FED 2024FE1 8 $55% B2 Chinese Traditional and Herbal Drugs 2024 January Vol. 55 No. 2 . 409 »

- HRHEHLE -

HEREHEMERIRE-LREA-FEFERESHOENNHIERH
Svidsdy S M ey o i

TR, AwmAsr, KkEA, TAR4E, &4, BARF, FIER, SEM*
PHRG RS 25205, U1 Bkl 610041

i E: BY HR/BRLREFRNHESH-ZRED-FEL4ER (oridonin & Astragalus polysaccharides-silk fibroin-methyl
cellulose, Ori&APS-SF-MC) E &1 HH#Ush, FEVEM I BT @A R ik RABETIEESIhH % T Ori&APS-
SF-MC HE&45 OHokl, @l 40461E R i 7 B B R 5 A0 OB A AN, JEx HAMIES . A, e
PRAMBETIAT N HTRAE, VAE B RS BRI 5 R MAT BN BR, R 0 BR1 BE VR R A AR VR A I 42 4 1 1 SOk} R 4 e 1
ISR I /N B B4 2 R TR B A PRS00 5 05 D22 TEAS LAV Ori& APS-SF-MC & & H OB AT e ik
BREGMHE. ER XREPR, MR A LEEARG RIFIAEZEN, 7RI % Ori&APS-SF-MC £ 4615 HHUE
HABEFREE RN (99.7010.04) %, HWEN (3.6610.05) %; HWEZHHEHE RN (9247+0.14) %, BAEN
(83.5740.12) %; RIMEAMEREIL ST . B KU W R TR 30, W &30 R A BR A DU B e J13 0, (B KA i
FEIEM . AHE T IHAML, Ori&APS-SF-MC ZHACERf5 R R SZ4RAL A il il B, B HBRIE DL R, in@a R
AR . PRI IR, Ori&APS-SF-MC 4H/MNR B BRI A G S, RLWME, RYEQMRIER D, RTFEgm
FFAMEMMERL . RETHHFIEIMNET. 458 Ori&APS-SF-MC &A% M Eckl il Rk 5 ik O .

KRR ARERER, HESH: 2780 A0k, AERTE: AN MEE

FESES: R283.6 XEAFRERE: A NERS: 0253 - 2670(2024)02 - 0409 - 11

DOI: 10.7501/j.issn.0253-2670.2024.02.007

Preparation of oridonin & Astragalus polysaccharides-silk fibroin-methyl
cellulose composite wound dressing and its promotion of skin wound healing
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Abstract: Objective To prepare oridonin & Astragalus polysaccharides-silk fibroin-methyl cellulose (Ori&APS-SF-MC) composite
wound dressing and evaluate its effect on skin wound healing. Methods Ori&APS-SF-MC composite wound dressing was prepared
successfully using the freeze-drying method. The compatibility of the composite wound dressing was investigated using infrared
spectroscopy and scanning electron microscopy. The appearance, encapsulation efficiency, drug loading, and in vitro release behavior
were characterized. Staphylococcus aureus and Escherichia coli were used to test the antibacterial properties of the composite wound
dressing by inhibition zone method and coating plate method. Finally, the effect of Ori& APS-SF-MC composite wound dressing on
skin wound healing was evaluated by observing the wound healing and histological morphology of a full-thickness skin wound model
on the back of mice. Results Oridonin, Astragalus polysaccharides and silk fibroin exhibited good compatibility, and Ori&APS-SF-

MC composite wound dressing was successfully prepared. The encapsulation efficiency of oridonin was (99.70 £ 0.04)%, and the drug
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loading was (3.66 £ 0.05)%. The encapsulation efficiency of Astragalus polysaccharides was (92.47 + 0.14)%, and the drug loading

was (83.57 £ 0.12)%. The antibacterial ability against S. aureus was enhanced with the increase of oridonin concentration, but no

inhibitory effect was observed on E. coli. Compared with other groups, the Ori&APS-SF-MC group showed reduced swelling, bleeding,

infection and exudate in damaged skin, as well as an increased wound healing rate. The pathological structure analysis revealed that

the surface of skin injury in the Ori&APS-SF-MC group was mostly healed, with thickened epidermis, less infiltration of inflammatory

cells, increased fibroblasts and new capillaries, and regular arrangement of collagen fibers. Conclusion Ori&APS-SF-MC composite

wound dressing can promote skin wound healing.
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FREX 1 ¢ MC #3K, T 50 mL 7K+, 7Kg0
OB, B3 0.02 g/mL 1) MC VW -
2.3 EEHOERNHE

T &R EHREKFHER GEMENRN 075
mg/mL), FIIIAN 1% LA 80 1EH A, KA
A UR TR & A0 o420, BAREREIR .
2.3.1 APS-SF-MC E &1 FHBCEHE RS & 2
ARG EFRE 5+ 10, 20mg HEZ AT 0.15mL
4% 22 Z R E T, B, 1 s E IR A (33.3,
66.7. 133.3mg/mL) W EZ R, AR
0.15 mL 0.02 g/mL MC &R+, e &35, i
BB, AUETE, BIRRBEt. B &
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2.3.2 Ori&APS-SF-MC & &5 N ERHGHI % 4
BIFEERE 0.2 0.4, 0.8 mg KEHHFRET 0.25
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WA Ba i Bid 2 Ml —REANE] 0.15 mL
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TR B IR 4 Ori&APS-SE-MC & &5 0k
2.3.3 Ori-SF-MC EA& 1 D EEHH & FERRE
0.8 mg AW HE T 0.25 mL 1%% 111548 80 1,
B A B U BEJE IIN 0.15 mL 4% 22 38R
&R 0.15 mL 0.02 g/mL MC V&, TEiRiR& )
5, FIABLE, #EWHRAE, AETE, s
F Ori-SF-MC & &5 Mk .
234 SE-MC E&4 DHECE M & R % =
0.15 mL 4% 22 3 B HE I E] 0.15 mL 0.02 g/mL
MC R, BERIRAE, BIAEE, fENRR
B, AR, RIRITRE] SF-MC &A1 Dk
24 FTEFR

X & A VECRH AN ST A IR . B
G0 BRI WS LI 1, 1443 2] Ori&APS-
SF-MC HE&0 HEk S A RS —2, BN 10
mm, =EN 2.5 mm, RREE, FAER, &R
J AT [l

Bl 1 Ori&APS-SF-MC E4HOKKILYE (HE 10
mm, =% 2.5 mm)
Fig. 1 Physical picture of Ori&APS-SF-MC composite

wound dressing (diameter 10 mm, height 2.5 mm)
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Fig. 2 Infrared spectra of oridonin, Astragalus
polysaccharides, SF-MC and Ori&APS-SF-MC
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FA 2 FLEE KA G B A ¥ 5] AR, AT AW
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Fig. 3 SEM images of Ori& APS-SF-MC composite wound
dressings at different multiples (multiple x 500, x 1 000)
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Fig. 4 Drug release curve of composite wound dressing
(Xxs,n=3)
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PA SF-MC E A1 D BOERE R AN R, K 4cH
K. . BREIRE (0.8, 1.6. 3.2mg/mL K&K H
%) Ori&APS-SF-MC & &7 L BURHA M

K. . FFREIRE (333, 66.7. 133.3mg/mL #
B ZHE) APS-SF-MC & &1 HBCEHAW 100 uL, 7
SN R (0 3 ) BR B AR D, BLACKS %8
HE FURIRE ) APS-SE-MC 5415 I 8ok v Fn
BRI E Ori&APS-SF-MC & &1 LI ECEHA TR
100 puL, 73 A IIAAEEAR T CRIGAFEFARO, B
3 FLENFATRE. B TERR RS 37 C&AF
T, B5FR 24 he S SR S AR PE ELAR /DN . 2
R 1 A& 5-A Fros, @ B EAR S &
R PTEIRE RIS, AARLEEEER (P<
0.000 1), fEEJRERERINEEERS N (22.37+
0.23) mm, HFEREZRMERESN (18.17+
0.31) mm, fKFEIREZRMERESN (15.83+
0.25)mm. 41 5-C Frow, ik, . s i s IR E (33,3,
66.7. 133.3 mg/mL) # APS-SF-MC & &15 L8kl
TRV 4 2 0 78] ) 3R B C P AR
1 FEAHGOBMMEREEAEKANMENR
GFEMIT UL, Xts,n=3)
Table 1 Antibacterial effect of each composite wound

dressing on Staphylococcus aureus (Oxford cup diffusion
method, Xt s,n=3)

e SR (mgmL ") T AR/
" KEHRE KEEH mm
SF-MC & &1 1 Hek} - - 0.00
Ori&APS-SF-MC 3.2 1333 22374023
A D HR 1.6 1333 18.17+031™
0.8 1333 15.83+0.25"
APS-SF-MC £ 4& - 333 0.00
3 ok - 66.7  0.00
- 1333 0.00
“=r FoRAE; 5 SE-MC Atk P<0.000 1; £ 2 A,

“~ indicating that it does not contain; ****P<<0.000 1 vs SF-MC group;

same as table 2.

&l 5-D Fros, Bt R KA e it
WAEM, X 4R S O HGE R e R 20,
293 HEJREE EERFMT, HOKERE
TR RGP, Apr AEEE 5, 73BN 200 L T
BV AR T TC AT 8 iR AT &) RraR TR
LL SE-MC R &5 OBk x4, B AN Rt
IR E S0 D HORIGE AR E . BRI R
Far 37 CEMN, K597 24 he 3 S IF I &4
I B EAT RN SRR 2 FIE] 5-B s, 5xiE
UL, BEE &R 5 PRI RGN, P e
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A-Ori&APS-SF-MC & 415 HEURLX & 3 R G R A HT B E - CREEMY 802D B-Ori&APS-SF-MC & 414 HHUREX 48 (81 & 3R I IR 4 B
fER (HEEE D) C-APS-SF-MC 841 HUECkb 4 3 (VR & BRI MHTBEE A CREEMY 802D D-E&6 ORI KIGH I MER (R
M B2 a-SF-MC &0 Ok b-E i =K E Ori&APS-SF-MC & 415 Lkl o i 9k E Ori&APS-SF-MC & A5 Dokl dAR =
¥ Ori&APS-SF-MC & &5 HEUkL: e~ i #IKIE APS-SF-MC 24155 HEUkl: £ )it 8K % APS-SF-MC E &1 HEckl: g5 =#IRIE APS-

SF-MC & &1 H ek

A-antimicrobial activity of Ori&APS-SF-MC composite wound dressing against S. aureus (Oxford cup diffusion method); B-antimicrobial activity of
Ori&APS-SF-MC composite wound dressing against S. aureus (direct placement method); C-antimicrobial activity of APS-SF-MC composite wound
dressing against S. aureus (Oxford cup diffusion method); D-antimicrobial activity of composite wound dressing against E. coli (Oxford cup diffusion
method); a-SF-MC composite wound dressing; b-high mass concentration Ori&APS-SF-MC composite wound dressing; c-medium mass concentration
Ori&APS-SF-MC composite wound dressing; d-low mass concentration Ori&APS-SF-MC composite wound dressing; e-high mass concentration APS-
SF-MC composite wound dressing; f-medium mass concentration APS-SF-MC composite wound dressing; g-low mass concentration APS-SF-MC

composite wound dressing.

E5 FBHARMENMEERER (n=3)

Fig.5 Results of representative inhibition zone of each group (n = 3)

*2 BEAGOENEHRBHERENRENR
(EEMEZE, Xts,n=3)
Table2 Antibacterial effect of each composite wound
dressing on S. aureus (direct placement method, X+ s,n=3)

B fi AEERRAE R EER
WE/(mg-mL™") mm
SF-MC & &1 A #ckl - 0.00
Ori&APS-SF-MC 32 27434031
A Dk 1.6 25.60+£0.26"*
0.8 22.40+0.20"*

Jihnsk, HAEWHLEEEZER (P<0.0001). 1E5
JoR B AR FEE N 1 1 Pl AR (27.4340.31) mm, 1
TR FE A P B2 (25.604+0.26) mm, K &
WS B BN (22.4040.20) mm.

294 RACEHGE FELEFMT, BL1IX100 HE

(TR
B 6 ARAEHENER (EEHBEEIKE)

W7 A4, SE-MC E 475 FECE Xt FE4H, A
) T BV P (A5 ORI 1X 108 1 &= i
BisnRG, BTHEHERFRMAS 37 CHRUHET, ¥R
24h )5, WHHREBRERBER 1 X105 6%, )5
LK B A R B PR, Rev e s, 43 il n
A 100 pL B, A5 AR a5, B
THEER A 37 CHM R, 5598 24 he BUBM
SR AR LRSS SR E 6 Bk, 5%H
S RIGT R ZH AR T, i o A6 v B R VR P (3
LB RE ST INom . 3R B A B H 0 0 (i A BR T
A B AR o A B K e R )
1l 4 €07 25 BR B 110 40 L AT s R 400 o e R A 3
AT HIEEBT,

Zr b, PSR R, 0.8 mg FIEFH

FONF B O ) B A BRI PURE RO, EX K

PR E

Fig. 6 Results of coating plate method (S. aureus)
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FFEE AR, BRI 2P mA 20 mg i 4 3 (R 4 Bk
B AR IAAT B B TEE L, 5 SRR IE (1A [F] 138390,
23 VB0 T RSOt 4 €48 45 BR B R K P 1 #
ToAE R o 4 E 0 A 3K B 2 1 R B LI 4 1
ARSI A ARG VORI 7 43 AiE R 0.8 mg AuiE
H A1 20 mg 85 1C 2R 4
2.10 O EMREMIR
2.10.1  BEALIVE HEMERBNR, 6~7 A, 3
H, ks (30+2) g, MEEERRIEE A BEE h
H4EEM 2, B S R RATFLARAE /N R 4T
H—NEAN 8 mm HEEAEG D, HRdE,
Ve D& A RIS 0 K.
2.10.2  SERSFHMGZTE KN S AL A
6 Ho RSG5 N2 252 (Ori&APS-SF-MC). 435
FEH R (Ori-SF-MC). ZHE4 (APS-SF-MC). [}
PEXTREZH (SF-MC) F 73 XTI . AN 7] 45 531 (1)
A TVBORE 254 nm (15406 F B 30 min 2K
] i 5 7 /N BT S R R A X ek, e & BT
] 0L R s P i ] T A B I T R R, o
ZIN R IR 2 JER SRR X 45k, 2 e B ZELAS AN BT Ao
AEE, Z 0. 1. 3. 5 REMECRL, HIREEERSE.
2.103 ikt #dEHA Graphpad Prism 8.
Origin PLA Image J Bt RGHTib . fFFEIES
AR IEFE S TR Two-way ANOVA 08T, LA
P<0.05 NZERAEREEZE N, P<0.01 HZEFAIE
R EMER X, P<0.001 A ZE AR E R L.
2.10.4 EAHE SN REEFNE  WEAN
[F) 4590 /N B VB IS TR A A S O, RS B ()
R, EB 0. 30 7. 10, 14 TR, DULE HEN SR
ELEFN 5341 o K H Image J 4K {4 A1 Graphpad Prism 8
BT TS AL B AN SN B D TR,
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AFLYE, Ori-SF-MC 4117 5% HEZH 455 11 45 9

AR5 D AR TG H

3d 10d 14

E7 JNEHEOEESHERETR (FR 1 mm)
Fig. 7 Visual display of wound healing in mice (scale bar

1 mm)
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A SF-MC 41 (P<<0.000 1) K455 1 &R 53w
FEAXMEA; 7558 10 K, 55 AxR4ML,
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2, 5 SF-MC ALk, APS-SF-MC (P<<0.001) i
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*3 TENERTREAERHEANGOREE (X£s,1=6)

Table 3 Wound healing rate of different composite dressing groups at different time points (X = S, n = 6)

- O mE 2%
3d 7d 10d 14d
= A R 25.481+4.59 4425+1.71 62.321+0.71 80.58+0.19
SF-MC 26.54+1.74 61.37+3.46"" 69.11+1.73 84.30+0.68
APS-SF-MC 33.42+6.78 59.854+2.70"*" 80.70 £ 0.42"### 93.40%1.15""#
Ori-SF-MC 36.851+3.40 53.4740.42" 68.42+4.15 92.75+0.73""#
Ori&APS-SF-MC 38.11%+3.20 62.53+2.07" 81.78 £1.25™ " ## 97.3810.68™ " ##
HaAxt A : "P<0.05  "P<0.001 P<0.000 1; 5 SF-MC 4HHLE: #P<0.05  ##P<<0.001.

*P<0.05 *"P<0.001

100 4
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801 —+ SE-MC

|~ FAXE®

60 1

A%

40 1

20 1

> 4 6 8 10 1 1
t/d
8 BHEBAERE (Xts,n=6)
Fig. 8 Comparison of wound healing rate in each group
(X£ts,n=06)
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***P <0.000 1 vs blank control group; *P < 0.05 *#P <0.001 vs SF-MC group.
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HKER: ROk PEME: 26k RUEMR. HEk.
Epidermis: black arrow; Neovascularization: red arrow; Inflammatory cells: yellow arrow.
9 HE ZBIFNZERKHBEEL FRR 50 pm)
Fig. 9 Pathological changes of skin in each experimental group detected by HE staining (scale bar 50 pm)
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2.10.7 Masson Jeta  Xf IR AR Y] 34T Masson
gefty, WRAAES I RIE, WSS AN E K
RS SR A AEHE SRS RO AR A . IEFEEE
X IAIBOR A E AT i 5% . SR Image T A
HEAT I SR AR 4 TR E 43 BT 5T - Masson i S 41 4
AR E 4 Lo i 2R Fe R0 Rk ) B AL Bk i
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R B ER BB Ry g5k 4 FE 10 Fow,

% FIA ' SF- AP

. F.M L SPMC
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Table 4 Percentage of fibrous tissue expression area in

skin tissue
5 RILTHAR A L%

B1NE 2B %3 NE CFE
7 U HE 28.20 23.95 24.19 25.45
SF-MC 25.01 26.61 27.16 26.26
APS-SF-MC 32.65 27.09 28.42 29.46
Ori-SF-MC 31.86 25.38 25.56 27.60
Ori&APS-SF-MC ~ 47.59 47.69 47.92 47.73

Fig. 10 Evaluation of collagen content in skin of each group by Masson staining (scale bar 50 pm)
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