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[ Abstract] The drug delivery systems (DDS) based on various nanocarriers are the main
directions of research on new formulations and new dosage forms in modern pharmacy. Compared
with traditional pharmaceutical preparations, DDS preparations tend to exert drug properties
better than conventional preparations and are targeted to the lesion site. As an important part
of DDS, the selection and modification of carrier materials is important to development DDS.
Zein is an important protein in corn. It is renewable, non-toxic, amphiphilic, biocompatible and

biodegradable, and can be self-assembled to form microspheres or nanoparticles. However, pure
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Zein carrier materials often have defects such as poor stability, easy binding to serum proteins
and being intercepted by reticuloendothelial system, therefore, it is necessary to make certain
improvements by modification or compounding with other materials. At the same time, the precise
construction of Zein-DDS is also the guarantee to obtain the required particle structure and ensure
the final performance of the product. At present, built-in ultrasonic dialysis process, supercritical
antisolvent method and spray/antisolvent precipitation method are the main preparation processes
for constructing DDS. In this paper, the research progress of Zein's modification and related
preparation processes is reviewed, which provides a research basis for the gradual development of

Zein-DDS from precursor drugs and sustained-release agents to precision dosage forms such as
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speed controlled, targeted, and visualized delivery.

[Keywords ] Drug delivery system; Zein; Biocompatibility; Modification; Preparation

process; Speed controlled; Targeted; Visualized delivery
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Figure 1. Zein structural models
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Figure 2. Different shapes and structures

assembled by Zein
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(oleic acid, OA ) &ifi Zein JE I OA-Zein, OA-
Zein ] FHFHCEARN M AL, ZZG7EEEMEA
W, RIS RARIE, OA—Zein 2L HR1EK
R BT 32, OA—Zein ST NA L
MM A, A EACH R R 2R difh . it
Gb, EXTRRAIAEL, RN 8 S H B & 1 4,
DL EGE R E—HAIESE T OA-Zein AR Jy—Figr Al
) RIR AR FFARRE AR, SR Zein
YER KA FEAR, MARNIGES &R
JO7, BRI T Zein 16 F-AAE AL, 245050 7 1 (9 8
H Al T X Zein BEAT M )7 T (OBF5E,  LARRAIG
HA ARG = e N R, SOR R —A
RA H S A I IR
1.1.3  Zein—DDS# iz 41 7

BEE R RIS R, = 2Bk, ik
T 80 H I SRy — . TR R FLR AL Y
VRO MR Tl 2l AR T 3R o B M R e K 4 A R E AR

1427

O b, HA RG22 k.
L 25, Mo 2 "B IE il £ T B A hF R
(1) Zein/ P& 25 1 2 A5 91K BORL (Nata-Z/C NPs)
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Table 1. Improvement in the performance of Zein after modification
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L DDS il #5388 A7 A AR ESR ARk, B
FEHNIAE Zein-DDS i £ 7 775 W I 4 RS I
IR —E R, 1 BUDP®' ™, SAS 377
FE 25 / [ s 7 D0 JE 5 (atomizing/antisolvent
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A, IAS ATE FIREOR A LR 32
T —FHi 7 Zein—DDS il s H A, B SL# S 2
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HALE GEF RYRET B (79.02% ) -

| ‘ 3. Ultrasonic ho

== |] 4. Jacket vessel 2. Soundproof box

1. Ultrasonicator
8. Solution

5. Thermostatic s
bath 6. Dialysis bag 7. Dialysate

B
E3 BUDPLHIE (A) fisn=E (B) ¥

Figure 3. BUDP physical diagram (A) and
schematic diagram (B)*"
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HHR 2 A B T Zein H, {8 S BUIR S L S0 b
AL A ERUIRAS, B9k T IR S Z 09
I AER R e Mg 4 SRR, e SIS Mz
FORE B e R A B K R R . (T RNy 55 B
Zein FIK G5 8 HINA G W BE R Z B AR G
b, ZJEiE L SAS £ ARG K G55 HEH ~Zein
AR, A 9Kk S8R AR AN
3 200 nm, HLFEE R MG TE —34.8~-22.7 mV
pd
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IR S — ol 7 R N SIS R A R Y
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KR B HA A ER ST, B 20~200 nm. £
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Ve U R AR B T ER ) AR AT DA A5
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A HLJGTE SE BB /K P 24 4 A 2 K 1 24 0 1 3 [
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Pl Wu 55 Al i —Fh i & A S A5 1Y
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A, HiZ Zein-DDS 1] L) S PR 7K 14 245 ¥ A1 2
KAEZ LRI 2 . W 25 PURE IR —Zein |
URBERR . M R EE T 70% BT,
FFobs HLmE AR IS R BRI Wb, A R
TR AR LA BERY Zein-DSS GKKL T,
AT Y8 I 22 0 58 A2 B2 1 7 38 R0 4 o 12k
T FEE APP IEFE S A g O TR N
Zhang %5 "R Zein, IRWENE . FIZESYIEMT
70% CBEREHER,  JF A g AR H 5L 5e SR K
WY R LTE, 8 U TS Rk (3
B[] Zein—-DDS KK, DTG IR T 22 P
MR R . BLEALRE I AGg A Ae e PE . N
K 1% F Geik v] LR FH 2 Fh H Al 28 1A 04 ek xof B
WENR AR H L AT B 4, T i 8
AUl T A Ve Rl . skimi, APP 3kA/E N —
FlEi A Zein—DDS il £ ks, HALFRAHSY H AT
Ao, SBSE CINERREE | s fmmi%
JE 145 ) X} Zein-DDS BUFESL . R kiR i
53 A AL B R AERR 2 P A AR K i . ALk,
K F APP 35 151l £ Zein—-DDS b 75 3 — R A
5

-

| nir
Fa-zein 70%
® cthanol .
SL ‘ . ﬁ pump i 1 ® ®

o solution air compressor
DTX Sprayer
Alomizing
S
é - 3") Freeze drving E_‘,[!\:;C
_
"._‘i’:? % o (nqueous solution)

DTX/FZLC NPs precipitation vessel

E4 APPEREER"
Figure 4. Schematic diagram of APP®

B k£ A Zein-DDS #7841 L kAT 1L
(£ 2) , AFTHEE B RAS FOE AL & T
RS, DAE T A AR YR SL PR SRS A
BT 120, MIMFFREEi A Zein-DDS il &H5%

%2 Zein-DDSHFE I TZ R
Table 2. Comparison of new Zein—-DDS preparation processes

WHS T RREPEYRET R RE A LR B K R 2 P L R] i 1% G ARG G |
BUDP M LdLINER i L)

SAS ({2 Bt i LSl

AAP fiE BAHTT fiE ¥%)

JE: BUDP: WEMFEN LY SAS: BIEFRIAEA; AAP: "5/ RIEAK LY.

https://zgys.whuznhmedj.com



hEZT 2024 £8 AE 27 55F 8 H

2.4 Zein-DDSHI&HHE AR

BUDP. SAS ¥ Fll APP k& %5 H R ¥ o)y 52 #1
Zein-DDS 1Y A ¥ 1] #8 o H 31X e F ARATS Ay (] i =X
B, /NERA S, H DDS B ML A
RIS AN TE . R, SRS BB Zein-DDS
HRGHEREE, AT XA SR R4 T e sl & B
HIEMHHA

AR CUSP, UL 5. 3R Kby
J& Zein-DDS Fril A (i #59,  veiRALge il s T
P IETEI B L AE CUSP S BB T, WIS
2z N L, TR T2 AN, LT
BRI, F i B AT R A NV T, VTR S
FIFEh 22 2F A R R WA T AL I, AR N &
B FERAR, (0l Zein (428 MU 25W), &
B BB AT ST TR SRS K ME T . SR
HL (0 22 45 [ T2 LAY DDS R, %3t 7y 218
A, b T aetkEgroRb 7. Bk
YR KRR G B I B . CUSP o 2
AR FOE AR NI R, o 51 A K RO
M, JEAL BT, R R R
AT AR AL BB M B2, By IR EFLIE €, Rl
B RS A ] — BT (R P ROk BB 22, A B R
¥R DDS, [F, CUSP Ak [ 43531, 5
T3 3 AR s CF YRR 22 B RO B AL L
VS RSN B 7 O AR IR DDS 1O
SEFRIEREACR . 2T DDS T AL EI F S8 -
SR ARt R R B 56 2R AT, AT ST A O [ A
R, 523 DDS BG4 .

s

thas 4

e e —= j‘ it
13 -
Fg | @ — B ewans
® ] A
R Vo

) - / K

—/) fE1RLS V&l
- o
ik 28
Hite i 1% A,
¢ = ALY
B DS

E5 CUSPREHE
Figure 5. Schematic diagram of CUSP

https://zgys.whuznhmedj.com

1431

3 &5iE

g5 7= A e, DDS il 75 EA i
RAEZGYREE, EAHR AR HAG # PR
IM7E DDS J7= I A, SRR B E B A AT X
164 e H TSI 5% Y 3R FIHE A5 . Zein SRR
Iz, HARFANE . RAFE A YA AR T
fif k. [RIRY, Zein (5> T-45H HA 0] H M H
BReAl, WTLUES S MR AR E S, B
B Zein JEGOREARBEL, ITBGEERENEZE . 5
S5 NI 2 VAR IR N B2 RS 2 . DU
Zein VEN AR BRI AL T ZF0DIBER) DDS Hi5,
FERS I . HUSCPUR . HUIn R Ay TH 415
2T W . HETHI 4 Zein-DDS By F A 7= T4
J3 SAS ¥, BUDP, APP ik fll CUSP . iX 263
T2 AH15 Zein-DDS W] A R4 =5 25 W B Feo
HIEL% 25 R T B 3 SR 24 W 0 [ P o 38k T A5
U SE B 7K 245 4 e [R] 38 16 2 BRI T 5 44
R, BAnE S APP PR sUK ERPTR 25) . bUE
25 KR KV B R S [R5 T Zein
BEBME, WS IMESTER . R PR
I, AP Lin 28 5 (985585 Hou 28 1 (5
AAZEG, A5 2T LA g8 240 B T 70 968 48 P o8 3
SR PUR 2 Ok . PR APP 3%, S
FR AN AR H e RBEARZS A, T2 e B NS E
FEBENGF B /N iz W S AL A 1 AR N AR 30), AT
ERE BB TE IR T IR L T AT e

Sk

L XUEZ, EEm . 2590507 A & e i Ei i Bk
BOR )RS ()], A B B 24 5 A, 2021, 204(1):
6-17. [Liu CX, Wang YL. Exploration of cutting—edge
scientific and technological issues in the industrialization
development of pharmaceutical preparations[J]. China
Food and Drug Administration, 2021, 204(1): 6-17.] DOIL:
10.3969/j.issn.1673-5390.2021.01.001.

2 Manzari MT, Shamay Y, Kiguchi H, et al. Targeted drug
delivery strategies for precision medicines[J]. Nat Rev
Mater, 2021, 6(4): 351-370. DOI: 10.1038/s41578-020-
00269-6.

3 Tyler DB, Kathryn AW, Samir M, et al. Materials for oral
delivery of proteins and peptides[J]. Nat Rev Mater, 2020,
5(7): 127-148. DOI: 10.1038/s41578-019-0156-6.


https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2EhF6Z3NweXBqZzIwMjEwMTAwMhoIc3kxaTE3ZXo%3D
https://pubmed.ncbi.nlm.nih.gov/34950512/
https://pubmed.ncbi.nlm.nih.gov/34950512/
https://kns.cnki.net/kcms2/article/abstract?v=qwZretP9BaERSVtTmIX0JvhSfPXvSsCw8y6lqlR_SRiRMTY_tPXZMaAi39b5PIf-65Ba9OFy0MWYapp-JKLhrbu8tfogIBwOo7aP5P4FealW9XirfZ-vSXgjX96t6tg1aDlOyWKnPW5RYh9I16b10KkGVHc_vXN9B4Y9cfiN3pQ=&uniplatform=NZKPT&language=CHS

10

11

12

13

1432

Lin QZ, Ge SJ, McClements DJ, et al. Advances in
preparation, interaction and stimulus responsiveness of
protein—based nanodelivery systems[J]. Crit Rev Food Sci
Nutr, 2021, 63(19): 4092-4105.DOI: 10.1080/10408398.
2021.1997908.

Solanki R, Rostamabadi H, Patel S, et al. Anticancer
nano—delivery systems based on bovine serum albumin
nanoparticles: a critical review[J]. Int J Biol Macromol,
2021, 193(Part A): 528-540. DOI: 10.1016/j.ijbiomac.
2021.10.040.

KB4, TELLI , TTMER . FORBEA & AR 25
1K A GEARAR IWEFEHEE (1], A T 2241, 2013, 64(10):
3493-3504. [Liu GJ, Wang HD, Jiang YB. Research
progress on using zein as a carrier for drug delivery
systems[J]. Journal of Chemical Engineering, 2013,
64(10): 3493-3504.] DOI: 10.3969/j.issn.0438-1157.
2013.10.002.

Yu X, Wu H, Hu H, et al. Zein nanoparticles as nontoxic
delivery system for maytansine in the treatment of non
small cell lung cancer{J]. Drug Deliv, 2020, 27(1): 100-
109. DOI: 10.1080/10717544.2019.1704942.

Wu Z, Li J, Zhang X, et al. Rational fabrication of folate—
conjugated zeinsoy lecithincarboxymethyl chitosan core—
shell nanoparticles for delivery of docetaxel[J]. ACS
Omega, 2022, 7: 13371-13381. DOI: 10.1021/acsomega.
2c¢01270.

Chen S, Han Y, Huang J, et al. Fabrication and
characterization of layer—by—layer composite nanoparticles
based on zein and hyaluronic acid for codelivery of curcumin
and quercetagetin[J]. ACS Appl Mater Interfaces, 2019,
11(18): 16922-16933. DOI: 10.1021/acsami. 9b02529.

Liu QG, Jing YQ, Han CP, et al. Encapsulation of curcumin
in zein/caseinate/sodium alginate nanoparticleswith
improved physicochemical and controlled release
properties[J]. Food Hydrocolloids, 2019, 93: 432-442.
DOI: 10.1016/j.foodhyd.2019.02.003.

Paliwal R, Palakurthi S. Zein in controlled drug delivery
and tissue engineering[J]. J Control Release, 2014, 189:
108-122. DOI: 10.1016/j.jconrel.2014.06.036.

Patel AR, Bouwens EC, Velikov KP. Sodium caseinate
stabilized zein colloidal particles[J]. J Agric Food Chem,
2010, 58(23): 12497-12503. DOI: 10.1021/jf102959h.

Yuan Y, Li H, Liu C, et al. Fabrication of stable zein

14

15

16

17

18

19

20

21

22

China Pharmacist, Aug. 2024, Vol. 27, No.8

nanoparticles by chondroitin sulfate deposition based on
antisolvent precipitation method[J]. Int Biol Macromol,
2019, 139: 30-39. DOI: 10.1016/j.ijbiomac.2019.07.090.
Heep G, Almeida A, Marcano R, et al. Zein—casein—
lysine multicomposite nanoparticles are effective in
modulate the intestinal permeability of ferulic acid[J]. Int
J Biol Macromol, 2019, 138: 244-251. DOI: 10.1016/
j-ijbiomac.2019.07.030.

Karthikeyan K, Lakra R, Rajaram R, et al. Development
and characterization of zein—based microcarrier system
for sustained delivery of aceclofenac sodium[J]. AAPS
PharmSciTech, 2012, 13(1): 143-149. DOI: 10.1208/
s12249-011-9731—x.

Zhong QX, Jin MF. Zein nanoparticles produced by liquid—
liquid dispersion[J]. Food Hydrocolloids, 2009, 23(8):
2380-2387. DOI: 10.1016/j.foodhyd.2009.06.015.

Li KK, Zhang X, Huang (, et al. Continuous preparation
of zein colloidal particles by Flash NanoPrecipitation
(FNP)[J]. J Food Eng, 2014, 127: 103-110. DOI: 10.1016/
j.jfoodeng.2013.12.001.

Gomez—Estaca J, Balaguer MP, Gavara R, et al. Formation
of zein nanoparticles by electrohydrodynamic atomization:
effect of the main processing variables and suitability
for encapsulating the food coloring and active ingredient
curcumin[J]. Food Hydrocolloids, 2012, 28(1): 82-91.
DOI: 10.1016/j.foodhyd.2011.11.013.

Dan X, Davidson P, Zhong QX. Release and antilisterial
properties of nisin from zein capsules spray—dried at
different temperatures[J]. LWT—Food Sci Technol, 2011,
44(10): 1977-1985. DOI: 10.1016/j.1wt.2011.07.017.
Zhong QX, Jin MF, Davidson PM, et al. Sustained release
of lysozyme from zein microcapsules produced by a
supercritical anti—solvent process[J]. Food Chem, 2009,
115(2): 697-700. DOI: 10.1016/j.foodchem.2008.12.063.
Liu GJ, Li SM, Huang YX, et al. Incorporation of
10-hydroxycamptothecin nanocrystals into zein
microspheres|J]. Chem Eng Sci, 2016, 155: 405-414. DOI:
10.1016/j.ces.2016.08.029.

Liu GJ, Wei DW, Wang HD, et al. Self-assembly of zein
microspheres with controllable particle size and narrow
distribution using a novel built—in ultrasonic dialysis
process[J]. Chem Eng J, 2016, 284: 1094-1105. DOL:
10.1016/j.¢ej.2015.09.067.

https://zgys.whuznhmedj.com


https://pubmed.ncbi.nlm.nih.gov/34726091/
https://pubmed.ncbi.nlm.nih.gov/34726091/
https://pubmed.ncbi.nlm.nih.gov/34655592/
https://pubmed.ncbi.nlm.nih.gov/34655592/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg1oZ3hiMjAxMzEwMDAyGghhN3Eza2c5cQ%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg1oZ3hiMjAxMzEwMDAyGghhN3Eza2c5cQ%3D%3D
https://pubmed.ncbi.nlm.nih.gov/31870183/
https://pubmed.ncbi.nlm.nih.gov/35474787/
https://pubmed.ncbi.nlm.nih.gov/35474787/
https://pubmed.ncbi.nlm.nih.gov/30985111/
https://kns.cnki.net/kcms2/article/abstract?v=qwZretP9BaGnyy_JGu7yCX6YZHhqrY7RlcF6sSS50Wdi-sDweWJp4enEsY4Sff_tJSYiarL2pYJzT4AkKR-0V6bVgz1ynbmA2KCj_sCT3EJBJA_r5jHY62s5FbkamHMFEhwmHakUz6nvXY8PZ4HugyT_7ij44Y_D3OqGeKoPr1g=&uniplatform=NZKPT&language=CHS
https://pubmed.ncbi.nlm.nih.gov/24993426/
https://pubmed.ncbi.nlm.nih.gov/21077613/
https://pubmed.ncbi.nlm.nih.gov/31306703/
https://pubmed.ncbi.nlm.nih.gov/31279877/
https://pubmed.ncbi.nlm.nih.gov/31279877/
https://pubmed.ncbi.nlm.nih.gov/22167417/
https://pubmed.ncbi.nlm.nih.gov/22167417/
https://kns.cnki.net/kcms2/article/abstract?v=qwZretP9BaHJFb5KuSXNKpvndcuQnp2bKSDZtO56ibq7YsL1wnZCGdsV3BOr88JmJrUTNLjLF9sp6w0rKYsbNDMqPvp45Dm93e5gQdO_1ExkQWlwCSmyDBgub_XAtAlu5fV4oSA2BXS20QzkEQUm8VWrBQ186eFMDjsoPCzY1Z4=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=qwZretP9BaEPgUHxdR3LfdwtON8b7GHJ5lYpUr9e2zTxIDUfALbMJb15hvYkuB4eXUwpb4WWgKjSaRvoDGi5vgAt1W3Z0o84ghM-4GEDeAfgYZT6hPPzhfdX41qGBZ17vZu-gGj_c0Iz6OtCSehHoA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=qwZretP9BaEPgUHxdR3LfdwtON8b7GHJ5lYpUr9e2zTxIDUfALbMJb15hvYkuB4eXUwpb4WWgKjSaRvoDGi5vgAt1W3Z0o84ghM-4GEDeAfgYZT6hPPzhfdX41qGBZ17vZu-gGj_c0Iz6OtCSehHoA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=qwZretP9BaFlpSflJsQd_8_7YoXGsh_Svj7yyIDZNe_VxJp-JUw-TdugC1yqB7JeCChQXA25GRMJnG_ad-1VFmnx86v2NZ1LS3Yc1QusTszuCnbnouszwAYm7nkmFxSV4XPmzJJxLtRkhQR7kJ_9eO8fZGQUvA-NRNsEdHS6OJA=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=qwZretP9BaEyfWap9W0Njm5wboUt9YC0BR2RMxSLr0Qnec8JKsJmAI2TOEugMa1d1Y-07OJlyrNiMvbsAG0ElGDxtJa7KELB6_FBuS-sIgPEasWFQRlYGRuF90UehcKKhNf6r5mPXMoCHSUh-Mpoe3SHSglUrRnxFu6d4jSLfC8=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=qwZretP9BaF8_o0l8K-8Eb0pyNmXkn3xX3cFF7mCUjgOUlkzvhZj-R-dRcgX7Ri7lyGQ3IH2K4cSbqb9xLBc4W8u5vulFAiTHsVboqTTCTq4VmRLlsY0GAHQyfubszEPHzYRrjLb2-6U14OW-avY9lu2Ywa7LFpulpko1MlyxjM=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=qwZretP9BaFxh-GfdgaRsGvPo4tdIZ-GeLkzos82U--Ul_tWLmnp1u-393J_hrCNjD4ClD6-JIengt8QMAq7wQoxSKjgdAqX--Ktst1w8RbsZkOGkTmrlpSkr1xCw-ehNK8TAWeNjeG4imOPyz5425w0rmT-qp-F45sKhCS4Hog=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=qwZretP9BaH_pbsHGiZ3TOWUhULfoQqh__iR-AIsUZsuw0f02Pj7gmDGjl4XhMOODbKEHchD-lgGloQL3jyjPOF6W3RbwMUJ0tSRZHViFmD_VIz34RdoSkj8DHMHD-KdeJt2d8K8qzuS-ZEpFJn0UlV8jL1SO7GKkY0lxcA6zUA=&uniplatform=NZKPT&language=CHS

hEZT 2024 £8 AE 27 55F 8 H

23

24

25

26

27

28

29

32

Pang JF, Li ZX, Li SM, et al. Folate—conjugated zein/
Fe304 nanocomplexes for the enhancement of cellular
uptake and cytotoxicity of gefitinib[J]. Biomaterials, 2018,
53(21): 569-579. DOI: 10.1007/5s10853-018-2684-7.
Christopher JC, Owen GJ. Stabilizing zein nanoparticle
dispersions with 1—carrageenan[J]. Food Hydrocolloids,
2017, 69: 28-35. DOI: 10.1016/j.foodhyd.2017.01.022.
Patel AR. Functional and engineered colloids from edible
materials for emerging applications in designing the food
of the future[J]. Adv Funct Mater, 2020, 30(18): 1806809.
DOI: 10.1002/adfm.201806809.

Sousa FFO, Luzardo A, Blanco-Méndez J, et al. Use of
1H NMR STD, WaterLOGSY, and Langmuir monolayer
techniques for characterization of drug—zein protein
complexes[J]. Eur J Pharm Biopharm, 2013, 85(Part A):
790-798. DOI: 10.1016/j.ejpb.2013.07.008.

Shukla R, Cheryan M. Zein: the industrial protein from
corn[J]. Ind Crop Prod, 2001, 13(3): 171-192. DOI:
10.1016/50926-6690(00)00064-9.

Matsushima N, Danno G, Takezawa H, et al. Three—
dimensional structure of maize « —zein proteins studied by
small-angle X-ray scattering(J]. Biochim Biophys Acta,
1997, 1339(1): 14-22. DOL: 10.1016/S0167-4838(96)
00212-9.

Zhang W, Sangtong V, Peterson J, et al. Divergent
properties of prolamins in wheat and maize[J]. Planta,
2013, 237(6): 1465-1473. DOI: 10.1007/s00425-013—
1857-5.

Damla D, Jooyeoun J, Zhao YY, et al. Development
and characterization of cellulose nanofiber reinforced
hydroxypropyl methylcellulose films functionalized with
propolis—loaded zein nanoparticles and its application
for cheddar cheese storage[J]. Int J Biol Macromol, 2024,
261(P2): 129790. DOI:10.1016/j.ijbiomac.2024.129790.
Azizi H, Koocheki A, Ghorani B. Structural elucidation of
gluten/zein nanofibers prepared by electrospinning process:
focus on the effect of zein on properties of nanofibers[J].
Polym Test, 2023, 128: 108231-108239. DOI: 10.1016/
j.polymertesting.2023.108231.

Giteru SG, Ali MA, Oey I. Recent progress in
understanding fundamental interactions and applications of
zein[J]. Food Hydrocolloids, 2021, 120: 106948-106970.
DOI: 10.1016/j.foodhyd.2021.106948.

https://zgys.whuznhmedj.com

33

35

36

37

38

40

41

1433

Phuong HLT, Wei D, Beom JL, et al. The use of zein in
the controlled release of poorly water—soluble drugs[J]. Int
J Pharm, 2019, 566: 557-564. DOI: 10.1016/j.ijpharm.
2019.06.018.

Zhang X, Li YJ, Wu ZY, et al. Development of
carboxymethyl chitosan-coated zein/soy lecithin
nanoparticles for the delivery of resveratrol[J]. Food Funct,
2023, 14(3): 1636-1647. DOI: 10.1039/d2{603180a.

Liu GJ, Pang JF, Huang YN, et al. Self-assembled
nanospheres of folate—decorated zein for the targeted
delivery of 10~hydroxycamptothecin[J]. Ind Eng Chem Res,
2017, 56(30): 8517-8527. DOI: 10.1021/acs.iecr.7b01632.
ZEFHW I, THET . PPC UM Zein-PPC &
A PR BT 52w (J]. B AR | 2012, 33(19): 6-10.
[Li XM, Chen Y, Wang JY. The influence of PPC on the
properties of zein PPC composite films formed by extrusion
molding[J]. Journal of Food Science, 2012, 33(19): 6-10.]
DOI: CNKI:SUN:SPKX.0.2012-19-003.

Chen S, McClements DJ, Jian L, et al. Core—shell
biopolymer nanoparticles for co—delivery of curcumin and
piperine: sequential electrostatic deposition of hyaluronic
acid and chitosan shells on the zein core[J]. ACS Appl
Mater Interfaces, 2019, 11(41): 38103-38115. DOI:
10.1021/acsami.9b11782.

Yuan Y, Li H, Zhu J, et al. Fabrication and characterization
of zein nanoparticles by dextran sulfate coating as vehicles
for delivery of curcumin([J]. Int J Biol Macromol, 2020, 151:
1074-1083. DOI: 10.1016/j.ijbiomac.2019.10.149.

Wang HJ, Huang JC, Hou L, et al. Prolongation of the
degradation period and improvement of the angiogenesis
of zein porous scaffolds in vivo[J]. ] Mater Sci Mater Med,
2016, 27(5): 92. DOI: 10.1007/s10856-016-5697-2.

Mo XP, Peng XL, Liang XR, et al. Development
of antifungal gelatin—based nanocomposite films
functionalized with natamycin-loaded zein/casein
nanoparticles[J]. Food Hydrocolloids, 2021, 113: 106506.
DOI: 10.1016/j.foodhyd.2020.106506.

P BRI L AN L IR R rp 16 A AR
P R i 26 Y AL 301 5k B A I 5T (D). PP R 240, 2021,
24(11): 556-560. [Zhong H, Ge DZ, Liu H. Reseach on
residual levels of 16 phthalate plasticizers in oral liquid
formulations[]J]. China Pharmacist, 2021, 24(11): 556—
560.] DOI: 10.19962/j.cnki.issn1008-049X.2021.11.036.


https://xueshu.baidu.com/usercenter/paper/show?paperid=ebfe794f0e9850db349c2bce0c6a046b&site=xueshu_se&hitarticle=1
https://kns.cnki.net/kcms2/article/abstract?v=qwZretP9BaEe3DG3rvPLAtPzO8agA0bJCUV6Nz4b_FCm1KszMaf-t4Ogf2ezQQsbytj3iJgpCrzmzHzmpx21QVRGmuSXmqrGg_8n6RdFFsb0_qhRUAywyTTR_e5CJNYBBk6gdfSMro0wqKxKANwjj0HOE5EMRpGyZHk6fTuTcRs=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WfYi3ZLogAY3YT5yHU7h7XeLNBN9xBfMF9kYxIH4EbtWBlCz4ZIx2QdFa7v29JllREIWVwgnllpqCrvdvZvYEuqPqWD09pLAzPEGLsEALdfZKv6KwEGbcgd2M8JZpmcCXfxp5vcTogj0SG_wDs_ucGmn1kCOzaUR9-loFFyUtwM=&uniplatform=NZKPT&language=CHS
https://pubmed.ncbi.nlm.nih.gov/23891773/
https://xueshu.baidu.com/usercenter/paper/show?paperid=ae0b552cea511f6001cbe517b9ab4b6d&site=xueshu_se&hitarticle=1
https://pubmed.ncbi.nlm.nih.gov/9165095/
https://pubmed.ncbi.nlm.nih.gov/9165095/
https://pubmed.ncbi.nlm.nih.gov/23435659/
https://pubmed.ncbi.nlm.nih.gov/23435659/
https://pubmed.ncbi.nlm.nih.gov/38307431/
https://kns.cnki.net/kcms2/article/abstract?v=WfYi3ZLogAZSbv0jo8tkS2XXbSLutSwuJsdsO0jn1RtdmuOqfh2u5cQL4jq-UdFHOZoPlqx52WxOtQgFsbuwE7dOXvIDKj3qnZoD5TNkU_KvU9szmyI0tI0-rNFhMQdwDQPm9dlE7zbgV1zo6DthrwkY656UJ64iPGzNuJjWi1w=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WfYi3ZLogAZSbv0jo8tkS2XXbSLutSwuJsdsO0jn1RtdmuOqfh2u5cQL4jq-UdFHOZoPlqx52WxOtQgFsbuwE7dOXvIDKj3qnZoD5TNkU_KvU9szmyI0tI0-rNFhMQdwDQPm9dlE7zbgV1zo6DthrwkY656UJ64iPGzNuJjWi1w=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WfYi3ZLogAaj3ebEOrB_faDZvKSiCCevlBDk8tr5tdtVgkGhXK72ZC11kkE8l6aYVa1lRLhSPcHKHG_KO49yXWnue-JMnNP-I1x8QtYm6S_7iFK73OyJJPkW4ES9EWhfj_nBUdNV3Y-lfLfbkIrYgJvVmMCvz4PvaucGLdfAT38=&uniplatform=NZKPT&language=CHS
https://pubmed.ncbi.nlm.nih.gov/31181306/
https://pubmed.ncbi.nlm.nih.gov/31181306/
https://pubmed.ncbi.nlm.nih.gov/36691750/
https://kns.cnki.net/kcms2/article/abstract?v=WfYi3ZLogAZTrVGFyL7K93umKYUAzj26LeuRaz3SWMEmDW_tE2a1NQS0-JyyqTcD7uDr1BBsec31zdMaHC-JZhoXH8YZFaFnH7UVBX5muafXJaBFNWbsnR-8M69rHsGyoN7QyMH1JHo5pjuevSD7-Icf9fFIlTwt2GGy5qwErl4=&uniplatform=NZKPT&language=CHS
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg1zcGt4MjAxMjE5MDAyGghzZ3dqZTJ1Ng%3D%3D
https://pubmed.ncbi.nlm.nih.gov/31509373/
https://pubmed.ncbi.nlm.nih.gov/31739020/
https://pubmed.ncbi.nlm.nih.gov/26979976/
https://kns.cnki.net/kcms2/article/abstract?v=WfYi3ZLogAbjACv0zdQsVJWfe4i-JVXjJm-TSD2xQDwHoRR7s-0HcuXxu2-0Ar0_pKWdRDmlPLZzxY4HyISF6sh1jiibF7AIPw0ZWHjkXrd_eHZjAz2Gk-fO13Cp94MS2saFpbkTk2X6rjqm9FtgRSXIuewxN-fvsEkg6DuzERg=&uniplatform=NZKPT&language=CHS
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg16Z3lzMjAxNDA0MDA5Ggh3eW9uMXhnOQ%3D%3D

4

43

44

45

46

47

48

49

50

51

1434

Chuacharoen T, Sabliov CM. Stability and controlled
release of lutein loaded in zein nanoparticles with and
without lecithin and pluronic F127 surfactants[J]. Colloid
Surf A—Physicochem Eng Asp, 2016, 503: 11-18. DOI:
10.1016/j.colsurfa.2016.04.038.

Shi YF, Rong S, Guo TX, et al. Fabrication of compact
zein—chondroitin sulfate nanocomplex by anti—solvent co—
precipitation: prevent degradation and regulate release of
curcumin[J]. Food Chem, 2024, 430: 137110-137119.
DOI: 10.1016/j.foodchem.2023.137110.

Wang TX, Li XX, Chen L, et al. Carriers based on zein—
dextran sulfate sodium binary complex for the sustained
delivery of quercetin[J]. Front Chem, 2020, 8: 662-674.
DOI: 10.3389/fchem.2020.00662.

Xiao Y, Ho CT, Chen Y, et al. Synthesis, characterization,
and evaluation of genistein—loaded zein/carboxymethyl
chitosan nanoparticles with improved water dispersibility,
enhanced antioxidant activity, and controlled release
property[J]. Foods, 2020, 9(11): 1604-1630. DOL: 10.3390/
foods9111604.

Wang R, Han J, Jiang A, et al. Involvement of metabolism—
permeability in enhancing the oral bioavailability of
curcumin in excipieni—fres solid dispersions co—formed
with piperine[]]. Int ] Pharm, 2019, 561: 9-18. DOI:
10.1016/j.ijpharm.2019.02.027.

Sehgal A, Kumar M, Jain M, et al. Combined effects of
curcumin and piperine in ameliorating henzo(a)pyrene
induced DNA damage[J]. Food Chem Toxicol, 2011,
49(11): 3002-3006. DOI: 10.1016/j.fct.2011.07.058.
Gulseren I, Guri A, Corredig M, et al. Effect of interfacial
composition on uptake of curcumin—piperine mixtures in
oil in water emulsions by Caco-2 cells[J]. Food Funct,
2014, 5(6): 1218-1223. DOI: 10.1039/c3{060554j.

Huang Y, Zhan Y, Luo G, et al. Curcumin encapsulated
zein/caseinate—alginate nanoparticles: release and
antioxidant activity under in vitro simulated gastrointestinal
digestion[J]. Curr Res Food Sci, 2023, 6: 100463—-100474.
DOI: 10.1016/j.crfs.2023.100463.

Al-Dhabi NA, Arasu MV, Park CH, et al. An up—to—date
review of rutin and its biological and pharmacological
activities[J]. EXCLI J, 2015, 14: 1459-1463. DOI:
10.17179/excli2014-663.

TR RS BT A LA 58 LB AR S TR A

52

53

54

56

57

58

59

China Pharmacist, Aug. 2024, Vol. 27, No.8

T AR IO 2 0], E 250, 2020, 23(5): 954-
957. [Xu N. Optimization of flash extraction process
for Ziguantong and rutin in Ziguanzhong by orthogonal
experimental design[J]. China Pharmacist, 2020, 23(5):
955-957.] DOI: CNKI:SUN:ZYSG.0.2020-05-041.

Tien AN, Liu BG, Zhao ], et al. An investigation into
the supramolecular structure, solubility, stability and
antioxidant activity of rutin/cyclodextrin inclusion
complex|]J]. Food Chem, 2013, 136(1): 186-192. DOI:
10.1016/j.foodchem.2012.07.104.

Li CC, Chen L, McClements D], et al. Preparation and
characterization of rutin—loaded zein—carboxymethyl starch
nanoparticles[J]. Food, 2022, 11(18): 2827-2844. DOI:
10.3390/FOODS11182827.

Geng C, Liu X, Ma ], et al. High strength, controlled
release of curcumin—loaded ZIF-8/chitosan/zein film with
excellence gas barrier and antibacterial activity for litchi
preservation[J]. Carbohydr Polym, 2023, 306: 120612-
120625. DOI: 10.1016/j.carbpol.2023.120612.

Liu G, Wang W, Wang H, et al. Preparation of
10-hydroxycamptothecin proliposomes by the supercritical
CO2 anti-solvent process[J]. Chem Eng J, 2014, 243: 289~
296. DOI: 10.1016/j.cej.2014.01.023.

Liu GJ, Wu ZY, Zhang JW, et al. Particle design of
itraconazole by supercritical anti—solvent technology:
processing—microstructure—solubility relationship[J]. Chem
Eng Process, 2020, 154: 108013-108022. DOI: 10.1016/
j.cep.2020.108013.

WS VO B FUA ST HOR B R EAIFE R
TR R BT 5E ()], BUCE SRR L 2017, 133: 139-
145. [Hu M, Jian YB. Research on preparation of corn
protein astaxanthin loaded microparticles by supereritical
dissolution technology[J]. Modern Food Science, 2017, 133:
139-145.] DOI: 10.13982/j.mfst.1673-9078.2017.3.022.
EBENS , EuilH, Eai, 5. Bilk 5 Cco, i il
HE AR W - KBS E A AR
RilJ]. T 2R, 2012, 33(24): 273-276. [Ren XN,
Wang LJ. Preparation of soybean isoflavone zein composite
nanoparticles by supercritical CO, anti solvent method[J].
Process Technology, 2012, 33(24): 273-276.] DOIL: CNKI:
SUN:SPKJ.0.2012-24-063.

o, WA, VeI, S A LR
G058 3E R )], b E 250, 2008, 11(4): 397-399.

https://zgys.whuznhmedj.com


https://xueshu.baidu.com/usercenter/paper/show?paperid=778aeef396e49d56cf304430f41c0cc1&site=xueshu_se&hitarticle=1
https://pubmed.ncbi.nlm.nih.gov/37562259/
https://pubmed.ncbi.nlm.nih.gov/33195002/
https://pubmed.ncbi.nlm.nih.gov/33158107/
https://pubmed.ncbi.nlm.nih.gov/33158107/
https://pubmed.ncbi.nlm.nih.gov/30817985/
https://pubmed.ncbi.nlm.nih.gov/21827816/
https://pubmed.ncbi.nlm.nih.gov/24710007/
https://pubmed.ncbi.nlm.nih.gov/36860615/
https://pubmed.ncbi.nlm.nih.gov/26535031/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg16Z3lzMjAyMDA1MDQxGggyeWxlNjZwaw%3D%3D
https://pubmed.ncbi.nlm.nih.gov/23017411/
https://pubmed.ncbi.nlm.nih.gov/36140956/
https://pubmed.ncbi.nlm.nih.gov/36746592/
https://kns.cnki.net/kcms2/article/abstract?v=WfYi3ZLogAY3tJo_axB7rfHym2f44_juNC6H7OYfN_kvoRk-NZ_kHhKSBCCBvT0h95LRjyGU-R9MvX2Rox8FNfRZGUv6vRHiID6DCaldtVbsBPcmDkOaFiH6-Mr8lSo5O0yzMoFZJJnJZZfqKxcgPg==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WfYi3ZLogAb6UIFVuWwohU8fnGrslxUCru0u-3fws3oafuIV6Gvvgf8FhNSz1F1JBskXFhixPsux3V6VZSlRi3U7OBXtCpXOt36LEFJbmZiCjCFzXAe-9kHAYzBJ313fJjib0O7h8XBUndzTkVk3hStGNlOGjKqIYi2tXJ-5ikc=&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=WfYi3ZLogAb6UIFVuWwohU8fnGrslxUCru0u-3fws3oafuIV6Gvvgf8FhNSz1F1JBskXFhixPsux3V6VZSlRi3U7OBXtCpXOt36LEFJbmZiCjCFzXAe-9kHAYzBJ313fJjib0O7h8XBUndzTkVk3hStGNlOGjKqIYi2tXJ-5ikc=&uniplatform=NZKPT&language=CHS
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2EhFnenNwZ3lrajIwMTcwMzAyMhoIYXB5emw0aTU%3D
https://xueshu.baidu.com/usercenter/paper/show?paperid=13d8ddd28ad8aa0c03b0683cd844ba90&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=13d8ddd28ad8aa0c03b0683cd844ba90&site=xueshu_se

hEZT 2024 £8 AE 27 55F 8 H

60

61

[Dai JF, Huang SW, Fang JW. Research progress on self
emulsifying drug release systems for anti—tumor drugs[J].
China Pharmacist, 2008, 11(4): 397-399.] DOI: 10.3969/
j-18sn.1008-049X.2008.04.012.

XU, 7R BTk, SRER R . v DA o R A0k B
PR Az 20 Meta 4387« 5T 85 5 & U FE PR LR
AT 4 B3 (0] b G UE BE A 4 K, 2023, 23(11):
1269-1274. [Liu L, Shu MZ, Zhang JX. Meta analysis of
the incidence of economic toxicity in Chinese malignant
tumor patients: based on the patient reported economic
toxicity comprehensive scoring scale[J]. Chinese Journal
of Evidence—Based Medicine, 2023, 23(11): 1269-1274.]
DOI: 10.7507/1672-2531.202306083.

VEBET:, 22000, BRESI . mTS IR I2YT b i o R
ST R AR B9 (D). SR VE R A, 2020,
35(1): 98-102. [Xu XY, Li XC, Lyv SJ. Application of
prostate specific membrane antigen molecular targeting
probes in the diagnosis and treatment of prostate cancer{J].
West China Medical Journal, 2020, 35(1): 98-102.] DOI:
10.7507/1002-0179.201911075.

https://zgys.whuznhmedj.com

62

63

64

65

1435

Torchilin V. Tumor delivery of macromolecular drugs
based on the EPR effect[J]. Adv Drug Deliv Rev, 2011,
63(3): 131-135. DOL: 10.1016/j.addr.2010.03.011.
Kobayashi H, Watanabe R, Choyke PL. Improving
conventional enhanced permeability and retention (EPR)
effects; what is the appropriate target[J]. Theranostics,
2014, 4(1): 81-89. DOI: 10.7150/thno.7193.

Yu DG, Wang X, Liao YZ, et al. Helicid-loaded zein
microparticles prepared using electrohydrodynamic
atomization[J]. Applied Mechanics and Materials,
2012, 164: 487-491. DOI: 10.4028/www.scientific.net/
AMM.164.487.

Hou H, Zhang D, Lin J, et al. Zein—paclitaxel prodrug
nanoparticles for redox—triggered drug delivery and
enhanced therapeutic efficiency[J]. J Agric Food
Chem, 2018, 66(44): 11812-11822. DOI: 10.1021/acs.
jafe.8h04627.

ks H: 20244502 H 24 B BEIEE. 20244505 H 23 H
AR IR 2= M


https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg16Z3lzMjAwODA0MDEyGgh3dmdkbWo0aQ%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg16Z3lzMjAwODA0MDEyGgh3dmdkbWo0aQ%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg96Z3h6eXgyMDIzMTEwMDUaCDMza3k4NjVi
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2EhBodWF4aXl4MjAyMDAxMDE4GghpNHdzYmo0Mw%3D%3D
https://pubmed.ncbi.nlm.nih.gov/20304019/
https://pubmed.ncbi.nlm.nih.gov/24396516/
https://xueshu.baidu.com/usercenter/paper/show?paperid=6188a1960a3f69e42876a9f1e8092049&site=xueshu_se&hitarticle=1
https://xueshu.baidu.com/usercenter/paper/show?paperid=6188a1960a3f69e42876a9f1e8092049&site=xueshu_se&hitarticle=1
https://pubmed.ncbi.nlm.nih.gov/30339011/
https://pubmed.ncbi.nlm.nih.gov/30339011/

