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HEE: Z 3 E (curcumin, CUR) /& M ZERHEYI LI IR PE 2 Wy S R AR IS M IR, HLA 235 1 28 P b & 25 3
TEPE, SR FLB /K 1 B B3 1 72 AR AR Y ARG A5 il R AR R PR 7 LR o AT 7 LR 2 TV 12 700 T R ) 2
% (glycyrrhizic acid, GA) R IR &M, M8 22 30 3 - H B MR B 4 3% Ik X (curcumin-glycyrrhizic acid self-assembled
micelles, CUR-GMS), 42 71 CUR ¥ fift FE S A= W0 R Y JBE, 398 o L 9505 14 465 W ¢ (ulcerative colitis, UC) HIVA 7 4K H -
I3 FE) )T FEREPIES, GA 5 CURM I Bk A7 BLAE A S5 B R T it — 58 25 M IO, IR RIS 1 H B 4128 wT
Tt SR B0 5] % CUR-GMS, £83% 5T 1 7 255 (transmission electron microscope, TEM) X S ZR A7 5 (X-
ray diffraction, XRD) & 7 7~ F1 4 £ #4/3 #r (differential scanning calorimetry, DSC) ik &7, W 2R {28 46.33 +
0.63 nm MK, zeta HEAZ R 59.76 + 2.54 mV, {3 % 5425 & 5 Jilik (98.82 £ 0.41)% A (28.24 £ 0.11)%. R H
CUR 5 GA RTCE TRIRAS; 5 UG b, CUR W 2 2 35 5 v, 141 48 h RBURETRE $2 75 2.33~3.98 i AW
JEHE R 6.36 % o A A 2 34l L R, CUR-GMS 1] I 35 4% A 1 I 71 SR BE 41 21 (dextran sulfate sodium salt, DSS) #5 &
B/ B UCHERR, HALHI T e 5 3 B VAR A A OG5 b, 26T H IR 2 ) CUR-GMS &2 3 #2 7+ CUR M iR4:
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Abstract: Curcumin (CUR), an acidic polyphenolic natural compound extracted from plants of the Zingiberaceae
family, exhibits remarkable pharmacological activities such as anti-inflammatory and antioxidant effects. However,
its strong hydrophobicity, poor membrane permeability, and low bioavailability severely limit its therapeutic
application. In this study, glycyrrhizic acid (GA), a natural compound with surfactant properties, was employed as
a carrier to construct curcumin-glycyrrhizic acid self-assembled micelles (CUR-GMS) in order to enhance the
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solubility and bioavailability of CUR and improve its therapeutic efficacy against ulcerative colitis (UC). Molecular
dynamics simulations confirmed that GA and CUR spontaneously formed core-shell structured micelle via
hydrophobic interactions and hydrogen bonding, providing theoretical evidence for the feasibility of self-assembly.
CUR-GMS were prepared via the thin-film dispersion method and characterized by transmission electron
microscopy (TEM), X-ray diffraction (XRD), and differential scanning calorimetry (DSC). The micelles exhibited
a spherical morphology with a particle size of 46.33 £ 0.63 nm, a zeta potential of 59.76 + 2.54 mV, an encapsulation
efficiency of (98.82 + 0.41)%, and a drug-loading capacity of (28.24 + 0.11)%. CUR and GA were present in an
amorphous state within the micelles. Compared with the raw drug, CUR solubility was markedly improved; the
cumulative in vitro release within 48 h was increased by 2.33 to 3.98-fold, and oral bioavailability was enhanced by
6.36-fold. In vivo pharmacodynamic studies demonstrated that CUR-GMS significantly alleviated symptoms of
dextran sulfate sodium (DSS) -induced UC in mice, with the underlying mechanism potentially related to the
regulation of macrophage polarization. In conclusion, CUR-GMS constructed with GA significantly improved the
oral bioavailability of CUR and enhanced its therapeutic efficacy against UC. All animal experiments were approved
by the Ethics Committee of the Animal Experimentation Science and Technology Center, Jiangxi University of

Chinese Medicine (No: JZLLSC20230350).
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T ) 22 oy DR LU 1R 2 v VR RS SR B 32 B8R
SR R, H T ARE T KR VBRSE TR LAL
rEL 2GR B PR PR DU Ko L R
LR AR HPY, 23R (curcumin, CUR) 1F A it
R Z By KRy, 2RI T IRAR 4 22 3 5 2 RHEY)
o DR LA S 1 5 o P B R XU v B T
mb B 22 TR FTAIE B CUR $T 87 P 846 i b
P PR N AR R . (B K
R S M 2 N A N AR TR S A ) 24 7)o R AR
RHBR ] 7 CUR B PR AE e S48k, BE 259
18 TR A RN 245 )3 325 W& 1 K JE , 203 CUR A=) 2477
SRR B T R AR

TP 2 2 10 ikt 16 T it 2 254008 i 4H
PR RLE (A A 3 1) 0 AR PES, 9K 2 R 40 el
MEVE PG YR P B TR B R A R T
FITE I SR A (critical micelle concentration, CMC)
™ EH AR AR AR . FK MG I E
77 (G5 JEEAE Ty KR 715) B R IR &K
B 7K PO A%, DT 38 0 L v A PR e R PR LA ) 4%
BB RS AR, BIRHKAR T 10~
100 nm 2 [A], 7] & G b I AL XAR A R R s JRBR
BRTT 73 AR 3R TG VR (B R £ B e
FEEFRON I SR R A (WA s Y AR Tween™ 3
BB . @ ar T RE MR R E M, (HE 2 &
I HERE A B G BB B A o TR SR BE 1 28 1 43 R 3
PR 55 1 45 ) (6 I P TG+ KO 25 P B R i AR W)
A A A DS T (A S e Y T A, AR
R A R . HE®R (glycyrrhizic acid, GA) & H 25 H
B T2 G O Sy, R ) W T TR R R A B S K B

FEFN GA Bl S 46 10 IR 3t 7K bt ik R PR SE PR 25 4, i B R
FE B H (CMC > 107 mol-L™)P 1, X —45 I T GA
BN — FhER AR R 25 M AR, B AR T MEIE P2 I
VA F 5 RN AR R R

#E PE % W (inflammatory bowel diseases, IBD)
ST — P AR PR BB PR TE 28 PR, g R A
i % (ulcerative colitis, UC) #& IBD [ FEW Y, H K&
TR 25, W90 R I, NF-«B 15 538 B % UC K
AR R B ) BRI, NF-xB 0S5 TNF-o. 1L-6
Je AL-1B 56 98 5E PR 7K F 3R, T B 98 E 0 I P
H A6 R H 2908 23 KRS (Wign 05 ki) |
BE R RS (A5 IR U A 2R 28 (A VD )
P28 JUONERI] 5] (T FR U Ay I AR A i R 00T, I PR
PR UCTRIT ORI A A, HAFAETZCEAR
JRPY, Z IR 5: 88 R W, CUR E UC ¥R T e B
O 0 HARE H IR 12 g, #4234 H oKk LB
PR

gR b, ARSI TG — S, Rt
FCiE 73 T BAR R PR, SR FH R SR B S RE S B “ 4 (36
167, I H R B R B AR A CUR A2 245 741
SRRV, W UCIRIT S ik 3k 2 2 e 54 ov: (v 1Y
FG, [RII 22 Wy 28 R AR WD I i ik R G2 T K F Al
ES%.

MRS A%

RZh %3 X (HXJHS20200710, 98%, 74 % 54T
VIR AT IRA 7)); 2235 KX IR (AF9102903, > 98%,
RS IE A RHEA R A F)); HRLEE (A12HS191107,
95%, FHFIR I AEYI RN R A F)); RIPA 20 23/41 3



- 604 - 2% %3 Acta Pharmaceutica Sinica 2026, 61(2): 602-613

RV TR AR 2 VAT (20210622.H8070.G1100, b 50 &R
¥ E R A R A F)); IL-4.1L-18. TNF-a. IL-6.IL-10
ELISA # il i& 7 & (RRDC2307016. RRDC2308003
RRDC2311008. RRDC2311002. RRDC2309001, & 7X
TR AR R 2 ), & & PCRIA & (Magic-
SYBR Mixture, At 28 A= V)R A0 A IR A 7);
EFEGEREN (YC0535, MW: 36 000~50 000, MP 4= 4
BT~ al); SRV HiE A (210706, 246250V 254
FRA D).

{88 Malvern 4 K ¥i FF {X (Nano-S %!, ¥
Malvern 2 #); & 20 AH B A (Agilent1260, 36 [F %
TR RHE A R A AD); % 5 B Gem2100 8, H A+
Pk Q2 4h); A% T HL (LGI-30FD &, #A J5 % T 2
A]); {8 B AR 3 21 40 6 B (Spectrum Two ), 22 7R
1 4% & 4 4r H1 4% (Diamond DSC8000 ) Iy [ 3¢
PerkinElmer /A 7] ; #4Hi/2Z2 # S5 5 #1443 M4 (Exstar6000
TG/DTA6300 %4, HAKE T HL-F4 FR 2 7]); X5 28 9
ATHHMY (XtalAB %4, 35 [E -Rigaku 28 7); i 0 AH- =8
DU AT 5 3% 16 F A (QTRAP4500 %Y, 55 [/ ABSCIEX 2>
m]); AN GG T (Uv-2550 1, AR B AF)); £
I REREAR Y (Spark 10M 2, Ffi - Tecan A 7))o

SCIOEN4  {d ) Balb/e /N R (HEVE, 4~6 %, 1K
H18~22 g), W H W mE 3K w IR LI S R A
], YFATHIE S SCXK (1) 2019-0004 . 75256 29174
= 25 K 22 sh W) SE 6 BB AR O 4G B 2 5L e ik v (AL HE
52 JZLLSC20230350).

ZEFR-HEMRBHERRROBIE R a7 R
) T2 AL 75, R 5 #0%, CUR 5 GA i & L
N 1I2.5, FRECH R BT R R, N
FEV AR, 50 CCOKIR IR R iR 28 b 5 U RE, TR — 235
N iFE I AR . NN — R — e R R R
JKBEAT 7K 4k, 20 °CH#E 7 10 min, 18 °C+12 000 r-min™ &
0 10 min, 35 0.22 pm L FLIE M98, BI43 GA it
# CUR X (CUR-GMS).

BURH 0.2 mL % 1 mL&Ifif, i EERRBEEZIE,
HPLC ] CUR % &, fii 4 23X (1) T 5425 % (loading
efficiency, LE); 3 B 1 mL B W T 1.5 mL 8 I8 25 0 8
o (B 2 7 &N 10 kDa), T 20 °C .12 000 r'min’'
20 20 min, BB FER 0.1 mL I B E A £ 1 mL,
0.22 pum JEME I I8, HPLC I, 4 A =X ) i+ H
% (encapsulation efficiency, EE)*',

LE (%) = W,/W, x 100% (1)

EE (%) = (W, = W)/W, x 100% ()

o, woh B CUR & &, W, CUR 5 GA
B, WONERIET T CUR & &, W, N CUR B i & .

IEFBERRERME A H 5 IRE VR &
GA MG P AW EE, 73 74 0.1 mL (1] 6.0x10™ mol-
L' BRI T R N B — 251 10 mL (1 &=, ok
JCE 24 hAE PN ERE R 5E 4. MR AR OIS R R
[ GA W, =RE B Roe/ et il e
PEIR AR R K 335 nm R S K 373 F1384 nm 1)
WHNBRIE, PAL /L APARR, GAIREEXTEL (logC) N
AL bR A B, il 2R D) 26 1 58 RURD D GA I SRR R
W,

CUR-GMS HIFRAE

KL o A v zeta AL AWM TS WS BUR R
TN 4 15 2R B, UM BRI 1 mL, Malvem 442K
KA 58 RLAE L 2 43 AR 2L (polydispersity index,
PDI) K zeta HLAT o 5 A7 WA o 0 R 22 08 2 K 32, Wi 7E
B 1, 1% BEFS IR 1 4L, M BE g IS .

AN MG 2 X CUR-GMS % 4715 T
AbFE, 5373 B CUR-GMS % T4 K . CUR J L2 (CUR-
API). GA J5 Bl 25 (GA-API).CUR 5 GA ¥ HIE &1
(physical mixture, PMIX) % 4 mg, 5 400 mg JR 1k £ &
FHFER A, 70T R, A S AT FTIR 4 .

LANRETE AT AR A AR ELAE F T
HEWMG, H7 R a5 KA AR, 7T 5 5 B0 AN ISR
fIE W ) A8 4k . BU CUR-GMS i& &, il 7K ## B¢, CUR-
APL.GA-API J PMIX ¥ F B B4 A, [ — IR R,
TR .

Z R 53 7 BL CUR-GMS % T 87
CUR-API. GA-API. PMIX i& & & T 45 i ¥ 5 4% &
i, BN R, FHETE Bl 25~350 °C, I #vE R
10 °C-min™, Z 7~ S A BT ORI

X-S 8 RATH 0 4T 7373 GA-API.CUR-API,
PMIX B I o R -4 & =, BT FE SR P, 358 1 s il
PR EE A 2 R BT X S RATHHX
T, TR S S B

AR EEE 3 & CUR-GMS 1E 4 °C%
4R i E 20 K N KL 4E L PDI. zeta FELA7 M EE, PR A% i

DFENFFEI KA Martini #kz 16 37 04 2
GA F1 CUR )4y F #7838 id Gromacs 5.1.2 44 1E47
FLRLAL 43 T 2h 11 % (CGMD) F4URTF 78 . & e Tl 1
JF B EL N 1:2.5 (CUR: GA) I ] B8 FE 1% i) CUR-GMS

BRERKAARET N, BT REER: © KEH
R B e /ME; @ 76298 K F1 1 atm 2514 T #E4T 200 ns
B NPT 2 2240, (I 1] 25 K 25 fs); @ 45 20 ns K4 —
WRAZGSH (AAEENSH R D). NEN 5T CUR-
GMS 1 F (A e 1 K 43 7 (R AH ELAE FH AL, B a5 %2
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T UL B S BB I 8] (AR A0 R Y R AT R R T A
(solvent accessible surface area, SASA). [0 ¥ 2 42
(radius of gyration, Rg). ) 77 # fli % (root mean square
deviation, RMSD) K B T LA 4t «

Table 1 Simulation parameters and simulation box sizes for the
self-aggregating micelle system. CUR: Curcumin; GA: Glycyrrhizic
acid
Drug name Water CUR GA
Concentration/g-mL"' 1.000 0 0.005 0 0.0125
Molecular weight/g-mol™ 18 368.39 822.93
Box size/nm 10 10 10
Number of molecules to 34 555.6 13.5 15.1
be added
ARSNERRUEEME 20l B mL FE AL B T IE AT AR

(8 000 Da) H', LA 100 mL A~ [A] pH ] PBS 2% i % i
(0.5% Tween 80) A B A 5T, T 37 °C+100 r'min” 5%
TR AS ] B ] 5 EURE 1 mL, RS AD 78 45 B 25 R
TEA . 0.5 mL AR A A, B0 0.5 mL R, 5%
Jie, BUJR A 200 pL, JON 10 pL £ A4 M Y A5 A1 790 ul
JRE RS, ST 2) . 4 °CF 12 000 r-min” &40 10 min,
LC-MS/MS %l € Eig#  CUR & &, tHH R
RBEICE 73 H o

HRENNFMAFR MEESD KR 18 H, /AH 180 +
20 g, BEML 34, g 6 Ko ERAMEIATR 1. SEaeT
— K, KRS AEIK12 h, 7350 B 45 T CUR.PMIX
(0.5% CMC-Na i@ &) & CUR-GMS &l . ¥ B 7=
P16 CUR 100 mg-kg''; 4 24 Jim A [ B[] i, BRI 7 ik EE
M#0.5 mL, EFEAAEP &, 4 °C.4 000 r-min” 50>
10 min, UM 3K, —20 °CLRAF. K% MEMIE 80 uL, B T
1.5 mL B0, 2 i I B i ARV (80 ng'mL™)
10 uL, B ¥ 560 pL, 3% i€ 2 min, 4 °C+12 000 r-min' &
L 10 min, B3/ 200 pL, LC-MS/MS il 5&, F DAS 2.0
) AR, FREAT BT T .

MR S%EE OO $ A K A1 Caco-2 41 i,
TR Tt 5.0< 1020 M EE R T 96 FLAR 1, B3 7746 TR 85 97
24 h JG IINAS [R) 4 FE () PMIX B CUR-GMS, 4k 4L 8 7%
24 h, FFEEEFRIAE, WAL 100 pL 0.5% MTT ¥, %
H4h, FEMTTHER, LI DMSO 150 pL, FEbriL
For il 490 nm AR FEAE, ARHE A (3) tHE 4IRS 7T .

HPIAEIEZE (%) = (OD 4y — OD )/

(OD 55 = OD ) X 100% ®)
rfr, OD seapan > OD gy ~OD iﬁ%?ﬂﬁﬁuyyéﬁ%éﬂ"/‘f
P A VO] T 2 55 A e ol 4 i o R L ) R P A

HARIZEL U U K I Caco-2 411, JiR R 1k

i ) A B T R, AR AL 4.0 10° NI BE b T 6 FLAR

H. 48 hJEaZy, k4L E 2 he LA PBSWUEE3 X,
BN RIPA 4 i 22 il 0 22 A, AU 4R 40 i 24 % W 100 L,
FE S AR (R Z590RE0%) J5, SR LC-MS/MS Ml € »

Caco2 AR B4 B H 4 KA Caco-2
YA, B TE 1< 10° 20 M 1) %5 B 42 P T Trans-well /)N
T (apical side, AP) , 2 )i fill (basolateral side, BL)
N 1.5 mL 35983, 3597 17~19 K, TEER > 300 Q-cm?
i, Caco-2 i MU i B B v F T 4% 18 52501, Sras R,
AP MU 0.5 mL AH M. 254, BL AN 1.5 mL %5 [ 42
W, 1120 min A\ BL A #E 6 W HUEE 527100 pL. £
AR 5 LC-MS/MS il &, A4 A X (4) 7 H CUR 1)
iz B REBWBERL(P,,)-

dO/dt
app AQCO (4)

o, dQ/de (ng's™) & BT s & 5 W) ) 2 1 [l
A BRI B )R R A R IE /N E IR A (1.12 em?), C,
NGV E IR -

MiRH MR MR 686 SPF L BALB/c
/NER 60 L, BEHLZ 5 41, B2 56 R 4L SRR AR 2 B
2t FR 2 (€90 &, MES, 300 mg-kg') CUR-GMS
2 (CUR 100 mg-kg'.GA 250 mg-kg")-PMIX 4 (CUR
100 mg-kg' GA 250 mg-kg"). P& A4, HAKH
/NELE K 2.5% DSS i S UC #7846,
BHAHGE THY LG HERETITERSZ. BH
AR E AR SN R AE GESPRE S EE Y
A4 5T B AR AR 0N BRI D Ak 58 R o 58 R RS AR 4 A X
(5) T+ 5595953 i 51 48 B (disease activity index, DAI) 1

ﬁ’ (%% 2[46]) 3
DAI = (R E &5 + FEEHIFE S + KAE Hif143)/3
(0 <DAI<4) (5)

Table 2 Evaluation criteria of disease activity index (DAI)

Score  Weight loss/%  Fecal consistency  Fecal occult blood

0 No change Normal None

1 1-5 Intermediate Intermediate

2 6-10 Loose Haemoccult

3 11-15 Intermediate Intermediate

4 > 15 Diarrhea Gross bleeding

CUR-GMS #URH A KB I K DAL
PE VPAl %5 2E /N B AR IR RS (B AR . R
B2 J5 2 h, 4/ BRI S, 5T 7T B R 2 25 5 35 L
Shlp, MBS KR, FR, BUN R P IERR S, AR A
1 (6) THAETRMEFE L
R FE 2 (g-kg™) = /N BB T R &/
/NERAREE /1 000 (6)
H&E &  BUNREE AL, F 10% 48 /K Ak
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E, WA . V) ELE, H&E B8, T
BN WM SR 45 i A SR 2L

RIEEFRFRRM  BUNRS AR, F B,
T E S (mg) AR (uL) o 119 I NAE B R 7K, VKoK T
il & 5] 2%, BUAH RS T 4 °C 3 000 rmin™ 5%
R B0 10 min, U b7 W 3% 18 BLISA B & AT
ioR/[8

REEN FHHLD) R B KA, )R TN BT
JEAE S A, 10% L3 2 P 30 min, il A\ CD86.
CD206 Hit {4 J5 4 °CHiF & i # 30 min, J0A —H0 = i &k
J69% E 30 min DAB B4 IR K 352 G4 A%, K R
e by, e B R A B, Image J 1.51 BAF = Ak
ST

MINGHREAM  HOHT /N R 5 21, SR, )%
45 1 P20 R, 0 AR AL 1L I A B, FR L
15 20 45 Rk EE 4T B, ESOAR B4 e, PBS VB PR IR, 550>
% i, PBS (% 1% FBS) E =411, 751 CD86 5%,
CD206 Hitf#, 4 °CitE 657 & 30 min, it 24H M ORI .

RBRI S UL WA S KA, YA
P11 30 min Ji&, 43 7 F Arg-1 8¢ TNF-a Al INOS $if4 4 °C
i 7 1 %, PBS PR, A CY3 FRic il 2 BT 1gG 9T
FEIRWE 1 hy 4,6- 2 FE-2- IR F WM R R (47,6-
diamidino-2-phenylindole, DAPI) 4t &2 4L 41 il #% , %¢
6 2 B WL % T R R AT

RT-qPCR 73 #7 B/ R 45 o 21 21 5 3R, $ HX
RNA, DA H i & -3-1 1% i &0 (glyceraldehyde-3-phos-
phate dehydrogenase, GAPDH) AN £, R 4 & 3 # 5]
W7 FIAE 5 2 B PCRAX L 58 il 1 .

Table 3 Primer sequences. GAPDH: glyceraldehyde-3-phosphate
dehydrogenase

Amplicon
/bp
GAPDH Forward: CCTCGTCCCGTAGACAAAATG 133
Reverse: TGAGGTCAATGAAGGGGTCGT 133

Gene Primer (5'-3')

IL-15 Forward: GCTTCAGGCAGGCAGTATCA 185
Reverse: AATGGGAACGTCACACACCA 185
CD206 Forward: TTGGACGGATAGATGGAGGGT 228

Reverse: CCATAGAAAGGAATCCACGCA 228

ZitZE A% ] GraphPad Prism 8.0 # {4 #E 4T
4 o b, R B 2R 07 2 70 B (ANOVA), LA & 4H
2R, P<0.05 IV ER GG %R L.

HER51118
1 CMC BN EFI CUR-GMS W &
It il #% (1) CUR-GMSS ¥i7 1% (] 1A). zeta HL A7 (&

1B) B3 %6 K 3k 2 & 77 1 N 46.33 £ 0.63 nm—59.76 +
2.54 mV.(98.82 + 0.41)% J% (28.24 = 0.11)%, GA Ilf5 7
e R 218 0.231 gL (I 10), IR R EWEBLHE T
LKA (B 1D).
2 CUR-GMS HJRAE

i 4 45 IR B 7R CUR-GMS &2 [/ BCIR (K 1EVF).
FTIR %4 (B 1G) 40 #7 7R, GA-APIFE3 376 cm™ (O-H
HZEIREN) 12 876 cm™ (C-H AN RRAH 4 41 50) Ak Hi PR
FRAEUE, 1712 cm™ F1 1 655 e &b B W UL U 73 391 %of I %
I C=0 1) AN KEFRFI XS FR A 45 9= 3l ; CUR-API (1411 U6
£7F 3 506 cm™ (O-H) 1 627 cm™ (C=0) 11 508 cm’'
CRIH 2R 8)) . EA8ER I, CUR-GMS 1 GA 1)
O-H LT % 3 228 ecm™, C=0 W& {7 % £ 1 630 cm™ Al
1588 cm™, H CURYE 3 506 cm™ 11 630 cm™ 4b fR 45 1E
U 9 2K, X B B IR R B CUR 5 GA 2 8] W] g Jf it
S TAE TR TR E SIS

AN ERE B (B 1H) £ 8], CUR-API A PMIX 7
427 nm ¥J 2 I CUR 45 T &5 ¥4 op KB IR B0 0k R e A
) K I WA 5 17 CUR-GMS AR R AL 55 B A — 58 BRI,
H CUR (A4S AEW IS HH BLEE S (407 nm Ab), X 7] B8 /2 H
T GA 5 CUR W AH BLAE I8/ T CUR B3 73 S o 45
P 2 B0, T B R P R S . [RIBY GA 5 CUR 2
B) () B8 AH ELAE F, 520 T CUR 4> T 1 HLF 305,
r-r*KIERE R I I . BhAh, VRO T R S B0k
LA AI e

DSC 7 #r &5 F w11 B, CUR B4R [ 445 55
183 °C, CUR-API #l PMIX ¥ 7E 183 °Cf} it /™ A s i
U, T CUR-GMS 7E 183 °CAb ok WL 4% fhig, i B CUR 7E
Fi2 TR A DL i A T SRAFLE

XRD 45 F 40K 17 i 77, CUR-API J2 GA-API #5145
B U S ) AT S 0 PMIIX Dy 3 R U 11 ] PR 5
hie 1 CUR-GMS (1) éid A 417 5 e 58 4V 2%, ik — P e
iE 7 CURER RN I TG 8 BB A .
3 HIFIFRREMMR

a5 2 2 48 1 LI IK~N, R AE 10 R A &I
HR IR AR E I, 3 10 RE S 15 KRA M PDI 23 1
THEa %, B RA BEMEZER (P> 0.05), A3 L5
S BB 15 RKAE PDI 4k 83 n, HARL HEl B 3 %2 =
(P<0.05), Bl 2t 2 R FEH . BALTEHE LN 20
RANK IR ZENZR (P> 0.05), &9 # B HEF AT 8
Se I R £ S LS
4 SFENIFEEN

I3 T3l I SRR A W 2A BT, M0 ns FF 4G,
CUR %: [ 5 GA & FHIHF U flile, 742 R 7E 20 ns IR GE &
AR, CUR S GA 7 THH E W 5] &, £ 60 ns Ji5 ¥
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Figure 1 Characterization of curcumin (CUR) - glycyrrhizic acid (GA) self-assembled micelles (CUR-GMS). A: Particle size distribution

of CUR-GMS; B: Zeta potential of CUR-GMS; C: The critical micelle concentration of GA; D: Tyndall effect of CUR-GMS dispersion; E:
Transmission electron microscope (TEM) of CUR-GMS; F: TEM of blank GA micelles; G: FT-IR spectra; H: UV-Vis absorption spectra; I:
Differential scanning calorimetry (DSC) thermograms; J: X-ray diffraction (XRD) patterns; K: Particle size variation of CUR-GMS; L: PDI
variation of CUR-GMS; M: Zeta potential variation of CUR-GMS; N: Encapsulation efficiency (EE) variation of CUR-GMS. n =3, x £ s
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Figure 2 Molecular dynamics simulation. A: Dynamic simulation of spontaneous formation of CUR-GMS by GA and CUR (red: CUR;

green: Glycyrrhetinic acid); B: Solvent accessible surface area (SASA) over time; C: Radius of gyration (Rg) over time; D: Root mean

square deviation (RMSD) over time; E: Number of hydrogen bonds between systems over time

A 100 B 100 T T
—e— CUR-API pH=2.0 ! pH=65 | pH=74
—— PMIX : :
80— 80 — H H
= —=—  CUR-GMS X : i
< < : !
g £ : :
E 60 E 60 : :
3] 2 H 1
E | 5 :
E E ;
g 47 2 7 : :
< < ' '
8 8 ' H
[5} [5} ) H
& 50 & 50 :
9= T T T T T T 0= T T T T T T T T
0.5 1 2 4 8 12 24 36 48 0.25 0.5 1 2 4 6 12 24 48
Time /h Time/h
w10
C 2 —- CUR-GMS
100 & 5| —A— PMIX
£ o
80 =
3 4
E
<
60 5
=

40

Plasma concentation / ng-mL"!

Time / h
Figure 3 In vitro release and in vivo pharmacokinetics studies. A: Cumulative in vitro drug release of CUR-GMS at constant pH. n = 6,
¥ + s; B: Cumulative in vitro drug release of CUR-GMS at dynamic pH. n = 3, x = s; C: CUR blood concentration-time profile after oral
administration. n = 6, x £ s. PMIX: Physical mixture of CUR and GA

6 MBS
MTT 45 2R & 75 CUR JE 2 ¥ £ O 40 pmol- L (&
4A), 75 IL 25 253K B R 34T A IR 5 B 9T« Caco-2 4]

M 45 HY R B 43 B R B, CUR-GMS 4+ CUR 45t B & &
FEm T PMIX 4L G 2.33 1%, K1 4B). Caco-2 40 Jiin #%
iE SEE 45 R B R, 2 h N CUR-GMS [ #%5 iz & 4 PMIX



Mo s S5 H R 18 2R R R (T R st ik 4t M R A T © 609 -

M 1.65fi5 (P <0.05, B14C).

7 CUR-GMSHURBHMER R AY R E AR

7.1 CRU-GMS %} DSS-induced /)™ i 45 f% % B0 22 1

ER  RE ARk & DSS K 145 g 2 ™ SRR FE 1) &

BHE AR, MG AL 10 KN/ RARE L (K 5A) &R,

ot 1 2HL (1) 47 B 3 T 38 0, DSS £ M 5F 4 KT IR G R 4

TBE (P <0.01), 1M #5285 25 4L /N B8 AA 5 R B4 35946 Bk

4, Hf CUR-GMS 20 % CUR-API {03 E W . . F W

CUR-GMS X} DSS /]y iRk H i 2 45 R AEF -
DAIVE4) RE % VF At DSS % S 45 i % 1 it Jg, i

— PMIX B
CUR-GMS

A 120
1004 b A&h I Ao Lo I Il
80
60—

40—

Cell viability / %

20—

0

T
125 25 5 10 20 40 80 100
Curcumin concentration / pmol-L!

Uptake / ng-mg™!

5B iz, DSSZH I DALV i 2 i T X IEZE (P < 0.01),
1Ml CUR-GMS A 115 B34k T DSS 4H & PMIX 41 (P <
0.01), % B CUR-GMS X} DSS % 5 11 45 17 % B A5 B 1E
Ry EH

45 W 4 i /2 DSS 5 3 46 i R I B SRR E 2 —
W 5C.D frx, DSSH/NR &K R B 455 (P <
0.01), 1f CUR-GMS 4/ 5 &5 i K 2 e W S A8 4K

JI U 48 25 RT AR A VEAL 25 208 UC I XL —FR A o
DSS 4 /)™ B UE 78 #5022 =, 5 DSS /N B T,
CUR-GMS 4/ B 1) M0 45 2500 2 8 F% (&1 5E), w] L

kk kk
15= I 1 c 4 — —
".'.m 3 -
1.0 g
S
% 27 -
— <
a
0.5 &
A ] -
T T 0 T T
PMIX CUR-GMS PMIX CUR-GMS

Figure 4 Cell uptake and transport. A: Relationship between cell viability and dose administered. n = 6, x = s; B: Uptake of CUR (ng'mg™)

by Caco-2 cells; C: Changes in P, (*10° cm-s™) in the Caco-2 transit model in different groups of CUR. n=3,x+s. P <0.01

A

oo}

110 a

100

DALI scoring criteria
N

Weight change of mice / %
Nl
(=)

D E
ns * * ns
8 ** T -8 o
on [
= 4
S 6 :0 6
£ 5
- =1
£2 82
o [=9
&} ©n
0 0
a b ¢ d e a b ¢
G H ** **k *k I
5004 1507 — 15009 ——
< 400 2 TEI
2 &0 100 & 1000
Z 300 & 2
£
= 3 Q
5 200 50 500
B ﬂ [ ﬂ ﬁ
0 T T T T 0 T T T T T 0
a b ¢ d e a b ¢ d e a

*k *%k J * * * K *k *k *k
i **
6007 1 400 ™1
' o
T2?1,400 g 300
&0
B a,
S ; 200
200 2
- ﬂ ’j-‘ II‘ o ﬂ
0 T T T T T 0 T T T T T
c d e a b ¢ d e a b ¢ d e

Figure 5 CUR-GMS ameliorated the manifestations of DSS-induced colitis. A: Changes in body weight; B: Changes in disease activity

index (DAI) scores; C: Pictures of dissected colon of mice; D: Mouse colon length; E: Spleen score; F: Effect of CUR-GMS on histopathology

in mouse colon H&E sections (200%), G-K: Effect of CUR-GMS on the expression levels of inflammatory factors in the colon of mice with

ulcerative colitis. a: Blank control group; b: Model group; ¢: PMIX group; d: CUR-GMS group; e: Mesalazin (MES) group. n = 6, x £ s.

"P<0.05, P <0.01, ns: No significant difference
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Figure 6 Effect of CUR-GMS on expression of M1/M2 macrophage marker molecules in colonic tissue. A —C: Immunohistochemical
techniques to examine the effect of CUR-GMS on the expression of CD86, a marker molecule for M1-type macrophages, and CD206, a
marker molecule for M2-type macrophages, in the colon, Scale bar = 50 um; D: FACS analysis of M1-type and M2-type macrophages in
colon tissue; E: Effect of CUR-GMS on the expression of iNOS, TNF-a, a marker molecule for M 1-type macrophages, and Arg-1, a marker
molecule for M2-type macrophages, in the colon, Scale bar = 100 pm; F-J: Effect of CUR-GMS on CD86, CD206, IL-1f, TNF-a, and IL-6
mRNA expression in mouse colon tissue. 7 =6, x +5. ~P < 0.01
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