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Preparation and characterization of baicalin-loaded mitochondria-targeted
glycogen nanoparticles
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Abstract: Objective To synthesize (4-carboxybutyl) triphenylphosphonium bromide (TPP) modified glycogen (Gly), prepare
baicalin (BA) loaded glycogen nanoparticles (BA/Gly-TPP NPs), and investigate the physicochemical properties of the nanoparticles.
Methods TPP was linked to Gly through an esterification reaction to synthesize mitochondrial targeting dendritic macromolecular
nanoparticles Gly-TPP NPs. The structure was determined by 'H-NMR, UV and IR spectra, and the safety was tested by cytotoxicity
test. Then, BA was encapsulated into Gly-TPP to construct a drug delivery system BA/Gly-TPP NPs. Particle size, drug loading, in
vitro release and particle size stability of the nanoparticles were investigated. Results Gly-TPP was successfully synthesized and
showed regular sphericity and no cytotoxic. BA/Gly-TPP NPs had regular spherical shape with mean particle size of about 70—80
nm, { potential of (8.84 + 0.89) mV, drug loading of (20.67 £ 0.16)%, and a good drug release behavior. Conclusion Gly-TPP
shows good performance for drug delivery, which will provide a new choice for the design of nanocarrier delivery system.
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Table 1 Characterization results of Gly-TPP at different

feeding ratios

Gly-TPP  DS/% Fi4%/nm PDI  { Hfi/mV
4:1  292+0.04 68.10£0.92 0.2720.01 —0.91£0.05
8.46+0.05 75.63%£1.73 0.41£0.02 4.81%+0.51
16.0240.07 71.76+3.01 0.2740.03 19.43£0.37
21.81£0.19 127.65427.65 0.38£0.09 23.43+3.59
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Fig. 3 UV-Vis spectra of glycogen, TPP and Gly-TPP
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Fig. 4 FT-IR spectrogram of glycogen, TPP and Gly-TPP
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Table 2  In vitro cytotoxicity of Gly-TPP on NIH-3T3 cells

T e T
(ngmL™) (ngmL™)

0 100.00£1.11 50 106.37+0.52

1 100.98 +1.55 100 102.96+3.74

5 103.52+1.68 200 107.35+2.63

10 98.901+1.99 300 105.65+4.21

20 107.36£2.15 400 107.35+8.67
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Fig. 5 Size distribution of BA/Gly-TPP (a) and TEM image
of Gly-TPP (b)
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Fig. 6 UV-Vis absorption spectrum of BA and Gly-TPP
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Table 3 Particle size change of BA/Gly-TPP at4 ‘C

t/d FifE/mm td Hif%/mm

1 75.40%1.16 5 75.08+3.06
2 75.18+1.24 6 71.76 +3.67
3 77.72+2.56 7 78.61+4.31
4 76.46+2.87
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Fig. 7 In vitro drug release behavior of free BA and
BA/Gly-TPP in pH 7.4 and 4.5 PBS
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Table 4 In vitro release data model fitting of BA/Gly-TPP
NPs

AR it R?
TR 0=1.879 t+46.127 0.229
—%HN 1% 0=10.062 Int+52.419 0.797
Niebergull 0=-0.2345~+7.208 8 1+35.16  0.580
Higuchi 0=12.672 1243257 0.530

3 g

B 5 T R 1 AR AR 2 PR R AR T i
SRR, O N T sk, (HE R
LA FREPE AR A AN B AR d b i B 52 2% 22748 (149 34
THEL. ANSEES G AR R AR ) B R AT AR, 8T A%
WEILHR S ZLAMRIC . SR AMIRSCRFIE X FLdEAT S5 A 58
iE, RIS, DL NIH-3T3 4 A sciamsiny, 552
Mk, SLURLEREIR, Gly-TPP Aefe A Rk
IKZW AT I R, 2R8I IR ) R I o

HHT, BEEEEIRARR LA R
SWEARIFNE, DIRWIERAL, i BA/Gly-TPP
NPs [ H 45 551 DL 2Ngh 2534 1737
P, HULORETIERSG 2], Gly-TPP 1k Hfaf
JR Re % 35 Bh 25 Dk s i B R, R A A B,
[ B 3 25 TSRS MO FE R, Re 8 TR IEUA B R0R
JYUREE . THIOG A % (R BEIRBE, 75 2k R4
Ref SN BE, 11 Gly-TPP AMUBEW 5 s ML %
BRIR . R & RS A WA 251 R AT ) o d il i
HAHEAEH, WEREGRCSEMKRR, K2
YILEAR P PG IR H]; RIS IE & KSR,
RENG BT AL 2B MR 5 NS s e 3007 . 3380 i i
P iR A e B 8 ) 45 A4, AT S EIE BB
AR W MR CE DI RE, ARG R B AR
N Gly-TPP 41 2543530 AU 4y T8 R el 2 2L (1)
.



FED 20226F 98 $53% B 178 Chinese Traditional and Herbal Drugs 2022 September Vol. 53 No. 17

= 5311

FIBAE  FAAMeA Y B RA LR SR

SEHk

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

Sheikh A, Md S, Kesharwani P. RGD engineered
dendrimer nanotherapeutic as an emerging targeted
approach in cancer therapy [J]. J Control Release, 2021,
340: 221-242.

Singh V, Sahebkar A, Kesharwani P. Poly(propylene
imine) dendrimer as an emerging polymeric nanocarrier
for anticancer drug and gene delivery [J]. Eur Polym J,
2021, 158: 110683.

Zois C E, Harris A L. Glycogen metabolism has a key
role in the cancer microenvironment and provides new
targets for cancer therapy [J]. J Mol Med, 2016, 94(2):
137-154.

KR, 5 T SR AL ZRIk S5 7 1A L 0 K ) A 3t R 9
7T [D]. Jo#s: TLRR%E, 2021,

Yanase M, Kuriki T. Synthesis and functionalization of
glucan dendrimer, and its application as a drug delivery
system carrier [J]. Amylase, 2021, 5(1): 50-61.

Besford Q A, Cavalieri F, Caruso F. Glycogen as a
building block for advanced biological materials [J]. Adv
Mater, 2020, 32(18): €1904625.

Wojnilowicz M, Besford Q A, Wu Y L, ef al. Glycogen-
nucleic acid constructs for gene silencing in multicellular
tumor spheroids [J]. Biomaterials, 2018, 176: 34-49.

Han Y N, Hu B, Wang M Y, er al. pH-Sensitive
tumor-targeted hyperbranched system based on glycogen
nanoparticles for liver cancer therapy [J]. Appl Mater
Today, 2020, 18: 100521.

Wang P, Zhang L M, Zheng W F, et al. Thermo-triggered
release of CRISPR-Cas9 system by lipid-encapsulated
gold nanoparticles for tumor therapy [J]. Angew Chem Int
Ed Engl, 2018, 57(6): 1491-1496.

[10]

[11]

[12]

[13]

(14]

[15]

(16]

[17]

[18]

[19]

[20]

R, SETY, TFF, % BA SRR TR
ZHBEEZ TPP-PEG-PCL KB SR A2 T i 8 2 ftd
WAL [J]. HELZ, 2020, 51(19): 4943-4953.

Wang J Y, LiJ Q, Xiao Y M, et al. Triphenylphosphonium
(TPP)-based
antioxidant design [J]. Chem Med Chem, 2020, 15(5):
404-410.

M, FE, AFTE mEEAEERRTER [
TLPHZGRLR 22 544], 2008, 25(2): 158-162.

FLIRE, B, FF L. FEEH PR O
JE [J]. Z522244R, 2021, 56(6): 1537-1543.

Palierse E, Hélary C, Krafft ] M, et al. Baicalein-

modified hydroxyapatite nanoparticles and coatings with

antioxidants: A new perspective on

antibacterial and antioxidant properties [J]. Mater Sci Eng
C Mater Biol Appl, 2021, 118: 111537.
Yalg¢inkaya Yavuz O, Aydogdu N, Tastekin E, et al. The
effects of baicalin on myoglobinuric acute renal failure in
rats [J]. Balkan Med J, 2018, 35(1): 68-76.
LiY Y, Song K, Zhang H L, et al. Anti-inflammatory and
immunomodulatory effects of baicalin in cerebrovascular
and neurological disorders [J]. Brain Res Bull, 2020, 164:
314-324.
T, I, MR, & SRR ACHT AL
WEFCHEIE [3]. P52, 2019, 50(24): 6142-6148.
ek, Z=EME, Mo, & FETRE B S
M 24 BRAE FH ALK etk e [J]. "R B2, 2019, 50(13):
3207-3216.
Zhang P, Chen D Y, Li L, et al. Charge reversal
nano-systems for tumor therapy [J]. J Nanobiotechnol,
2022, 20(1): 31.
Xue L, Yan Y F, Kos P, et al. PEI fluorination reduces
toxicity and promotes liver-targeted siRNA delivery [J].
Drug Deliv Transl Res, 2021, 11(1): 255-260.

[T FRALRE]



