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Abstract: Objective To prepare the bilayer film for oral ulcer by solvent casting method, and study the effect of surface
modification on film quality and efficacy of Qingdai (Indigo Naturalis). Methods The optimal formulation of the film was
optimized by single-factor experimental design and response surface optimization method, and the properties of the film such as
surface morphology, adhesion time, tensile strength, content determination and drug release in vitro were evaluated. A rat oral ulcer
model was further established by the chemical burning method, and the effects of film preparations on tumor necrosis factor-a
(TNF-a), interleukin-1p (IL-1p), IL-6 and oral ulcer tissue morphology were investigated. Results The blank isolation layer was
determined to be 25 mg/mL ethyl cellulose ethanol solution, and the best formulation of the drug-loaded film was as follow: 63
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mg/mL PVAL17-88, 55 mg/mL PVP K30, 3.0 mg/mL gelatin and 0.047 mL/mL glycerin. After the surface modification of Indigo
Naturalis, the double-layer film preparation had a smoother and more uniform appearance, higher content uniformity and release rate
of active ingredient indigo than the unmodified Indigo Naturalis double-layer film preparation. The pharmacodynamic results

showed that compared with the model group, the contents of TNF-a, IL-1p, and IL-6 (P < 0.05) were significantly reduced in the

positive group and the modified film group and the infiltration of inflammatory cells was reduced, and the healing degree of ulcer
tissue was higher. Conclusion The double-layer film for oral ulcers of modified Indigo Naturalis has better quality and curative

effect, and has a better application prospect.

Key words: Indigo Naturalis; powder surface modification; mouth ulcer powder; double-layer film formulation; evaluation of drug

efficacy; indigo; indirubin
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& (20. 40. 60. 80. 100 mg/mL). PVP K30 ffi &

(10. 20. 40. 60. 100 mg/mL). HfiFI & (1.0.
2.5. 4.0 mg/mL). H i A& (0.01. 0.02. 0.05. 0.08
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Table 2 Experiment design and result of response surface experiment

i -
SEIRPS Xd(mgmL™)  Xo/(mgmLt)  Xs/(mgmL?) Xa/(mL-mL7?) S R W S ZEa vy

1 20 (-1) 60 (0) 1.0 (-1) 0050) 17 2 24 21 86
2 60 (0) 20 (-1) 1.0 0.05 22 25 23 23 93
3 60 100 (+1) 2.5 (0) 008(+1) 20 25 23 22 90
4 100 (+1) 60 25 002(-1) 14 23 25 24 86
5 60 20 25 0.02 23 25 23 23 94
6 60 60 1.0 0.08 22 24 23 22 91
7 20 20 25 0.05 15 25 22 21 83
8 60 60 4.0 (+1) 0.08 23 25 23 22 93
9 60 60 25 0.05 23 25 25 25 97
10 60 20 25 0.08 22 25 23 21 91
11 60 100 25 0.02 21 23 23 25 92
12 60 60 25 0.05 24 25 25 24 98
13 20 60 25 0.02 17 22 23 23 85
14 60 60 25 0.05 23 25 25 25 98
15 100 100 25 0.05 16 22 24 25 87
16 20 60 25 0.08 16 23 23 23 85
17 60 60 4.0 0.02 24 25 23 23 95
18 100 60 4.0 0.05 17 25 24 23 89
19 60 60 25 0.05 24 25 24 24 97
20 100 20 25 0.05 17 25 25 22 89
21 60 60 1.0 0.02 22 25 23 23 93
22 20 60 4.0 0.05 18 25 23 23 89
23 60 60 25 0.05 24 25 23 24 96
24 20 100 25 0.05 15 22 21 24 82
25 60 20 4.0 0.05 24 25 24 22 95
26 60 100 1.0 0.05 20 24 23 24 91
27 100 60 25 0.08 17 24 25 23 89
28 60 100 4.0 0.05 22 25 22 24 93
29 100 60 1.0 0.05 16 24 25 24 89
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Table 3 Regression model variance analysis results

TR A HAE B F i P RBEMERRE FFM AGME 5 FE PH  BEHE
R 532.31 14 38.02 21.83 <0.000 1 HRiZZE| XsXa 000 1 000 0.0 1.0000
X1 30.08 1 3008 17.27 0.0010 | Xi? 44775 1 447.75 257.08 <0.000 1 t} &3
X2 8.33 1 833 4.78 0.0462 BF | X2 6573 1 6573 37.74 <0.000 1 &
Xs  10.08 1 10.08 5.79 00305 &% | X& 721 1 727 417 0.060 4
Xs 3.0 1 300 1.72 0.2105 X42 4670 1 4670 26.82 0.0001 HEE
XXz  0.250 1 0250 0.1435 0.7105 Bz 2438 14 1.74
XiXs  2.25 1 225 1.29 0.274 8 KT 2158 10 216 308 0.1446
XiXs 225 1 225 1.29 02748 WE 280 4 0.70
XoXs  1.137X1018 1 1.137X10%6527X10  1.0000 BAl 55669 28
XoXs  0.250 1 0250 0.1435 07105

ST
p 8 Illl'
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Fig. 1 Response surface map of effects of various factors on film comprehensive score
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Fig. 2 Drug layer (A), blank isolation layer (B) and SEM image (C) of bilayer film
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2.7.2 pHAEDE  FEFI pH BT 3 380 5 e sk
PEA EE . BUBTE T34 5 mL pH{E4 6.8
IR E 2l (PBS) HIELEY, J5H pH it
BT, s e f50E pH E. P17 3 I
SEES . EHAR 4 AT, 3 BRI pH {ETE 6.93~7.02,
TR, Bl T s ) pH {8 . 3 AR R T
pH TR EH M Z R

273 FhibtERE  BYROREUSEE, R E Tk
AR, RS BRI TR 2H 2 |, e
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r/min R, 0SRG2 vk
). Z5RUNER 4 Prow, M i ise I 7 0 T3 26

&4 HBEF. SUMEESIFYERRTRRE pH E. R
BfiE. HhEE (X+s,n=23)

Table 4 Surface pH, adhesion time, tensile strength of
ordinary film, modified film and mixed film (X £ s, n = 3)

A pH {i ZEBE Rl /min PR /MPa
WM 6.89+0.06 142.67+4.04 1.06+0.22"
BebEfRA)  7.0240.04 149.33+12.66  1.06+0.13"
YIRS 6.93+0.08 146.67+9.71 0.93+0.05

S5YnREAItEg: "P<0.05
*P < 0.05 vs physical mixed film

B [R] 9 142.67 min 2247, oS0 105t 32 FES 5 1)~
%6 BN EIZE 149.33 min 2245, W0V 1 s sk e 1)
YR ] 7E 146.67 min Z2 47, 3 3 BB it 7] AH
ZEAK,
2.7.4 PUIKHREE R JSUAAASOR AN [ B PRI A LR 14
REEATIE, BUMDCE BRI, HRkEEE 30
mm, MR E A 1 mmis, I8 Fih SRR KR,
THE 3 PP LRIt s, SRR 4 B, ok
B 7 P07 308 JE R b R B 4, 9 1.06 MPa /it ,
TR TR 5K 58 B B (K, 4 0.93 MPa it .
275 FENE

(1) itk 2614 B A Welchrom-Cas £ (250
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mm X 4.6 mm, 5mm); s EEL-/K (70 © 30);
AR EN 1 mU/min; AR 30 'C; #EFEE 10 pL;
K K 289 nm.

(2 5o FE A VAT PR 1) 5%+ S R B 0 R B
BE R ISR, 0BT 25 mL ARt EILH,
AN N,N-—H L HEEE (DMF) #8730 min 35E
7, HilfH 155.6 png/mL HE XS IS IA AT 126.4
ng/mL € B L0 IR TR, (B &

(3) AL % U BE O 2 5 R
F 10 mL &3, ii A\ DMF #8730 min, it 0.22 pm
WALUERE S, RS

(4) MR RFELE: B LIRTEE. fEEax |
i i SRR RE I S 6 AN 7] 0T SR B 1 0k Rt
W, LA AN RARER (Y), B R AR (X
BHATZRYERNE, 5 RRGEE . St KL R TE S
N Y=6X107 X—678.83 (r=0.999 9), Y=5X107
X+905.05 (r=0.999 6), ##i7E 31.12~38 900.00
ng/mL. #&FE4ZL7E 50.56~3 160.00 ng/mL £k %
ER/I

(5) FEH L. HUEETE . B 1 205 HE T IR T
& CEONEATT TUR JTEIESIRE 6 Ik, 45K
HE USRI AR RSD A 0.24%, &t E4LIETHA RSD A
0.60%, K BHAASKE % BE R 4T

(6) HEEMHEL: 6 Mokt “ Ml
IR B2 TR JEm &, el #EE
LIRS, S5 RV RSD N 2.82%, HEL4LL
RSD }y 2.49%, RMAITIEEZNER I

(7) FaEtEEg. BU1 oz«
WP OUR ksl &R, T 0. 20 44 8.
12,24 h J5 e BE il e B 4L AR, A E 5 RSD
9 1.06%- #E KL RSD A 0.44%, I IR
Fae Rt

(8) hnkEmICR AL, B e e i AE K 4L
FEAMRMIE 101 IAEEE. TR
W, MESE, SARRPER . B L8P
[ 4354 100.31%- 93.72%.

(9) SEIEIENE: 73 AE 3 B Oz R
FET 10 mLAREEKF, A DMF &7 30 min
HESR, 1022 um FFLIEMNE SRR E, R
FPFATIR 10 R 45158 5 Fow, 0l i
I 791 e 0 AN BE R 40 5 & F Ak i 0.429%
0.043%; 40T 11 I 92 IS5 771 e W A5 K 2100 12 4 30
433128 0.335%- 0.030%; #7098 11 s 75 12 M 551 e 1

x5 HE. M MROERGRASEHAIM (X5,
n =10)

Table 5 Content uniformity of ordinary, modified and
mixed oral ulcer films (X £ s, n = 10)

FE HE 1% LTRRANLD)
W 388 5] 0.429+0.058 0.043+0.007
UM 0.335+0.011 0.030+0.001
YR F1) 0.247+0.022 0.022+0.002

B R L0243 5053 N 0.247%. 0.022%. 50 1
BRI AN L 40K RSD (435N 3.18%.
2.38%) /TR (4508 0.429%. 0.043%)
FIYDIRIET (8.76%+ 9.54%), &R D sk
FEET) Er B 350 50 1 vl T S R AN A VR

2.7.6 RN KA Franz ¥ ECh T O s
BRI ARSI . K 0.22 um [ BSBRET 4k
Z AL pH (N 6 1) PBS 2l rF/kAL 12 h, SR)5
P E T80, 5 1 emX 1 em 1002 B 5 [ 2
FEREIRAT 4RI L, UL pH {E N 7.4 () PBS W%
I, 37 CHEIRAKB I, Bloh N IR 1B+
#3488 300 r/min. 43T 0.5, 1.0, 1.5, 2.0. 2.5,
3.0 h [ R) AT EORE CTRIERION R AR 2 1 e A
i), KH HPLC Ml e Bl e s & /. 25
FanBE 3 FroR, Ao 5z SUZ RS T e
WA, HARMRN . Sot: O i B B i
o R I A B N3G AN . AR A 2RI R T
UM U BRI 3R o315 38 1 T AR e MR, i
AIReRIAE BRI G, RLEER PR 20 5
BiEE 2,

2.8 ORRFHEFIARFETMN

2.8.1 HEBBHEAMES. S nH5%% 56
H SD HEMERRIEMHERETE 1 &, H 20% 5 kHE

0204

05 10 15 20 25 30
t/h
3 MEORERBARTAINEIEREE (X+s,n=23)
Fig. 3 In vitro release of indigo from modified oral ulcer
film(Xxs,n=3)
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(1glkg) ip BRIF, ZFEAR NEREE, KiZiH 50%
UKINEIR A B AR R ER B TR BN SRR L bek 60 s, 24
h Ja WS BF HEBAG I BtE R I 2 H G
. KB, A%, KRR TH, EAH.
BRI BAVEZE MR DI DB BRI,
P L AL ek D R AL PR
M ERIA . BREGZ 3, Lk GFd
P 5t 25 2 75 40 mg/ 5ok 10 s i s
SR D B RS 2551808 60 molfr . =H S

PR

A, Y5 40mg/f), [EFE 4h.

282 HHKXBIEESHE KERFE 1. 3.5, 7
RO v UG 4 B, Som AR et
A . MEIRTTE . 50%IKESER A FEEE 1 K
J& B K BRI R I TR 5t 77, BP0 I Jd el £
K7 o RN . SEZHAE 7 d 5 H iR
R XA IR s, It AN, A Re
PEZGH SR A A A R, R i
FERIRIT R

.

T

&l Bigid el iR

B4 FEKXRORHES
Fig. 4 Morphology of rat oral ulcer in each group

283 WUmALREEEL  HIUREY HE 44t
SN 5 s, 2 AR DR A IR,
T ER . A Z UL NG, B R
FEATMIR I s AFEIR 2 BRI s R 4 2 1 Al A5 5
JBi7E ™, AR E SRR DB EoT 4
KA FEAL B Z; SR SR
JESTR 2 B B 2 40 S, AR B 7 2E 286 A A 2 A
AIEINE, PRI BEAA L SRR

BHPEZG SR, SR 7E %, D T RO
LRI o

284 BUHHLH TNF-o. IL-B. IL-6 /KF 595
YU FRAFRLIN 45 SRR 6 Fm . 45 RRH],
T A0 TNF-a IL-1B 1L-6 &5 & 52 2 3
(P<<0.01), KUIEBIL. SHMAMLL, BtS
SR E WD T AL TNFon IL-1B 19
EE(P<0.05)\ BFHMA T IL-6 fHE(P<0.01);
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Fig. 5 Histopathological sections of rat oral ulcer in each group

#*6 BHEKROREHELS TNF-a. IL-18. IL-6 BE
(X£s,n=8)

Table 6 TNF-a, IL-1p, IL-6 content in oral ulcer tissues of
rats in each group (X+s,n=28)

JF IR (pgrmLY)

il
TNF-a IL-1B IL-6
TH 59.60+16.35" 58.08+16.76"" 77.42+21.96™
A 120.60+16.97 256.00+40.51 269.50+44.69
FH 1 83.60+13.09" 173.92+8.25" 168.461+29.69™

MrPEfES 90.10+15.70° 183.50+17.62" 202.21+16.72"
Wi 101.35+11.39 186.00+16.81" 219.29+79.87
VIR 96.602452 209.75+4556 233.25+45.62
HIH 102.60+15.86 203.08+41.42 238.67+53.87

SRR LS “P<0.05 “P<0.01
"P <0.05 P <0.01vs model group

SO B ZH A TNF-0 IL-1B+ IL-6 B EAR T
H, ZREGE N (P<0.05); s 4R
MR B0 T IL-1B K& & (P<<0.05).
3 it

B EEA P TR PR AU EE
UKAATHURE . BURBLRDS; AwlRRREeE & . 1k
PUEERel, 3 FH G, nIA BRIz kAL 1R,
(Rt AT @ A0, Rk, ABF7CIES O o El
VE IR 25 ] % 1 s it M5 DR RS T 0 11
i 5k 0 ) R B R R, R I E T R o T
A0, FARTEHUH DL O 7RG B 5 o e 2, [A]
WE PR AEZH T T ) £ SUZ TR, 2 B 25 JE ANk 41
FHMOERE, $em 7R HANKMNE, B8
il 7 AR, PR RIT AL

AR AE T A BB AL T 7 32 S 56 o

B, BT R O AN IME 22, CMC-Na g 5k
PEHF BRG], HPMC BESUEMER L, SRt
RAE. I abTrTRiE 5L, H&EEE PVA 17-88.
PVP K30. Wi, HMIAEFRIALTT . *F e Btk
AT JG P& 7R, IR ISR L . SEM 45 5 m]
A T RO A R R B — B,
KRR NTFERNEE, Tk, %25
IYEAE AT RNA TR, S — T RS RIS, I8z
TR E ORI BT A, DT A i T
FEF 5] oA, IX AR M R B A S S
SINE A UR B ALAE S50 1R A1 24 R TR S 56 rh B
B G BRI S AR AR EERUK,
XATRE SEEIETE A K. B e — PP Es K BRI AR
W~V 77, 2R HeeAERtE B, Kk
08, PRSP AN BEIE B S Bk &, wiOBORE
I3 DLOREYS) — 1 SR T B R e P 7 A A ) H
BEWE, T B 2 5 B A R8RS o3 R TR 1
I, X5 PR A HIAE ot B 2R T A
BON—30 RIELRERG N T SR ROREBCR, X AT RE
W T E R JERLE /N, RGN, 33
AR RBETIEZ

gi b, RHIETHI & D = B, R IH
e, G, AYEENN, DB
ARBIFRNETTROR, Sl T RS AL 25 B A
T, AORASFAT SO FE A ) R, D dR e i 59
Il PR I A PSR T3
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