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[ Abstract | Objective; To compare the adsorption characteristics of different macroporous adsorption
resins for the total flavonoids in Epimedii Folium, clarify the adsorption mechanism, and screen the optimal resin
for the purification of total flavonoids in Epimedii Folium. Method: Taking the adsorption and desorption
capacities of the total flavonoids in Epimedii Folium and five representative flavonoids ( epimedin A, epimendin B,
epimendin C, icariin, baohuoside [ ) as indexes, static adsorption and dynamic adsorption experiments were
conducted to compare the adsorption characteristics of five macroporous including HPD100, HPD600, AB-8, X-5
and D101. The adsorption kinetics of the selected resin was studied by using the pseudo-first-order, pseudo-second-
order kinetic models and intraparticle diffusion model, and the thermodynamic process was analyzed by using the

Langmuir and Freundlich isothermal adsorption models, which explored the adsorption mechanism of resin from the
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perspective of physical chemistry. Result; HPD100 macroporous resin had a better adsorption and desorption
properties than the others. The adsorption process of HPD100 macroporous resin for total flavonoids in Epimedii
Folium and five representative flavonoids conformed to the pseudo-second-order kinetic model. The adsorption
thermodynamic process of HPD100 resin for total flavonoids of Epimedii Folium conformed to the Freundlich model,
and for the sum of five representative flavonoids conformed to the Langmuir model. The adsorption process of
HPD100 resin for total flavonoids in Epimedii Folium was the exothermic process dominated by physical adsorption,
and the optimal adsorption temperature was 25 C. Conclusion: HPD100 macroporous resin has large adsorption
capacity, easy desorption and clear adsorption mechanism, it is suitable for isolation and purification of total
flavonoids in Epimedii Folium.

[ Key words ]

Epimedii Folium; total flavonoids; macroporous adsorption resin; static adsorption; dynamic

adsorption ; adsorption kinetics; adsorption thermodynamics

PR N R EME Geab an b 2 MR IR, oo L,
AN VB2, B AN EPH R AR AR KB A DRk, i
FF 3697 ' FH O 52 L BB O A B e
T I FEIE R o R RS Y, A
FEE AWIFEE BLWIFEE CEFEFUMEET
145, BUARZGHIT oY R F 48 Do A B 251
P B A PR BT A 2 s Y R,
A AR B 40 A A B R AR OCTE S RO

EL A SCHk 8 R R AL R B A i T 728 o 2 L B
TR R AT 3 B8 5 Sl AR B 5, (R A ) Sk B 6 15 3] 1) e
R L B Y O AR 58 e — 3 AL LR R A
ST BT SR O B AR A FR R B — R
B 4 AT 52 IR R L TR A i X e = 2 4 T 1 1% o 4
Ao ULk, B C T K AL W AR B W B i o 2 S
Tl Fry 2y 3 2 R AR Ty 2 3k B AF 5% R DL 4, W B AL
IR B , 4 85 5 alifb s = M OGS R . UL, A
SN s eV oy IR IEAWEd o ) TR Qe o
HLOHIAE AW E B, AEE C,REN 1) Mz
R B E R S AR B, R H A RN B A W M AR 4 A
Jik, ST & A SCRR b i T8 9 X R S 7 R A
G W Bt 3% 5 i HPD100 , HPD600 , AB-8 , X-5, D101
L5 b AU A5 AL W B AR IR X 1 A TR ) T
VRN ARPE , B 7RI IE 53 55 40 Ak 1 oF 2 S I 1Y) A
FERAL WL BEAR B , I 43 530 ) FH 082 BT 35 g 27 0 i o 4
T3 2E R XS DG TR A A 1Y) W B ok R R AT BIE ST, DA B
b2 1 1 EE TR B EC I 6 LT, Sk R S 7 L TR 1 43
B AL R B A B A RN S 00 K
1 &

ACQUITY Arc B &5 240 AH €6 3% 42 (38 B IR R
BHEA A A, UVIOOSPC I 48 4h-H] I 43 5t ot JiF
T B RO 2 AL A BR A F] ) L JY5002 Y K
(i RS RA R AW ), MT5 7 1/100 J5

- 114 -

L ROF (B MR -4 R 2 U3 A R A A,
THZ-82 AHS 4 i IR T 4R 37 2% (VL8 & 3n1h &
3 ] ik S A B ), STI6R 78 25 i v R 5O WL [ 3%
BROCHE R B (D) A BR A

T 0T IR (b R A 2 o R AR B
L5 110737-201516, 41 i =94.2% ) ; W12 A, 5]
B I C, AT DX (IR
FHE A B2 A 45 4 31 20120401, 20120131,
20120118,20120222, 4l JF 1) =98% ) ; 7 41K 1
Ha B Bk & FROR R AR R Lk & B4, &
A L S 24 R A AR ST S BUR S E  NBE R R W)
W Epimedium brevicomu [ T 4 W; HPDI100,
HPD600,AB-8,X-5, D101 %Y L W Bif b4 i ( 75 42
e BB MR A BRA | ) s K RStk , KSR
(R R T S Wi B o B T
2 HEEER
2.1 RAEFE R IR BUR MR A FREUE EEK
Frdid, 15 A% i 60% 20 W] H 3 Wk, AR
L5 h, i 38, &0 3 uB W, W ik & e, A5 28 2
J R R 0.5 g-mL AR IR, £ o
2.2 PRI
2.2.1 RFEHELEMATEME  WHHEHRBUZ
FRETTX A 1,22 mg, & T 10 mL jfH, H H BE
BRI R B2 B R S) RN R
BIRE  BOR FR B R AR T 5 mL
O, PR R R T S R MR R IR R 3. 59,
7.19,14.38,28.75,57. 50 mg- L' [ 2 51 X BE 5 74
W o N W — i MR FR Y T 2 R BR O, E
T, AR R O A A AR K A
o A3 EBCER 5 o 2 7 X R U VBRI 2 7 A
F AR i 3 WA &, DAOAE K ] O s | X R T
270 nmAbI EWOCE A, IELEHFRBEWE N



5526 %55 6 W FEXEFFFRE Vol. 26,No. 6
2020 4 3 A Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2020
B AL AR A S YNAR B, 2 i A o il £, A5 2 1 5 7R R s

A=0.040 2X +0.003 1 (R’ =0.999 3), 2 1 7t [
3.59 ~57.50 mg- L', 357 3 4 B R 4R BOR
TR R A R Y B 47,18 mgeg '
2.2.2 5 PR FRMEE I B 1Y BRI E A
%1k Zorbax SB C,, f0 i 41 (4.6 mm x 250 mm,
5 pm) s A 2 (A)-7K (B) B BE BB (0 ~
22.0 min,25% A;22.0 ~22.1 min,25% ~ 62% A;
22.1 ~30.0 min, 62% A;30.0 ~30.1 min, 62% ~
90% A ;30. 1 ~40.0 min,90% A) , Kl % £ 270 nm,
Pk 1.0 mLemin ' #£IE 30 °C, JEFER 10 pl,
3RS PR U F AR 199 mg, WAL E A
2.13 mg, WZEEB2.34 mg, WEE C2.42 mg, F&E
1 2.34 mg, T 5 mL &, H R M i O
B2 AHR A X B A RS . KR IRBOZIR S
Xt At AV 1 mL S F 10 mL B A R
ER BN R WS AR B WE
G, A T &k B 4 il o 37.49,42.60,
46. 80,48. 40 ,46. 80 mg-L ™" HYIR & X IR AW, K
W —E R R R LRI, BT
10 mLi e, Y H RS0 R T A 25, 28 0. 22 pum AL
DE RS L Uk AR TV R . RS B TR IBUTE A X R
WAL VA WA 10 L, 4% Bk @ 2 R 5E i
FWFEE A E B E C BT MEE
HL BB s 1.24,1.78,1.50,5.22,
0.71 mg-g~' ;HPLC [R WLI&] 1,45 5 & Bl 4% (385 1 7
B RAF AT A A e R
2.3 AR R AL B XTI S 2 R T A I B
T3
2.3.1 KALWARM WAL FE B HPD100 , HPD60O ,
AB-8,X-5,D101 B K ALW i i & , 435I A 95% &
B i i 24 h, R H W L R A, H 95% & BV
2 BV-h ™3 e B AR, A S K R R
He 11 JR A AT, F K UL TR AR 30 vp 2e A g 2
TemEMR, AR Vv A i, U oK & .
2.3.2 ERAWCRHRRE LR BRECTAL B AT H g
T 5 Fh AL KRR & 10 g, B R R F-AT
3 £, # 100 mL HEIE I, 43 5000 A Ak 24 ot 5 ok R
N 0.5 gemL ™" AR A B R B 50 mL, B E
R A (25 C,100 remin ™', R A]) 523% 24 h 3
&, I T VR, A5 I U Vo B A B A R A A
FHIE &K v Ve B Ag , 3E T, B F 100 mL H ZEHE 8 il
WL A 60% £ 18 50 mL, H1H I = A R
24 b, FEAT VR, g, LV, AR R

1 2 3 4 L

2 4 6 8 10 12 14 16 18 20 22 24 26 28

t/min
ARG A B AR 1 I A2 IR B3 WIEERE G
4 EFEN;S. FEWIL
E1 EEXEEIHEWRINYH HPLC

Fig.1 HPLC chromatograms of total flavonoids in Epimedii Folium
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Table 1 Static adsorption and desorption properties of five macroporous resins for flavonoids in Epimedii Folium(x +s,n =3)
KALR B
Ef=R %
AB-8 7Y D101 7 HPD100 %Y HPD600 7l X-5 #Y
% it R / % I E A 73.72 £0.13 72.82 £1.04 76.44 £0.38 47.30 £0. 38 74.56 £0.30
HIZEE B 76.08 £0. 16 75.56 £0.73 79.43 £0. 86 51.14 £1.16 77.62 £0.21
HifEE C 79.39 +£0. 26 77.16 £1.36 81.43 £2.16 52.00 £2.40 79.26 +0. 82
EEEY 86.06 +0. 09 86.04 +£0. 38 88.13 +0.46 67.30 £0.77 87.17 £0. 20
FERI 99.07 £0.07 99.01 +0.08 99.29 £0.07 97.21 £0.05 99.08 £0. 16
sy gLl 64.09 £2.29 63.35£2.19 66.50 = 1.87 51.42 £0.93 66.74 £2.83
L% R/ mg g ! H7EE A 2.27 0 2.25+0.03 2.35+0.01 1.46 +0.01 2.30 +£0.01
7 E B 3.37 £0 3.36 £0.03 3.51+£0.03 2.27 £0.05 3.44 £0.01
HlEE C 3.37 £0 3.36 £0.03 3.51+£0.03 2.27 £0.05 3.44 £0.01
EEFET 11.17 £0. 01 11.19 0. 03 11.41 £0.03 8.75 +£0.09 11.31 0. 06
FEINI 1.74 +0 1.75 +0 1.74 £0 1.71 £0 1.74 £0.01
o T 75.24 £2.54 74.51 £2.61 77.82 £1.99 60.44 £1.00 78.34 £3.24
Ve R/ % HIFEE A 35.74 +1.32 81.48 +12.08 61.26 £1.64 86.99 +11.54 57.91 +£3.73
W B 34.35+£1.03 68.81 £10. 19 54.40 £0. 19 78.51 £9.47 50.67 £3. 15
HZEE C 30. 81 £2.21 66. 66 £10. 11 51.55 £0. 17 77.33 £10. 44 47.84 £3.39
EER 30.69 +1.43 61.99 +7.62 50.42 £0. 64 70.07 £6.90 44.37 £3.50
EETI 9.79 £0.77 25.78 £6.53 30.20 +0. 38 42.09 £9.49 13.26 £3.00
L 28.46 +1.13 50.55 +1.74 42.06 £0. 37 60. 00 £3.70 40.11 £7.49
Fb v B3 /mg g ! HIFEE A 0.81 £0.03 1.83 £0.29 1.44 £0. 04 1.27 £0. 16 1.33 £0.09
W E B 1.16 £0.03 2.31+0.35 1.91 £0. 01 1.78 £0. 19 1.74 £0. 11
W C 0.91 £0. 06 1.93 £0.30 1.57 £0. 04 1.50 £0. 14 1.42 £0.09
R 3.43 £0. 16 6.94 £0. 86 5.75 £0.09 6.13 £0.63 5.02 £0.41
FEEI 0.17 £0. 01 0.45£0. 11 0.53 0. 01 0.72 0. 16 0.23 0. 05
sy gl 21.43 +1.57 37.64 +0.27 32.70 £0.55 36.25 £2.04 31.42 £6. 12
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Table 2 Dynamic adsorption and desorption properties of HPD100

and D101 macroporous resins for flavonoids in Epimedii Folium

(xxs,n=3) %
bR Ny W g 15 % B YR A
WIZEE A HPD100 89.62 +0.59")  90.29 £3.81"

D101 77.70 0. 83 75.07 0. 52
WIZEE B HPD100 90.85 +0.58")  86.54 +4.63"
D101 78.10 £0.77 67.35 %2.93
WFEE C HPD100 91.19 £0.68"  87.55 £7.27"
D101 79.40 +0. 52 71.08 +3.93
EETET HPD100 95.87 £0.41"  84.99 £4.31"
D101 84.47 £0.59 71.63 +2.21
FEH I HPD100 99.89 £0.19"  31.82 +1.85"
D101 96.71 0. 09 37.52 +2.01
L HPD100 68.15 +1.53"  89.79 +2.35"
D101 60.30 £1.53 80.49 £4.27
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Fig.2 Adsorption Kinetic curves of HPD100 and D101 macroporous resins for flavonoids in Epimedii Folium
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Freundlich 75 #2 4 Q. = K,.C."", nK, = - AH/
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Fig.3 Desorption kinetic curves of HPD100 and D101 macroporous resins for flavonoids in Epimedii Folium
*3 HPDI00 BRI MM ZXETMER SN RMIN N EEER
Table 3 Investigation of adsorption kinetics of HPD100 macroporous resin for flavonoids in Epimedii Folium
L7y % A I 2 R? 0. K
S B ) th—Rrzh )12 Y= -0.000 9X +3.834 0 0.576 9 52.63 0. 000 5
th—Rrzh )12 Y=0.714 7X +0.019 0 0.990 3
LR TR Y=1.248 7X +21.782 0 0.706 0
WITEE A th—Brsh f1 Y=-0.003 8X -0.5585 0.449 4 2. 66 0.014 0
= sh 12 Y=9.865 1X +0.375 3 0.980 9
UKL P9 P B Y =0.0554X +1.356 6 0.624 0
HI7EE B th—rzh )12 Y= -0.003 8X -0.081 3 0.594 8 3.51 0.012 6
th_/r3h )i Y =6.433 0X +0.284 8 0.971 8
URL N 3 B Y=0.073 4X +1.858 1 0.667 8
WFEE C th—krah 1% Y= -0.004 2X - 0.200 0 0.653 5 2.39 0.023 3
th_krzh 1% Y=7.484 7X +0.417 8 0.804 4
URL Y Y =0.053 4X +1.309 8 0.712 6
TR th—Rrah Ji2# Y= -0.007 4X +1.447 9 0.814 9 12.48 0.004 4
th—_krzh )12 Y=1.448 4X +0.080 1 0.945 3
URL Y Y =0.2655X +6.896 3 0.755 0
FEIF I th— B zh J12# Y=-0.0057X +0.166 5 0.961 5 2.53 0.021 1
th—Brah Ji2# Y =7.359 7X +0.394 5 0.917 9
UKL P9 Y =0.061 6X +1.297 8 0.840 6
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Fig.4 Isothermal adsorption curves of HPD100 macroporous resin for flavonoids in Epimedii Folium
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Table 4 Nonlinear fitting parameters and thermodynamic parameters of HPD100 macroporous resin for flavonoids in Epimedii Folium
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