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Abstract: Objective To prepare a rectal indigo-indirubin nano-foam aerosol (Ind/INB-NFA) for ulcerative colitis (UC) and evaluate
its performance through in vitro and in vivo studies. Methods Indigo-indirubin nanosuspensions (Ind/INB-NS) was prepared by ball
milling technology and characterized for particle size, polydispersity index (PDI), { potential, stability, micromorphology, infrared
absorption, and in vitro release. Ind/INB-NFA was optimized using central composite design-response surface methodology (CCD-
RSM), with Ind/INB-NS as the intermediate. Its physicochemical properties and mucosal permeability were evaluated. A dextran
sulfate sodium (DSS)-induced UC rat model was established to assess therapeutic effects through body weight, disease activity index
(DAI) score, colorectal length, colon weight coefficient, and histopathological scoring. Results Ind/INB-NS had a particle size of
(117.5 £ 0.8) nm, PDI of 0.249 + 0.013, and ( potential of (—32.3 = 1.0) mV. It remained stable for 60 d. Fourier transform infrared
spectroscopy (FTIS) showed no significant changes during the nanonization process. Compared with raw active pharmaceutical
ingredients (APIs), the 12 h in vitro release of indigo and indirubin from nanosuspensions increased by 30.46% and 21.39%,
respectively. The optimal formulation of the foam base solution contained 28.25% Ind/INB-NS, 2.26% sodium lauroyl sarcosinate,
1.00% Brij® S10, 1.50% cetyl alcohol, 1.26% cetearyl alcohol, and a 4.72:5.28 propylene glycol/water ratio. The propellant HFA-134a
content in this formulation was 20%. The ejecta formed light blue, finely textured foam with an expansion ratio of 14.38 + 1.10, which
maintained stable morphology with only (0.23 + 0.03) cm of flow displacement over 4 h. Compared with raw APIs, mucosal permeation
rates of indigo and indirubin increased by 60.05% and 14.53% at 24 h. The foam aerosol alleviated diarrhea and hematochezia in DSS-
induced UC rats. It significantly reduced DAI scores (P < 0.01) and colon weight coefficients (P < 0.01), increased colorectal length
(P < 0.05), diminished inflammatory infiltration (P < 0.01) ,and reduced the pathological injury score of colon tissue (P < 0.01).
Conclusion The novel Ind/INB-NFA was successfully developed, which is conducive to giving full play to the therapeutic effect of
indigo and indirubin in the treatment of UC and has a good application prospect.
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H 5 Indigo Naturalis NZjiaT EAR, P EA SEHERIF, [EE Gt Es, AR H 23 A

EISAINIPI S, BAERERE, HILER L)
A, WHTIRITERE R SR kg i e i A
et g7 98 (ulcerative colitis, UC) [, HACHT
TR BT 23 UC B . (Ekim <5
RER, (AR AR, BMETE R AP 20
BF PRI BT, el BEREAAE N
BRYT UC SRRy, W NS SRk, &
R EhEIARIEAE R, RERE RS Sy R s A, I3
DRIEAMRIE, BRI R R0

HEH . fit KA R TAEMAH 2 RRS
(biopharmaceutical classification system, BCS) 5 IV
KW, FORME. BIEVEE, LT IESHET
JERE AT )R RNE AR U AT R BRI T LR R
o PURACHOR B IR/ INRIAR, 52 e 2
JFE, VAR sm 25 MR SR FICS), 52 25 W) 2R A
FERNEYREIEST. AW FUACR AR S BR B BOR 46
&, REBMIFPREER . Bk, LIBCEAY)
R RRE . BE N, e LRI AR A
e

E % 251697 UC ol BRI Tk, Rt
VIR, R, BT RCRE, ARG AR A A
RSB0, SR H T 25 B2 25 RIE il . #2771

R PR, A DAk 2] Ji7 N BE R 2 S BIEE 23 A [R5 27
Kb, IEPRAGER Z &R UC ¥697 R A1 . Bl
FHRLIA S 55 70 LAY A 25 R Ak, R FH VA
MBS, PR R E IR A B A A Ta L, f
5N o S R, R EEIRTE R IR
TR R[], ELYEIARZEAN, RO ES 255 2 ik
(ORI, B2 A FH 2GR D 130, AR 9T 25
& UC HZ TR UL HENE . e BB, i
il £ fE W -5 K 40 90K IR B M Cindigo-indirubin
nanosuspensions, Ind/INB-NS) N [aEJ{&, fifbi&EE
EAEIALTT, il — P T UC 1697 8 AL e i -
BE K A KIEA < %57 (indigo-indirubin nano-foam
aerosol, Ind/INB-NFA).
1 XEEHH
1.1 {488

Emax R EREE{Y, 8 [E Retsch /2 #]; Nano ZS
WOk EA, JEE Malvern A /] SU8020 247
R T RAE (SEM), HAHSL AR WS70-1
B AR ML A, B ERR AR B IR A
Al Agilent 1260 B = R0BAH (A%, 36 [ 2R A
" MS105 B+75 70 2 — R, Ligdk a1
IXEREBRAF]; DP73 B4 B A5, HA Olympus



* 6582 «

PER 2025498 B56% 188  Chinese Traditional and Herbal Drugs 2025 September Vol. 56 No. 18

yFl; TP-6 B Franz § 0, KRBT HAES R
H IR/ ; Pannoramic Desk B4 5] F i, &)
FF] 3DHISTECH ~A#]; WQH B R ZiEd 1
WL, Bl EIMARA .
1.2 AR5
FENE (4 98%, #5 C13663169). V%

701 188 (Poloxamer 188, P188, fit5 C15179922).
HAEEBNIZER %Y (sodium lauroyl sarcosinate, SLS,
fit'5 C15035570) ¥ A g W RAAL R A
AR H; Brij® S10 (IS BCCI1735), Bk 7 Sigma-
Aldrich AF]; 758 (5 20211103). 751\
i (4lk'5 20220401 0 BT U] /RIE mBH2A
PRAT; BERL (R4 98%, b5 22031001),
PR SR AR IRA R 36 5 h 8 1 il
(#it5 230077A), Fiit: Vifor Pharma A #]; N %
(#t*5 F108C211101), BA1LES 5 N AR H HRHA IR
TEATF; HIREPEMREY (dextran sulfate sodium,
DSS, #t%5 C16013701), LZEFHEAALA RAF

EHE ({5 23250131), A1[FH Biosharp A7 .

1.3 ¥

fe 5 SD HEPE KRR 50 H, MR &E 180~220 g,
SIS YD H AR IS B LB S YA IR A R R, &
IES: SCXK (J1]) 2020-030. A5z il id B
B SEIG S O AC B A, AR E Y N L B e
[2024] 25003 5.

2 RmiEEHE
2.1 Ind/INB-NS B9%%&

FREX 0.89% P188 A1 2.63% SLS ¥ T Z&1#/K+,
TN 7.96%E -t B0 (B -HE K408 7.5 0 DB,
ARG, BRYNRE. DUE YRR BBk
BEGLN, N 70 g ) 0.3~0.4 mm EALEE I BERE,
KFHERBEAX, £ 1200 r/min %/ FHHEE 4 h, BI73
Ind/INB-NS. il &t~ s B ILE 1.

2.2 Ind/INB-NS HZR{EF

2.2.1 RIFE. PDI AN C HIf7#%E  HUE & Ind/INB-
NS, PAZETH/KHRE 2@ B IR, (RO RRA
W 5E RLAE S 225 B $8 2 (polydispersity index, PDID
G A4, 25K 2 FoR, Ind/INB-NS FIRAE

4
o7 S S -5 c B G
N~ g ~ —703~0.4 mm,~——
by ﬁé‘#[ 70¢g
[ ) ' 1 200 r/min,
e <
1 L} r
1 1 1 1
1 1 1 []
1
4 4 4 4
SLS. PI88. Z&M/K =4 . S K4 =—— YiREH ==  Ind/INB-NS

1 Ind/INB-NS #l&REREE
Fig.1 Schematic diagram of preparation process of Ind/INB-NS
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Fig. 6 In vitro release results of indigo (A) and indirubin
B)(Xxs,n=3)
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F2 FILEAIRIT-MNEE (central composite design-response surface methodology, CCD-RSM) SLIGi&IT 54 R
Table 2 Experimental design and results of CCD-RSM

kR Wk 44 W Bk &E
FS X% Xo/% Xs Ver T X% X% X; Ver
’ ’ T E R P EMHE S
1 249(+1)  085(-1)  381:6.19(-1)  31.86 19.69 30.16 81.71| 11 249 0.85 6.19:3.81(+1)  27.08 17.06 37.87 82.01
2 1.75(0) 1.65 (0) 5005500000  23.08 23.94 4049 87.50] 12 1.75 1.65 3.00 : 7.00 (~1.681) 29.80 25.19 24.72 79.70
3101(-1)  245(+1)  381:6.19 19.55 19.52 33.17 72.24] 13 175 1.65 5.00 : 5.00 2249 22.66 4239 87.54
4 175 3.00 (+1.681) 5.00 : 5.00 1513 17.93 37.59 70.66] 14 1.75 1.65 5.00 : 5.00 21,69 23.72 38.11 83.52
5 175 0.30 (~1.681) 5.00 : 5.00 2419 24.60 31.78 80.57) 15 1.75 1.65 5.00 : 5.00 23.50 24.11 35.71 83.33
6 0.50 (-1.681) 1.65 5.00 & 5.00 10.37 12.45 32.47 5528 16 1.75 1.65 5.00 : 5.00 26.13 25.74 40.12 91.99
7 175 1.65 5.00 : 5.00 2177 2276 40.42 84.96] 17 2.49 245 6.19 : 3.81 1247 16.12 36.83 65.42
8 3.00 (+1.681) 1.65 5.00 : 5.00 27.50 21.18 36.63 8531] 18 2.49 245 3.81: 6.19 2253 1922 36.41 78.16
9 101 0.85 3.81:6.19 2233 2048 26.63 69.44] 19 1.01 245 6.19 : 3.81 0.87 932 42.22 61.42
10 1.75 1.65 7.00 : 3.00 (+1.681) 9.47 20.95 39.19 69.61] 20 1.01 0.85 6.19: 3.81 13.99 11.86 33.67 59.52
90 ]
& xR
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Fig. 7 Three-dimensional effect plots and contour plots of each factor on composite scores
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Table 3 Verification results of preferred prescriptions
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EVE O ORHE PP E %
28.51 2420 36.34 8990 89.06 0.94 !
2794 2459  36.06 88.58 1.46 &8 Ind/INB-NFA &htﬂ%?l‘& MR

SRS Ver

3 2872 2298 39.13 9082 —1.03 Fig. 8 Ind/INB-NFA and appearance of ejecta
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=4 VerMIELER (X£s,n=6)
Table 4 Measurement results of Ver (X £ S, n=6)

=5 EERIMEMNEER (X+s,n=6)
Table 5 Foam fluidity measurement results (X + s, 7 = 6)

KIS FBOAR AR em® BBHRAK AR em? Vir

1 4.20 0.32 13.13
2 4.00 0.29 13.79
3 430 0.32 13.44
4 5.60 0.36 15.56
5 5.50 0.35 15.71
6 4.40 0.30 14.67
P 4.67+0.70 0.32+0.03  14.38+1.10
RSD/% 1495 8.45 7.65

Jonin HE B /em
2 3 4 5 6 AL
5 005 0 0 0.10 0 0 0.0320.04
15 005 0.05 0.05 0.10 0.05 0.05 0.06%0.02

30 0.05 010 0.10 0.15 0.10 0.10 0.10%0.03
45 010 0.15 020 020 0.15 0.10 0.154+0.04
60 0.15 015 025 020 0.20 0.15 0.18+0.04
120 0.15 0.20 0.25 0.20 0.20 0.15 0.19%0.04
240 020 0.25 0.25 0.20 0.25 0.20 0.23+0.03

RFFIEFFC SRR MR R, SR 9 .

it 0h, WWIRFEE, PREAD, WK EEZRER
o 4h RIIRZBH &I INEIR, IBIRERZR, B
D, BRRZEERVECR S, W] Ind/INB-
NFA B3 0K 4 h A BERE 4EFFEIRIEAS, e H
W 25K

B9 TEIRERE®EMES
Fig. 9 Microscopic images of foam at different time
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JERNFEA T 30 mine JIA 25 mL fRi% % 37 C
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I B IR R i AR SOt R 29 . % Franz 9 it
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Fig. 10 Isolated rectal mucosal penetration curves of
indigo (A) and indirubin (B) (X £ s,n=26)
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Fig. 11 Weight (A) and DAI score (B) (X £ s,n=28)
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Fig. 12 Representative image of colorectal length in rats
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Table 7 Statistics of colorectal length and intestinal weight

coefficient (X £ s, n=38)
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Table 8 Scoring criteria for colon pathology
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Fig. 13 Representative image of colon HE staining
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