e Ao ﬁ M (7308 ca £ (ARFEIUE) FSTA
b ™ a ¥ AAE S BRI SR IS T HEFHIOBTICSTPCD

® B I 4 M =® SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY EABCET RCCSEEIZUFAREH
&ﬁ - B - ik - XTH - %E hEEYES R S inoMediEEIH hERHIZOERRA
hEEREET

AR IR T Z Ak Bt e 4 s e v AR

FAEL, HiFE, EARE, B I, B B EZRW, Wik

Optimization of Extraction Process of Flavonoids from Water Chestnut Shell and Effect on Anti-tumor Cell Proliferation
Activity

LEI Qiuqi, YE Shijie, HUANG Yongkang, YANG Guo, ZHOU Min, WANG Hongxun, and WANG Limei

TELR R BE View online: https://doi.org/10.13386/j.issn11002-0306.2021100178

T BRI A HAB S TR

Articles you may be interested in

AR B POKR BERIBL 05 T 2004 S HATU R T MRS

Optimization of Enzymatic—assisted Thermal Water Extraction of Rosa roxburghii Polysaccharide and Its Antitumor Activity

B Tl RH. 2021, 42(18): 98-105

RLBLTFLRRAR A T A S S22 Bl 80 v AT e i

Optimization of Liquid Fermentation Process of Inonotus hispidus and Antibacterial and Antitumor Activities of Exopolysaccharides
B TR, 2021, 42(5): 93-99

HE AR TE T SRR IR iR A A G S R T RS

Effects of Proliferation and Apoptosis by Water Chestnut Shell Extracts on Tumor Cells

i Tl RHE. 2019, 40(9): 295-301
FE Y2053 2428 ortho—Topolin RibosideX A [ 11355 4 M THP—1 A BT I 1 S ALl #R

Antitumor Activity and Mechanism of Plant Cytokinin ortho—Topolin Riboside in Human Leukemia Cell Line THP-1

5 TR . 2020, 41(6): 299-304

L A S TR Y SR IR A Al B BT A 1 23

Optimization of Extraction Process of Total Flavonoids from Inula lineariifolia and Its Antioxidant Activity

BT RHE. 2019, 40(22): 151-156,162

e A P RIS R S AR 220 T 20 A SO g v

Optimization of Ultrasonic—Flash Synergistic Extraction and Antitumor Activity of Polysaccharide from Fibrous Root of Bletilla striata

B T RHE. 2019, 40(20): 188-195,208

KEMAG AT, PAFHE ML



543 % 4 14 4 i Tl B Vol. 43 No. 14
20224 7 H Science and Technology of Food Industry Jul. 2022

KL, TR, BB, G5 22 A 5T BB PR T 2000 A B A iR 2 A SRS AR (9], £ TR, 2022, 43(14): 224-232.

doi:
LEI
Effe

10.13386/j.1ssn1002-0306.2021100178

Qiuqi, YE Shijie, HUANG Yongkang, et al. Optimization of Extraction Process of Flavonoids from Water Chestnut Shell and
ct on Anti-tumor Cell Proliferation Activity[J]. Science and Technology of Food Industry, 2022, 43(14): 224—232. (in Chinese with

English abstract). doi: 10.13386/j.issn1002-0306.2021100178

- TEZHEK-

22 foe s REREIN T ZAUAE B i 2
WG TETEH:

BUGE, M, JwAEL, S L8 8, TR, T
(1L.RXEZIRKFREBAFE TSR, HL KX 430023;
2R IRFAGHFHERARFRR, HLR X 430023;
3.6 A SR ah TARB AR ., #13b KX 430023)

W EAEREARNEACKIARRIY, FHHRAGATHA Hela mfesgsaeidp s A, RAERE RS
KT RBEN, iR, CRREARRIUEEN EARLEXAFEGY R, FAEARERIFEA @ AR
rem @A, A ARRIARRNRERRIZ, R, KA CCK-8 &M & A kBt AT % Hela tafe
HWiey Pk, FMEHIC,1E, FEXATKMGIIB SR, SRAY, FATEKRARERRIEN: RRET
] 28 min, ik b 1:33 g/mL. TEFRE 53%. AZFM4 T X A R4 8 KB R ICE T E 3.455%+0.16%.
5. 100, 200, 400. 800 pg/mL & B 69 % f =k ERHLIZ 4, shibdhin ik 9% 5 39 %t Hela 20 16038 78 34 B A 24T 64 49 )
ER, BAEN AR ERME, AERAFE 48h AF, & A REMRY ., X A kEA%LY, 5-Fu by IC, 14
A4 271.46. 268.16. 152.09 pg/mL. Bk, FHFEET, & A XEARIRY 3T Hela 202 6938 7840 5] 15 A
55T Ma Pt & 5-Fu.

EH2IR: E A AR, T, ATHE Hela i, 7P 8

B3-S TS201.1 EkFRIREE: B X EHRS:1002-0306(2022)14-0224—09 !
DOI: 10.13386/j.issn1002-0306.2021100178 AT A

Optimization of Extraction Process of Flavonoids from Water
Chestnut Shell and Effect on Anti-tumor Cell Proliferation Activity

LEI Qiugi', YE Shijie>, HUANG Yongkang?, YANG Guo?, ZHOU Min"*, WANG Hongxun>*, WANG Limei>*"

(1.College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China;
2.College of Life Science and Technology, Wuhan Polytechnic University, Wuhan 430023, China;
3.Hubei Engineering Research Center for Fresh Food, Wuhan 430023, China)

Abstract: This experiment was to optimize the extraction process of water chestnut shell flavonoids and investigate its
inhibitory effect on the proliferation of human cervical cancer Hela cells. A single factor experiment was used to investigate
the effects of extraction time, material-to-liquid ratio, ethanol concentration and extraction temperature on the yield of total
flavonoids in water chestnut shells, and response surface analysis was carried out based on the yield of total flavonoids in
water chestnut shells to obtain the extraction of water chestnut shell flavonoids. At the same time, the CCK-8 method was
used to determine the effect of water chestnut flavonoids on the proliferation of human cervical cancer Hela cells, and to
determine its IC, value to investigate the anti-tumor activity of water chestnut flavonoids. The experimental results showed
that the best extraction process of water chestnut shell flavonoids was: extraction time 28 min, material-to-liquid ratio
1:33 g/mL, and ethanol concentration 53%. Under these conditions, the extraction rate of total flavonoids in the crude
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extract of water chestnut shell could reach 3.455%+0.16%. Incubation with the crude extract or purified solution of water

chestnut shell flavonoids at concentrations of 5, 100, 200, 400, 800 pg/mL, all had a proliferation inhibitory effect on Hela

cells, and there was a time and concentration dependence. Taking action time 48 h as an example, the IC, values of the

crude extract of water chestnut shell flavonoids, the purified material of water chestnut shell flavonoids, and 5-Fu were

271.46, 268.16, and 152.09 png/mL, respectively. Therefore, at the same time, the inhibitory effect of water chestnut extract

on the proliferation of Hela cells was weaker than that of the positive control 5-Fu.

Key words: water chestnut shell flavonoids; process optimization; human cervical cancer Hela cells; anti-tumor activity
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1.2.1 FESACEE BERRrEEZE A, IR AL K2R
FASEVE T2 S HTE 40 °C MR rHRET, FHZ5H8 %
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PRE 15 Gy 25 M5k, B 1.0 g, EF 500 mL —ffi
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b AR Eb X 22 A 50 B B HAS SR 114 52 0« 348 H
W H 70% 1 /K IS AR S AR B 7, B L
5332 1:20, 1:30, 1:40, 1:50, 1:60, ¥ =5
BHCEAE 50 °C fEIR/KEE TP HEEL 50 min, H4x52
SO E S BRI [R] S 3G 2H AR ]

c: LA X ZE R FE e R B S Y 52 ;43531
BEEUHE A 30%. 40%. 50%. 60%. 70% 1 Z.EEK
A E R HAR IR, BRR LR 1030, 6 — M55
JREAE 50 °C TEIR/K 8 PR EL 50 min, FLAYSEE
FRAE S HE B TR) SE RS ZH AR ]

d: PRI EE X 22 £ 50 T8 iR $ BURS SR ( fZ i« 35
B BE SR 70% 14 Z 7K AR SR AR BOA 57, B
Ee oA 1:30, K¢ = 43 5 AR & 7E 40, 50, 60, 70,
80 °C fHIR/KEH HHEE 50 min, HATSII0HE 518
HesH[a] S B 2HAHTA] o
1.2.3 Box-Behnken i{Gwixit Uk 1 Fis, AR4EEH
Rl 2 SL B 145 5, 454 Box-Behnken H .0 2H -G A
BB AR, S HTRE M EE fA S SRR AR
TH R, AR BRI T 2

1 WARL A R KF

Table 1 Response surface experimental factor level
7K FEH ] (min) B EE (g/mL) R E (%)
-1 10 1:20 40
0 30 1:30 50
1 50 1:40 60
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1.2.4.1 #HlFEFRUERRZE 3B HERTEEL 0.3 mg/mL
P T AR E R (TOK CBEEE )1 2. 3. 4.5, 6. 7,
8 mL BT 25 mL ZEif T, BJoK LB Rk &
1 mL, JIE2E/K 2 12.5 mL, 1A 5% NaNO, F
0.7 mL, FE4HIR G 5], #H 5 min, FHHIA 10%
AL(NO;); K 0.7 mL, {R-E 5], H+E 6 min J5, il
A 1 mol/L NaOH ¥ 5 mL. o il AJC/K ZEER
FEREMR Y SARTR 2 25 mL, IR&357, #5510 min.

53 H 1 mL JC/K 2, 2 BEAH [RI2E BRI TAN RIS VE A
25 U B, ZE S R 510 nm 4k, fi SR AR AT
DL CRE TN e WO EE , AWSGREE Y (B kbR
(Y), LIAIRARE B X (mg/mL) SRR AR (X)), 45
TIFRUEINZL, 45 B

1.2.4.2 MEEESF B EEE S B 1 mL R
(To/K A, BT 25 mL 25 50fih, itk 2
12.5 mL, HAIA 5% NaNO, & 0.7 mL, IR &2,
R 5 mine FEIIA 10% A1(NO,), W 0.7 mL, 12
5], #E 6 min, A 1 mol/L NaOH ¥ ¥ 5 mL,
IS IMATCK L BEK AN ZE 25 mL, ¥55) 2 )5 Pk
B 10 min, BE3EE 1 mL 3B AE/K 7 TEAH R A R AT
Ab B S AE A 45 P IR, 7 S Rk 1 510 nm 4k,
S FHERS AT WL CEE T M E OGRS, fre e 45 bt
PR3 ARI0M)  Ae ty o J  T  J e  E EAS

. . CxV .
SR A (%) = %100, 2,
mx 1000
C g b IR A5 H ) 2 B YR B2, me/mLs VR REW

AFH, mL; m SHEEMAFERIRAL, 8-

1.2.5 ZEMSTEENXT Hela 20 MG FETE M A R20R
1.2.5.1 Z5EEHIJTEE  a: B53RdE. UL DMEM =b#
Brge L BG4 S - WHT=90:10:1 A EL1F], HL 45 mL
) DMEM b2 5 mL IG4F 13 . 0.5 mL 3T
BCH®, 50 mL B53E5E,

b: URAFT: ¥ DMEM BRI 358 | G 4 13 .
DMSO %8 7:3: 1 FLBITER A B dl A, 2 B
17T 4 °C VK56
1.2.5.2 ZEfMAFcimaifb X RE S EeH] ARG
BT S Al LA X BT W58 SR P8, SR AB-8 KL
B REXT 22 M oc B A AR BEA T alifh, LA T £l
B TRALFE: S AB-8 KFLWZ AT G FH IC/K 2, 1512
W 24 h DLFESrE KIS, 95% . vh e 2= 96 H W
5 fEE B alizK B I Ak, ok e =k, A
e, & o AR AR AR F Jo/K £ Bl 22
{7, 0.5 mol/L EhWRIE UL 2 h, /KEEZE Pk, 0.5 mol/L
NaOH {2 2 h, /KPP, slifh T 2020 ks
) AB-8 AL AR INA 26x50 mm JZATAE:H, 1
[} 0.8 mL/min, —IRPENE_ AR 20 mL, A
S 10 mg/mL, F 70% ZEEE A UL, YERARR S
PP A 0.8 mL/min, £e2li b 45 R T )5 159 2 22
FeorRai ey

ZE A FE IR AR B T F R 1.2.1 S ASH A
BT 2 22 e i m A R B A B R, FFE—E &
ZE e AR SR IR IR ki T alifb. A3 BIRR
H 80 mg ZEMIcElFIEEY) . 2 Msedtlinaifkd) . 5-
Fu #f#F 1 mL DMSO % ', FH DMEM #5385
Sy FRER] 50, 100, 200, 400, 500, 600, 700, 800
pg/mL. FEMEI R T7K, AT T DMSO, iiif DMSO
VETRAS BT 4 B B3 AEH, A DMSO 1E 5]
PO EAH N W B2 [ 24 LB, HRBEARTTE T 0.5%.



43 % 5 144 PG, % SEMFCTERIR L 20U S R AN B A A - 227 -

1.2.5.3 Hela 4875 HHAFET—80 °C vKAHEA
Hela AL AR BUH S G 37 °C /KA
PO B, BT S RS LK, RIS T AR
TAER, BRI T A M (2 2R IR 5T, AR
T8 A5 4 M 5% 32 ) 25 .0 45 T 250> (1000 r/min,
5 min), B REFEE.OCE PRI LIER. FEELL
A 1 mL DMEM @R 33k, R ez %
WRFTES AR IS, (RN TR I 5 DMEM &bl
W IR BT IR ST o K AR RS 1) T25 40 R 1% 55
1, LA 4 mL DMEM =Sl sR 3L, B a8, 7K
RN FHRE S SR R IR 37 °CL 5% CO, 153+
FHHPIESFE . AR FERA Z AER I 75% PR mHveEs
FEH, LIREIKE H . ARG I7 50 2 Ja il B a6
755 AR E, DA SR SRS H M.
24 h ey —uk: JdE TR, i 1 mL PBS, 3% Ll
R SIE 3% PBS, REEVE IR, TER RSP
A 5 mL DMEM =il FRIL, /5 37 CL 5%
CO, HFRFaRF .

1.2.5.4 AHMIFAR T Sere @l WA T Es, Kmh
BEERT 90% MBFFEEPk T, FR05373%, M58
FhA 1 mL PBS VB VR4, B/ 3725 PBS, R &E —
U, TEFEFERE I 1 mL B8R IS 4L 1 min, ~7.H]
FERBRE AW . FEREFHE T INA 1 mL DMEM & i
FraR sk, 2k A, B AR R4S 240 e 4%
PRI Z Wi vk o b 4 ARs% £ 5] 15 mL
BLLME P, 1000 r/min 250 5 min, 3325 FIEW . $&ME
YR EEAE BSOS TP 2~3 mL ¥53REE, R
AR F TS OV SR AN MU TR AL, PR s T TP 4 iy
% 1 mL 22 4 mL 55FE3E09 T25 N, e
5], EIE A KR AS . Hela U RET 735
TG, £F Hela 4iaAb X5 A= K HART, 4uis i
o, A0 2 R B S R, I B % 4 g T LA P
CCK-8 75 245 4%t rfryed A i 2 e P/ E A o
1.2.5.5 4UEVRAE O RKIANIE, ZRAERT 2 h
e —IR, FHRRER T AL il e am s v i, 62 5]
BLOA T ES.0 (1000 t/min., 5 min) J5#EE EIERK
FEEODE TR0 1.5 mL 170, AR B RZRET
AR, i 2 B0 F I SRR A1, KAl AL R 2 0k
e B DR B, W EARES, bRic 4 FR .
M), S5y B BeEiR: 4 °C ARAE 2 h, BEJE—20 °C %
17 2 h, SR AnEE R 280 °C FURffo

1.2.5.6 CCK-8 yLIMxE 2% 5C i Ei % Hela 40454
HRWER  SESS AR B Je B I B H AL AE A, 1
AR, BT 15 mL B O HES.C(1000 r/min,
5 min), A EELOCETIIA 8 mL IEFRIE., JHHkE
M 1x10° cells/mL 1Y Hela 41 g2 % W35 Fh 96 FLES
FEA, B RANME 5355 e Fh T =4~ 96 FLEF MR,
ASFLIMA 100 pL A H . — 55 3880H 3 Fh2h b,
TEPPEYERAT S DHE, [ UREE 5 ANE L, [
B SAEHXEAL, =S AEFERE T 37 €. 5%

CO, B55546 1 48 h, LR Hr auffn A KARZS [FI2E, 8%
FEEH A H PR . 48 h )T, [ 3R P4 B A
200 uL ¥R S35~ 50, 100, 200, 400, 800 pg/mL
MIZEFA e IR | 22 SN ai i) . 5-Fu,
1 5-Fu fE R BHPEXTRE, 55 4Min A 200 pL 1% 37 34E

JEREBRFLAR PSR, A 100 pL ity st ht
JEHA 10 pL CCK-8 7, & F 37 C. 5% CO, &%
FEAETIEE 3 h, BT 450 nm 54T 3244,
H ODfH .+ RE DL 152 23550 4 I 3 48 170 7l

ODy.yq

%, éﬁﬂﬂ@izam%u?%e<IC%>:(1_OD—)xloO%o o8
HH, OD gy (1 25175 EFREL U Y, 5-Fu 4bBEFLEY
OD {1 OD gy fHi: TEZHAIALFEFLIY OD {H.

AR PEAS [RIAE i AN [R] e B2 X Hela 40 g (9384 ZE 10
IR, PEFEHRIRLE 50% 254 e EEL El, BF—250
IOAG 2P TR R R, B 1C, 1 LARES U A
SR AR R, F 2R 1IC% RYAALAR, YELPE RN 7 2,
SRR fA ST e AR SR Y | itk ), LI K 5-Fu 1B
FH 12,24, 48 h (19 ICs, fH.

1.3 #IEAIE

A e HR, B PR R SR 55 e o TRT B ) S B 2H A
AP TS AT IR B A 3 IR, T CCK-8 7%
W) 7 22 Fe B R X Hela 40 38 75 F0 14 FH (9 S 56
b, R L 5 IR, IBER R A5 K. A Excel
2020, SPSS16.0, Design ExpertV8.0.6.1 #4174k
YT A M 2 AL
2 RS9
2.1 BERSIWERDH
2.1.1 FREXATEIXTZE M52 A S R 052 il 1
TS, FESCESLH A, $EEUTE] A 30 min B 22 £ 52 85 TR
1B =N 3.04% . MR/ 30 min B, 22
A5 AR ISR bl A HE I TR] A9 28 i,
&, BEEE PRHEST A0, ZE M e e A RS2 T
B JRAT] g FR B ], {375 el b it Hofth
VY ST A, TS B TR N, (A5 R SR
R, [Ritt, PeBHEEUTE] 10, 30, 50 min £F ki

3.50 .
3.00 7 b
£ 250F %
% %
£o200r %
= 1.50
7 1.00 %
0.50 %
000 — 3 90

FERF ] (min)
P BRI D) 25 A e B U 5 A 5
Fig.1 Effect of extraction time on the extraction yield of water
chestnut flavonoids
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W7 TS 19 PR 2K SR B (A ) AR e X 32 ff e 75
FilE b BSR4 Sl di 55 (P<0.01), LU 45 SRR
TCESH AR 28 A 50 B TA S 384T 5]

2.1.2 R LEXT 22 M 50 u TRAS 22 i s na 45 58 55 B
E 2 R, R, B LA 1:30 g/mL BFEE
70 B WA B B A, RS BOZE A FE e A R N
3.13%, RHRHEEE 1:30 g/mL 2 )5, 250 1S
AR PEAR ORI S A R R AT B T A
HobE, JEURE 551, (AR N 2, HrE 49 mRd
WHRM SIS, B, R EL 1:20. 1:30,
1:40 g/mL A& A 3 T 19 BB =K. B Lb i
ARAEXT 25 A FE FR ERAS SR AR R B 55 (P<0.01), LA I
L5 S SRWPEIAR LU X 22 A 50 B A S 3845 52

3.50 ¢

3.00
$250F
2.00

1.50 f

BT (%

5 1.00 }
0.50 |

0.00 : : A
1:20 1:30 1:40 1:50 1:60
BHE L (g/mL)
B2 ORRA OG22 f o S BRI R 152 R
Fig.2 Effect of the ratio of material to liquid on the extraction
yield of water chestnut flavonoids

2.1.3 Pk BEXT 22 M1 58 B AR SR I S I 45 S 553 B

& 3 s, 7ESEIGH H, LIRS 50% H1Z2 A
FE M AR B R A N 3.20%. 24 2L e i Y
50% Bt 32 ff 5e b BB R AR 5 2 Ik U L
JELR AT B A TSR B ok v, HELe i e o R R v
YT IAE LD SRRSs I OC, {dTER R 2 R 1 H A2 B 5
Wi, AT 3 25 A 5 B IR ) PR R R, R, SRR
CEEATE 40% . 50% . 60% VI Ayl )3 TET S 46 114 IR 28
IR SR B A AR AT 25 A 50 B TRAR SR 1 5 ) B
2 (P<0.01), LA 25 R RW] £ e BE X 25 £ 52
1A 52N

350 e
3.00 v

S 250 g ;
ﬁg 200f a %
E 150 7
: %
M 1.00 %
%
ol

' 40 5 80

LBEHRE (%)
K3 BB 2 A 5T IR U A 5
Fig.3 Effect of ethanol concentration on the extraction yield of
water chestnut flavonoids

2.1.4  FREHUIE R X 22 M 50 B MRAS R B i 25 SR 4 BT

NEl 4 fios, ZESLEG AR, SRBGRE A 60 °C B, 32
e B BCSCR AL, X0 B B HEECR A 3.11% .
IR R BE AR AL IE, 40, 50, 70 °C AL FR, DL K2 60,
70 °C AhFZZ [A] X} T 25 £ 57 25 i £ HUAS 3 1) 52 1 22
IR E (P>0.05) . LU 45 R I HEGE X328
FASE IR AR5V AT S, DRI M EA e 1 T 3
BETHE AT DAy 22X R 2R i e, [ $R BOE R h
60 °C..,

?

0.50 r
7
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Fig.4 Effect of extraction temperature on the extraction yield
of total flavonoids from water chestnut shell

2.2 MEEREERI

2.2.1 map ARG EER RS Design Expert FA44E
HE AR, 5 B IAT M (X, min) . BHE Lk (X,
g/mL) . ZEEHE (X5, %) AR EE R 2R, 1500 ) v (.
SHEE ST R (Y, %), M IS AE RN 2.

F2 MR AR L, R

Table 2 Response surface experimental design and results

S X, X, X, Y
1 -1 -1 0 2.720
2 -1 1 0 2.395
3 1 -1 0 2.343
4 1 1 0 1.909
5 0 -1 1 3.311
6 0 -1 -1 2.735
7 0 1 -1 2.631
8 0 1 1 2.803
9 -1 0 -1 2.429
10 1 0 -1 1.953
11 -1 0 1 2.621
12 1 0 1 2.254
13 0 0 0 3.427
14 0 0 0 3412
15 0 0 0 3.518
16 0 0 0 3.453
17 0 0 0 3.409

2.2.2 TR K 725530 il Design-Expert
A% BEAT 81 U3 43 B 45 3] 1] U9 5 R . Y=-9.77070+
0.11095X,+161.07200X,+0.34237X,—0.10900X, X+
1.36250E—-004X,X;—0.80800X,X;—2.07225E—
003X3—1748.16000X2—3.00650E—003X2, R*=0.9960. 4N
2 3 N, AL P<0.0001, 35 FIH i 35 7K 5 S I5T
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P>0.05, FoR RIS B R EF . 7 22004 SRR
PRI ] | AR LRI 2 e B X 22 A SE B T3 1
S M 55 (P<0.01) . P(X,X,)>0.05. P(X,X;)
>0.05, P(X,X3)<0.01, tHILUER, BRE L (X,) F1 L%
W (X)) BIAE EAE XS 22 M 58 SRS A2 A 520 S 25,
HASE BRSNS .3

223 WPNZRIZZEAREHINT S TSR E EW,
Aot = A as [l A THE— 2B 53T i 7 T R B 5
Ui, 2 B W) N AEXT T 45 AR 0 RS RRAURR, 122 DR B X 28
FHSE BT A A SIS 2 2 WIS R 3R 22 4
S HRATR R AN, AN 5 R, TR R R
PARZ HAE XS S B BRAS 5 (52 vh, SR E] S50
PEAOAE E AR B, SR A] 5 2k B BRI S
CUHR B Y S B AE RS 22 A7 7E B IRAS 28 520 A 2.
&, X572 HT s R 8

2.2.4 AL T ZAREIESZES:  d#id Design-Expert K
PR RS D ZE M Se B R I T 2 n 25178,
25 BN AR ICT 2 SRS [E] 27.65 min, BRE

Y: ST (%)
(3]
3

# 0.0% 04 26 .
T, 0% 03~ 18,000
(%?L) 0.03 I0.00$ 3

X._ 0. 0.04 " M)
3 g@ /&45400 0.03 4:@@() &%K“
%, 40.00 0.03 %a@d

A s

3 [EARIRT 220hr

Table 3 Analysis of variance of regression model

FERIE HEE T5 2% Y F Pr>F
e 9 4710 0.520 193.040  <0.0001
X, 1 0.360 0.360 134.220  <0.0001
X, 1 0.230 0.230 86.680  <0.0001
X, 1 0.190 0.190 71.020  <0.0001
XX, 1 2.970E-003  2.970E-003  1.100  0.3300
X, X, 1 2.970E-003  2.970E-003  1.100  0.3300
X, X, 1 0.041 0.041 15.050  0.0061
X’ 1 2.890 2.890 1067.28  <0.0001
X,? 1 0.310 0.310 115.900  <0.0001
X;? 1 0.380 0.380 140.410  <0.0001
BRIERZE 7 0.019 2.711E-003
AN 3 0.011 3.626E-003 1790  0.2880
sl 4 8.095E-003  2.024E-003
syl 16 4.730

It 1:33.33 g/mL. ZBEAE 53.13%, X7 11 5 25 Pl
19508 3.512%. N T LEERERMERTAT, ¥l T 204

Y AT (%)

X, BH L (g/mL)

o
S
el

0.03

10.00 18.00 26.00 34.00 42.00
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50.00

Y B AR (%)
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Fig.5 Effect of the interaction of various factors on the yield of total flavonoids



- 230 - £ Tl B4

20224 7 H

B IE N FRBUESA] 28 min, BHA EE 1:33 g¢/mL. 2
BRI 53%, X B0 B B AR A2 3.512%, SHZ T
A R RATIE, B S0 =R, A5 B A T R
FRASZRA 3.455%+0.16% . L FR{EL -5 A5 71 {5 AH
T, FRUNZARR BAT — T ATk
2.3 EAFHEIX Hela ZHAEIETEAYEIN
2.3.1 ARIFZEYIAFIZAEXT Hela 4UHUHEEE A5
ARPEAS[R] SR BE | S [RIVE FH IS E] (25 £ 5 B RHL HE 4
W ZE A SE i A IR . 5-Fu ¥ O5T Hela 41
eI FE B AR 22, PP ZE MR SS B XT Hela 21 A Y384
FEIMHIZR . 5-Fu, B2 -G BB il 24, J& PR g
BE 5 v LSRR T A . 5-Fu TEAR N FL
AR Ry 5-FEU PR e ik SEAZ T TR (SF-dUMP) , T # #il J5E
SR A B, FHAE AR TR (dUMP ) FH k%
AR A B AR Y R (ATMP) , MUITTRZ ) DNA 15 % o
A, 5-FU ZEAR PN AT 640 R S-SRUR s e+, PAEY
R PIEB A RNA P8 BRI A R, M
THeanpasgsa, nTVE A BHHE R

MRYPEZE 4 THIZE M se ey . sl fe g xt
Hela 2B VR, PR i 45 FH 2 S 503 B
PN, 24155 T BEEXT B8 5-Fu. [6]A, 25 M SR BU <t
Hela 41 FE g f0 il S5 52 U e 58 | VR
() 5L IEAHSG, Skl VE RS Ta] At 38 in el vk B i)
FhEmi S . ARSCP SIS S EGERIN, AR H EL
TR BE A B A I RIAE T o e Ah, 25k BEAR 2
50 ng/mL B, YEFIAHIEIES ], 5-Fu #§]R>22 728
i) REL$ 2 4100 1) 238> 22 ) 5 B T 2 AL B s BT R %
UEGHIHRETE 100~800 pg/mL B, 5-Fu #BA0H=R>
S5 R 50 B MR S M T 38> 25 AR 7T W R B T
IHIZ, BRI G Y J E iT BB, (IR BE 25 A
FEHENXT T Hela 24U MY EEMEAE FHASEA 8, 75 20
SR, IF B i T HX PR S il A R m 2o

F 4 ARZGYARFE LM X Hela 208358 90 HI4E
Table 4 Inhibitory effects of different drugs on the growth of
Hela cells under different conditions

(%)

ESLYLuES e (ug/mL)
12h 24h 48h
25 X R 0 0.00 0.00 0.00
50 7.07 1339 20.80
100 1334 1574 26.60
S5y ML) 200 3329 3926 4231
400 43.18  49.66  51.27
800 5331 61.70  76.92
50 6.22 7.24 10.05
100 16.10 1895  22.77
i wal iRy 200 2045 2284  40.50
400 4442 4638  65.10
800 5925  63.03  74.16
50 8.32 2329 3034
100 11.41 26.16  42.45
5-Fu 200 23.08 5824  57.58
400 4591 6274 66.43
800 5431 7127 7575

Hela 41 g $2 (4L 00 - 1 A R BREE o Bl 259 o Xt T
Hela 4155 g8 40 M HL AT — 2 i 4l i 8, ml
PEFEATMEIE TIPS . ARPEEE SCRkHE™ Y,
REBUFH T X FNHIVE, A — & R EEAO, 5
ARSI TE S I —3K
2.3.2 A[A] 259 0 il Hela 40 L # IC5, fH  1Cs,
{H “**(half maximal inhibitory concentration) J&4§
s o (FEEEFE RN s 25y LE P i S Ll
YRR IR, R T L, O AR — e R
M)A 2515 T AN T8 51 50%, iU EFR R
50% PNl B, RpYH T4 i 5 i 4n i th 45
50% st XS BUHEEE . 1C 5, (BT LU 25 4055
SRT-AIGE 1, BN SHE J 1R, IZBUE AR
ARYE 5 AT JIBE VR g3, SE MR
BRAREED) . 4lifed . 5-Fu B9 1Cs, (EIZHT T R, WdE—
AUEHIAE B S0 IERY 48 h ALFRAS ] Py, 22 A 5 T B A
e . ZEASe a1k . 5-Fu X%} Hela 40 g H5 %
FNHIWE A B TRUKA T E, S B 3 TEARS<(P<0.01),
[FIt, LIVE R E A ] 48 h ], 25 A 50 AR
Y. ZEMse WAtk ) . 5-Fu 18 1Cs, B 53514
271.46. 268.16. 152.09 pg/mL. ZEFAFE W R4
IC, (B T 22 M50 ot Bk, [FBF, 25 A0 50 Sk
e . difk Pt 1Cs, (B3 @ T 5-Fu, #H—2PIGUEDL
BHAE S SO PN, 22 M e s 2l b % Hela 4114
YEBE AN HRIE ] T2 A SO R, 25 A ST HR U X
Hela 40 HIFE 55 T FRPEXT I/ 5-Fu., H, A~
[FIZ240XF Hela 2R 1C 5, (EASSEMN 2555 ik 3 (P<0.05) o

%5 ARZYI Hela MHEHEFINHIE I 1C,, (4

Table 5 Inhibitory effect of purified water chestnut shell
flavonoids on the growth of Hela cells
ICff
L7 S
12h 24h 48 h
ZE e T ALY 600.73 409.35% 271.46%
ZE e EIai ) 550.81¢ 473.04% 268.16"
5-Fu 602.00 238.39% 152.09%

VE: AR R MR 250 R RN T 1C 22 50 5., P<0.01;
RIRVNG B, AR R R Z54091C, 122 5 5.5, P<0.05.

3 ZEip

DAZE 50 e Bk B4 T 0 S IR B B SR Sl
MrFabs, PCACIT S nd: T 22800k : $RHEHE] 28 min .
BHE LY 1:33 g/mL . SBEEHEE 53%. TEIZSME T, 22
5T AR 3.455%+0.16%., FHoih, $EHUE
JEXT R 2AT RS AN s 35 (P>0.05) , $REATE] | )
WL . 2Pk B X T i 45 R 0 B i 2 A 3
(P<0.01). PHPHZZH., {XFZIET A 5NE Lb 932 BAE
FHXT I A5 ff e A S v 00 S B R R B S 3R 5
AR i 25 (P<0.01) . iE I T 2 BUIT S 22 A7 it
HaAHEEY, LUK G ack i — 243 B alif b i 22 1 52 B 2
AW REANS AT M H] Hela 2 HE 51, D2 M58
W RO A — PR G . a5 S IR
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