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Antitumor efficacy of quercetin sulfonic acid

XU Hao"?, GAO Yixuan"?, WANG Xiangtao"*

1. Life Sciences and Environmental Sciences Center, Harbin University of Commerce, Harbin 150076, China

2. Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing
100193, China

Abstract: Objective To synthesize quercetin sulfonic acid (QSA) and study its anti-tumor activities in vitro and vivo. Methods QSA
was synthesized from quercetin 5'site by sulfonic group and using HPLC analysis to investigate its solubility. The in vitro anti-tumor
activity of quercetin and QSA of 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 25.0 and 100.0 pg/mL were assessed in contrast using MTT assay, and
the half inhibitory concentration (IC,,) was calculated. The in vivo anti-tumor therapeutic efficacy was investigated using 4T1 tumor
bearing mice. The 4T1 tumor-bearing mice were randomly divided into six groups: model group (iv saline), paclitaxel (PTX)
injection group (positive control, 8 mg / kg, iv administration), QSA high, medium and low dose (70, 45, 20 mg/kg, iv
administration), quercetin (70 mg/kg, ig administration) group. Group IV was administered one times every 2 d, and the Ig group
was given one times a day, and the body weight and tumor volume were monitored the next day. The mice were sacrificed after 7
times of iv administration, and the tumor mass was weighed and the tumor inhibition rate was calculated. At the same time, the liver
and spleen were obtained and the index of liver and spleen was calculated. Results QSA solubility increased to 4261 times; In vitro,

the anti-tumor therapeutic efficacy of QSA has the same inhibitory effect as quercetin, inhibition rate of 4T1 cells was 21.75%; The
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results of in vivo tumor inhibition test showed that the tumor volume growth of mice was significantly inhibited in each group

compared with model group (P < 0.001); the tumor inhibition rate of ig quercetin (70 mg/kg) was 18.64%, and that of iv QSA (45

mg/kg) was the highest (55.37%), which had no significant difference with PTX injection group (55.03%). There was no significant

difference in body weight and liver and spleen index between each group, indicating that QSA had higher safety. Conclusion QSA

solves the problem of water insolubility and significantly improved vivo anti-tumor effect, so it can be used as a model for

flavonoids to solve difficulty administration.
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Fig.1 synthesis of QSA

3 2] ) QSA N # [ & , 7° Z 85%, 'H-
NMR (600 MHz, DMS0)3:7.871(d,J =2.4 Hz, IH,
Ar-H),7.616(d,J=2.4 Hz, 1H, Ar-H) ,6.401 (d,J =
1.8 Hz, 1H, Ar-H) , 6.185(d, J =1.8 Hz, 1H, Ar-
H) ;"C-NMR (150 MHz, DMSO)§: 176.00, 164.12,
160.87, 156.23, 146.12, 145.61, 144.29, 136.24,
131.17,120.99,117.86,115.50,103.15,98.36,93.40;
151 43 % 5 it HRMS m/z calculated for C,.H,,0,,S [ M-
H] :381.01;found:382.29.
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Fig. 2 Ultraviolet chromatogram of QSA in 200~600 nm
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Fig.3 HPLC chromatograms of Blank (A), Quercetin (B) and QSA (C)

R1 QSAMBMNFHEEREEE (K =3)
Table 1 Within-day and between-day precision for QSA
(n=3)

H Pk 5 F 1) %
F¥ME SD RSD% “FHfH SD RSD%
10.00 986 0.18 1.82 9.72 021 216
50.00 48.62 093 191 4833 093 1.92
100.00 98.89 122 123 98.82 1.12 1.13

QSA/
(ug'mL™)

i RSD 185 21 /NF 3% 100,50 #1110 pg/mL Jifi &4k &
(1) QSA ¥ ¥R I HE B B2 4K 1K N 98.89%- 97.24% FlI
98.60% , % B HPLC &% 5 AR B R 47
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RSD 4 0.85%(n="7), Ut ] QSA V&K 12 h N2 E »
227 AEENRE RS EECH 50 pg/mL i B K
(1) QSA VW, 3414 9 540, B4 5 mL, HPLC 52
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Fig. 4 Proliferation inhibition of QSA against 4T1, HeLa, HepG2 tumor cells (f:l:s, n=3)

K2 HWHEER QSAXT4T1 HelaF1 HepG2 B IC,, H( X
s, n=3)
Table 2 ICj, values of QSA and Quercetin solution against

4T1, HeLa and HepG2 cell lines ( X s, n = 3)

IC,/(ug'mL™

A5
AT1 40H0 HeLa 4 ity HepG2 41 fiu
i iz 2% 29.0842.57  33.86+2.35 53.01+3.15
QSA 21.7542.64  32.48+2.42 49.37+3.27
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Fig. 5 Changes of tumor volume and body weight of 4T1 tumor-bearing mice after administration of QSA ( X s, n = 8)

F3 QSAXTAT1TE/NRAINEER( X 5, n=8)
Table 3 In vivo antitumor inhibition rate of QSA in 4T1

tumor-bearing mice (X £s, n =8)

2H 51 7/ (mg-kg D R TR B /g IR R /%
AR — 3.54+0.35 —
PTX 8 1.59+0.227"VW 55.08
iz 2% 70 2.88+0.19" 18.64
QSA 20 2,620,177 25.99
45 1.58+0.217"VW 55.37
70 1.89+£0.127"WY 46.61

HHER AR P <0.01 TP<0.001; 5 PTX ¥ 4 i 41 b
B :*P<<0.05 #P<<0.001; 5 Ht B A H L VP<<0.05 VWP
0.001

P <0.01 ""P < 0.001 vs model group; *P < 0.05 **P < 0.001 vs
PTX injections group; VP < 0.05 VWVP < 0.001 vs Quercetin group

SRR, AT A K QSA , HE MR 9 9.63 mg/mL,
DR EE ) 4 261 15, M R RS 4 2 A T T
BE 5 B Ji 0 T P A 24 2550 S B0 R I T R S A 1 A
N TE 2 5 M R 25 I AR a1

TEAR AN 252807 S B b, QSA 1Y IC,, 5 5 Hi e 2=
To 35 75 S U R 3R e N TR B AN 2 ek 35 L 24
R R N 2805 e Wi R 3R R R4 2 4
(1) 0 1) A N 18.64% , 1 38 G JIE & 3k 250 8 (1)
QSA VLA R R E S m, K QSA 45 mg/kg iv
25 P AN R IR 55.37% 5 PTX I 5 BH 14 %+ i
AT R R AN F . (H QSA FF ¥ A5 R HLH 7 B M
SN, v R B AL PR RN 46.61% , 1T BE R K &
Pl 2 e R A& Bl S 08 T 1R (B Bel Al Bax (4R
T B R R 7 4k S A
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R4 AT RBIFFRRIEE( X £5, n=8)
Table 4 Liver and spleen index of 4T1 tumor-bearing mice ( X +s, n =8)

2H 5 il &/(mg-kg D HFE T B JEF5 2
! — 0.045+0.004 4 0.033+0.003 9
PTX 8 0.046+0.003 7 0.032+0.004 4
it Bz 3% 70 0.047+0.003 2 0.029+0.005 6
QSA 20 0.045+0.002 8 0.029+0.003 4

45 0.047+0.003 4 0.029+0.002 5

70 0.046+0.004 6 0.028+0.003 4

Wi B 2R AE S5 N IR 2 [ i KV 36 A2 iv 23 28
FOR RN PR TR R R A O M

T8 T R 2590 » I 9 G5 R AT 1R S I 28 24 ) 2 {3t
TR R
SE 30k
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