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Abstract: Objective To establish a bacterial cellulose (BC) amphiphilic nanocarrier modified with the liver- targeted molecule
glycyrrhetinic acid (GA) for oral administration of paclitaxel (PTX). Methods Using succinic anhydride as a connecting arm,
glycyrrhetinic acid is coupled with bacterial cellulose to obtain a glycyrrhizic acid modified bacterial cellulose carrier (GA-BC). The
structure of the combination was detected by IR and 'H-NMR. The GA-BC-PTX drug-loading micelle was prepared by ultrasonic
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method, and then characterized by particle size, { potential, transmission electron microscopy and critical micelle concentration
determination. The drug carrier system was evaluated by stability experiment, in vitro release experiment, MTT, cell uptake, in vivo
imaging experiment in mice and zebrafish safety experiment. Results In this experiment, the GA-BC carrier was successfully
constructed, and the detection of infrared spectroscopy and nuclear magnetic resonance hydrogen spectroscopy proved that the
coupling was successful, the average particle size of the GA-BC-PTX drug-loading micelle was (292.4 + 3.7) nm, the surface
potential was (—16.8 £ 0.9) mV, the drug load was (17.89 + 0.61)%, the encapsulation rate was (59.81 + 0.73) %, and the critical
micelle concentration was 0.063 mg/mL, which was uniformly spherical, and the prepared carrier stability was good. In vitro release
showed that the carrier could be stable in the gastrointestinal environment, MTT experiments showed that GA-BC-PTX micelles had
a significant inhibitory effect on HepG2 cells, and the uptake of GA-BC-NR micellar by confocal microscopy was shown to be
significantly higher than that of free NR. GA-BC polymer mice are shown to have a hepatic targeting effect by imaging mice in vivo.
Zebrafish safety testing proved that when the GA-BC carrier concentration is less than 2 mg/mL, the polymer carrier is basically not
biologically toxic. Conclusion GA-BC carrier has good biosafety and liver targeting effect, and prepared GA-BC-PTX oral loading
micelles can effectively inhibit the growth of hepatic tumor cells HepG2, providing new ideas for targeted therapy of liver cancer.
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Fig. 2 IR spectrum of GA-BC (A), BC (B) and GA (C)
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Fig. 3 'H-NMR spectrum of GA (A) and GA-BC (B)
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Fig. 4 TEM images of GA-BC (A) and GA-BC-PTX (B)



FEH 20226107 $53% B2 Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 20

* 6455 »

A 350
| — GA-BC
= —— GA-BC-PTX
& t

250
B =25
—— GA-BC
—=— GA-BC-PTX
20 g g —F—g—F—
N i ? i I
§ P—M/T 1 t 1
= 15
-10 " r r
0 0.5 1 2 3 5 7

t/d
5 GA-BC fl GA-BC-PTX 7E A [E]RTE] SRTAIRIE (A)
ML B) (X*s,n=3)
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Fig. 7 Cumulative release rate of PTX and GA-BC-PTX in
simulated gastric fluid and simulated intestinal fluid (X s,
n=3)
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Fig. 8 High-content cell imaging images of free NR and GA-BC-NR micelles internalization in HepG2 cells after 2 h and 4 h

incubation (scale is 100 pm)
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Fig. 10 In vivo fluorescence imaging within 24 h oral administration of DiR and GA-BC-DiR nanomicelles in mice (A),

fluorescence imaging of isolated organs (B), and mean flourscence intensity after oral administration of DiR and GA-BC-DiR

nanomicelles for 24 h (X +s,n=3)

S5 AREE, 100 GA-BC-DiR 49K i o Al 33 A AT AE,
SRR

SIS S R — D AR 2R B BRSNS S K e
=k 10-B1. B2 fw, EHMERAL GA-BC-
DiR 4% 60 2 7 25 DiR 4110 2.65 1%, it—F
IESZF1# DIR 1 GA-BC 49K iR L2 DiR 4%
GERFIERER, R GA &1 GA-BC 9KiR
STRFEAFEE Ve, mTH T AR 45 24
2.9 GA-BC RRZ2MITEM
2.9.1 PR ARG IIHER Pl (g BRI BE 5 fo A
R AT I8 BACHD H AR SAE , IR RGN, TR

B WSS, FIBRARSZKEE AP, BE Sk
HAN 29+ 1) CHIEIRRTFRFEIE 2~4 h, HEIX
&5 4 hpf (hours postfertilization) J& G &K G
BOM [R] ) £ 5 FH T B R i e

292 BEmMREMESR WK E S 4 hpf I
THEINZG AL, S ED R ERIAG LS 24 LR
W, BEEL S KL, NOIRHE 24 FLIRH BA BES ARG
MG TR, IR ZEBESAR R I & AN A i E K
FEMIFFIZ5%) (GBRARREIREE 5178 0.01. 0.02.
0.05. 0.10. 0.20. 0.50. 1.00. 2.00. 10.00 mg/mL)
BCHI R IR R TR, R EUOG, BRI,



FEH 20226107 $53% B2 Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 20 * 6459 -

AR BE 3 A R R E T AT EE R
5, DARAfihFRAOh S pT . BT EES AT
WEE . 2 AESZRSE 24, 48, 72, 96 h IR E B4
Bt NS IRNG K B 5L il SRk SR 25
S 2 %ﬁ%m@n%m,fxﬁMhﬁ

BAR R B ELE 0.01~2 mg/mL I 3285 00 K B IRAS
1E%, 48 h FFURIEIk, 8 A T DA 28 oW 52
FIZREON N BE DAk . UL RIS R
W, 272 h B BT, Bl e/,

24h :’ ‘

oo S O I -
0(?5) 0.01 0.02

0.05 0.10

’ - ‘/—
& 7 Y.
) [ | s
} g 0 | A
«
1 ~
\

7zh_ [ Sy B L B TR

S A B R FEAE 2 mg/mL [ 5% AR R AETE D R
IR HEIRGARBARILER, HRHWTIEEAERKH,
H1F 10 mg/mL Z5Y) R w292 IR
MR, A5 REIEAR RE AN RE A & Zh, K2
HOZHRGO0 P KON B R %, JF HLIE S 458 61 A i TE ]
Bk AR AL L, SR O IR RS
TGO IZHE R Bk, AR ERERT 2
mg/mL I J A B B #h1 G ) 15 8O B AR K e R A
TER, ARy 2 2 254 ik 34

.

0.20

JR B/ (mg-mL™")

B 11 FRERERERN GA-BC WD & IEIRER L B HSNE
Fig. 11 Effect of different concentrations of GA-BC on overall development of zebrafish embryos

3 Wit
g YALS S S /N AT 6 ST E AN
PO 2 —, BAT WEHUMIR S R4, SR

TEEEAG KEVAC, HIRAEYH EZ I HAE
A R S A 0] 1E 4 i A T AR T
il AR By B0 S 4 1) R0 B i R FH ) 22 4k 52 3]
PR IIBRR . R 3R i AL I T RO L L, O
DU RN, B KPR EE MR e 2454 =) s
ATy T 25 0T 5 A B R T[] 25260,

KBTS GA VENBIK, Xf BC #EATIL
B, RSPIEIEREY GA-BC. BC BA MR
FEARUIREF SR, RN BAT 8 KR i
2 ALY AT LR KR 25070 1 LLRAE T 251 10
FREERE IS R 2728, AT 2B AT T A
HXT BC Hl Tl PR R ST H0E, RA
JEE 9 SR BC A _E 2R K S5, (HIL s 2
P B A1 P A FLAE IR 22 5 LA ) v o LA
JF H BC k= 4E[afE, 1XFR#I 7 BC A£254)i43% E
FRIRR29300, ASHIE U SEilad B TR DY T S A IR
R HISS BC 7> T ABEAE ], s R %
B BC 4514, g BC SRk YERE, [RIRAE BC
KT GA ATELEAE, BL GA-BC Jy#idkil &7

# PTX [ HIRGIKER . il ) GA-BC #ifAIly 7t
AT B EE N 0.063 mg/mL, HEFRIE BT K I A
JE A A (<<0.135 mg/mL) MM RIHRIAE (<
500 nm) wJiEE AR B A, e
R R WA PR RE ), SRR N
(A e 1331,

T 1 A B R BT A B AS 25 P R 4t
WS — KHME A, 38R 2 B2tk N B i ik 2
WO AR, MEVA TR 2 E AN Bt B E i,
W25 A B AL AL A AR AR AT B, 23K
I 24 P TCIE W R IR YT TR BB AR AR IR S 56 43 )
ZEEAEN L BRI T 2 Ml T A0
RS L, 45 R ER, GA-BC-PTX fEATLH
N TR e 0~2 h N R A2 B R R ICR A 1
BAEmsh, 2~6h RICHEMESASRIN, 25K
KL ARZ, £ 24 h FHEBBIRESH N
11.81%F1 8.01%, BHBARTEABERZ, 1R
AT fig LA 5E B s o 2 5 i B 2 P PR N T 39 5 245
LT

JiJ8a A7 BT T I %) 55— NPk B TAS7 2454
A P RS o0 A 6] IR A R TS R E M. R
SARIXAN IR, BETE GA 1A ) Fl 444 2 L )



* 6460 °

* ;v- % 20224210 3 £ 53% 2080  Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 20

M. HE SCERIRIE GA BA L 1E FH F AR
YR IE 2 IEH AN 1.5~5 1559, GA H5iZ%
MM S BT AT, SRR, CETRE
GA 1E 2 M 249 40 i 22 DL 2 2 Fhah i il 1 kAT
TR, SR R A R A F B0, (R GA
B g JHF S 1) i A SR AT 8 [ 96 T 7 RIS 29w A
TR A AL, 9D 25t HoAh A% B B A1
AHIF TR FH 40 B RN /N BRI AR il A5 5 52 IR AR I =
SR, B E R AR AR RS %EE] 2 h
HepG2 201 4 ) GA-BC-NR %4 %5 i EL I 2 1) NR
S, B I T IE K 2 4 h, O e st — e,
< B EE 22 1 Jl ROk N\ 48

T A B O AT R e AT, AR BN
§5 5 4 h HepG2 4l %} GA-BC-NR Ji A H5 B & AL i
RPN 16 5, HIIEH GA M5 GA-BC ik
WX HepG2 4 BG4 mBE /), Refig SEIL245%)
FELHRL P 5 4 o MTT 231 5256 [R] i B 1 iX —
g, HEEMEEERZMEL, GA-BC-PTX #
25 AT DB S0 HepG2 40 M f3E 14, W15 1 F
T GA-BC-PTX #HA R BIPUMIRE R . T HE—
AEE GA-BC IR R, /MR ORG24 )E,
AT IR RUR, v LATEAS [RI I [] 75 s 52 2454
AR AW A, 45 R 2~12 h /NS B IX
WAAEHEMZOE, TRl GA-BC KA
R AGRMRABE, 3N T 24 ENH KRS
HH R R TRD, 12 h /DS BROBEE IX 48 1 2 % e 1
WL VR F I 5 18 I R G

/IN B AR 2 B R AR B R LA B e e A
IR BEAFAE D VR 2, X8 T 28 e 2 T 1
NIRE R B A SRR E S SRR 2,
FIT LATE B A4 i A5 72 AN BB AR B 1 58 7 9% 1 43
Ao PRICSIEG PR VO B8 PR a8 B AT 98 6 e A S e i
ST, GEREIR, GA-BC-DiR #2451 B4 3 AT
FIFE AR AR 0 2 — e 2 2 B8 B 1) PT RETE AR P 457 B T
A EE K, AFHEAL GA-BC-DiR ZH 5% ' 3 5 At i 29
DiR 411 2.65 fi5, #—HiFL T GA-BC REWIK
WRIRFEEIRE /1, B EZEITIE R, e
YIE R -

2% LRTR, GA-BC AT FH T 52 B L IR 24
RGN R, BA BT i A0 A e A
AT PRAREAZ B AR R e A SR AN RRSE, - [RIE FX6)
HepG2 ZH/fl, GA-BC-PTX 24 FE N H AL 4 1)
PR EERINMBE ST, SRR ST SR AT K,

BA RN RS sbsh, XS m D IRR
IO ORI R AT AR GE . IRASBHT T
RBAFR FAVEAFAREEH R

SEE

[1]1 A, PEEE, RoR4E, & =107 WA EHE
Pim Rt e [ T4 E, 2021, 8(4):
26-30.

[21 B, #hl, WP, & 808P NEE R
BB AR AR 5 VP [J]. 252253, 2020, 55(6):
1320-1326.

81 #EiE, FEE, FIRE, 5 5T HERNEIENE
A - H B IR A K M TR AR J A0 11 IR A 08 S P PP A
[7]. WPEEER 22k &, 2018, 38(10): 1040-1044.

[4] BREFe, BREL BN, . BT AT ER G RO sE
WA BE/B 8 R ILHIE (1] AMEDE AR, 2021,
28(1): 12-20.

[5] Yuan H, Lu L J, Du Y Z, et al. Stearic acid-g-chitosan
polymeric micelle for oral drug delivery: In vitro
transport and in vivo absorption [J]. Mol Pharm, 2011,
8(1): 225-238.

[6] k%, #F, KT, &
PSEN RS ER T P
2284.

[7] BEEGE, BREEER, B SRR ORG24 R NIHT i
R [0 ZiAIEIR, 2020, 27(2): 169-172.

[8] VENRNY, ZE, PUA:Al, &5 4HRHLT4E R LSS
WHFCHERE [J]. A28 R, 2014, 41(8): 1675-1683.

[91 BESAFF, AL, WK, & w7 LT 4R A
MBEERYIEHT T (1], hHERTIRIRE: TR,
2020, 14(1): 63-67.

[10] LiT, Chen CJ, Brozena A H, et al. Developing fibrillated
cellulose as a sustainable technological material [J].
Nature, 2021, 590(7844): 47-56.

[11] Silva N H C S, Rodrigues A F, Almeida I F, et al.

Bacterial cellulose membranes as transdermal delivery

W 5 B M R RS AR ) %
[J]. "hEEZYy, 2021, 52(8): 2276-

systems for diclofenac: /n vitro dissolution and permeation
studies [J]. Carbohydr Polym, 2014, 106: 264-269.

[12] Shi Z J, Gao X, Ullah M W, et al. Electroconductive
natural polymer-based hydrogels [J]. Biomaterials, 2016,
111: 40-54.

[13] Romling U, Galperin M Y. Bacterial cellulose
biosynthesis: Diversity of operons, subunits, products,
and functions [J]. Trends Microbiol, 2015, 23(9): 545-
557.

[14] F3CHEE, BEL, 22, 5 L IR-780 A 184-H %
TR P 3 JE IR P AR 2R 9 KO ) 3 2 L e R
VRO (9], 2%, 2022, 57(1): 211-221, 278



FEH 20226107 $53% B2 Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 20

* 6461 »

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

FHET, NN, BRiE %5 HEER. HEXBRRm
B S A A2k AR I STk e (7). th &
%], 2019, 50(23): 5876-5886.

PRA, HERE, RAHM, . H R RER T R
HEE [1). JTREESE, 2019, 40(17): 2554-2557.
X, B, &, . EXBRYE AR
SGC7901 44, T K PI3K-Akt-mTOR @& 150
[J]. ZiPPFHR L, 2020, 43(12): 2444-2449.

EWTF, Bram, EHEE, & HERREZ 6 ES
B G 9 K ORE B ) 2% 5 3R AE (], P E 255, 2020,
31(19): 2345-2350.

BTV SO FTIE V) & AR AH AR VR B2 KR T B
HPTRRMHA [D]. bifg: R, 2021.

VFRKER, FEZR%, R, 5. S RBOBH (R E 5
PR MW TR BEE [J]. #2525, 2019, 31(8):
100-102.

PREGER, TRmiE. XURC IR L BCR 2B L B 2 Bk
RGN S ARSI 2 25T 25 R AT AT (7], B2,
2022, 53(2): 395-402.

BRI, WA, BRI, EARE KIS 2T )
IR [J]. BAREZZR R, 2021, 42(6): 440-
442,

dhdn, BB, SRR, . KIEVE RER R AS I AT 2
TR 1. EHZ &, 2021, 30(16): 1489-
1497.

ZNL, B, BB, & ENHEEESEKE AC
T3 FAVEAZ VR IT 6 0 = [ 1P L8 ) e R A 9T [J].
PARZIPI SR, 2020, 35(1): 26-31.

ks, M. EAZREE R R (1] AR
25124, 2020, 36(2): 216-219.

Tkfl, Wts, ZERREE, 5. /7l ARG 16 i) 7 5 0 - i
R 80 B 3 OV IR EEAZ BEGK ROR 1) 4% . 3RAE R AE
R TT [3]. HPEZ, 2020, 51(21): 5440-5446.

Li G H, Wang L, Deng Y, et al. Research progress of the
biosynthetic strains and pathways of bacterial cellulose
[J]. J Ind Microbiol Biotechnol, 2022, doi: 10.1093/JIMB/
KUABO71.

Alkhatib Y, Dewaldt M, Moritz S, et al. Controlled
extended octenidine release from a  bacterial
nanocellulose/poloxamer hybrid system [J]. Eur J Pharm
Biopharm, 2017, 112: 164-176.

[29]

[30]

[31]

[32]

(33]

[34]

(35]

[36]

[37]

[38]

[39]

[40]

Gregory D A, Tripathi L, Fricker A T R, et al. Bacterial
cellulose: A smart biomaterial with diverse applications
[J]. Mater Sci Eng R Rep, 2021, 145: 100623.

Islam S U, Ul-Islam M, Ahsan H, et al. Potential
applications of bacterial cellulose and its composites for
cancer treatment [J]. Int J Biol Macromol, 2021, 168:
301-309.

Gaucher G, Satturwar P, Jones M C, et al. Polymeric
micelles for oral drug delivery [J]. Eur J Pharm
Biopharm, 2010, 76(2): 147-158.

TS AR, BN, 1RE, 5 PIEMBMR AT R
W R T H AR OURGE 25 iR WARSMIE TS [0]. 245
WHEEAR, 2015, 22(2): 95-99.

I, 2, ML, . geREAREE MR O R
MAEMR ML (7], BB, 2020, 41(1): 206-208.
AXBH, MMCR, S, & B ARIEM AR YT
B OGS RGN AN [1]. B=FE R
%, 2020, 42(10): 1053-1063.

B, EERER, B, % HERRBIKERIK
SENINR AR A S 2B A AR A (0], R
Bezhaiss i, 2022, 42(2): 136-141.

Tian Q, Wang X H, Wang W, et al. Self-assembly and
liver targeting of sulfated chitosan nanoparticles
functionalized with glycyrrhetinic acid [J]. Nanomed
Nanotechnol Biol Med, 2012, 8(6): 870-879.

Han X F, Wang Z, Wang M Y, et al. Liver-targeting
self-assembled  hyaluronic acid-glycyrrhetinic — acid
micelles enhance hepato-protective effect of silybin after
oral administration [J]. 2016, 23(5):
1818-1829.

Guan Q X, Zhang X, Zhang Y, et al. Design, synthesis,

Drug Deliv,

and characterization of glycyrrhetinic acid-mediated
multifunctional liver-targeting polymeric carrier materials
[J]. J Mater Res, 2020, 35(10): 1236-1248.

Zheng Y, Shi S D, Liu Y R,

pharmacokinetics of polymeric micelles modified with

et al. Targeted
glycyrrhetinic acid and hydrazone bond in H22 tumor-
bearing mice [J]. J Biomater Appl, 2019, 34(1): 141-151.
FRHIH, Ui, SEHG. H SRR AT YA A
WG RGE TN [J]. PEZAER, 2016, 33(6):
109-112.

[rtesntt  AALRE]



