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Evaluation of Stability and Biocompatibility of Chitosan/Sodium Tripolyphosphate and Chitosan/Flaxseed Gum
Composite Nanoparticles Loaded with Bighead Carp Peptides
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Abstract: Chitosan nanoparticle is becoming an excellent carrier for the delivery of bioactive components due to the
advantages of simple preparation, low cost and high biocompatibility. Previous studies have shown that chitosan/sodium
tripolyphosphate (CS/TPP) and chitosan/flaxseed gum (CS/FG) nanoparticles loaded with bighead carp peptides (BCP) have
the advantages of small particle size, high encapsulation rate and significant slow-release effect. This study explored the
effects of ionic strength, pH, simulated digestion and storage time on the preparation of chitosan/sodium tripolyphosphate
(CS/TPP-BCP) and chitosan/flaxseed gum (CS/FG-BCP) nanoparticles, and evaluated the extracellular lactate dehydrogenase
content and antioxidant capacity in vivo of Caco-2 cells treated with the chitosan nanoparticles and their cellular uptake. The
results showed that the two kinds of chitosan nanoparticles were stable under acidic conditions and sensitive to a solution
with opposite charges. The stability of the nanoparticles loaded with bighead peptides was higher than that of free peptides
and both nanoparticles showed higher biocompatibility and cell uptake.
Keywords: chitosan; nanoparticle; stability; biocompatibility
DOI:10.7506/spkx1002-6630-20230404-032
765 TS209 SCHRBR SRS : A SCE T 1002-6630 (2023) 24-0034-07
WSk H #: 2023-04-04
RpmiH: ‘=R BREGHIRIRIE LTI (2019YFD0901805)
WAL AP AMIRZ OB BCERITH  (HBSNYT202221)
EEEFA: HES (1996—)  (ORCID: 0009-0009-4860-9900) , 93, Wil-LAFFAz, WFFE 5 ) /K= i i L 5 e o
E-mail: changliangzheng @ 163.com
“BEEHFA: R (1982—)  (ORCID: 0000-0003-1765-6973) , 55, WtH, Wi, BFFCH5 FA/K S T4 (R
E-mail: wuwenjin @hbaas.com
B EF (1984—) (ORCID: 0009-0000-9147-1614) , 55, LR, Hid:, WFFCT57 0B S 24,
E-mail: 280731104 @qq.com




AL EnH=z 2023, Vol.44, No.24 35
B3k 3t

S EL L, BRI, V2L, S ORI K 1 5 B B RN 5 SR T BRI ST A 4 R IBURE 1 R s M A AR 2
PPN [I]. B AR, 2023, 44(24): 34-40. DOI:10.7506/spkx 1002-6630-20230404-032.  http://www.spkx.net.cn
ZHENG Changliang, CHEN Mengting, WANG Lan, et al. Evaluation of stability and biocompatibility of chitosan/sodium

tripolyphosphate and chitosan/flaxseed gum composite nanoparticles loaded with bighead carp peptides[J]. Food Science,
2023, 44(24): 34-40. (in Chinese with English abstract) DOI:10.7506/spkx1002-6630-20230404-032.  http://www.spkx.net.cn

AR, 2 K8 245 W bR G 8 1) M Ve 97 ORI T
25 BENE R AT 2ot 2Rk Lo
IREITE RGN N . AT, ZIREBENEAR, Ok
JE AR PR, R T 2R ki
L) @, NATTIF R T A0 g oK A ROK RS 1) 2 Bk 3 i
R &R, TAERMTZRE%NFEA RSN e
FAR AL gL T EHUER AL R gk Bk
RyUNAE  SERBERE M E T RAR LR, TR
(chitosan, CS) {77y IE MM &, HRHBMHERE
TR AT, KR LS B SR 2 hE. R
5 S R A T ER R G ], DU s — S AR
Y oy

o 20 A D M P 49 A SR A A n I A AN R A b
FEEARMHERMT, BT —RARIESHSI, BT
SRPE. pHAE. Jogsk e [a) X gl KOk A — 2 it
— AN G KR 1) Zeta FEAL L8 5B K T30 mVE A AN
B ", KR A b A S R A RS
MG pHIEZsMICSHI AR, 121X g KRk 1)
et — e, AT AERT RIS F5%RM
BN %, pHIE N R PR AW pK, 2 7" £k
A7 FE 2 55 F VR I A5 . CostalatZ5! R H 1 —Fif
B R R R IR R A CS A I E B v] 5 2H 26 T
21, EIRENaCIH TV iR R MRS, IRA WM S
FELAE A, ER T EAAR R ) R L 5] PR A K
4G BJE R HENTZAZH RNaClE, BN N2
V] R HLAH BLAE RS, RIS A1 -

1] £ 178 22 JIK ) CS 9K ROk 0 Zi I i 1 i ik AT %
IR, BRI K SR 0 0 AT 4 B 75 1 S8 DAVEAl 4
KBURL) 2 e HIR, MIERE. BiE. NED
72 VAl 9R oK URL 14 B (1) R bR o GoK0RL (1) Zeta FELAL
FRLAR 52 BRI VI OG, Gk B R AR N 25 5
WA SRR IR, ZetaHL AR E 5 5
P A P 86 1R S A 7 A E A Y T 286 P R 4
by FEKE AT ST SRR 45 B B TE) DA RS I 3 A= R H
FEUT . Caco-241 2 — Al N i b4 iR 4 i, A5
AN bR AR ) S A AT D RE, BRI DL
N RIR S b FEOCHIBG &R, DRI G TE R AT 44 71 248 Jfa 52 56
BT DL SRR A i Bk iz Bl % . Rtk Ah, HT-2940
VR R TG0k R A 88 RO B . Kim 2SR A

Caco-2 FIHT-294% [F] $F4/r CS A K ik 5 i i i i8 At 0,
IR FH a1 531 Jo 8 1R 58 T ) Pl ) 45 P 0 oK ORE B A 8
e (A0 B P RN S 2 53
AW R EARF S TR . pHAA . BEFULE A0 A5

i 1) 1) 4% () B Bk i f JBE - (bighead peptides, BCP) 523
B/ = T IR%N (chitosan/sodium tripolyphosphate-bighead
peptides, CS/TPP-BCP) FlF2 5 ME/LJFRFFE (chitosan/
flaxseed gum-bighead peptides, CS/FG-BCP) gk ik i)
S2ME, JFLACaco-24H I A5 AY, 1Al CS YK UKL Ak FELE)
fu ARt EE (lactatedehydrogenase, LDH) [ & .
RN PR BE JJ RIS RS, DU Z IR & i 254
) oA R B A — s i B R JE A
1 #MESh%
1.1 Ak
Caco24iify  MBAMEARGRAR; Mg  EE
Pan Biotech/A @]; DMEM#; 7R3 S8R K /RRHE

(hED HRAR; CS (2 BE=85%) b
FERMHRAENREARRAR; —R#HKRH (sodium
tripolyphosphate, TPP) (4r#r4l) AR A= 2ETY
MAWR AT BCP (7 FhifE <S5 kDa) . WA

(flaxseed gum, FG) NLIEEHH|; G MHA (reactive
oxygen species, ROS) A7 & LDHAH o 25 P4 A il
WiAl&E REEZRAEMHEARERAA: FiRR%
Y% (fluorescein isothiocyanate, FITC) Jbni A&
YRR AT; IR (phosphate buffered
saline, PBS) SRR R A A

12 S5 R&

Mastersizer 200030k FEAX FE[E Malvern/A 7] ;
IX81% )t Es:  HZAOlympus/A#l; Infinite M200 Pro
ZOREMIARAY  HitTecanAF]; FORMA 371 % ALT%
1 7%4  32EThermo FisherA#]; LSM7003 63t
REDME mEEKEAE.

1.3 ik
1.3.1  CSHLKRRL Il £
1.3.1.1  CS/TPPH K Fk i) 4%

A S == TR AL I 45 S &1, KOS T &
RN BRI UKERIR T, BEH RS BICSIEW. FIRIEAN



36 2023, Vol.44, No.24

E6miltl =

XA MY

1 mol/L [)NaOHVE K CSVE R I pHAE % 4, FH A1
0B K N2 mg/mLEIBCP, {iCS5BCPi & N
1:1, SRIGAERE S HE T LACS 5 TPPJFi i by 6: 145 34 i
TR I 0.8 mg/mLI TPPYAR, I 18 % il J5 pHAE £
JARFF—5, R N YRS 4E30 min, 3RIFBCPHY
CSY KR AT -

1.3.1.2  CS/FGHNK R 1] 4%

2 7% Rajabi & 4 CS /B 15241 2 40 K B0k ) 7 25 i
BN, 420 mL 0.5 mg/mL CSYAVR B T4, 7E#E))
B TBBCPLAT: 1 (m/m) [RELBIIN N CSIE it HE
SRIGIIANA40 mL 0.5 mg/mL FGV&, #t+E15 min, DU %
A BCPCS/FGH K ik .

132 et
1.32.1 pH{Ef&EM:

F11 mol/L I HCIANaOH ¥ i 44 il £ 1) P R CS g K it
BLEF AT pHAE 2> R EI1.5. 20 3. 3.5, 4. 5. 6.
7, IRCE IS RS I KRR ) Zeta FEA AR L KA AN
U B AN IE S
1322  BEFimpfae

V4 1] £ L7 1 P b CS A K JURYL 1) 2 P R BC PR R 5
AR RIR E FINaC ISR &, B A 43 NaClE
WE 580, 50, 100, 150 mmol/LAI200 mmol/L, it
T i ) B 2 2K SR ) Z et LS R A2 0
1323 Bl AR E

232 2R IR B 5 2 ] A B DLV A T 4 7 2 9 i
B, HUREEEER16.4 mL, f02:% 7 /K800 mL, fIABE
FIE10 g, #8251 KRR 000 mLEI AR 0L 5 . Y
Tl — A 416.8 g, MI7K500 mL¥Af#, FH0.1 mol/L NaOH
EE T pHE 26.8. HEURE M0 g, MK
PR S, SREMEEZ1 000 mLED B . KL E
WA S DR BORLAN 2 RS AR BUR A J5 70 3 E T37 'CK
AR, [ 5 I E EURE 1 mLl Zeta H A7 4B DRI -
1324  Efae

A4 1) 25 U 1) VR A C SRR R 2 7 VRN 2 IRV v B T
FUBE, AAEFO. 7. 14, 21, 28R E ZetatifiL
AR -

133 4Hfusess
1.3.3.1  LDHIE /i

¥ Caco- 24 i 9% 196 FLAR (5X10° A~/4L) o, 1E
37 CFWE4h, B4E7L0.5 mL, 1X10° AN/mL 2 i &
WHERET12 LB, 5% CO,. 37 “CHI95% AH X i 1 )
BRFRAATRREFR24 hn, MR SR o L 1E LA T AL B AR
Fr. BEFRGE NG AN E TR0 BB, MR EE A&
A A5 AT LDHIE 1 (A6 =2
1332 41fe NROSE EALI

L ERORE 1 X 10° AN/mL, L1 mLgEF T
12 L, 37 'C. 5% CO 4G 74 R 7224 h, )

WS m oy AL CF XL H,O40 8. CS/TPP-BCP+
H,0,4b 3, CS/FG-BCP+H,0,4b31 . CS/TPP-BCPAibF
CS/FG-BCPAbHL) #EATACERARE 3R, #5385 iG, # L
THW, FHPBSPE2 M, RFFLINAT100 nL ks T 5 7546
A2 min, I ImLE;FREEMATICEEAANL, 2 000 r/min
503 min, %% bBiEW, FAHPBSHE2 #E, fIA200 uL
10 umol/L 2,7- ~ &5t K - ZIRBEVE 37 CHEE 2 B
30 min, 2 000 r/min®g{>5 min5 . FiGW, PBS¥E2 i,
500 uL PBSH A, /i FH R B 58 i vl g2 4 i
FIDEIRE, BRI 9488 nm, K S K525 nm.
1333 4 ANALRE TSI

5 1.3 1 URTL.3. 1275 e A [R] (1) 77 il & FITC
FRIL I CSYRK R, A B2 R HFITCh Lk, %
Zhao YuanhuiZ5® ) 7 3 TR0

LS X 10° AN/FLIR 3 B 1 97 Caco- 240, 59K itk
JFE2 he HUHFES, KRG F PRI PBSHEAEAIM . K ik
Yk TR 20 0 ] AE4 % %2 5 PR RSV R, I R A T
(propidium iodide, PI) 5 4J5{f FHLSM70080t 4 3%
REDMBA M. K, BREK 9488 nm, KT
WK N525 nm.
1.3.4  Rife. HALIE

%2 Butstraen 2Pl R EAS . @I
A B 7 X BCP HI CS &l K ik 3k 47 R AE . ) = i
Y BCP I CS YR R =7 25 B KM B 10 £, HY
0.8 mLFE 25 C Rl iR AZ s A A B fL AT . BUR
FEI BV mL ISR AN 22 2 BUME 4R 40 (polydispersity
index, PDD) , “PA7ET[H2H60 s.
135 BRI e

B1.3.2. 17 AN [E] pHAE R 9 K R 2 2 mL, A
FH R AR-TT U023 66 FE 142 500 nim i K Ak 300 B v Y 14 3tk
FE, PR RE I A e e T
14 Hdib e

JA A EE Y E A3 IR, A SPSSHE 7 k47 7 22 4
B e 4 2 A 22 S B35 v, JR8 A Origin 20185 {43k
T

2 ZR5H

2.1  pH{EFaE M

nE1affizs, BEEpHAE KT E, K AURL IR ol B 5
DK, X— BRI E b . pHE
THRlomS I 2B R, pHIE N TIN SRR G ™ &,
[ B e rT &, FEpHAE MO TR RLARHE K21 774.3 nm
F12145.7 nm.  H L ARG I R 5 CS IR F 40 A K
MpHIHTE6~THT, #IACSHER A (6.5 , HFT1ib
FEEEAR, R0 [ SR FI 3R 3 BORL AT ™. Zetadifz
H R T R BN R e v, MBI 1R BUR B, 7ERUIE



XA ML

E6mill=

2023, Vol.44, No.24 37

pHAE T 9KIIRL ) Zeta L (7 48 X EL P £E30 mVEL ., BiH]
ARBRIAEE, AHIRELREENR . HEEPHEM
BT, ZetatUALIZHTAZ /DN, HpHEDNTI HBLFE .
MZeta BUALAR FAE AL 35 BT DU AR Th PR B

0254 a d
i 020
=
& 0.15
—<
% 0.10 ¢
® 0.05
. b
0.00 ,
7
2500 Joo
2 000 —0.8
= —0.7
£ 1500 106 <
= —0.5 =
4= 1000
= H0.4
500 —0.3
—0.2
d
50 &
f
40
> d e
£ 30 d
t]i 20+
E 10+ H b
0 1 1 1 1 1 1 ’—" 1 J
[a]
—10-15 20 30 35 40 50 60 7.0

pH
AT REORZ S 3% (P<0.05) , R,
Bl pHEXCS/TPPYREIRALEE () . bW (b) | kit (o) A
Zetalifi, (d) fH2M
Fig.1  Effect of pH on turbidity (a), appearance (b), particle size (c) and
zeta potential (d) of chitosan/sodium tripolyphosphate nanoparticles
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