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Purification of total flavonoids from leaves of Acanthopanax henryi
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Abstract: Objective To optimize the purification technology of total flavonoids from the leaves of Acanthopanax henryi by
macroporous resin. Methods Using the purity and yield of total flavonoids as indexes, the single factor experiment combined with
response surface methodology (RSM) was used to optimize the purification technology. Results It showed that D101 macroporous
resin had good adsorption and desorption effects. The optimal purification conditions were as follows: diameter height ratio was 1 : 10,
the loading amount was 750 mg each 25 g D101 macroporous resin, the flow rate was 5 mL/min, and eluted by 130 mL 50% ethanol.
Under the proposed conditions, the experimental purity of total flavonoids reached 75.87%, which was well matched with the
predictive purity of 75.69%. And the yield of total flavone was 30.13%. Conclusion The results proved that D101 macroporous resin
can purify the total flavonoids from the leaves of A. henryi and RSM could optimize the purification technology effectively.
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TXAEEY, BTEMERDN, BAHEER P
FEAEF, BERRIR BN e @E A, ImK
T i U A Bl T R T PR R 4E A 3R P sk = Al
o maE" . pRANEH OIS A M R
AEYETHTR S R AR, PrE. PUHSE
TEF®. EAL G0N Tl H KR FOn A 5B, X
AMUE R T BRI IRIR o, 38 A 7 s AR
TFp. ARl R oA BRI A, A A
IRZE, RYIAEE, FEREA A B

VTAER, KLU PR B TE = 2540080 CRe Sl 2 R
SRZGAiA) TR, R R 2 Th AR R A3
— P ROTIEP . ARSI R R LR R It
RE TN S BB BT 20 E 4, JE AN [F R i
(5 A I PR RO AR S, R P R P v 3%
i ELA s e Bt o B PERE OB i, FFiE B R 2R S
gh i 7 BT E I ARE T S B R Al Ak T
20, ARG TN A AR R SRS VR IE
KA (1 B R AR S 4L
1 RASEE

REHFomm, 2012 4F 11 AR AR A BIR,
B 200 g 2= 24 K 5 24 2 e X1 ) T 808 S e
K& M- L0 Acanthopanax henryi (Oliv.) Harms -

FUTXRRS, P E AR ETT R, S
110752-200511, Jii &5 %0=98%; D101, AB-8.
HPD-100 KALM NG, RADCEFEHL THH A X-5
KALBIAG, AINE LR AR AR NKA-9 KFLK
Mg, REBEWSHAGEHEARAR: KEBEE, BEHE
A TR WAHEREN. &Efbde. AEm, K
BT REWERA) ;. WEE. O, REEMALE
RAVEBR A Sl irat.

UV-1750 BUERAMAT WA 66 FETH. AUW-220D
BTk, HARBEAR; SHZ-D (1D AU
HKREA % RE-201D AUigi 78 kKA. HH-S %Y
TR KA ZF-7 B =AM T T4
X # A PR TR A 7] DZ-1BCI BY H. 25 T 1546 . WGL-
125B BRI X TH246 . FW-117 BIrh 250 0L, K
RS AR AT ; KQ-250DE R 45t /9%
B, BT A AR A IR A BCD-206TM
BHUKAE, HRRRDAERAR; Z2EEAET
BENL, T AR R A IR A .

2 FAEEHR
2.1 SEEMARAHIE"
BRI Fomet 1.2 kg, ¥, i 40 Hifi, H 95%

Ol CRRRE 105 [FIRRE 3 &k, ®iK3 h, &
HAERGH, [P, 34 2 TRRIRE . L
KT BT 1000 mL 200, DL
AFR 400 mL AylkAEEL, LR S I HOK)ZT
BFHEKBR ERE 140 mL, JANAEH T
12 h, 152 EETH K 134.685 g, %M.

F B ARBUS S BIRLK 180.8 mg, £V AH R HA-
WAHRRAR-E A AR B, TR0 Woae e
FEMEWSEEE (40 18, RAE “2.47 DibrdEhk,
THELARE D0 R R 5 3 45 22 2 34.08%
2.2 HIXEARE &

P B RIS B Tk oK 2.50 g, RMIEIR)S
BN 500 mL &, HZEBKER, EREK
J%4 5.0 mg/mL [ HEHR R VER . 5 S0 IR IL
[l 7N Wil
2.3 MEEKAIEEE

W H Tk R AR AR S 1.0 mL, 4%
“2.47 TR J7EM “hn 5% NaNO, 1 mL” #2, P
R, TEPRK 200~800 nm AbJTHH . 45 R F£ 0,
Xof Bt AT (AR B ) S VYA AE 510 nm AL K
W, DRI 510 nm A E R K.

24 HZMxZFERD

FEHEARECT 120 “C ok & )8 22 18 52 o &2 1) 7
TXTHE 25.0 mg, ARG, BT 25mL
B, R, 5. NPREEEI 10.0 mL 3,
BT 50 mL &, ER, %Y. 1402 mg/mL
TN HER AT . RS AR TR R SR 1 24 3.
4. 5. 6mL, HHET 6 X 25 mL &IF; 5%
NaNO, 1 mL, %241, #& 6 min; Ji 10% AI(NO3); 1
mL, $&%], #HE 6 min; Il 4% NaOH 10 mL, $£%],
FE 15min, JUKBZIE, #5. $#& LR
B 28, FCHIAE R 25 IR R 4h-mT LA o
HeREYE (UV-Vis), 7E 510 nm KALE A 18, A
AMENPALER, FRRIRE (C) NEEALKR, ZHlbritE
ek, BRIEF5FE 4=0011 3 C+0.039 2, R'=
0.999 4. Z5RFEW], FT1E 15.78~60.42 pg/mL Jit
BIRES A HE RIFHIZEERR.

2.5 KFLAEAVIEEN

251 MAERIWALEE 4 HER) D101, AB-8.
NKA-9. X-5. HPD-100 KFL#HEH 95% L EEiR i
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WA, H 95% GEEMTEE R FLHIMAK (105 R’
HIEARAGERCA I, I 2K 2 KL
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RETCEEMR . F 5% HCLIZWEKFLWAE 12 h J5, LL4
BV/h [ RRR e . HFH 2800 K DRI RE AR AR T 2
MYEZE T . SRJE 4% NaOH 32 K FLIHE 12 h,
CL 4 BV/h AR LR e« B P Z8 1R /K R RE A
MR ER . &5 H 95% LRI, AR
FHI FHZETRAKKBE R Tk, s, DAOK 4R %
WRER K5, BIHT.
2.5.2  RALIR BB B SR I E RS RR
“2.5.17T R AR BRAF1 5 ORI BB 2 25.0 gCliE
AT REFR I AI7K ), 25 BN 250 mL H 22 4HE
e, BRI “2.27 TAANR R VER 60 mL
(5.0 mg/mL), REIRE 48 hJa, FEHEWAL FiEHR
1.0mL, % “2.4” WK “JiN 5% NaNO, 1 mL” 2K
PAE FIEWR SRR, %R RS SR
I B A R B 2R 10,

Bt % = (Cy—C1)/Cy
Co AV BT M BT SR E (mg/mL), C; 9P 5 4 2
JRERE (mg/mL)
253 MRWERNE A “2.5.27 TR BT R K
LW AR 100 mL ZETH/KPERS, s, o aligIt
BT 250 mL HIEEHETEIR S, &K% I 80 mL 75%
CFE, FE 240, KRR RN, 1% “247
TR “In 5% NaNO, 1 mL” AR 52 AW 1)
MBEERE, THES ORFLIR AR i R B S AR R

R = Co(Cy—Cy)
Cy R I i 8 B B 9K (mg/mL)
254  RALIR P MRS ARIE RS i 5
FEVR PR SEEG F 25 B (38 1) AT %A, D101 BY K FLIR B
P R X RS I 0 e B R B Ak SR e
HPD-100. AB-8. X-5. NKA-9 7 kL0 B4 i vk
25 TAESRIR B Sze b, NKA-9 B KL B g
AR R B AR5 R B i o D1OT R FLI AR i P e B 26 ¢
i, AH ARG - 276 04T, D101, X-5. NKA-9
£ 15 FATLIREHRAS TBE T AN 2 EER IR M R S5 1

TR0 IR LI BRERT I (140 B B 2 R A I B 2R 2 b e vy, AH
ET X-5. NKA-9 BURAL A AR, D101 B4R
FLIR BHARS i 5 0 L HL 205 s, SIS A Tk 7 TH
IR AE P2 iE F o 47825 58, ASLER: D101
TR R AL B S g AR - T i e ) e K
LB R Y =
2.6 HRERIW
2.6.1 fEE LA D101 BURFLR A Al Aefis i et
SRR R A S FRER) 25.0 g D101 KFLIK
BB AR A2 N R b A 1030 1050 10104 1
13 1116 BeFstanisk, He “2.27 TR Ee i) o o ft
RAIET 100 mL, LL 5 mL/min FRFR R &5 5
¥, EREEERSEE 4 h, F 50%Z8E 120 mL, DL
FH A BRI B B, WSOV, I AR AR (1),
K 2 W B I 1.5 mL, 2.4 755 R il 5% NaNO,
1 mL” AL E A o M JoWa-Be MR 48 1%,
FRE B EIFICS, FFrHER T & O S B
(EE

SRR R B> $=(4—0.039 2) DV/0.011 3 M,

HEES R =(4—0.039 2) DV/0.011 3 M,
D NRERAEEL, v OMBGHAARRN (mL), Moy FRERE S &
(), My RS TR R E R E (g

M 2 FTLAEH, BEEE S m, KFL%
BRI 4 R B 2 A A 25 2 AN B,
Bl 10 2 )5, RFLIR B IR B 2 i i 34
W%, BB ESFAALEIIN D10 MIA R &
mfH 74.10%. Z5A &, IR ELEL 1110 M tE
rElt.
2.6.2 LFEHEFIRGN D101 B FLA A 4l hE
Fohnn R R e RS S FRELR) 25.0 g D101
KL AR N EEoA 10 13 B (i,
B “2.27 Trp A i A VR 100 mL, BA S
2 RStbxt D101 KFLIR B BE LE L hEt B it 2 R
I

VS Table 2 Effect of diameter height ratio on purity of total

Table 1 Adsorption rate and desorption rate of total flavonoids by D101 resin

flavonoids by different macroporous resins . T/ R R/ ANERJE A EEER AT
MRS UUESRD L& o % % BRI A%
D101 84.36 75.59 1:3 87.45 82.42 57.60 24.57
AB-8 76.33 66.83 1:5 89.29 84.99 68.30 25.86
X-5 73.81 82.36 1:10 91.77 87.05 74.10 27.23
HPD-100 80.29 76.38 1:13 92.19 89.84 71.20 28.23
NKA-9 73.82 84.98 1:16 93.16 97.47 69.30 30.95
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mL/min FIARFIR B AE, FRESER S 4 h,
S 10%-. 30%-. 50%- 70%- 95% L Ryl it v
#1120 mL, VAR AR S BN, WCEEBE R,
ME AR, FEBWEERR 1.5 mL, % “2.47 TR
“hn 5% NaNO, 1 mL” J&HZENE A {H. 5E 55
Ve R e T8, B s ISk, THE S R T
B4 BRI B R 2
M 3 TLLEH, A CBEARF > Hr s,

KAFLIR BB AR A 26 2RI ETFka s, M2
IR E>50%, fEIRER P BT E B m T
G%o ST B U A CREARAR S B D 2 30
e BTHE R BRI, HAE 50% L 2 w1 i i 5
BOHURE, 153 71242%. AR, ISR
50% LI IR L BRI R S

R 3 FEBUATIXT D101 KFLIRMIBESE (LA B B &
[EL:EAT)
Table 3 Effect of ethanol concentration on purity of total

flavonoids by D101 resin

CEE OWRBEER R/ RESRIEE R
% % % RESE Y% BE%
10 92.30 0.81 16.83 0.26
30 91.82 51.40 72.05 16.08
50 92.09 88.38 72.42 27.74
70 92.90 96.07 68.01 30.41
95 92.63 96.74 60.21 30.54

2.6.3 PEBARIXT D101 RKFLR A4l fb ks - Fon
S SRR RERE SERREL 25.0 g D101 KoL
WA AR N AR by 10 13 s Atk HX
“2.27 T A G ) A B R K SV 100 mL, DL S
mL/min FIARFIRE 5 LAE, FRESERSE 4 h,
A3 N ELSE A Al 40, 804 120+ 160 200 mL 50%
LI, VAHF R ARRR SRS, AR, e
AR, RSB TR 1.5 mL, 4% “2.47 WK “in
5% NaNO, 1 mL” E&AKENE A H. WE GG
WRGET, AR B CR, TR AT R
G IS YR

M 4 TTRAE K FLIR BRAR I O AR R A2 e
W AR 120 mL B 5% i LRI 100%, 350 B e At A
FUA 120 mL B AR T b PR B 1R 26 ) 2 AR e 0 5 5
TERT 120 mL B 2 BEAARFN A U 26 1) 52 1 sk )~
SVHT R PG R B 120 mL Ab B, 1A F) 71.91%.
LRI 120 mL A ARV AR R

F 4 GFERBIEFAST D101 KFLIR MR B ch L fERt T nAt =

ET LA
Table 4 Effect of elution volume on purity of total
flavonoids by D101 resin
velbitk MR R/ KPS EIEE SR
Fl/mL % % PR E% A%
40 98.33 72.40 68.00 24.26
80 97.99 89.94 70.51 30.04
120 98.50 99.57 71.91 33.43
160 98.52 97.20 68.94 32.64
200 98.02 96.18 66.08 32.13

2.6.4 FAREEXT D101 BYORALA g 4l At i Fohnm:
SO R KRS AR 25.0 ¢ D101 KL
BRI AR L 1 0 13 B (ol kY, BREE
43949 100 mL (500 mg). 120 mL (600 mg). 140
mL (700 mg). 160 mL (800 mg) 180 mL (900 mg),
PL 5 mL/min (PRFRE 2000 BAE, A IS B IR b
4h, H 50%ZEE 120 mL, DAHH A BIRFR 2 e i ,
WCER BRI, e AR, RSB 1.5 mL,
¥ “2.4”7 TR “IN 5% NaNO, 1 mL” RN E 4
B WE JE R e R 48 T4, FrE &Il
THELE T R 5T B O S R RS2

M5 AT LA, KA BB R 7E B A& 500~
900 myg IF FLIR B 2 ARABL, 5 BH S5 v i K B &
900 mg 5N REMH 25.0 g D101 K FLIR R i 8 30 0%
BEvL A, ERERAE 700 mg B AR R 55, {H 700 mg
ZIEIRZEA YR R, RPN 700 mg FFAA,
At P TP e ) R R A A B e A TS B
PSR I E T RERES, £ LEEN
700 mg B SR 0 o o s, A B 75.01%.
CEAHRE, EFE 700 mg REHFOIN R S B
FFE.
=5 LE#Ex D101 K7L BELE L AERT R At 2 BT

KB

Table 5 Effect of loading amount on purity of total

flavonoids by D101 resin

EReR WRBE RRE/ AEEEGEEE SO

mg Y% % RESEY% %
500 99.86 98.61 73.52 33.56
600 99.82 99.82 74.92 33.96
700 99.82 99.86 75.01 33.97
800 99.76 74.13 55.88 25.20
900 99.63 72.67 54.47 24.67
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2.6.5 VEBARIREST D101 B KSR g 4l A fk -
ot SR E R R KRS R AREE) 25.0 ¢ D101
KL RG2S AR A 10 13 (B e i,
B “2.27 Tirb il i A gl i VR 100 mL, DA 1.
5. 10+ 15, 20 mL/min [RFUR &5 Lk, LR
JE AW 4 b, F 50%ZE% 120 mL, UM G4
LRGN, WD, e ARRR, R A
B 1.5 mL, 4% “2.47 TR “Jin 5% NaNO, 1 mL”
BN E A fH o M JE K B BOR AR T, FRE
JREHES,, L TR T o BRI S R A 2
M 6 I LUE H, 1EBEMAARIAEA S mL/min

SANEFEBE R RS (A, HEliiER (B) A1k
B (O 3R AR, DR TN &5
W Jo By B E A AR, vt 3 RIER 3 /KR BT
BRI, 3 17 /S SRI0 s F  LTHT 7 AT SRR o PRI R ANK
FIAENE 7. RITREERNE 7, Kb 124
HTRREE, 5 A IR

&6 EBATUREIT D101 KFLIRMHBE L (L AERT TRt
ISES Gl oA

Table 6 Effect of elution flow rate on purity of total
flavonoids by D101 resin

Vel AR R, TR IR MEER R B

FF, D101 J KL B0 P AR S B f e, LA (mimin®) % %  FESE% BEN%
BRI R A2 BOAE BB AR A 54 10 mL/min ! 99.96 8355 623 2846
AT . 4245 % FE, JEEX S mL/min AR AT 5 99.78 9249 TL8 3145
W 10 95.39 92.48 723 30.06
2.7 ﬂrﬂﬁjﬁﬁziﬁ 15 90.91 87.72 68.1 27.18
g O B TR] 2R I 458 SR I 8 T 4T vt 4, 20 85.77  79.59 574 23.27
&7 WNEEIRTRER
Table 7 Design and results of RSM
RES A% B/mL Cmg  SEFFREM % | RES A%  B/mL Cmg SR & 050%
1 30(-1) 160 (1) 700 (0) 70.66 10 70 (1) 160 (1) 700 (0) 66.24
2 30(-1) 120(0) 500 (-1) 67.64 11 70 (1) 120(0) 500 (1) 65.99
3 50(0) 80(-1) 500 (-1) 70.09 12 50 (0) 120 (0) 700 (0) 75.65
4 30 (-1) 120(0) 900 (1) 69.90 13 50 (0) 120 (0) 700 (0) 75.01
5 50(0)  120(0) 700 (0) 76.18 14 50 (0) 120 (0) 700 (0) 75.44
6 30(-1) 80(-1) 700 (0) 67.76 15 50(0) 160 (1) 500 (-1) 72.04
7 70(1)  80(-1) 700 (0) 65.37 16 50(0) 160 (1) 900 (1) 72.54
8 50(0)  120(0) 700 (0) 74.99 17 70 (1) 120 (0) 900 (1) 66.79
9 50(0)  80(-1) 900 (1) 72.87

270 R LT [B] A AR Y R L R AT IS
I H Design.Expert 8.05b #AFXT 5% 7 i &5 2k 47
ZRZJCEAE, G BURE T FOn A A TR
SETE (V) WmisETRRFRG (A).

eBAR (B). AR (O ZIEB=kRZTEH
HFE Y=7545—145 A+0.67 B+0.79 C—0.51
AB—0.36 AC—0.57 BC—6.13 A*—1.82 B*—1.75
C?, % b 3% [0 D 7R 3 A i 7 T — vk 5] U 22 4
B, SERNE 8. EARLIEIHIVERAN, 1Z%[EH
IR R (P=0.000 1<<0.01), FH[a])=H 7Y i e
TERELR=0.990 8, KIEWEREL R,;=0.979 1,

Rpea=0.915 5, KA P=0.340 3>0.05 H i3,

S/N 5L 23.275 KT 4. VLHHIZ A9 AY 5 5

KEIRIAFEER G, WRERZEN, FRUF
N7 TR B A ARSI O S B R ) Ak T2 AR
E A HE

SR R e [ A R B A B 2 SRR M, [l
AR ) 1 IRITHEBIE A R 48 (AD A ERER (C)
X AT o B A B R VRN I AR B (P<
0.01), MMM (B) NEEH (P<0.05); K
T AZ BT By C TR e AR FURT B o R
Jn et w1 5 R 4 ) ot 2 S e A 2
(P<<0.05), HAth 2 N2 H I ToHT & W3, £
B &5 R 250 D101 BYORFLIR PR g i Ak ks
n e e R 5y R S I A A AT FR I 2R M O
Fo 3 ANHFFE S REM F0 AR R 2
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Table 8 Analysis of variance for regression model
BRRIE WpM AEE CFaM FE PE | BRRE B AdE CPAGM FE P1E

it 225.95 9 2511 8420 0.0001 | A? 158.00 1 158.00 529.87 <<0.000 1
A 16.73 1 1673 56.12 0.0001 | B? 13.96 1 13.96 4681 0.000 2

3.63 1 3.63 1218 0.0101 | C? 12.87 1 12.87  43.16 0.000 3
C 5.02 1 502 16.85 0.0045 | Rz 2.09 7 0.30
AB 1.03 1 1.03 345 01054 | R 1.11 3 0.37 1.51 0.340 3
AC 0.53 1 0.53 179 02231 | #R%E 0.98 4 0.24
BC 1.30 1 130 436 00752 | @EZE 228.04 16

BROKHEVEIRER RS, HUOy EME, &a ik
JARAR o
2.7.2 Wi NEG BT R AR AR SRR E AR
Design Expert 8.05b HC:FT45 i v ] = 4 P e H 45
AL 1. B L RE, BERUATRS EREEATH
B TR BENS,  HAF R SR, i =3
X v R o B B A BAE R R . TR R R ]
M52 HAE RS9 .

R4 Box-Behnken 256 BT 45 HI 45 A — ik £
Wia =52, FIH Design Expert 8.05b #{4F3845 1
S R 5 R B I B A SR RS

05 05 05

B/mL —0.5 — —0.5 A%

—0.5 0.5

A%
BRIES (A, ERAER B) MEHEE (O XEERXERERRE S HF RN EMEFS%

Fig. 1 Response surface and contour of interrelated influence of ethanol concentration (A), elution volume (B), and loading

&1

amount (C) to purity of total flavonoids

3 #ig

ARSI AE B RS SRR b, g5 AR
IR I Y Y o i | s Y 4 2 S W & 5
Ko HAR L IA) VR X D101 KFLI B i 4l Ak ks -

C/mg 05 =05

N AT% LM, VeliAfR 127 mL, _EFEE 740 mg,
00 45 21 Kl ek o n ek R, S R Y 5 A 2 nT A
75.69%. % JEE|SEPRERAERIER], R T 2%
BIENEF RS 50% 0%, Yelifaf 130 mL, EAf
i 750 mg, EERIG S K, VA SR EE R A
SN 75.91%- 75.77%- 75.80%- 75.86%- 76.01%,
5 YRS 1 B R o B o BT 3B 75.87%, S5
WIRIME IR ZEUN 0.18%, MIEEHSEA 30.13%.

SR FH W 2 T Ve TS B I A4 R O T,
HAIH D101 K FLIR BB A Sl AR i bt 1 A
S T RA —E AT RS B A

05 05 - 05
—0.5-"=0.5 B/mL

—0.5 B/mL 0.5

Fopnrt S B AR, S5 R R YR T R GO A
TR )5 B BO R, A5 DR 3R 18] B 5 LA X
B AR I A R AN SE AR A

454 D101 RALWR IR HE B ARG FUIn i A 3
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Pl P B R 2 X e R e . T S 6 &5 SR AN A AT, AR S
Procoetsol, SRRtk TZ: GitErnEmsLt
J91:10,25.0 g D101 RALBAGH) EFEEA 750 mg,
AR RN 50%L0E, Vet AR E 5 mL/min,
VeMLAARA 130 mL. 76 R4 Rk AT s256, K
I P H e S ) 5 = BOA B 75.87%, A T
350 30.13%. 1% LEHAER R, "R, HE
AR RAF,  wIAERE T S 2R R 2%
BT, FERE U SR 2 e B
JURFMME, A R R 2 R AR AR U
KA E o

SE 3k
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