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Extraction conditions optimization and antitumor activity evaluation
of total flavonoids from seeds of Chenopoidium ambrosioides
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College of Life Sciences ,Sichuan Normal University ,Chengdu 610101 ,China

Abstract: To optimize the extraction conditions of total flavonoids from seeds of Chenopoidium ambrosioides and evaluate its
anti-tumor activity. Different polar organic solvents such as petroleum ether, ethyl acetate , n-butanol and distilled water were
used as solvents alone or in sequence,7 extracts from seeds of C. ambrosioides were extracted by microwave-ultrasonic. The
content of quercetin and kaempferol in 7 extracts were determined by HPLC. MTT method was used to evaluate their antitumor
activity. Petroleum ether-ethyl acetate-n-butanol extract(S6) had the highest total flavonoid content of 96. 39 mg/g among the
7 extracts. The HPLC results showed that the highest content of quercetin was 0. 602 mg/g when ethyl acetate (S2) was used
as the solvent. However,when petroleum ether-ethyl acetate-n-butanol (S6) was used as the extraction agent,the highest con-
tent of kaempferol was 0.479 mg/g. The MTT results showed 7 extracts had varying degrees of inhibitory effect on the prolifer-
ation of six kinds of cells (P < 0.05) and the lowest inhibitory effect on normal human liver cells 102. S6 had the best anti-
tumor activity among them,and the ICy, value of it on SMMC-7721 cells was 0.43 mg/mL,only 14.98% of the LO2 cells;S6
can induce morphological changes and cytoskeletal reorganization of SMMC-7721 cells. In conclusion, extract(S6) using pe-
troleum ether-ethyl acetate-n-butanol from seeds of Chenopoidium ambrosioides has the highest content of total flavonoids, the
best solubility,and the strongest anti-tumor activity.
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Table 1  Extraction methods of total flavonoids from C. ambrosioides seeds

5] Solvent

P25/ Extraction condition

é%ﬂ Rl LR IE T FEIRK T i 1]
Petroleum ether Ethyl acetate Butyl alcohol Distilled water Temperature ( °C) Time( min)

S1 + 60 30
S2 - + 77 60
S3 117 48
4 + 100 30
S5 + 60 30
+ 77 60

S6 + 60 30
+ 77 60

117 48

S7 + 60 30
+ 71 60

117 48

+ 100 30

TE:SL AT MARRIY 5 S2 : Z IR ZBRARECY) 5 S3 - TE T RS ) 5 S4 - 2818

IKERILY 5 S5 - 41 iAE- 2 B2 ZBRHCUCAR LYY 5 S6 - A1 it - LR TR -1E T

B B 5 ST - A1 i - R CW-1E T B -ZR AR YA R, R IR] 5 + 7 IR S BRI -7 SRR AN 0 B
Note ; SI ; Petroleum ether extract; S2 ; Ethyl acetate extract; S3 ; Butyl alcohol extract; S4 ; Distilled water extract ;S5 ; Petroleum ether-ethyl acetate sequential
extract ; S6 ; Petroleum ether-ethyl acetate-butyl alcohol sequential extract;S7 ; Petroleum ether-ethyl acetate-butyl alcoho-distilled water sequential extract.
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Table 2 Concentrations of quercetin and kaempferol standard solutions

FEdh Sample

e Concentration ( ug/mL)

Wit Jiz 2% Quercetin 20 10 5 2.5 1.25 0.625
111 Kaempferol 60 30 15 7.5 3.75 1.875
1 0.1% Pz R A PLEREME G A 1.6 ZHAELESF

FE PV T, DA R4 75 7240 38 100% 2,
W&o SRIGHHIH 0.1 % WL 100% £ e, Ji i A
3.00 mL/min, FLH 100% ZiE thkek 250 .

Fe LR i S5 A A : g B35 41 (250 mm x
4.6 mm,5 pm) ; JEFEEN 10 pL; AR 25 C5 4
5-0. 1% W R (35: 65) fE NI sl AH, HE i 1.0
mL/min; 7E 24 360 nm Ab AT RGN, LA AR
RYAEFR (Y)W BE AR AR bR (X)), AT 2 [m]
A A AR
1.5.2 & %55 BRI i 09 B b

Oy SRR AEAL 5 i ST ~ ST $LEU) , VA e
WISl 200 mg/mL (9% . 1 FE ) €3 2% 14 TR
“L5. 17 i Rz 2R A LS T B o A R A ARSI
FE P 360 nm A5 Ry D4 T B, AR Al ok [m]
VA R SR P E AL A R A

102 SMMC-7721 ,HepG2 . Hep3b  Hela 1 HT29
A3 ) $E R AE A 10% 38 A= 40 1 T 0 2 )R
1640 3 Fe3tay DMEM ¥ 3338, 78 5% €O, 37 °C
BRI . BOMEAE K A A T
1.7 MTT &+ 20 fa b 58

il R 6 BRAN LAY 40 B, LA 8 x 10°
A/mL B AL 100 pL 270 T 96 fLAkH. 7E 37 C.
5% CO, FEFEAATh IR, [ALN 100 WL i fif 355
FRHE FL R 3 M 2 WL ARV BE A 3R T R4
B SWEERE S W, W EEHFIX (1%
DMSO) | B4 XF BE A BH 1 X #E (80 g/ mL 5380 1
BE) . LB FE 24 h )5, iInA 20 pL MTT £33 4 h,BR
3%, 150 wL DMSO,, FfFRACKE I 490 nm i K 4k
AW GRE AR, T 55 40 358 G 00 1) 258 (440 e 34 2 41
12 = [1-A e/ Ay ] X100% )

R3 BEALERE

Table 3  Processing concentrations of samples

B e A1 12 43 4 A5
Sample Control (% ) Group 1 Group 2 Group 3 Group 4 Group 5
(mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL)
S1 1 0.125 0.25 0.5 1 2
S2 1 0.1 0.3 0.5 0.7 0.9
S3 1 0.2 0.4 0.6 0.8 1
4 1 0.000 5 0.005 0.05 0.5 5
S5 1 0.125 0.25 0.5 1 2
S6 1 0.1 0.3 0.5 0.7 0.9
S7 1 0.000 5 0.005 0.05 0.5 5

% BEZH : 1% DMSO;S1 ~S7 [[# 1,
Note ; Control ;1% DMSO;S1-S7 are the same as Table 1.
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B2 B, LAEFL 1 mL 2R 7E 6 FLAR . 5%
CO, 37 CHEFAATP ISR 5, AL 1 mL S fif
REge ik, A 20 wL S6 ¥, fdi L2k 1 43 591
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FEEWEVE 3 e, M POE BAE AR
1.11 Sitoth

K SPSS 20. 0 ZbHEEHE , AR ANOVA J5 2%
ST EEEZER (P <0.05), i FH Microsoft Excel
2003 #1 GraphPad Prism 7. 04 1A,
2 HER5HW
2.1 THIFHFRINYEEMRNERSENE

T8 A IR A P 341), R FH R 8 75 I8k B 2 B
T IR TN T B, D101 AL W% BiE R G 26 Ak 32
Y, a3 IR 4,96 MR BUR s 3.97% ,S1
FIHEBCREAR A 0. 28% o B i (1) b o il 26 DL 1A 1,
HEHZ ) FER Y = 0.005 8X-0.000 4,R* =0.999
9, LR 0 ~50 pg/mL, S1 ~S7 v i v il &
T ULER 4,56 rh SR O R A RO 96. 39 mg/g,
2.2 FTHFMFREMPMEZNLEHRSES
#
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Table 4 Extraction rate and content of total flavonoids

from seeds of C. ambrosioides

FEh $RIUR S
Sample Extraction rate(% )  Total flavonoid (mg/g)
St 0.28 12.64 + 0.142"
S2 0.78 73.80 + 0.219°
S3 3.41 82.41 + 0.036"
S4 2.63 39.63 = 0.035¢
S5 0.92 63.18 + 0.322¢
6 3.97 96.39 + 0.017*
s7 1.85 20.40 = 0.321°

1H:S1 ~ ST AR 1 8551 « =5 Rom,n =2, FSV B R An /NG 1)
ANIF R 225 3 (P <0.05) , JH AR T REAR IR 8 0 7 Bl b 11 7w 22
FARRE(P<0.05), .

Note: SI —S7 are the same as table 1; The results are expressed in x +5,
n=2,In the same column of data, the difference between the lower case
letters of shoulder mark is significant (P <0.05) , and the difference be-
tween the same or no letter mark of shoulder mark is not significant (P <

0.05).
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Fig. 1 Standard curve of flavonoids
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=0.999 94, R B AR IR 220 3. 036 39, H 4 {4 57 )
] 47 6. 940 min; (LIS A5 LM RIE T # R ¥ =
14.957 23X4.291 25, %1% R® = 0.999 94, 5% F4
FrRufEIRE % 3. 778 41, A5 B4 ] A 11. 756 min,

Wk 5 GERPR,S1 ~ ST v piz 22 F1 LU 2% 1 1Y)
THAFE . S2 thifit R SR 0. 602 mg/g,S6
Hifi e R S IR Z, R 0,531 mg/g, S5 Fil S3 Hvifi iz
Zo AR 0,481 F10.412 mg/g;S6 H 11123y 1)
Fritfem, 4 0.479 mg/g, i S1.S4 Fl ST Kbk
G 2 Az 22 R L 2% 3 A B4 o
2.3 THFFFTEEMIT 6 vkt g E A
HIER

MTT ¥ A ST ~ ST Xk 4% 200 B A 410 61 28k S B
IC5, HULIE 4 Ak 6, ZRGKE, M S1 ~ ST



204

KIRF=YIB R 5T K

Vol. 32
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Fig. 2 Standard curve of quercetin (A) and kaempferol (B)
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Fig. 3 High performance liquid chromatogram of determination of quercetin and kaempferol

3 WMEEMUEBSENENSHUHERIER

WA 102 JL-T-BeA MsIfEH] . B S2 1S5 1iR
RIS BIE S S Sl rh 24 S6 B 4-3f1 9T
A Bt - £ B O TR-1E T BEHE I (petroleum e-
ther-ethyl acetate-n-butanol extract of C. ambrosioides

seeds) FEATHUIIRIVE ST

TS ~ ST [A) 3% 15 A M 2 KRB ILZSBpR i ;C:S2;D:S3;E:S5;F:S6; 14t 2 32 : IS, Note:S1-S7 are the same as table 1;

A :Standard product of quercetin ;B :Standard product of kaempferol ;C:S2;D:S3;E:S5;F:S6;1 : Quercetin;2 ; Kaempferol.
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o) 0.005 N 0.5
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Inhibition rate (%)
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S

B4 SI~S73%f 102, Hela,SMMC-7721 ;Hep3b,HepG2 #1 HT29 £ B 158 (1 24 1
Fig. 4 Effects of SI-S7 on proliferation of 102 ,Hela,SMMC-7721 ,Hep3b,HepG2 and HT29 cells

#:S1 ~S7 [Al% 1;0 mg/mL:1% DMSO X} ; " Form 322 7 (P <0.05) ;" " R Z RN E (P <0.01),
Note: S1-S7 are the same as table 1; Control of 1% DMSO; * represents difference P <0.05;

“ represents highly dominant difference P <0.01.
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Table 5 Contents of quercetin and kaempferol in extracts from seeds of C. ambrosioides

Ffdh Sample HitH 3 Quercetin(mg/g) L% Kaempferol (mg/g)
sl 0. 000 0. 000
S2 0.602 +0.002° 0.462 =0.010*
S3 0.412 £0.004° 0.337 £0.022°
s4 0. 000 0. 000
S5 0.481 £0.080° 0.378 £0.008"
S6 0.531 £0.028" 0.479 £0.008a
S7 0. 000 0. 000

1:S1 ~ ST [l 1850 » +5 Fom,n =3, RSB R b7/NE FRA R RR 2253 BE (P <0.05) , HAR TR R sl 0 F- B AR 1 3R 22 5 A8 W 25
(P<0.05), B

Note; S1-S7 are the same as table 1; The results are expressed in x +s,n =3, In the same column of data, the difference between the lower case letters
of shoulder mark is significant (P <0.05) , and the difference between the same or no letter mark of shoulder mark is not significant (P <0.05).

%6 S1~S73F6 #R4HAaRYT IC,, & ( mg/mL)
Table 6  ICs, value of S1-S7 on six cells( mg/mL)

BE AP Cell type
Sample SMMC-7721 Hep3b HepG2 HT29 Hela 102
S1 0.92 £0.037 1.88 £0.077 1.03 £0.045 8.20 £0.470 5.74 £1.772 1.03 £0.045
2 0.79 £0.089 1.28 +0.054 0.67 +0.009 0.84 +0.029 1.18 £0.029 4.0+0.144
S3 1.25+£0.110 1.01 £0.028 2.87 £0.222 - 0.43 £0.023 2.34 £0.337
S4 11.56 +£1.569 1.93 £0.368 - 24.36 +0.215 - 125 £0.326
S5 0.69 +0.041 4.84 +0.246 - 1.99 +0.088 0.20 +0.041 1.13 +£0.052
S6 0.43 £0.028 1.14 £0.042 0.66 +0.031 - 0.37 £0.039 2.87 £0.247
S7 0.18 £0.001 9.25 +£0.163 1.82 £0.075 13.40 £2.170 3.82 +0.403 -
TSI ~S7 [Al5% 15" SR ey 1R o
Note ;S1-S7 are the same as Table 1;“-" means no antitumor effect.
2.4 S6 Xt SMMC-7721 HRERASZEN IR0 SeHEX R A AR A, ARG B0 K L BT UG A4

R R AL i SMMC-7721 4 ffg 52 &7 R B 5, R g R o i e B VRSB T (R 5h ~d) o 3R
AR A BB A ZEAE (& 5a) s % S6 &b B S6 XF SMMC-7721 4H i HA I 3 1 Al it s
PV BE A 3K, SMMC-7721 40 M 25 kG B2 Fn 47

5 S6 3t SMMC-7721 AR A K220
Fig. 5 Effect of S6 on the morphology in SMMC-7721 cells
F:a:1% DMSO X} 18 ;b:0.1 mg/mL S6;¢:0.3 mg/mL S6;d:0.7 mg/mL S6, F[i], Note:a:control of 1% DMSO;b:0.1 mg/mL of S6;
¢:0.3 mg/mL of S6;d:0.7 mg/mL of S6,the same below.
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SMMC-7721 48 52 75 TE B 06 2 3 o W 22 45

il 5% B T (R B SR AE D PR HIAR E Y, 25 R R, S6

TR, 4 A R YL kv, R B SMMC-7721 4 g
TR B V5 850t (K1 6) |, #E—25 15 S6 X} SMMC-
7721 AR Y A HAA TR .

6 S6 Xf SMMC-7721 #HRERZE R BN 45 R
Fig. 6  Clone formation assay of S6 in SMMC-7721 cells

2.6 S6 Xt SMMC-7721 ¢HHEE 2R &I 2500
REER RGO S5 FBANE T BN, S5 IE R IR
HHEE (] Ta)  BEE S6 AbFRME B2 38 i, 240 i 1452

SR AW (K17 boed) , HARMIARFR G545 25 /)N
TZLAE AL N VRS , SR FE S6 AbFEZH (0. 6 mg/
mL) H1 i HES ZE LA A
. 3 ‘ c\
' (l

7 S6 X SMMC-7721 4 ff& 52 HY % Ml
Fig. 7  Effects of S6 on the cytoskeleton in SMMC-7721 cells
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BASCER IR0 )1 77 - JR 0T Fh - SR, 25 R R, & 0F
TR S3 RN S6 B P HAR I i A Al 7 51
T (3.41% F13.97% ) , LA ik o v 5 4 BUR A Ik
(0.28% ), % B LB 119 2 O3 T R 5 390 i
A, BERAALA Y 2 RS K oo U7,
— e U T R A T ) PR AR R AR B 2 1 D
B VAR AR, B I A 2 BBOR AT R g KA
S5 Shen &7 WFFEHR B 174 70 32 O 22 R —
T A BT A S 2 i 2 SR AR — B, T S4 Fn ST
HH R B A P RG] BB PR A 2 R 2 Ak 5 M

VRO T M R 2L A R £ Rl ke B
B T2 320 4y, BB W B AR v 0 A
WEFE RS ST ~ ST Hafid e 2| 1l 2% B A £ 00 2
T, A [ 7 BT B BB v iz 2% R L 2R )
BN, S2 i e 2 RS, 9 0. 602 mg/g, S6
L 48 R f R, R 0. 479 me/g, 2 I A s A
YRR 2R LA E T AR e A0 L 45 2
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