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Anti-cancer effect of the flavonoids of Astragalus combined with
cisplatin on Lewis lung carcinoma-bearing mice
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Abstract: The aim of this study was to analyze the anti-cancer effect and mechanism of action of the flavo-
noids of Astragalus membranaceus (TFA) when combined with cisplatin on Lewis lung carcinoma-bearing mice.
This animal experiment was approved by the Committee of the Ethics of Animal Experiment of Shanxi University
(SXULL2018012). Pharmacological indices such as tumor weight, tumor volume growth curves, inhibition rate
and organ indices showed that the TFA could reduce toxicity and enhance the efficacy of cisplatin. The target of
TFA was predicted by network pharmacology analysis and the result showed that calycosin-7-O- 5 -D-glucoside
might be the main active compound responsible for the anticancer effect of TFA. TRP53 (cellular tumor antigen
p53), RACL1 (Ras-related C3 botulinum toxin substrate 1), ERBB2 (receptor tyrosine-protein kinase erbB-2), VEGFA
(vascular endothelial growth factor A) and STAT3 (signal transducer and activator of transcription 3) may be asso-
ciated with TFA in enhancing efficacy and reducing the toxicity of cisplatin. The IL-6 content in serum and expres-

WA F140: 2019-00-07; &A1 [1141:2019-12-01.

FEEWH: 7G4 A EE N R H (2017-17); 117945 E AR &1 H (201803D31091); 1l 75 44 A5 F & %I 05 3% H (201603D3111001); 1l 7444
BEEETUR P A B b [ B Ak B [ G037 Hh O T3 H (HQXTCXZX2016-016).

*EIAE # Tel: 86-351-3179952, E-mail: chaizhi008@126.com;
Tel / Fax: 86-351-7018379, E-mail: lizhenyu@sxu.edu.cn

DOI: 10.16438/j.0513-4870.2019-0539



T A R IG5 VR T Lewis a4 /N BR BUTE A FH IR BF 5 - 931 -

sion levels of STAT3 and p53 in tumor tissues suggested that TFA may inhibit tumor growth through the IL-6/
STAT3 pathway; UPLC-MS-based serum metabolomic analysis suggested that the metabolic pathways related to
lung cancer include sphingolipid metabolism, retinol metabolism, glycerophospholipid metabolism, primary bile
acid biosynthesis, and the TFA-regulated corresponding pathway of bile acid biosynthesis. In this study, the anti-
cancer effect and mechanism of action of TFA combined with cisplatin on Lewis lung carcinoma-bearing mice was
analyzed by the combination of various techniques, which lay a foundation for further development of anticancer

drugs.
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WAXEETT), HH BB AR IR K B4 (5 N B A 2 s A
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T 988 ZH Job R B R AR I, O O SR R R R
(%) = (1-SZ 56 41 V- X598 B5/%F W& 20 °F- 198 ) x 100%; I
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Figure 1 The growth curve of tumor volume in M (model group),
P (positive drug group), PL (low-dose combination group), PM
(medium-dose combination group) and PH (high-dose combination
group). n = 8, x £s. "P<0.001 vs M

2A 9 LR, DN BRIB AR U B A 4
AR <G A A PR A <G 4 2N R l<
FRIEZG2H . SHMAMLE, fra s d MR EElE
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B B i o R R AT HE D AR, PR S a2
7B AL VIR 4 24 v ) L R MR 2 L B A 24 4 B 35
FEAIK (P<0.05), HK 5 45 245 1% 77 &2 20 1A Jol g B 48 55 1 1k
RG2S, BAIR AT ORI MR A R
M. RIUABGHHPIME R, BRES 4R T
IR AL I R I KT BIPE 2541, % 45 25 4Ly e
R38R 5 B 59 W O R 4 Ay Rt LS RS 4



© 934 - Z4%% %4 Acta Pharmaceutica Sinica 2020, 55(5): 930 —940

Figure 2 The tumor weight of M, P, PL, PM, PH (A) and the heart index (B), liver index (C), spleen index (D), lung index (E), kidney
index (F), thymus index (G) of the groups. "P<0.01, "P<0.001 vs C; #*P<0.01, #44P<0.001 vs M; #*P<0.05, #*P<0.001 vs P

Table 1  Tumor inhibition rates of P, PL, PM and PH in four groups. ““P<0.001 vs M; “P<0.05, ***P<0.001 vs P

Group M P PL PM PH
Average tumor weight/g 54114 31717 2.378 6™ 2.0255"4 1.060 47484
Inhibition rate/% 18.48% 31.53% 42.04% 49.37%
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W B T TR A B T DA Rk R R X S R AN R R
7, B B R B RGBT T B AR, RS
45 2 T B U R U
3 MEBHEZS
31 AEWNEEE AT KIS Y 8 Fh B I i A
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FLA 280 5 200 B 1
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Figure 3 KEGG pathway enrichment map of potential anti-lung
cancer targets in main active components of total flavonoids of

Astragalus membranaceus
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Table 2 Degree and betweenness of target proteins of total flavonoids of Astragalus in the treatment of lung cancer

No. Protein name Degree Betweenness No. Protein name Degree Betweenness
1 TRP53 27 0.225 890 37 24 APC 5 0.048 947 81
2 ALB 24 0.257 092 47 25 RRM1 4 0.005 316 66
3 VEGFA 21 0.048 281 82 26 HPSE 3 0.005 125 33
4 STAT3 20 0.071 429 69 27 MUC1 3 0.002 390 57
5 FGF2 18 0.064 790 12 28 HDACS8 3 0.001 178 45
6 ERBB2 17 0.038 133 20 29 SIRT3 3 0.001 842 67
7 HSP90AA1L 17 0.094 314 65 30 FABP4 3 0.001 252 10
8 ESR1 16 0.019 639 33 31 RXRG 3 0.003 571 43
9 PPARG 15 0.113 388 71 32 AGO1 2 0.000 589 23

10 AR 15 0.017 716 13 33 DRD2 2 0.044 444 44

11 NOTCH1 14 0.051 374 67 34 TARDBP 2 0.000 454 55

12 NCOA3 11 0.060 697 06 35 HK2 2 0.000 000 00

13 CDK2 11 0.008 450 92 36 TTR 2 0.044 444 44

14 ESR2 10 0.012 131 47 37 RARB 2 0.000 000 00

15 CDK1 10 0.049 909 89 38 ITGAS 1 0.000 000 00

16 ZEB1 9 0.000 000 00 39 DRD1A 1 0.000 000 00

17 E2F1 9 0.005 336 7 40 RAN 1 0.000 000 00

18 LGALS3 8 0.000 577 20 41 FABP3 1 0.000 000 00

19 HMOX1 7 0.000 973 76 42 MUTYH 1 0.000 000 00

20 RAC1 7 0.000 339 51 43 RORC 1 0.000 000 00

21 FGF1 7 0.003 439 83 44 PRDX6 1 0.000 000 00

22 INSR 6 0.001 248 60 45 BCL9 1 0.000 000 00

23 THPO 5 0.000 336 70 46 NUMBL 1 0.000 000 00

Figure 4 Total flavonoids-components-targets-pathways-disease network of Astragalus membranaceus. Compound A-F: Calycosin (A),
calycosin-7-O-4-D-glucoside (B), (6aR,11aR)-9,10-dimethoxypterocarpan (C), (6aR,11aR)-9,10-dimethoxypterocarpan-3-O-4-D-glucoside
(D), 7,2'-dihydroxy-3',4'-dimethoxyisoflavan-7-O-4-D-glucoside (E), astragaloside IV (F)

EE, 6 MM HISEU T BERIEER (degree: 13;
betweenness: 0.056 901 29). & &5 5 ¥ fiil % % ¥ 1
(degree: 17; betweenness: 0.147 561 22).(6aR,11aR)-9,10-
T HEALERTE LT (degree: 15; betweenness: 0.115 001 52).
(6aR,11aR)-9,10- — H 4 5 45 18 &5t -3-O- B-D- %l % B
1F (degree: 13; betweenness: 0.079 520 6).7-2'- - J& k-
3,4 AR JE 7 B e -7-0- -D- 7 %) M (degree:
12; betweenness: 0.068 552 35). # t< F 1 (degree: 11;
betweenness: 0.087 869 96), H1 It 7] %1, & &5 7 ¥ Wi 75

%] B 1 1) degree {H F1 betweenness 18 ¢ &, ¥t B & &
S S R R 260 K EF R R 00 ) e 0 3 B I ) .
TRP53 (degree: 20; betweenness: 0.097 804 29).RAC1
(degree: 12; betweenness: 0.070 717 33).ERBB2 (degree:
12; betweenness: 0.042 288 92). VEGFA (degree: 10;
betweenness: 0.024 952 81).STAT3 (degree: 9; between-
ness: 0.026 901 42) % 4 x5 [¥] degree {E 11 betweenness
B ARRT LA, 0 I I L6 R 55 R] e R o 7E F
KA R
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degree Il betweenness 114 2 fiT7n . % M4 04 46 4
T RATT 5K, PR R N 7.652, PRI R R
$H0.4600 Forb SR/ J gt FH Ok R degree (1)
KN, degree (B HR K, BRI HH 3 AR 21 T 5 B /D degree {6
17 K 7 320 R RE 448 R €8 P SR 3R TR T 2 (R R S B
R, 120 CH 2R YT U2 TB) 1 DG K FE R OK 5 betweenness
Fe /| % — 7 1 1 degree F1 betweenness # &, it B
%A LR E R, 41 TP53 5 CDK2.ESRL.APC i #:11)

Figure 5 Protein interaction network diagram. TRP53: Cellular
tumor antigen p53; ALB: Serum albumin; VEGFA: Vascular endo-
thelial growth factor A; STAT3: Signal transducer and activator of
transcription 3; FGF2: Fibroblast growth factor 2; ERBB2: Recep-
tor tyrosine-protein kinase erbB-2; HSP90OAAL: Heat shock pro-
tein HSP 90-alpha; ESR1: Estrogen receptor; PPARG: Peroxisome
proliferator-activated receptor gamma; AR: Androgen receptor;
NOTCH1: Neurogenic locus notch homolog protein 1; NCOA3:
Nuclear receptor coactivator 3; CDK2: Cyclin-dependent kinase 2;
ESR2: Estrogen receptor beta; CDK1: Cyclin-dependent kinase 1;
ZEBL1: Zinc finger E-box-binding homeobox 1; E2F1: Transcrip-
tion factor E2F1; LGALS3: Galectin-3; HMOX1: Heme oxygenase
1, RACL: Ras-related C3 botulinum toxin substrate 1; FGF1:
Fibroblast growth factor 1; INSR: Insulin receptor; THPO: Throm-
bopoietin; APC: Adenomatous polyposis coli protein; RRM1:
Ribonucleoside-diphosphate reductase large subunit; HPSE: Hepa-
ranase; MUC1: Mucin-1; HDACS: Histone deacetylase 8; SIRT3:
NAD-dependent protein deacetylase sirtuin-3; FABP4: Fatty acid-
binding protein 4; RXRG: Retinoic acid receptor RXR-gamma;
AGOL1: Protein argonaute-1; DRD2: Dopamine D2 receptor;
TARDBP: TAR DNA-binding protein 43; HK2: Hexokinase-2;
TTR: Transthyretin; RARB: Retinoic acid receptor beta; ITGA5:
Integrin alpha-5; DRD1A: Dopamine D1 receptor; RAN: GTP-
binding nuclear protein Ran; FABP3: Fatty acid-binding protein 3;
MUTYH: Adenine DNA glycosylase; RORC: Nuclear receptor
ROR-gamma; PRDX6: Peroxiredoxin-6; BCL9: B-cell lymphoma
9-like protein; NUMBL: Numb-like protein

25 LU RO, 1B E AT B R B LB OK; TRPS3.RACL,
ERBBA2. VEGFA. STAT3 % [1J degree f! betweenness
B, Tt B 3K e BB M i A2 R 4 DL AE FH 11 G gk
Ao EHER FAH ELE D 8% P T R, R B R R FE PR
1 FH P S R AN A2 BB R A D, T — AN S A A P 4

4 FMEAIEFLEERAIIE

41 TFABEIREAX MERIEREF IL-6 BOF2M
6 FTan, 1AL AL IL-6 7K P 5 2 4L B 3 T (P<
0.05), &5 T 4 J& 1L-6 1) 75 & I B AIG, (H G S 35 1
ZES MR EIB A IS 255, SR A M L, B
G timrEA R IL-6 2 B RK, HhEy
B R N T,

Figure 6 Column diagram of IL-6 content in serum of C, M, P,
PL, PM and PH. n = 8, X £ 5. "P<0.05, ""P<0.001vs C; *P<0.05,
44P<0.01vs M

42 TFABAAIREAXT STAT3 # p53 &/ A RIKKFH
£20m i T STAT3.TRP53 1A [ £ [ 4 A N STAT3.
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i, SR A L, 45 T BH PR 25 A J5 A BT RRAR, (R
Guit e ER. BRESmREA . hREH G EH
W] i 2 PR AR STAT3 /K, o A 45 24 71 it 2H 2%
R, BEA AR R EHR L . Ut SRS T
HABEA M PFCSTATI EE AR L &, (HE A I KA
Wil J5 T 5 PR AR STAT3 I B (I RIBKF . hah, S5
RUAARLE, %45 254 p53 & B A WEEE R, Uil
ISR 3 S 35 A X p53 K 1 A B B A AR .
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51 MERENRERKREVNFE Hhdsa
SRS Y 2 9 2L I35 o B s R AT 2 T S ko, O
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B, af s A AR E I R E R . REHHTH
W5 B ) PLS-DA 43 #r, I3 ik 4 3 45 284 56530 7 v HE 51
S R I IE AR R R 75 AT 2%, R2AEHEFI 2 56 o 2 7R X %
0 (0 A R 2 B2, Q2TEHF B SI2 56 v 22 7 e ALY 1) T U e
77, BN [ VA 25 5 0 b () 46 R /0, I ELTRDA 2R Rk R
BUK, Ut B AR ) T e AR LL R AF DT, H ] 8B W]
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Figure 7 Comparison of the expression of STAT3 protein and p53 protein in M, P, PL, PM and PH. n = 8, X £ s. ™"P<0.001 vs M; **P<

0.001vs P

Yt ARG . ARG AT T, g — il
it OPLS-DA (/& 8C) F1 S-plot 1 /i & (K 8D), 45 & VIP
f (>1), 1 t45 58 (P<0.05) §ii % 73 B 15 fiti Jess A5 741 AH ¢
2SR WY . 8t 5 HMDB ¥ 2 f1 METIN %4
P, Fe AR 30 IR 2= AR (2 3).

52 EEKDEXMANEMHEZERRHIEZR Wil
25 24 I 22 e AR A ) Bl R R R — 20 LU 5 45 2 AL I
Z5RE R (I99). 162 A FIBL AL 24 1) 30 4> 2 S AR T
AR BT DA R AR 194, o N YR AR
W | V4 1ML I Tk 2, W e (02 0/20: 4 (8Z,11Z,147,17Z))

Table 3
tive ions mode

Identification of differential metabolites between C and M. "P<0.05, “"P<0.01,

AP R LV I R ERE A (15:0) Lk R A
I % i ok 2 B % (226 (42,72,10Z,132,16Z,192)/0:0).
2-33 F AN e B A 4 I 1 IR 19k PELB (2001 (112))
A LB I 9 IE B (205 (52,82,11Z,142,172)). /7 Jie k%
HETBE PR  4- 32 2 1 T DU e B P s - A2 B = I
MG (18:2 (92,122)/0:0/0: 0) i Fi Eok 1A Bl « Jek =L PR i =3¢
B S 2 7S o - 2- 0 T AR VI TR G L R . B RS
S EE R G 25 25 ) TR AR S A AR A 5 A, B
5 MG (18:1 (92)/0:0/0:0). ¥ I 1% fig Bt £, % fi% (0:0/
20:4 (82,11Z,14Z,172)) \MG (18:2 (9Z,122)/0:0/0:0).

Hoke

P<0.001 vs M. P: Positive ions mode, N: Nega-

No. Name Formula Mode [M+H]t/ Error tR. Fragment VIP
[M-H] (ppm)  /min
1" LysoPC (18:0) C,sHs,NO,P P 5243715 0.76 21.90 10.95
2" Palmitic amide CyHysNO P 256.2633 -0.78 25.34 85.1016 4.18
3™ Phytosphingosine CHyNO, P 3183004 031 11.70 11.18
4" LysoPC (22:6 (4Z,72,10Z,132,16Z,19Z)) CyHsoNO,P P 5683394 -0.70 16.91 184.0733,86.096 8, 60.081 4 3.97
5" Taurocholic acid C,H,sNO,S N 5142844 196 7.73 124.006 9 1.97
6™ LysoPE (0:0/20:4 (82,11Z,142,17Z)) C,H,,NO,P N 500.278 1 199 19.19 303.2329, 285.223 4,259.2426 7.59
7" Sphinganine C,Hy,NO, P 3023053 -0.33 14.24 8.87
8™ LysoPE (22:6 (42,72,10Z,13Z,16Z7,197)/0:0) C,,H,,NO,P P 526.2925 -0.57 16.79 5.15
9™ LysoPC (15:0) C,3H,gNO,P P 4823239 -041 2170 5.09
10" Dodecanedioic acid C.,H,,0, P 2311589 -043 15.07 185.153,157.1223,111.1171  3.82
11" LysoPC (20:1 (11Z)) C,sHssNO,P P 550.3868 0.18 22.63 532.3796,240.099 5, 184.0729 3.36
12" LysoPC (20:2 (11Z,14Z)) C,sHs,NO,P P 5483711 0.18 20.26 365.3053,184.0744,86.0969 4.44
13" LysoPC (20:5 (52,82,117,14Z,17Z)) CyoH,3N,04 P 5423243 332 15.77 184.073 4, 86.096 9 3.23
14™  2-Hydroxyhexadecanoylcarnitine CoeH,sN; P 4263583 -1.87 18.80 265.2534,144.1019,97.1017 3.89
15"  L-Palmitoylcarnitine C,H,sNO, P 400.3413 -2.00 18.17 239.2370 3.82
16™  Docosahexaenoic acid C,,H,,0, P 329.2476 030 25.883 311.2369,293.2270,269.226 7 2.59
17" 4-Hydroxynonenal C,,H,NO,P P 4542930 044 1756 157.1222,139.1117,127.1117 1.99
18™" Tetradecanoylcarnitine C,,H,,NO, P 3723107 -0.26 15.75 144.1024 4.89
19" Imidazolelactic acid CeHgN,O, P 157.0608 0.64 6.60 139.050 2, 111.050 8 1.66
20" Alpha-Tocotrienol CyoH.0, N 4233271 331 3091 1.04
21" Vitamin A CyH4,0 P 2872368 -0.35 26.31 1.72
22" MG (18:2(92,12Z)/0:0/0:0) C,H,0, P 3552841 -0.28 247 337.2735,281.2475 2.18
23" LysoPC (22:4 (72,10Z,13Z,162)) CyHs,NO,P P 5723715 0.87 19.84 184.0733 1.30
24" Stearoylcarnitine C,sH,NO, P 4283735 0.23 20.66 2.48
25" MG (18:1(92)/0:0/0:0) C,H,,0, P 3572997 -0.56 26.57 339.289 3, 283.2632,265.2524 1.23
26™" Proline betaine C,H;;NO, P 1441020 0.69 1.75 126.0914 141
27" LysoPC (22:1 (132)) CyHN,O.P P 5784177 415 2628 560.4065 1.13
28"  trans-Hexadec-2-enoyl carnitine C,H,;NO, P 3983263 -0.50 16.63 354.3363,352.3211,237.2212 1.67
29™ Oleamide CHysNO P 2822789 -0.71 1499 264.2681 1.23
30™ Heptadecanoic acid C;H..0, P 2712632 0 12.91 195.174 6, 181.158 6,167.1429 1.26
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Figure 8 Multivariate statistical analysis of C and M (A: PCA
diagram; B: Model validation diagram; C: OPLS-DA scatter plot;
D: S-Plot diagram)

T 15 T PR AR, v L 8 I T 2. 1 e (22106 (42,72,10Z,13Z,
16Z,192)/0:0) HH A A BE 511, (H L 4 35 1€ 8 3

Wi e 1B o R AR A 4, 43 ol R A T M s I 7k
Wik 2. 1% iz (226 (42,72,10Z,13Z,16Z,19Z)) V4 1L i ik
JEAR (22:4 (72,102,13Z,162)) 2 H R

53 KBS 7 0 A A A i 2= S AR
W4 FR 3\ MetaboAnalyst $45 P, H 40 A5 € /)
B, BEAT MetaPA A8 #% 73 A, S8 J 07 0k Hh 52w E K
T 0.01 AR EHE B AR T AE AR AR E I . e 2445
FIPU 2% 5 Lewis i B8 AH ¢ 1) AQ T E % (&1 10) B4
fIE A 38 2% (sphingolipid metabolism). 4 % % X i i
#% (retinol metabolism). H il B 2 1K ¥ 3@ # (glycero-
phospholipid metabolism). J&i X I8 ¥t 2 4= 9 & Bl iE 2%
(primary bile acid biosynthesis) .

EH PR A3 A 2 SR AT DL, B B ) [ A P
USRI AT 2. B2 (0:0/20:4 (82,112,142,17Z)).
Ao R TR M 24Tk FIEL % V5 100 Tk T 5 . I fiz (226 (42,72,
10Z,137,16Z,192)/0:0). MG (18:2 (9Z,12Z)/0:0/0:0).

Figure 9 Comparison of endogenous serum metabolites in C, M, P, PL, PM and PH. Longitudinal coordinates represent the relative
content of metabolites. n = 8, x + s. "P<0.05, “P<0.01, *"P<0.001 vs C; *P<0.05, **P<0.01, **P<0.001 vs M
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Figure 10 MetPA analysis of the metabolic pathway
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