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Abstract: a-Mangostin/glycyrrhizic acid nanomicelles (a-MG/GA NMs) were prepared to improve the solubility and
antioxidant activity of a-mangostin (a-MG). Glycyrrhizic acid (GA) was used as the carrier to prepare a-MG/GA NMs, and
single factor design and response surface methodology were adopted to optimize the preparation process. The characteristics,
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in vitro release, and in vitro antioxidant activity of a-MG/GA NMs were evaluated. The results show that the solubility of ae-MG
in a-MG/GA NMs prepared under the optimal conditions reached 232.65 pug/mL, which is nearly 1163 times higher than that in
water. The particle size of a-MG/GA NMs was 123.46 nm, and their PDI and zeta potential were 0.24 and -20.94 mV, respectively.
Transmission electron microscopy (TEM) and scanning electron microscopy (SEM) showed that the NMs are spherical. After
freeze-drying, the a-MG/GA NMs prepared were stable under irradiation at high temperature and high humidity. Fourier
transform infrared spectroscopy (FT-IR) showed that hydrogen bonding interactions between a-MG and GA may take place.
The in vitro release analysis demonstrated that a-MG/GA NMs can promote the release of a-MG and have a sustained release
effect. The cumulative release rates of a-MG/GA NMs were 47.03% and 40.56% in release media with pH values of 7.4 and
5.0, respectively, for 24 h. Compared with that of free a-MG, the antioxidant activity of a-MG/GA NMs was more substantial.
Furthermore, GA and a-MG had a synergistic antioxidant effect. The synergistic indexes (CI values) of DPPH and ABTS"
radical scavenging were 0.62 and 0.58, respectively. The a-MG/GA NMs prepared in this study improved the solubility and

antioxidant activity of a-MG, providing a theoretical basis for applying a-MG in food, medicine, cosmetics, and other fields.
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Fig.2 Solubility of a-MG in differentmass fraction of GA
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Fig.3 Solubility of a-MG at different stirring temperatures
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Fig.4 Solubility of a-MG at different stirring speeds
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Fig.5 Solubility of a-MG at different stirring time
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Table 2 Design and results of response surface test
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3 0.8 200 30 154.85 +1.61
4 0.8 300 45 174.71 +0.87
5 1 300 30 223.29+2.83
6 1 300 30 227.02 +4.32
7 1 200 45 203.86 +2.64
8 1 200 15 72.08 1.75
9 1.2 300 15 85.55 1.67
10 12 200 30 173.93 +3.65
11 12 400 30 222.82 +4.02
12 1 300 30 221.28 +4.70
13 1 300 30 22083+ 4.04
14 1 400 15 82.18 £2.23
15 0.8 300 15 80.39 £3.31
16 0.8 400 30 171.15 + 4.75
17 1.2 300 45 226.61 +6.28
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Table 3 Analysis of variance of quadratic regression equation
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WA DL 1 580~1 650 cm v 1 450 cm ' (C=C 1 4 ¥
BIE(E ). 1280 cm ' (C-O-C H4EHRENIE(E) ; WHE
TR AW H IS G e A GA FIT a-MG 1% & i i 28 B
i, a-MG [FIFRHEWEATISRAFAE 5 a-MG/GA NMs ZE A

5 GA BURFER I —3, H a-MG RFESEE &5,
GA 5 a-MG [ IE IS K AL R, R a-MG
AT BEME GA 13, o-MG 35 GA Bi/K# o
PRI R A T A A HAER .
244 RRMEFER

YR E . EEN a-MG/GA NMs 142 a-MG
R R 100 11 frios. AR, 10d
W a-MG/GA NMs ¥i 2456 7E 114.95~136.60 nm 2
[Hl, o-MG {58 BB LE 92% LA |, AT,
P8 a-MG/GA NMs % TG fa e it BT .
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Fig.10 Effects of light, high temperature and high humidity

on the particle size of a-MG/GA NMs
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Fig.11 Effects of light, high temperature and high humidity
on the retention rate of a-MG in a-MG/GA NMs

2.5 RANEE IR E e E

[T

Wi B a-MG Fl a-MG/GA NMs H' a-MG £ A
7] pH B 5 J5t 1Y 3R RRURE it 4% G T 12 F R
o-MG 1E pH 8 7.4\ 5.0 IR 5t 24 h DUBE T
H 19.58%- 17.84%, a-MG/GA NMs £ pH {f 7.4. 5.0
IR T 24 h ZASREH 47.03%. 40.56%, a-MG/
GA NMs H' o-MG B il L% 25 o-MG B, HRE
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MEE, BAEREEZES (P<0.05). pHH 7.4 %
- F a-MG 1 a-MG/GA NMs F' a-MG £ 3 B it
I E T pHAH 5.0 %14 T 1 o-MG R BB HUE,
HEEEZEMEZEZR (P>0.05). %1% a-MG/GA
NMs %f a-MG FIRETRCE A (R EAE R, H pH % H &
RN 2 o SRR AT A R B B AL
PAuRsE REL (R KNP A 455, 4k
MRS S — HBh )1 NG I i, A TR AN
A RN 4.
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Fig.12 Accumulative release curves of a-MG and
a-MG/GA NMs
& 4 a-MG/GA NMsBEARRHINE 2

Table 4 Fitting equation of drug release model of

a-MG/GA NMs
4l T A2 R ¥4
a-MG(pH 14 7.4) 0=26.79(1-""")  0.988 4
a-MG(pH 14 5.0) 0=23.39(1-""")  0.9899
o-MG/GA NMs(pH 15 7.4)  0=51.05(1-¢""*)  0.987 3
a-MG/GA NMs(pH 1 5.0)  0=47.38(1-¢""")  0.953 7

2.6 A EEEN

K 13~16 73 52 S 4E 5% DPPH. ABTS' H H13&
MIIERREE /1. B 13 AT 15 AT %1, a-MG/GA NMs
FE S a-MG X PR R B e 2 35 B 0 2 B AR ALY
gk, HAHEWREE T a-MG/GA NMs J5 G2 H m. 4
T, a-MG/GA NMs Fljj 5 o-MG %} DPPH [ Hh %
T B AE 8 1Cs, {143 5 4 5337 pg/mL. 99.76 pg/mL,
Xt ABTS' H HEEFRAE 1 1Cs {25378 6.17 pg/mL.
11.66 ug/mL, a-MG/GA NMs [f] 3t 48 AL 35 P 5 51t
H 14 Fi 16 7T AT, GA B — 2 Mt a b ig ok,
215, GA %f DPPH. ABTS [ 1 2 % B 1E H 1y
ICso fH 4354 18.09 mg/mL. 2.58 mg/mL. 4,
R4 % s¥ i iH & GA. o-MG 3% %} DPPH H
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LSS IE R CIE N 0.62, X ABTS" H H3E7E
BRVEF ) CI{E N 0.58, #I/hT 1, UiBH & BA
FEPLEAER . N, a-MG/GA NMs 3t E 4k
WEHEE SR T RE L NN GA A 5 B —E Wi E
Re 71, RIE T VR BIER, SUEFE N GA
BES558IER, 1 a-MG REEIFH S H 3k
RN
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Fig.13 Scavenging effect of solubilization system of

a-MG/GA NMs on DPPH radical
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GA on DPPH radical
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Fig.15 Scavenging effect of solubilization system of

a-MG/GA NMs on ABTS radical



MK ERBHL

Modern Food Science and Technology

2024, Vol.40, No.8

100

80

60 -

40}

20 -

ABTS HH#EIERE / %

0 1 1 1 1 1
0 2 4 6 8 10

GAF K E / (mg/mL)
& 16 GA 3t ABTS" B HREMBREMR

Fig.16 Scavenging effect of solubilization system
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Table 5 Statistical analysis results of DPPH. ABTS"
clearance rate by GA and a-MG

E R LR

ARk B gml)  ICon/ugmn) O
a-MG 99.76 53.37
DPPH 0.62
GA 18 090.02 1595.47
. a-MG 11.66 6.17
ABTS 0.58
GA 2 583.09 123.39
3 &g

AHE A CAH B O A, R R E 4 2
2 R A 3 a-MG ] % a-MG/GA NMs. Pl a-MG [f]
TR IE AR bR, 38 B DR 2R A 56 A e . T R 56
67 a-MG/GA NMs [l & T2, 1£ GA & 775
1.0%. PR 40 'C. FEFEEEE 331 t/min. FiH
i5F1A] 33 min N4 K a-MG/GA NMs 1 a-MG V& i
FERH 232.65 pg/mL, SRR T o-MG IR s Kife
4 12346 nm. PDI N 024, Zeta HLA7)9 -2094mV ; i
ML NEERTE: o-MG 15 S GA BiKHEITH I
IR T AN EAER ; a-MG/GA NMs RefiE (i ik
o-MG BB, HEAZBEIR: GA 5 o-MG BA W
FHTEAIER, o-MG # GA & G R fE
71, HE&ROEsE. AT FRIH% T a-MG/GA NMs,
KT o-MG RS P PR I U 1%
filg LW, 24, MBCRAeE=BA R, ~
o-MG FIHH GBI SR AL T W 50 BL i
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