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Extraction and purification of total flavonoids in suspension
cultured cells of Saussurea involucrata

FU Wan-yi, LI Hou-hua, LI Ling, WANG Ya-jie,ZHANG Cun-xu

(College of Forestry , Northwest A&F University ,Yangling s Shaanxi 712100, China)

Abstract: [Objective) This study focused on the variations of biomass and flavonoids contents during
cell growth of suspension cultured Saussurea involucrata cells,and the optimization of total flavonoids ex-
traction and purification technology. [Method]) L, (3") orthogonal design was used to optimize the ultrason-
ic extraction process of total flavonoids from the suspension cell,and three extraction methods, polyamide
column chromatography, alkali extraction and acid precipitation, and combination of polyamide column
chromatography and alkali extraction and acid precipitation, were compared. [Result] As the increase of
culturing time,the biomass and total flavonoids contents of S. involucrata in suspension cultured cells were
21.9 g/L and 66.5 mg/g at the 15th day, respectively,indicating the best harvest time was the 15th day.
The best extraction conditions of total flavonoids were: ethanol solutions (volume fraction 70 %) ,and three
times ultrasound treatment at 70 °C with a production rate of 66. 5 mg/g total flavonoids. Combination of
polyamide column chromatography and alkali extraction and acid precipitation was the best purification
process with the highest purity and recovery of refined flavonoids of 6. 86 g/kg and 47. 6% , respectively.
[Conclusion) This study obtained the best process to extraction and purification of total flavonoids from

suspension cultured S. involucrata cells.
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K13 E (Saussurea involucrata Kar. et Kir. )
NIRRT S w2 AR A ALY, o0 AT TR L
g CHOR S R R E AL G4 S 2y, BT
W G0 M B 43 B AR BB B B L R B L P
TeA o 1M R 1ML i S % e 2 R AT e 240 L 3 4 4
B B AT R R AR R L A
2yt R AR SR G AR T A AR A RS Iz i R
25 BUAT % 5 00 W A 08 L A ) 22 R A2 B0 T o Rl
2001 4%, B 5 B4 25 11 4 B AR 5 3 T G b A AR
At AR VF T 258050 . Pt S48 4 35 Y
B A W6 T SR T — A R A SR o B TR AR
W 240 10 85 3R FOR Sy v B 24 8080 O i 4 SEORN AR 4
BT R IR A L O A B R AR 2 B T AT O
Y R IR R IR A A R E

R 5 Y 3 A RO o3 TR T S R Y
P& A AR 22 R 7 30 i Ok o 0 8 i Al K 22 R
JERTEOR WA BRI B2 pH AL L 4 8 1R 4%
A UUTE B BUKCRH A6 BUA3 79 0 42 IR 170 125 R I ¢
TARZEGL A Ho B A 2 T AL
Wi BAE 22 AT 65 A e PR R R R DT 1 A S R A e o
R T B IR s R AR v S R Y 4 R
R o b B 2 MR s R LD S 0 24 b o S
TG & R AMET 1.5 mg/g ' IR A
JSH TR 2000 M 538 3 (RPHPLC-DAD) ] 5 1% 2
T PR A Y s DA S R L S A O B 5 A L Y
0 Y i N A D N TE S U5 K TR SRS v S S ]
ik 20 5 3R 3 b B A IR BT B K Ll A
A2k I 15 5 0 SR AR ORI O AR R 7 U S
2 B S pIe 2% 1 DA R i Al R L 25 3 8 T ) e 1
2 BRI R B2 0 ol e A 7 R ik 2%

1R

.1 & #

R L2535 5 A 4 R 2 [ A ) A 5T R
T B, ffRAF T MS+3 mg/L 2,4D+
0.2 mg/L 6-BA (pH 5. 8,58 7 g/L, fEHE 30 g/L)
iR ptT 30 d 4R4R 1 W, BUEMRRE SR 15 d A4
G3HCPE BF 4 ML A A 50 mL MS +
3 mg/L 2,4-D+0. 2 mg/L 6-BA(pH 5. 8, FEHF 30
g/ DWW RS F2 31y 250 mL = f i, B fh &k 3
g/LCT &) JEH 3 100 r/min, JiE (25+1) C 4

PETF W% .4 20 d 4848 1 k.

.2 FEMNHRSRAF

1.2.1 A % QYC 200 25 K MR, 48

o S A A BR N W) A 7 5 B HE-2455 54N AT LAl

ST A F A 5 H AL L-2000 g4 (E % A

kRS Hitachi 1-2200 F1 M2 45 B4 50 K 0 2% Hi-

tachi 1.-2455) , H A~ H 37 A R/l A 7=

12,2 3K f AREgAR eSS T e A 2k R R

¥ F Sigma 2\ A, i S0 A 6 9B B L LW A

Spectrum A &) , A R 73 B4l .

1.3 RLUEEEFEFAMEKHNE
BE3dW 1 WEEFRY, LR 7 R HR 3 AE

5L ARARW KK Ay FR i JE E TR T 40 CHEE

0T B, B T 0T T OR 4 M AR K SRR

H o

AR R = (R T B i — 3R T i) /4%
BT B X 100%

T P (mg /L) = R EE R i X O3k T R
R TR E)

L4 RLUEEBFEFARSPLRERMSENKRN

5 T FRdfEShAE 105 °C LR o ojit 28 1 T i
ST B W B 1 mg/mL WIARHEWR . 43 %)
B T ARUEWE 0.0.2,0.4,0.6,0.8,1.0 mL & A 10
mL BB LA 0.2 mL 50 g/L #) NaNO, ,#5]
JG#E 6 min; A 0.2 mL 100 g/L AI(NO,), , ¥
SIEEFE 6 min; A 1 mL 40 g/L NaOH, #% %)
JE Z IR E 15 min I ARF 8L 60 %0 LV WE
2% 10 mL, T 450~540 nm P B € f KK
W K (510 nm) M, A AR S [R5 kR v
il SRR A T OB iRt 42 .

2 B S TR R I AR 0.1 g M E
THR A RIS EH 0.1 g I AKRF % 70%
O 5 mL, &R T4 48 h. i E k% 4 ~6
W BOR 7T 0 B R G, T 70 CCREA L h,
BB 20 min [ AE S I 1R 5 mL & BESEBOR , 36
it 3 %K., 12 000 r/min B.0> 10 min, W B 2 $2 B
WA 2 B B OB T I ARBS 8 600 2B
% 20 mL, WHL 0.2 mL 2B . M A 0. 2 mL 50
g/L NaNO, .JB %) J5 i % 6 min, il A 0. 2 mL 100
g/L AI(NO,) s IR 5] J5 & 6 min, il A 1. 0 mL 40
g/L NaOH iR 4] )5 #% 15 min, A8 60% 2
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FEE A2 10,0 mL, F 510 nm &b % W6 7 5 AR P8
PR £ TS a0 i b BB R S L N REA AR 3

/8
LS RLEZEREFEAERPATHRERSE
B i ZE

K H HPLC-DAD 3 5 /T Fl 4 i iR % 4
16 H 37 L-2000 384 AR I . 435 41 A5 Lach-
rom-C18,4. 6 mm X 250 mm,5 pm(Hitachi,Japan)
CIEFE . WSS AL 0.4 mL/L 1 R 7K 15
B. (3 LN R BB BE R . BRI AR Y 20— 40
min, A 95% ~0%,B 5% ~100% ;40 — 60 min, A
0%,B100% ., FEilk 40 “C,gERER N 10 pL, 0. 5
mL/min, I %E P BEFE 280 nm" . KA vfE S 1 TR
T A B R ) o B Mk B R 0. 000 2,0. 002,0. 3,0, 45
2 mg/mL. U5 EALAHr . #ERE RS 10 pl, il
SR A5 0,7 P (7 e TR A s o it 2 45 30 06 1 R
o 7 dit JOT 2 e R R A T 0 A

1.6 RLEEEFEFEAMPLERMMNERE
aifk

1.6.1 42 B R Lo (3D IEAS TN S 40
kB T IR B 1 OV BROR H BBOME (& B AR R 43
BT A AL (2 DY, IE 32 R 86 i 1 2 R B
SEARELE T, AP E A 3 K. MER RO T =
TR R FE 15 d (T HANM 1. 0 g. 9% 1 &1t
A3 AR 52 %0 30%,50 % Fil 70 %6 1 £ B, = R
TR 48 ho HAIE Y 4~6 WK H 7/ EE. 18
W BRI )T %80 .5 mL B3R 0K 45 FR 20 min
Jn 1, 23t 3 W5 mL ZEEIR BUOK 4 FF 30 min
LG 2 s 10 mL 2 BB U — v AL, 42
U1 h, ¥5HRESLAE 25,40 A1 70 °C F#BA#EHC 1 h,
12 000 r/min B> 10 min, W H - 252 BOR T4 A
ZIEE 0 M AR B B 70 U6 LR 20 mL,
HEAT BB 5 A I

F1 RUEEREMRN L GHEXREZFIHTHERSKE

Table 1 Factors and levels of L, (3") orthogonal design for the extraction of total flavonoids from S. involucrate cells.
K £ Factor
K 7 R/ C PEHIE ZERBUN R
Level Temperature Times Ethanol concentration
A B C
1 25 1 30
2 40 2 50
3 70 3 70
1.6.2 &t B 1.6, 1 Pk Ay sk 4 B 3) SR M R B i . RIVIR G (1 1) 2R Mk i 4 J2 A vk

A5 30 1) REL i HBOUR T U8 e e 2 ) 1 (50 °C) Mk 4
2 1/10 BB LRIE A SR LU 3 Fhoy ik 47 40 5 4l
1.,

D RBEEAEr . R B W (10 em X
50 em, FAER 30 mL) ., YEBEIGF . K Pk — 1R B0 %k
30% LEERFLA B 50 L BE—~ R B8 709 &
B R R 20 9590 & BE— A 7 12 . ) 18 ok B v
rh B 2 ) BT Y IR A T SR B 2R B
Ve i F5 7% &AL 1 (50 °C) W Mk 4 &= 10
ml,

DB UL, MA 4~6 3 1 mol/L Y
NaOH #7957 pH {H 4 10, #£5), SR 5% i 1 mol/L
HCl & pH  2~3,#:& 20 min, 10 000 r/min &[>
20 min, fH2IW A UIVE . W FIE W (kS s, &
B ERUTTE A B . FH U 48 T 58 B8 WA, m A 20
mL RT3 8L 700 S BEFF AT pH S 10~11, ffi it
FESE AT LM HCL = pH A 1~2,# & 20 min,
O UETIE . 2RI K VIR UITE 3 1K,
BRI B 2L,

AP R T . R AT (10 em X 50 em, |
FERE 30 mL) . PEBEWF K VE—> 1 g¢/L NaOH i
oK C S WA 1P A . ) BT 0 0 9 v 4 T 24 4
[T B w0 AR B TS A B ) R BE . B
PEBLWH 1 mol/L HCL 34 pH Z 7, F Jig # 728 &k AL
(50 O R4 % 10 mL,

H LR b BT AR R T TR A TR E R
L HE AT R S I E .

afi Ak [ R = Ry AR B B 7 2 /3 TP B
R A D X100 %,
1.7 HESWELE

% Excel Fl SPSS 13. 0 #4454 B ¥ #4743 #r
Ab3 SR T LSD 40 E AT 25 5 1 2 R AR

2 AR5
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SR R R R SR 3 d AR E AR KRR
KRN KRR B . 3~15 d Bl B3N, 15 3%
15 d B AR A AR R B, 73 3o 21,9 g/L Al
630%,15 d DLJE 4 AR K 28 08, E A LR
PRl 5 B R = BEET 3 d K8, 3~15 d B,

- —B—/E Y& Biomass dry weight; -

30 80 o«
—— EEE AR g
~= I Total flavonoids contents 50
B .%” 60 ;O S
=z 20F g =
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#.3 120 i —
M B o
=
O 1 1 1 1 0
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H5 Rt IE)/d
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BT RIS S 5 v G 5 A e A £
SR B B A AR AL
Fig. 1 Dynamic variation of dry weight and total flavonoids
content in S. involucrate suspension cells
2.1.2 FTAERBAT MO bR H

FIVBR A o JBT VA B A B M T AR BV
W TRT AR AR 43 I A o R 2 [ 5 5 B C=8 X 10 TA—
0.032 6(C KT ik . mg/mlL; A FIRUETH
PR . 72 = 0. 999 2, Il 5 5 Bl & 0. 000 2 ~
2 mg/mL; % B2 b o v BT vk E 5 04 T AR AR G
BEIE R C=2X107A+0.001 7 (A ERIE
T AR G35 C 3R & i IR ot 4 Wk &, mg/mL) . ¥ =
0.999 7,1 & 5 [l &7 0. 000 2~2 mg/mL, ¥ K1l
R T A5 R A A A 0 T FR AR I E O AR T

K E/%

15 R E ] e KAH. 47 %k 66. 5 mg/g
1 256. 85 mg/L.,15 d LLJ5 B8 i & 2 Al p= i o
TR B R 1L R VR B R A0 M A 3 AR 5 D R
B 15 d,

_ —m—EKFE Growthrate;

800 1600
—— & 5 i 7~ & Total flavonoids yield ~
I _—
o 600F 1200 72
5 2 2
= 400 800 £3
3 i 5
5 L5
200} 400 BZ
B’ 2
e

' 0

0 3 6 9 12 15 18 21
B % I [R)/d

Day in culture
2 R R IR A A K A
ST 7 0 S AR
Fig. 2 Dynamic variation of growth rate and total

flavonoids yield in S. involucrate suspension cells
PR v T DT 1Y O A AR R R R T R
TR P T RS R R 1 & st oy 1.7 A1 1.6
mg/ g 5 B [ 2 BB AR o R TR A D R
FRHAMET 1.5 mg/g) .

2.2 RUEEEZFEZAE P ZEM&EERRN
TEMENFTENHTE
2.2.1 RBRIZMSEFMEEGYw  RIEXTH%

PR3 A 2 RS (EL A9 B0 23 BT - B 45 R X R IS
TS I PR ORI 9 EIRE R A>B>COR
2).

F2 RUEERZFEFHAMBAMRIA Lo 3D IEAZR T LR

Table 2 Results of Ly (3")orthogonal for the extraction of total flavonoids from S. involucrate suspension cells

3 2 SAPAN MR A/ (mg e g !
N IR s T%nfc{i{%n %,#ly;:ﬁ%& Z‘%ﬁfi{fﬁ (oL;ll/e\rﬁﬂs Léfﬂicil(al ?lavino:ds
No. A B concentration FHE1 FHE 2 HTwHE 3 J=8 =8 S E
C Repeat 1 Repeat 2 Repeat 3 Total Average
1 1 1 1 34.53 30. 24 32.53 97. 30 32.43
2 1 2 2 43.74 39.76 41.95 125.45 41. 82
3 1 3 3 43. 89 46.05 44,46 134. 40 44. 80
4 2 1 2 43. 60 42. 86 41. 14 127. 60 42.53
5 2 2 3 44,27 53.22 50. 45 147.94 49. 31
6 2 3 1 46. 94 47.68 44,56 139.18 46. 39
7 3 1 3 57.81 48.02 47.63 153. 46 51. 15
8 3 2 1 50. 67 55.50 53. 26 159. 43 53. 14
9 3 3 2 66. 50 54.19 61.95 182. 64 60. 88
K, 357.15 378. 36 395.91
K 414,12 432.82 435. 69
K; 495.53 456. 22 435. 80
% 2 Range 138.4 77.9 40
kT N N .

Optimal level

BE— 25X 1E S I B T R AR 1 B AT T 25 03

e 5 SRR L C DR Z0S R L 3 3 R 4 O R 1
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i 35 B 5 3 K (P<<0. 05) 1 A 1 B P 2 (19 5% 1
RE 1% 3k 2 M 1 3% /K- (P<<0. 01)

EOWL B B 7 200 BT 85 3R L AL B, Gy 3%
FEPE I T M . W F 70 CHA KT,
KRR 80 70 26 W SR 4R L 3 1K
2.2.2 HERBRFHIEZREZHN RALAE
P B AR AR 1 N AR B0 R 1L F R VR R SR A
JHL R 4 BBV A i M T AR E S R R
WG LT R C=0.532 4A —0. 007 (C
kg Sl A JoT B R BE . mg/mL s A R IROGRED L A OC R
B r=0.999 9. M PR 510 nm, K 1% % E
I 2 (mg/g) =10 X CXV, /(MX0.2),Hd CH
I ot YR P R G ARV (mg/mL) s MO A
TR (@) sV A R 5 B AR AR (mL) 50. 2 il
SE IR O A AR AR (L) 5 10 S ) 2 I 42 BOR
EREB(mL) , DL TR & e 17 8 55, TR
P B R o 66.5 mg/g.

2.2.3 ST EMNEFWRES T AERDKENY
v 3 P TR SRR R IOV | SR A ) BT Tk
IR T Joe o B 7 3 P 4 5 i T 1 AR A 1 1R o
B A B i Rl B L B R (3R 3) WL B Mk i R A vk
JIE A d A b S R i . ol 0,69 g B R TS
2 Fp 7 i (P<C0. 05) 53 Ff J7 15 BT 45 i 44 o S50 28 1 11
A R 7 6. 00 g/ ke, SR B4 R 170 2k R 3R Tk Jre
AR 72 A0 A 1 A R v B A R A s 0 T ak #)
6.98 g/kg 1 6. 86 g/kg, 55 H W i+ 2 Hr % (6. 20
g/kg) 22 B3k B KT (P<C0. 05) ; 5 45 8 1T 7 F1 5
T Fi A J2 T 325 1 i A T e S 1K, 28900 29, 5004 1
SR FH SR T e TR B 1k i ¢ AR 459 A BN B I )i R R
47. 6%, W.FE KR THI 2 By ¥k (P<<0.05),

R EE AT DA A SR o 4 A ]
W R 25 P T IR T M TR e 1 P S O 1 LAt 2 b
.
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Table 3

Effects of three purity methods on the contents, purities and recovery of total flavonoids in

the crystal extracted and purified from S. involucrate suspension cells.

S T e IS T BT R /g
Ik Contents of total (g kg™ b Contents of total afi Ak [ R/ %

Method flavonoids in Purities of total flavonoids flavonoids in Recovery of purification
the crystal in the crystal the liquid

Rk AL J2 7 0

Polyamide column 0.4440.02 b 6.20+£1.58 a 1.49+0.09 b 29.5%0.20 a
chromatography

T 2 R T %

Alkali extraction and 0.3540.01 a 6.98+4.88 ¢ 1.1940.05 a 29.5+0.17 a

acid precipitation
Combination of polyamide
column chromatography and 0.69740.03 ¢ 6.86+17.0 b 1.454+0.07 b 47.6+0.06 b

alkali extraction and
acid precipitation

R BB 5 BR AN 7]/ bR ROR 25 57 i 3 (P<T0..05),

Note: Lowercase letters indicate significantly difference at P<C0. 05.

3 ZeSihe

EN AT ST N NP ) (P =SE S F v
FE, WFER B3R5 3 ROVAERKIEIR .55 3~15
RN XRTELA AT 55 15 KA Wt G B I 5 o 2 A
Bk 21,9 g/L 1 66.5 mg/g. A 4R K
BT B SR A S Y A AR AR B T Oy B R
15 d Bf. 598 1~3 d Kl 35 3% 40 B 19 4 K AE IR
191 o b BT 24 B A S BOIK  FT BE R H T 4 B D 3 N B
PS5 10 R R AR S0 40 i 3 24 HE 3R L ) i I A
B AR5 A K B I 3 A0 A R VR RS 3R A R v
LB R4

AHEFE R 1L R A T 5 A S T 4 R

BIERAET 25 M 8 70 C#E A 4T IR R 20 %
T0% [ Z WEE B2 HR B 3 YKL I 43 5 66. 5 mg/g KL%
i o SR T P A J22 T R0 B 488 2 190 3 B P 40 B v 2 b
T PR R O A v I Tl A 7 R A
A ST, FH 3R Tk e A 2 T 9k T A5 5 S L o T 4
FIECR 4350 6. 20 g/kg Al 29. 5% , Bidi 42 R UL 12
H6.98 g/kg 1 29.5% . X 2 Py kA6 TS
R S VR TR 40 B ISR 43 5 R 6. 86 g/ kg NI
A7.6% . 5B HE 2 AT I A0 B SR I R e 1k 3R
A5 1) 5 B 0 5 R[] e 32 349 B I 4 o s e TR TTC
TR L 5 SR T M R 32 A A B0 B T 4l B A 22 N K
B MRS T 1.6 £5.

F R 1L S 20 L T R R T A A A T Ak
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