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W OE I AREIKEEY) (the aqueous extract of Cistanche tubulosa , AECT) f.2% i 43 1 AECT J5 97 ¥l bR IR B %5 ( dia-
betic nephropathy, DN) ffE AL . FIH UPLC- MS/MS X 4k-& ¥ k47 53 ¥ % %8 ; fis B PubChem , GeneCards , OMIM |
DAVID S50 PE TN A 208053 B va DN (97 R0 5 568 B, X420 FE R 34T GO KEGG & 4243041, I I Cytoscape
BRAPFF S - HE 0 -3l PTARAE 5 ] . MITT 35005 AECT [t DN 36 1 5 AR Ak 30500 & i st 81 5 bl S8 1k 1
7 AL ( superoxide dismutase , SOD) 154 A1 e H T E AL P i ( glutathione peroxide , GSH-Px) & 1 7K 3F s ELISA 746
I 5 RE K F 11 40 Mg A % -18 (interleukin-18, IL-18) | i 8 3R 3E A F ( tumor necrosis factor-o, TNF-a0) Fll5% 4k A= 4 K F
(transforming growth factor-8, TGF-8) 7K ; Annexin V-FITC/PI E: 60 41 it T3 ; Western blot 46 1 A1 3¢ 8 1 1Y R ik,
MAECT 3k S5 i 84 A7 iy, IFHEI 15 A& 9T RE AR R 12 s Tt th AECT JAY5 DN 1y 70 S 7ERE
NG T RONSER R B AECT RESSHE I s bl s IR BRI P Y HK-2 200 A7 3% S 40 L 0 12 5 JF 19 SOD
TG YEA GSH-Px & &k, il 44 K 7 IL-18  TNF-a Fl TGF-B 157K ; Western blot £ S4iE W] AECT $#1i PI3K-AKT {5
SIE R, AWFRVIERYT AECT i EEA RO X HIRYT DN B 7R S 5 E IPLET, 9 AECT 3497 DN J5 42
MR ABTITAR (LR B

FKEEIA : A ; UPLC-QE-Orbtrap-MS/MS s A6 52 i3 7381 5 I 28 24 L s SC R Bk

FhE 4332 . R284. 1;R917 SERARIRAD : A T EHS . 1001-6880 (2024)7-1242-16
DOI:10. 16333/5. 1001-6880. 2024.7.017

Mechanism of Cistanche tubulosa water extract in the treatment of diabetic
nephropathy based on UPLC-QE-Orbitrap-MS/MS
and network pharmacology
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Abstract : To investigate the chemical composition of the aqueous extract of Cistanche tubulosa ( AECT) and the mechanism
of action of AECT in the treatment of diabetic nephropathy (DN) ,UPLC-MS/MS was used to analyse and identify the com-
pounds , Using PubChem , GeneCards, OMIM ,DAVID and other databases,we predicted the targets and pathways of the com-
pounds to prevent and control DN, performed GO and KEGG enrichment analysis on the core genes,and constructed a visual
‘ compound -target - pathway’ network diagram using Cytoscape software. Determination of Anti-DN Activity of AECT by
MTT Method, Biochemical kits were used to detect the activity of superoxide dismutase (SOD) and the levels of glutathione

peroxidase ( GSH-Px). ELISA was used to measure the levels of inflammatory factors interleukin-18 (1L-18) , tumour necrosis
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factor (TNF-a) ,and transforming growth factor (TGF-B). Detection of apoptosis was performed using the Annexin V-FITC/

PI assay. Western blot was performed to detect the expression of relevant proteins. AECT contained 84 chemical components,

with 15 compounds identified as possible cleavage pathways. Screening 70 potential targets and multiple signaling pathways of

AECT for the treatment of DN. The results of the in vitro experiments showed that AECT increased the survival of HK-2 cells

and inhibited apoptosis in a high-sugar and high-fat environment, And SOD activity and GSH-Px content were up-regulated ,

while the expression levels of inflammatory factors 1L-18, TNF-a and TGF-8 were inhibited. The Western blot results indicate

that AECT has an impact on the PI3K-AKT signaling pathway. This study investigates the potential targets and mechanisms of

action of the main active ingredients in AECT for the treatment of DN. The findings suggest avenues for further research into

the use of AECT for DN treatment.

Key words : Cistanche tubulosa ; UPLC-QE-Orbtrap-MS/MS ;component analysis ;network pharmacology ;experimental verification

W PR N i B0 BRI 7 O OIE 2 — 2 IR
¥75 ' 775 ( diabetic nephropathy, DN) , #5411, =022
— 1 RUAN 2 ROBEPRIE IR 2 & DN R
o B 00 0 A S B 2 Sh A 10 SR AR, 6l Z2 R A
FROM AR . HRTMICIAIT DN BRI,
W PRI 14 "B JIE 5 9 ¥ 7 SO0 — I T8 I 0 ot
R DRk Pl s AT R T D AR) E DA R G 12 T 00
ML T A

RRZE A L BHEY) A K% Cistanche desertico-
la Y. C. Ma 8% %% 16 I I & Cistanche tubulosa
(Schenk) Wight f4 87 8 -9 4 5T 25, 46 20T
CRARATLZE ), H R b, HE i LR R 2 ) (A
FILFE)V (AT AR) FEL2 008, R R EL 54
PP RAVBEAS 2 WK R,
PRI, VAR R g, B ANEBH , 55 10, 118 iz 8
FERY DR, HTIRIT B RN I 5 PRIEARZAE
TR WAt AL o KRl BB A, K
2ol ARG T B A2 Bk B [ B A A ] 2R Y
1RIT DN PR o PR B 280 20 3 b K i
PEILIT , BRAS I A Y A K 3 P AV T A
B, b 259697 PR AR TR R 2 -2 A - 2
EWARPVERIRE R, T i — DS 48 78 P IR YT
DN # 252800) o S ilt 5 4 FH AL , A SCR W o BBk
A (UPLC-MS/MS) 73 A A 25 7K 324 ( aqueous
extract of Cistanche tubulosa , AECT) 3= %2 5 55 2H %,
TR FH ) 284 245 22 FF 5 32 BT AR5 P o3 (0 1 FH R
AR T8 #% , DTS AR VR JT DN 25 2044 HI AL il
HEAT ) WY [ E5f Ay S5 8 S B R A2 2 AR
1 #MRl57E%E
1.1 {88

Vanquish 8 55 280 & AH {2135 4% . Orbitrap Exploris
120 & 4y 9% J5i 1% . Heraeus Frescol7 B .0 #L ( 3£ H
Thermo Fisher Scientific 2\ ] ) ; ACQUITY UPLC BEH

Cp 354 (2. 1 mm x 100 mm, 1.7 pum;3EE Waters
2N H]) 5 YM-080S i 75 A (RN TIT 7 B, 1A FR 2
) s I D24 UV Ai7KAL (FE R Merck Millipore 23H]) .
1.2 i RikH

TR , SR Tt Al N T A AR B X, p T i
BE R AF W R AR S E A R AL AR
Cistanche tubulosa WA JFZE, 8-FEE ST
L (3t 45 - P2303003, 4l i = 98% ) |\ 51 JE °F- 1 iR
(Hit+5: 02204001, 4 i = 98% ) , T & # (it 5
E2208001, 4fi &£ = 98% ) . ( + )-#ix Ji5 B (it 5
P2303002, 4l =98% ) ( U113 74 AR P RLH A R
ONFED) s TSR (5 DIO61SYAL3, 4l i =98% , |
IR A YRR IRA | 5 HEE . S (52 67-
56-1.75-05-8, ff,i g% , CNW Technologies 2\ &) ) ; {4,
TR IR (Ht'5-:64-18-6, S [H Sigma A H]) ; L-2-54
KNI (5 :103616-89-3, i fEAEW R A
FRAF) .

MTT (4t : EZ7890B104 , i [ Biofroxx 2\ ] ) ;
FITC {83 Annexin- V i T2 & (45 : 1026022,
K[ BD 24 H] ) 5 4 AL W) B AL (superoxide dis-
mutase , SOD ) F1 4 bt H ik i3 & 4L ¥ B ( glutathione
Peroxide, GSH-Px ) i | & (it = : 20230602 Fi
20230529, Fg 5t A AR Y TARBFSE ) 5 14 A 3= -
18(interleukin-18,1L-18) AR ¥R FE A F- (tumor nec-
rosis factor-ac, TNF-a ) F1%4 4k A4 K A (transforming
growth factor 8, TGF-8) ELISA i 57| & (it 5. YX-
091203H.YX-201407H #1 YX-200709H, |-k 4
WIRHEAT R A7) s p-PIBK PI3K  p-Akt Akt (#L 5
AF3242 AF6241 (AF0016 AF6261 , T 35 R4 Wi

FHPOARAF) o
1.3 AH&
1.3.1 PARERRZFHHE

F5 300 g WANEBTHSEH T 3 L Bz ik,
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100 “C ARSI 2 h, 198, WA DR, K ugw hn 5 L
(R ZE IR K ARSI, B A R I 3 Ik, & T IR, 7E 65
CHA T ek, w4 fa A SRR

1.3.2 Bk suisik g4 &

P 13,17 1R i £ B TR R T A A
SRR (I BE-7K =42 1) 5 i€ 30 5,45 Hz 2J3K 4
min, PKOKFE A 1 h; 40 CHE | h J5RHEATE 4
C,12 000 r/min Z&PF R B 1S ming /G E T
W2 0.45 wm GAALIEIRE 8, IR0, BT
1.3.3  xd B3 is ik oh 4 &

3 SR 98 R IS X Rt T o Y R o o
WE R 1 mg/mlL [T Rl i 48 YA, 5 788 WO R X R
A AR TR G D F G R I 25 A B W I i Mk 2 Oy
10 pg/mL (IR 5 X IR SR o
1.3.4 &i#E5H0

UPLC- MS/MS 43 #t 5% /] UHPLC & % ( Van-
quish, Thermo Fisher Scientific ) , Waters UPLC BEH
Cofoiftt: (2.1 mm x 100 mm, 1.7 pum), HiE K
0.5 mL/min, ¥~ 5 wl, FshtH N 0. 1% H iR
CIECA) 0. 1% HRIK (B) , 22 M UE AR 2
R0 ~11 min,15% —75% A;11 ~12 min,75%
—98% A;12 ~14 min,98% A;14 ~14.1 min,98%
—15%A;14.1 ~16 min,15% A,

1.3.5 JmigsihHt

% Orbitrap Exploris 120 {454 Xcalibur
Bk, BT IDA SR AR Ty AR MS T MS/MS iz
TEREAS RAE 4 b, o >R A2 O 100 ~ 1500
FALSARGH 35 Ar BB A 15 Arb, 51
RS 1350 °CIILAR IR :350°C , 42 MS 733
#.60 000, MS/MS 43#£3 .15 000, NCE = T hlf &
BEH.16/32/48, Wi g .4 kV (IF) 8%-3. 8 kV
(1),

1.3.6 %% 8 it 21 M % ( protein-protein interaction
networks , PPT) #9 #) 2 & % &2 4F A ¥ 5 547

i# 1 Swiss Target Prediction ( http://www. swis-
stargetprediction. ch/") > FIN R AR 2 V8 A 5 M B0 1Y
YEF 0 45, i 4 GeneCards ( https://www. gene-
cards. org/) . OMIM ( https://omim. org/) TTD ( ht-
tp://db. idrblab. net/ttd/) 3 F 45 1f) DN AH 5¢ 41
Fo R AR TR IR 5 P Y B8 SR A
A i R R S R A, R A RA
STRING %48 FE M b 20 21 8 S AU (Homo sapi-
ens) , & B HAEAH B AE FIPE4 ( minimum required in-

teraction score) & 0.9, BRIl B 17 i, AT HFNF 5
Mo ¥o3Hrai RARAE A Cytoscape3. 9. 0 B ) 2
PPL,F| ] CytoNCA Jfi 35 PPLIEAT 44843 , B 2
A0 (betweenness centrality , BC ) A2 3T A7
4 (closeness centrality , CC ) {H/NF - 4{H WUHE 5, IF:
TEE 2 5 W S B Ul (degree centrality, DC)
R AR B (B B AR A T A
1.3.7 GO % KEGG &% % £ 47

i1+ DAVID Bioinformatics Resources 6. 8 7E £k
IR 4 (https ; // david. nciferf. gov/) X} DN #0080
ST GO Fl KEGG & 443 #7. {diF Cytoscape3. 9.0
BRAFRIE 100 RE -0 B I 2% Il A A= 15
£ 1B HA: ¥y 2 33 B2 ( biological process, BP) | 4H g i,
43 (cell component, CC) .43 F I fig ( molecular func-
tion, MF) J KEGG & 418 g% A7 il K1 22 1
1.3.8 MR EAKFAS YR DN Ba4E
1.3.8. 1  MTT i€ AECT X v H v i 34 55
HK-2 2 a3 5 4 ]

¥ HK-2 U LAREAL 3 x 10° /20 ) 2% i 2
96 LA, 20 LIV RE JS, oA 2 B RN A e R
24 h R R R AR Y R 1. 3.1 IR AR
IKEEAR 535 LA 2 50,100,150 200 mg/T. il A
BEARVANAL 50 48 ho A MTT i35, 5 5 4 h, 5%
EVEIIA 150 WL DMSO #5315 490 nm ZR i il
. A E S =R,
1.3.8.2  A:Akik5 & A0 ELISA I 5E i S AL 8 Fx K
SR AT

W HK-2 4 LLAEAL 3 x 10° /4 20 i 2% i 122 o
) 96 LR, A0 BN RE IS, A 6 2 W R R AR TR 24
b JE R v IR, 45 25 2 53 0 I PR AR K 3
AW T 48 h, WCRETFINFEAS A FE R, ™
A Fi R 3 ER A 2D BR A I o S AL FE AR SOD %k |
GSH-Px & B M4 AE M T IL-18 TNF-a . TGF-8 7K,
1.3.8.3 Annexin V-FITC/PI 3485 1=

W HK-2 A B 7 x 10° A4~/mL 370 F
6 FLAR T, 355 % 1, A A 25 0 R R R T i 24
h, 3 AECT 751 48 h J& , ™ 4% 2 B 4 12120
UL IISCERE S, e e M ik e B AL
1.3.8.4 Western blot Kl A8 1 AY ik

PR @ U BRI 2 T IR AT
I A B R R AR I BRI, )
15 min (8 M, U HAS &, ] 10%
8 A TR M- R R T e R R L UK, T, A
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Wik 2 h PelR)a A —41,4 CREF IR UER
JEIMARIR. —9t, =M E 1 h, 0elikE, . H
Image] G T AF2EAT K BEAE 73 B, LLH R 8
ZH K IEAE 5 N2 Bractin B F A KB A HEAE
PR H I EH I RBKF
2 HRE5HM
2.1 AECT {24550 Hh
% BT N AECT Hht e i 84 MEs ik

Oy IR AU S 56 A4, Tl PR T 4
th 28 A UG 9 DA EEAT I (13 A FRIETRERG 2 4
PARIERZE A2 6 ADELEM S HATA Y 11
ANBHA B 28 6 MHERIBE 28 4 DR R K
PERLRIE 4 DI 14 A HALSE, o S Aoy
H X BR A L X S (LR 1) o fbia it IE  fa e 548
T HYE S T E (total ion chromatogram, TIC) ( I,
K1)

NAREKRENEENLFER S

Chemical composition identified from AECT

S e
Y5 &Y Iy Measured Error B R BT
No. Compound ('min) value % Ton mode Fragment ion
(x10°)
(m/z)
1 8- D4 71 8-Epiloganin®) 0.050 391.28 0.7 [M+H]* 149.02 71.09 57.07
HIA IR
2 0.564 195.05 3.1 HI- 75.01.195.05.59.01
D-Gluconic acid'® [M-H] A A
3 TR Gallic acid"® 0.566 169.01 4.3 [M-H]" 126.03 ,170.02 ,128. 04
4 BEHIES Succinic acid'”) 0.597 117.02 0.9 [M-H]" 73.03.117.02.99.01
5 Kankanoside C* 0. 602 399.10 2.2 [M-H]" 61.99 399.11.96.96
6 FISE0 Betaine * [ 0.603 118.09 2.3 [M+H] 118.09,119.09 ,59.07
7 5-Oxo-D-proline! ') 0.619 128.04 2.6 [M-H]" 128.04 .85.03 .82.03
8 H R Mannitol () 0.651 181.07 3.5 [M-H]" 181.07 .71.01 .89. 02
9 K55 Tyrosinel”! 0.691 182.08 2.4 [M+H]*  165.10.183.11.182.08
10 1-Methoxy-3-carbaldehyde 0.743 176.07 3.0 [M+H]* 176.07 .177.10,145.03
11 Pyrocatechol [ 0.745 109.03 3.6 [M-H]" 109. 03 .110. 02 ,66. 04
5,7 AN
12 i %L@ﬂ”[ 0. 886 179.03 0.9 [M+H]*  179.03.151.04.133.03
5,7-Dihydroxychromone
13 T Rinderine!'?) 0.897 393.21 2.2 [M+H]*  393.21.128.07.70.07
14 JIBFH Choline 0.912 104.11 0.1 [M]* 104.11.105. 03 .87. 04
15 5 Valine 0.918 118.09 0.9 [M+H]*  118.09.119.09.72.08
Xt S BE R
16 0.924 121.03 4.5 -HI- 121.03,122.02 93.04
P-Hydroxybenzaldehyde! ' [M-H] : t
17 WA Guaiacol 0.939 125.06 1.7 [M+H]*  108.05.126.06.124.04
18 HNE® Phenylalanine 0.983 166. 09 0.4 [M+H]*  93.03.169.08.125.06
19 %13 N4F Daucosterol 4! 0.994 576.18 4.2 [M+H]*  70.07.576.17 274.13
20 MM EERRFREREE Pyroglutamic acid 1.091 130.05 0.5 [M+H]* 84.05.130.16.74. 10
12-B L35 FTW (-)-12-
21 %%**W ( ) [15] 1.331 227.13 2.5 [M+H]*  84.05.230.13.229.09
Hydroxyjasmonic acid" -
22 DL-525 40/ Isoleucine 1.342 132.10 0.7 [M+H]*  86.10.133.10.105.07
23 7% HR Abscisic acid['®) 1.397 265. 14 0.3 [M+H]*  265.11.219.14 247.13
24 Deoxyloganic acid[®] 1.532 359.13 4.0 [M-H]" 153.02.135. 03 ,359. 08
8- 4 TL AL 7
25 %fﬂq%%&* 1.556 359.14 2.9 [M-H] 153.09,135.08,197.08
8-Epideoxyloganic acid
26 Crenatoside®) 1.567 621.18 5.2 [M-H] 621.18.161.03.179.03
27 FEZHI E  Garcinone E[*) 1.611 463.09 1.7 [M-H]~  300.03 463.08.161.03
28 L AEMEFF Verbascoside 1.859 623.20 0.1 [M-H] 161.03 ,624.21 .113.02
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2:5% 1( Continued Tab. 1)

. SEE o
4 L TN
i &Y Mj(iijtar I Measured F‘%rr%r BRE WHBEF
No. Compound ('min) value i % Ton mode Fragment ion
formula ( x10°)
(m/z)
29 S ST Tsoacteoside! ! CagHzs 05 2.091 625.21 0.5 [M+H]*  163.04.626.26 608.25
6-7, 5 2T RSB .
30 Zﬁ%?’}a?ﬁ‘; CioHys O 2.313 433.11 7.1 [M+H]*  271.06433.18.195.07
6-Ethoxygeniposide' -
22 T
31 LT R AT CyHyO4 2,679 665.21 1.3 [MH]™  161.03.665.20 461.17
2-Acetylacteoside -
= HA %
32 3’4’5. Eﬁﬂ%m&@( . CjpHy, 05 2.905 237.08 3.5 [M-H]" 195.11.239.10.,101. 06
3,4 ,5-Trimethoxycinnamic acid
- o =TT
3 (+) T_é’ﬂﬂ{lu%sj Cyy Hyg Oy 3.268 417.08 1.4 [M-H]™  417.08.,340. 06 ,328. 06
( + ) -Syringaresinol -
34 BEIE Tsofraxidin' 7] C1Hy05 3.317 223.06 0.6 [M+H]*  223.06,208.04,188.11
35 Rinderine CysH,ysNOs 3.338 300. 18 1.5 [M+H]* 300.18,110. 06 ,240. 16
36 Wil fe & Quercetin[” CisHyp 0, 3.522 303. 05 0.6 [M+H]* 303.05.,271.10,183. 03
37 A %FF I Picroside 11 Cy3Hps Oy 3.648 513.16 2.9 [M+H]* 163.04 513.27 349.09
5-[ 6-(3-hydroxy-4-methoxyphenyl ) -
38 1,3,3a,4,6,6a-hexahydrofuro CyoHpy Og 3.865 381.14 1.8 [M-H,O0+H] ™" 292.10.342.14 324.13
[3,4-c]furan-3-yl | -2-methoxyphenol
39 2-0-Caffeoylarbutin Gy Hyy Oy 3.882 435.13 2.6 [M+H]* 147.04 435.28 .123.06
40 EE & Tricin Gy, H,, 0, 4.243 329.07 2.2 [M-H]" 315.04 .330.07 ,300. 02
41 (la,6a,7aH)-2,4(15) -Copadiene CysHy 4.655 203.18 -1.1 [M+H]* 203.18 ,147.12 ,133. 10
42 FJEF+H L Geniposidic acid «[7] Ci6Hyp Oy 4.756 373.09 1.0 [M-H]" 123.01.,149.06 ,167.07
43 YRl AR ZE Genistein CisHyp 05 4.789 269.04 0.4 [M-H]" 269.05.,201.05.,225. 15
44 LRI FEAEERR 2-Hydroxycinnamic acid CoHg O 4.794 147.04 1.7 [M+H-H,0] " 147.04.119.05.105.07
45 A Skullcapflavone 1T CjoH 5 0g 4.805 373.09 -1.8 [M-H]" 80.97 375.19 258. 18
— & _heE
46 2,6 QFF'*L% 1’4. A CgHg Oy 4.805 167.03 0.9 [M-H]" 125.10,169. 12 ,139.00
2 ,6-Dimethoxyquinone
47 K2R A Oblongifoliagarcinine A Ci;H 05 4.850 269.17 0.6 [M+H]™ 269.17 93.07 .149. 13
48 Zizyberanalic acid C30Hys Oy 5.126 471.35 2.6 [M+H]* 471.34 472.24 124.04
49 FKHF57C Daidzein'”! CisHy0, 5.177 255.10 1.2 [M+H]*  91.06.255.10.227.11
50 FMZ=& Isorhamnetin CigH, 0, 5.226 315.05 -1.0 [M-H]~ 315.05 .256.04 ,289.07
51 WNHERL Caffeic acid!”’ CoHg 0, 5.450 181.05 1.7 [M+H]*  181.05.123.04 21.10
5o 2-(3,é't-dlmethoxyphenyl)-??, Coo Hyo 04 5.732 373.13 0.7 [M+H]* 373.13.343.08 .312. 10
5,7-trimethoxychromen-4-one
53 LI 5 RAT Salidroside!® Ci4Hy 0y 6.260 301.07 2.5 [M+H]*  301.07.286.05 258.05
/. u =3 -
54 Jﬁf%\%wc Cy Hpy 05 6.490 335.22 0.2 [M+H]* 335.22 .336.22 ,137.05
Oblongifoliagarcinine C
55 Conicaoside Cy7Hy6 04y 6.496 551.10 0.3 [M-H] 375.05.551.09 .331.06
7-Hydroxy-1 ,4a-dimethyl-9-oxo-
56 T-propan-2-y1-2,3,4, CyoH;00 6.586 335.22 0.2 [M+H]*  335.22.336.26.317.21
4b,5,6,10,10a-octahydrophenanthrene- 2073074 ’ ’ ’ + T
1-carboxylic acid
57 FAEAEH R Adoxosidic acid!®] Ci6Hp 049 6.763 377.27 1.4 [M+H]*  377.24.107.09.125. 10
58 TFH Syringin * [ Cy7Hy Og 6.861 373.13 2.4 [M+H]*  373.13.343.08.358.10
59 B-1H§ I B-Sitosterol CyHs0 7.299 415.32 6.4 [M+H]* 415.32.271.21 .253.20
60 - kAR a-Linolenic acid"® CigHs00, 7.406 279.23 1.3 [M+H]* 81.07.281.24 95.09

61 Kankanoside D'®] Cy5Hy 04 7.463 319.23 1.4 [M+H]*  273.19.319.23.119.09
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2:5% 1( Continued Tab. 1)

. SEE -
4 L e
i &Y Mj(iijtar I Measured F‘%rr%r BRE WHBEF
No. Compound ('min) value ’ % Ton mode Fragment ion
formula ( x10°)
(m/z)
14-Hydroxy-14-( hydroxymethyl ) -5,
9-dimethyltetracyclo
CyH;,0 *
62 [11.2.1.01.17.07,7] hexadecane- 20 H3 Oy 8.155 337.24 0.1 [M+H] 339.25.95.09 .293.21
5-carboxylic acid
63 g2 ( +)-Pinoresinol * 17 CyHp, O 8.185 359.15 7.2 [M+H]* 359.15 341.14 95.09
64 Gluroside CysHyy Og 8.310 333.20 7.4 [M+H]* 333.21 .81.07.99.08
65 MO BN TEE Loliolide Gy Hig05 8.359 197.12 -1.9 [M+H]* 81.04.198.19.199.11
66 FF N E1 Acanthoside B CygHz6 013 9.256 579.39 2.4 [M-H]" 579.61 .387.26 417.77
67 X5 Y H I Feretoside!®! Ci7Hp 0y 10. 095 405.26 5.8 [M+H]*  405.26.406.26 293. 14
68 BIFRE Dulcitol [ CeH 4 Og 10.262 181.07 -1.7 [M-H]~ 182.07.,168.01,102.03
69 R F Cistanoside F'¥) Cy Hys 045 10. 357 489.36 0.7 [M+H]*  489.32 443.35 471.35
. T R )
70 ﬂﬁﬂﬂnﬂ#ﬁfﬁ%uﬁﬁ CpHy0;,  10.869 463.30 3.4 [M+H]*  463.30 464.31 111.04
Decaffeoyl acteoside

71 4,14-Dimethylergosta-8 ,25-dien-3-0ol ~ C3oHs,O 11.109 427.39 1.8 [M+H]*  271.16 .429.32 121.06
72 R E  Cistanoside E* Cy H3 045 11.369 477.32 3.4 [M+H]*  477.32 478.32 337.16
73 F L H B Sclareol ! CyoHsz6 0, 12.050 326.31 0.5 [M+NH,]* 327.09.326.31.116.07
74 Dulxanthone B Coy Hyg Og 12.143 411.36 5.9 [M+H] ™ 129.10 .411.36 .84.08
75 JX K -FEE AR Palmitelaidic acid Gy Hs00, 12.291 253.22 -1.5 [M-H]" 253.22.254.22 209.07
76 Kankanoside A% Ci6Hps Og 12.623 347.26 5.8 [M+H]* 347.26.89.06,151. 10
77 Jionoside D C30Hj5045 12.771 637.43 2.3 [M-H]" 637.44 255.23 153.00
78  KM-4FEDE B Oblongifoliagarcinine B Cy Hy, O 12.928 337.24 4.2 [M+H]* 337.18 .338.18 .322. 16
79 E-Jasmone C;HigO 13.643 165.13 0.7 [M+H]* 147.04 .166.09 .165. 13

Azuleno(5,6-c) furan-1(3H) -one,
80 4 .,4a,5,6,7,7a,8,9-octahydro- Cy5Hy Os 14.096 281.14 2.1 [M-H]" 281.14 237.15 83.05

3,4 ,8-trihydroxy-6,6 ,8-trimethyl-
81 8-%E [0 F B2 8-Hydroxy geraniol  CioHig0, 14.274 169.05 4.8 [M-H]" 169.05.142.04 .125. 10
82 Bartsioside!*] CysHy, Og 15.219 353.08 4.6 [M+Na]* 331.09.316.06,301.04

L e M e /) i -Hv Ny
83 ACSEIE RS} L 8-Hydroxy-7 CioHg 0, 15.290 193.05 3.3 [M+H]*  193.05.194.12 .133.03
methoxy-2H-1-benzopyran-2-one
84 EMAFETFIE Mussaenosidic acid®!  CigHyy Oy 15.328 377.16 2.9 [M+H]*  377.25.179.07 ,133.09
e " IR 5 0 B R S E
Note: * This compound was identified by comparison with the reference substance.
A
Sl
0 1 2 3 4 35 6 7 8 o 1o 11 12 13 14 15 16

it ] Time(min)

224 1( Continued Fig.1)
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B} 1] Time(min)

&1
Fig. 1

EBF(A)MAEF(B)EXTHRKEKREY TIC B
TIC of AECT in positive (A) and negative (B) ion modes

2.1.1 RmFgFreihr

5 26 (1, =1.566 min) 7E G 25 TR T 45
B I m/z 621, 18 M-H |~ #EWT H 73+ h
CpoHyy O 5, H G0 T 1] 5 4 W7 11 S A i 4% DL ] 2

T BTN 2 CH, 05 (m/z 162) 155 1t B B T
m/z 459. 13 ;15 B 1 m/z 459. 13 4kLEi 2 C, H g

0¢ (m/z 280) JE i m/z 179. 03 ) 9 A 8515 4%
FE P F CuH 0, (m/z 134) 155 F B 1 m/z

ST ETIEN 621, 18 M-H] A Tt CpH,, 0,5,  487.15, it 5 3CikHext™ | %5 H crenatoside,,
621.19
179.03
161.03
135.04
251.05
459.13 b
ldi'llL J L ': " d HLL 1 i. l | 1 & Lt l L 1
200 300 -t 400 500 600
- OH _I-T‘
OH 7
Ho ﬂ
C8H602

m/z 62118

J/ -CeH 105

OH
[ ]\/\/g W@ 'CNHmOs

m/z 459.13

2 Crenatoside A fg

Drrx

m/z 487.15

l,\v@

m/z 179.03

IBE R R

Fig. 2 Possible mass spectrometry fragmentation pathways of crenatoside

2.1.2 FEEHE KW AR
4 25 (1 =1.555 min) fE 58 FREUF 4

o1 I
C o Hy, Oy, FE 20 o3l 121 5 4 I 14 SR8 figp i A2 DL IR 3.

m/z 359. 14[ M-H | i Hoor 7300
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O3B TUE m/z 359. 14 [ M-H ][l 25— 43 4 A
RE: CH, 05 (m/z 162) 152 BT m/z 197. 08,
PR BT m/z 197. 08 4k 5B 22— 4y F CO, (m/z
44) 15 B R B m/z 153. 095 R & 1 m/z
153. 09 FEli 25— 731 H,0 (m/z 18) 15 B8 Jy 8§ 1

153.09

96.96

135.08

59.01

197.08

m/z 135. 08 ; B¢ i B T m/z 153. 09 i &= C,Hg (m/z
56) LI m/z 97. 03 BYRE R B o 8 a5 B )
o, iz Ak G W 0 R BB I ) 9 ik i v 5 8-k &
LR TR — B Bl B 25 SEE Sl 8- REHE Y
BTIR.

359.07

" .IL l.ll.| .LI bl s,

lllA.lA

100 150

m/z 197.08

miz 153.00

350

m/z 135.08

B3 8-REFDEKTFTHRARBMERBER

Fig. 3 Possible mass spectrometry fragmentation pathways of 8-epideoxyloganic acid

5 76 (1, =12. 623 min) 7EIE B TR 4
Mo TR T m/z 347 14[M + H] ™ JfEWTH 15X
N Cig o Oy, 7 G Jo 33 121 -5 41 T 140 SR A% i A8 DL
4o ST ESTUIED 347 14[ M+ H]™  5r T 3000 C

151.10

200.15

llL N 11| T
150

H, Oy, 70 FESFIENE 25 1 43 F CH O, (m/z 74) 1%
SIS T m/ 273, 135 50 -5 TS €, 1,0,
(m/z 196) JE 1% m/z 151. 06 [HE 85+, @it 53¢
BS54 kankanoside A .

347.26

273.19

200

2% 4( Continued Fig.4)

250 350
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+H +H
§ . &
y ) =
- OH . OH HO/j/:j
0y 0O 0.0 -C11H;60;5
; -C;H,0, Hon HO I
I D m/z 151.06
m/z 273.13 m/z 34714

# 4 Kankanoside A A BERY BT iE IR

Fig. 4 Possible mass spectrometry fragmentation pathways of kankanoside A

2.1.3 KRpgFxa%ke (m/z 162) 185 F B F m/z 417,15 i B+ m/z

G 66(1, =9.255 min) FEM B FAA T4 417,15 435X —43+ CH,0(m/z 30) #1 C 3 H g
AT BT m/z 579. 39 M-H ] ey 70 04 (m/z 236) BB IR B m/z 387. 14 Rl m/z
CosHyo O, H —RHE I SHEWT I 2R AR ILIE 5, 1810550 F B Il 2% iy Hyy O (m/z 412) JE R
SFE TN 579. 39 M-H -, 43 F2t ol C HL 0,  m/z 167.07 T8 T o MRHRIZ AL & 1 O B8 et
U TBS TSR A M ST 2 5 C H, 0, (m/z 74) 4% AL GUBal i A EAEN i 1ok EL
BB m/z 505175 43 F 85 W Il 25 CH,, O,

167.07

575.20}

OH

OH
m/z 505.17 m/z 579.39 m/z 417.15 m/z 387.14
H ) 0 /
- _| -C1oHz4049 H Y -cuHy0,
o, %
d =
m/z 167.07 m/z 181.05
5 wAEME £l ATRERRIE RAREE
Fig. 5 Possible mass spectrometry fragmentation pathways of acanthoside B
2.1.4 Hebmugkr T T 269. 04[ M + H | ™, #fE W H 7 720

TGP 47 (1 =4. 849 min) R FHN L CpH Oy, G0 5 4k W ) 24 i 12 UL IR 6.
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TR Ty 269.04[M + H] ™, 70 7300 €y Hyg
O, A FEE TR 3 43T CoH,0(m/z 92) 75 51
FET m/z177. 08 W BT m/z 177. 08 4k &
—4F C,H,O(m/z 70) 15 3| fE A B T m/z 107. 01 ;

81.07

93.07
67.05

|

149.13

107.09

|l ||ll

159.12

Ly

| oy

DT ETIERE CoH,0, (m/z 188) 15 25 A i 1
m/z 81. 03 ;43 F B T Wi 25 CoHgO (m/z 120) 15 3|
PER B m/z 149. 06, AR IZ AL Wy i £ B8 1 [1]
BT AR DA S SR TR A

269.17

223.09

177.13 195.14 251.08

T

100 150

m/=

+H
] j OH
| o)
o, =G
o 0 OH

m/z 149.06 m/z 269.04

-CGH‘,OL
+H

200

+H

0
0, d
—_—>

vz 81.03

—| +H
*g";é“ =41
_ O\
x

m/z 177.08

Bo6 IKATZEART A AT RERYRIE

m/z 107.01

ERRER

Fig. 6 Possible mass spectrometry fragmentation pathways of oblongifoliagarcinine A

2.2 PPIMMIERXBIERBITH

i@ 1 Swiss Target Prediction T Al AR 25 B 7E TG
PR AP TS s L 5 4k 727 4> ilid GeneCards
S5 3 MEHEFER R DN A DGIRIT I TR B IR A E

AR
AECT

AT TR DN BOAIEHE A 3 639 4. KA
FRE R TE VM S R34 DN AOHI SR
SEHE A5 368 AL HE &, Fi s Venny2. 1.0
GHEHRE(LET).,
R R ER
DN

7 AECT-HERBERZEERTF RE

Fig. 7

Venn diagram for the intersection targets of AECT-DN
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HRAE PP A HIHE s 2 A i s 70 42 i (LI
8) . DN .0l 5 A4 : N F kB .3 1 (nuclear
factor kappa B subunit 1, NFKB1) 3 4= K K T 3%
& (epidermal growth factor receptor, EGFR) . AKT #4
F R/ I H R 1 B ( AKT serine/threonine kinase 1,

AKT1) 98725 14 P53 (tumor protein p53,TP53) |
Fig AJLES -3 -1 ik 8 955 WP 2L 1 ( phosphoinositide-3-kinase
regulatory subunit 1,PIK3R1) F4 %005 S Hfess fll
% % (signal transducer and activator of transcription
3,STAT3) S5 (W% 2)

TG
MAPT
PPP2CA
JAK3
ACE2
PRKCB
PTPN6
,., . e
®9..™
B8 EfEslm PPIE
Fig. 8 PPI chart of potential targets
K2 BROBRERER
Table 2  Basic information of core targets
FEH SR e £03 1k RO e
Gene Degree centrality Betweenness centrality Closeness centrality
NFKB1 63 66. 079 48 0. 931 507
EGFR 63 58.202 47 0.931 507
AKT1 63 73.100 12 0. 931 507
TP53 63 121.939 00 0.931 507
STAT3 61 55.708 96 0. 906 667
GAPDH 61 64. 476 81 0. 906 667
16 61 73.253 39 0. 906 667
CTNNB1 61 50. 024 67 0. 906 667
CASP3 60 50. 390 35 0. 894 737
TNF 60 56. 409 35 0. 894 737
SRC 59 45.595 23 0.883 117
ESRI1 58 59.735 92 0. 871 795
HSP90AAL 57 88. 819 08 0. 860 760
MAPK1 56 41. 894 50 0. 850 000
MAPK3 55 48.356 15 0. 839 506
MTOR 55 27.915 84 0. 839 506
ERBB2 53 28.553 02 0. 819 277
CCND1 52 22.984 46 0. 809 524
GSK3B 52 25.900 39 0. 809 524
MMP9 51 24.669 71 0. 800 000
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2.3 GO K KEGGC BEEENH

GO 3 P& & 42 43 HT FEEALHE A W) 3 72 (biological
process, BP) . 40 g i 43 ( cellular component, CC) FI
43 FI1HE (molecular function , MF) . GO & 473 #rdt
153 787 45 R (WK 9) , Hrp BP 589 4%, CC 77
25, MF121 4% ;BP 322 5L 3RIA A IE ) 4% T
ARG A R E R L AR NS S R RS
NEEAR G CC 2 5 A0 M BT R L 40 P A% S5 DG B 5

80

[92]
o

Enrichment score
N
o

MF T2 5455 H 2 R/ 752 TR/ T & TR I
Rk R R B4 G 2F A5G . KEGG i i 4R
TR E] 168 SR (UL 10) o EARLTR KR
PUARZRIGRYT DN ML AT B8 55 i A ik 48 i b (9 2
LR ME I8 5 RN 3l K o) A i Ak L 2 B 48 PI3K-Akt
R0 s | BTSN R L P9 0 9 A B T (EGFR S &R
I 4 S 24 P55 20 DR O

9 AECT S5HEERf% Bk 2 SR GO B
Fig. 9 GO functional analysis diagram of intersection targets of AECT and DN

EGFR tyrosine kinase inhibitor resistance -

Prostate cancer-

Endocrine resistance -

Hepatitis B -

Proteoglycans in cancer -

Kaposi sarcoma- associated herpesvirus infection -

Lipid and atherosclerosis 4

Human cytomegalovirus infection 4

PI3K- Akt signaling pathway-

Pathways in cancerP

- logso(pvalue)

- 36
34
32

o
S 30

28
© [ |

® count
® 25
[ @ 30
@ 3
® @ «w
@
10 20 30

B 10 AECT 5#ERFBERIZELRE KECC EREBA T
Fig. 10 KEGG pathway enrichment analysis diagram of intersection targets of AECT and DN
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2.4 HRBEKRNLEWAESMT DN IBIE JIEASE T 240 i B A 25 3R T (P < 0.01) o 5] &
2.4.1 MTT & MK B AKB AT S &R Ty 100 me/L i 254050 20 B v WO A52 20 40 A5 e £
HK-2 2 3 5 4k FA 255, DRI FH 45 25 W FE O 100 mg/ L 047 J 224
MTT SER AR R (WL 1), AECT XFEiRER 92
B T4 Control
100 J B #8124 Model
m;\; | B3 S50mgL
4&:3 E3 100mg/L
2§ 50 4
\%% Bl 150mg/L
2 B3 200mgL
0 o

24h 48h

B 11 AECT SRR S SH0 HK2 MBRTEE REHM (v +5,n=3)
Fig. 11 Effect of AECT on HK-2 cell viability induced by high glucose and high fat(; +ts,n=3)
e SR, P <0.01; 5EIEILA L, ** P <0.01, * P <0.05, F[d], Note:Compared with control,* P <0. 01 ; Compared with model
**P<0.01, " P<0.05,the same below.

2.4.2 AECT sf & 48 & i HK-2 AR 69 48 B AL Ao 30 2 SOD % P, GSH-Px & frim /& THRIA A (P <

KAEA 0.01) ; #AIZH 5% IR ZH AH LL TL-18 \ TNF-a #1 TGF-8
W 12 foR AR SX A A b Ak de b S EUE A& (P <0.01), 45254 IL-18 . TNF-a F

SOD itk (GSH-Px & & W] WML (P <0.01) ,2525  TGF-B F i WAV FRE(P <0.01,P <0.05)

mm A HBZH Control

=3 HR 4 Model
_ B AECT
1)
ag
g
O]
SOD GSH-Px
Lid
201 mm X R4 Control
_ Ll = B3 £ 2 Model
2] = AECT
W
il
2
S51
0.

IL-18 TNF-a TGF-f

12 AECT 3 B HE R IS5 S HK-2 4B 585 B F A S AL REBOKF BB (v +5,n=3)
Fig. 12 Effects of AECT on the levels of inflammatory factors and oxidative stress in

HK-2 cells induced by high glucose and high fat ( (x+s,n=3)

2.4.3 Annexin V-FITC/PI ;x4 4m fe )8
I ARSI 25 3 Wos (W 13) AR AL A JHT XTI B A 2255 (P <0.01) , 45 25 4 5B
P T R 3R 43. 6% 1 20. 7% 5 FE A2 20 iy AL MM TR EF 225 (P <0.05) ,
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{ 02

T t
10? w0’ 10* 10 10

%1 B 2H Control

Hrr T
10? w0 10

HERIZH Model

##

o
o
1

Eii R e
1

Cell apoptosis rate( %6 )

o

XL R4 AECT
Control Model

B 13 AECT MRS S HK2 BHBTHHM (x+5,0=3)
Fig. 13 Effect of AECT on apoptosis in HK-2 cells induced by high glucose and high fat(x +s5,n =3)

2.4.4  Western blot # @] p-PI3K PI3K  p-Akt, Akt
F G0 Rk
Western blot #5725 5 3L W (WLI&] 14) , fER1ZH

xR A

S5IEH 440 H p-PI3K Al p-Akt 45 (4 i 15 B i
FHE (P <0.01) , %25 AECT gh¥R4H rh p-PI3K Fil
p-Akt FHH PR B EYH R TIH(P <0.05),

Control Model AECT
. 1.5+ 1.5 id
Facin ——— “ ‘
3 >
PIK §5kDa < Z
2 054 & 0.54
p-Akt - - . 60 kDa
0.0 0.0

xR ZH BEIRIZH AECT
Control Model

X4 BERU4H AECT
Control Model

A | o o

14 AKEKEWST p-PIBK/PBK # p-Akt/ Akt B0 (x +5,n =3)
Fig. 14 Effect of AECT on p-PI3K/PI3K and p-Akt/Akt( x*s ,n=3)

3 WS

UPLC-MS/MS 43 Hi 45 %5 W], AECT Hh i &5 it
2 IR R TERE S TR RE 2R 2 o L
=, Rl BIR HLAT 2 Fh E SE R B B RIS S AT AR
W5 RO A U8 Y KSR K255
PP S 2 B A O R A v fd
IS 3R TR CFET 2 G TR 28 KRR &R
FREFRI 5310 =B 2GR TSy 5 B BRI, 5256 )

J UPLC-MS/MS %545 I 25 245 #2543 A7 ) 19 60,45 &
BSAERETT R B A IEM T SR LW R U A
2 8- LA R T IR IR BERG 2, LI K AMIE R 4
ARBRZRIE H B2 W22 Wl S AT A= 5 HA R Pk
5K AR AT ER A BERL . BN R PRI R
LI AL S Y B A ALK T e i e A P S AR,
WORA AR 2 B sl AR R R T %
WA AT IR BRI A BRI BERG SAL £5
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Pyt Je V-1 R fig 6% 38 ik B IR 4R IR 1) 3RS kil
B RS AEBA

PPI #4) 7t 45 3L i 7% . NFKB1 . EGFR . AKT1 . TP53
J= AECT JR¥7 DN [ SCHERE &, AKT1 2T 21(5%5
T % %) SRR B 4, 3 538 B VD S B R 2
BCAR 25 A, AN SZ VAR T SRR S g 2 1AM R 32 AR
RS REPAE  AKTL B8 2 S 8UE £ 44k
FVE /NE oA R Uk 55 , I B 422 5 R) 425 ) 22 R 12
PR P9 5 PRI, AKTT 1 B8 2 FH R I & 8 i) 51 B A
1GYT DN S 1) — 87 H . KEGG 38§ & 4 70t
S, B S AR AR IR RE T [ R PISK-Ake {5538
%, PI3K-Akt {5538 B J2& 5% ) S0 A0 N7 38 L 98 AL
FSCET A 4 LIRS (1) G SH AT 538 1K, BR A8 R M DR
/N U IR A0 i &1 5 S5 ) USR5 i) /N 00 i b R
] AL AR

SEBGEAG T AECT REAZHY N =54 =i NE P45 b i
HK-2 4 A7 36 2%, v] DhAE — i B8 B b 8 4 40 g 0
T2 8 A I 3R 48 i JK S5 Western blot £  p-
PI3K .PI3K  p-Akt Akt & [ #£KKF T AECT 52
AT LASZ R PI3K-Akt {5538 #§ K & 51697 DN /EH
HK-2 076 = M PR A BE T, 25300 PIBK-Akt {5
SIE G, Akt JR T PI3K (1 R IEHE AT, XY PI3K B2k
AR, 255 R Ake i SR EEFNBERR AL , DA T I 45 4 Ak
IR @72 19 A3 11V 85 w2 BB N W 1 2 E = R A A
VORI S AE BN, FEAGr il &5 S 32 30 A 1 48 AL K - SOD
5 PE (GSH-Px & g [ AI; RAYEH + IL-18. TNF-o il
TGF-B Fw Th i AL PR - 38 fin. 1 AECT n] LA
WA ] PI3K-Akt {5538 % , 98 /> PI3K Hl Akt (1
WRIR AL , DT ok 2 42 Fk 17 S8R0 4 S 2 o7 I 410 il 240 fifa
P T 5 HAG I 45 2R R I HT AL K- SOD i 4 |
GSH-Px & & THE ; & T IL-18  TNF-a #1 TGF-3
R AR A TR

25 FRTR  ARBFSE R LC-MS/MS, % A A%
B AR AT o BT S , 25 I 4 2 B R Y
AECT #1 DN ZZ |f] (1) 42 2% W 4% 56 %5, FF- % PI3K-Akt
G5 IEAT T2 8UE, IE B T A K233 97 DN
Z T IR AR W FLT R 22 AT REVS S
SE I T [ I A S Jhk s A 18 Ak % A PI3K-Akt 45
(% 538 M/E FF NFKB1 .EGFR  AKT1 [ TP53 Z£40 5
REEHT DN VEH, M5 SL4R 58 AR 267 DN AR
FHMLH AL T Ay 18]
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