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Optimization of purification technology of naringin from leaves of Acanthopanax
evodiaefolius by response surface methodology

XIAO Shan, LUO Jiao, ZHANG Bin-bei, GAO Da-lin, LI1U Xiang-gian
School of Pharmacy, Hunan University of Chinese Medicine, Changsha 410208, China

Abstract: Objective Response surface methodology was used to optimize the purification process of naringin from Acanthopanax
evodiaefolius leaves by polyamide resin. Methods The optimum technological conditions for the purification of naringin in the
leaves of Acanthopanax evodiaefolius were screened by single factor investigation and response surface design with five factors,
including the concentration of sample, sample loading, the elution system, the amount of eluent, and the flow rate. Results The
optimum purification conditions of naringin in the leaves of A. evodiaefolius were as follow: the concentration of the sample was 4.0
mg/mL, the sample volume was 3.5 BV, the elution system was 30% methanol, the eluant volume was 3.0 BV, and the elution flow
rate was 8.0 BV/h. Under this condition, the purity of naringin was improved from 5.08% to 56.12%, and the yield was 41.69%. And
mass fraction reached more than 90% after recrystallization, which met the requirements of pharmaceutical raw materials.
Conclusion Purification of naringin from the leaves of A. evodiaefolius by polyamide resin chromatography has the advantages of
good purification effect, simple operation, high efficiency, and good stability, which can be used for industrial production.

Key words: response surface method; polyamide resin; Acanthopanax evodiaefolius Franch; naringin; purification; single factor
experiment
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FEFE . WGL-125B RUER T 14, RIEFER MR
HIRAT: 2R} (5 L); RED-201D fighh7& Kk

6 AN THEAEFA R AR KQ-250DE i i
VA Bl il A AR A PR A F] s Agilent 1200
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R RGE 23E SR, B TR LR TRk,
4978 672.3 9. BUZIRE 67239, H 2 L &K
SR PR 2 LA AT AR AR B, 3k 12 IR
EWEHE Lh, ffHRDEE, WKZEFA
ZEo et . KR BT e 28 R AR TR G
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Fig. 1 HPLC diagram of reference substance (A) and test
substance (B)
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MR e R BZE, $825, 1045 um FIRFLEERE,
HIFER
25 FHEFER
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0 IR S ERE B AR A bR, IR L PR VTR R 9 A A
bR, ZeHlbrEdZk. 2kvE RN Y=785 340 561.5
X—23323.546 3, r=0.999 8. iz 7E 0.16~2.40
ug A RIFILEHEL R,
252 RERWHMMREMEE S EIE 3 H#t
FEfh, 4% “2.47 WUDERHIBER RS, £ “2.27
T TR SR T, 0 ol R 5 I A 3t v R 5 %) TR o
WS 10 pl, VENERGEAH GRSk
RO . SO0 BTl 15 5T & 20 3090 51 5.10%
5.09%. 5.05%, RSD 1ty 0.52%.
2.6 BREEAZIN AR AYIEER
2.6.1 MHEMITIALEE 4 JR LR AR A 95% H IR
ISR, FHARDVEMR, R SRR R RN
PEHEAE S, AkSEH 95% H EE/EAE RiRshiEYE, HE
MRS KBS A BERNIE, SREHKEZE
MK e 2= KL R o iE k. H 5% NaOH #iRIE
MR R, L 8.0 BV/h AR R EBE T v 5
T ZE K A FFE R AR E e 2 . 285
5%/ FR 1 R LN 5 R, DL 8.0 BV/h AT &
BEAT PS5 » P 2818 /K DO R R R R i vk 22 R 1k
B 95% F IR I, fifi (75 A, I ARh 7 2808 K
MR R TR, fhUE, RIS R B R K .
2.6.2 FEBEREANE ISR RN E R E
“2.6.17 T 3 fy CUALER LT (1) AR SR I A RE R R
10.0 g, A E T 50 mL HEMHEEMA . FR %R
HY 400 mg SRZEEE B BRI RS, B
T 100 mL ke RS, K B R e &
BB, A, R EIRE N 4.0 mg/mL IR
SRJE 5 BITE 3 1 SRR G RO I AR & 1.0 BV, &
% 24 h J5, WH BB 1.0 mL, 3T 0.45 um KIfHAL
JEREL, W ISR R AR, TS SR
P g P e S R B R 280,

% B % = (Co—C1)/Co
Co J9 W P BT AMT B 7 R B3, Ca 9B I A g R ik 3
2.6.3 fAMCRNE K “2.6.27 TR s
1.0 BV Z& 18Kk, #higfs & T 50 mL B 4L
H, NN 50% FEEA 1.0 BV, BE 12 h, M fE
Wl R A, R ERROR

F AR 2 =Ca/(Co—Ca)
Co VLS A B2 5 R P
2.6.4 REERGA GRS IR AR FR S PR A0
RN A SEIG 25 5, R 1 ATA, & TS SR Ik
JE T 5220 0 U hn i Ao B IR RO ZE AR, R

F1 REREHARAVIESEE
Table 1 Selection of polyamide resin

W RAL S WBERI%  fRTRRI% TR %
Rt 30~60 H 93.89 87.57 43.42
i 60~80 H 93.77 79.26 38.54
KL 80~100 H  94.02 95.29 48.46

I I 80~100 H AW R BT, 256 hT, 1EHf
i ig 80~100 H v {E A4tk 52 88 fomi-
et 2 e SR I s R Y 5 o
27 BEZRIW
271 ERERURT B FE X SRR IR 44t R 5B
I b B R RS BRI 5 4 10.0 g T
RER feRy A, F 95% FF BRI i, FaEid i
R, ARG AR Bk, R ik %
FREX 0.1, 0.2. 0.3, 0.4. 0.5 g S %<8 F i F A it
NEZE T 50 mL &=, NMKERBZIE, HEE
fige 30 min, il BT EA BE 430 2.0 4.0+ 6.0, 8.0+
10.0 mg/mL 1 R, EAEARTCA 1.0 BV, DL 8.0
BV I BHARIR & EE, #AWM2h )5, H 1.0
BV HI/KBERR £ EFERER R I8, e W B i iR
R Rl R B, R 2.0 BV 50% R VAR
ITUEME, Vel AR R4 8.0 BV/Ih, WUERMEWRGE,
1E “2.27 WU TESRAF R, MRS A (A s 7
BEAT W AE , 4 70 S e B R MG A it i P A o &
THE MR RSB, SR INE 2 . gL
FEVRTT S BE B3GR S LR Pk, Tt
B I R G gD iER, GEFEIE,
1EHE 4.0 mg/mL JyffE AR BRI

fif % % = CaV2/(CoVo— C1V1)

JRE B =CaVaIM
Vi ARG R AR, Vo AR AR,
TR A I P A
2.7.2  FREIRH BN BRI e i Al A 52 2 9
Wi BRI KRS B FREY 5 43 10.0 g TR SR

®2 EHRREREER

Table 2 Concentration of sample solution

(IWSERPS 720811

EREBRAR S (mgmL ) EIRERI% BE D EU%
2.0 99.19 15.99
4.0 95.29 48.46
6.0 79.69 41.15
8.0 78.67 36.11
10.0 66.19 32.48
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Pk e R HE IR “2.7.17 W7 vk A BasA:, 72
KB e, . o EH R REIRE N 4.0
mg/mL ] EFEW 0.5, 1.5, 2.5, 3.5, 4.5 BV #HT
RE, WRBHMARR 8.0 BV/h, EASWRI 2 hJE,
53 1.0 BV /K#E, FiH 1.0 BV 50% 1 BEH R Bt
Jii, BeliAARRE A 8.0 BV/h, I5E W ik 47
FR R e B, TSGR AN = B
RN 3 FrR. fRCRBE ERERE SRR G,
SIS TR T PRl N, TR
gAgHn, 1 LRMARUA 25 BV BHAEIHRKE T
W, rE% B 2.5 BV it BRI & .

*3 LtHGERAEER
Table 3 Investigation of sample loading

Aol B RS %R “2.7.17 TR HAR R
Tk B B8 i b AT Ak AR HE, SRR BRI 4.0
mg/mL [f)_ERER 125 BV, 4740 8 5 kT b
FE, DL 8.0 BV/h AR =R, ##E 2h )5, 1.0
BV AU EHATKYE, F4lH 1.0. 2.0, 3.0,
4.0, 5.0 BV 50% B AHEAT VL, Be AR N 1.0
BV, WEHiARIR &N 8.0 BV/h, Wl 5E W B 7% 43
RO IR R A R A, T B R RN I R
SEIRANTR 5 FroR. MR AR R o 70 0 E e it 7
RN, A5 SR T . TELBFIH
4.0 BV A KIE, #HOk#E 4.0 BV HEEHER N
FEBEMRIH & .

®5 BAAGHNER

R AR IR/IBY FAG 2R 1% FR 5 5% Table 5 Investigation of solvent volume
0.5 99.33 25.08 Vet A #/BvV IR 1% JR 7 %
15 96.55 42.06 1.0 24.56 14.03
2.5 97.01 46.20 2.0 56.20 23.05
35 97.20 43.13 3.0 82.78 30.85
45 90.00 42.88 4.0 93.07 35.87
5.0 29.78 11.41

2.7.3 WMk 20T SR BE L R IG Ali b 5 2 o e
MR B RIS 4208 “2.7.17 W7 5 4y B
PERRHEAT EAEAEE, SERCH] R EN 4.0 mg/mL
) EFE 12,5 BV, “FAT5 A 5 e kT BFE, D
8.0 BV/h KA &, §E 2h )5, 1.0BVIH
AR ERATKYE, H A 10%. 30%. 50%.
70%. 90% HEE IO AT VML, BEli AR N 1.0 BV,
Vel AR R =0 8.0 BV/h, U 5E W B 5% 4% VR i
W e o, TR AR R E R, 4
R 4 FioR o fRAR 2R R 40 55 1) I A R 0 B 3
IR, FEBEBAARFR 7 HCN 50%H T & 4 £k 2
BOKAE, WREFEMER T ECKME, WEMEE TP
. WMOEFE 50% 1) H REIE A BT R
2.7.4 BRI A &0t BRIk g b I 44k 52 2% B8 U

x4 FBRERHER

Table 4 Investigation of elution system

2.7.5 P B AARF R 5 W A AR AL R g T
Tk ek S BRI 4L “2.7.07 TG 5
R R HEAT D AEACEE, JRRCH| R RIRE N 4.0
mg/mL ) _ERER 12.5 BV, “F4740 4 5 kT b
FE, TR R S RE R R — 8, #E 2 h 5,
JeH 1.0 BV R4 KEE, F5H 4.0 BV 50%
H RS B AAR AR 2 7 i 3% I E 2.0 4.0
6.0. 8.0~ 10.0 BV/h, Wl W B 4 £ 05 R A A
MRS &, THEMIRER RS, SR E 6
Fiose fRER R BEGEATR E R, 2351
SR JE TR/ S, TR B AR N, FE SR
ARy 8.0 BV/h Ik 2l K5 R, 5658
1%4% 8.0 BV/h i (Pl AA TR &

*6 MRAFRRENER

Table 6 Investigation of elution velocity

DELAA R SR % JiUEE 5y 2% Ve AR R/(BV-0Y)  RRERI% R %
10% I 3.84 5.86 2.0 65.38 14.03
30%FF 14.27 12.66 4.0 65.93 24.23
50%FF 70.67 30.39 6.0 67.81 25.03
70%FF 70.83 27.30 8.0 66.58 25.33
90% FF 75.74 27.30 10.0 66.41 25.09
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2.8 MR EEIHE

2.8.1 IR TE AR DN AR SR A R 4 A e Y
AR, Sl EAEAE SR EIRE (ADL ¥
iR R (B). PEAIHE (C) X 3 M RAE R
e et B 5 0 5T B o B e BRI R AR v B AR
&, DARACHE TN o R IR S B e R AR
& (Y), F|/] Design-Expert.8.05b # i it H: 3
B 3 KT I B [T SR, A3 17 AN S s ) e BT
SINTERES, ST REER WK T,

2.82 SRR JEH] Design-Expert.8.05b 4%}
BAAT o0, BN LI R Al B R & Y LA

A. B. C 3 MEZEIATHIZ 70 X BT =] Y452
Ry Y=39.66+4.09 A—4.12 B—2.80 C—2.00 AB—
220 AC—2.61 BC—2.11 A>+4.45 B>+3.15 C?. %A
R Z T W3R 8. 1RSI THE B, X H )1
A (P=0.002 4<<0.01) &%, HH¥E L R
RZE P=0.136 4>0.05 A5, 1 BHASIARY TT DL SRRt
RTINS . AL B. C =W P /T 001,

2 BT A R T 4 RE PR s e Al R 2, S R 3K
/NI A C. By A AB. AC. BC. &HZEMH R
M 22 PEEZR, r=0.9329, Raj=0.2016, Rpred=
0.201 6, ULEABIAYHL AT, RIRERAIE T St .

RT MWEEEITS5R

Table 7 Response surface design and results

At as) A/BV B/% C/BV Y/% Xt Tasy A/BV B/% c/BvV Y/%

1 1.50 (-1) 50 (0) 5.00 (1) 37.86 10 3.50 (1) 50 (0) 3.00 (-1) 48.87

2 2.50 (0) 50 (0) 4.00 (0) 40.40 1 2.50 (0) 50 (0) 4.00 (0) 40.10

3 2.50 (0) 50 (0) 4.00 (0) 40.47 12 1.50 (-1) 50 (0) 3.00 (-1) 39.03

4 2.50 (0) 50 (0) 4.00 (0) 36.71 13 2.50 (0) 30(-1)  5.00(1) 50.88

5 1.50 (-1) 30(-1)  4.00(0) 38.49 14 1.50 (-1) 70 (1) 4.00 (0) 33.64

6 2.50 (0) 30(-1)  3.00(-1) 51.29 15 2.50 (0) 70 (1) 5.00 (1) 38.03

7 2.50 (0) 50 (0) 4.00 (0) 40.63 16 3.50 (1) 30(-1)  4.00(0) 50.35

8 2.50 (0) 70 (1) 3.00 (-1) 48.87 17 3.50 (1) 70 (1) 4.00 (0) 41.51

9 3.50 (1) 50 (0) 5.00 (1) 37.96
#8 MRE_REVAFESH
Table 8 Analysis of response surface two times regression equation

HEKE WM AmE BEFAEM OFME PE | FZEKE B AHRE BEYAHM OFHE O PHE
R 539.39 9 59.93 1081 0.0024 | A? 18.83 1 18.83 3.40 0.1079
A 134.07 1 134.07 2418 0.0017| B? 83.39 1 83.39 15.04 0.006 1
B 135.88 1 135.88 2450 0.0017| C? 41.85 1 41.85 7.55 0.0286

C 62.83 1 62.83 11.33 0.0120| 5%k 38.82 7 5.55
AB 15.96 1 15.96 2.88 0.1336 | RV 27.78 3 9.26 335 0.1364
AC 19.45 1 19.45 351 01033 | % 11.04 4
BC 27.25 1 27.25 491 00622 | HEZ 57821 16

2.8.3 WK 4T Design-Expert 8.05b ¥ f1% 4 3.5 BV, Wflifk & 30%, BelifIHE N 3.0 BV,

B . T = o UL P 2, W T A e e
PR T AR sEma AR B, AP 2 Rl DU e
A Z2 R I8 7] FH B PR ) B TR e 0, 18 B R
B B AR A HAE R, HAh R Al
A8 ELAE LS -

2.8.4 ARG MRYE W S A 45 R 515
BRIk EE 2, R Design-Expert.8.05b
15 2T i Ay Bz HF A K B AR AR R R AR

T A S R BT B4 BT IR 3 57.76%

285 EARKMIUE  FEEPREL 3 4 10.0 g BT
RERE AR A, F 95% BRI i, FaEid i
TR, ORGSR B, FiF. 7B BAERE
JAEIRE N 4.0 mg/mL, EAEEAAFN 3.5 BV, ¥
Wifk Z N 30%, Vel &N 3.0 BV, PeliAF
&4 8.0 BV/h B N AT AR R . dR MR AR T
SRAE, 15 2 kh B 5T 2 E0o A 56.12%.
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2 EHE (A). ERERSHE B) MERFIAE (C) XRE(EAMMEERESS BN EMFS%
Fig. 2 Response surface and contour of interrelated influence of sample loading (A), elution volume fraction (B), and eluent

dosage (C) on purity of naringin

56.16%- 56.08%. 3 V3G IE S8 A B 1 5 & 2
BIME N 56.12%, Bir EISTIMME, 3R ZE 1N 1.64%.
DA b B i B T SRR I IR Al A f T2 Rl AT
P, H 3 kL5 M) RSD {4 0.071%, [AIRF UL T
ZLEMaEt. RAZMmA T2ZE 2R RS
— B E LG TR BOTIA R 90% LA |, FFAEEZ
JERHE SR .
3 g

ARSI T R FH SR B v g i 5% 2 88 o
A R, G AR AR . B R AR
Vel & VeI A& YRR RIX 5 B &R
HEAT PR 2R SES, R A WA ST B AT T AT
FERE. BeliiE R BEMR A =X Al R 28 Fon
RO B R, 9 B R Al i T %A b
FERE B E N 4.0 mg/mL, FREERFTN 3.5 BV,
Vel kR 208 30% FH I, Pelii A =N 3.0 BV, Bt
AR E N 8.0 BV/h. fERRZSEIH, 405153
fIgs R, FE AN 1.0 BV IET, velik
#: 50% FH AL T 30% FH I s TEVE i i 2 2 500 FH i
AR, VeI R 4.0 BVALT 3.0 BV. R
M ITHER BRI F A RER. HZART LR
SERLRTA, RIS H R SR AT 1 B A B
afi [ 55 PR 3R S0 P 1) A AR A A4S B IR R 4t
JERAEL, 30% H REIPEA R 5 3.0 BV Bt H
BT 50%HFEEMITEIA RS 4.0 BV Bk
o DRGSR A T = 4 P o A 5 SRS H e i Ak &R
R JE ) FH 6] A iz R o B AS HAE R

3.0 38 62

A/BV B/%

FESb AR SR A T HEAT S0, A B H BB 2
5.08%# i 2 56.12%, 4% 41.69%. [FII4—H
HE5 G R BT ISR 90% L . RIS R
aifp T2, nskZasR29R AB-8 W4 54l
B WA Rl R, SESR S5 R 2B HT Y 5.37%
P 2 17.44%:; 18 PV R AU RE Al A6 B b o
il e T S50 45 SRt 2EALHT I 4.26%32 7 51 29.63%.
AH EEFCARAR TS IEORE, SR A i o i B 1 e 4
EHARS . HRG RN TEME, ALk
T REEAE B 18 RS LB 2 Fhe i )
Xf Sy, R EE RV L SIS, AN Zh i R
TAEFE P SIS AT Gl o) Al e 3R AT A4
[ P &85 5 W S T B THEHEAT AL, A S
KIEBERIFRTE, X2 T BRI B A OR) . 2T
SRR, W, REMEEr. 193080k ]
M A, Dkl B RIR AR T AN
IR
EE R
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