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Effect of licorice flavonoids as CDK1 inhibitors against liver cancer in vitro and
in vivo

ZHANG Min' ", LI Jingjing’
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?School of Basic Medical Sciences, Hubei University of Chinese Medicine, Wuhan 430065, China

Abstract This study aimed to study the inhibitory activities of flavonoids on cell cycle-dependent protein kinase
(CDK1) and hepatoma cells BEL-7402. The CDKI inhibitory activity of licorice flavonoids was evaluated by
CDKI1 reagent kit, and antiproliferaty activity in vitro was investgated by CCK-8 assay. Subcutaneous tumor model
of liver cancer Bel-7402 was established in nude mice, which were then randomly divided into drug group, posi-
tive drug group and blank control group. The mice in drug group were orally administrated with licorice flavonoids
for continuous 18 days. The body weight and tumor size of mice were recorded every other day. The results
demonstrated that these licorice flavonoids displayed potent efficacy against CDK1, specifically, isoliquiritigenin
exhibited the most potent CDKI inhibitory activity (1C5, =0. 05 £0. 005 pwmol/L), which was about 6-fold more
potent than positive control flavopiridol (ICs, =0.29 +0. 230 wmol/L). Molecular docking studies revealed that
isoliquiritigenin engaged in six hydrogen bonds with K33, E81, .83, S84, D86, D149 in CDK1, while flavopiridol
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only engaged in five hydrogen bonds with E81, .83, S84, Q132, D149. In vitro biological evaluation indicated that
these licorice flavonoids displayed significant antiproliferative effects on Bel-7402 cancer cells. Among them,

isoliquiritigenin showed the greatest potency against Bel-7402 (1C5, =0.7 £0. 11 mol/L), which was 3-fold more

potent than flavopiridol (2. 4 +0. 34 mol/L). In vivo biological evaluation showed that the LDy, of isoliquiritigenin
was 4. 38 mg/kg, and could effectively inhibit the cell growth of liver cancer Bel-7402 in mice.
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Figure 1  Structures of licorice flavonoids
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Table 1  CDK1/cyclin B inhibitory activities of licorice flavonoids
(x+ s,n=3)

Compd. 1C5y/ ( umol/L)
Licochalcone A 0.57 £0.015
Licochalcone B 0.06 +0. 002
Licochalcone C 0.08 £0. 101
Licochalcone D 0. 34 +0. 006
Licochalcone E 0. 48 +0. 005
Licochalcone F 0.69 £0. 165
Echinatin 0.10 £0. 005
Isoliquiritigenin 0. 05 +0. 005
Isoliquiritin 1.19 £0. 355
Glabridin 0. 13 £0. 005
Liquiritigenin 0.11 £0. 005
Liquiritin 2.80+1.53
Flavopiridol 0.29 0. 230
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Figure 2 Predicted binding modes of flavopiridol-CDK1 and isoliquiritigenin-CDK1
A : Docking poses of flavopiridol-CDKI1 , which can form hydrogen bonds with residues E81,1.83,5S84 ,Q132,D149 ;B ; Docking poses of isoliquiritigenin-
CDK1, which can form hydrogen bonds with residues K33 ,E81,1.83,584,D86,D149
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Table 2 Antiproliferative activity and therapeutic index (TVTI) of
licorice flavonoids and flavopiridol (x + s,n=3)

IC5, ( wmol/L)

Compd. IVTI*
Bel-7402 LO2
Licochalcone A 4.1x0.12 >100 >24.3
Licochalcone B 1.1+x0.07 >100 >90.9
Licochalcone C 2.3 £0.65 >100 >43.4
Licochalcone D 3.6+0.41 >100 >27.7
Licochalcone E 6.1 x0.98 >100 >16.3
Licochalcone F 5.9+£0.49 >100 >12.9
Echinatin 2.5+0.72 >100 >188.6
Isoliquiritigenin 0.7 £0.11 >100 >138.8
Isoliquiritin 7.7 £0.54 >100 >37.0
Glabridin 1.6 +£0.24 > 100 >52.6
Liquiritigenin 2.2£0.15 >100 >16.1
Liquiritin 8.5+0.67 >100 >11.7
Flavopiridol 2.4 £0.34 >100 >41.6

*IVTI :in vitro therapeutic index, ratio of IC5, (LO2) to IC, ( Bel-7402)
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Figure 3  Illustrative dose-response curves for antiproliferative effects

on normal HHL-5 and Vero cells of isoliquiritigenin (x +s,n=3)



76

Y @ & # X 24 Journal of China Pharmaceutical University 2018,49(1):72 —78

749 %

2.4 FHE Eat Bel-7402 40 o 09 H
HORHE A 1 1 19 Bel-7402 41 Jifd bk B V% F &
10% JiG 45 1035 1) DMEM #5572 5 b Bl 28 12 fL3%
Fetir, & 37 C 5% CO, ¥i M i 3R, 4+ h
TR 2 L BH 25 %o B 4 A s (3 R AL, R 40
SEAMERE J5 | 33 25 JE s R W, M4 28 R0 P PR 25
SEATIMA 0.7 pmol/L S H B2 A R HLF Y

BEFEME 1 mL, 48%20% 3% 24 h, #4218 FITC Annexin
V/7-AAD 8GR G R U] B R 4R, vK A PBS ¥
W3 U BELFEE W, A1 x 255 2% il
100 wL, 3 %1jm A FITC Annexin V5 L F17-AAD
5wl R4 5 F D 1S min, b3 =X 40 A D
ASCHEAT G, 73 BT Bel-7402 41 Jifg i T3, 25 53 WL
K4,

A B
4. 4 4
10T Control L Isoliquiritigenin Y Flavopiridol 60
3 3
10 10 2 45
3
g 10 10 o
v ] 30
i , &
10 104 =
<15
100 ]0" - - -
10° 100 100 100 10" 10° 10" 100 100 10 0

FITC Annexin V

Figure 4 Isoliquiritigenin induce Bel-7402 cell apoptosis in vitro

A :Flow cytometric analysis; B : Percentages of apoptotic cells in each group (x +s,n=3). * P <0. 01 vs control group
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Table 3  Acute toxicity of isoliquiritigenin in mice

AR PHER A B A0 Vero A 751k G, o4 T it —
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SCHRATIE R4 ~ 5 RIIR MR L 48 HL, L
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St H H R LDs, bz LD 9 95% Rl fEFR, 45 R ik 3
PR o

Dose, Mouse mortalit ival

ose/ orme morey Total mortality Survival/ % LDy, "/ ( mg/kg)

(mg/kg) 1h 5h 3d 4-18 d on day 18
2.17 8 0 0 0 0 0 100
2.80 8 0 0 1 0 1 88
3.61 8 0 0 3 0 3 63
4.38
4.65 8 0 0 4 0 4 50
5.99 8 0 0 6 0 6 25
7.72 8 1 2 5 0 8 0
*95% Confidence limits:3. 78-5. 07 mg/kg
MATF /IR 2. 17 mg/kg FIEAS,NRAE 18 d 2.6 (RN B ER

WAETE 2R 100% 5145 T K55 7. 72 mg/kg 7l
F,3 d NRERFET: . ARAEAS A5 & 40 1/ BRAE T
ROTEWL T 5 R R LD,y 4. 38 mg/kg, H
95% AT {ZFE My 3. 78 ~5. 07 mg/kg,

AT 2 FEL 3 AR ST e 1 M S g 25 R T
DA, 5 B R R X Bel-7402 4 BB T
TSR0 TG o PRI, ASBIFAE ST T Bel-
7402 B MR RL, R — L H R R H R
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Figure 5 Effect of isoliquiritigenin on the growth of Bel-7402 human liver tumor in nude mice treated with vehicle control, isoliquiritigenin and fla-

vopiridol (x +s,n =4)
A :body weight; B ; tumor volume ; C : tumor weight; D ; tumor size

* P <0.01 vs control group
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