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Abstract: To clarify the impact of dicoumarin (DIC) on the metabolic profile ovarian cells of
Spodoptera litura (SL-221), this study employed CCK-8 and non-targeted metabolomics
techniques to investigate the toxicological mechanism of DIC in inhibiting SL-221 cells
proliferation. The results showed that DIC exhibited significant inhibitory activity against SL-221
cells, with an inhibitory concentration of 1.60 pg/mL at 24 h, and the inhibition was
concentration-dependent. Furthermore, when co-cultured with SC 79 and insulin, DIC enhanced
cell viability. Through non-targeted metabolomics analysis, a total of 393 differential metabolites
were obtained, with 364 upregulated and 29 downregulated by DIC compared to the control. More
than 50% of the differential metabolites were distributed in amino acids and their metabolites
(48.3%) and glycerophospholipids (14.2%). The enriched differential metabolites were mainly
involved in amino sugar and nucleotide sugar metabolism, unsaturated fatty acid biosynthesis,
sugar biosynthesis, starch and sucrose metabolism, and other nutrient metabolism pathways.
Among  them, the  differential  metabolites adrenosterone, LPC (12:0/0:0),
N,N-dicyclohexylcarbodiimide, and Val-Pro were upregulated by 5833.56, 15.47, 10.26, and 9.94
times, respectively. This study elucidated the metabolic regulatory mechanism underlying
DIC-induced SL-221 cell proliferation and provided a theoretical basis for the development and
utilization of this compound.
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HFERRMUEY) (Coumarin, CM) & —FRIE TRV ARIFNL ISR &1 (1,
2022) , CHTEZNMHATES. AR AR EZ AT (BB, 2013;
EINEEAE, 2022; MFRESE, 2022; SRS, 2023) o XMEEEH (Dicoumarin, DIC) 1F

N—RE R ED), YR PUE YA IR K LA (5k5%, 2012) - HEl, K



BRI SR LIATEY A HUA . PR LAY (Regal eral., 2020;
S, 20205 Monika er al., 2021) SEZMAEYNETE. WSS (2021) B T 12 FUE
SRERRUATAEY (BCM1~BCM12) ¥JREMS 22540 3 a4 IR A£G, H ECso
AT REEEE: HINE S (2019) FFFCRIL, & S RATAEDY) 28 FIRE TR AT EW X
HUTUS0. 4T1 F1 PANCI e 40 i 53 1 B AT B A ROR o STk, AR RHIT S gt
XS RBUEDI 7 B2, A2 G Y& ST H TR 17Tz (TGS,
2017; ERAESE, 2022; FEESE, 2023) , MRk ViSRRI IR, SELFHfedt 7 E&
SERBNAVRL .

RER Spodoptera litura J& 5§33 H RUSFH BE A F fir —, KA dATiE R,
iy HE L ARG B MR AR A (RIS AE, 2019; BB ARFEE), 2023),
KRR b A 7= ) R BB o A 5 A 2 (R B A S B T RHBCRO T 2 M (7= L BB
P S A B AR S R HEOREGEE 2 8 (2455, 2013; Tongeral, 2013; FAHHSE,
2014; Xuetal, 2020) , W FF & RINF=WIxd R SCROEBIs 6 J5 T 78 A% A< [T A Hir
WG REW, WE TR R SORRO0 -GN (SL-221) FLAT WA 2 M S B il ok, BELI 3L
UM, JRE A ENE FRME SRl S AR AT GRS, 2023) , XNNEFER
A FITEAE RO FEITRE T ORI A o MORBE TR VI R 7R SL-221 Al R 0 g
fE5@ AT T GRINEAERD » RS RNXCE S0 SL-221 400 /i sem ;. (8t
fifh b, S AR SRR T B WS R AR SRk op 40 AR R R PRl i, 4R
7 AR AN E ZE RS S IR RSB I 4% B 72 M U SR I TF R ORI S 2 1k
£/

1 MRIERE
11 s 55

RHOBOEEN AR (SL-221) #59%: B EIFEFE L KK SL-221 40/ & T 5 R 5k,
TN 3 mL & 5%fR 4 15 1) SIM SF B IEFREE, F 27°CIEIR B IR h i %, KA A= RS
B, RS R0 T 5 20585

X LR R AR e SR 7 BT LK R e = 324k, A RE>98%: 2 i
T 2 AR B BR A 75 SIM SF Expression Medium (MSF1) « & 2 (Insulin) . CCK-8
(MF128) 1 HZEI A (Dimethyl sulfoxide, DMSO) I H b R ERE R AR A F

SC 79 (SF2730) MHE R KEVEFARAF,; HEE (Bigai) . 4 (aitd) IE



Merck; HEE (i) | s (fikali) FE /K> 25% in HoO 1 [ Aladdin; PBS 227
W BREMFEAREGR AR . SRR 1,
F 1 HRIee

Table 1 Test instruments

{X 2% 4 FK Instrument name 745 Model 7= /A F] Production company
ERIER S ] e R K AR PR A F]
DH-360
Thermostatic incubator Beijing Kewei Yongxing Instrument Co., Ltd
% D) REEFAR X iR SR AR A TR A
Spark
Multimode microplate reader Shanghai Tecan Experimental Equipment Co., Ltd

g sciex A B HTAERH S HIRAF
it e RCBUAR i
ExionLC AD Shanghai SCIEX Aibo Caisi Analytical Instrument Trading
Ultra-performance liquid chromatography
Co., Ltd

b sciex % A BT A 5 5 A IR A 7]
H I
QTRAP® Shanghai SCIEX Aibo Caisi Analytical Instrument Trading
Tandem mass spectrometry
Co., Ltd

12 W GE
1.2.1  CCK-8 AW A 7 Z 4 SL-221 4 /1

K FH CCK-8 V25 i i 2 A1 SC 79 % SL-221 4Hfu I8 /7. L 100 puL SL-221 £ d%Fh
96 FLER T, FFAH MG EE RS Bk 80%MT, MR 2 AT REFREL, IS [FIMR I B 2 A SC 79
B IR, WEBSEN 15625, 3,125, 6.25. 12.5. 25, 50 A1 100 ug/mL 7 MKJZALH,; SC
79 4 0.062 5. 0.125. 0.25. 0.5, 1. 2 F1 4 pg/mL 7 MNKEEACFE, 25 (xRN TC I B 97 3

(% 0.1% DMSO) , BT 27°CIHIRATIFE 24 h. WHELSHG, MFLIMA 10 pL CCK-8 %
W, dREEBECIEE 3 h, TEERRY 450 nm KIEWROGEE, FAKRERE 4 MEIL.

MG E IR I E TR 8 A SC 79 RIBIEIR G, ¥ WA E R 5 SC 79 R 3=
FLHE IR 24 h, WENFE RN 1.5625. 3.125. 6.25. 12.5. 25, 50 A1 100 pg/mL 7 N & kb
B, 5% CCK-8 Wl b, 55T 450 nm AL EWROLFE .

G ST (%) =[ (A A o) /| (A oA wp) 1¥100%, I, A NS H SL-221 4
M &2 IR EEA CCK-8 fLH) OD fH: A .. ¥ H CCK-8, AE SL-221 4 FlE 2455 Fr Jk

LI OD fH: A oy NS SL-221 4. CCK-8 T 245K5 77 L1 OD fH .



122 ABHAH AR
1.2.2.1  FEMATALER

F DMSO #0752 B B % 2 pg/mL £5H . B3 mL SL-221 ZHffedefh E4 ks 7: M (d
=60mm) , T 27°CIHIRMIEFEH . KA R GHFRERT, MASLERE, &ET
27°CIEIR AN IFAL 12 he 5 5 4R K4 EE T 2 mL 208, 900 r/min &C» 4 min,
F b . N 1 mLPBS E MMM, MPkssH G 900 t/min &0 4 min, FFE LR,
WIRE T 2 I SRJE I 500 uL 80% FHEE (DL FPERTAEIK L5ER0 , HREWRIT M40
BERIFIRE: BHEOEBNRENFHFE 5Smin J5, £ UK B S min, FEHREOGR,
B IR E A 3 YK.4°C 12 000 r/min 250> 10 min, B 300 uL b3 W £ 2580 85 04, it T—20°C
VKAE T EE 30 min; EFESERUS, 4°C 12 000 r/min B0 3 min, HX 200 pL b3 w08 T3k ke
i, s BT
1.2.2.2 (il J o ik 2% A

B R RS £ E AR S A 3% (Ultra Performance Liquid Chromatography ,
UPLC) A& IEEF % (Tandem mass spectrometry, MS/MS) o A (i 45 : Waters ACQUITY
UPLC HSS T3 C18 (1.8 um, 2.1 mmx100 mm) ; Jisht A #H ALK (5 0.1%FKR) , B
HROIE (& 0.1% MR + Vel Bk %A E N 0 min, 7K @ ZJfF= (9515, V/V) ; 11.0 min
910390 V/V; 12.0min 4 10 290 V/V; 12.1min 24 95 : 5 V/V; 14.0 min 4 95 5 V/V;
N 0.4 mL/min; FEIRA 40°C; FEAMFESEL 2 uL.

JRVE S A HWE 5 B IR N 500°C, IS HLE N 5500V, B FYRSAR 155 psis S
& 11 60 psi, S 73S 25 psi, AEFETE S HE (Collision-activated dissociation, CAD) Z4( 1 E
N fE=FEIUAT (Qtrap) H, FFNE T X2 ARYE A 1) 2% B K (Declustering potential,
DP) Flflf#fE (Collision energy, CE) #EATHHIRM (AEBARSE, 2023; A5, 2023).
1.3 #ESH

ARG F AT Analyst 1.6.3 b3 5T 35 A » K IE A2 f /) — 3/ 1) 43 #r COPLS-DA)
SATARE A AR s R R BRSO 347 32 Ay 2B (PCAD Fl 22 AR 3 2K o #r

(HCA) ; ZACHYKH VIP (VIP > 1) FZi%} Log?FC (|Log?FC|> 1.0) #E4T%E, VIP

A\ OPLS-DA 45 R 1425 FH KEGG & WEdE PE (http://www.kegg.jp/kegg/compound )
Hof 4 5 AR ATV ERE s SR Excel 2016 B2 %M1 5<% FIH Origin 2017 #4174
K.



2 ZHR5SHh
2.1 CCK-8 AEMMWEZ HZ5T SL-221 4R FEEAF N

CCK-8 Fll AR 259 Ab ¥ SL-221 4 24 h J5 (IANETG 77, 45 LE 1. K 1-a F]
DAE th, AEFERIKREN 1.5625 ng/mL I fE X SL-221 4 2 I H B 8 ke, A i
714 53.10%:; B XE G RN N, 4005 ) 2R R (WA G RIREH 0 3.125,
6.25. 12.5. 25, 50 1 100 pg/mL B, HAHMINE /1735049 39.01%. 20.42% 17.86%- 11.25%.
9.35%7FH 6.08%) ; AR XA F R 4 AN 4 pg/mL SC 79 (Akt BUEFD J5, KIN
YHfYE S REEE, BRI 8.51%. 7.56%. 7.87%- 7.38%. 13.21%- 13.37%. 14.02%.
B 1-b R BIEAS RV A & BN 10 pg/mL 5 5, SL-221 4IRS /1 th i & 42
Tk $-TFE 56.65 % 49.42%. 27.70%- 19.79%. 16.97%- 14.61%. 11.51%. Zi A0, 4

pg/mL SC 79 H1 10 pg/mL Jik &y 2 7] 235 2 XA S 2 A0 3 T 40 5 77

80

—&— DIC .
—®— DIC +4 pg/mL SC 79 R DIC
—®— DIC + 10 pg/mL insulin
601 sun
60 -
50+
E \ g 2 )
g 40 R3E
g § 3 30t
200 20
10+
0— : : . : a 0
15625 3.125 625 12.5 25 50 100 15625 3125 6.25 12.5 25 50 100
HhFER A (ug/mL) b TR P (ug/mL)
Treatment concentration Treatment concentration
Bl L R ERUA 30 SL-221 4 A& Z K500
Fig. 1 Effects of different concentrations of dicoumarin on SL-221 cell viability
¥E: a, DIC Ml DIC + 4 ug/mL SC 79 #:#4H; b, DIC A1 DIC + 10 pg/mL insulin ZbEEZH . **x*, X AH

[k, P<0.001 . Note: a, DIC and DIC + 4 pg/mL SC79 treatment groups; b, DIC and DIC + 10 pg/mL
insulin-treated groups. **** P <0.001 compared to control.
22 RiGHARIEREITM
22,1 FEARBRIE T

H A Analyst 1.6.3 4022 5715 K ds . TRFE TR QC FEAHI B B Tt & (Total ions
current, TIC, BIVEEANI 8] 3 5 1 B b 8 5 FA) i FE IR B 1] e A 1D 161D 2 & feeos 14
2 fras, ARSI TR A 2 S I, RIVOR B I (R A SR R XY — 3, SR BUE R S
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Fig. 2 Overlap diagrams pf total ion chromatogram detected by mass spectrometry of QC samples

Eeoa, AT EATRI b, RS PREUT AT RAAER, ACUH I s I R ) A B B I

] (Rt, FREEETADD 5 GhALKR, 2570058 06 2 FUismE GRS Cps, B4 . Note: a, Detection

in negative ion mode; b, Detection in positive ion mode; Abscissa, the residual time of the detected product during

metabolite determination (Rt, residual time); Ordinate, the intensity of the ion current at the time of ion

measurement (intensity in Cps, counted per second).

2.2.2 OPLS-DA 43t

i 3E 7> #r OPLS-DA P4 A AL, 3k — 20 AGr il B A 45 A T 1) 22 St A 0 52 15 R A



OPLS-DA PR (TN 240 R2X. R?Y #1 Q?, Hirhr, R2X M R2Y J3 ) 27 I i A AL 6f
X HY FERERIRES, QX RN BINGEE 1, X =AMEARBEGE T 1 N RS AR
AIEE, Q2> 0.5 WA ARAE AINERL, Q2> 0.9 WA H (AL, OPLS-DA il 1, R2X
=0.794. R?Y =0.999 fl Q>=0.955 HR It R il M Btae s (B 3) , dei) 2= AR08
Y Wt L HE R

o
[
E g
= g
& 2 &
2 £ E
T < on
g !
< g =
= o
=
= R
(o} p<o by
R
a i B
T = 7> Predicting principal H 47 2(%) Percentage

K3 IEE 7R OPLS-DA 154518 & OPLS-DA B #5615

Fig.3 OPLS-DA score in positive ion mode and OPLS-DA displacement test plot
T¥: a, OPLS-DA f3/r[El: BEAAKR, TN EM: Pbhs, IEZ TR EHEEA SFRR—FER, [
— AR [ — PR b, OPLS-DA KiIR K MEALAREREIN R2Y, QXMH; ARSI
SRR IR B, BN AR R2Y; K6, BENL AR Q% Mk, AR
R2X. R2Y F1 Q?{H. Note: a, OPLS-DA score plot; Abscissa, predicted principal component; Ordinate, orthogonal
principal component; Each dot in the plot represents a sample, and samples from the same group are represented
by the same color; b, OPLS-DA test diagram; The abscissa represented the R2Y and Q? values of the model; The
ordinate represented the frequency of the model's classification effect; Orange in the figure, randomized model
R2Y; purple, randomized model Q2; Black arrows, R2X, R2Y, and Q? values for the original model.
23 REINEESHA

PRI AEA AR T 25 55 e, FEA5 3 1135 R, A& a5 AT

AHUR M HATAHEY) . TR S IHACY . H IR 26 KA &) S AR . RIS
RBATHED) . BEZE . IRITIRSE . B ALEA R R MG R i SRR 12 K2k
WY (R 2) o b, RIS Z VR AT, A 436 B, SR A
i) 38.4%, FLUCHAHUER S AT A VAL R S ILARE), 235 S AR S 1) 12.4% 0
10.7%; HMBEEE . RARNE Y SKIHACY) . JRIEWIRIR AT A B ECE S A S



B 5~7%; TEEFRZZS. ReRGMESS. Sl AI4E2E 2. R OB EH < i A E 188 1) B e
XD, AR S EU) 5% LT .
#z2 FEREISEMH=

Table 2 Type and number of major metabolite

42 Type & Number B 5 Eefil (%) Percentage
FHERR K IHATAEY) Amino acid and its metabolites 436 38.4
HHLR K FHATAHEY) Organic acid and its derivatives 141 12.4
AR AR Nucleotide and its metabolites 122 10.7
Hil#E 2% Glycerophospholipids 76 6.6
WA Y FH AR Carbohydrates and its metabolites 74 6.5
FIR AW Heterocyclic compounds 65 5.7
K ATAY) Benzene and substituted derivatives 59 5.1
B, %% Alcohol and amines 53 4.6
JEWTEES Fatty Acyls 51 4.4
AHBEFY4E A CoEnzyme and vitamins 24 2.1
BRI FEM KR Hormones and hormone related compounds 12 1
BIT & Bile acids 9 0.7

24 EFNREINEES
N FERUA TR AN E A 5 0 IR 2% 52, il OPLS-DA JF&: & T A%, Kifik 25

KA . PEE VIP > 1, [FIRS 5 &L Fold change > 2 5(< 0.5, P <0.05 FIHRHEAIEY), X
FACHYIE R IE T RIFET SL-221 4UMaACH X AL ZEVENLHI KA AR B . 0 R 530
GERACHALE R, LRI 393 MBIV A T RERZERZN (P<0.05) , H 364
AR B, 29 MAREHYI NV, T 50% A b () 22 AR 32 AT T s R R AR )

(48.3%) FIHIMBENE (14.2%) , BIRESATEZ TR LAWY AHER & HATEY
BRI S KA SR (R 3) . B 4 BEWMFRIE T 2 A& 812,
EHL Y VIP AHHE AT 50 B2 AT s . SXIEARLL, Rik BRI ZE R 45
B, H R ER S B Adrenosterone ) . LPC(12:0/0:0) « N,N- — ¥ o 3 i — W Ji%

(N,N-dicyclohexylcarbodiimide) 1 L-4ii% g -L-ffiZ 8 (Val-Pro) “5&.3% Fif] 1 5 833.56.

15.47. 10.26 F19.94 £i5, FiL NEMAE 5 F, Ho DL-PIBH (DL-Carnitine) Kk &3,



EXTHEAMLLE TR T 0.38 fi5.

*3 EFRHMSRNKE

Table 3 Type and number of differential metabolites

72 Type K05 Number BT A7 il (%) Percentage k-1 Up T Down
RIERR M HAR ) Amino acid and its metabolites 190 483 184 6
Him@EZ Glycerophospholipids 56 142 55 6
MiAF R b HAC Y Nucleotide and its metabolites 40 10.1 36 4
A WU S HATAY Organic acid and its derivatives 22 5.5 19 3
TRAKAL AW K AR Carbohydrates and its metabolites 19 438 13 3
JEWiFESE Fatty Acyls 19 4.8 16 2
ZIAE W) Heterocyclic compounds 13 33 11 1
. 3% Alcohol and amines 12 3 11 1
oK N FATAY) Benzene and substituted derivatives 10 2.5 9 1
i A4EA 2 CoEnzyme and vitamins 5 12 4 1
R MR MR Hormones and hormone related compounds 4 1.0 4 0
JH 1 Bile acids 1 0.2 1 0
i, lEAR. 4 Tryptamines,Cholines,Pigments 1 0.2 1 0
HAth Others 1 0.2 1 0
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Fig. 4 VIP values top 50 differential metabolites

Ve BARAR AN, HAFR N ZE AR S8 JRBRIETTRD 5 Con, XHIEZL; DIC, AbFIZL. Note:
The abscissa was the group, and the ordinate was the relative content of the differential metabolite (original peak
area); Con , control grou; DIC, treatment group.
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0.05 JFAFHEAT L . 45 e WoR AR 5 0UF 5 3 AL FRAELRE it rh 22 S AR U Bl R 31 95 2%
Rt b (R4, FESMEREIESE (ko01100)  BHRAW (ko01232) . ABC
iz B (ko02010) A THIAED G (ko01240)  MEPARHT (ko00230) . %1
FRARE R EYI G R (ko01250) « BIEREFIRZ B FIAGHT (ko00520) « FEMRHI A& AL
(ko01230)  AHIRARITER FI2ED) & il (ko01040)  JE b FIEEREARHET (ko00500) + /K
WAL (ko04973) Kk B Z=HEPT (ko04931) Figfe (k3D . HH, # KEGG
HRRIAEEE (ko01100) THRARMYEHE &S, K~ 724, TEAG 6-BERR L AR
BOtF 5- MR . 4-FRIE3- LRI 2R 4L TR L-MRE iy, HUonH
AR AE (ko01232) , ZRARMN 154, EFEMTT 5'- 8RR 1. TR AR
WERA SR ABC FHIEHEE 1181 (ko02010) , ZRARMAIA 14 4, 35 D-(+)-HEHE .
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Table 4 Statistical table of differential metabolites by KEGG pathway

55 % ko = K Fir 5 Bt (%)
Kegg pathway Ko ID Number Percentage

R4 Metabolic pathways ko01100 72 82.76
AR MHEE Nucleotide metabolism ko01232 15 17.24
ABC #iZ2% H ABC transporters k002010 14 16.09
3 F I AP K Biosynthesis of cofactors ko01240 14 16.09
444 Purine metabolism k000230 11 12.64
HAFBR AR A=) & % Biosynthesis of nucleotide sugars ko01250 9 10.34
FIERERZAFERFERIIR Amino sugar and nucleotide sugar metabolism k000520 9 10.34
1ELE AL Pyrimidine metabolism k000240 8 9.20
RIERRHIAEY) A I Biosynthesis of amino acids k001230 6 6.90
B2 B2 1C# Tyrosine metabolism k000350 6 6.90
AL g BRI AE 4 45 il Biosynthesis of unsaturated fatty acids ko01040 5 5.75
VERY FIREHEAC T Starch and sucrose metabolism k000500 5 5.75
D-ZHEMR I D-Amino acid metabolism k000470 5 5.75
P RAR N EZ R /L Cysteine and methionine metabolism k000270 5 5.75



L7 HERIH Galactose metabolism

REF 43364 Bile secretion

WAKAAPTH LRI Carbohydrate digestion and absorption

PR VE O UK Diabetic cardiomyopathy

JEE I AEARAC I Choline metabolism in cancer

fig2 % AP Insulin resistance

Wi S Taste transduction

B Thermogenesis

JRER TR AN 148 8 Nicotinate and nicotinamide metabolism

Wl ERIEH Linoleic acid metabolism

il g S Glycerophospholipid metabolism

HER. RIERMRKERMNEY AR Neomycin, kanamycin and gentamicin biosynthesis

R Histidine metabolism

HHE R %% Lysine degradation

YUK MR A Q8 Ascorbate and aldarate metabolism

SR AN T PEBETR I M 4% 1k Pentose and glucuronate interconversions

JEE H O A Central carbon metabolism in cancer

A FTH AL Protein digestion and absorption

WER 59 Salivary secretion

'] %43 Renin secretion

JIg T 240 B JIg 105 23 (19 15 Regulation of lipolysis in adipocytes

WAL FIE 5 HEE Prolactin signaling pathway

Z BRI R il Dopaminergic synapse

24M%EHE Gap junction

P WU 4E Vascular smooth muscle contraction

BIET: Ferroptosis

PRI PR -2 AR A HAE ] Neuroactive ligand-receptor interaction

AR Sulfur metabolism

44 K B6 HibF/CH Vitamin B6 metabolism

ko00052

ko04976

ko04973

ko05415

ko05231

ko04931

ko04742

ko04714

ko00760

ko00591

ko00564

ko00524

ko00340

ko00310

ko00053

ko00040

ko05230

ko04974

ko04970

ko04924

ko04923

ko04917

ko04728

ko04540

ko04270

ko04216

ko04080

ko00920

ko00750

4.60

4.60



I8 ARi4 Ether lipid metabolism

R NUEEAC ! Inositol phosphate metabolism

IR A=A B Teichoic acid biosynthesis

R AR A= REFR (14X Taurine and hypotaurine metabolism

KNEAR, FERAOZRIAY AR Phenylalanine, tyrosine and tryptophan biosynthesis

FKNAMRICH Phenylalanine metabolism

WiERIR 5 Caffeine metabolism

JBEFNH 2 HE4C Fructose and mannose metabolism

A Z B AE -3 /8335 Chemical carcinogenesis-receptor activation

RS Alcoholism

JRTA %2R % Amphetamine addiction

KK Cocaine addiction

4 #% FOAE Parkinson disease

e F AL AR UL Vitamin digestion and absorption

Wi /NE R ER 2 2k 11U Proximal tubule bicarbonate reclamation

18 [ B ) & i 5 433 Aldosterone synthesis and secretion

J A 215 518 % Glucagon signaling pathway

1877 &5 5B Oxytocin signaling pathway

FUR IR 2 A K Thyroid hormone synthesis

M5 & W Insulin secretion

Jt#% S Phototransduction

W35 5 Olfactory transduction

KIHMAECAE Long-term depression

GABA fEZRfilt GABA ergic synapse

R JE Y] Synaptic vesicle cycle

B TifiZ5) Circadian entrainment

/ML Platelet activation

OIS FIRERE(E 514 Adrenergic signaling in cardiomyocytes
vt

A Lysosome

ko00565

ko00562

ko00552

ko00430

ko00400

ko00360

ko00232

ko00051

ko05207

ko05034

ko05031

ko05030

ko05012

ko04977

ko04964

ko04925

ko04922

ko04921

ko04918

ko04911

ko04744

ko04740

ko04730

ko04727

ko04721

ko04713

ko04611

ko04261

ko04142



HIF-1 {5 5 @# HIF-1 signaling pathway

cAMP {55l cAMP signaling pathway

CGMP-PKG 55 i#H cGMP-PKG signaling pathway

2-A IR 2-Oxocarboxylic acid metabolism

4% Carbon metabolism

R =M & 8 Folate biosynthesis

¥ #% i Riboflavin metabolism

Bif% 24X Thiamine metabolism

C5-32 4% — eI C5-Branched dibasic acid metabolism

T4 Butanoate metabolism

LEERR N — R AR Glyoxylate and dicarboxylate metabolism

Hil g1 Glycerolipid metabolism

A AR Glutathione metabolism

B-TH &2/ Beta-Alanine metabolism

BRI Tryptophan metabolism

FRERF M Z BRI Arginine and proline metabolism

W B A=Y ) Lysine biosynthesis

HYNEE R AW A Monobactam biosynthesis

HER. L@ MIFEERICE Glycine, serine and threonine metabolism

=
B
B
%
i

I

IR A ZIRICU Alanine, aspartate and glutamate metabolism

RS K Arginine biosynthesis

HKE R R AW A8 Steroid hormone biosynthesis

FrERGH (TCA G35  Citrate cycle (TCA cycle)

ko04066

ko04024

ko04022

ko01210

ko01200

ko00790

ko00740

ko00730

ko00660

ko00650

ko00630

ko00561

ko00480

ko00410

ko00380

ko00330

ko00300

ko00261

k000260

ko00250

k000220

ko00140

ko00020

3 St

W LEAE BRI — R EZE P RAAIU S, BEAT 2H-1-28 AR -2- 6 45 44 1T
H&ZMAEYEE (CERSSE, 2005) o AEBAVATHIBE ORI, WA G 3@ s s 9715 5 ik
% (PBBK/mTOR) #5'% SL-221 4HMIfE /7P A0 T (F7HTSE, 2023) , %[5 SIEE MR T
RS 24K (Insulin receptor, InR) o InR J& T8 3715 5 @1 P S8 15 F (125 I s 1
S, Tz T A E SR An b, HAE RN s RS, FIREHUAR KK E . A



FOXE5E. MM T, AT RN S B R A B (Wallace, 2005) o B 8 Fo2 fii G b
ReEIIAE CANBEIRARID 2R, YRR 5ZE IR 44)5, 51RalE LA REUE,
55 BT B M N AR AE G, O I P R R R, (R B S AR A B AL, S
Jok i B AE T IR ) S LR T, R SR A R SN T o ASHIT SR P B B 3 S A R A
77 SL-221 41 24 h, R ILIE S 2 7] BT DE S M N 09 SL-221 40Myg 7y, FEhdEid
HiE B R A TS, ISR RZANIEREE, NN TIREFRERE, H#—5Hm Nk
YIRS, 2 A L 4H G 5

Akt 5 5B R 2 I T2 NG SlEg, S 54005, BT s RS2 A
AR, R RS Akt 55 IRE, RIS Akt BERR AL TR M A, S A
AMAEIETE (FETTEE, 2022) o BN Akt FIBFFUE H 2 5 AJLBERRALIBOE R, I SC 79, EfE
55 Akt [f) PH S5 #3845 & 1G58 Akt (55165, 4R RA —2 MRy 1ER (Joetal,
2012) o RERBFFERIL SC 79 WIS Akt, FH R340 MPPF1 & R EH %5 S 1 SH-SYSY
ARSI PEACAGEMIZET: CREER, 20200 o REIAS (2022) #FFTUEH] SC 79 W] LMY 541
PTG PR L 0 1 AT — 2D 4 b FE KA 5 3 1) B 4 O T R e R IR B . O
DA &R 2 il BOE Akt BERR A #1540 MG 58, AT Fe il SC 79 5XE E 3R
7% SL-221 40 24 h J5, AL SC 79 W R ZFHIRTHAE SR MH] N SL-221 403G 11, X5
HENBFFC 4 FARAL . 25 b, XU SR T R & 31 A5 S Il 4kl Ake BERR L, MM T-Hign i
VR

R L R INZEWNEHE G RAF )G, SL-221 4ok N 3t4 393 MRl k4 1 2 748
h, HARREEIR L IATED . HR2E. BER RO &S R MR E FE, X 50
SRS R R ZAME] Akt BERRICE SARE, BONTES RS R 2k, Sk
R FIE B, WO G RGN E SRV BE R A A SN (D54, 2022) o X
50 N BRI Fe 45 FARML, 4 F Rk (2017) 383 47 & B S0 B 52 25 R T 4i i
SRR R BRSO, X SMMC-7721 4ifi i SRRt 21— 1 -
PEFER ;s R (20200 & BLETBRZOM RS /N seii 4h duvk oy I s 2L AR . Bk b i, #
FRARUE . BRI DA S 4k 3 5 3 R AR g AR e

i LRIk, ASCEIE CCK-8 MR R AR M T 7 WA G 3@ I InR/Akt 1558 2% T
LA AT G RRACET . R ZEEE AL IR, #0] SL-221 40y
.
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