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Preparation of glycyrrhizic acid-loaded EL100-55/PLGA enteric nanoparticles
and evaluation of their effect on dextran sodium sulfate induced ulcerative colitis

TIAN Chun-yu, QIN Zhi-gi, TANG Hong-ping, HAO Ji-fu
School of Pharmacy, Shandong First Medical University (Shandong Academy of Medical Sciences), Taian 271016, China

Abstract: Objective To prepare glycyrrhizic acid loaded Eudragit L100-55/poly(lactic-co-glycolic acid) enteric nanoparticles,
GA@EL100-55/PLGA NPs, and evaluate their effect on dextran sodium sulfate (DSS) induced ulcerative colitis. Methods
GA@EL100-55/PLGA NPs were prepared by double-emulsion and solvent-evaporation method, and their physicochemical
properties, such as morphology, particle size distribution as well as { potential, were characterized; In light of the changes of body
weight and colon length, the therapeutic effect on ulcerative colitis induced by DSS in mice was investigated. The retention of GA@
EL100-55/PLGA NPs in the gastrointestinal tract was determined using 1,1'-dioctadecyl-3,3,3',3'-tetramethylindodicarbocyanine,4-
chlorobenzenesulfonate salt (DiD) as fluorescent probe. Results The morphology of GA@EL100-55/PLGA NPs were spherical
with the average particle size of (166.0 £3.4) nm and { potential of (=7.17 £0.22) mV. The encapsulation efficiency and drug
loadings were (91.51 +0.26)% and (5.35 +0.01)%, respectively. The in vitro drug release of GA@EL100-55/PLGA NPs showed
pH-responsive and sustained release properties. In addition, pharmacodynamics experiments demonstrated that GA@EL100-55/
PLGA NPs had better protection on DSS induced colitis model mice. Conclusion GA@EL100-55/PLGA NPs can provide a novel
delivery system of glycyrrhizic acid for treatment of ulcerative colitis disease.

Key words: glycyrrhizic acid; Eudragit L100-55; poly(lactic-co-glycolic acid); nanoparticles; ulcerative colitis; dextran sodium
sulfate; double-emulsion and solvent-evaporation method
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FE 7% CGinflammatory bowel diseases, IBD)
9B 5 AE [0 i F1 235 J R A R 8 1 2 RE i, AR
I 2NE ) R A A B AN gk e A 1CRT 43 Dy v B IR
(Crohn’s disease, CD) Flmit4i 4 C(ulcerative
colitis, UC) 2 FikAl, BHESHIBIER. IRYE K&
MAFEERER, B RSB N E RN, HAiEE K
FPis . RBERATR . MR IRIE R F-a (tumor
necrosis factor-o, TNF-o) il 7] i R EERIT
UCE!, {HAFER™ B A R SNV 5 1, BE
RAEE m . HHEBRAH S ) Ry, B
PR Privtls . PreEbEE E RS, SR H iR
T8 H R 2 H I e RO g 2 A 2 B A1
Foyr 281, anapRe H B A A0 A% B RO iz 18 5
AL, A H BRI YT UC MR AR AR K () St 1] 731

%A% Eudragit L100-55 (EL100-55) A% A
FR R ARE, RIAYE) pH (EAH DG, AR R
B e R BIAEE, RO pH H TR, WEZ
MAEIHTE R . R (AR-F2 5 48R)HEY [poly
(lactic-co-glycolic acid), PLGA] 1 W] Ffist
Bl BAZRAERE., WEg) 2 HIEA s R
SRR BH0L2T gy K ) 50 ] 14 n i B AR 25 M )
FaE PENEARRE, (RIFESNEEE, S e
AR ARIEFEUE B K ) SR AE /)N B 45 i A R v
H AT 45 o 38 A1 3R 42 10 e 1t 03T, R otk R A
EL100-55 & PLGA 2 Fib e}l £ fif 2 H S IR K v
YRR, TSI AE il 1) E AL S A BRI
B 5 H BN i SR AR B I PR B 1, S
BT S 1 W (R TT

A VRAEHU DL H R A 2458, EL100-55 J%
PLGA 73 Al E NIais ikl e 2R ii it bl RAE
FUA T 70 28 R ) 2% g 380H B R 1 i 18 9 K KL
[ glycyrrhizic acid loaded Eudragitl100-55/poly(lactic-
co-glycolic acid) enteric nanoparticles, GA@EL100-
55/PLGANPs], JEid Hb AT #ALIE RAE . ig 4424
JE W GA@EL100-55/PLGA NPs %} DSS 7% 5/ i,
UC BIRITIER, DN H RERIGST UC 2t
BreiiE .

1 XEEHH
11 =%

BT25S M 1R, L HIBHAERA A
&; EYELAFDU-1200 U4 VR THENL, H A AR 5B
etk extt; 85-2 AUEIRME /1T FEAs, SIRTWAR
Wi AER) ;s UV-8000A ZUELAL AT LAy He e FE it

TS A IR A T Zetasizer HUgN Kok FE A ER,
AL, DEE DRSO IRAFfinG ZY B kAR ot
HMIETEA, HA By bk A HIE AT JEM1200EX
3% 5 LTS5 S (TEMD, HAS JEOL A ; JY92-
2D BT Ik A0 MR ML, TR 2 AR it A
FRZAE]; In-Vivo Master %422 [X ¢ % 6 4, =
DOGBERH A RAF .
1.2 AR5

PLGA, FLIRFFZHEZBRIIFEELL N 75 © 25,
FERF4> i & 15 000~23 000, k5 20200625,
A5 RIS B TR R A A 5 4001 (polyvinyl
alcohol, PVA, #HXJ7rF )&y 30 000~40 000,
fit5 BCBG8296V, [ X7 Sigma-Aldrich A &];
HERER, 5 E1909076, AHXf /T & 822.93,
B ERR TR R AR BT, AR TR
i 8000~14 000, it 408D023, W HILHZEEE
RHARZA R ; EL100-55, b5 B111204040, M4 H
Evonik Industries AG A ] 4R 2T €05 e Ykl
1,1'-dioctadecyl-3,3,3',3'-tetra-methylindo  dicarbocy-
anine,4-chloroben zenesulfonate salt (DiD), #t5
10048, W H L RS EMRIH A RA R HRE
TiFR4%N (dextran sulfate sodium salt, DSS), AHXT4
FJFi & 40 000, #t5 20210126, W HESAEYIEA
AR
1.3

T SPF g iR B/, R & (22+5) g,
H LR B e sy b e, SLIe s al ik 5
SYXK (%) 20120005, #h#sciess il 45 —ER

RELB N IGIKZ A Z A, & BHS
W202203040129.
2 TEEER

2.1 GA@EL100-55/PLGA NPs B

K & AT 7 75 K 155 % GA@EL100-55/
PLGA NPs[16-171, % 50.0 mg EL100-55 & 100.0 mg
PLGA ¥ T /K CBEAESTR <. (AR A 1 3)
WHREVERIT, YENAENUAE: ¥ 10.0 mg H R
T 1.0 mL ZEMK Y, Y pH B = 2.7, 1E7KAE,
TRV, K 2t G B TR A,
75 2 min (ZJ% 400 W), JEAL WIO BUFLFFI. Bl 54
% W/O BUF.7)/3 #15] 10.0 mL &7 0.5% PVA KK
W (pH 4>, 4REEA 3 min (Th% 400 W),
TER WIOIW B A, BT IPiFEas DR %
HHLAF . BEJERA 12 000 r/min #53#E B0 15 min
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EBRUFE Y, WUTTE HZRKBER 2 &k, 1S
GA@EL100-55/PLGA NPs, &A% 1)54% M. 1
BHEIRK PLGA 9Kkl (GA@PLGA NPs) J ik
HR% DID 1) PLGA 4i>K AL (DID@PLGA NPs) il
FITER b Bl & Mg 2R a6, BEATRIE
A, BARERTIARAN, S aE 1 FR.

1 GA@EL100-55/PLGA NPs (A) #1 GA@PLGA NPs
(B) HOSMIR4FAE

Fig. 1 Appearance of GA@EL100-55/PLGA NPs (A) and
GA@PLGA NPs (B)

2.2 GA@EL100-55/PLGA NPs B¢ M4 R AE

221 Kife. ¢ WAL RIS Pl & 9 KRL I
Wifd. ¢ AR E 2. GA@EL100-55/PLGA
NPs. GA@PLGA NPs ffkifz 43 54 (166.0+£3.4).
(144.1+2.8) nm, %53 Hida%L (polydispersity index,
PDD) 43514 0.214+0.01. 0.12+0.03. FHIKifE A
NI, BRIER AR, /i K1 . GA@ EL100-55/

1

1000 10 1000
B2 /nm
1-A | 11-B |
1
—100 100 —100 0 100
¢ Az/mv

2 GA@PLGA NPs (A) #1 GA@EL100-55/PLGA NPs
(B) HOKIfESTH (1) FCERLL (1)

Fig. 2 Particle size distribution (1) and ¢ potential (II) of
GA@PLGA NPs (A) and GA@ EL100-55/PLGA NPs (B)

PLGANPs [#) ¢ H1f7 (=7.17£0.22) mV kT GA@
PLGA NPs (-6.15+0.22) mV, X5 EL100-55 5
BREZHM A, NI FERGKRLR) ¢ BAA K.

T3 K P i) 2% B 9N KRR T 78 5 A B I %) 4 1Y
k. 2 2% HIR AL 5K TEM WEIES, 45
RIE 3o Frifil & I ARRL AN S R L R0 )3k
KRG, KITCHIE.

3 GA@PLGA NPs (A) 1 GA@EL100-55/PLGA NPs
(B) BIFHR

Fig. 3 Morphology of GA@PLGA NPs (A) and GA@
EL100-55/PLGA NPs (B)

222 HMHMEREVEMY  MR¥E EL100-55 K PLGA fE
ANEEFIT A ARTERE, RIS 2 Fhak M BE 9K
b R T B A G L. B 5.0 mg FTil & 1) GA@
EL100-55/PLGA NPs il GA@PLGA NPs % T4, 43
AN TEK CEEFEE R CBE I iETR S 5 g2
FEAS [RIVE A )V A Do

7k WK GA@EL100-55/PLGA NPs 14 T-#7E
TR R AR, BEBVEMIRE, 7ERSER B+
AR, R ELEIEY, YURRYTEIE IR
1M GA@PLGA NPs [FIE fif i W AH 2, 7ETC7K LIk
AN, TEBEIR Ol 4B . 1X5 EL100-55 A
1T ToK CBETANE THERRE .6, PLGA ¥ T
& CBR T ANE T TR S G, RAYPKRL R T
f71E EL100-55, BRWEIR T4 KHbL i 14 RE -
223 QEFLFAEMNE RHAHEEE CEN
SE YKL IR0, 35 38 K 8 24 B 08-190, 43 il 85 B X 2.0
mL GA@EL100-55/PLGA NPs }; GA@PLGA NPs &
=, SN 0.3 g B ER YT IE 4HK KL, 10 000 r/min
B (B0F1E 5 cm) 15 min, 252 nm AL5E
FIEWMROEE (A EH, RAEFRHERZ TR A=
12.792 C—0.005 4 (r2=0.999 6) it H i &,
TERARBBEMIFEEZAYE (Wos Hl &Rk
HERMSEAERN W, W GA@EL100-55/
PLGA NPs 5§ GA@PLGA NPs ()5 5 & . R T4
AR E OB FRELE, HRIEK L

10,34 58 = (Wo— W1)/Wo
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F1 BHEMHHENEER (XL£s,n=3)

Table 1 Results of encapsulation efficiency and drug
loading (X+s,n=23)
bl (RESESLT W%
GA@EL100-55/PLGA NPs 91.51+0.26 5.35+0.01
GA@PLGA NPs 84.70+2.21 6.71+0.03

H = = (Wo—W)/W;

5 GA@PLGA NPs #tt#, GA@EL100-55/
PLGA NPs B AR m M A%, 5HG &R+
T pH A K. PRI KAH pHAE R 2.7, AT
flH R, MU TR AE 8BRS R
W, IRBT IR 25 ittE BN KA R TR KAE pH
fH % 4 w9511 EL100-55 [ pH E i & i A A il 5 .
2.2.4 (HHEIARHRL AN ETE (Fourier transform
infrared spectroscopy, FTIR) 74T K #FRHEL 2.0 mg
HEER. PLGA. EL100-55 % GA@EL100-55/PLGA
NPs 4T, 5 20 mg KBr W RS G 6, 1F
400~4000 cm L 4T FTIR $94, 458 WL 4. vl &1,
HHERRE) O-H S 4R 3N 78 3401 em ™ BT fFERR
WM YEIRENE, 76 2947, 2855 cmt b A-CHL AN
SRR G HRBhIE, 1730, 1646 cm™ Jy C=0 {#45
PRENE, 1459 cm™t A-CH, HI2 Hhi#kahig, O-H %
TS i7E 1279, 1032 cm L AP EREE C-O MRFEK
Wlg, C-C IE7E 979, 700 cm ik, N-H 25 fiiEs)
7£ 615 cm &b, PLGA ) FTIR K1 4E 3517 cm™t &b
NFEEFET O-H B 4EHR3IE, 2926, 2855 cm 4t
N C-CH, #5hi, 1746, 1629 cm™t 4bly C=0 1%,
C-OH TN 25 fhi#E 1427 cml. EL100-55 &1t
1357, 1427 cm L 4b45 C-H R34 . GA@EL100-55/

[ P

ol

- - \\ ‘/ " J
C e \J T\
W
4000 3000 2000 1000
viem™

4 HER (A)» PLGA (B). EL100-55 (C) & GA@
EL100-55/PLGA NPs (D) BY FTIR EiZ

Fig. 4 FTIR spectra of glycyrrhizic acid (A), PLGA (B),
EL100-55 (C) and GA@EL100-55/PLGA NPs (D)

PLGANPs [ FTIR Ei 2R, 7F 3383 cm ™t 4k O-H
WL AS B, 7E 1037 em L Ak SR AR EREE C-O i
iRz, 2 FHNHEERIFRENE . [FI £ 1300~
1400 cm &b B EL100-55 [R4FHEIE A K2 PLGA 5
EL100-55 & Nl #2515 R &M 7 R i1
FHAE, BRME B2 B SR AW Y il BE B4R
225 EIMEZIERER L RALEITEE R %
PURRLAR ST 9, DIV 2R BEA pH E
M S PR R TSR AIE 2O %% = B GA@EL100-55/
PLGA NPs fll GA@PLGA NPs JE &K % 2.0 mL, &
Re TP LT () E T A, Sl IR A 50 mL AT
Bl (pH fER 1.2) 1, HET 37 CHEETSER
IR, RATIRE AR N 100 r/min, 7E 0~2 h i [A]
W% N, 43 3T 0.5.1.0.2.0 h W BB A i 2.0 mL,
5 2.0 h 5 HUHE TS 5 FH 2808 /K g 2 Tk DARR 5%
BN T B, WEEHENT RS 3 50 mL AT
Wb (pH {EA 7.4), 4351F 4. 6. 24, 48, 72 h
HUFE 2.0 mL, BRXHUREEAMINSE R RO L. T
252 nm AbI5E 25 B 1] SRRSO BT H R R 1) A (AR
T ANA R EH BRR RS REVBEE (Qn).

Qn=(VoCn+V HZ%‘ Ci)/W

i=1

Qn AZYIA IR % BRVBILER, Vo AR5 (3R R,
n AEUREREL, CioASS i URHUREIT AR 25 M BB IS, v
SRR, W H N 259 54 5

PRI RE s W 5 BoR, 4R BN
pH 1.2 M N LB, #£0~2 h N, GA@EL100-
55/PLGA NPs 2 h SRR IZA N 3.71%, 1fi GA@
PLGA NPs [ RFVBE IR Z AT IA 21 17.80%, iX 5 GA@
EL100-55/PLGA NPs K HIfF1E& s B ¢, 18
PRI T AN B AR T FEL T 25 P RE T BT o B

- GA@PLGA NPs
100 ' B GA@EL100-55/PLGA NPs
PH12 ipH7.4

50

APV %

ik T I ] 1
1020 40 60 80

t/h

5 GA@EL100-55/PLGA NPs #1 GA@PLGA NPs {5
BREHE (X£s,n=3)

Fig. 5 In vitro release of GA@EL100-55/PLGA NPs and
GA@PLGANPs (X£s,n=3)
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¥k pH H 7.4 N TIak, GA@EL100-55/PLGA
NPs [ BFRE R RRFEE IS, X 5GE R
IR SEAMBRA R, RIS pH EHKIR
JRURFAE -

2.3 GA@EL100-55/PLGA NPs %} DSS %S UC #J
RIT1ER

2.3.1 SEISENYN o H AR AL RS/ B
W5, B 6 K, RIXfHEZH. DSS AR
H B4 . GA@PLGA NPs 4171 GA@EL100/PLGA
NPs 4, EMNMEFR 1 G T 905 BRuT R4S T
FRIBIKAL, HAh 255286 4% S 7 d E IR 4% DSS
TR, DA/ UC B8 . ER 8 RIF IR Z: 4%
DSS ¥, BHCAZEMIK, HfEHERA. GA@
PLGA NPs 411 GA@EL100/PLGA NPs 411411 10
mg/kg IR H ig 2524 1 Ik, DSS BRI $IR5E
FEAEH ig WK 1k, #4E7d.

232 /NREFIRGINEE L TR, WEEH
S ZH /N BRSSO RS AOIRES L IR ORI B
B FEEARAS S A 8 A5 S A O o
8 RN B B AT AR IR A4 5 kAT B,
WRAA/NRFH AR ERLR, W6 fiw, M
F /N AR AR A OU AT WL, o HEZH /N BR AR A
SR AR PR E 2 g . ERsE T, &
SCIG A R R B A R SEIRAE N, 5
KR AL, DSS MR 8 B E R (P<
0.05), FHBIFPM. fEinTidfEd, 5 DSS #
BRI LR, HHERRH . GA@PLGA NPs 411 GA@
EL100/PLGA NPs 4/ E 4 i &3 Bridm, H
% GA@EL100-55/PLGA NPs J477 J& /N LA i & i

1407 + GA@PLGANPs :
+ GA@EL100-55/PLGA NPs:
- papits :
DSS #i7! :

120 4 HHER #

5B /%

[
o
o
1
*

SR A : v
80 —_ ;

0 5 10 15
t/d

B R LERE: "P<0.05; 5 DSS MM LE#:: #*P<<0.05
P < 0.05 vs control group; P < 0.05 vs DSS model group
6 NERAERETWFER (X+s5,n=6)
Fig. 6 Body weight assessment of mice (X £s, n=6)

SEHEIN, R B FRIT AR (P<<0.05),
2.3.3 HIWRARIWE LI 4T Rs s,
W& 2N R TAE AR SE, BUFIERE, 7 ELE 2
AR 2R, &N RS I T A 2 45 K
FFRE R, AR R 4 i 2 5K R LA
WAE R SIEVE TR o T BRI AE S 98 R 1 47 1)
HIELE, HE Wy & 52 (1) 18
Fro SO ZH /N BB PR E o, DAL o /A o
IR ME R 22, RN B R LK 2,
LT REZH LU, DSS AR Y 2H /) B o3 = I S 4
(P<<0.01); 5 DSS MR L, 45 2541
WA /N, FXTT GA@PLGA NPs 4L A H &g
4H, GA@EL100-55/PLGA NPs ZH fit I i ot 598 /) )
MR, HY5 DSS BAMAN ER BA I E X
(P<0.05). S5xtHEZHAHEL, DSS #7821 ) s R 4
WIR3E N (P<<0.05), #2275 DSS AT RIE; 5
DSS BRI LU, B2 29 HIENTE RIS H BT/,
T GA@PLGA NPs Al H H iz 4, GA@
EL100-55/ PLGA NPs ZH [f i it Z £ /)N (1) 58 B 42
H5 DSS HA L 1 2  BAA Giit s X (P<0.05),
X R BN 45 2OE BB e AR, A
R B A5 7 S E R

NS WK AR A E 0 ILER 3. ST HRAAAR L,

x2 PEBBIEENL (X£s,n=3)
Table 2 Changes of mouse spleen (X s, n=23)
205 i 5% £t g iR Uk 2 %

X RE 0.1124+0.027 0.048 7£0.014 2
DSS A 0.22440.043™ 0.098 94+0.015 4*
GA@EL100-55/PLGA NPs 0.147+0.019% 0.058 7+0.004 3*
GA@PLGA NPs 0.184+0.019 0.077 8+0.009 8
HER 0.188+0.012 0.079 2+0.003 2

HXRA S "P<0.05 ™P<0.01; 55 DSS BB P<
0.05, N[
*P < 0.05 ™P < 0.01 vs control group; *P < 0.05 vs DSS model
group, same as below tables
#=3 NREHTHE (X£s,n=3)
Table 3 Changes of mouse colon (Xt s, n=3)

5 gk dEhiESKE
} cm tt/(g-em™)
X HE 10.40£0.85 0.137340.014 3

DSS f## 6.33+1.10" 0.229 6+0.040 5*
GA@EL100-55/PLGANPs 8.93+0.38* 0.156 0+0.012 8*
GA@PLGA NPs 7.33+0.95 0.1898+0.0302
R 6.77+1.25 0.2051+0.0448
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DSS A /N R4 KR40 (P<0.0D). 5
DSS A MEL, 4T GA@EL100-55/PLGA NPs
BT RS RN RS ER (P<0.05), Ak
SE K B R g g R G AR S B T A, R
HI%5F GA@EL100-55/PLGA NPs REA BB 45
HAE FIFERE
2.4 GA@EL100-55/PLGA NPs & f7iE I8
N7 ER RSS2 fa 9 KRLE B IE 14T, B
DiD A% #REr, 4% DID@EL100-55/PLGA A
DID@PLGA NPsi®l, /IR ig 45 T far & JEERET 1
gkkifE, oHT 4% 05. 1.0, 20. 40. 80 h

DiD@EL100-55/PLGA NPs

DiD@PLGA NPs

WETE, o BUE B iE AR RS, SR OGSO
SEYNAKRLAE /N B E i A [F AL E R B SO GBOR
WK 644 nm/ & 5K 664 nm), DLPERS G KRLLE W
TIE N5 A, GEFRIE 7. 7 AT, Rl E
R, FORE 2 N fB R g iz . DID@PLGA
NPs 7 B/ HERKZOE, X5 DID@PLGA
70 H B3 B B IRED DID BECA K. £ 0~2h
M, DID@EL100-55/PLGA NPs 7 B # 1) 5¢ yeom
B9y, R\HAEBIMAKEREM, MIE 4 h S
HB AL WA R RO E 5, KW DID@EL100-55/

PLGA NPs fe1% 71 45 W73 or 8 SR

7 NERBHERAIIRER G
Fig. 7 Fluorescence imaging in mouse gastrointestinal tract

iR EE BAESE T DID@EL100-55/PLGA NPs fig
% 3k G 2 TE BB AR, @I R pH B AR
FIKIIE R ZGY),  SEBLE SRERUY H 1
3 g

HERREA TR Préa b Ad 5 S5 4E H R,
SR I adfik H g B I8 pH M. B 28 A 7E
JTE AR sz, R R 770 DU ook R iR
IR BN RS B, ek ot UC A 306G
7, QAL R IR 3 1k ) SORE il AL R 1R AR
RO PR AR R DGR T . TR, SR ) E £
YRYG, UONRIT UC IRCBESRNE . Aseitimid 23
V778 R i GA@EL100-55/PLGA NPs, #H
IR T PR KR E 2550, B W (i ik g KR AE 48 S &5
oA RSB iE Vs AR, f§BhF EL100 &%
PLGA 7 JERIGIEMEL R R B, mTis 2454
BRI, [ 2 AMBIEE AL, R
PLGA SEILZRRE AR, HEmH2 =7 2%

T AR S5 A 2T A6 43 B ik B, GA@EL100-

55/PLGA NPs K fif7{F EL100, H#ME5REMZ
(B RUFIIAA N, REUS B BB R A P IE R
HHIGIRRL. EBILE iE pH E SR ARSI
VIR SS B B, GA@EL100-55/PLGA NPs G54 2%
WDTE B IR (pH 1.2) ZWREE, HArss
W5 (pH 7.4) THRERBAMHRTEE. KAD
Y BAL SEEE ] T GA@EL100-55/PLGA NPs 4
Je A fr#a s, $278 GA@EL100-55/PLGA NPs fig
e Lt i RS, AR AMERER .. 3
Sz ok LN, GA@EL100-55/PLGA NPs AEMS it
DSS 753 145 W RABAUINR PRI E R, ik
. B E S BB R RIFMBTRIER .

25 F Pk, GA@EL100-55/PLGA NPs A] LA 4
S5l pH (EIETSCILES 7 AR YD, HZRAE
FA AT A 25 S A6 T S5 W RN 28 R (RS 1R), - PRI
FIFH 2 FAS [ 14 5 1R 566 A4 L) £ e oK p, T
DA T 4 Kb B A 228 S5 e AL T e, e
S SRR R T S At 1R ik 7 2.



- 6740 -

¢EH 2024118 H53% H21#  Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 21

RBAR PR FERARELEAZFR

SE

(1]

(2]

3]

(4]

[5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

Sairenji T, Collins K L, Evans D V. An update on
inflammatory bowel disease [J]. Prim Care, 2017, 44(4):
673-692.

Faye A'S, Dodson J A, Shaukat A. Safety and efficacy of
anti-TNF therapy in older adults with ulcerative colitis: A
new path forward [J]. Gastroenterology, 2022, 162(6):
1762-1764.

Danese S, Vuitton L, Peyrin-Biroulet L. Biologic agents
for IBD: Practical insights [J]. Nat Rev Gastroenterol
Hepatol, 2015, 12(9): 537-545.

Py, KK, B, S HE CUIAEZ T AW
P B SR [, R EZh, 2021, 52(1): 267-277.
E#, R MR EHERRAKMA [ A
HHEEE £ 4 2% R, 2013, 8(4): 327-329.

Bernela M, Ahuja M, Thakur R. Enhancement of
anti-inflammatory activity of glycyrrhizic acid by
encapsulation in chitosan-katira gum nanoparticles [J].
Eur J Pharm Biopharm, 2016, 105: 141-147.

KAEH, ERTE, 5, % HHER-F127/TPGS I A9
KA 1 28 S R BRAE AR R USRIE 7E [3]. th & 2h,
2020, 51(7): 1845-1851.

fpfE, SRR, BhEME, & P EETEROR D IRES AL E
PR RGURIT I LA I R RSk [J]. rhgy,
2021, 52(6): 1816-1826.

RACK, RETT, BEE, . pH iR =4 R
TR - 32 Jk L BRIL BN KL (V) 1) £ T ARSI PPAR [3].
24, 2021, 52(15): 4528-4536.

Wu C S, Wang X Q, Meng M, et al. Effects of
pH-sensitive nanoparticles prepared with different
polymers on the distribution, adhesion and transition of
Rhodamine 6G in the gut of rats [J]. J Microencapsul,
2010, 27(3): 205-217.

Su Y, Zhang B L, Sun R W, et al. PLGA-based
biodegradable microspheres in drug delivery: Recent
advances in research and application [J]. Drug Deliv,
2021, 28(1): 1397-1418.

LETe, XXHeE, £8, & WA ABE K B PLGA-PEG
PURRLH & . RIEASR R RFEET [J]. g,
2019, 50(7): 1562-1568.

Hua S S, Marks E, Schneider J J, et al. Advances in oral
nano-delivery systems for colon targeted drug delivery in

inflammatory bowel disease: Selective targeting to

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

diseased versus healthy tissue [J]. Nanomed Nanotechnol
Biol Med, 2015, 11(5): 1117-1132.

Zhang M Z, Merlin D. Nanoparticle-based oral drug
delivery systems targeting the colon for treatment of
ulcerative colitis [J]. Inflamm Bowel Dis, 2018, 24(7):
1401-1415.

Huang M C, Su J, Lou Z H, et al. Application of a DSS
colitis model in toxicologically assessing norisoboldine
[J]. Toxicol Mech Methods, 2020, 30(2): 107-114.

Qi P, Bu R X, Zhang H, et al. Goserelin acetate loaded
poloxamer hydrogel in PLGA microspheres: Core-shell
di-depot intramuscular sustained release delivery system
[J]. Mol Pharm, 2019, 16(8): 3502-3513.

R, KA, BUREE, &, pH R =40 ah
TR -F2 2k LR IL RN KL (R ) 26 S AR a- A [3].
%524, 2021, 52(15): 4528-4536.
Zeeshan M, Ali H, Khan S,
acid-loaded pH-sensitive poly-(lactic-co-glycolic acid)

et al. Glycyrrhizic
nanoparticles for the amelioration of inflammatory bowel
disease [J]. Nanomedicine, 2019, 14(15): 1945-1969.
Naeem M, Bae J, Oshi M A, et al. Colon-targeted
delivery of cyclosporine A wusing dual-functional
Eudragit® FS30D/PLGA
murine experimental colitis [J]. Int J Nanomedicine,
2018, 13: 1225-1240.

Rajan T S, Read T L, Abdalla A, et al. Ex vivo
electrochemical pH mapping of the gastrointestinal tract

nanoparticles ameliorates

in the absence and presence of pharmacological agents
[J]. ACS Sens, 2020, 5(9): 2858-2865.

Tang S, Liu W, Zhao Q Q, et al. Combination of
polysaccharides from Astragalus membranaceus and
Codonopsis pilosula ameliorated mice colitis and
underlying mechanisms [J]. J Ethnopharmacol, 2021,
264: 113280.

Viennois E, Xiao B, Ayyadurai S, et al. Micheliolide, a
that  inhibits
inflammation and colitis-associated cancer [J]. Lab Invest,
2014, 94(9): 950-965.

Hu C M, Zhang L, Aryal S, Cheung C, et al. Erythrocyte
membrane-camouflaged polymeric nanoparticles as a

new sesquiterpene lactone intestinal

biomimetic delivery platform [J]. Proc Natl Acad Sci,
2011, 108(27): 10980-10985.
SRR, VEHESS. TR T RERR 2R A U A R A
M2 EE R [J]. 2Tt 4E, 2020, 43(7):
1452-1468.

[Frietmis  FRALpE]



