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Inhibitory Effect of Arctigenin Derivatives on Tumor Cells

and Its Mechanism

LIU Fangfei', SHU Hui', LIU Dingrui', ZHANG Xinhong', ZHU Yanbo?, ZHAO Yan', CAI Enbo', HAN Jiahong'*

(‘College of Chinese Medicinal Material, Jilin Agricultural University, Changchun 130118, China,
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the First Hospital of Jilin University, Changchun 130021, China)

Abstract  In this study, a total of 27 ARG (arctigenin) derivatives were designed, of which nine were novel deriv-
atives targeting tumor cell mitochondria. Biological studies showed that all the triphenylphosphine conjugated compounds
had a significant increase in anti-tumor activity compared with ARG. Among them, Mito-ARG-7 showed a high selectivity
against A549 cells, and its anti-tumor activity was increased by 86.38% compared with ARG. This study showed that the
anti-tumor mechanisms of Mito-ARG-7 included significantly increasing the production of reactive oxygen species in A549
cells, causing a decrease in mitochondrial membrane potential, promoting the release of apoptotic protein Cytochrome C
from mitochondria to cytoplasm in the endogenous mitochondrial apoptosis signaling pathway, and causing the activation
of Caspase family proteins to eventually induce the apoptosis of tumor cells. The novel arctigenin derivative with mito-
chondrial targeting function synthesized in this study provides a reference for the development of targeted anti-tumor drugs.
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Bl P51 S TR, TRE A e T I Ak, 1640 s~60 s
Ja, IINB RS R ERS), B s R A A, iRk
ZAANZ A . 20 (EdL . 1000 t/min. 5 min)
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Table 1 Structure of arctigenin derivatives
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Number  Structure of compound Number Structure of compound Number Structure of compound
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EDCI is the catalyst; DMAP is a decarboxylase agent; MeCN is acetonitrile; DCM is dichloromethane.
Bl FEFFERTITEMNE RS

Fig.1 Synthetic route of arctigenin derivatives
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37 °Ci# e 4 620 mini5 411 18 .

1.7 DCFH-DA#:f&

FH 0.25% i == 35 M 4k AS4941AE 30 s/ , K4 A
FEfh & 6fLIR P, £ 2 mL, FERIKREE )y 2.5%10%/mL,
5% COy\ 37 °CHEEFRA T TR . IMAAFIKEE )
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W 4AFT7R , Mito-ARG-7REWS 15 5 AS49ZH i
WP, JF B 2IREAR . WK 4BRIE 4CHR,
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R2 HEFHEHITKEITEYIX AR LERE RS
Table 2 Effects of arctigenin and its derivatives on tumor cell activity
A PIIICsefH/pumol - L™

gsoi:zund 1Cs value of compound /pumol-L™
PC-3M A549 BEL-7402 U-208 PANC-1

ARG 56.34+3.68 66.91+3.74 55.74+1.55 >100 >100
5-FU 13.03+2.14 56.94+1.28 41.80+3.83 >100 43.60+7.26
ARG-b1 57.01+4.27 74.06+3.57 73.28+4.10 66.32+2.94 67.24+4.96
ARG-b2 87.25+2.58 75.37+£2.90 47.21£3.19 >100 >100
ARG-b3 >100 77.44+1.83 70.08+2.55 >100 >100
ARG-b4 79.23+6.80 86.44+2.14 86.33+3.15 59.07+1.96 59.24+2.23
ARG-b5 91.32+4.29 68.26+2.65 57.62+4.99 82.55+3.30 61.28+3.23
ARG-b6 59.29+2.61 69.34+4.23 59.27+1.64 >100 48.25+1.90
ARG-b7 62.11+3.25 67.45+5.62 54.23+2.19 37.61£1.66 42.09+2.85
ARG-b8 69.34+5.08 70.30+4.67 30.33+4.81 42.75+2.47 38.25+1.41
ARG-b9 90.17+4.20 79.24+3.02 73.01+£6.95 30.49+3.24 52.24+1.59
Mito-ARG-1 13.04£1.20 18.99+1.54 28.47+1.76 58.00+2.03 33.24+1.08
Mito-ARG-2 31.28+2.82 18.87x1.16 16.46+1.89 >100 41.2842.43
Mito-ARG-3 51.46+4.29 19.74+1.60 28.12+0.90 >100 56.43+4.25
Mito-ARG-4 28.00+2.24 12.64+1.67 35.42+3.13 51.76+2.03 29.54+1.13
Mito-ARG-5 33.95+3.22 14.53+1.80 19.29+2.00 62.42+1.52 30.01+4.82
Mito-ARG-6 20.24+3.94 14.23+£2.17 19.39+1.46 99.87+1.71 25.99+2.14
Mito-ARG-7 24.25+2.17 9.11+0.67 18.27+2.36 28.38+2.27 24.15+1.16
Mito-ARG-8 21.26+3.52 15.69+1.43 10.59+1.17 34.33+1.88 20.90+1.92
Mito-ARG-9 32.33+3.94 20.93+1.48 29.71£1.77 20.30+2.13 28.11£2.90
ARG-cl 65.00+2.29 75.28+1.55 74.67+3.38 72.51+3.67 81.04+3.34
ARG-c2 >100 74.95+£2.67 50.28+2.33 >100 >100
ARG-c3 >100 80.04+1.42 71.49+2.80 >100 >100
ARG-c4 85.40+2.33 71.21£1.96 84.20+2.00 69.92+1.76 70.01£1.99
ARG-c5 >100 69.73+2.09 54.04+1.51 81.68+1.32 74.38+3.44
ARG-c6 72.94+1.16 73.96+1.91 54.47+2.95 >100 68.85+2.83
ARG-c7 76.34+1.94 68.65+1.88 58.52+2.27 40.44+1.97 65.92+2.90
ARG-c8 82.31+2.10 77.90+2.60 27.23+£2.09 47.80+2.35 49.03£2.98
ARG-c9 >100 88.31+1.96 75.46+1.14 31.06+2.22 56.61+4.34

(A) : Control (B) 60—

o B ROSup —_— sk
/J\ 625umollL ¢

B g 12.5 pmol/L g 40 .

§ £ 25 pmol/L £ -

: z m

N g
e pea i :' g " & N Wa o\\{/« > A
T T o S
bg\‘\d VS S

A S A IA TS BIRE R FUR TR B, IR B 2 I P B R AR I S IR B G PR UK T A2 . n=3; ##P<0.01, ***P<0.001, &
ControlH FL#% .

A: schematic representation of ROS levels obtained by flow cytometry analysis, the dashed line in the figure is the reference line for the degree of ROS
growth; B: changes of reactive oxygen species levels. n=3; **P<(.01, ***P<0.001 compared with Control group.

B2 RN E E KM Mito-ARG-7(6.25. 12.5. 25 pmol/L)XtAS494H A A 5E 14 S A0S0
Fig.2 The effects of Mito-ARG-7 (6.25, 12.5, 25 pmol/L) on reactive oxygen species in A549 cells were quantitatively
detected by flow cytometry
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Control

100 pm

6.25 pmol/L Mito-ARG-7

J-aggregates

J-monomers

100 pm

100 pm

Merge

100 pm

12.5 pmol/L Mito-ARG-7 25 pmol/L Mito-ARG-7

100 pm 100 pm

E3 JC-13£ 554N Mito-ARG-7(6.25, 12.5. 25 pmol/L)XTAS494A B A Y mAI 22
Fig.3 Effects of Mito-ARG-7 (6.25, 12.5, 25 pmol/L) on A¥m in A549 cells detected by JC-1 staining

2.5 Mito-ARG-7% 40k B HAR £ 0

FH B SAFIEISBAT DL, XFT- AS4940 i, o REZH 11
JAIAS> 4 NGo/Gi: 56.53%, S: 17.01%, Go/M: 26.45%,
SxtRAAH LG, A2 IR FE G N, Go/G)
BT & EE ) H % BR 26 56.53%, BN F 64.92% .
70.93%- 78.24%, i T . AT GyMBIT
YHALET &5 LB 2 45 2 VR FE 3G T R %, SHAFT 5 Ll
B AN B R o R, BT BAHER Mito-ARG-7RE S
BELYS 240 B AT Go/ G 3, AT U0l A SO 241 38 5
2.6 Mito-ARG-7XJ AR T X E RIS M

R K 6 AT LA i, Cytochrome CTEZ K
RN Rk D T, 2B 2R B AL PR S 8T
Cytochrome C M 4 i 4[] 4H Mo 53 () R T8 Bl )
Cytochrome C5| & T Caspase-91185 V), 4kifi{fiCas-
pase-9 i) Caspase-3# By V], %%, PARPIE NG
SIE B AR BT V), B YIS (1 PARPS| KT iR 4
MR T

3 i

PRI AE 2 A AR R A S b, LR TS
36360 A6 B BB LA v o, R R 10T 25
LR 25 B DR 2 — . e S R 25 T

R AR S I T A O fE R ZHCEHE ),
116 9 T 3 T e ok A SRR T T R 0 i ) 28
For A B B A7 B S v T IR 4R, R X — e ATk
R R s i R MR A RAR . RIBRLEY
TEAHET M, HEAEEWAEIER, 12
KIEZENA Y EA BRI PUMRETE . R
B, 2357 o6t 2 R R a0 i B A B m s 1
H Hadd 2 Mg e s R FEAE L, s, B
AT R ™, EaER, KT 43511 o P oE
VE F R FEAE ML 8 i i 2 U, Rk, 2T
TPP BB AR 72 F T 58 1) I i B 4 ik, DA
SE A B D B R i T R R
FNVEEE 4B PC-3M. AS549. BEL-7402. U-
20S. PANC-1PF0 435 71 o it A Y I B Mos v
PEo TEMETRL SCIG R B, K2 HO 2R R 1L &4
()3 P LU AF B, 1) BEAAR AL & 5% , ARG-TPP AT A M7
AN TR ) Fr R 40 Bk 2 TRt R I — e e 6. 7
ARG 9% TPPATAYH , Mito-ARG-7 /X A B &
PErm ARGHIPUMR G 1, 1M FLAE N R/ B it e 41
Hl AS49 B MR A MR B . X T K28
AR R, PR S I U I ARG-TPP L&) = B4R
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(A) Control 6.25 pmol/L Mito-ARG-7 12.5 umol/L Mito-ARG-7 25 umol/L Mito-ARG-7

100 pm 100 pm
(B)
Control 6.25 pmol/L 12.5 pmol/L 25 umol/L
_ Mito-ARG-7 Mito-ARG-7 _ ) Mito-ARG-7 )
103 Q1 Q | 107 QI Q| 107%0Ql Q| 103 Q1 Q2
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10"_% e 10*‘_; ] 10°3 10°3
A 104j; & 103 1043; 10°7
10°3 = 103 103 ' 10°3
044 Q3| 0904 Q| 034 Q| 0304 Q3
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Fig.4 Annexin V-FITC/PI double staining was used to detect the effect of Mito-ARG-7 (6.25, 12.5, 25 pmol/L)
on apoptosis of A549 cells
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Fig.5 Effects of Mito-ARG-7 (6.25, 12.5, 25 pmol/L) on A549 cell cycle
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Fig.6 Western blot was used to detect the effect of Mito-ARG-7 on the proteins related to mitochondrial apoptosis pathway
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