e Ao ﬁ M (7308 ca £ (ARFEIUE) FSTA
b I I a ’ BFHZEA R EEIEREIST hEE %O cSTPCD

® B I 4 M =® SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY EABCET RCCSEEIZUFAREH
BE - & - $ik - TH - 23 FESYIEF S R S Sino Med IR ERTI hERZOETIA
hEEREET

PATREERFLIR B AR =1 BT B IR PR LRI 5T

Wiew, a4, MEKR, T &, F8E, L %

Adsorption Characteristics of Rosin-based Macroporous Adsorption Resin for Panax notoginseng Saponin
HU Yingli, HUANG Jinfu, YANG Jianlin, DING Meng, LEI Fuhou, and XIA Lu

TELR R BE View online: https://doi.org/10.13386/j.issn11002-0306.2021060117

HEAT BRRRNER IR HAt SO

Articles you may be interested in

AU W B FL B 22 (5 3R I PR S T2 A4k

Adsorption Mechanism and Process Optimization of Inonotus obliquus Polysaccharide Pigment by Macroporous Resin

i RS, 2021, 42(22): 193-201
D301-GI AL B M it 44 22 i (0 R A LBRER ST

Adsorption Mechanism Research on Jerusalem artichoke Polysaccharide Pigment with D301-G Macroporous Resin

i Tk EHE. 2019, 40(16): 58-63,70
B A AR RO LR SR 5 A P e S B B0 g 2 A ) 2 5

Effects of static adsorption kinetics and thermodynamics of total acid and flavonoids in hawthorn fruit juice on D315 ion—exchange

B TR, 2017(11): 111-115
T P Y B AR R A AR AT T AR T R T2 M B T2 5T 5500

Optimization and kinetic/thermodynamics analysis of ionic liquid based ultrasonic—assisted extraction of proanthocyanidins from

pomegranate seeds

B T RHE. 2017(19): 154-160

T RS 3 LIS BRI e 1 4 17 P 1) 2

Enrichment of resveratrol from wine based on fluidized bed and macroporous adsorption resin
B TR 2017(16): 220-224

AL RS ik 73 B AlAR L 5 K i 264

The isolation and purification of Rosavin by the macroporous adsorption resin

i Tk RHE. 2017(23): 79-84




543 % 5 AW £ ol B Vol. 43 No. 4
2022 4F 2 H Science and Technology of Food Industry Feb. 2022
BTN, B, A AR, A AT LR FL I AR IR X = B R B BRI E (0], £ Tl R, 2022, 43(4): 73-81. doi:
10.13386/j.1ssn1002-0306.2021060117

HU Yingli, HUANG Jinfu, YANG lJianlin, et al. Adsorption Characteristics of Rosin-based Macroporous Adsorption Resin for Panax

notoginseng Saponin[J]. Science and Technology of Food Industry, 2022, 43(4): 73—81. (in Chinese with English abstract). doi:
10.13386/].issn1002-0306.2021060117

- BFE SR -
A2y N D00 ps s RS LR E
U EERERTIEN
HAILEE, BeE, ENK, T J& EEE B B

(JBRAERFLFLUIFZR, HRFNFE IR RREELERT, S B ALFS
IAREELEE/WRLH P8, S E&ET 530006)

>

v

W EATFAE M2 BELZLELHGGEHERARN, ALERT AN WA#HL ((COOH) | By
(-OR) . ##& (-OH) #93 A4 H K KIUBMAG, K F# A R &3 5] & 69 A An & 2K K IUAH G R 14 ik 4T
Mk, REREREFFLEN =L E LW RAMNIE, LR %K, YL-COOH % ot 2 69 K IUREAE 2R M 2R
mE; A LB LH A HTAFS Langmuir A, BRRH A FEE B FTAELNES, BRAHDFLAHASH
159.46 J-mol "K', AH % 30.73 kJ-mol™, & WK ZIGIRF G & KA MidAL; H40% CEMAZLELF, L
BT LI 69 35.37% R B 74.56%, MASE EAEA 10 KB RMEBILFEA T, Bids Tt ERiET A
-COOH A A RILAMMBEAAR = LELF AN ENRFHAELIEZRAAIENIER; @EEFRERE
TG AR, BsHA TR LMiE D-101. B, HE&FARLAORELRIMBERN T =LERFHF
B, FRA—EOE AT,
A =L B 2, A A KILBE MRS, 3 A 5, Bh AL
FE5Y3S:TS201.2 SCHRFRIDAD: A N EHRS:1002-0306(2022)04-0073-09
DOI: 10.13386/j.issn1002-0306.2021060117

Adsorption Characteristics of Rosin-based Macroporous Adsorption
Resin for Panax notoginseng Saponin

HU Yingli, HUANG Jinfu, YANG Jianlin, DING Meng, LEI Fuhou, XIA Lu”

(Key Laboratory of Chemistry and Engineering of Forest Products, State Ethnic Affairs Commission, Guangxi Key
Laboratory of Chemistry and Engineering of Forest Products, Guangxi Collaborative Innovation Center for Chemistry and
Engineering of Forest Products, College of Chemistry and Chemical Engineering, Guangxi University for Nationalities,
Nanning 530006, China)

Abstract: In this paper, three kinds of rosin-based macroporous adsorption resins with carboxyl group (-COOH), ester
group (-OR) and hydroxyl group (-OH) were synthesized. The adsorption characteristics of the three resins for Panax
notoginseng saponins were investigated by static adsorption method. The results showed that the adsorption effect of the
macroporous resin with -COOH as functional group was the best, the adsorption process accorded with the Langmuir
model, and the adsorption kinetics was more consistent with the quasi-second order equation, the adsorption
thermodynamic parameters AS was 159.46 J-mol "K', AH was 30.73 kJ-mol™, indicating that the adsorption was a
spontaneous endothermic process driven by entropy. When Panax notoginseng saponins were desorbed with 40% ethanol,
the purity of Panax notoginseng saponins could be increased from 35.37% to 74.56%. The adsorption capacity of the resin

was almost unchanged after being reused for 10 times. Through quantum chemical calculation, it was proved that the
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excellent performance of the macroporous adsorption resin with-COOH as functional group in the adsorption of Panax

notoginseng saponins was mainly due to the role of hydrogen bond. The cytotoxicity test showed that the resin was safe and

environmentally friendly, and the safety of the resin was better than that of the commercial resin D-101. Therefore, the

prepared rosin-based macroporous resin with carboxyl groups was suitable for the separation and purification of Panax

notoginseng saponins, and had certain application prospects.

Key words: Panax notoginseng saponins; rosin-based macroporous adsorption resin; kinetics; thermodynamics; adsorption

mechanism
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Fig.1 Preparation process of R-COOH macroporous adsorption resin

AZREFH Re. 0.10 mg/mL AZEF Rbl, 0.10 mg/mL
AZS 1 Rd fIRG X RS . IR 1.2.3.2 (a3
%ﬁﬁ LA 5,10, 15, 20, 25 pL AR[E]BEEEESEREAG I,

53] 5 P PR XTI E AR R SR R, =
——l:%ﬁ: R1:y=39281.1067x—5212.0002(R>*=0.9996), A
ST Rgl: y=76519.0199x—11955.0335(R?>=0.9997),
NS Rd: y=32639.8067x—18707.7671 (R*=0.9995 ),
AZET Re: y=31630.6267x—17695.4668 (R*>=0.9998 ),
ASHEHTFRb1:y=30048.0333x—18318.3001 R*=0.9997 ).

1.2.32 %4 ZORBAX Eclipse Plus C ¢ o
(4.6 mmx250 mm, 5 um), #7203 nm, A
AR 25 C, AR S 20 pL, WBIFHS
H (A) -7K ( B) B BE ¥ i (0~22 min, 20% Aj; 20~
45 min, 20%~46% Aj; 45~55 min, 46%~55% A; 55~
60 min, 55% A), S 2542 B8 b [E 25 8L )2020
R o
1.2.4 KALMAERT =-b B e ARSI i S
1.2.4.1 AFFEERFIMPBERITHIE  435FREL R-COOH.,
R-COOCH; . R-COOCH,CH,OH #AFFIEMARSS 0.5 g
F 50 mL #EIEHRF, INA 20 mL B EE 5 mg/mL
i =5 R R T 308 K FIEEKRIBEE R PR
24 h J5, B RS S WEI0 aE He E , THEAAR HiR 0 R B3
TRt o B fS AR s PO AR TR 1ERAAR, i
AT 70% 1) L B2 20 mL, 308 K " IEIR
Y¥% 24 h 5 U IS W0 8 e B, TR 2%
SRR (2) . GO RFUAAR A 2 T
B3 MR AR 0221

1.5 mL-min~

ey = 0 XVo A (D
0 Cl

W B2 (%) = — x 100 A 2

A ECAE %xm = (3

H: Co. Cy . C, SRR IEFERGAR L | -1 e
BEFR AR L, mg/mL; V. V, 53 BRI A

BRI RAARTY, mL; M AR T, g

1.2.4.2 WEMIshFi2E  FREX 2 g AR T 500 mL AO4E
JEI R, IA BRI HE N 5 mg/mL () =-E R E %
W 200 mL, T 308 K N E K7 IR T 3% 35 W BT
24 h IR EORE, B3 1 h BRI S T B - A
R, Ll B s 1Al 2k .

1.2.43 WEEERL 52 BRI 0.5 g WHAR T
50 mL B9 £, hn A BT B R BE (1~7 mg/mL)
i =L B 20 mL 4351 T 298, 308, 318 K
TN E IR R RE IR TP RS WM 24 h, BOUE S S
RE R I S i, 22 W B A5 TR 2, AR i T A
BRGSO 225 -

1.2.4.4 WA S A BRI I E,
KB 2~3 IR, FhUE LA IR R E /K S5, A 20 mL R~
[FHAT MY TC/K LB R IR K VERE IR T RV ff
24 h, BRI 52 e BE T A 2R, IR AR
— AR Al RN, TR AR (4 o RIS 1
A FHTC/K Z 210 24 h, /K ETC LB, g T
Y, PRI —E T e B ) — L BV TR T /KiG
PR AR 5 W A, B2 AR BRI 10 YR, 38 O I B
ZEA AR E 2 A FHERE

0/ ) _ A
%E(A))_AIJFAﬁA TTA x 100 WD)
A A, AL S I

1.2.5 i AbEit s Bk nT DA s Tou
SRR, Horp a8 B pR B A LA TSRS43
FIRI AR B, 38 5 W BT A w&l}h‘ BAES
S W2 SR T A W o 0 2 T ) X, 2 T A S 1 B PIL
T, AR TR E BRI S — S R A E AL
i, R TR IR S = S R e i 2 1]
B AH HAEJHBE, % Gaussian09E.01 X {4 £, M06-
2X B E I RIS, 6-31g(d) HEZH X% P AH B AE
FHRIEE SR T4 Ak, def2tzvp JE4H R XML fb iy

PSS T T REE T, SR ICIbAS 2] ) S BEE AIK
B R e OS54



76 - £ Tl B4

1.2.6 #HMEEIESCE SR CCKS8 174 R-COOH
X} GES-1 4iig 82t sem . GES-1 4l %E 75 )5,
FEA I A IR AR UE (10, 100, 200 pg/mL) LA
PR FEE A, FFBEE A FXTHIBLH, 78 37 °C F 5%
CO, THIRFEFEF N TE 72 ho e FHEEFRGNSE
B, TR ANMAT I 2T LA O CHIR A e et i
A LAFIETE I
1.3 #HIELIE

S EE R = ROPAT LB 0 HME, R RN
P EERR R 225 (6 SPSS 19.0 B T8 a
P2 BRI, SR FH R R R T 22438 LSD &
(BN 22 700 P TEUER, P<0.05, o227 35
{di ] OriginPro 2018 A TEARGE T 0T LA K
HEDE
2 HRE5ESH
2.1 MEBEEKXFLMERNIFIE

FIFH Lo 2 AR A2 S LAy BRI RSG5 3 Rl g
P LR TR AP LR, IR 8 I =L a5
W RFHSSCR  F e 1 AT, AR TR IR A EL ) RN B £
PAREI BRI TE LT, 3 FIAATF AR IS AY L2 AN
SRR TG WM 22 5, B)E T RS L R, AH =R
JI PR IR ST | TR o 23 5 iR A 3R 2 TR Sl S M 25 5,
R-COOH gy B ZE AT IR Z| 86.56%; 70% 1Y L
R S5 A7F T FB e AT 3k 80.10%, SAIL T 55 AR AR
5. PHE2EsEH] R-COOH A ASHEAT =L Mg 11y
W B SR LR | Bl T SRR AR DL A B A Al Ak S5 AR
5%. HT 3 FIRIARZESSE# FLT- 3% 22 5%, EA17E
W B LR A AT NSRRI — 2K
PR 240, TAZ o) S5 TR0 i W 3 114 22 5, BT BB i DD RE PR
(MAA . MMA . HEMA)_E AR TE B BE H £ 546 £ H
Y 3 R AR AR SE A 5 = b B T B S
TIANIFIE B, ORT R i DA 2 M 2
1 EHET I B
2.2 RMIEh D FIRMHER SR
2.2.1 WERNBh I W B IR S X TR I B R
JHAE | FOI0 K R4S R R R . A A 2a AT
R-COOH Xt =L R =11 5 Fh B o3 S5 TR % ff i
it S ] R 3R, Ao HH W B e i 2 s T Rl T, B
JE G — A S I B GE, Je B R B
FRHEHRIEAE 700 min A FFRAIA B AT, T HE5T —
BT 5 PR A 04 I I B B TR] 04 A A B, 4y
R FHUE—Z 80 F1 2 FNHE G sh 15445 RIXT 308 K

2022 4F 2 J

16 a

14 f T
& 121 {v/'/+?t%ﬁR1
e 10 F - \Z I ifRel
) - A BR{Re
= 87 e - ABHLRbI
oH 6t - AZ AR
= o/
=

o

0 L 1 1 1 1 1 1 1 1 1

0 400 800 1200 1600
Fif ]t (min)
~800Fb = pgim
[ ANZREATRgl
g 700 :)t%%grkg
5 N - AZ i 1fRb]
2 600 ~ Kziiird
E 500
4001
I 300 |
=
= 200
& 100 f 3
EEEN I =
0 400 800 1200
At (min)

K2 mekitahJyeih
Fig.2 Adsorption kinetic curves
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Table 1 Comparison of adsorption and desorption properties of rosin-based resin for Panax notoginseng saponins (s, n=3)
LTS e Em A (m>g ™) SEHIFLAE (nm) 1% - (mg/g) % B % ) TR (%)
R-COOH 36.55+1.23° 24.86+1.33% 37.61+1.24° 86.56+2.31° 80.10+1.42°

R-COOCH; 34.82+0.78° 23.88+1.42° 14.48+1.67% 40.52+1.67* 63.3242.64°

R-COOCH,CH,0H 36.80+1.42° 25.95+1.56" 25.82+2.12° 52.5242.20° 76.45+2.20°

TE: SFREEARER, RPN RN FREROR TR B35 22 57 (P<0.05)
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Table 2  Fitting parameters of quasi-first-order and quasi-second-order kinetic models
EiFL 7% LAY it R Qe k
LRI He—2zh 12 y=-0.0027x+0.4358 0.9213 1.55 k,=0.0027
o M= sh )% y=0.3614x+35.6846 0.9981 2.77 k,=0.0036
HE—HB 1% =—0.0040x+2.5154 0.9071 12.37 k;=0.0040
Azl e o 1
=g sh )% =0.0686x+6.5920 0.9983 14.71 k,=0.0007
, HE—HB 1% =—0.0031x+0.3194 0.9152 1.38 k,=0.0031
AZ R 1iRe e ” ! l
=gl 1% y=0.5334x+66.5634 0.9957 1.87 k,=0.0043
HE—3) )% =—0.0028x+2.5727 0.8829 13.10 k;=0.0028
AZHATRDI e o !
- e DA y=0.0726x+17.1251 0.9964 13.89 k,=0.0003
HE—B) 1% =—0.0033x+1.7920 0.8981 6.00 k;=0.0033
AZ AR N R !
i DA =0.1846x+38.4260 0.9921 5.56 k,=0.0009
IgE AR Tp IS =L R BT ISR M I A5 I/n AL FEL

JIAESG, 45 3 FhAESEH LA R e B 37N
SR (MAA) HA 12 -COOH IR G I 5 SR Fre -
2.2.2 WEMAETRLZ 298, 308, 318 K T R-COOH
WEAE I I = B R n R IR e an & 3 s, SR
JH Langmuir F1 Freundlich 25 iz B AR 251 565 01 [
BARSATRIA 53 PT, HALRIIN = (7) FN(8) iR, 455K
W3 3,

401 2 208k
L ® 308K

35 A 318K

3( | Langmuir model
—_ - ---Freundlich model
@ 25| £
&b -
£ 20 7
S15 ¢t
i
= 10}
=E

0

-5

0 1 2 3 4.5 6 7 8
HeEC, (mg/mL)
P 3 R[RIRE T Y45 R 2k
Fig.3 Adsorption isotherms at different temperatures
Langmuir W57
_ 4, K.C.
I+K.C.
e q, A PHTIR FE 2S5, me/g; q,, HEREAE
W BB, mg/gs C, oA W 187 i = - B R o vk
J#, mg/mL; K; "N Langmuir 455 % %%, mL/mg.
Freundlich W B8y

q. =K.C! ® (®)
o Ky o Freundlich #4% ((mg/g)-(mL/mg))'"";

q. = (D

HIR B gS  aE RN E 3 s, =B R BT
P W B B 2 IR B (R MG R, T RIS I 2 — 1~
POt R, FHE R R TR U T . LhEER 3 4H
FeFRE R* v A, Langmuir BL7%Y Y Freundlich B3]
GG, BEUWE R MR S R BT R Z R MY, AiTEH
PR B i 22, T BHIZ RS e g = B o
P a1 BB SR W B B 5 A SR 04 e B 85, BT LA
J& Ty T 2 AR S R R R, x5
Langmuir A8 R U Z2AHTT 519 -
2.2.3 W22 SRA Van t-Hoff J7 FE X #4 J) 2%
SCEG R BEAT LG S PT, A5 S A T 3 HBEZEAG.
K5 AR AH FIEAE AS G530 J1 24 28K, W3R 4. Van't-
Hoff 7215,

AH 1 AS
h'lKad——T'T‘f'? ﬁ (9)
AG = AH-TAS 7 (10)

b Koy (q/C) o Bic 240 R Sy BEAR <R H
#7,8.314 J/(mol-K) .

i 2% 4 v Hl, AH>0, i R-COOH M figx+ =&
SR W R A I G AR, 3 A TR S £k (1F] 3)
A 4s AR —3, =il A R TR . R-COOH HhR#s
FOR IR E LA IR, IR AR RSS2, IR E
I BAPRS (R L Y e Il (AH=4.2~8.4 kJ/moL)E7,
T J& T2V Bl (AH=8~50 kJ/moL ), ¢ R-COOH
JEE A SR B =B B B TERS, AG<0 BRI
AR E &, XA a T LIRS S 4 I R
P, AS>0, XS H TR B FERTHALL S ST =0 5
KEIKTF, =BT ISR K

# 3 Langmuir A Freundlich #RI G &S %L

Table 3  Fitting parameters of Langmuir and Freundlich models

Langmuir Freundlich
T/K ; -
q,/(mgg") K, Kg I/n R
298 34.1097 0.4432 0.9826 11.7802 0.4200 0.9368
308 39.2718 0.4975 0.9763 14.5684 0.3970 0.9326
318 46.5578 0.4161 0.9802 15.3407 0.4363 0.9527
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Table 4 Thermodynamic parameters of adsorption process

T/K AH(kJ-mol ™) AS(J-mol™"-K™) AG(kJ-mol™)
298K -16.79
308K -18.39

30.73 159.46
318K -19.98
328K -21.58
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Fig.4 Effect of ethanol concentration on desorption of
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H: ARVNEFR R R ER B, P<0.05; # 5, E 7 [H.

il s P, BEAE WA 3R R, i A A IR
rh =R R R LERE S SRS s N AR, 2 L
RN 40% B, Ak vh =L S B T 2l B s, 1
HPE T AR BTt B AA D 1T 70% B 2 B i AR A
A0, (R LB LA v, TR ARARG, S By
PEZR BT 2222, fliAe — LSS RISl AR, AT
JEEEAEEE ORI —- S S H ARSI, DI S S
AW B A S50 R SRR 40% 19 2 B AR A A
el

mE 6 s, aifban iy =L S T PR BOR
FITE 0~5 min B EZ A2 0, — LB R H R

20
10 2‘0 3‘0 4‘0 5‘0 6‘0 7‘0 8‘0 9‘0 160
LA (%)
K5 B R X =L AU R Al
Fig.5 Effect of ethanol concentration on the purity of
Panax notoginseng saponins

Rg,
Rb,

Rd
b bl

: I

0 10

2.0 3.0 4.0 5.0 6.0
I TA]t (min)
Ko —-Lugimmeiga
Fig.6 Liquid chromatogram of Panax notoginseng saponins

TE: a AALRET @35S b Al s i @kig .

ali B N 35.37%, £ R-COOH W [t 5 , 7K vhige 2~3
K, 40% M IC/K S BRI S5, 0~5 min 14 24% 5T 04 B i
ARG, A T AR — e 2 M =L R B i A ali i
69.26% o N IRAN NG WL BRI I FIT A MR ATG B 56
RPN, —-E BRI RILiEE nl AR K(E 74.56%,
AR IR T 2.1 4%, R TIAFIEMNE R-
COOH X =+ B HA RUFmI i bR

2.3.2 WARBIEEFATERE DL 40% BYTC/K W50
WANE M F T, K five W e B AR R I G 7K 20 s i g
24 h, JKPEZETC L WERk, s T8, PRI —E it
R 1Y) — B BB IR TV R IR T R 5 W B, TR
W AR 2 10 YR, AN &l 7 B s, R-COOH B il 25 it
10 RAE IR J5 L o 0 i 25 P 245 5 (P>0.05) , Ui

K7 R-COOH Xf =-L B2 H i E MRS L
Fig.7 Comparison of repetitive effects of R-COOH on
Panax notoginseng saponins



8438 5 4

WL , 45 WA B RALI I = SR H B PRI 79 -

ZA IR R RS M Re AR e b .
2.4  IRBIHLE

R =L R B S IR asf mT A, —
FZWER 1 F 2 SRR 4R g, H 2.2.3 524
B A kS EWAIER T R-COOH 5 =k B e
FEEAEH I SR, IR R A ST A sk
THEDIRERL S — b R e S E U RN, B
WIRATIER RS = -E R W AL

EIRTENY 3 FPAT LR FLA AR 11 32 X I AE
TR DI REIEANIR], 43 R | PR R RIS AL,
SR ST, DL =Ry R ETEHS 3 Fp
a7 FE A BE B R B AR i S BEVE FH 0, 1HERESE SR dn
Kl 8 Fis, =k R1 4rFH 141 %5 H R TR
H B IE (FERIE 0.450), 55 514 O R B H
fief i (B MI{E—0.734) . T F=ZmrER T
HRE & 4 76 47 F B 2 i 1E 3k BB 5 B B A9 R A7 B,
141 SHEETFF 55 S8 5T 0T LA HilE A St
RAFNAZ AR5 =BT R1 _E AR I SRR L0 i
S48, X R-COOH Wl =L RFF R1 #frastafifie
FEE S EAGE, g5 & 9 FisR: R-COOH 431
TR RERAR MAA 5 =L B1F R1I EAERE =
Fh, B2 L. 10 I M9 45 A B 439 2 —38.88. —25.01.
—62.81 kJ/mol., M Jj2APRIGHRA, g5& 882 fE, H
255 B AL KRR A, AH H W 5 | BV ks 5738,
T ARAE TR 11 X R-COOH W [} =& %47 R1 ks
YEM .. AR5 H R-COOCH, . R-COOCH,CH,OH
hEEFIR MMA 5 HEMA %F=-E}#H R1 FEEEE
JHfE }—25.60 kJ/mol. —35.82 kJ/mol, 3 Fl A FL W fff
PHIEXT —-E R R1 AFEH 1 R/IMEK R OE: R-COOH>
R-COOCH,CH,OH>R-COOCH,, {EH J1k/N5 3 Fifs
BEBEXT — - BT I M /IN(GR 1) HAT TE 0] AH
FetE, IS UE T SR AA T LA LI B AR —
SR BRI =V EF T

K8 =R

Fig.8 Molecular formula of notoginsenoside R1

2.5 R-COOH mpnE 4

FEZIHFERFLE D-101 2R oS TA &8 A
BfFFL, SRR ARt R H B R IS S sy B alifb =L
o 1H D-101 PRI 206 8 F A r= 5, Al

SHASE] FRAE BRI, X RRE T D-101 iR, MRS —
F AT AR B PRI [ 3R], R-COOH 3 LA 5 D-101
FRMRLE S Ze e, AT R S E4 T T 4nie sk
Xt i 5 o GES-1 4255 R-COOH F1 D-101 =
PRI B %, ARG S5 R & 10 iR, 410
METRAET AN, SN FRIEE AN, B 10a F1E 10b
IR, 10 ng/mLR-COOH $2 B 1% 55 i 40 e 7% J1 BH
AT D-101 $RHUIE SR 4, 4211455, R-COOH
1 D-101 A9 41 ML A7 3% 535k 97.51% Fl 93.76%,

P - g Aoy
o _,qg;,-"a 45 .cf )
2 B
e, 4
1- !Z P +
>4 Bt I
oy

v 4
T e
I Ja’.» ‘\

AE=-62.81 kJ/mol
9 R-COOH Zifigiifk MAA 5= L4 R fEHIF
Fig.9 Interaction mode of R-COOH functional monomer MAA
with notoginsenoside R1
TE: B R 4 A 00, B T A PIAR S5 & 7 ki, Bt
1A — K455 L, B AT A4S 5 07 A5

El 10 GES-1 40 15 Kl

Fig.10 GES-1 cell morphology diagram
H:a. ¢ 10, 200 pg/mL R-COOH & $& W% 5% 35 T 19 40 B ;
b. d # 10, 200 pg/mL D-101 @ HEWIEFE T (0401 .



- 80 - £ Tl B4

20224 2 A

PP B Y TG HE; B 10 F1E 10d R 542 5L
He BE RGN 200 pg/mL B, R-COOH 4 il 777 R A4
FFIE 96.59%, 157 T D-101 MIAIIEATIG 3R 91.72%,
PR, AR T BE AL B IR R-COOH 7547 B 4lifb R
SRS P E AT DT R —AF LE D-101 B2 4y ag
TCHE 7]
3 g

FATR LI ALIE B A4 iF R-COOH X —-L B i 17
FI%) T2 B0 250 5 dme A, WA R Sl TR AN 5 TE 2 Bl J g 2 R
Langumir 5575 W BHASE R, #4725 28003 W I I Bf it
FEIRER BN, H AW IR o s, K
W25 R T R-COOH MRt =1 S i AV E AL
i, BE T AN R-COOH W [ =& s B B v
FEAEF, XRS50 R S S [l FAH A BA
—EMERIRFE PR L . SEEE WA EE R 70% B, fit
WL 3K 80.10%; 1111 L WEHE Iy 40% HiF, e
=LA e, Horp R-COOH mlK =L
PRI =L R R HIAiEEH 35.37% $EmE] 74.56%
KR IEIEIR B 10 U, BRI R 1 JLT- A
FerEh s, H R-COOH MIRER MR Ze 4z, G TR
SRS PE RS I A3 S

Sk

[1] XIAPG,GUO H B, RUM, et al. Accumulation of saponins in
Panax notoginseng during its growing seasons[J]. Industrial Crops
& Products, 2017, 104: 287-292.
[2] ZHUANGL W, DING Y, SAFIANMURAD M, et al. Con-
tinuous chromatography with multi-zone and multi-column dynamic
tandem techniques for the isolation and enrichment of class com-
pounds from natural products of Panax notoginseng[J]. Journal of
Chromatography A, 2020, 1629: 461499.
[3] PENGM, YI Y X, ZHANG T, et al. Stereoisomers of sapon-
ins in Panax notoginseng (sanqi): A review[J]. Frontiers in Pharma-
cology, 2018, 9: 188.
[4] LIUF, MA N, XIA F B, et al. Preparative separation of minor
saponins from Panax notoginseng leaves using biotransformation,
macroporous resins, and preparative high-performance liquid chro-
matography [J]. Journal of Ginseng Research, 2019,43(1): 105—
115.
[5] YANG F, MA Q, MATSABISA M G, et al. Panax notogin-
seng for cerebral Ischemia: A systematic review[J]. The American
Journal of Chinese Medicine, 2020, 48(6): 1331-1351.
[6] ZHOUY L, GAO X, FU Q, et al. Enrichment of total steroid-
al saponins from the extracts of Trillium tschonoskii maxim by mac-
roporous resin and the simultaneous determination of eight steroidal
saponins in the final product by HPLC[J]. Journal of Separation
Science, 2017, 40(5): 1115-1124.
(7] sk, Bk, RAE, 5. D301-G KILK ISR 3 F 548
e FEMBE R[], &8 T A3, 2019,40(16): 58-63,70. [ LU
M, MA H L, ZHU L P, et al. Adsorption mechanism research on
Jerusalem artichoke polysaccharide pigment with D301-G macro-
porous resin[J]. Science and Technology of Food Industry, 2019,
40(16): 58-63,70. |

[8] LIYN, YINL H, XULN, et al. A simple and efficient pro-
tocol for large-scale preparation of three flavonoids from the flower
of Daphne genkwa by combination of macroporous resin and
counter-current chromatography [J]. Journal of Separation Science,
2010, 33(14): 2168-2175.

[9] WUXY, TANG Y, SUN Y X, et al. Extraction of flavonoids
and kinetics of purification by macroporous resins from quinoa[J].
Journal of Nanoparticle Research, 2020, 22(7): 181.

[10] TANGD, ZHU J X, NIE H, et al. Simple and efficient ap-
proach for enrichment of major isoflavonoids from Astragalus mem-
branaceus with macroporous resins and their nephroprotective activ-
ities [J]. Industrial Crops & Products, 2018, 125: 276—283.

[11] GUO C X, QIAO J P, ZHANG S W, et al. Purification of
polyphenols from kiwi fruit peel extracts using macroporous resins
and high-performance liquid chromatography analysis[J]. Interna-
tional Journal of Food Science & Technology, 2018, 53(6): 1486—
1493.

[12] %73k, BT, Bk, 5. 0w @k te K 3L R sh it s
$# T L] £ T kAR, 2021,42(6):202-207,232. [LIUC
Y, ZHOU N, CUI T, et al. Optimization of purification process of
polysaccharides from Rehmannia glutinosa libosch. with macropor-
ous adsorption resins by response surface methodology [J]. Science
and Technology of Food Industry, 2021, 42(6): 202—207,232. |
[13] LIW,EY Y, CHENG L Y, et al. Rosin-based polymer@
silica core—shell adsorbent: Preparation, characterization, and applic-
ation to melanoidin adsorption[J]. LWT-Food Science and Techno-
logy, 2020, 132(2): 109937.

[14] WANG T, LI P F, SUN Y, et al. Camptothecin-imprinted
polymer microspheres with rosin-based cross-linker for separation of
camptothecin from Camptotheca acuminata fruit[J]. Separation and
Purification Technology, 2020, 234: 116085.

[15] LIPF, WANG T, LEI F H, et al. Preparation and evaluation
of paclitaxel-imprinted polymers with a rosin-based crosslinker as
the stationary phase in high-performance liquid chromatography [J].
Journal of Chromatography A, 2017, 1502: 30—37.

[16] F4#E, Py, Fmt. —AREAN ks FALHE
7 i ¥, CN101319036A[P]. 2008-06-18. [ LEIF H, LUJF, LI
P F. Rosin-based functional polymer and preparation method there-
of: China, CN101319036A[P]. 2008-06-18. ]

[17] LIPF,QINL T, WANG T, et al. Preparation and adsorption
characteristics of rosin-based polymer microspheres for berberine
hydrochloride and separation of total alkaloids from coptidis
rhizomal[J]. Chemical Engineering Journal, 2020, 392: 12370.

(18] Fm¥s, RARK, 5, F. &4 E KL MK & R &
AR A B A R AR A (J). AL AR R 5 R, 2020, 32(7):
138—146. [ QINL T, ZHANG D M, LI H, et al. Synthesis of glyc-
osyl macroporous adsorption resin and adsorption properties of
Ginkgo bilobal[J]. Chemical Research and Application, 2020,
32(7): 138-146. ]

[19] 4R, Em%, Fdd —AonF R ARk HAL
# &7 % P H, CN101768240A[P]. 2010-07-07. [LEIF H, LI P
F, LU J F. Ternary copolymer containing rosin group and prepara-
tion method thereof: China, CN101768240A[P]. 2010-07-07. ]


https://doi.org/10.1016/j.chroma.2020.461499
https://doi.org/10.1016/j.chroma.2020.461499
https://doi.org/10.3389/fphar.2018.00188
https://doi.org/10.3389/fphar.2018.00188
https://doi.org/10.3389/fphar.2018.00188
https://doi.org/10.1016/j.jgr.2017.09.003
https://doi.org/10.1142/S0192415X20500652
https://doi.org/10.1142/S0192415X20500652
https://doi.org/10.1002/jssc.201600884
https://doi.org/10.1002/jssc.201600884
https://doi.org/10.1002/jssc.201000054
https://doi.org/10.1007/s11051-020-04906-7
https://doi.org/10.1016/j.seppur.2019.116085
https://doi.org/10.1016/j.seppur.2019.116085
https://doi.org/10.1016/j.chroma.2017.04.048
https://doi.org/10.1016/j.chroma.2020.461499
https://doi.org/10.1016/j.chroma.2020.461499
https://doi.org/10.3389/fphar.2018.00188
https://doi.org/10.3389/fphar.2018.00188
https://doi.org/10.3389/fphar.2018.00188
https://doi.org/10.1016/j.jgr.2017.09.003
https://doi.org/10.1142/S0192415X20500652
https://doi.org/10.1142/S0192415X20500652
https://doi.org/10.1002/jssc.201600884
https://doi.org/10.1002/jssc.201600884
https://doi.org/10.1002/jssc.201000054
https://doi.org/10.1007/s11051-020-04906-7
https://doi.org/10.1016/j.seppur.2019.116085
https://doi.org/10.1016/j.seppur.2019.116085
https://doi.org/10.1016/j.chroma.2017.04.048

843 % 5 4

WIHIAN , 4. MR BERALI IR = B H I BT - 81 -

[20] BRAR, kAR, RE, F. B KILA MM G AT =X
A5 B AHE R[], P 3 25,2003, 34(10): 44-46. [OU L
L, SHI Z Q, SHI R F, et al. Studies on separation and purification of
saponins from Panax notoginseng with strongly polar macroporous
adsorption resin[J]. Chinese Traditional and Herbal Drugs, 2003,
34(10): 44-46. ]
[21] ARE, Kk, #%3%, 5. RILAIE S B4 3808 & & shik
ZEE2HFH T LARIL R AL, 2017, 46(4): 706
710,714. [ ZHAO F P, ZHANG L, JIANG Y, et al. Optimization of
purification technology of total saponins from Panax notoginseng
with macroporous resin and aluminum oxide column[J]. Applied
Chemical Industry, 2017, 46(4): 706—710,714. ]
[22] xlsesh, W4, & &, F. RIURAE 5 & AL X R R B
ARIT[T]. A kA, 2017, 38(2): 293-296. [LIU W L, XIAO
J H, HUANG Z W, et al. Purification of flavonoids from wheat germ
by macroporous resin[J]. Science and Technology of Food In-
dustry, 2017, 38(2): 293-296. ]
[23 ] EMAMIAN S, LU T, KRUSE H, et al. Exploring nature and
predicting strength of hydrogen bonds: A correlation analysis
between atoms-in-molecules descriptors, binding energies, and en-
ergy components of symmetry-adapted perturbation theory[J].
Journal of Computational Chemistry, 2019, 40(32): 2868—2881.
[24] XNFTA. H BT R LR [M]. LT FEKXFdat,
2007: 163-175. [ LIU J Q. Separation processes and simulation[M].
Beijing: Tsinghua University Press, 2007: 163-175. ]
[25] Bk EAL, JR&FHE, 2038, KIURHAG A4S 70 3 7 8% 09 R I 45 b
B f3h A F AR (T]. &Sk A 4, 2013(11): 122-125. [ OUYANG
Y Z, ZHANG C H, WEI Y. A kinetic model for adsorption charac-
teristics of tannic acid from chinese gall “Beihua” on macroporous
resin[J]. Food Science, 2013(11): 122—125. ]
[26] LIU B 'Y, DONG B T, YUAN X F, et al. Enrichment and
separation of chlorogenic acid from the extract of Eupatorium aden-
ophorum spreng by macroporous resin[J]. Journal of Chromato-
graphy B, 2016, 1008: 58—64.
[27] CAOX Y, PANG H L, YANG G P, et al. Sorption beha-
viour of norfloxacin on marine sediments[J]. Journal of Soils and
Sediments, 2015, 15: 1635-1643.
(28] FFE, BOR B, LAFE, & RAF P SAER M 5 B
I b B AR R 89 B 5T (D], & F 2k 5 A, 2005, 21(2): 97-102.
[LIJZ, OULL,SHI Z Q, et al. Study on the synergistic effect of
hydrogen bond adsorption and hydrophobic adsorption in aqueous
medium[J]. Ion Exchange and Adsorption, 2005, 21(2): 97-102. ]
[29] %2t KA, R, 5. S-8 KILM G AAHIET 48 5
AR iR & F B 9 oh [T]. P 2, 2014, 36(10): 2064-2070.
[ LIU HM, ZHANG Y, HAN Y P, et al. Adsorption improvement
of enzyme extract pigments from Grifola frondosa fruiting body by

S-8 macroporous resin[J]. Chinese Traditional Patent Medicine,

2014, 36(10): 2064-2070. ]
[30] xI#3f, 2%, AB-8 A K ILE MM fs 2 % 5% S B eg 5 5
SACBB MBSy F AR I]. b B A SR A Al 2017(1): 115-120.
[LIU S P, WANG L. Separation and purification of total flavon-
oids from chestnut by AB-8 macroporous adsorption resin and re-
search on adsorption thermodynamics[J]. China Food Additives,
2017(1): 115-120. ]
[31] WUYF, ZHANG L, MAO J W, et al. Kinetic and thermody-
namic studies of sulforaphane adsorption on macroporous resin[J].
Journal of Chromatography B, 2016, 1028: 231-236.
[32] #hanth, THA, 5. AB-8 XU A x5 41 % 3 89 69 R
MAT A #E 5 (1], 465 £42,2013,41(2):33-37. [XUZW,YUC
S, DOU S. Adsorption behavior of AB-8 macroporous resin for total
flavonoids in Bupleurum[J]. Chemical Engineering(China), 2013,
41(2):33-37.]
[33] AW, SR, F M, F. B CRALSHHNE
BB LB T ORRATH SRS A F ] AR F R,
2011,27(6): 1474-1481. [ JIANG GM, GAOBJ, XU W M, et al.
Adsorption behavior and kinetics of iminodiacetic acid composites
for heavy metals and rare earth ions[J]. Acta Physico-Chimica Sin-
ica, 2011, 27(6): 1474-1481. ]
(34 ] BA4rsr, ¥ RA, Tdhdy, 5. ARORF B 6 LA RSP LR
feE AT (T). & BT 50 5 IF 4, 2018, 39(15): 61-66. [ ZHOU
JQ, LUO S Q, WANG J J, et al. Purification and antioxidant activ-
ity in vitro of flavonoids from okra[J]. Food Research and Develop-
ment, 2018, 39(15): 61-66. ]
[35] EHME. ARES S0 sbde T LR AHIE S MR 545 A #F
7 [J]. A T kA, 2020,41(15): 59-64. [ LUAN Z X. Purific-
ation and anti-motor fatigue effect of total polyphenols from
Cistanche extraction[J]. Science and Technology of Food Industry,
2020, 41(15): 59-64. ]
[36 ] B4k, X TR, #3045 R I KRB G 09 4] & 2K
*EAK IR A R 6 R AT A e dud) (). R A S AR, 2021,
41(2):548-556. [ DONG J W, LIU X H, LI Z Y, et al. Synthesis
of a polymaleic anhydride based resin and its adsorption character-
istics and mechanisms for removal of ciprofloxacin from aqueous
solutions[J]. Acta Scientiac Circumstantiae, 2021, 41(2): 548—
556.]
[37] WANGL C, CAO Y H. Adsorption behavior of phenan-
threne on CTAB-modified polystyrene microspheres[J]. Colloids
and Surfaces A, 2018, 553: 689—694.
[38] E2&, FA R, AR, F. A B K IUHIE R K P
oA F AT ]k A B H K 2019, 45(10): 40-45,51.
[ WANG Y, HUANG QF, LIU S G, et al. Study on the adsorption
of antibiotics in water by aminated rosin-based macroporous resin
[J]. Technology of Water Treatment, 2019, 45(10): 40—45,51. ]


https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1002/jcc.26068
https://doi.org/10.7506/spkx1002-6630-201311027
https://doi.org/10.7506/spkx1002-6630-201311027
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1007/s11368-015-1124-4
https://doi.org/10.1007/s11368-015-1124-4
https://doi.org/10.3321/j.issn:1001-5493.2005.02.001
https://doi.org/10.3321/j.issn:1001-5493.2005.02.001
https://doi.org/10.3969/j.issn.1001-1528.2014.10.012
https://doi.org/10.3969/j.issn.1001-1528.2014.10.012
https://doi.org/10.3969/j.issn.1006-2513.2017.01.011
https://doi.org/10.3969/j.issn.1006-2513.2017.01.011
https://doi.org/10.1016/j.jchromb.2016.06.035
https://doi.org/10.3969/j.issn.1005-9954.2013.02.008
https://doi.org/10.3969/j.issn.1005-9954.2013.02.008
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.1016/j.colsurfa.2018.05.088
https://doi.org/10.1016/j.colsurfa.2018.05.088
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1002/jcc.26068
https://doi.org/10.7506/spkx1002-6630-201311027
https://doi.org/10.7506/spkx1002-6630-201311027
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1007/s11368-015-1124-4
https://doi.org/10.1007/s11368-015-1124-4
https://doi.org/10.3321/j.issn:1001-5493.2005.02.001
https://doi.org/10.3321/j.issn:1001-5493.2005.02.001
https://doi.org/10.3969/j.issn.1001-1528.2014.10.012
https://doi.org/10.3969/j.issn.1001-1528.2014.10.012
https://doi.org/10.3969/j.issn.1006-2513.2017.01.011
https://doi.org/10.3969/j.issn.1006-2513.2017.01.011
https://doi.org/10.1016/j.jchromb.2016.06.035
https://doi.org/10.3969/j.issn.1005-9954.2013.02.008
https://doi.org/10.3969/j.issn.1005-9954.2013.02.008
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.1016/j.colsurfa.2018.05.088
https://doi.org/10.1016/j.colsurfa.2018.05.088
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1002/jcc.26068
https://doi.org/10.7506/spkx1002-6630-201311027
https://doi.org/10.7506/spkx1002-6630-201311027
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1007/s11368-015-1124-4
https://doi.org/10.1007/s11368-015-1124-4
https://doi.org/10.3321/j.issn:1001-5493.2005.02.001
https://doi.org/10.3321/j.issn:1001-5493.2005.02.001
https://doi.org/10.3969/j.issn.1001-1528.2014.10.012
https://doi.org/10.3969/j.issn.1001-1528.2014.10.012
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1590/1678-457x.34416
https://doi.org/10.1002/jcc.26068
https://doi.org/10.7506/spkx1002-6630-201311027
https://doi.org/10.7506/spkx1002-6630-201311027
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1016/j.jchromb.2015.10.026
https://doi.org/10.1007/s11368-015-1124-4
https://doi.org/10.1007/s11368-015-1124-4
https://doi.org/10.3321/j.issn:1001-5493.2005.02.001
https://doi.org/10.3321/j.issn:1001-5493.2005.02.001
https://doi.org/10.3969/j.issn.1001-1528.2014.10.012
https://doi.org/10.3969/j.issn.1001-1528.2014.10.012
https://doi.org/10.3969/j.issn.1006-2513.2017.01.011
https://doi.org/10.3969/j.issn.1006-2513.2017.01.011
https://doi.org/10.1016/j.jchromb.2016.06.035
https://doi.org/10.3969/j.issn.1005-9954.2013.02.008
https://doi.org/10.3969/j.issn.1005-9954.2013.02.008
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.1016/j.colsurfa.2018.05.088
https://doi.org/10.1016/j.colsurfa.2018.05.088
https://doi.org/10.3969/j.issn.1006-2513.2017.01.011
https://doi.org/10.3969/j.issn.1006-2513.2017.01.011
https://doi.org/10.1016/j.jchromb.2016.06.035
https://doi.org/10.3969/j.issn.1005-9954.2013.02.008
https://doi.org/10.3969/j.issn.1005-9954.2013.02.008
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3866/PKU.WHXB20110529
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.3969/j.issn.1005-6521.2018.15.012
https://doi.org/10.1016/j.colsurfa.2018.05.088
https://doi.org/10.1016/j.colsurfa.2018.05.088

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 松香基大孔树脂的制备
	1.2.2 三七提取液的制备
	1.2.3 三七总皂苷含量的测定
	1.2.3.1 标准曲线的绘制
	1.2.3.2 色谱条件

	1.2.4 大孔树脂对三七总皂苷的静态吸附实验
	1.2.4.1 松香基大孔树脂的筛选
	1.2.4.2 吸附动力学
	1.2.4.3 吸附等温线与热力学
	1.2.4.4 树脂的解吸与再生

	1.2.5 量子化学计算
	1.2.6 细胞毒性实验

	1.3 数据处理

	2 结果与分析
	2.1 松香基大孔树脂的筛选
	2.2 吸附动力学和吸附热力学研究
	2.2.1 吸附动力学
	2.2.2 吸附等温线
	2.2.3 吸附热力学

	2.3 解吸和再生
	2.3.1 解吸液浓度对解吸率和纯度的影响
	2.3.2 树脂的重复使用性能

	2.4 吸附机制
	2.5 R-COOH细胞毒性结果

	3 结论

