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Preferential adsorption of flavonoids and organic acids by amino-modified Fe;O4
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Abstract: Objective To synthesize amino-modified Fe3O4 nanoparticles (MNP-NH2) and study the adsorption of flavonoids and
organic acids by MNP-NH>. Methods MNP-NH: were synthesized and characterized by transmission electron microscopy,
scanning electron microscopy, Fourier transform infrared spectroscopy, and vibrating sample magnetometer analysis; The adsorption
rule of MNP-NH2 was discussed by studying the adsorption properties of 12 monomers. The adsorption properties of MNP-NH2
were assessed under conditions of different ultrasonic time, temperature, ionic strength, and pH. The final elution conditions were
determined by Lo(3*) orthogonal test and the recycling performance was also considered. Results MNP-NH: synthesized in this
study have stable structure, uniform distribution, and good magnetic properties. Adsorption of 12 monomers by MNP-NH> showed
that the mechanism of adsorption was related to the number of ortho-phenolic hydroxyl groups. lons concentration and temperature
had little effect on adsorption for different compounds except pH. The optimized adsorption conditions were extraction for 40 min at
30 'C and the final elution conditions were determined to be 5 mL of 20% glacialacetic acid (methanol-water 60 . 40) and
ultrasonication for 40 min. Conclusion MNP-NH: can be utilized to extract the effective components of Lonicerae Japonicae Flos
and maintain a high adsorption rate of flavonoids. Moreover, MNP-NH: had great recycling and reproducibility, providing new ideas

for the utilization of extracting chemical compounds from complex traditional Chinese medicine and natural medicines.
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Fig.1 TEM image of MNP-NH>
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Fig.2 SEM image of MNP-NH:
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Fig. 4 Magnetic hysteresis loops of Fe3O4 and MNP-NH:
2.3 MNP-NH, Xf i 24 B {R B 53 WR B 14 5 52
231 ik A HA Waters Symmetry Cis
(250 mm X 4.6 mm, 5 pum)s JRBNHH K 55 e i L i
(R fics (280D 2015 AR A AL & e
AR I E R, REE 1, KRR E 1
mL/min; HEFEE 10 pL; #RF 30 C.
2.3.2 W IREVEREORCH]  BUR B R ORKBEE.
TR a1, MR SR,
WNHERR . KR FFHIR . JFLRIR. B TN
SR, MERE, B 10mLfEesEkd, mH

1X10% 2x10%



23

Chinese Traditional and Herbal Drugs 25 49 3% %5 20 3§ 20184 10 A

* 4819 -

x®1 L2MUEYREFHEREMXR

Table 1 Chromatographic conditions and linear equations of 12 monomers

HE ZIE-02%BE KA R K/am BV ERg r 2BVl (ug-mL )
NZE 3565 350 Y=5X107X+53 263 0.999 7 5.45~109.00
RBEH 22178 350 Y=3X 107X —59 247 0.999 9 5.38~107.60
TEHERA R 30:70 290 Y=3X107X—21 479 0.999 7 2.01~ 80.20
Tl e % 42 158 290 Y=3.7X107 X457 316 0.999 5 5.25~103.10
T 22:78 350 Y=2X10"X+25 263 0.999 6 5.02~100.12
EY 7155 N 25175 290 Y=4X107X—76 628 0.999 6 9.12~ 91.20
SRR 15: 85 324 Y=3X10"X—21 479 0.999 7 2.01~ 80.23
W R 15:85 324 Y=3.1X10"X+16 953 0.999 8 5.38~103.01
KR 15: 85 225 Y=2X107X+25 263 0.999 6 5.24~100.21
FERR 2:98 210 Y=2.5X107 X —35 247 0.999 7 2.04~ 89.86
B LS 10 : 90 259 Y=3X107X—53 528 0.999 6 4,07~ 92.13
BETR 5:95 218 Y=3.4%X107 X440 352 0.999 6 5.05~104.56

BLEZ, 4 CIRAEEIIFN]IE 5 i 2
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Fig. 5 Adsorption rate of 12 monomers under different

adsorption time



* 4820 L& X

Chinese Traditional and Herbal Drugs

F49% F20H 2018410 H

FRAKVEWL, BEETEG: 0~15 min, 10%~20%Z
15~30 min, 20%~55%Z.fiE; 30~40 min, 55%~
10%Z. i : 40~45 min, 10% 25 ; & 1%K: 350 nm;
AR 1 mL/min; HEAERE 10 puL; #RE 30 C.
HPLC ik & WL 6.
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Fig. 6 HPLC of Lonicerae Japonicae Flos sample solution
(A) and reference substance (B)
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Fig. 7 Effect of ultrasonic time, temperature, ions, and pH value on MNP-NH: adsorption capacity
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7E R FEXT MNP-NH, W B P 52 B i, 25 58 DL 1A
7-B. 435I 0.0, 0.5, 1.0~ 1.5 2.0 mol/L f#] NaCl
WIRARE 5 MMM &, T 25 CRERBES
40 min, FEEFIKEXT MNP-NH, W14 REHI5
W, S5 7-C. %I 04 5. 10, 15, 20, 25,
30~ 40, 50 min , FHEHE AR )% MNP-NH, )
B ERE R, 45 WL 7-D.

ER IR, WA R 7E 40 min B, JEAHRIE F]
B KT BP0 s 28— VA PR BE A R B i #2 T LA
5200 . pH E7E MNP-NH, XA [F] Z840 A4 1R W B ot
FEHF SRR, 4 pH (AN 3 BF, MNP-NH, X AJ#
EHRSARBEEW M /N, 7E pHAE N 5 I, 5 Fik
S AR B A, fEANE pHAE R, S MG
BRAFTE—E 25 BA&iEHE 30 C RS 40 min fE
9 s AW B 25 A

2.4.7 Ve AEESE 52m MNP-NH, Hflii 8508 (1)
1 F LR EZF KRB (A, 10% 20%.
30%) FEEARFASEL (B, 40%. 60%. 80%). ¥k
BEEFTE] (C, 154 30+ 45 min) FIPEHAF (D, 3.
5. 7mL) 4 MR K. KH Lo(3*) #H7T 4 WK 3
AP IEACRES, WAL “2.4.17 TR J7ik
R WU Y v e 2 B B A B R R BE , T B AR
HXF e AT I ZE b SR WK 2~4.

H7 20T (38 4) WA, Xk J5 B I B 2
DRI 2 R JE 3B M 22 s RTONMERR (IR B 2R K 35 R A
MDA REMEZER: M T R RE RS B A D
AREEZER: NRKBETHHRMERZS A B
MDA EFEMEZE S AR BRI =T AL
B DA EEEESR.

SEAEMAONT (R 3) M ESHT, WEHE

R2 Lo(3%) EXHIHITRER
Table 2 Design and results of Lo(3*) orthogonal test

W¥®s A% B% C/min D/mL Ve %
2R AR DR T AR ENCECS N

1 10 40 15 3 17.57 15.72 26.28 56.01 66.63

2 10 60 30 5 23.16 19.57 38.18 74.61 87.22

3 10 80 45 7 18.32 17.71 32.77 70.24 82.87

4 20 40 30 7 18.69 17.93 30.10 68.01 74.13

5 20 60 45 3 16.94 18.07 32.84 68.80 77.43

6 20 80 15 5 29.33 20.50 36.27 74.07 86.37

7 30 40 45 5 20.57 16.71 33.06 69.83 56.83

8 30 60 15 7 30.83 17.55 35.08 80.90 64.64

9 30 80 30 3 21.54 15.17 29.25 70.21 58.72

*®3 ARREZAELERSH
Table 3 Intuitive analysis of orthogonal test
2R RIR W T
K
A B C D A B C D A B C D
K 59.05 56.83 77.73 56.05 53.00 50.36 53.77 4896 9723 89.44 97.63  88.37
K 64.96 70.93 63.39 73.06 56.50 55.19 52.67 56.78 99.21 106.10 97.53 107.51
K 72.94 69.19 55.83 67.84 49.43 53.38 52.49 53.19 9739 9829 98.67 9795
R 13.89 14.10 21.90 17.01 7.07 4.83 1.28 7.82 1.98  16.66 .14 19.14
e ARJRHAT RIBFER
A B C D A B C D

Ki 200.86 193.85 21098 195.02 236.72 197.59 217.64 202.78
K> 210.88 22431 212.83 218.51 237.93 229.29  220.07 230.42
K3 220.94 21452 208.87 219.15 180.19 22796 217.13 221.64
R 20.08 30.46 3.96 24.13 57.74 31.70 2.94 27.64
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Table 4 Analysis of variance of elution rate

SR i ——— T _ IAMFHE _ T
mEF A FE REN wmETEM O FE BEM RETAM OFH BENE
A 2 323934 1.0000 83311 260274 P<0.05  0.8065 3.0355
B 2 39.4008 12163 x 39695  12.4012 463194 1743368 P<0.01
C 2 82.4888  2.5465 I 0.320 1 1.000 0 0.265 7 1.000 0
D 2 50.6214  1.5627 x 102148 319125 P<0.05 61.0566 229.8050 P<<0.01
SR i ——— AR B _ ‘ ARER _
WZEFIM FE BEME wmETVFHSIM FE BEM
A 2 672012 256752 P<0.05 7256681 441.0284 P<0.01
B 2 1612116 615933 P<0.05 2143329 1302619 P<0.01
C 2 26174 1.0000 1.645 4 1.000 0
D 2 126.0496 481592 P<<0.05 1329731  80.8150 P<0.05

Foos(2,2)=19.00 Fo01(2, 2)=99.00

AR A NI 5 mL 20%0K LRI (HEE-7K
60 . 40) PEBH, A 40 min.
2.4.8 MNP-NH, M FIFHERE %% MNP-NH,
FIEIAFI PP RS, 8 0T H T S8R0 R il
b, BEEHAT 8 K. AT 8 IXTEIAH MNP-NH, %
SRAEFE S IR R LK 8. 9. MNP-NH, 77K
BEVEmt 8 W, XMEWMAETHERR I ARBER. K
R T RN EER SRR B R B R, 1A 2 50%
DL b FEIERG R R T AR AR R
R R R R, 1583 80%LA L. 4% ERTIA,
MNP-NH, B A B4 FIE R FR AR &, X oAk
() S o 2 FH B 43t 1 S ) i
3 Zit5ihe
AR SIS R FH /K #0281 45 15 21 MNP-NH, #1444
KK T, R IME ARG YRR T3 1, MNP-
NH, 85K FIESN . diffae. oS HE
1007 1 %
B 2 &
g0 HI 3 X
B 4
1 5 &
so I 6
[ A
1 8 &
40 4

UAGERD
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Fig. 8 MNP-NH: recycling adsorption rate
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Fig. 9 MNP-NH: recycling elution rate
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