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Preparation, characteration and therapeutic effects on ulcerative colitis of
PEGylated emodin/rhein-liposomes thermosensitive gel
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Abstract: Objective To prepare PEGylated emodin/rhein-liposomes (PEG-Emo/Rhe-Lips) thermosensitive gel, and to investigate its
therapeutic effects on ulcerative colitis (UC) model mice. Methods PEG-Emo/Rhe-Lips was prepared by film hydration method.
Box-Behnken design-response surface method (BBD-RSM) was used to optimize preparations of PEG-Emo/Rhe-Lips.
Micromorphology of PEG-Emo/Rhe-Lips was observed by transmission electron microscopy (TEM). PEG-Emo/Rhe-Lips suspension
was prepared into thermosensitive gel, drug release in vitro of PEG-Emo/Rhe-Lips thermosensitive gel was also studied. UC model
was established, the therapeutic effects of PEG-Emo/Rhe-Lips on colitis was studied. Results Optimal formulations of PEG-
Emo/Rhe-Lips: dosage ratio of phospholipids to cholesterol was 10.4:1, dosage ratio of total lipids was 9.2:1, dosage ratio of
phospholipids to DSPE-mPEGaz000 was 3.9:1. Encapsulation efficiency, drug loading, particle size and zeta potential of PEG-Emo/Rhe-
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Lips were (83.72 = 1.09)%, (7.51 £ 0.12)%, (199.22 £ 9.06) nm and (—17.64 + 0.58) mV, respectively. The morphology of PEG-
Emo/Rhe-Lips was approximately spherical. PEG-Emo/Rhe-Lips thermosensitive gel exhibited obvious sustained-release
characteristics, and the cumulative release rate of emodin and rhein were 88.16% and 89.90% in 24 h, respectively. Drug release
mechanism was coexistence of diffusion and matrix erosion. Pharmacodynamics showed that the length of colon, colon wet weight,
colon index and thymus index of PEG-Emo/Rhe-Lips temperature-sensitive gel were significantly increased (P < 0.05), the disease
activity index (DAI), intestinal mucosal damage score and spleen index were significantly decreased (P < 0.05, 0.01), which showed
that the UC therapeutic effects of PEG-Emo/Rhe-Lips temperature-sensitive gel was better. Conclusion PEG-Emo/Rhe-Lips
temperature-sensitive gel greatly enhanced the therapeutic effects of emodin and rhein on colitis with no obvious irritation. Therefore,
it was worth further developing.
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Behnken design-response surface method
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P UC B RA RIFIBITIERDS, 2 Fpli Bk 245
Ja it — B4 E UC Y97 AR, HAEANLSI TR 5
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WF 500 i T 58 4 Z BEAB A K 3% 3/ K 35 R IR o A4
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Lips) 475 T2, (A EERIREA R, ¥
PEG-Emo/Rhe-Lips 75 & il £ B Gt e« 257 /)N
i UC #i, 5% PEG-Emo/Rhe-Lips I 80&E %)
UC AN BNEITIER, a8t 7T K BE5E SE
36 LA
1 XEEHR
1.1 {¢E5
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Al SCO-1 B HidEas, b/ NERHA R A A
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# BR/AH]; Mastersizer 3000 B FEAY, TEE /R
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TRAEE. RS1 BB U AR, FEER KR Bifg
X BB AT ; System-4000 U HAX, EHERR EAX
BRZEIRAT; NWC-4 BUiR A 1T, FiEEIR
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B, HAREAH.
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520220711, JFREASTEL 98.0%), MR FATEEZE
A MWRAT; DSPE-mPEGio0 (L5 R054126).
DSPE-mPEGa000 (#it 5 R053501) A1 DSPE-mPEGug00
(#t'5 R145526) ¥ H Hig % BHIA R AR K
GUIBEAE (LS SY-S0-220209). JHEHEE (HitS
C00373), g LYERER AR AT IR 407
(P407, #t'5 GNG06521B). JHI& Vb 188 (P188,
flt5 GNG21488A), 1&[E BASF ~H]; EibHilE,
fIt5 SS0905CA24, _LipIRAEPRH AR AR ;
HIRBERUER AN, AN 4> 7B E 36 000~50 000, ik
5 S5648, [H Biomedicals A7 ; £ EHEE, #S
BL539A, Z:[H Biosharp A7l; 73K Z-FHLLGHR,
fit'5 B1002, s A TR R A A
1.3 49

R RI/NR (SPF 90, MM, #RiE 18~
22 g, WEMEA NP ELLR O, A ES
SCXK (4 2020-0001. 556 ik FEIEAE KB Tk Jvi
REAR G KLV E R E, WS 3R R
0, e E LS 20240318
2 FAEEHR
2.1 PEG-Emo/Rhe-Lips B

AR U8, KRR K =& A 1!
1 BT UC BUR £, i % PEG-Emo/Rhe-
Lips RPEHEILEN 11 1. B 20 mg KR
20 mg KR E TAEMA, AT 2 OR AR
RE[E BEAT DSPE-mPEGa000, TIAFHLAFR] (FEA-4
B 3:1) 50 mL, ZHET 45 CKBH, W1
PER ISRV, BURNEZE S IARIE . YAIR T
VAR, B E AR pH 6.8 BEER ER 20 (PBS)
VERKAR, TEIRZE 45 CJa N & A8 B I A a6
i, BT 45 CKEH, T 700 r/min $5IE N LT
PLFE— B E], 200 W B NS 10 min, 1T 0.45
um 7K BRI 1S PEG-Emo/Rhe-Lips 7R #2021, A5
KIEEHEFRHEIR I PERE & (PEG-Lips) [RIVLH] %
2.2 HPLCAEMEAXERMARIKREE
22,1 BB BN G -0.1% 5 BR /K VA TR
(70 : 30); KM KN 254 nm; 4y Diamonsil
Cig#F (250 mm X 4.6 mm, 5um); HEFEE Y 10 uL;
FEIRA 35 °Cs ABEN 1.0 mL/min.
2.2.2 PEG-Emo/Rhe-Lips LR/l fh & K%
W X PEG-Emo/Rhe-Lips V& 1 mL % 50 mL &=/
L, IMANE VAR (RA-CFE3 1 1) 4 30mL, 8
5 min R R AR BRI H K, 12 05-0.1%

TR (70 0 30) PR ESY . HELIEM 2.5 mL
2 10mL &R, 11 LME-0.1%BERR /KA (70 30D
Pk E 2%, B8 PEG-Emo/Rhe-Lips Htis it VA -
223 ZMEXRRFEER  FEEFREL 20 mg KN #
Al Al 20 mg KEEZ IR A SomL 2, ks
RV R A, ORI AR R IR
400 pg/mL IR G X IR S . R ZE-0.1%1
BRI (70 © 30) 4 R R A K 3 3R VR 0]
fitg £ UM B » T 1) BT BV FE ) 43312 10.00 5.00
2.50. 1.00. 0.50. 0.05 pg/mL ] Z 1%} IR HA -
PG “2.2.17 BT 3 SRR 8 R SR AR B 3R %
JREWRE (OO MR (Y), JTLMERE, 555
TR M 2 0] 5 7 R 53 0 O KB Y=26.154 7 X+
0.2882, r=0.9999; K# &K Y=28.1540X+0.1569,
r=0.999 8, ZERKXYIRKEMMKERILIME 0.05~
10.00 pg/mL Z8PER R R 4.

224 LjEMEFEE IR S, 1R 2227 I
NOTEACIRAS B A SR, 3 DOR SR AR 3 3%
TRA TR (FUEIRIE N 1.00 pg/mL)
PEG-Emo/Rhe-Lips i i, &M “2.2.17 BiF
R SRR RE I, SR IE 1, g5 RR R X
IR AI R B R S o T8, TIE k.

KIERE ‘\ PN
|
| /‘
1 j‘f\pgﬁ‘ A
; Jo B
'I’k C
0 | 10 | 20 | 30
t/min

E1 PEG-Emo/Rhe-Lips #£f (A). KEBRMAERES
B (B) FMPAtEHmA (C) B HPLC &
Fig. 1 HPLC spectrum of PEG-Emo/Rhe-Lips (A), rhein
and emodin mixed reference substances (B) and negative

sample (C)

225 KEEHFEHESE BB CE = ER Y
23515 0.05+ 1.00+ 10.00 pg/mL TR A X 8 S IE W
R “2.2.17 TR (a2 IR SRR IE 6 IR, Tt
HAAKBIRAC. . & R IE AR RSD 4393
7 0.68%- 0.26%- 0.20%; KEZRK. . miE
WREZVETTAN Y RSD 235108 0.44%. 0.38%-+ 0.24%,
SRR LA IHNE L RUT o

22.6 famEtE#%%  HUPEG-Emo/Rhe-Lips fitix i %
B, Al FHIEE 00 34 64 9. 120 24 h HEFE 10
ul, F%HR “2.2.17 TN il 24 2 K E R R 3
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FIEMA, THER KR K RIEMA RSD 7
AN 1.26% 0.81%, FEAMLEKSETRLE 24 h Nz
et R LT,
227 EBEEMEEL  HUA—4r PEG-Emo/Rhe-Lips 2
B, H%IR “2.2.27 TUR J7iEA% 6 4 HHEa i v
IR “2.2.17 TR 35 5% R R I i K B IR AT K 3
TR, TR RKERAK R R TUEIRE M RSD
3R 0.76%1.24%, S5 REHZ L E LR IF.
2.2.8 fIFEELEFZS 53 kEE I PEG-Emo/
Rhe-Lips &2 0.5mL % 9 4> 50 mL &, Bl
SRS H w3 A AR KRR R &
WRESE R 200 pg/mL FVR G I AR 0.504 0.75,
1.00 mL, %[ “2.2.2” 1T J5 %% PEG-Emo/Rhe-
Lips B id i, e KERMKE R AE. 15
R BEER PR AL U 101.04%, RSD -
0.94%; KEZENKFHMFEREZEA 99.48%, RSD
N 11T%, &5 FRZ i B
2.3 PEG-Emo/Rhe-Lips B &, HZAE. A=
¢ BN E

HY PEG-Emo/Rhe-Lips V&, 1L 0.45 um
FLAKMEE, B 1 mL B THIIEE B E
85000 1, 12500 r/min B0y (B002F4% 6.4 cm)
15 min, 58 B P8R HH I B O SR R AR BE 2R A 24
B (M ) P AR R RE R SR YE
(M wsw) THRAER, BIERER. KR &S5
BEE S (W e 1HEEZ & R 40K PEG-
Emo/Rhe-Lips JEEMFE 20 f5, #5)JE TR
e AR £ 4 R £ (polydispersity index, PDID
FC HLAT

AE R =M poma— M win)/M sz

BHE=(M suu—M wup)/ W gnn
2.4 HBEE%EZR PEG-Emo/Rhe-Lips 75 K &%
Iz

SRR )2 . IHE EE A DSPE-mPEG it
B, MABRERIRRNERAMKERNORAE.
PEG-Emo/Rhe-Lips [/ At &b 77 A J g iR 24 &
Fe OTRZ5ED 9 10+ 1 B i H [ s A = B oA 10 -
1. /55 DSPE-mPEG &L 4.0 © 1. /KAAEFR
N30 mL. /KABHS A 30 min, RN 8L
U 1 AN, AR RS .
2.4.1 DSPE-mPEG W S5iE# SHHEMLT, %
%% DSPE-mPEG #! 5%} PEG-Emo/Rhe-Lips #i % ]
s, ZERILEK 1. BEE mPEG AHXT 4> T B E 14

#& 1 DSPE-mPEG Z!S3%} PEG-Emo/Rhe-Lips #| & HI5
Mg (X+s,n=3)
Table 1 Effects of DSPE-mPEG model on preparation of
PEG-Emo/Rhe-Lips (X +s,n=23)
DSPE-mPEG 5 @%/% A E/%  Kiff/nm
DSPE-mPEGioo0 65.46+1.10 5.78+0.21 250.32+13.16

DSPE-mPEG2o00 73.01+1.29 6.49+0.18 244.15+10.45
DSPE-mPEGao0  60.760.78 5.1710.15 349.711+26.22

1, PEG-Emo/Rhe-Lips 35 Z 4k 2 &3 2 e 1
J& N B, AIRE RN mPEG AHX 21 R BN,
PEG-Emo/Rhe-Lips KHEUH AL, K Z4Y 5
s, HOLAERNEHZGERR: mPEG MX 72T
5 B8 K, PEG-Emo/Rhe-Lips A28k, fgFifAk
FEE MR 2P0, A A AR 2 B T B . HeRH
mPEG A%} 73757 & 3& H ) DSPE-mPEGaooo KAl %
PEG-Emo/Rhe-Lips.

242 WHRSHEREHENRESE 2% PEG-Emo/
Rhe-Lips F:fili4b75, 25 28R 15 IH [ 1 &t
PEG-Emo/Rhe-Lips fill & 150, 4558 W& 2. PEG-
Emo/Rhe-Lips ‘B3 2 A3 24 &3 it 7 0 5 -5 IH 8] i
PR ECN B B AEH 5 NS, mTRE R RO BEIR
5 i ] e ) BRI B 1 5 4 o5 9% PEG-Emo/
Rhe-Lips #2575 8], Al H A0 35 5 F g 24 B AUILs);
LR 5 IR B H & LM, PEG-Emo/Rhe-Lips
o MEIRARDO), KT AR IR &y it it 255 RiAR
W 25 18 5 5 L e ) B e A S0 N . 2%
HEIE, EPEBHESIEEE TR St 1~121 1 #
A7 e SR B EAL o

243 flEZ5tk*%E%¢ 2% PEG-Emo/Rhe-Lips 7
77, #8EZ5 L% PEG-Emo/Rhe-Lips #1145 ()5
my, 55 LR 3. PEG-Emo/Rhe-Lips % K% i
LRGN B AEHG N E AR O, X AT RE S T
IR, 2Rt 1 a2y m, A
2 s 5RBEEEZA £ 3 PEG-Emo/Rhe-Lips #&#Y

i (Xts,n=3)
Table 2 Effects of phospholipids to cholesterol ratio on
preparation of PEG-Emo/Rhe-Lips (X + 5,7 =3)

05 55 A

BEHZEY%  BEEY% $if%/mm
JiiEan
6:1 65.020.78 5.84+0.23 248.711+12.40
8:1 72.66+1.14 6.47+0.15 237.62+10.83
10:1 78294097 7.1120.16 219.48+9.95
12:1 74894096 6.691024 210.20+=11.84
141 70.81+1.05 6.3420.13 211.92+10.77
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%3 P575Ht X PEG-Emo/Rhe-Lips HI & IS (X £,
n=3)
Table 3 Effects of lipid-drug ratio on preparation of PEG-
Emo/Rhe-Lips (X+ s,n=3)

%5 Jk1LikFRYT PEG-Emo/Rhe-Lips &850 (X £,
n=3)
Table S Effects of hydration volume on preparation of
PEG-Emo/Rhe-Lips (Xx s,n=23)

RALE BEE%  RAE% Fift/nm KAR/mL B F/%  RAGERE/% Kif2/nm

6.1 64.19+£0.68 9.07+0.19 194.58+£9.36 20 68.271£1.06 6.14%0.13 268.10%£21.66
8.1 72.81+£1.14 8.11+0.14 203.79*=11.24 25 75.16%£0.95 6.771£0.24 249.72+15.47
10 .1 79.34+0.99 7.19+022 207.23+13.04 30 7743+1.08 6.96+0.17 197.57110.94
1201 80.50+1.07 6.06+0.15 234.84+10.88 35 74.194+0.98 6.54+0.10 198.94+11.23
141 80.97+0.86 5.4440.13 253.69+11.75 40 72.561+0.87 6.29+0.24 194.451+12.61

Tiem AR, HRSREEBALN, Al
AL RPN, 2R R A AR 24 L 3 i iz
N, RBANR T KR SRR RNR 2 kiR
B A 25 L R o PR Kok, TTRE R N e
U &3 K, PEG-Emo/Rhe-Lips 2 [0 %5 % k£
B, LA E 8, R 8 1 1~12 1 1 TG
S B RIAAL o

2.44 TWifl55 DSPE-mPEGa HEEE 2%
PEG-Emo/Rhe-Lips &Mk 77, #%W5/l5 DSPE-
mPEGaooo ] & b % PEG-Emo/Rhe-Lips ] 4% 1] 5
i, Z5RIER 4. BEEWNES DSPE-mPEGao0 F &
EEr) 3 n, Gl S a2y B BN O E N
A, AT RESR KIS B 3 I DSPE-mPEGao FI &,
TR H R E 25 RS, A A R 2
;{2 DSPE-mPEGaooo FHEBURN, T3 PEG
KB MIHEF RN, 50 T PEG-Emo/Rhe-Lips &
B DS, SEAY IR, GEHE, EEFHIE
5 DSPE-mPEGaooo I EE 3.5 ¢ 1~4.5 1 1 #HT)54:
M) 182 TR AC 4K o

245 JKWAAERFES 2% PEG-Emo/Rhe-Lips il
77, EEIKAAEFINT PEG-Emo/Rhe-Lips il £ H
SO, 25 R WAR 5. WEE KA ARFR IS0, PEG-Emo/
Rhe-Lips f03F S E LRI J N5 TR, AR

# 4 55 DSPE-mPEG200 i £LL%T PEG-Emo/Rhe-
Lips FI &M (X+s,n=3)
Table 4 Effects of phospholipids to DSPE-mPEG2000 ratio
on preparation of PEG-Emo/Rhe-Lips (X s,n=3)

RS DSPE- o bmeos  mz5%  fem
mPEGao00 H & Lt
3.0 .1 69.48+0.94 6.33+0.24 234.89+10.58
35:.1 74.17+1.17 6.74+0.13 226.10+11.24
40 .1 78.691+0.90 7.23+0.17 208.00+12.09
45 .1 73.07%+1.11 6.53+0.19 217.23+9.74
5.0 .1 70.16+1.13 6.37+0.20 216.01+10.18

A KA AT N, AH TR 8 78 73 KA S 3%
2y (A BTN, o 1 ek Rz E, H
AR B IKAERECRIY, §20 1 PEG-Emo/
Rhe-Lips (25 tafae IS, GEZE NIKAH: ki
FEBEE KA ARRIE N2 R &S KRN 30
mL i}, PEG-Emo/Rhe-Lips 3 % K & 25 S AHN L
=, RLAR/NT 200 nm, WO E KA AE Y 30 mL.

24.6 KALIS[EIZESE 27 PEG-Emo/Rhe-Lips £:fill
W75, #55KAI A% PEG-Emo/Rhe-Lips il % 1)
o, R WE 6. MEEAKIMAPER, i
MR BN E TS, mRRR &S
(7K ALEF ], 45 H]TF PEG-Emo/Rhe-Lips #%j, {H
AKAGI ARG, AT REX B R AL A RS e M M. PEG-
Emo/ Rhe-Lips £ #4855 M1 AL 5200, 3B A3 5
LR N, KRG, BT /KA E Y 25 min
I, Ed KR EA R, KA BN, #)
T € ZKAL IR 18] 24 25 min.

%6 IKLAFEIXS PEG-Emo/Rhe-Lips HI&Z MM (X £,

n=3)
Table 6 Effects of hydration time on preparation of PEG-
Emo/Rhe-Lips (X 5,n=3)

KAGR [E/min - BEE/%  WAE/% Hi4%E/mm
20 76.69+1.13  6.79+0.13 216.22410.12
25 82.5610.89 7341022 196.25+9.94
30 78.9940.94 6.98+0.18 204.78+12.07
35 73.12+1.16 6.52+0.13 215.71+12.62
40 70.7820.94 6.20+0.16 247.43+14.47

2.5 Box-Behnken % it-lu % (Box-Behnken
design-response surface method, BBD-RSM) i1t
PEG-Emo/Rhe-Lips 475

251 IR RTE AR R EEENE S RE R
tb. MEZ5EL. B S5 DSPE-mPEGaoo F & LLIEA
PEG-Emo/Rhe-Lips il £ 1 £ ZHMWH 2 X1\ Xon Xa)
FHREACFRENE 7. A5, B ENRAER
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PEG-Emo/Rhe-Lips 461845 Yiv Y2 8 Y3, Nfdifa
BRRE AR R, BRI BN, MO Y.
Y, Ml Ys ¥4y P )H—{8 Coverall desirability,
OD). H, BHE d wwMBAE d suatTHE AR
BIA dmax= (M= Mumin)/(Mmax— Muin), $i4% d neit
AN dinin=Minax— M)/ (Minax—Mmin)s Min Mmax
F Muin 7390 SEDME . B KAB A f/IME, 1] OD=
(d wpnd need wie)'Pe SEIGEER LK 7,

252 BMIE ST ZE 0 {EH Design Expert V
13.0 #A4% PEG-Emo/Rhe-Lips ] OD #4714, 15
OD £ 7t kI J5F2: OD=0.800-+0.068 X;—0.140
X;—0.110 X3—0.057 X1.X>—0.130 X1.X3+3.840 X 103
XoX3—0.310 X,2—0.200 X22—0.290 X32, #7 2% R?
FE IE BB Raa? 5724 0.955 3 F110.907 9, KT

0.9; BUFFIR P=0.000 6, 7 A& RNE S,
T ZA R B R S R P=0.073 1
(P>0.05), RTINS R ATME B s . 0 FEEUA
AL, FESIE R KNTT AARZ T Xo> 5 S
DSPE-mPEGao00 & Lt X5 > 5 5 RE[E e A = LE
Xio M\ OD 7 ZEAHERITHL X3 XXGHEAR
FMZER (P<0.05), Xou X2 X2, X3 Y EME
FER (P<0.01).

2.5.3 WNVIHZER. AL R AR T T
MELE 2, BEETEHEZRAELREN, oD
) RN )5 FR&E#ass. %$% oD EM Hirh
BOME, BUEYEEA 0~1, 3 PEG-Emo/Rhe-Lips
I AEALTT 9B AR S IR [ B P & L X 1039 01, IRZY
b X2 9.21 11, #5555 DSPE-mPEGa FHEL X3

# 7 BBD-RSM HIZITRER (n=3)
Table 7 Design and results of BBD-RSM test (n = 3)

Ia R Xi X X3/% Y% Y/% Yinm OD |idES5 Xi  Xo Xs/% Y1/% Y2/% Ys/nm OD
1 10:1(0) 10:1(0) 4.0:1(0) 83.74 721 19822 0.856| 10  8:1 12:14.0:1 7328 5.54 224.84 0.154
2 12:1(+1)10:1 35:1(-1) 7417 6.69 211.41 0451 11  8:1 8:14.0:1 70.64 7.64 210.77 0.204
3 10:1 10:1 40:1 81.43 7.33 207.26 0.768| 12 12:112:14.0:1 7542 5.72 219.64 0.278
4 10:1 10:1 40:1 81.13 7.24 206.89 0.755] 13 10:110:1 4.0:1 83.18 7.36 197.38 0.872
5 8:1(-1)10:1 451 (+1) 72.57 649 23827 0.228] 14 10:1 8:14.5:1 7247 7.89 224.96 0.398
6 10:1 8:1(-1)35:1 74.62 8.21 20571 0.642] 15 10:110:1 4.0:1 82.46 7.18 209.54 0.757
7 10:1 12:1(+1) 45:1 71.97 5.44 24824 0.000 16 8:110:13.5:1 71.63 6.47 24236 0.156
g8 12:1 10:1 45:1 7045 6.28 227.66 0.000] 17 12:1 8:14.0:1 73.14 7.86 198.11 0.558
9 10:1 12:1 35:1 76.41 5.55 214.29 0.228
=8 ODEFES
Table 8 Variance analysis of OD value
R PR HEE ¥77 FAd PiE KiIE - CPOTA HHRE ¥77 Ffi PfH
B 138 9 0.15 16.62 0.000 6 | X;2 0.39 1 0.39 4273 0.000 3
Xi 0.04 1 0.04 4.02 0.084 9 | X2 0.16 1 0.16 17.82  0.003 9
X 0.16 1 0.16 17.70 0.004 0 | X32 0.35 1 0.35 37.63  0.000 5
X; 0.09 1 0.09 9.82 0.016 5 | %% 0.07 7 9.22X 1073
XiX2  0.01 1 0.01 1.42 0.2719 | R 0.05 3 0.02 5.18 0.0731
XXz 0.07 1 0.07 7.41 0.029 7 | 4lifiZ=  0.01 4 3.30X1073
XoX3  5.90X1075 1 590X107°  6.40X1073 09385 | Mz 1.44 16

. 43 g
X2 90 X% 3.8

& 2

43 11.0

Xi/% 3.8

11.0

90 X 90 X

7 [ % 2 8] 32 B 4'F AR B M) R T &

Fig.2 Response surface diagram of interaction effects between two factors
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3.88 11, OD 1N 0.902. NME T, Fwifls 5HH
il B EL R 9 104 0 1, BRZGHGIREE )y 9.2 1 1,
155 DSPE-mPEGao FHE L% 3.9 1 1,
2.5.4 PEG-Emo/Rhe-Lips S fEA T HAE AT HI4%
3 it PEG-Emo/Rhe-Lips, MI#3H-FIgtE % 2
AR AN (83.72+£1.09) %, (7.51+0.12) %
A (199.22+9.06) nm ([ 3-A); %M “2.5.17 1
T EAR SRR OD BN 0.896, AR4E Tl OD {4
(0.902), i+H1F5LFR OD AN Z N—-0.67%, W
T AR IR 1 R

46, M43 PEG-Emo/Rhe-Lips ~F3 PDI 144
0.08940.009, ~¥-#4 ¢ ALK (-17.6440.58) mV (E
3-B). M8 “2.37 0 /5%, M43 PEG-Emo/Rhe-Lips
R EE R AR S BN (85.16+
0.88) %f1 (3.8740.16) %, KE KM FHEE A
WEDHIN (81.14+1.43) %AF1 (3.40%0.10) %.

A
10 100 1 000 10 000
4% /nm
B
=150 =50 50 150
¢ HA/mV

3 PEG-Emo/Rhe-Lips #I1% (A) 1B (B)
Fig. 3 Particle size (A) and { potential (B) of PEG-Emo/
Rhe-Lips

2.6 PEG-Emo/Rhe-Lips B TEM %2

TEM WS4 TBORAE A 14 500, 05 L
N 200KV, £ N 0.14 nm. B PEG-Emo/Rhe-
Lips {2 =M 28 MW L, 2R R4z gk, 1.5%
PSR4 L0, T, TEM M %% PEG-Emo/Rhe-Lips
TS FNENRRZS AT TEM, 4550 A5 3%
ekt (B 4-A); 1 PEG-Emo/Rhe-Lips 7 W %2 2|
RN, REIELERE (B 4-B),
2.7 PEG-Emo/Rhe-Lips ;28U AYHIZ
2.7.1 PEG-Emo/Rhe-Lips i@t & L2 &
BIFRELAL T B P407 Al P188 B T-her, SO PEG-
Emo/Rhe-Lips J&E7K 100 mL CK 352 + KR LT
BIREN 1.10 mg/mL), KFHHFEYS), #H,
BT 4 CUKFFEAK 12 h, BI45 PEG-Emo/Rhe-Lips

200 nm

4 ZAANE (A) 1 PEG-Emo/Rhe-Lips (B) B TEM
(X15000)
Fig. 4 TEM of blank medium (A) and PEG-Emo/Rhe-Lips
(B) (x 15 000)

BBURER . KERRIRBURRS . K38 IR BB AR
TR+ KR IR MO (R 4%
272 JREERZRIIE  HL PEG-Emo/Rhe-Lips i
foktk:, BRE S, BTKE , ([EKER R
A RE R 1em, L 0.2 C/min 18 THE, STHR
0.5 CR| B IRE WEE, 145 [ R VB NIRRT .
N T IR U E 45 25 R R e, i Bl B
TR (37 °COHs AFREURAAERTR (25 C) T
AN, BBEE N KT 30 C, #ks 33 CIEA
IR 3,
2.7.3 PEG-Emo/Rhe-Lips iRkt ab 7 ik &5
R 9, 214 P407 IR /35358 18%M, % P188
R T E, BREERE IR T s P188 iRy
R 3%HS, B P40T RS BT, bR
FEIZWT T . PA07 A1 P188 J5i &40 44> il 18%A
3%, BT AR R A XN, IR S0 E H bR
(33 °C) B NER, SMUILE S,
2.8 PEG-Emo/Rhe-Lips-TG ;2 8URERR T FM5
MRARZEA: IR E RN 35 CUEZ RARED,
PRGN AEREN 1%, JWHEEERN 001~
100.00 Hz. 25 ILIE 6, figREfiE (G HZ& KT
¥R (G"), & PEG-Emo/Rhe-Lips IR S 7E

9 P407 1 P188 Fi 2 77 #(Xt PEG-Emo/Rhe-Lips ;28
BRRREBERRM (X£s,n=3)
Table 9 Effects of mass fraction of P407 and P188 on
gelation temperature of PEG-Emo/Rhe-Lips

thermosensitive gel (X + 5,7 =23)

P407/% P188/% [ IHIEE/C |P407/% P188/% JKiktiR &/ C

18 2 31.344+0.25| 19 3 32914+0.42
18 3 33.57+0.32| 20 3 31.744+0.26
18 4 35.6310.38




FED 202567 H $56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14 * 5013 »

5 PEG-Emo/Rhe-Lips ;28U ERRLRE THIFNR
Fig. 5 Appearance of PEG-Emo/Rhe-Lips thermosensitive

gel at different temperatures

10.0 1

—_— G

%

G'5 G"/kPa
=

0.1

0.1 1' lb 1(‘)0
HiZE/Hz
6 SEFAWMER

Fig. 6 Investigation of frequency scanning

33 CRAEE G HAT R AR E AL, AT RE
55 TR BRI T B P = 4 IR 25 1y 4 241,
2.9 PEG-Emo/Rhe-Lips RBUSRRIKINFEHITH
I

BUK 36 R IR 0E I A PEG-Emo/Rhe-Lips 38
oS R CREMR S =38 15mg), A pH 7.4 1
FRECZZ M (5 1%SDS), HHTiEE (B
ST IREN 8000) H1. pH 7.4 BEFR TR (&
1% SDS)900 mL 1E R, AX#F2# 75 r/min,
A RILFE R 37 °C, 43 51F 0.25. 0.50. 1.00. 1.50.
2.00. 3.00. 4.00. 6.00. 8.00. 10.00. 12.00. 18.00-
24.00 h BL 5 mL #£df, SCEDRNE 5 mL 25 R
o M REBRITEIRE, 2 5lrHE RERBRSE,
SR 7-A. FEHBRH R RS PEG-
Emo/ Rhe-Lips i U AR SMRE 24T 9, 45 F LI 7-
B. KEBRIREE R AR RIEBOEITE 4 h R
BRI KT 90%, 1] PEG-Emo/Rhe-Lips iif it
IR GEREARFAE, R KT R 24 h RARE
A BN 88.16%F1 89.90% .

PEG-Emo/Rhe-Lips B¢ 2515 & 45 1 WL3& 10,
KEFRAK R BT NI RS Weibull B84,

A 100 1

80 1

60 1

40 1

RBURIEY%

= KR BRIE
20 A -e— PEG-Emo/Rhe-Lips JRL5REK

B 100 7

80 1

60 A

ERURECR %

40
= KRR R R
20 A —+~ PEG-Emo/Rhe-Lips 5kt
0 T T T T T T T 1
0 6 12 18 24
t/h

&7 PEG-Emo/Rhe-Lips BHUERRHPAERE (A) FIXE
= (B) FMEHITH (Xts,n=3)
Fig. 7 In vitro drug release behavior of rhein (A) and
emodin (B) from PEG-Emo/Rhe-Lips thermosensitive gel
(X£ts,n=3)

PEG-Emo/Rhe-Lips & B 1 o K 25 BR Al K ¥ 3=
Ritger-Pepps 5% n 737774 0.491 0 #10.4919, BT
0.45<n<<0.89, KW 2 MR/ BAHHI Y TS #
PFEA7R3,
2.10 PEG-Emo/Rhe-Lips ;2 BURR T2 E MR
HX PEG-Emo/Rhe-Lips IR, %E a7l
T4 Cokfa, 25T 0. 1. 2. 3. 6 NHEUGER
TR A, TR e i 8] . AR B A
IR pH AP, 3750 52 B ikl 4 A fig 7L 2 PEG-
Emo/Rhe-Lips RS (A E R, 1HEBRER,
459 (£ 11) R, PEG-Emo/Rhe-Lips T Uk 4
LRI i Fsf [ o R A B B AR, BRI T 2%,
BIARNEIEK, pH [HAEAAAE, KB PEG-Emo/Rhe-
Lips IR BUE IR EARIR . 2B A7 I R e v R 4o
B =G AR i A e — AR R R B )/
B % Bt 2
2.11 PEG-Emo/Rhe-Lips ;2 8UR A FMR
2011 @S5G NRT =GN 1,
R F% 0.2 g/kg FIE ig 45 TH RHERERINVAR R
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%< 10 PEG-Emo/Rhe-Lips :BHUEI P AR A EZ RRBURE G FHEX RS

Table 10 Fitting release model and coefficient of rhein and emodin in PEG-Emo/Rhe-Lips thermosensitive gel

METIHE

i)
B K

N

EHRFEN M/M»=0.0322 t+0.2730, R2=0.7119

— PRI In(1—Mi/M»)=-0.086 7 t—0.285 4, R>=0.9189
Higuchi M/M»=0.191 0 £'2+0.071 5, R*=0.9352
Weibull

Ritger-Pepps In(M/M)=0.491 0 t—1.396 7, R2=0.952 3

Mi/M»=0.0327t+0.298 1, R*=0.673 1

In(1—M/M»)=-0.094 6 t—0.321 2, R>=0.901 8

M/M»=0.197 2 1'2+0.086 2, R*=0.913 7

Inln[1/(1—Mi/M»)]=0.695 6 Int—1.350 2, R?=0.9859 InIn[1/(1—M/M=)]=0.718 8 Int—1.287 7, R?=0.983 2

In(M/Mx)=0.491 9 t—1.342 5, R*=0.9345

M AN Mg ¢ Flloolt 8] RAREINE, MyM. N ¢ W TR BRI 20 %

M, and M., are accumulative drug-release at time ¢ and oo, M,/M,, is accumulative release rate at time ¢.

# 11 PEG-Emo/Rhe-Lips iR BUEIRIREMERLER (X+s,n=3)
Table 11 Stability investigation results of PEG-Emo/Rhe-Lips thermosensitive gel (X + s, n=3)

BURERT 1)/ H PR JBe g ) /s I /% k4% /mm pH 18

0 FRHLAN - A WEE— 17.84+1.54 1.26+0.14 207.12%8.16 6.661+0.15

1 FRHLANG A WEE— 17.56£2.05 1.18%0.16 201.88+7.86 6.70+0.20

2 FRHLANG A WE— 18.03£2.20 1.4240.09 203.19410.24 6.5910.18

3 AR AR — 17.75+£1.85 1.67+1.17 208.90+10.63 6.74+0.13

6 AR AR — 17.79+1.93 1.69+1.25 215.48+9.97 6.7140.17
HIRE N 35 mg/mL), HELE8d, CR/NRIGRRT G %12 DALESHRE
AL, 1622 12 J7 BV R s 2 8 Table 12 DAI scoring criteria
(disease activity index, DAD), &% DAI KT 54 bl 0% 14 2% 3% 44
F/NEBER UC B, 3t 56 W, BENLA NEIRIG]  WRE TRIEE TEWL 1% 5% 6%~10% 11%~15% KT 15%
CEARFR 0.9%S ML AVAND . FHIELL (Evbdumg, 05 AMEPIR B HBC G R KR
ofkg) KEMIBBRIA Q5 mgkg). Kiggimy — ABLWRE AMERS b HF KR
R (25 mg/kg) KR+ K RIBBURIRA CK AR RER 1 Ik, ESHIT 14d.
R KIEEN 25 mg/kg). PEG-Emo/Rhe-Lips  2.11.2 RJTJ5 %41/ DAI JFAr45 5 DAL 143

TR B2 CRIERR . KIEER AN 15 mg/kg)
A1 PEG-Emo/Rhe-Lips I B = 7 4 ORI
KRB N 25 mgkg), FHHAY 8 X, HEL 8 HIE
HANBRAE IR CERTR 0.9%FAANERD, &

ER IR 13, SXTRAA L, B 1 K DALV
NEWEEMEZER (P<0.01), KHEMERY). 5
FERIAIEL, BB 7. 14 K DALY A B
F kR B R (P<<0.05. 0.01), REIR4AZ

Fz 13 ZHPME DALIFRER (Xts,n=8)
Table 13 Results of DAI score in different rat groups (X £ s, n=28)

&/ DAI #43
51
(mgkg™) F1R FITR %14 K

paict - 0.00%0.00 0.00%0.00 0.000.00
Y - 6.19+1.83" 5.53+1.64™ 427+1.48"
FHMEZY (SRR 500 6.54+1.77 2.82+1.19% 0.86+£0.67"
KRR 25 6.24+1.60 443+1.01* 3.72+0.99*
K FIR R 25 6.40+1.85 4.58+1.43" 3.49+0.86"
RETR + KB R IR BUEER 25+25 6.23+1.27 2.72+1.16" 1.53+0.89%
PEG-Emo/Rhe-Lips if 85t 15+15 6.58+1.66 2.34+1.42% 1.88+0.97%

25425 6.47+1.55 1.84+0.97%4 0.71 +0.64%

S HRALLLE: 7 P<0.01: SHERIZHELE: “P<<0.05 #P<<0.01; 5K+ K R4 2P<<0.05.

**P <0.01 vs control group; *P < 0.05 #P <0.01 vs model group; P < 0.05 vs rhein + emodin thermosensitive gel group.
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AR RPN, UC FER . 5 KT R+ KR
IR 2 AR HE , PEG-Emo/Rhe-Lips I S5 AL
A 7,14 R IEEEMZ T (P<0.05), % PEG-
Emo/Rhe-Lips i 5 s A B T B AR K 38 2 AR 3
it 4 2471 ; PEG-Emo/Rhe-Lips T S0sEI i 77 B 41
TEEAFIEAR RN CRBEE . KB ERIN 25
mg/kg), 5 7. 14 K DAI WrEEMH T (P<
0.05), #H] PEG-Emo/Rhe-Lips iRkt bog 7 —
2113 ZipKE. BHE. St ME Y
PEAr MR E AR AR R I e BOME L F Ak A
NI S5, IERKE . SR 0.9% AN AR
MR, JEAVR TRy, WRGREE,
“EImies.

G W e K = 4 P R A T

X R R AR BT VR, A IE R VES N
0; BE7IM, TWHEVES A 1 KM,
FEAER A TREE DU VR 25 S5l 7 i ™ &,

o iR I K i BRI A IR LI R, B B K EAR
/N Lom BEPESY 9 35 S5l B i, FEERI K&
B R A RIARSEIL S, G KERKT 1
cm BN 4. S5 R WER 14, SXTBAMEL, A
K E . SRR BN R Euam R EHW T
s (P<<0.01), &4 1nvr o i S g hn (P<
0.01), FUMAIA/NREEWHi0 ™ HE. SHEAHM
b, RAZAHEMKE. SRR ia
R E O R E MR D (P<<0.05. 0.01), BFhE
W E DA B R (P<<0.05. 0.01), FIRL
MR IE T IRITIER . 53R+ KERIR B
Jie 40 #H Lt , PEG-Emo/Rhe-Lips 17 88058 B A7) & 4H 4%
MEFR L EZEEZRE (P>0.05), £ PEG-Emo/
Rhe-Lips I B0 A B T B OK 3 =B R G 24
7il&#; PEG-Emo/ Rhe-Lips ¥R =77 &= H4:
KA. SR EMg s EnEmn (p<
0.05), MREMERH Tl e 2 1% R % (P<0.01),
# W] PEG-Emo/Rhe-Lips 158 7 — 4 255,

* 14 BHNRLEFKE. FHERE. FHER. BHERGITS . RRIERSMAEER (X£s,n=38)

Table 14 Colon length, colon wet weight, colon index and intestinal mucosal injury, thymus index and spleen index of mice

in each group (X £ s,n=28)

Pl VA 78 S 7

4t

Silmtesu MR

415 (mgke ™ om Rl ", SN ik i+ 4 Rk i £
payict - 979+0.88 0.47+0.11 1.16+021 0.00£0.00 2.64+033 2.72+0.28
TR - 7.10£0.57" 022+0.03" 0.73+0.10* 2.94+0.52"* 1.16+0.26" 7.71+121*
FHMEZY (VDRI 500 9.0410.68" 0.3410.08" 0.99+0.12% 1.19+£025% 1.70+0.28% 4.994+0.78*
K TR B 25 7.86+0.63% 0.28+0.03% 0.86+0.09" 2.194+0.49% 1.97+0.29% 5.8240.48"
KR IRBER 25 7.91+£0.71* 027+0.04* 0.8440.13* 2.22+0.56* 1.87+026" 6.2340.33"

RIIE+ KB R IR BRI

25425 8.461+0.89% 0.30%£0.07* 0.94+0.18"
PEG-Emo/Rhe-Lips iR #8UEK  15+15 8.31+0.55" 0.28+0.09% 1.02+0.19*

1.15£0.23% 221+£0.17% 4.18+£0.37%
1.33+£0.20% 2.08+£0.20" 4.37+£0.32%

25+25 9.2340.69%4 0.41+0.09"* 1.0940.22%4 0.8040.24%#44 2 41 4+0.23%4 3,054 0.33%#24

Sxlia g P<<0.01; SEMALE: #P<0.05 #P<0.01; 5KER+ K ZIRBERA L : 4P<0.05 2pP<0.01,

*P <0.01 vs control group; *P < 0.05 #P<0.01 vs model group; 2P <0.05 2*P <0.01 vs rhein + emodin thermosensitive gel group.

2114 JlfE. BEARFE S B B R AR, AT
TRy JaRRE B, THERIRFIMATEE, 2R 0
14, SRR, B RRAE B R E R
B (P<<0.01), FRfEFR &R B MEF = (P<0.0D),
RUER NI, SEBAMLIL, 845250 M iRta 5L
A M B R K (P<<0.05. 0.01), FRfiE+E
A B B 2 T R (P<<0.05. 0.01), FKH
FER IR AT GE UC FrsiiE ssditi. 5 REE+
KRR BBUAE B A B , PEG-Emo/Rhe-Lips #7505t
JRAR 1) B L g P S R R R TG 2 3 M 22 S (P>
0.05); 1M PEG-Emo/Rhe-Lips I Btk 77 & 20

IRIEHE ZE T (P<<0.05), MRAEHEH B &M
Z 5% RB& (P<0.01), 7] ), PEG-Emo/Rhe-Lips .8
T S NG N L N & DU R A =ROL
SEH.

P e e = R /A R

IR e e = A R /A R
2.11.5 JREEALINE  BUAYT 14 d JEE I E
T 4% 2 RHEH 3d, AEEE, Uk, HE Jfa,
BB PSR, SR IE 8. XA
NRE W E SR, BRELSTERE (K 8-A),
TATA S s MR /N B 45 B AL MR 4 R 5 2k
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A~H KPR, AR, PAMEA (RWPHE, 0.5gke) . KEMREHBEKA (25 mgkg ). RIEFIEHERA 25 mgkg D). KR+
K ZIR BB 2 ORI . K £ 29 25 mg'kg ™)« PEG-Emo/Rhe-Lips SRR RARAF 4L OREIR . K¥ K 15 mgkg™) M1 PEG-Emo/Rhe-

Lips IR BB il w2l CRBMR. KFEKIIN 25 mgkg ™.

A—H were control group, model group, positive group (mesalazine, 0.5 g-kg™"), rhein thermosensitive gel (25 mg-kg™"), emodin thermosensitive gel (25

mg-kg "), rhein thermosensitive gel (25 mg-kg™"), thein + emodin thermosensitive gel (rhein and emodin were both 25 mg-kg '), PEG-Emo/Rhe-Lips low-

dose group (rhein and emodin were both 15 mg-kg™') and PEG-Emo/Rhe-Lips high-dose group (thein and emodin were both 25 mg-kg™!) respectively.

El 8 HYFERNEMEARE

Fig. 8 Pathological section of colon tissue in pharmacodynamic investigation

Vo & SE M MR, SR AR M E (& 8-B),
JRELIE O SR R R B, RINEREA R B
ZGARIRAA G N, S5 2H 23350403 TG 97 U R B
(B 8-C)o R BRI AR MR 2H AN K 3 2 T Bt i 24
MORAHLIG N, AT AT oK & 6 PR 4B s (435
W& 8-D. E), F&E 4™ E. KR+ K
TR R BRI A IR G W R 3, BR e A 15 2
—EBE (& 8-F), 157 R T R BRI Bk
2H Bk 35 F IR BB 2H - PEG-Emo/Rhe-Lips i 80kt
JRAT R 2H A W] LK B R M IR (T 8-G), VAR
ITROREEE TR+ R R iR 4 . PEG-
Emo/Rhe-Lips i BUAEAL 5 71 2 e g 45 i B 2, AF
RGN (B 8-HD, 45 W4 2R 1) B 22 1 izl
XTREZH, Va7 R AR -
212 RUBMIRN

H32 RU/NER, 3 ont R 2E . A= ER K 4H
AL S 2 OB RS R OB IR , 4Pk bL A9 [7) PEG-
Emo/Rhe-Lips) 1 PEG-Emo/Rhe-Lips 7 S05EHE

B,

1 Earn e, 5

A~D IR IR AR BERIRA L FAYERE S

20 Al PEG-Emo/Rhe-Lips IREUHI Ml CREER. KRHEFEIA 25 mgkg .

FIEH CRERR. KEFELN 25 mgke), # 14
d, $%&M “2.11.57 TR [RVE WIS B 2445 . ARYE
2 1 A MR R B s A A Dl AT oH 4, ROJEE
R B B hREEL EE, S0EEE 0. 1. 2.
3. 453, K B FE R R R E . R
N, NTHEZH (] 9-A). AEFEEh/KA (K 9-B). Bl
FE i (& 9-C) Fl PEG-Emo/Rhe-Lips i3 805t i &1 771
w24 (E9-D) /5t 00 1. 20 04, HpAR
SRR A I D 5 5 A 0 IR s T B P ARE o 2 T IR
DERMENIIRE, BRE SR, (EAMCRAN AR
T4 K EAEAE - PEG-Emo/Rhe-Lips T 80k i 2 A W0 B
5%, #CHE PEG-Emo/Rhe-Lips iR 85 %) 45
W R FE TR, AT RE S KRR A K 3 2 R
. ABEAERA RS,
213 GitERE

HIRIILAX £ s (KR, KA SPSS26.0 ¥t
TG 2HIR) 22 S dE ik B R Ky 22 e it AT

656, P<<0.05 B 34 e 41 18] B B35 2 57, P<0.01

A—H were control group, saline group, negative sample group and high-dose PEG-Emo/Rhe-Lips group (rhein and emodin were both 25 mg-kg™!), respectively.
B9 RIMMEIHEFADREY R

Fig. 9 Pathological section of colon tissue in stimulation experiment
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