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Ja e T HATE A A R XM20-2 R, T
SRR M 1 — A5 Al R AR i T2

SEAEREAT T OUA, A T il B VD R 4 )
(4R T 50% ).

R, =H, Kaempferolderivatives

R, =O0OH, quercetin derivatives
R;=0CHj;, isohamnetin derivatives
R,=mono, di-, and triglycosides

Fig. 1 Structures of flavonoids in Hippophae rhamnoides L. leaves extracts
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(MMA, E iR , B (GT) (Kt rd FF Fl LR
AIRAT) ; 1 H AR (BPO) , & ke, T —
JHe,1,6-C0 e, 75 H R DU e, 2Ry, R R 4 Sy it
B Hr iR s B R (e, R RRHMER A
PR F]) s glizk, s v - 26 R 2 4 ( BH A
T R AR A PR ], b b et 5 2 i
JER 10.4% )5 7 T (Rutin) b5 #E i, W} Je &
( quercetin) Fr#E 5, 5 BlZE & (isohamnetin ) 5
i, LIS (kaempferol ) bRifE i , 15 A v [E 2 a2k
W) 4 T I 3K

Waters 5 0B (354X ( 56 [E Waters 23 F] 4=
77) s TU-1810 $84h-1] UL 4306 BE 1 (b 5t 35 4 38
FHAER A wl il 38 ) ; THZ8821 #Y 5 X fH i 2 4k
Vi (LR KB SL g ) Hilis) s HL-2 fHji R
( FHEPPEALER A7) 5 Autosorb-1-MP A4 B4
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TEBRGE AL, Dhad S 4628 H Bk (BPO) Ry 5| &
F, AR R A IE AT R G RN, O 5E U
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P42 8 b, ABR 2R B b 9 BALA, et T/ 60°C
BES LT 54 B 60 ~90 BATRS . T R
R AR, 7 G B 72 rh AR P S A AN TR

AR BRI LB, & T — R 51 MMA & A
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A AL RN, FTEW B E AR gl A A &
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TR AR SO Y BN AR B (AR Sk B S
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I UE RN ELS B R A .
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DU AR A e A k7], LA 5% & A AL Al /K 35 iR
WARZR pH (EH 9 ~ 10, II#ZE 50 ~60°C , [ i
6 ~8 h, F B A EF HALT 0.2 mmol/g oy I 5
BN, ¥ B IR U8, R LB FKIE e,
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T 0 G A e 3e-CH,NH, (9 T B LA B HE , 4
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Bk, HPLC 34 & Hovh TFH Y 3% 5 O 0. 51
mg/mL.
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0.1)C) Z=WRF-7 , 4% F TR F% -
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FHRARR: SR, B 0, TR AT A R A 2%
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Table 1 Physical parameters and adsorption capacity of four kinds of commercial adsorbents

Specific Average Adsorption Elution Flavonosides
Functional
Adsorbents Structure Polarity surface pore diameter ratio ratio content after
grou
goup area(m*/g) (nm) (F%) (E% ) purification (% )
X-5 PSt No Non 585 32.2 94.2 91.1 11.6
AB-8 PSt No Non 492 25.4 91.4 94.7 12.9
ADS-17 DVB-Co-MMA No Weak 174 18.6 46.4 96. 8 35.2
D380 PSt-CH,NH, —NH, Strong 192 24.4 91.5 85.3 42.6

2.2 XM BIBEHY & BB X i R B R 4 Lt e
®

N T R IR BB AR A SR, FATT R
AR TN R AT MMA B & e, SE B0 PR IR B9
B, AT — RS E A A R U5 D RE AN [
FLAPE R RALIR B L 32 2 B0 T R IR I sk
PR TR B ) A R A A L R A P RE 1 5
M LA

P R TR, B B AR P MMA 5 4R 1
ST, A i Y S K R B 2 B0 Sk R T 4
MA 540 552 T LS il B B g Kk . B A AH )
SRR L RESE A DU IR R i , 400 A I R i v 5
ZURE W] R, 7 A R REAS PR A 40% LA L,
Ui I B 5 ) VR D B A S vy 1 R IR ol
Wl 1% R O S0 0 P T I AR 1 R MMA 5 i

FRYHE T, A% I 108 L2 DA T R AT, ik PE AR
MR ER AR ZE 5 B T, (45 W) X 28 ) 114 A A
A R (an XM30 #4438 ) . Thomas Schrader 45
TAEC SRS KSR, Ko F WA E TR R IR
P Z A S T, R 2 Herh— A E P
RO 105 25 e i = i = € O i =
I3 ¥ B BB K AR AR 20 43 e LAk M
GG AR E RS RS HER T L RIK AT,
AT 22 ) ) SR P A A DA sk L R
FATINN , W B 2 A= K I, — i 5 S Y
IKPEAE R IE R A 0 BS54, & BRI P 44 iR
AL 7K P RN ) R B 8 e 1 P I B A i 1
SRR, EA PG Y L SR T ) XM20 44 I Bk
PREET = (MR B RE 7, o FR B M T BHAR A IR A i
PEME.

Table 2  Physical parameters and adsorption capacity of the series XM adsorbents and D380 adsorbents

MMA Specific Average pore

Anion exchange

Flavonosides

Adsorption Elution
Adsorbents content surface diameter capacity content after
ratio (F% ) ratio( E% )
(%) area (m?/g) (nm) (mmol/g) purification (% )
D380 0 192 24.4 3.25 91.5 85.3 42.6
XM10 10 185 23.1 3.89 91.2 92.1 46. 1
XM20 20 156 25.2 3.92 89.6 93.7 55.6
XM30 30 116 24.5 3.81 71.3 97.2 57.2

2.3 BEREEFEREXIRMEREH R0
BT LL RS FRATEL XM20 44 i 115 28 R
B, BT 4 hAR [ iR 2 A ] B e
ANFEEIRR G , 2 3 B 1B AT A0 v A B e % A
AR B HER. o 2 R ke ml A ] PR A I
LS R TR SIS B ) I R RE 7 1] B R
T, A ) TR S A AR, K 2 U A T B 73

SRR, S IR RESE M B 455 2 B T A3 (A 4 4
FRIBELA: , 25 1] i B B I, D REHE Y m] e PR
B AR, 2H 18] A i A, ShREHE ] 22 [A] AR R
SR LA, A 2= 3 S0 1 535 2 8 6 5 o )
oy 2 6] ) AR T, UA O L A] R A Y
XM20-2 4§ [ X 5 ) ) A o 5 e £
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Table 3  Physical parameters and adsorption capacity of the series XM20 adsorbents
Specific surface  Average pore Adsorption ratio (F% )
Adsorbents Functional group 5 )

area(m*/g)  diameter (nm) TFH Phenol Rutin
XM20 —CH,NH, 156 25.2 89.6 92.0 89.3
XM20-2 —CH,NHCH, CH, NH, 160 23.1 93.2 91.2 93.8
XM204 —CH,NH(CH, ), NH, 164 26,4 85.2 85.0 81.5
XM20-6 —CH,NH(CH, )¢ NH, 153 22.8 73.5 80.3 73.5

R T BRI S R A 5 R o ) ) R e X
W o 5 M AR ) B FRATT LA 4 RS 3/
(AR I A1 53— RT3 R ) B RS B 0 T A
RIE &Y, AR 258 T bk 4 Rk g X & A1 A ik
BRHRE ST, [FIRES T3 3, 3R 3 B A TE S T
TR 25 5L, R a] R R K i (4 XM20-4 . XM20-
6 Bilg) , TCIEXT T/ IV TR I A 2 RST R
FET YR B U B RE 0 0% B R R Xt PR
T S B D) B i RUST, A4 ) il ) T i
AIRIL S RGN, Il 55 1 & 5 W BT 43+ =2 1al (1)
ZUHAE . S 18] B R B, X TNy
W BFFBE 7 6 22 B AR K, 1 R RSHAE R B 7 T 4y
T B RE T Y 25 K.
2.4 XM20-2 WEMRESAU T ZEEH/E
2.4. 1 B R th Ze tl E SIS PN
BAF3EE B ) XM20-2 % g ) TFH (1) 3l 2% 1 B il 2.
FH IR 8 SR R Bifi o A B  FE  fim, RE Aig y 4cb 2
S A BT, SR R B I B A% 1 SR I B RS 0.5
BV/h, W 2 W 5+ 15 BV.

~ 0.6
E
0.5 F 'B:B-D’O-D-O
g d o’
1 /

E 0.4+ g O,o
[ ' /
©03F o O
= 1o/
.2 E o
02} /
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g01r (=)
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Fig. 2 Dymanic adsorption curves of XM20-2
—[—1BV;—0O—0.5 BV;1 BV =30 mL

2.4.2 fRWE IR v 2 T T R A A SR X e g
REAYSZME 1813 Oy XM20-2 A IR 7E AN ] e B2 1Y
LIRS SR T B0 A A ot £ (A W 32 oy
1.0 BV/h) , i l&] 3 RIHI, W JEE D 60% B LI 7K %
TR ICRE F1 85055 , Ak i i et PR B, Bl Ik

JEE FR R Ry figk TR £ f W BE 7 A S 9 65, 2.2 BV
(149 80% LK1 YR Y vl 447 1R R ) 5 I A 12 6 4
PRI W50 o LB R TR (T 90 % 1) LK ¥
W), FWCBCR I A W A B e, 25 TR E AR 7 I
A FRATERE IR 80% 1) LT /K Wy gt W51

3 »F

T A

Concentration of TFH in elution (mg/mL
N o o
D—Q—u___
§—
-
=
é/
o

1.0 1.5 20 25
Volume of eftluent (BV)

Fig. 3 Desorption curve of adsorbent XM20-2 with
deferent concentration of ethanol
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T 22 iR IR I 1), 245 2% RSk IR ) B ST ], 3
I+ 0. 5 BV/h Sy de Hfife W o J32 , figp W) P 22

% o
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Fig. 4 Desorption curve of adsorbent XM20-2 with deferent
velocity of flow
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1.6 BV. Table 5 Reproducibility of adsorbent XM20-2

%LFJ? i7E ) XM20-2 *X‘j‘ EE Xd‘ I//l\ Eﬁi lH‘ *ﬂ j:iEE % ':F‘ Adsorption  Elution Flavonosides
TFH é':E’ﬂf,IzA E{/‘J %’fjﬁ’f&fﬁéﬂz %’ftr j’\j uli I}HEJ—E 0.5 Experiment times ratio ratio content after

BV/h, W B i 15 BV, fif 5% 80% 1y £ 1
TR W, ff W B 0.5 BV/h, fi W5 i
1.6 BV.
2.5 XM20-2 #AEA L R R EEE R TN
TE F R ARG B BRAE S5, X vb ol f 4
WIiAT T AL SEg. S T B 5T B I 7R A
[FISCE 55T T 5 UOPATSESR , SEER 2 R
BIE R AE 2250 T3 4, h R b 45 1L AT, XM-
20 I AT B T 40 b R B P Y 10. 4% $2 5
2] 50% VI L, By ik apE R 4f

Table 4 Validation of purification experiment of adsorbent XM-20

Experiment  Flavonosides content Average  Relative standard

times after purification ( % ) (%) deviation( % )

53.6
54.1
51.4 53.3 2.07
53.7
53.9

[

HA R PR R I PR R Y E 248 R, A
U, FRATTRT [ —~ XM-20 B RRAE AT T 24~ i 1A
(1 W BRE -V 0L S 46, 25 SR B T35 5. h #h 4
AL, CYRRR TS AT 5 A RIS X B R %) W
BB I, 3 PR R A i ot AR AT A R R
B B 44 A 4 R BB AR i LA HhowE DA, 24 4%
T BB R R, 2 il ik 22 A R B A 3
PR B R 7 K T [, 4 i = 42 A 56 7S A
JE SIS R 6 25 Y Sk BRI, I B, i R O O 2R 1
AR R, A SCr i 5% NaOH-80% .l /K 5 Wk
SEENE SN W Sy o R Y S e S PAY e L
RE N LIMKAR . 22 5 RIS B T Zd i 2 5

(F%) (E% )

purification (% )

1 cycle 93.2 92.2 53.6
2 cycle 92.6 92.1 53.2
3 cycle 94.2 91.5 52.5
4 cycle 91.5 91.6 52.8
5 cycle 90. 8 89.8 51.7
6 cycle 86.2 80.2 49.1
The first time for
) 93.3 91.3 51.4
regeneration
The fifth time for
) 92.0 90. 6 50.2
regeneration
The ninth time for
90.6 90.5 48.9

regeneration

FEfa BN R Al AL ROCR , 45 3R 3B, 4 i FE A Mg
(8 SO I N D S O B 12 £ /N2 S S 3 )
SRl R X

3 it

DALY B I 2l A 22 3 45k HL oy 1 RO 85
R AEBE A O HAT 1o B P 1) T8 BT IR R, —
SE 58 P AR KR A FH R B B B ) e 26 i
VB e R 14 [ o P e Y 5 R MR AR JI X R
MR S A 17 i) e KL, R D A O R SRR, i 2
FH R TR 005 NTBOR, 5 R 2 e 2 A 1Y
LA B T A I AEH R RELAT , 24 8] PR B, )
RESE B AT PR R I, 4 Ia] P i e, e
e P 22 ) B AR B SR B LR ORI A, e 25 W
oIS DI RERE T B O3 1 = TA) B SR L SR
SERFRII, K A SR D BE JE 18] B K S Y
) XM20-2 B} i of T 20 et I A 2650 v 1 0% a2
FEVE, (R Ah 2R 10. 4% $ 551 50% LA L.
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SYNTHESIS OF HYDROGEN-BONDING POLYMERIC ADSORBENTS
AND PREPARATION OF HIGHLY PURIFIED FLAVONOIDES
EXTRACTS FROM SEA BUCKTHORN LEAVES

LIU Rui'”, WANG Peng', SHI Rongfu', WANG Chunhong'
(" Key Laboratory of Functional Polymer Materials, Ministry of Education, Institute of Polymer Chemistry, Nankai University, Tianjin 300071)
(*Basic Medical College, Tianjin Medical University, Tianjin 300070)

Abstract Based on results of adsorption property of four selected commercial adsorbents, a series of high
selectivity polymeric adsorbents were synthesized based on the copolymerization of methyl acrylate (MMA) and
divinylbenzene (DVB). The amino functional group was introduced into the adsorbent matrix to produce the
hydrogen-bonding interaction with the flavonoides, which has the typical phenolic hydroxyl structure. The
influences of the hydrophobic intensity of the adsorbent and the spacer arm length of the functional group on
the adsorption property were investigated. When the adsorption was carried out in the aqueous environment
reasonable hydrophobic affinity is necessary to assist the hydrogen bonding. In addition , the length of the spacer
arm of the functional group affected the adsorption ability owing to the large size of flavonoides molecule. The
adsorbent XM20-2 showed the optimal adsorption capacity and selectivity to the flavonoides. Experimental
parameters for adsorption and elution were optimized. After purification of the crude extract of sea buckthorn
leaves, the content of flavonoides increased from 10.4% to above 50% . The adsorbent showed good
reproducibility.

Keywords Polymeric adsorbent, Hydrogen bonding, Hydrophobic interaction, Sea buckthorn, Flavonoids





