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Abstract: Objective To investigate the mechanism of inhibition of proliferation of gastric cancer cell line BGC-823 and
hepatocellular carcinoma cell line HepG 3B by juglone based on LC-MS metabolomics. Methods The MTS method was used to
detect the effects of juglone (6.25, 12.50, 25.00, 50.00, 100.00 umol-L!) on the viability of BGC-823 and HepG 3B cells and calculate
the half-maximal inhibitory concentration (ICso) as the subsequent drug administration concentration. BGC-823 and HepG 3B cells
were treated with juglone, and the metabolites were extracted. The samples were detected by LC-MS and subjected to metabolomics
analysis. Data processing was performed using Progenesis QI software, and the obtained data were imported into EZinfo for
multivariate statistical analysis. Principal component analysis (PCA) and orthogonal partial least squares analysis (OPLS-DA) were

used to obtain variable importance in projection (VIP) values. Metabolites with VIP > 1 and statistical significance (P < 0.05) were
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selected as potential biomarkers. The biomarkers were identified using metabolite databases such as HMDB and KEGG, and
metabolic pathway analysis was conducted using the MetaboAnalyst platform. Results The ICso of juglone for HepG 3B cells
was 14.17 pmol-L™!, and for BGC-823 cells, it was 11.19 umol-L™!. When acting on HepG 3B cells, 11 biomarkers were screened out,
including uridine diphosphate glucose, glutathione, oxidized glutathione, citric acid, L-tyrosine, L-isoleucine, L-phenylalanine,
pantothenic acid, L-tryptophan, arachidonic acid, and palmitic acid, involving 11 metabolic pathways such as glutathione metabolism,
pantothenate and CoA biosynthesis, arachidonic acid metabolism, starch and sucrose metabolism, amino sugar and nucleotide sugar
metabolism, phenylalanine metabolism, valine, leucine and isoleucine biosynthesis, tyrosine metabolism, tryptophan metabolism, citric
acid cycle, and fatty acid metabolism. When acting on gastric cancer BGC-823 cells, eight biomarkers were screened out, including
pantethine, creatine, sphingosine, propionylcarnitine, isovalerylcarnitine, L-phenylalanine, L-isoleucine, and L-tryptophan, involving
seven metabolic pathways such as sphingolipid metabolism, valine, leucine and isoleucine biosynthesis, phenylalanine, tyrosine and
tryptophan biosynthesis, phenylalanine metabolism, tryptophan metabolism, pantothenate and CoA biosynthesis, and arginine and
proline metabolism. Conclusion Juglone can inhibit the viability of BGC-823 and HepG 3B cells, and its mechanism is related to
the influence on multiple energy and amino acid metabolic pathways.

Key words: juglone; anti-tumor; metabolomics; pantothenate and coenzyme A biosynthesis; phenylalanine metabolism; tryptophan
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Table 2 Mobile phase elution gradient (BGC-823 cells)

t/min A% B/%
0 90 10
2.0 60 40
4.0 57 43
5.0 23 77

14.0 5 95

14.1 95 5

15.0 95 5

®3 REEIEGHE (HepG 3B 4BH)
Table 3 Mobile phase elution gradient (HepG 3B cells)

t/min A% B/%
0 95 5
2.0 60 40
5.0 33 67

13.0 0 100

13.1 95 5

15.0 95 5
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Fig. 2 Total ion chromatograms in positive and negative ion modes (BGC-823 cell)
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Fig.3 Total ion chromatograms in positive and negative ion modes (HepG 3B cells)
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Fig. 4 PCA scores plot of samples in control group and juglone group

w0 A i 20 o
200,
; N 150, p !
200 : 1 / \
o ! 100 .
] K .
_ i Vi 50 1 %
= e = | ! |
2 9 |l' ., ! 2 0— i
L EAbkER / = | ¥ i 1 |
T ' 50 #
- o+
200 : 100\ 1 L )
N ! ' y -150 \ ' .
N P -200 — .
—400 — | 5o —
—600 —300 0 300 600 360 180 1[?] 180 360
1]
500 C T 200 p e
400 ) ! i
/ [ = . A= h .
300 s - - N 100 , A= \
2000/ P \ ‘ MDA - ‘
= 100 / bk \ = / ¥ Ef ' !
2 0 ! ﬁ; ‘\ E }\ A :
| | 5 /
-100 - ﬁ . ¥ '
—200 A= 10 N\ rs
-300 . ) -
_400 o . -
— P —20i e
—500 T | —— o I
—-800  —400 0 400 800
~1600 -800 0 300 1600 1[1]
1]

A-TEBE 7R (BGC-823); B-fES 7 (BGC-823); C-IEESFHE3 (HepG 3B); D-fi S 7Lz (HepG 3B).
A-positive ion mode (BGC-823); B-negative ion mode (BGC-823); C-positive ion mode (HepG 3B); D-negative ion mode (HepG 3B).

5 XIERASHMERENRFMITH A OPLS-DA 55

Fig. 5 OPLS-DA score of intracellular metabolism samples of control group and juglone group
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Fig. 6 S-Plot picture of intracellular metabolism samples of control group and juglone group

%4 XIHBESHHHERLE BGC-823 fNE R BIFRICY
Table 4 Differential metabolic markers of BGC-823 in blank group and juglone group

"5 tmin miz RN 4y 12 (NGBS A
1 1.01 132.075 5 [M-+H]" C4H9oN302 creatine (JILER) l
2 1.90 132.101 3 [M+H]"  CeHisNO2 L-isoleucine (L- 752 R) !
3 1.96 218.138 2 [M+H]" Ci10H19NO4 propionylcarnitine (P43 PIH) !
4 2.10 166.085 8 [M+H]*  CoHiINO2 L-phenylalanine (L-7 A & FR) i)
5 2.37 205.096 1 [M+H]*  CiHi2N20:2 L-tryptophan (L- 2 &%) )
6 2.55 246.169 6 [M+H]*  Ci2H23NO4 isovalerylcarnitine (5 [ HEHE PIK) !
7 6.17 302.305 2 [M-+H]*  CisH:NO: sphinganine (4% %) 1
8 6.78 277.125 6 [M—H] C11H22N204S pantetheine (iZ i 2 f%) l
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Table 4 Differential metabolic markers of HepG 3B in control group and juglone group
5 t/min m/z TR R MGk B A=
1 120 565.0490 [M—H]™ CisH2N2017P2 uridine diphosphate glucose (JRH — W& £7kH) )
2 1.51  308.0910 [M-+H]" CioHi7N306S glutathione (4Bt H k) !
3 1.51  613.1589 [M-+H]"  CaH32NeO12S2 oxidized glutathione (AL HEH k) !
4 151 191.0197 [M—H]" CeHsO7 citric acid (Fr 5 1R) !
5 1.55 182.0803 [M-+H]" CoHiiNOs L-tyrosine (L-B% & R) l
6 1.71 1321012 [M-+H]* CesHisNO: L-isoleucine (L-7£ 52 R R) !
7 1.99 166.0855 [M-+H]* CoHiNO: L-phenylalanine (L- 755 & &) !
8 2.07 220.1173 [M-+H]* CoHi7NOs pantothenic acid (2 fR) !
9 235 2050962 [M+H]* CuHiN202 L-tryptophan (L-{4% %) !
10 1045 3052475 [M~+H]*  CaH30: arachidonic acid (165 PU#1R) !
11 1172 2552329 [M—H]" CieHnO2 palmitic acid (AZHIAR) !
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Fig. 7 Changing trends of intracellular biomarker contents in control group and juglone group
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A-pathway analysis of juglone inhibiting metabolism of BGC-823 cells (1-sphingolipid metabolism; 2-valine, leucine and isoleucine biosynthesis; 3-phenylalanine,

tyrosine and tryptophan biosynthesis; 4-phenylalanine metabolism; 5-tryptophan metabolism; 6-pantothenate and CoA biosynthesis; 7-arginine and proline
metabolism); B-pathway analysis of juglone inhibiting metabolism of HepG 3B cells (1-glutathione metabolism; 2-pantothenate and CoA biosynthesis; 3-
arachidonic acid metabolism; 4-starch and sucrose metabolism; 5-amino sugar and nucleotide sugar metabolism; 6-phenylalanine metabolism; 7-valine, leucine and

isoleucine biosynthesis; 8-tyrosine metabolism; 9-tryptophan metabolism; 10-citric acid cycle; 11-fatty acid metabolism).
E 8 WABEERIDSIEAERIFAEE O
Fig. 8 Pathway analysis of juglone inhibiting cancer metabolism
* 6 HABLERINEIZNAE BGC-823 HIHAIRISHEBEE 4R
Table 6 Metabolic pathway analysis of juglone's inhibition on proliferation of BGC-823 cells

W5 A% PiH —lgP HolmP AR * (FDR) impact
1 B AR A 22999X10* 83775 0.01863 0.018 63 0.142 86
2 HERR. RER. RREREYAER 0.00196 62367 0.154 55 0.052 82 0.666 66
3 KRER. BER. A2 BREMER  0.02546 3.6707  1.000 00 0.412 43 0.500 00
4 RFERRAH 0.056 47 2.8740  1.000 00 0.762 35 0.407 41
5 R 0.235 01 1.4481  1.000 00 1.000 00 0.156 84
6  ZEHEHE ACOA)EME M 0.092 52 2.3803  1.000 00 1.000 00 0.061 22
7 WERSMERA 0.250 10 1.3859  1.000 00 1.000 00 0.011 98

&7 EABLERAIFIZRAE HepG 3B HEIERVKIGHBEE 4T
Table 7 Metabolic pathway analysis of juglone's inhibition on proliferation of HepG 3B cells

Cikel A PE —lgP Holm P FDR impact
1 B I H AR 1.729 1 X104 8.663 0.014 0.014 0.27
2 ZERERA CoA WA AR 0.018 3.994 1.000 0.158 0.25
3 TEAE VYR TR AR 0.392 0.936 1.000 1.000 0.22
4 YEN O A 0.330 1.109 1.000 1.000 0.14
5 AR AL A B BE A 0.151 1.888 1.000 0.807 0.12
6 RN E IR 0.005 5.339 0.365 0.077 0.13
7 GER. AR R RERIEMER  0.018 3.994 1.000 0.158 0.10
8 Bt RRAR 0.119 2.127 1.000 0.733 0.10
9 IR AT 0.471 0.753 1.000 1.000 0.11

10 ATERERIEIS 0.147 1.916 1.000 0.807 0.06
11 JIE i R A 0.006 5.041 0.485 0.086 0.03
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