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R JET MR AR AL 22 45 A S I I E I 7 =B B 2 3F (Panax notoginseng saponins, PNS) X 2 AU JRIF (type 2
diabetes mellitus, T2DM) /I BRI BEFEVE T o #5 40 K CSTBL/6T /I 5B AL 43 S o 1R ZH 0 Sz 56 4, b F 4 R0 AR 77, iz
U0 2H wm HE AR MR 3R 12 B S5, 28 18 11 v O IR 12 1 &R (streptozotocin, STZ) % 37 T2DM #E8Y| Fi  sh #5236 28 )1 Jb
[ 2 Bt S5 0% 3 46 3 2% 03 45 b fE (HIE#E 5 NSMC2022023). i 5 A 2 /s BRBE BL 43 9 B AL 4L (T2DM) IR 71 &
[200 mg-kg'-d'] FH & 7 & [300 mg-kg'-d'] =L BH U, FEH 6 F, 48 W /N B4R L35 a3k K R A I I
{H (fasting blood glucose, FBG), # 5 5 5 J& 34T I IRME N 2 925 (oral glucose tolerance test, OGTT). #ii AR BRI A%
WU BT AT h B8 K a5 33X 770 50 A% 00 of 7% ek 98 YK AE K] F - o (tumor necrosis factor-a, TNF-a) Fl [1 /1 % -6 (interleukin-6,
IL-6) 17K F K JE AT At 8 Ak R 4 45 i H KIS SE AL Y 1§ (glutathione peroxidase, GSH-Px). i & b A [ (catalase,
CAT) FI A A AL (superoxide dismutase, SOD) HJE P o JE T AU 4 2% W 7 i 5w Ay VP A 4 AR 4 A
KEGG % 4i% I 8 # 5 4 2 H7; Western blot £ T JIT NF-B 8 #% J% TNF-a f1 IL-6 (1R ik . 45 F BoR, T2DM /N R 2
;i E =B A BT (high Panax notoginseng saponins, HPNS) GEf% [ T2DM /I B 1 25 i LB, K77 = = e
21 (low Panax notoginseng saponins, LPNS) X} 4% i Ifil % 76 & 2 521 . HPNS BE9% 2435 T2DM /N BRI E B fig, PEAR
I HE % M TNF-o F1IL-6 R 7K -, 380 E GSH-Px CAT F1SOD 3G M . AR 2H 22 45 S B, B2 2 1 3% v 45 Ff
AU 22, HPNS V897 5 20 MRS 7 2 25 7840 HLimp IR F 20585 )0 . i B s B2 B, A0 A DU I R AR L i R X
WA AR A2 PRI A BRAE T2DM /) BRI HH 25038, HPNS 7] 235 T2DM /)N 5L AR A A= DU 7 8 0 I 3 R 555
R, Western blot 1, HPNS G % 311 il T2DM /s il NF-xB Ji #, P TNF-a F1 IL-6 [ 3R IE, #2715 PNS 0] G i@ i 41
1) NF-B 380 2% 5 18 15 4 A DU Jfs I R0 I ek R AR, PR AR 8 12 DR AR A SO T, 5 U D e R 2 PRI IR R/
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Abstract: Plasma metabolomics combined experimental verification was employed for investigating of the
hypoglycemic effect of Panax notoginseng saponins (PNS) on type 2 diabetes mellitus (T2DM) mice. Forty

C57BL/6J mice were randomly divided into control and experimental groups after one week of adaptive feeding.
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The mice in control group were fed conventionally, and the T2DM model was established in mice of the experi-
mental group by intraperitoneal injection of streptozotocin following twelve weeks of feeding on a high-fat diet
(HFD). All experiments were approved by the Ethical Committee Experimental Animal Center of North Sichuan
Medical College (NSMC2022023). After the failure cases during modeling were eliminated, the remaining mice
were randomly divided into model group (T2DM), low dose [200 mg-kg™-d"'] and high dose [300 mg-kg™"-d"'] PNS
groups. Mice in normal and model groups were given equal amounts of normal saline by gavage. The mice were
administered intragastrically with PNS for 6 weeks, and their body weight, food intake, water intake and fasting
blood glucose (FBG) were measured weekly. Oral glucose tolerance test (OGTT) was performed at the 5th week of
administration. The changes of liver functions and blood lipids were detected by collecting blood from eyeballs.
Tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6) levels were detected in the blood and the activity of
glutathione peroxidase (GSH-Px), catalase (CAT) and superoxide dismutase (SOD) were analyzed in the liver by
kit, respectively. Subsequently, the changes in plasma endogenous metabolites from each group were determined
based on metabolomics, and the pathway enrichment analysis of differential metabolites was performed using
KEGG database. NF-xB signaling pathway, TNF-a and IL-6 in liver were detected by western blot, respectively.
The results showed that T2DM mice were successfully constructed. High dose of panax notoginseng saponins
(HPNS) can reduce the FBG in T2DM mice while low dose of PNS (LPNS) has no significant effect on FBG.
HPNS improves the liver function, reduces the levels of blood lipids, TNF-a and IL-6, and increases the activity of
GSH-Px, CAT and SOD in liver of T2DM mice. Metabolomics results showed that 45 metabolites were significantly
changed in the plasma of model group compared with control, and 20 metabolites were significantly changed after
HPNS treatment. Pathway enrichment indicated that arachidonic acid metabolism, linoleic acid metabolism, gluta-
thione metabolism and carnitine synthesis were changed in the blood of T2DM mice, and HPNS improved the
abnormal metabolism of arachidonic acid and linoleic acid in T2DM mice. Western blot showed that HPNS could
inhibit the NF-xB pathway and reduce the expression of TNF-a and IL-6 in the liver of T2DM mice, suggesting
that PNS may exert the antidiabetic effect by inhibiting NF-«xB pathway, regulating arachidonic acid and linoleic
acid metabolism to reduce inflammatory factors and oxidative stress, improve liver function in T2DM mice.
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P JR % (diabetes mellitus, DM) & LA I ## 7K ~F F+
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P B BB 7R 518 PR OIR B AR (2020 )
N, FE 18 % K UL NHERE PRI B0 %8 11.9%, H
2 FUBE PRI (type 2 diabetes mellitus, T2DM) 15 90% LA
b TSR, T2DM K B AR e ik KRR L 2 IE R
i e T R R ST SCH o A m AR SN T2DM B
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= -t [Panax notoginseng (Burk.) F. H. Chen] A T1.
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W, =B AW MLAGHE | 2 T L o s 24 A 4|
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J& & 5 RIEUOK RR R 18 %2 46 Al CaMKK B #U% AMPK
155 18 % 40 1) JER B 22 HR T o o 2 A R
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A S I8 1 60% M U7 Ak B 2 4k Y ARG A /N 7
5 BE R VE B 2% (streptozotocin, STZ)#: 3. T2DM /)
B AR AR |k T AR 2 2 45 G S 50 5 UE 4R 9T PNS X
T2DM /) B BB A L, FE MAS 58 2% S 98 14 R £
FEFR 5T PNS I B HLI, B 72 v =08 28 i R B
F B TE R R it S B0 A1 A AR 3
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(HEHES - NSMC2022023). 4 77 F 11 4k 2= 4 Bt S 56 5
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Wb, AR E 20~26 °C, AR E ~60%, 12 h 1
522 B G, N B RS OK. SiE R a Nk
BE B Eh W SEURAC R B & 2 € .

HYREERFT ZLEETH (FE=90%, it
DST200706-054) 14+ pi &R 8 R A W ARG IR A A
BENRAE B R (STZ, USP %) M Tt AR MR HEz i gg O
SE I ¥ (tumor necrosis factor-a, TNF-a, E-EL-M3063)
M4 2 -6 (interleukin-6, IL-6, E-EL-M0044c) i 77 &
It T Elabscuence £ ¥ #l £ ; % IR # % 1§ (alanine
aminotransferase, ALT, BC1555). Kk 4 & R & & Wi
(aspartate aminotransferase, AST, BC1565) 5] & 4 T
Solarbio M) FH . A B H KIS AL ¥ B (glutathione
peroxidase: GSH-Px, KTB1640). id A L & (catalase,
CAT, KTB1040) K # % 1t ¥ B3 4k B (superoxide dis-
mutase, SOD, KTB1030) i 77| & 14 T Abbkine £} £ 2
A o PULAK TNF-a (26405-1-AP). IL-6 (21865-1-AP).
NF-xBp65 (10745-1-AP). pNF-«Bp65 (82335-1-RR) Al
IkBo (10268-1-AP) Il - Proteintech A 7 .

A RARRIEE 40 H/N RUE N M 9E 1
Ji, BEMLA R IE & 4 o B2, 8 ) Al R4 (high fat
diet, HFD, 32 X)), IF %5 41 Ji 17k} M2 7%, HFD H 60%
JiE i 11 B 4l Ak R R R IR 12 ] (YL P R R 25 £
TRARTEAR). H13 [, NREEE 10 h, IEH4H
% 0.1 mL-10g" i f& % 5 Fr &% B2 2% v Wi, HFD 41 4%
40 mg-kg'-d' E TR STZ, 4L 5 K, KIRG 214
J&, ZEE 12 h, AR ML AS W 75 i I KE (fasting blood
glucose, FBG), & If41FBG > 11.1 mmol-L" #{ >4 T2DM
B 5 Th, FBG < 11.1 mmol-L™ )/ B 51 [ S 56

WEhTTE  FEIR = R S A A
T 150 mg A 2 T AR B, B e 0N BROR R O S 1 I

ST & N 20 mgkg!-dT. MK HE = LR EF DR
10% A= W) ) FH 5 6 530, i o /0 BRUTE B i R 45 R oA
200 mg-kg'-d'e ARSI 200 mg-kg'-d” (I IREERL
FIE) F1300 mg-kg'-d' (1.5 G RGN &E) #EH . IE
W RIS 21 45 T 45 2 AR B AR K, PNS AR B B KA
fRIGHES, 418 1, FENO0.1 mL-10 g, &K —IX,
Frat 6 A, B AR /N A E B & VIRUK & X FBG.

OREBEREMESLE A4 1, NREE
frRZEIK 12 h, 3% 20 mg-10 g HE B 20% 7 & b, 2R
KM, I 5E 0.15.30.60.90 120 min [¥] FBG, 2] 11 ik
FE T B 526 (oral glucose tolerance test, OGTT) 2k

MBERIEREN HAS KNG, MREFGAZ
7K 10 h, &9 FBG. 4 R Bk B M0+ Hr it 4, 1R 5,
1500 xg BL» 10 min, B3, 357 &AM TNF-0.IL-6 |
ALT F1 AST /K-F-o 4> B 3 A Ak 43 B 4SO Il s A [

(total cholesterol, TC). H Jl =& (triglyceride, TG)- &
= E R A (low density lipoprotein cholesterin, LDL-C)
A7 % B B 22 A (high density lipoprotein cholesterin,
HDL-C).

BFBE GSH-Px.CAT X SOD #50  HUAT ¥ 30 mg,
T EEZ] 3K, 2 000 xg B5-0» 20 min, W EE B3, #3057 &
Ut B S 450 nm 9% K 4k OD 18, it 5 GSH-Px. CAT Al
SOD & & .

M3z IEELFR R A FE D

FEARMGI & 1w T VR & /N RO FEAR, R AT
T-80 °C#H . FHTT 4 °Cfi#t%, L 100 pL ML, i
300 uL T A H B - 2 - KAE R (51312, V), iR
i€, =20 °CHLE 1 h, 14 000 xg &0 10 min, B L7, %
T, BRIELRAF T -80 °Co 2 HTHI M 100 uL Z i -7K
(LM K=1:1, v/v) ¥, IRTE, 14 000 xg .0 10 min,
EE M . BE B RFEAS (20 pL), IR EEN
A

i % Vanquish (3% [E Thermo Fisher Scien-
tific) A fy 250V A €03 4 #5 2k Waters ACQUITY UPLC
HSS T3 (100 mm x 2.1 mm, 1.8 pm) 3% 4 (35 F
Waters). it 3 A A N 7K (& 5 mmol-L" & F& B Fl
5 mmol'L"' Z R), L8l A B N £ I, B B B it (1~
11 min, 2% B; 11~15.4 min, 4k §F 98% B; 154~
15.6 min, 98%~2% B; 15.6~21 min, 4k F 2% B; ik
200 nL-min'. [ ZhEFE S5 E 4 °C; AR 2 L.

Zx e [ 24 (2020 ) — 8% I 2 8 i) ) =
LR EFEN . BOTIRS (B8R = L EEFRL.
N2 BH Rgl. NS B Re. A S B RbI NS 2 F
Rd & E)AMER N (B =L a2 25 mg) & &, Kk
E, TN 70% HE 56 4 15 A, RS % BIORE R o A At 3K
V% 10 pL, vE N Waters 2695-2996 =7 2% ¥ AH {7 i
X . {4k A Ultimate™ XB-C18 (250 mm x 4.6 mm,
5 um), iR 35 °C, BIAH A N 2B, Wi ahAH B K, Bk
Jii 456 B - 0~20 min, 20% A; 20~45 min, 20%~46% A;
45~55 min, 46%~55% A; 55~60 min, 4t 55% A;
60~64 min, 55%~90% A; ¥iLi# 1.5 mL-min", £ M 3
K203 nm.

FRI%SH  Orbitrap Exploris 120 Jii 4% (Xcalibur,
2% [# Thermo Fisher Scientific) & i FullScan MS2 1% =,
HHAT— % R B R . B PRI 320 °C; Wi
% 1K 4.0 KV (Pos) F1-3.5 kV (Neg); #4537 1% 50 arb,
i B S I 15 arb, Full MS 43 #F % 60 000, MS/MS 43
HEZR 15 000, Alff# A 10/30/60.

HIESRESNKEMIIFE TS EIE 24 Proteo
Wizard % N mzXML #% 3%, 4 XCMS B A4 1§ 5 55 - 16 i1
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i) U ek g | U DTG P | 6 T AR B B A DR B I TRV ARZ IR . AR
JS LA S5 AT LG m/z AR B BT T (1) A T AR () 50408 4 B
L PR B AR R L 50% 1A & M K IlwiE ik (K = 10)
W AR RERRAE, DAL — . RAE P S
A% [P AR 5 R # (coefficient of variation, CV), ¥ CV
KT 30% AL B 5B o

¥ BT 15 $0 98 45 B 5\ MetaboAnalyst 5.0 (https://
www.metaboanalyst.ca/) 1F £ 4% & 73 i, LR L HEF
o4k 1 Pareto scaling A5 JE 4k, 5% AE W8 B =5 43 43
(principal component analysis, PCA) % 3. 73 7Y |
BREAR [B) TR 3 S BB RE AR K F i die /) — 3fe 4 31
43 M7 (partial least squares discriminant analysis, PLS-
DA) 2 S AR Pk 5 K A [ S AL, 5 xof 42784 200 X
BRI, R R REATRE M, 0° R BAL T #e
WA PLS-DA B AU AR 5 52 5 # 2 VE (variable important
in projection, VIP) i 1% %J 155 284 43 28 57 ik 5 K (1) A% &=
(VIP > 1), W48 5 25 P 7K 1 A A% 2028 4E (fold change,
FC) i i 72 5 A2 &, # VIP > 1.FC > 1.5 8{FC < 0.67 H.
P <0.05 A& H %R E. WYL E T mz,
ppm N MS/MS i &I JU e % e A, k4 A R ARI 4L
22 B4 (The Human Metabolome Database, HMDB)
HHE 5 B AR 2R A D

BEEES KUY 3 MetaboAnalyst
5.0 Hfs R AT I % B AR /3 M7, & AR 7715 Fisher's exact
test; ¥ # % J7 ¥ A relative-betweeness centrality; i %
JiE R H R R 5 BE R 2H 1 R4 5 (Kyoto encyclopedia
of genes and genomes, KEGG),

Western blot M E B RAIFRIE BN IEL
30 mg, UK b fif vk F 574 PBS ¥ 2 YK, BT 150 pL RIPA
KR, RS 2 56 A 34, 12 000 xg 250> 10 min,
B3, BCAVEME AW E . BUGEEH, B KW
A4 Tt M 8 Js PRV VR L3 A 4 °CIR B — Pl R I W
B CH IR R S PU PR B 5. Image T K FEAH 4 #T,
GraphPad Prism 8.0 /E &

Gt 4 SPSS 26.0 G b, #X
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P B BEbRUEZE (v £5) Fono Z UL LB R &
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R
ERERIERN=ZLtREHETERIRESE

SGRER, LR BHRNEERS N = LB
RI.AZEHRgl.AZEH Re.ASEH R AIAS
B R, #hionEit, = LB RI.AS B Rgl.
ANZBE1FRe. NS EH Rbl M1 A2 2H RIS &4
N 6.96%+34.29%.2.65%-31.34% F1 10.19%, £ £+
24 L (2020 ki) XoF il ZE 38 H R 7 R E -
2 ZEREEMINEAERREVRKERTEL
PERY 20

252 U1 1A), A R N BRAA S BB R VOKE K

FBG A2 fb . 4 RoR, 1E 444 = A F e Bl T3
I, R AL ZH | ) B AR B PNS 4R 2 T R
BYSHJE, BHASIERAML, 2R AARIM¥E
(P <0.05), & K57 &4 5 R A B B ARk
(Bl1A). HIEWHAMIL, BRUAR EEREE N P <
0.001). #5754 G, At EHE R ERD, (HS5H R
HAHE 22 e g it 7 3 30 IR B AR B 45 24 0
AR AN B (B 1B). 5 1F & 4 A L, #5734 Aok &
WEE N (P <0.001), 25245 5 A Ja i 77 & 2 ROK 208
b, 6 J Ja A EE S Y 20 72 e B Gt 22 s L (P < 0.05),
CFI A SEB A E B3 25 (B 10). 452500,
P2 v ) B AR &= 20 1 FBG 43 718 16.28 + 0.72.
16.11 + 1.02 f116.15 + 0.64 mmol-L". 5 1E%# 4L L,
1R 20 FBG & 2 1 0 (P < 0.001), 25 25 6 J& J& w1 77
B4 FBG A 14.58 + 1.63 mmol-L", SRR LA L 22 57
HA G55 L (P<0.01), k7241 FBG N 15.61 +
1.29 mmol-L", 5H AL Z 7 LGt %m X (H
1D). % L, %7 & PNS X T2DM /) i B A7 B0 4
TR 2 1 B R AR AN B 5o [, s A0 v 7 =
PNS FERE/E I 7

— T T T T 1
1 2 3 4 5 6

Time / week Time / week

- Con = T2DM - Con = T2DM
-+~ HPNS -+ LPNS " -+ HPNS - LPNS
80 i W o M it
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o 154
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Figure 1 The effect of PNS on body weight (A), food intake (B), water intake (C) and FBG (D) in mice with T2DM. n = 8, x £ 5. T2DM
vs Con, "P < 0.05, P < 0.01, ™P < 0.001; HPNS vs T2DM, "P < 0.05, “"P < 0.01. Con: Control; T2DM: Type 2 diabetes mellitus; PNS:

Panax notoginseng saponins; FBG: Fasting blood glucose; HPNS: High Panax notoginseng saponins
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3 =ZtREHKET2DM /)R ORERE

PEIN & 27, 20% H A FEE S 5, IEH 4 15 min Y
FBG Vg 7+, 15 min B JAI§4H 17.98 + 2.85 mmol-L™',
15~30 min § FBG 3% ~ £ % 8.01 + 1.51 mmol-L",
120 min [% 9 4.43 + 0.32 mmol-L". 4 %Y 4H A = 71 &=
ZH AT 15 min )9 FBG PR # L F+, 15~30 min N Z21% I
F, 30 min f ik B UEAE, 53514 32.97 + 1.07 #130.05 +
1.24 mmol-L"', Z J& FBG 2& 18 [% ik, 120 min 7 5 A
2528 + 1.77 F120.19 + 2.44 mmol-L" (& 2A). HIF%
ZHAH Eb, R 20 %I [R) 25 ) FBG 2 35 38 im0 (P < 0.001);
F& 15 min B [8] 5540, 1 77 & 41 FBG #0185 8 41 W8 3% %
fi& (P <0.05) (K12A). A4 AUC 1 % 41 i3 3 1Y
Bn (P <0.001), 78 24H AUC B AL 4 552 FAIK (P <
0.01) (& 2B), & BB 20 /) ROBE i) &2 52 B, = A i
PNS ] 23 T2DM /)N B (1 T &

A P --Con -= T2DM —*HPNS B i -
_ e w = e -
i i i ‘g
Z 30 wo E 300 5
g =
E 20 g 2000+
8 10 E
.
= 8 1000
0 T T T T 1 < 0
0 30 60 90 120 Con T2DM HPNS
Time / min

Figure 2 The effects of PNS on the glucose tolerance of T2DM
mice. A: Detection of FBG by OGTT test in mice; B: AUC in
OGTT test. n = 8, ¥ + 5. T2DM vs Con, “*P < 0.001; HPNS vs
T2DM, ‘P < 0.05, P < 0.01, ""P < 0.001. OGTT: Oral glucose

tolerance test; AUC: The area under the curve

4 =-tREBEY T2DM /) A5 K BB AY 2200
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(1 RO PR AROKS S SO IR AR e, IR Thse 2 4. )
— J5 T, BEAR R AR IR L, SRR R
HPt. HIEH AL, B4 TC.TG.LDL-C % 3 14
Jin (P < 0.001), HDL-C & % F# ik (P < 0.01); AST Al
ALT & 338 (P < 0.001) (K 3A.B). S AL,
7 E 4L TC.LDL-C fil AST [&{%, Z R A H 4Gt %=
X (P < 0.05), i TG.HDL-C fil ALT B4 [ IE ¥ 41 5%
I (BI3AB), #7 PNS WA 71 40 1fi fig K BT B
AR
5 =t R EHEX T2DM /) BF i GSH-Px, SOD #1
CAT JE RIS

AN-PrE L RAE R FEWARE A BT
HEF R, B0 5 BRI, 105 TR S =AU
BRI AR R e TR OGN B IREOR, HIEW
A b, BB ZH I AT B4 AL B GSH-Px SOD Al CAT &
FRK (P<0.001). 45256 )5, SEAAML, &7
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Figure 3 The effects of PNS on the blood lipids (A) and liver
enzyme (B) of T2DM mice. n = 8, X + 5. T2DM vs Con, “P < 0.01,
#p < 0.001; HPNS vs T2DM, "P < 0.05, P < 0.01. TC: Total
cholesterol; TG: Triglyceride; LDL-C: Low density lipoprotein
cholesterin; HDL-C: High density lipoprotein cholesterin; ALT:

Alanine aminotransferase; AST: Aspartate aminotransferase

21 GSH-Px Al CAT 7% 384 i (P < 0.05), SOD A4k A
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Figure 4 The effects of PNS on activities of GSH-Px (A), SOD
(B) and CAT (C) in liver of T2DM mice. n = 8, X + 5. T2DM vs
Con, ™P < 0.001; HPNS vs T2DM, "P < 0.05. GSH-Px: Glutathione
peroxidase; SOD: Superoxide dismutase; CAT: Catalase

6 =+t BEHEKT2DM /) I i& A E R F

RNE A T BURE B R HHTIOCBE R 3R, 2 b
PRI R AR R 22— 5 IR AR L, B
0 1ML R 28 RE R T TNF-o T TL-6 7K 7 535 B8 (P <
0.001) (K 5A), PNS {77 J§ TNF-a f11L-6 K F 21K, 5
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Figure 6 Data quality control analysis. A, B: PCA-X one-dimensional line plots; C, D: Spearman's correlation coefficients
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Figure 7 Multivariate statistical analysis of plasma metabolomics. A, D: PCA score plots of T2DM and control groups in ESI+ and ESI-,

respectively; B, E: PLS-DA score plots of T2DM and control groups in ESI+ and ESI-, respectively; C, F: Permutation test plots of T2DM

and control groups; G, H: PCA score plots of T2DM, control and HPNS groups in ESI+ and ESI-, respectively
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Figure 8 MS/MS spectral fragments of typical metabolites are confirmed by matching the standard library. A: Arachidonic acid; B: Doco-

sahexaenoic acid
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Table 1 Altered metabolites in the T2DM and after PNS treatment. "P < 0.05, "P < 0.01, ""P < 0.001
. Theoretical Calculated t Trend
No Metabolite Formula ppm ®
MW (m/z) MW (m/z) /min T2DM vs Con  HPNS vs T2DM
1 L-Acetylcarnitine C,H,,NO, 203.115 82 203.116 11 143 4.39 17 T
2 Propionylcarnitine C,H,NO, 217.15143 217.152 62 5.48 7.55 17 —
3 Glutamic acid C.H,NO, 147.025 21 147.026 75 10.47 3.29 7 —
4 Arachidonic acid C,,H,,0, 304.263 23 304.264 66 4.70 15.20 T e
5 Uric acid C,HN,O, 168.028 32 168.028 49 1.01 6.07 T —
6  Hexanoylcarnitine C,H,NO, 260.349 81 260.348 91 -3.46 11.34 17 —
7 Palmitoylcarnitine C,.H,NO, 400.342 14 400.345 82 9.19 15.46 17 T
8 Decanoylcarnitine C,,H,,NO, 315.240 97 315.241 12 0.48 13.98 l* 1
9  N6,N6,N6-Trimethyl-L-lysine ~ C,H,N,0, 188.152 48 188.152 57 0.48 3.17 I —
10 Niacinamide CHN,0 122.047 65 122.048 36 5.82 5.76 17 —
11 cAMP C,H,N,OP 329.052 53 329.052 75 0.67 8.045 1 —
12 Glutathione C,H,N,0S 307.083 87 307.083 57 -0.98 5.37 T —
13 Choline C,H NO 104.100 52 104.100 06 -4.42 3.22 T —
14 Taurine C,H.NO,S 125.014 73 125.014 89 1.28 3.27 I T
15 Aspartic acid C,H.NO, 133.037 51 133.037 73 1.65 3.26 1 —
16 GSSG C,,H,N,O,,S, 612.151 93 612.153 31 2.25 7.41 17 —
17 Prostaglandin F2b C,,H,,0, 354.240 66 354.243 16 7.06 15.03 T 1
18 Aminoadipic acid CH,NO, 161.068 82 161.069 04 1.37 3.55 T —
19 N6-Acetyl-L-lysine CH,N,0, 188.116 12 188.116 33 112 3.72 T —
20 Tryptophan C,H,N,0, 204.089 93 204.072 07 -4.21 9.98 T —
21 Kynurenic acid C HNO, 189.052 61 189.052 89 1.48 12.23 T —
22 8,11,14-Eicosatrienoic acid C,,H,,0, 306.255 96 306.256 23 0.88 18.54 1 T
23 Prostaglandin C2 C,,H,,0, 334.194 41 334.196 68 6.79 16.05 T 1
24 14,15-DiHET:E C,,H,,0, 338213 66 338.216 90 9.58 16.38 T —
25 Coenzyme QI C H,0, 250.120 54 250.118 08 -9.84 14.16 1 T
26 PC (16:0/16:0) C,H,NO.P 733.562 15 733.26591 5.13 16.64 T —
27  Prostaglandin E2 C,,H,,0, 352224 92 352.228 98 11.53 19.59 T 1
28 20-HETE C,,H,,0, 320.235 11 320.230 49 -14.43 15.42 T 1
29 Palmitoleic acid C,H,0, 254224 63 254.224 42 -0.83 17.83 1 —
30 Pantothenic acid C,H,,NO, 219.110 76 219.111 05 1.32 9.37 1 —
31 13,14-Dihydro-15-keto-PGE2  C, H,,0, 352224 93 35222534 1.16 13.91 T —
32 Indoleacrylic acid C, H,NO, 187.066 38 187.067 05 3.58 12.05 I T
33 Testosterone sulfate C H,0,S 368.165 74 368.163 53 -6.00 15.36 T —
34 Tetrahydrocorticosterone C,H,,0, 350.245 71 350.242 43 -9.36 14.62 T T
35 Oleic acid C,H,,0, 282.255 93 282.25524 -2.44 16.73 1 T
36 Pentadecanoic acid CH,0, 242224 64 242224 36 -1.16 16.29 T I
37 Xanthurenic acid c HNoO, 205.037 57 205.036 99 -2.83 9.02 I
38 Eicosapentaenoic acid C,,H,,0, 302.224 69 302.224 24 -1.49 16.08 e T
39 Tridecylic acid C,H,0, 214.19337 214.192 76 -2.85 15.74 T —
40 Docosahexaenoic acid C,H,,0, 328.240 28 328.239 70 -1.77 16.64 o T
41 3-Methylhistidine CH,N,0, 169.085 13 169.084 25 -5.20 4.48 I —
42 Tetradecanedioic acid C H,O0, 258.183 11 258.183 05 -0.23 12.55 1 1
43 11,12-DiHET:E C,,H,,0, 33824573 338.234 53 -3.55 15.44 T —
44 19,20-DiHDPA C,H,,0, 362.245 75 36224579 0.11 1491 1 T
45 Indoleacetic acid C HNO, 175.066 36 175.066 08 -1.60 11.99 17 T
Table 2 Enrichment analysis of metabolic pathways in T2DM Table 3  Enrichment analysis of metabolic pathways in T2DM
mice mice after PNS treatment
Match Pathway Match Pathway
Pathway name Pvalue Pathway name Pvalue |
status impact status 1impact
Arachidonic acid metabolism 6/65 1.73E-5  0.293 Arachidonic acid metabolism 3/65  0.001 0.279
Linoleic acid metabolism 4/17  0.008 0.301 Linoleic acid metabolism 4/17  0.008 0.301
Glutathione metabolism 1/19  0.429 0.112 Oxidation of branched chain fatty acids ~ 2/21 0.120 0.066
Carnitine synthesis 1/16  0.376 0.143
Oxidation of branched chain fatty acids  2/21  0.120 0.066

2.65%.31.34% F1 10.19%, & K7 & E/4E T

(2020 i) FL5E o
TE W8 JR 95 8 A Y ) 46 b, STZ I &2 I 45 24
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Figure 9 Heat map visualization of differential metabolites. A: T2DM vs Con; B: HPNS vs T2DM
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Figure 10 Pathway enrichment and quantitative analysis. n = 8, X £ s. A: Altered metabolic pathways in T2DM group; B: Altered

metabolic pathways in T2DM group after PNS treatment; C, D: The quantification of metabolites of arachidonic acid and linoleic acid

metabolism pathways. T2DM vs Con, *P < 0.05, P < 0.01, P < 0.001; HPNS vs T2DM, P < 0.05, “P<0.01, ““P < 0.001
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Figure 11 Analysis of NF-«B pathway, TNF-a and IL-6 by Western blot. n = 8, x + 5. A, C: The detection expression of TNF-a, IL-6, NF-«B
and IxBa in control, T2DM and PNS treatment mice liver; B, D: Quantitative analysis of these protein levels by using image J software.

T2DM vs Con, "P < 0.05, P < 0.01; HPNS vs T2DM, "P < 0.05
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b, ANUVASEBERE R . SRR ) REA0 473 B, Tk 3 A xS
JIE 107 2 2% 32 e 77 A, i 25 IR 7 R SR AL, 368 i 351
DRI b, P9t 25 PRI R A D Dt 5 T () TR i b7, A
A, k25 PRI IA T 42 v T2DM (1) 4 3 T 2k e
AU 2H 5 3 B, RSB 40 2Tk PR B AT T PR E L T PTG
o B I PR) R 2% Tk AL 14 /K - S 3 B AIG, L R B
AR, PNS 10U AT 32 15y 2,8 PRI« 22 1% PRI B A A AR
Tt PRk ) 7K P, 3] T 2 I D e, £ LA e it
N, U R IR AU A TAER .

JHF R A2 AR B8 IR AR U 1 B 2228 B, AL A T
BEODR 25 T, 0 AU 2R L, M 20808, 5 R R R R K
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P Rz, BRI R AR R T LR AL RO
i R ) R A LI TR SR IR AR, 5 BUR T RE 2
AP AR 2% 3R B, AR Y 2 A SRS I K L A
1% Vi Q1 B4, HLJFFIE GSH-Px Fll CAT R iA/>,
PNS BE#2 & 7 AR IR VA B Q1 i /K1, )RS T ALT
HUAST W7k, T 534 I GSH-Px A1 CAT 35 14,
EM PN'S 1) 0% A F PT 66 55 B AICHF J0E 280 4k R 0K ~F
VAR 2 G B Dh R K.

£ BRIk, PNS W] gl i 0] NF-«B 15 5, A 1548
Az DY S TR AT e R A, DA BRAER 48 1k S L 503 U 2
RERIEFREREARVER . AT = LR BFIRKRIATT
T2DM 244 T s B4k 4, th R = s B 1 I R I A
PEBLFR IR AR

Ve TTlk: X SCHR TSI i B i SRR K
BB 5K A A XU X HF S BE B SE 3638 45 '
DTG B 43 M B SC B AB L

R RBE: A SCAAEAEAT AR 25
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