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Abstract: The property of solid particles (composite nanoparticles) to stabilize the oil-water interface was uti-
lized to prepare corn zein-solubilized protein-astaxanthin nanoparticles (Zein-AST NPs) and corn zein-solubi-
lized protein-astaxanthin-arabic gum composite nanoparticles (Zein-AST-GA NPs), and their stability differ-
ences were compared. Using Zein-AST-GA NPs as stabilizer, Pickering emulsion was prepared using corn oil
containing AST. The stability, in vitro release rate, and in vivo pharmacokinetics in rats of AST in the emul-
sion were studied. The experimental results show that the Pickering emulsion containing AST (PE1) in the oil
phase has better thermal and storage stability than the Pickering emulsion without AST in the oil phase

(PE2), and PE1 has stronger free radical scavenging ability with a release rate superior to that of the reference
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formulation and PE2, and the release of AST is in accordance with Fick's diffusion law. The maximum AST
plasma mass concentration (2. 654 pg » mL ') is reached 8 hours alter oral administration of PE1, and the rel-
ative bioavailability are 1. 703 and 1. 481 times higher than that of commercially available astaxanthin microcap-
sule powder (AST-MCs) and PE2, respectively.
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Fig.1 Schematic diagram of Pickering emulsion
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NPs B EEfE 1 47 &R & A5 5l BE i 1187 0 FRAE 40Ioo 35|00 30|oo 25|00 20|00 15|00 10|00 5(|)o
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JETELE W E M1 650,82 em bR T C=0 2 B A 4 2T A1 S i
E@Tﬁﬁa%:{zj] X ﬁ:dj‘i’ﬁﬂtj{] 1551, 63 cm ' b 5B o7 Fig. 2 Fourier transform infrared spectrogram of samples
AT F I C—C MR a2 sl 7R ECH 976,42 em™ ' Ab R C,C Hfprh C—H phr e 2l . 78 B 50l
976. 42 c ' Ab IR R METE 2k T s Zein-AST NPs fBE T . T aF 0 B E 9% 1 653. 96,1 536. 14
em 4b LKW Zein M AST 22 (6] 7 76 # B A E AR [ IS Zein R AST #8H A B K P Ui B Zein F
AST Z [8) W] BeAF7E B K AH ELAE R » 8 /K AH B A F A AT R 2 JE B Zein-AST NPs (%) 55 —F/E H J7 5 Zein-
AST-GA NPs )G - FEJE 5 1 656. 19,1 540.32 cm™ " W n i BEE T L4, 2B Zein, AST il GA
ZIEEETHEMEER, S5 Zein-AST NPs # L, Zein-AST-GA NPs TEJE$(H 1 072. 62 cm™ ' 4k B R
T FRIEUE X R GA FRIELE , R W] GA © 2 W3] Zein F 1, R W] Zein, AST I GA Z [a] /] fE 17
T S B AH T AR A G K AH FLAE T4
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AST-GA NPs 615 X S A S 1% . an el 3 iR . |
Pl 3 A Zein 7E 9°F 1978 7R Hh P A SEATT 5 04, R W AR A1
JEWTCE TG GA 78 19° R H — 4> ST 5 06, R B R
R L ETEME; AST 7 11. 2°,13. 9°, 14, 4°,16. 5°,

18. 6°.20. 871 25. 7" HATJRBLHO T e . 4 W) AST (757 AST
B3k 5 45 8 45 45 fE Zein AST NPs l Zein AST-GA o7,

NPs 1§ XRD S th 91 B4 & B AST RS AERT ST 1) ——— e
__—,_/—\‘__ﬁ ein S
AST Tl il 3t 5 Zein ZRIMH KM EIER AL EEIE s a0 39 a0 o

2540 7 76 9 K FORL 1 ; Zein- AST-GA NPs [l (A% T Ze- 26/)
in-AST NPs (WA, W] Zein 5 GA Z [ F£7E 5> F [ (19 B3 RE ) XA i i

FIH s 5 4 4038 AST ) Zein NPs #l [, Zein-AST Fig. 3 X-ray diffraction pattern of samples
NPs [ £77 §F 0 888 BB 90 725 L 06 B Zein A1 AST 22 [ 4748 53 F I A M1 AR F
3.3 AMBETFEMESN

K FHHI# T M08 (SEMD X Zein-AST NPs il Zein-AST-GA NPs (4 (OUL 25 ¥4 #5177 R 4E 4138 i
Bl sl 4 R .

(a) Zein-AST NPs (b) Zein-AST-GA NPs
P4 A a4 4 R B 1A

Fig. 4 Diagrams of scanning electron microscope of samples
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i /& 4 A% . Zein-AST NPs SEERIE . R 61 R AE 2908 100 nm, 55 49 K R0 BE U 2 A 25 S AH %
N BN GA J5G s Zein-AST-GA NPs [Ri #2458 K I IR B &2 G 9K Uk 22 8] AH B 32 B GA Fl Ze-
in 2 [8] A 3C BG BT RE R 1k & AR 78 2 1 N0 L 38 BT BB & AR A 4 T) S BUBURL 22 8] T 8 1A B
3.4 Pickering ZLi& KB AR &5 44

Pickering LK A2 AN Lo, W&l 5 frs . |1 &l 5 Bl LK
VOO E /K AH T 1157 43 0, AE S AE TP R AR B BB B OO B
BLEE Zein-AST-GA NPs Fa i 1 Pickering FL ik i 5 1 2544 .

158 50 Wi L & 6 BT . fh L6 AT R i A Bk e B
YR BGR O B O R Zein-AST-GA NPs # 2 2 5
A Qe RPLLL A A e B2l e 8 1) G 60 9 A T BROE W Il 5 Pickering 3L i i 2 B %] b

] 5 9 L7 0 6 21 €5 ) B, 26 9 Zein- AST-GA NPs I i 75 Fig. 5 Comparison of
TR S 3 A S K ORI A T AST Pickering emulsion types

Pickering FLI A /KA (O/ W) RUFL ¥

(a) Je 4Ly a3 AH (b B¥#E A Y aE o i (o) &
6 Pickering FL 5t 1 £5 1) 1 48] & 2 % W3 ET &
Fig. 6 Inverted fluorescence microscope diagram of Pickering lotion interface structure
3.5 Pickering LR T HEEE D
i3 Pickering FLR AU AL AT LU S 3t 1 A G 9 BB 45 4 L A [R] il AH R B 20 B9 Pickering LA
ARV UNEL 7 TR . BT e SRR 5o BT UIHR s o R IRER MBI £ OIIR GO RE B R G
PFERL .

1200 - 0=10% 120 - v ¢=20%(G") 9=20%(G")
0=20% 4 9=30%(G") A ¢=30%(G") .
1000 b *9¢=30% 100 |- *$7=40%(G) o 9=40%(G")
4 9=40% ®0=50%(G") @ ¢=50%(G") 1
* 0=50% ® p=60%(G") © p=60%(G"p»
_ 800 = ep=60% £ 80 3
P ¢ .
£ 600 ¢ S 6| .
e 1 © H 8
. e o [.]
400 & 0 a3 g 8 8 A v
1 . .‘ 6 A v
200 - $ S 20 4 v
* R A A A
. cottzsiiiiizese . 124 8 , ,
0 50 100 0 50 100
v/s! fHz
(a) BYYIEE AT 1 K R (b) M5 G G XF

B 7 AR AR AR S 0 Pickering 20 AZ #7 1%
Fig.7 Rheological properties of Pickering emulsions with different volume fractions of oil phase

B 7Ca) FTN: B UTEAMN 0. 1 s 3G N E] 100. 0 s, Pickering FLIR (14 & WK B2 2 7 B A% = W]
Pickering FLi& i) 59 VIR ALAT o 3 I T 2L VB0 PR 950 1140 45 A il 59 0 382 23 g 5 o e R4 S BORS B2 A1 5 3L
VL 1R 3 UL i el A AR FRL 2 50 ) 15 I T 484 0 3% PT BB B T Zein- AST-GA NPs WY T 22 1 1l i T2 1
TR =M gt

HIE 7(h) A A1 A5 0. 1~100. 0 Hz [ Pickering B9 G" 1 G” il 31 A8 14 B 43 %5 A% 36 i i 34 Jin
Pickering LI #) G Wl B8 T G” . W] Pickering FLIRTE AL T 91 B8 JC 45 F4 » 7L Y00 T T A0 AR X 2 B 88 K
AR AR R B B A S 1 G 8w B9 G G W] Pickering L H Zein-AST-GA NPs JE
J ) ST J2 TR RGE L PR > A2 4K R JB e vk B [ A I J A AR 43 B0 Pickering B 8 1 g
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A BT B R e 38 22 04l AR AT DL S 7R K ST B E 1) =R R R A AL IR — e B AR AR
Vi » MR FLIR M ARt
3.6 IAMMBREM

I g B[] %) Pickering LI SZ W, W& 8 PR . & 8 Her S A (] . fH KT 8 AT 40« bifi & b 8 B
[B) () HEFS , Pickering FLIE AT To BERIEIN, H LB 9 OUWIE BAT SR IR 78 B S BRI B 28 R B Ze-
in-AST-GA NPs £2 & 1Y Pickering FLIE0 2L W8T 1) 58 56 A BT i R % s 758K 360 d J5 » Pickering %,
W)W A LR IR R W] Zein-AST-GA NPs 75 il i 2 181 JE B 1Y BO% 518 )2 . 5 5 1 FLI0 I i
o sE 1

2r .IOdOU : " 83044 . el 9%, 60d g o
2y : o > . ©
— $ o §¥ ° o ‘ o
10 — 8, A S Gy 00 »
— —— e -3 o Tl
°o °0° - 7 °
8 e 3 oa © LT v ° °
3R > o, o
o . . X9 {
= 6 | o © 100 pm , 100 um ¢ ~ 100 pm
Re — - . =
~ v : -
. L 90d o™ %1204 % %0c® Jo 1 Piéod TN
o ° s « T
I o ° o A £° o % 5 S o > X
> E) 0 "D N
2 [~ ° o » o ¢ ° v
kK .~ S0 2 °( $? o ,°° X
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1d N - R AP — o> 22 N, =
() FLAT4a4L (b) Y2 Wi BE

8 WIS [A] %) Pickering FL K 152 1R
Fig. 8 Effects of storage time on Pickering emulsion
I 5 ) ) 6T 3R 75 AR B R (KO By g, el 9 pr 151
K. fE4 CTF, R ZI# 360 d J5,PEL i AST f§ 100
A K (92. 500 42 0. 100) %, f& F PE2 ) (88. 700 £ s
0.110) % , B ¥ AST [F B} 49 5 7 Pickering L& 19 :\<\° %
S5 2P K SURL A Hh AT A AR R AST R9PR B 3, a)

H PE1

%%ﬁﬁ%%ﬁmmﬁﬁﬂﬁémxﬁﬁ$WAM‘:

AT AR B AST L B7 1k £ 10 AST AL .

3.7 fRINEER L 30 60 90 120 360
ok SR IR 95125 99 12 1K 74 £ B ok R % 9% Pick- "

ering FLUAESE A JG B AL E M RO RE T, 24 IR 2 BO TR RIS R B 2

Fig. 9 Effects of storage time on

Wil . #E 8 W I R O BT 25 W0 i T, AR % 2020
Fi(Hp A N R [ 2 ) 3 D 3 1 25 9 AT i b i
VAT IE P L L L A AR A SR AR 0 0. 5 %6 ik IR -80 LA R U A AR (RNl £k L [
10 . K10 H1:Q AR E .
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Tab. 3 Pharmacokinetic parameters of non compartmental model
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