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Abstract: Objective Based on the preparation technology of protein polysaccharide nanomaterials, through the modification of
low molecular weight chitosan to lysozyme and the adjustment of environmental factors, by controlling the self-assembly behavior of
lysozyme, to prepare a green environment-friendly lysozyme low molecular weight chitosan nanomer gel with core shell structure,
thereby reducing gel size, increasing entrapment efficiency and drug loading, and making it more conducive to renal target. Methods
Lysozyme and low molecular weight chitosan were synthesized by Maillard reaction and SDS-PAGE was used to optimize the ratio
of lysozyme and low molecular weight chitosan with the highest yield; The synthesized products were characterized by endogenous
fluorescence and UV detection, and the grafting rate was determined by TNBS method; The particle size was used as the evaluation

index, The optimal conditions for the preparation of the blank nanomaterials were screened and optimized by optimizing the

YA HER: 2020-11-11
EeWH: EXBRRZEST EHH (81673896): 75 M iR R S AR 7 HUH  (SYSD2019205); 75 H i A Ja b F J Ak it 9 350 H
(SYSD2019210); 5N i RHZ R A FEAEGFTE B H  (8YS2020119)
TEEEN: 2E%) (1991, L, WL, Sk s & S IEm AL 51K, Tel: 13675517401  E-mail: 1113899366@qq.com
HBEEE: BN (1975—), B, L, FAEREN, WA S0, BT Ry o g & B IR S IR
Tel: 13812791993  E-mail: weiminggang@suda.edu.cn



* 3832

FED 2021478 $52% B138  Chinese Traditional and Herbal Drugs 2021 July Vol. 52 No. 13

conditions of lysozyme concentration, reaction system pH and heating temperature. With the entrapment efficiency, the suitable drug

loading methods were selected to obtain the nanogel loaded with baicalin. Results The content of lysozyme low molecular weight

chitosan with a graft ratio of (24.7 + 2.9)% was obtained, and the blank nanogel with a particle size of 16—120 nm, an average

particle size 0of 49.02 nm and a PDI 0.132, and a baicalin nanogel with a entrapment efficiency of (95.00 = 2.54)% and a drug loading

of (17.00 £ 1.26)% were obtained. Conclusion Lysozyme low molecular weight chitosan nanoscale gel by Maillard The optimal

ratio of lysozyme to low molecular weight chitosan was synthesized by Maillard reaction and the best synthetic process was found.

The prepared nano gel has high encapsulation efficiency, small particle size, uniform distribution and obvious sustained release

effect.

Key words: lysozyme; low molecular weight chitosan; baicalin; Maillard reaction; self-assembled nanogels; kidney targeting; SDS-
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Table 1
lysozyme and LZM-LMWC
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LMWC

HEEAYMERE. B 1 mL EAREREN 1
mg/mL FIFE SB35 1 mL 1) NaHCOs %)
(0.04 g/mL). SDS &7 (0.10 gmL) 5 TNBS ¥
(1 mg/mL) JB&. BE/EET 40 CHIKBH B
N2 hy, I 0.5 mL 1 mol/L ff] HCI #1 5 mL
0.01 mol/L HCI BAZ& 1k Mo ##1J5 SZRIFE 340 nm
AT E SRR RO E R (4D R T
ARTHE AR R (24.7£2.9) %.

BRE=1—4xCu/d uCy
A w5 A e NEBHLRMAE IR 4, Co5 Casr il
FEh L TR B TG 1 £ IR
24 TARPKRERKHEILZNER

BRIR R (T I0FAR A B 1 2 AR S8 35 B P B %
THERARE I BARAR S, X5 W EA RS T
Kt MPARMERAR — DR EEAM . BROIR
HHEBAEAMAZEGIE T, 8w )
(I FE « pH AE IR B2 R At [a] B m] 45 20 %2 08
IR AR B, LA A 9KEIR kAR S R A
EUEFEEC (polymer dispersity index, PDI) NiT
Wrighr, EEU AR R pH H BRI TR IR
IR FE S 0 At [R] kAT B R 2R S e S o 2 6
11 (central composite design, CCD) SLLG# %%,
2.4.1 pH fEXPRIAREIFM 5] SR I JoT B A
JEN 1 mg/mL, JNEEHN 80 C, MNE(E]N 45
min, fEAN[E pH (A2 R 3T & %, 75 pH {E
R iR RT, KRS AmEES, RARWE N,
BT L HL pH {EA 11 1) NaxCOs-NaOH ZZMiifE A
PEKER A R NAR o B 7 PR T UG
pH fH4 11 Zpik Rep, KRB megES, ki
WE /. FrLLIZE pH fE4 11 () Na,CO3-NaOH
G IPIRAE NN AKBE N B B SR BEAA 5 o
2.4.2 VA B BE-5T IR BE B EIR BEN RAS R 5
MNARZR pH EA 11, RBGREEN 70 °C, M
(]2 45 min, EHUFTEIRE 735009 0.3 0.4, 0.5,
0.6+ 0.7+ 0.8+ 0.9, 1.0\ 2.1 mg/mL fJ LZM-LMWC
BRI A RS VAR EERE . TR 2 N GKEER R A2
4394 69.8. 69.1. 69.1. 69.2. 90.0. 115.6. 140.3.
162.3, 218.7 nm. A UL, [ 7 i g -7 S0 ot =ik
FERIBRAR, A KB R AR AN T BR A, 224 7 18 il -
7 I WE TR IR B I AR, & B & P R B0,
JR R LR 0.6 mg/mL J5, R X RAR 15
W) AN K o T DA B 28 34 HL Vs T Il - 7 R o Rk 2Ry
0.6 mg/mL 1ENAKEEE A B 26 A% o



- 3836« PER 2021478 #5258 B 138 Chinese Traditional and Herbal Drugs 2021 July Vol. 52 No. 13
201 e PRI FFA% AR BRI A3 1257,
4 —ApHL 137.5, 114.3, 116.8 nmo FJ L, HHFAI ()X 45 1 49
16 “vp

HESE /Y%
i >’i‘l';’l;‘?;

B2 /nm

7 ARIEZR pH E 9~11 BTRSRIR S E
Fig. 7 Particle size distribution map of synthetic system at
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JHit Design-Expert 8.0.6 AL, 15
B YR ] 5% (1 B e IR S 444 pHLE 11,
JREWEE 0.6 mg/mL, WEHN 71 °C, RVHS[E]K

®2 MEEREERKFRITRER
Table 2 Factors and levels of response surface experiment and its results

A TasH Xi XlmgmL™)  X3/'C Xamin  Yinm | RES X Xol(mgmL™)  X3/'C Xa/min  Yinm
1 11(0) 0.44(+1) 70 (0) 60 (+1) 79.64 16 10 (1) 0.07 (0) 70 (0) 60(+1) 7191
2 11(0) 0(-1 70(0) 60 (+1) 6532 17 11(0) 044 (+1) 70(0) 40(-1) 52.16
3 10 (=1) 0.07 (0) 70(0) 40(-1) 80.26 18 11(0)  0.07 (0) 70(0) 50(0) 64.83
4 12 (+1) 0.07 (0) 70(0) 40(-1) 76.43 19 10(-1) 0(-1) 70(0) 50(0) 83.57
5 11(0) 0.44(+1) 80 (+1) 50(0) 69.51 20 12 (+1) 0.07 (0) 70(0) 40(-1) 76.82
6 11(0)  0.07 (0) 60 (1) 60(+1) 59.48 21 10 (1) 0.07 (0) 60 (—-1) 50(0) 70.19
7 11(0) 0.07 (0) 80 (+1) 40(-1) 81.79 22 12(+1) 0(-1) 70(0) 50(0) 64.63
8 11(0) 01 80 (+1) 50(0) 6743 23 10 (1) 0.44(+1) 70(0) 50(0) 49.34
9 11(0) 0.44(+1) 60 (—-1) 50(0) 58.01 24 12 (+1) 0.07 (0) 80 (+1) 50(0) 66.22
10 11(0) 01 70(0) 40(-1) 8231 25 11(0) 0.07(0) 70(0) 50(0) 56.71
11 10 (=1) 0.07 (0) 80 (+1) 50(0) 66.64 26 11(0) 0.07(0) 70(0) 50(0) 7335
12 11(0) 0.07 (0) 70(0) 50(0) 73.35 27 110) 01 60 (1) 50(0) 80.17
13 12 (+1) 0.07 (0) 60 (-1) 50(0) 7952 28 11(0)  0.07(0) 60 (1) 40(-1) 49.55
14 12 (+1) 0.44(+1) 70(0) 50(0) 7021 29 11(0) 0.07(0) 80 (+1) 60 (+1) 46.72

15 11(0)  0.07 (0) 70(0) 50(0) 65.16
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*3 CCD IR HFED

Table 3 Variance of analysis of CCD experimental design

FHERIE P AdmE ¥HE  FE PAH | FZRIE CPHM HME ¥HAEE O FHE PE
AL 2491387 14 1779.56 3.97 0.006 0 | X2? 1485.12 1 1485.12 331 0.0887
Xi 2.53 1 2.53 5.66X1073 0.9410 | X32 10 843.80 1 10843.80 2420  0.0002
X2 6 847.88 1 6847.88 1528 0.001 4 | X4? 941.35 1 941.35 2.10  0.1678
X3 8.88 1 8.88 0.02 0.889 9 | k2= 672135 15 448.09
X 427200 1 4272.00 9.53 0.007 5 | KM 672128 10 672.13 45826.87 <0.000 1
XXz 12.25 1 12.25 0.027 0.870 9 | 4liiR % 0073 5 0.02
XX 1444 1 14.44 0.032 0.8599 | Mi#% 3163521 29
XiXq 0.49 1 0.49 1.09X1073 0.974 1 | Std.Dev 21.17 R? 0.981 1
XoXa 138.06 1 138.06 0.31 0.587 0 | Mean 76.14 Ragi® 0.964 1
XoXa 473.06 1 473.06 1.06 0.3205|C.V% 27.80 Ropred® 0.854 6
XaXa 540.56 1 540.56 121 0.289 4 | Press 38 714.65 Radeq® 214730
X 253880 1 253880 5.67 0.0310

HifE/mm

0.44 75 134
XofmgmL)y 0~ 1031 X X/C 65 1031 X

75~ o <
X/C g5 0 Xof(mgmL)

Xymin 35 " 0 Xo/(mgmL™) Xymin 35 -~ 65 XJ/C

B8 &FEFEIRIEA /NS HINE R H E

Fig. 8 Response surface diagram of effect of various factors on particle size

51 min; HPKEERL 1) IRI4E 68.28 nm. R4 BREHHRIIER

W ER R AL T f—]% HH % 3 LA - Table 4 Verification results of optimal conditions
LWMC & HPUKER, WE KB RAT . #2hE FE Rrfemm  WZE%  BEEY%
JpnER, GRIE 4, FHRAAEN 69.13 nm, # 1 72.12 15.31 94.40
245 15.79%, K 94.78%, RSD £ 2% AN, F# 2 66.34 17.42 95.63
HHIGUFZE R R A, & L 2k0E. 3 68.70 14.65 9431
2.5 LZM-LMWC ZTHKER (LZM-LMWC- M 69.13 15.79 94.78
NPs) BU5& RELT RSD/% 2.00 1.76 1.98

2.5.1 LZM-LMWC-NPs HI#il4 #R¥E ik 92i6 45
B, Wi LZM-LMWC-NPs &7 ENE LZM-  1E 25 C T MR R 78 0 IR Bl
LMWC ¥ #1281 /K BC % 0.6 mg/mL R 1 0.1 mol/L NaOH-Na,COs 25 " 2% 1% 1 15 ¥4 pH
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211, BEJE B AE 71 CIEE/KB T E 51 min,
VK& LR ZJa, Fr=PAE s A 7+ )5
N 14 000 FRENTEEHIENT 3 d, EBRVREE A
KHABGT . BETTERSE, YA AR R T
EENLHA TR T 48 h Z2BR7K 4y, RIS TR 4K
J il ZARAE -

2,52 LZM-LMWC-NPs fZRA4E  KH H-600 i 4
BT A M %¢ LZM-LMWC-NPs T 4518 NERIE
RLAR RN A —, Wi 9. KifRTEHE Y 16~120
nm, “F¥JRIFEA 49.02 nm, PDI A 0.132, HiHk:
Bt RLr, W 10,

&9 LZM-LMWC-NGs £ TEM &
Fig.9 TEM of LZM-LMWC-NGs

SR /Y%

0.1 1 10 100 1000 10 000
L% /mm
10 LZM-LMWC-NGs K24 %
Fig. 10 Size distribution of LZM-LMWC-NGs

2.6 EZH-REB-RAENSFRELRENKER
X% (baicalin-lysozyme-low molecular weight chitosan-
lysozyme-nanogels, BA-LZM-LMWC-NPs) %l
2.6.1 BOEAHEPORBH % B 0.1 g HIELFH
LZM-LMWC-NGs &7 B7E 10 mL 2% & 5K+,

A R 15 min 52NN CEE R B,

TR RE, F NapxCOs-NaOH 28 Mg 15
SRSAR 5 pH AE N 8~9, i 58 3 5 H AR 5 4k B 45
10 min. 7EHEN 60 C A T n# 40 min J5
KR &/ O R BB, FF LA 12 000 r/min
I B0 20 min, B8 238 A R L1 LT

W NOWER IR Z T R H o B & B 1K,
AR A RS TRIKRE R, B BA-LZM-
LMWC-NPs, R HAER VR T ML AR T4 48 h,
T4 56 B B R AT

2,62 BEIMASMNNE TIERIEY. KRR
R, HEESTFA 244, 278. 315 nm 4b 3 MR,
Hor 278 nm A KT, FrAEE 278 nm
VE RS I e K .

S E B A A 28 7 2 Y=0.030 6 X—

0.006 7, »=0.999 9, Lt 1~32 pg/mL. X 1.
8. 32 pg/mL & WL K 3 AN A T EmIKREERE S
W 3 AAE 1 d A S AN [EDE I A RO A EEAT I
JEo JEIELES diHT, RETHE 1 dAATS d AW
RSD. i H A& 3 ANHEWR N H A RS2 BEFIH
TAS 5 1 23 79 1.98%. 0.96%- 0.55%F1 1.86%-
1.52%- 0.88%, RSD ¥J<<2%, FWIiZJjiEks% s
R4f.
2.6.3 BA-LZM-LMWC-NPs {1,355 2 1 4% 26 & ()
SEOSE K B0 1 7 VI E BA-LZM-
LMWC-NPs 33, HUE & 4 47 T80 BA-
LZM-LWMC-NPs ¥3 A, [a] H A1 I 0.1 mol/L HCI 1
mL {38, A 12 000 t/min 20> 20 min, B EJZ
TEWR . RO I FIEWAE 480 nm
AbH A1, SR JEEE T AR E I T R S i S
M RAS SR AE AR o5 & .

AR =Mz — M)/ M3

WGE =M —M)/M,

M3 RS2, My B K25, My IRk
Jiz fry e

FRAE SIS HAE AN A T3, SRR B (4
A (95.0012.54) %, #HZiE (17.00£1.26) %.
2.6.4 FEEH NLIAGOKEIR AN SLIR T
REERER, HESEE pH 7.4 1 PBS Sl 1)
ST IA AR E A IAF) 6.7 mg/mL, Wk HAE BB
JB o 3 R EUE & 1 3 % A BA-LZM-LMWC-
NGs B TiEH4S, ET 500 mL pH {E4 7.4 ) PBS
W, 7B (37.0£0.5) CHMEIR/KIGIRY: 2% ek
£ (100 t/min). 43 HI7E 0. 0.2, 0.5, 1. 2. 4. 8.
1224 h BUFF 5 mL, SZRIH 0.45 pm fSLIEEES
IVEEYEM 4 mL A, [FIBSHh 7840 FRE T ARA7 1)
PrHEERA R 5 mL. 7E 278 nm JK R R L5
JEEETE ik e P B S &, THR S
TR (0.
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WHE 3 MATERER, YRRl AR
B3, wE 11 Frs, BEERRIPE, SRS
BA- LZM-LMWC-NGs 1) SRR 352 BT 38 i
7E 24 h W, BEEERALT 98%, #5H  BA-LZM-
LMWC-NGs H1 72 h WETB T 72%, X—45R% W
BA-LZM-LMWC-NGs "3 %515 B — & 20
R

0=(NCitV i Ci-1)/MX

i=1
Vo Rl V 53 B R B RO AR RURE R IR R, € R4 1 I
IURER B F IR BUR =R, M RIR BA-LZM-LMWC-
NGs i, X FR BA-LZM-LMWC-NGs HI# 2=

100 1 .
[ ]
3 [ ]
75 . ]
8
P P £
50 .
o »
= ¢ ®
B 25 7" = BA-LZM-LMWC-NGs (pH 7.4)
| o IEXAF (pH7.4)
0 : T y T
0 15 30 45 60 75

t/h
11 FEZHKE BA-LZM-LMWC-NGs FIiARINE Rl 2%
Fig. 11 Baicalin and BA-LZM-LMWC-NGs in vitro release
3 Wie

A =D Re I gAK B R R H E A ICsAS . I
WEEfT . ICREFESERE i, B H AT AT 7T (1 34
Mo HETCRHAERMEL, wmEmasTREY%. IR
JAR/MG I <o /4 LA SR B o S5 AN R R Y (1)
YUK AR R, DIREREERIT IR, KLY
MEREIEH. ERRMZEE AR L. AlfE
fRERIRIR G T, BT BRI PSR
AT, W EREE. RW A YE RS, s
ot M R IR A AR, T
i 7K ik A 5 B o o DR 2 245 W PR N v 1 25 A A LA
L, SCEAE AR T 9K 800 8 F o i k2R 2
Y R0,

BT BRI, ARSI Maillard KA
BROIR S A AR BRI, DU T AT 56 S0 N I
kL, B BRAR TGN 16~120 nm, “FHIki42 A 49.02
nm, PDI A4 0.132 ff] LZM-LMWC K&tk . F
F TNBS @i I e v R B pE A R SLRT S 5 1 El
REMSE, HHEH LZM-LMWC MERE AN

(24.7+2.9) %. WK I 3 HICEETHIE T T
LZM-LMWC KB 32 | A R & BA-
LZM-LMWC-NGs AR, JFiE i b 3L
LZM-LMWC R BRI 58 25 IR IO 7 A G B

RNL, BNV AEYIR A B . LZM-LMWC 44K

BRI VR RERSE , KRNI AT, it — B4

PRSI SR AL 7 HEA

FBNR FAEARE N ERAREAF ZFR

S 3k
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