE 0-16:1_18:2 C3H,,NO,P 699.52 1.785 0.050 1.139 up
3-W5[ Wk 2 Ji CoHgN, 156.07 1.358 0.015 1.288 up
PC 17:0_18:2 C,;Hy,NOGP 771.58 0.522 0.033 1.703 down
DL- 4% % C,H,,)N,0, 204.09 1.347 0.037 1.441 up
REE EREE C,H,,NO, 211.12 1.239 0.020 1.990 up
1- (3, 4- " HEHEERFD 4-1-Fill5 C,H,;NO, 195.09 1.406 0.046 1.251 up
=3 A TEAT S 4R M 42 A 2= AR
Table 3 Differential metabolites between S group and M group in negative ion mode
5 N;ﬁ%fc P ihcs S AR M HA{ LA
Differential metabolites olecular Mole.cular FC P-value VIP Changg trend of group S
formula weight relative to group M
LPC 20:0 CHyxNO,P 597.40 0.145  0.047 1.990 down
R -N- B R AR I i C, H,NO,P 453.29 0.756  0.008 1.664 down
PE 17:0_22:6 C,H,NO,P 771.53 2756 0.049 1.367 up
LPC 16:1 C,H,NO,P 539.32 0.664  0.044 1278 down
PCO-16:1_20:4 C,HgNO,P 811.57 0264  0.011 2.067 down
R -5 PR C,oH,N;O,P 347.06 0.412 0.044 1.297 down
%%H%’WT%) ARIHE ] -2- (3- MR CH,N,OS 310.12 2.576 0.023 1.750 up
B &M 16:0 C\oH3,0,P 410.24 0.750 0.049 1.087 down
PG 18:0 20:4 C,.H,0,,P 798.54 10336 0.001 2274 up
12, 13-EODE C,sH;,04 296.23 2814  0.014  2.005 up
PA 16:0 20:4 C3,HyO4P 696.47 9.641 0.009 1.687 up
O1- (4-F KW 4-mi2E A -1-FRERER . C,H,,CN;O, 319.04 0.525 0.042 1.030 down
JiiiREg C,H,3N,05 243.09 0.245 0.047 1.595 down
LPE 16:0 C, H,NO,P 453.29 0.613  0.023 1.506 down
LPE 18:0 CyH,NO,P 481.32 0.822  0.027 1.590 down
LPC 16:0 C,Hs,NO,P 541.34 0.822  0.023 1.573 down
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Table 4 Differential metabolites between S group and M group in positive and negative ion mode

ZE A N TR S 4LAENT M 41 ki IER SR R
Differential Molecular Molecular FC  P-value VIP  Change trend of group S Postitive and .
. . . . Metabolic pathway
metabolites formula weight relative to group M negative ion mode
L-RJRERE  CHLN,0,  208.08 0223 0.026 1912 down EEsT AR, ARPNHE d
R, R
Mg C,HN 117.06  1.346  0.040 1.396 up EET it 2 TR AN L2 R TR AR &
B TEALFIIR
L-ERBIN  CH,NO,S 16505 0430 0.044 1.59 down EET e ot R RN B R AR T
38| 7, C,oH;N, 156.07 1358 0.015 1288 up IEBF R ERA
e LY il ;!::_Ab
FWNE ERE C H,NO,  211.12 1239 0.020 1.990 up EET iﬂi} m@*ﬁﬁi&% e
GEHES
LPC 20:0 CyxHNOP 59740  0.145 0.047 1.990 down T REBRARIE . b AR A4
LPC 16:1 C,HNOP 53932 0.664 0.044 1278 down T REGRACU . Hah i s A
mTOR {55, PI3K-Akt
{5581, cGMP -PKG 15
S, cAMP 15 S,
. . FoxO {5 5 1@ %, K 7 i
PRERRARTY  CH.N;O,P  347.06 0412 0.044 1297 down Ui R, WL EE S G
S it B 17 R (R YT,
oy W, bunk R 2,
AMPK 15 518
Jlio8=3 CH;N,O5  243.09 0245 0.047 1.595 down BT e A
LPC 16:0 C,H,NO,P 54134 0822 0.023 1573 down T REBRACIE -y R A
A B
ik - @
& S E RS- Y Bk @
HHES e
B 010
S T -log10 - - - -log
BRRHLTRL o (P-value) BERAZBRERERA S ARAIATS - (P-value)
Igg e - e 1.50
A AR - 1.25
FHEH. RERNESBRENAHK o fg R o bt
I1:O PI3K-Akt {5 SiE 8% - ° I0'75
S
FRERNE RS0 Number MTOR (&S84 - i
L ]
¥ KEEHRE- e>
®: - @3
FoxO {55k -
Rt °
cGMP-PKG {5 S 1@ -
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OB I FIR RS SRS J B2 - .
AMPK 155588 - .
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Fig. 7 Enrichment of metabolic differential metabolic pathways between S group and M group
(A) Positive ion mode; (B) Negative ion mode
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TR (nicotinamide adenine dinucleotide, NAD") ¥,
Z 5 e . NAD' 2 JUERME B B FYR &
1 3 (silent information regulator homolog3, SIRT3) 2=
LA B PRI £ e R 3 Y, SIRT3 Hf 5 Mk
LT LR PRI, BRI EUR 2 S B R B AR
BEEE S A TG E AR ATP KSF R B P, AR
FRAA AT I R I, ARSI R e i e
SIRT3 &b BB 2 & sk ik, & aes
RS R IE VR ITVER P AR 08 R BLIA IT 415
T & iR (adenosine monophosphate, AMP) 7K *F-B#1E%,
i AMP /KF 2 fe AR RS 1045 5 7, BRI Il
BT T T AT Bl o R L BRI PR MUK
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