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Abstract: Objective To construct a Blumea balsamifera oil (BBO) Pickering emulsion (AMWE-BBO@PE) stabilized by soybean
protein isolate (SPI) and loaded with Astragalus membranaceus water extract (AMWE), and evaluate its physicochemical properties,
antibacterial activity, and effect on wound healing in mice. Methods AMWE-BBO@PE was prepared by ultrasonic emulsification
method using SPI as the stabilizer and BBO as the oil phase. Key process partners including the concentration of AMWE, oil-water

ratio, and ultrasonic power were optimized via single-factor experiments. The particle size, { potential, polydispersity index (PDI), and
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stability of the emulsion were characterized; its micromorphology was observed by transmission electron microscopy (TEM) and
optical microscopy. Additionally, its transdermal penetration ability, antibacterial activity, and wound healing-promoting effect were
evaluated. Results The optimal process partners were determined as follows: oil-water ratio of 4%, AMWE mass concentration of
0.020 g/mL, and ultrasonic power of 30 W. The prepared emulsion exhibited a regular elliptical shape with an average particle size of
(422.2 £ 2.2) nm, PDI of 0.076 £ 0.019, and { potential of (—33.95 + 0.54) mV, showing good stability. The cumulative transdermal
amount within 48 h reached 4.857 mg, and the transdermal rate was approximately 6.3-fold higher than that of the BBO group.
Furthermore, the emulsion displayed significant antibacterial activity against Escherichia coli and Staphylococcus aureus, accelerated
the deposition and remodeling of collagen fibers, and remarkably promoted the healing of skin wounds in mice. Conclusion The
AMWE-BBO@PE Pickering emulsion possesses excellent antibacterial activity and wound healing-promoting capacity, providing a
novel strategy for the development of efficient and stable transdermal delivery systems for aqueous extracts of traditional Chinese
medicines.

Key words: Blumea balsamifera oil; Astragalus membranaceus (Fisch.) Bunge; water extract; Pickering emulsion; antibacterial

activity; wound healing
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dismutase, SOD) &, PRI S &, WA
A REEO B LR 45405, 3 — P I iRAE B2 gk RO
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A]; LB & 775 JIE (923Y03). LB A% (1118D031),
JEREZEERARA A BRI (PBS,
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SEOHEIRE (ATCC 25923) MIKBATH (PV
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2.1 HYHIRSEE
2.1.1 AMWE [ % FRE 200 g 38, BT 3000
mL FRE S, A 8 fFEK, [FIHEE 2h, JE
iof, USCEEVEWR . RN 8 fEEUKER 2 Ik, AR 2
h, &I . JEMAE 8 000 r/min R &L (B0
%N Sem) 10 min, HU_EIEWRZE G2 2 500 mL
ARMAFIET, HE AMWE FEEY, 5N
4.595%.
2.1.2 AMWE b2 %€ KM UPLC/Q-TOF-
MS ¥:%F AMWE H 1) 3 273 #8547 1 3 . AMWE
FE&, 7£ Waters HSS T3 (100 mm X 2.1 mm, 1.8 pm)
FHETAHT, IRERN 40 C, HEREE 2 pL, R
N 0.3 mL/min. K 0.1%FBR/KER (A) -0.1%
HR I (B Jim sl A, B6EE R : 0~1.0 min,
100%A; 1.0~12.0min, 100%~5%A; 12.0~13.0
min, 5%A; 13.0~13.1min, 5%~100%A; 13.1~
17.0 min, 100% A

K H & [E Thermo A &) Q Exactive HFX /& 7%
JRRERGUAT . —REEINIRAE . Bl A T

Z T8 (electron spray ionization, ESI), #5540
arb, 4B 10 arb, BT W% HLH+3 000 V/-2 800
V, M350 C, ETEmERE 320 C.
N Full-ms-ddMS?, i AR IEEF. fE 1.
— RS VO (scan m/z range) 70~1 050,
— A HER A 70 000, RN 175000 5L
B Ad H Progenesis QI (3£ [E Waters A ] ) #fit
ITHRELR I PE . IR, EDTHD, FREGIT RS IE, g
XPFEETTACEE, 33 1 AN A OREE I a] . Jo s L AN
W 558 FEE P 5090 R O

I FH B 24 o R R R R N R A R A
X E A RO R AT S e . SRR,
AMWE HHE%5g 1258 b &9, 1 52T
£ AMWE %5 i 15 i RE My, LA
M. BHR. mERAAEYEAE, OiEERHE
IV, FHARE-T-0-B-D-ML & A . FEREE.
HPCEAT C IS RS . XL B R AT 1)
PR PUAMEABIEAER, &Y FRIENE
1A A1 FH 1R 24 5000 o R Ak 8191
2.2 AMWE-BBO@PE HU#|& 5R1E
2.2.1 SPI-3% EC4R UM [ kL (SHPs) (1) i) £
FE 2RI 1 g SPT 12 A 100 mL BefFH, 7E 600
r/min FRLSPEFE 20, BEGTE 4 CHEELR, i
H 75 KAk . # SPLIAEWH E pH 7.0, 9 000 r/min
B0 15 min (BLOEN S em), BUETER, AL
£ 0.22 um FITALIERE R, RBRABEHED R K
HUAFRI LY AMWE ## T 100 mL SPT 7KW
1, 0.22 pm RCFLUERE ES, BIW153) SHPs.
222 AFEFERE SHPs WIS RARA ¢
HAIE & A E R =R SHPs iR, Hrf,
AMWE 5 SPTEfIH 1 : 1. 1501 2514 31,
41 1. ¥3IR1FH) SHPs 7 BUREEAE 5 mL BIAE R
W, MR AN IR IR AL S . SR FH G KR R A AT
GHPs Fif2F1 € AL AT # SHPs 4 BURHGRE 40
%, 1.0 mL EORTH g, B
25 °C, rEUE K, SPERETE] 60 s, BEANEE I E
3. ARWE 1 Pox, SAWBEIREN 0.010,
0.040 g/mL K, SHPs FIRifE50 8 (121.7+£4.5)
nm fl (212.6+0.6) nm (£ 2), W HIFEHE W0 &
TR 8 D R AR IR T A K
2.2.3 JHUKELTRE ¥ 2 g AMWE JIA 100 mL £%
P, FEIIAIKA G I SPT W 100 mL #7551,
F 9000 r/min FEL GHOFEN 5cem) 15 min,
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#z1 AMWE EEZRS S
Table 1 Analysis of main components in AMWE
me ™ s St memr  en KR s o)
min (m/z) (m/z)
1 6.126 FWMAKRZE-7-O-B-D-ML i 2 C2H201  [M—HI™  461.1089 461.1104 284.0328,299.056 7
2 6228 KEH C21H2009 [M+H]" 417.1180 417.1178 255.065 1, 86.097 1
3 6346 WLOTRFEEDBRR NG C26H3205 [M+H]" 4412271 4412230 357.1809,120.081 1
4 6.449 plucheoside B aglycone C13H2203 [M-+H]" 265.1203 265.1183 265.1182, 187.086 7
5 6512 8-C-QQ-RAWEE-6-BE CMMMEE) CyHxOuw  [M—H]™  607.1660 607.1705 193.049 6, 134.037 8
NI
6 6580 RILIALE B C2aiH24010  [M—H]™  477.1370 477.1393 315.086 2, 300.062 8
7 6615 BT C20H2509 [IM+H]" 4121971 412.1976 412.1983,353.149 5
8  6.684 EEFC CasH2O1  [M—H]™ 5222914 5222928 86.0970,522.258 6
9  7.321 isocorydine C20HNOs  [M+H]®  359.1965 359.1963 342.169 7,359.198 3
10 7.688 ALESE AR 6-O-HI €M H CasHsO10  [M+H]*  477.1755 477.1755 137.059 8,191.070 2
11 7.726 WERHEE,7,2- 57534 CisH2010  [M4H]"  521.1662 521.1677 299.093 2,269.045 5
RS RS
12 7.998 BEIMZE L CuHs0012  [M+H]" 6513375 651.3338 567.2926,633.325 1
13 8240 HEIEHTF CisH2O1  [M+H]" 7854681 785.4684 143.1067,437.341 3
14 8586 l6-FAMTZHE B C30H4s03 [M+H]" 4573676 4573678 97.029 1,95.085 7
15 10.125 MnBEEH C CssH74O15 [M+H]*  867.4737 867.4746 157.0497,97.028 9
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0.030

SHPs/(g'mL™")

FEIRERE SHPs BiRAIFM
Fig. 1 Appearance of SHPs solutions at different

concentratio
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0.040

#*2 AERERE SHPs BRKIE. ZOEIER
(PDI) FOEHENL (X+ts,n=3)
Table 2 Particle size, polydispersity index (PDI), and

potential of SHPs solutions at different concentrations
(Xts,n=3)

SHPs/(gmL™")  $if&/nm PDI ¢ A /mV
0.010 121.7+£4.5 0.42120.050 -36.57+0.68
0.015 1449409 0.35220.030 —38.17+0.19
0.020 1633+£22 0.28420.010 —38.54+0.67
0.030 1915451 0.2554+0.010 —35.09+0.67
0.040 212.6+0.6 0.23340.020 —33.69+0.19

IEWRA 0.22 pm UL BERRBERE , HBRASE DI
BEfS, HOAXHR LA BBO (2% 4% 6%+ 8%-
10%), H & AR EdL, 72 30 W TR R iK

WRHEFE 5 min 15 BIEGN,  FEHREER o B i N [ 5E AR
MBS, BEHEAT 4 °C, HTABFREME
MEZFIRARSF IR RPN - 071, 4AH A 4%
i, REIE ORISR/ A A3 — AL, 1AL
(- ki4e (422.242.2) nm. PDI 0.076£0.02 }%
CHLAZ (=33.954+0.54) mV Al (&2 fig 3),
2.24 AMWE JFiEWKERIE AR E AMWE
(1.05 1.5, 2.0 3.0, 4.0g) IO 100 mL ketfrf,
IIAIK A JG ) SPT W 100 mL A AR, T 9 000
r/min &0 15 min, EIERA 0.22 pm UL IEMRLE
i, EBEAEYEYIE. WS, I 4% BBO, FiH
R I AL, 7E 30 W ZIR R UKIB A 5 min
PR B RS, FHOREE 53 B e N [ 5 AR R B B
EEHRATT 4 °C, F T AR W g ik 4 55 3

2 4 6 8
K E/%
2 AEERKEEFLRBIIN

Fig.2 Appearance of emulsions with different oil-water

ratios
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3 AREIAKECIERIRIE, PDIFI CEEAL (X +s,n=3)
Table 3 Particle size, PDI, and { potential of emulsions

with different oil-water ratios (X £ s, n=3)

TH K EE/% $ifE/mm PDI ¢ HAL/mV
2 282.4+6.1 0.157£0.020 -28.86%=0.68
4 4222%2.2 0.076£0.020 —33.95+0.54
6 4899+374  0.275%£0.200 -31.73%0.15
8 1381.0£303.0 1.000 -29.314+0.56

10 1404.7+284.2 047510440 —28.3440.72

VAT . Wl 3 Bas, 4R EIRFEIAF]
0.030 g/mL J2 0.040 g/mL i, FLIBAE W& KBk
Y, WIRER BT B AS T B SR R
HABAFEE » 21 AMWE IR N 0.010.0.015,
0.020 g/mL i}, HAMKIE. PDI KHAEMR (R
4), I, Ak 25 i & L B = (0.020 g/mL)
N

0.010 0.015 0.020 0.030 0.040
AMWE/(g'mL™")

B3 FREIKREREE AMWE ZL&EHMN I
Fig. 3 Appearance of emulsions with different
concentrations of AMWE
*4 TERERE AMWE ZLiEAHIZE. PDI A C BT
(X+s,n=3)

Table 4 Particle size, PDI, and { potential of emulsions
with different concentrations of AMWE (X + s, n=23)

AMWE/(gmL™")  ¥iff/nm PDI ¢ FAL/mV
0.010 366.1+£13.7 0.14840.030 —39.870.03
0.015 3833+11.6 0.053+0.050 —37.45+0.29
0.020 4358+162 0.0800.090 —34.58+0.27
0.030 1 665.34+138.4 0.225+0.070 —29.86+0.61

0.040 2284.7+181.3 0.431£0.070 —30.31£0.36

225 HIFEIPRMTEE KB 2 g AMWE A 100
mL KRR, FIAKE 58 SPLIER 100 mL, i
FVEAR, T 9000 r/min F &L (EBOFEN 5 em)
15 min, FiEWA 0.22 um FAFLIERESEE, ZHBRA
WY . BEJE, NN 4% BBO, A k4
WAL, XN IHET (204 25, 304 35. 40 W)
VKRS 5 min A3 B0 RA,  FREH 3 R e N ]
EMR B, BHERAT 4 °C, HT AR

E MRS FIRL AL S PR PR PPAN . 45 R T &) 4 Rk
5HHEN, EEADIEN30W R, FLIBIERERE,
HAERER D

20 25 30 35 40
EEE ThE W

4 TEIBAEIhEILIRHIINR

Fig. 4 Appearance of emulsions prepared under different

ultrasonic powers
x5 TEBANEIRKIEZ. PDIFCHBAL (Xts,
n=3)
Table 5 Particle size, PDI, and { potential of emulsions

under different ultrasonic powers (X +s, n=3)

BAIE/W  Riff/nm PDI ¢ B A7/mV
20 3975451  0.064+0.050 -34.52+1.45
25 417.0+16.1 0.12340.100 —33.834+0.46

30 387.3+17.4 0.120+£0.030 —34.25+0.57
35 364.0+9.7 0.088+0.040 —33.38+0.50
40 372.1£4.1 0.104£0.030 —33.80%0.10

2.2.6 AMWE-BBO@PE LMY 1) % ) J i ot
L~ 218 (transmission electron microscopy, TEM)
e R Gk AMWE-BBO@PE [ 7Lyl 257
HEATSE5 . 43 HEL 4 mML AMWE-BBO@PE T 2 4~ 5
mL BEF, — /NI AR IR
I, 55— ANBEE I K P Gk i) S R
SRIE WS AEFL IR I HIOR B . S5 RN, 34
IR G H 24 1 5 HAE AMWE-BBO@PE
RPN G RTINS N VR AN | | QSRS
WS BP B % o B ] ), AMWE-BBO@PE A
O/W T (& 5-A. B). ¥ AMWE-BBO@PE
BN TEM 8 b, BE/SEE 3 min, JfAEHUE
R ERRR T2 RIS ki, WINBEES IR
Gk, S 2 min FUYL AL, 2 5 MR
IR, T =R N BART R4, (H8) TEM
X} AMWE-BBO@PE IO 45 14 T 25 3E AT W 5 43
Mo 454 5-C fian, AMWE-BBO@PE £ TEM
2D TR, KARLE 400 nm /efq .
2.2.7 AMWE-BBO@PE Wt BRIEE ST 7
SR AN 5] L A3 ) B e AR LR, BB b, R
FEX21 B2 B (10X HBE) MEERES, {6



+3334 - F8 B 2026FE5H $£57% B Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 9

A B 73y AMWE-BBO@PE I AHIVETE GBI IFSHAL T, 7K
PGB W C v AMWE-BBO@PE () TEM & (X5 000).
A, B are AMWE-BBO@PE added with oil-soluble dye Sudan III and
water-soluble dye methylene blue respectively; C is the TEM diagram
of AMWE-BBO@PE (x 5 000).

5 AMWE-BBO@PE HOFLiG AR K M MALZS 5340
Fig.5 Analysis of emulsion type and microscopic
morphology of AMWE-BBO@PE

AMWE 0.010 gmL™! AMWE 0.015 gmL™!

TR0

K 2% MK 4%

AMWE 0.020 gmL™!

WKL 6%

F 40X P8 CEJBURAEEL 400X ) WERHHHAIR. 78
ICEERL B, 4D B %S¢ AMWE-BBO@PE
OIS . B 6 2o, /£ AMWE R N 0.015
g/mL B, FLRRAREK/DNZERECR, MR ERE
79 0.030. 0.040 g/mL I, FrIE R SHPs UK, X
AT REVAE T SPI BRI ST 67 8k v A 5 SR AR 120, [
NF, AMWE HEG 20, Bl BH%RKRS
T, 25 SPI BURLLE St K AL Se 4R B, AT 528
FUR R RAREE . /£ AMWE JFEIRE N 0.010.
0.020 g/mL I}, FLIBIEERA .

MK EENT 4%IN, FRETARAS 2, SPTRURL 7y
BUT KA, TCIETE GRS TR, ARE e R R%: I
IKEEN 4%H], SPT FURLE I /K SRR B4 2 5
HHEA, BRI RAR BN R K

% L > C -'7’39 3. v
£ : B &
& ol
o2 X .
AMWE 0.030 grmL! AMWE 0.040 g'mL!
G, R e © O30 ;
K 8% JHKEE 10%

6 BERZRIRHEIHME

Fig. 6 Micrographs of emulsion preparation under single-factor investigation

EERT 4%0), SRR Y, BRA L, BHET
B, Wi SR, AMRAARRK, HBEE A LG
HE LR AR B 2 38K, 3 — 2D e A4
JRERHE Hy 0,020 g/mL,  BrAEMIK LA 4%,

2.3 AMWE-BBO@PE HifaE £ R

231 BOfEM B 1.5 mL AMWE-BBO@PE,
A TFAREET (2000, 4000, 6000, 8000,
10 000 r/min) &0 10 min CGEO2KA2N 5 em),
B0 EARMRAE. (AL, PDI, FIHAZ (D
KitEHEOLRER, FFWEHLI. Hd, vk
FEM AR RRFI ST R R A URE BUFLAT B3 W2 44
B Vo NEOATRER B, g5 Rk 6 fld 7
i, FLBAEARFEREOE, AR, ¢ AR
PDI ToH AR, HE ORI I8 100%, 4PUE

*6 BUREMER (X+s,n=3)
Table 6 Investigation of centrifugal stability (X £ s, n=3)

BOOEEE/(rmin ) iR /nm PDI ¢ AL/ mV
KBGO 4263+6.9 0.08610.030 —34.56+0.26
2000 429.5+7.4 0.07740.040 —36.02+0.32
4000 421.947.8 0.085+£0.060 —35.60%0.29
6 000 418.946.7 0.096+£0.050 —36.2340.41
8 000 414.0£7.1 0.089£0.070 —33.1940.36
10 000 409.4+6.1 0.09310.050 —34.64+0.42

BISA At L2 AR S, RHHEAES
BT (R B O R e 1

B FEER (SR) =V/Ve (»
232 #MfEtE £ —E MR (20.40.60.80 C)
T, 735 4 mLAMWE-BBO@PE FLii#EAT 7K i3 4k



F8 B 2026F5H $£57% B Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 9

#3335

BT 2 000 4 000 6 000 8 000

10 000

250 ) (rmin”!)

7 FEEHELCHIE AMWE-BBO@PE BI5M
Fig.7 Appearance of AMWE-BBO@PE before and after
centrifugation at different rotation speeds
H, AP E DY 12 h, JEWE AN E Hok AR

C HUAZAT PDI ARG L. 4R U1K 7 MK 8 Fios,
AMWE-BBO@PE fEA R EKH G, Kift. ¢ Bz
A PDI EH AL, AN EA S B E, TR
WAMIER, FH AMWE-BBO@PE HA R4 ) #
VA Yk
RT AREMER (X£s,n=3)
Table 7 Thermal stability study (X + s, n =3)

=8 FRATREMER (Xts,n=3)
Table 8 Freeze-thaw stability study (X s, n=3)

R kiR /om PDI ¢ AL /mV
VREDET 4258464  0.07820.020 —33.48+0.17
W1 4362179  0.08240.040 —34.9530.60
W2 4421486 0.085+0.030 —35.4840.63
WI3W 4483193  0.0941+0.050 —34.8620.13

WBEE/C AP KifR/nm PDI ¢ B4 /mV
WFRRT 5] 4244458 0.079+0.180 —32.68+0.44
20 ¥I5] 4263168 0.083+0.180 —34.22+0.44
40 ¥J5] 436.6+7.0 0.088+0.120 —35.94+0.18
60 ¥J5] 4352472 0.097+0.040 —36.28+0.27

4422475 0.103+0.160 —35.5240.53

80 5]

8 A RELEEKEE AMWE-BBO@PE HISh
Fig. 8 Appearance of AMWE-BBO@PE after water bath
treatment at different temperatures

233 EREbEaEYE  BLAMWE-BBO@PE # 4 & T
=20 CT¥ ¥k 24 h, BEJafESIETME 2 h 19 1
A ERERIRRIEIN . AR5, W IFCFA R X
HUF KIS LA B 224 . 45 R0k 8 18 9 Py
7N, AMWE-BBO@PE FLIRFEA ) 3 IRVRRMEI 5,
SMARZARSF Y —, R WA R ETE . #E— DI
P R, AZFURAE R G PR I 2 o R I A0 /Y
FasE k. HoPBrkife a6 ) (425.8+£6.4) nm B
IS 3 UAEMEH) (448329.3) nm, #{k
AR [, AR K PDI 4G 28 4EFF1E 0.1

H1R 2K $3 IR
9 T EFRELREE AMWE-BBO@PE fI5M X1
Fig. 9 Appearance of AMWE-BBO@PE after different

numbers of freeze-thaw cycles

PLRR/KE (R 8), ¢ AR EEZL-34 mV,
TR RIS . £ AMWE-BBO@PE B4 1 57 1%
RisE M, HAENLHI T REJH R T AMWE-BBO %
P B0 S R R NGRS, e AT
P URE R UK S A BT = AR B R AN ZE IR T, A
RIS AE, Bk 1 e ) SR IR,
234 FUNTHREL IR 2% 4% 6% 8%-
10%F1 AMWE J5i 8K & 0.01. 0.015. 0.02. 0.03.
0.04 g/mL 437 & He ] 3 AL, EdlSEE 1. 3.
7. 14 KT AR R ENEE, KIEAR () 1HHE
FUMTIEE. S5 E 9. 10 Fion, fE55 3 KiF,
IKEEA 2% 4% AR EEE, FE5 14 R,
KN 4%0), FLATHREUE S (15.45+0.45) %,
AMWE A 1.0. 1.5, 3.0, 4.0 g MFLEHAAFFE
%9 TEHALCIGIE 14 d WHAMIER (Xts,n=3)
Table 9 Creaming index of emulsions with different oil-

water ratios within 14d (X £ s, n=3)

7K FHTIEEY%
%  1d 3d 7d 14d
2.0 0.15+£026 5451026 23.94%0.26"

4 0 0 6.061£0.23 15.4510.45

6 0451045 6.06+0.26 16.21£0.09 24.70+0.26™
8 5.601+0.26 15.00%0.45 20.45+0.45 36.061+0.26"
10 5.30%0.26 14.70%+0.69 20.60+0.23 32.5840.26"""

5k 4%t P<0.01 **P<0.001.
"P<0.01 ™P<0.001 vs oil-water ratio of 4%.
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# 10 TREIFRERE AMWE A7 14 d WEIFATIEE
(X+s,n=3)
Table 10 Creaming index of emulsions with different
concentrations of AMWE within 14d (X s, n=3)

AMWE/ FAT U %

(gmL™) 1d 3d 7d 14d
0.010 0 0.300.26 14.24+0.26 16.67+0.26™
0015 0 0.154+0.26 11.524+0.26 15.15+0.26™

0.020 0 0 0 11.361£0.26
0.030  9.70£0.26 18.94+0.26 23.79+0.26 24.24+0.26™"
0.040 14.24+0.26 24.244+0.26 30.15+0.26 32.12+0.26™"

5 AMWE 0.020 gmL™! lb#: "P<<0.01 *"P<0.001.
"P<0.01 "™P<0.001 vs AMWE 0.020 gmL"".

FERIRTH, 2 ¢ AMWE BTl 8% (AL FLAT FE 0N 5
N, IEF (11.36£0.26) %.

AN = BRI E AR A EE ()
2.4 AMWE-BBO@PE HIZ ZSiEMR

I e R AT JE AR BBO HR R £ e Ak
&8, i AMWE-BBO@PE (W4 BB IERE. 7
AR KESARE 1.8 mg A HERT 10 mL 2
T, IMABERR CEEEZS, WL 100, 300, 500,
700, 900. 1100 uL T 10 mL &+, INABEER 2
Fig 2 2%, BolEk 0.18. 0.54. 0.90. 1.26. 1.62. 1.80
pg/mL e TR0 I S VAR, R AN R B FE I
Fe eI 2t ok Rt 2k (R?=0.999 5).

V4 AL 385 1K BRI S Ik i8] 5 T Franz 480
Z 6] (FHohA 8 B AR 0.785 em?, FEISCIBAR
FRON 15 mL), F5Z 2 i et AR5 i 3 s A
2 mL AT, BBO 41 (n=3) AXTHRZL (80
uL BBO 5 1.92 mL KGHEE), BEREN
(37.01+0.5) CHFFEEHF: (350 /min). 2517 1.
2. 4. 6. 8. 10. 12, 24, 48 h FEHWUBELKE 1 mL,
FAM TR SRR 2 R, AR 5 I B AN ] R
e e E . DLRBRIE I HBIE TR,
HEAX 3 WF.

On=(VCatY. 11 ViCi)I4 (3
On FZHURERT [ i) BRUSER, VAL V40 B 9Bt v
TURIES i UCRAEIS FrEBURE S (KRR, Co R G 23 2SRRI
W n FEE R (n—1) SRAERTHRUSCH A Wi 9 o A
(mg/mL), A NHREBEMA (0.785 cm?)

5B 10 A, AMWE-BBO@PE 4 715
TSR 3 NMRHER B . TR (49 0~10
h), Z5%M AMWE-BBO@PE 3% 35 B iU 3%
JUR A1 o J2 R, DAL B B B s ) 028 BRAS VR, 43

-~ AMWE-BBO@PE

- BBO

0 10 20 30 40 50
t/h

5 BBO W#: P<<0.01 *P<0.001.
“P<0.01 "P<0.001vs BBO.

10 EREMEREZEMZE (Xts,n=3)
Fig. 10 Transdermal penetration profile of L-(—)-borneol
(X+s,n=3)

W e e e BRGNS, R I R E
. EPEBE (10~12h), 44 HERNN 50
G S P 7Ne s R 95 R v il N = VA
ECASE Y HOEE, SO e e 2% T R R A
Tt BOR e i e id RARE PR N . ESZ IS
K] (12~48h), BEEZEN AT, kA e
T vk BE izt T A, A e e b AMWE-BBO
@PE [7] JZJEk A B9 BOR SN T3 08055, 3 B0SE E AR W
RO, WG 2 R AR E G E B ORI PRI
BRG] RE I DR I Kk P A T e A B
T S8, 458 2R, AMWE-BBO@PE 7t 48
h WA O, (4.85720.166) mg &2 & Tt
#H (0.772£0.176) mg, LI AXTHEZN 6.3 %, KK
HAARGME R BEM L.
2.5 AMWE-BBO@PE ZLi&HHNE/ER IFMN
2.5.1 BB HEEW 1X10° cfw/mL #2]
AT Mueller-Hinton EEFAR L. il BH 1% 6 mm
(LR, IO 20 pL B SRR A e PR (R
PRAKFFE 10 pg/mL) F1A= 3 257K 23 54 A H A4 AT
MEXIR. 24 CHP B2 h G, PHRT 37 ChiF
18 ho f8 AR HENE AR = RO E 30w B B AR (5 FLIR
B, SLIRMATEE 3R, HIELLIX s FoR,

gilnzk 11 ME 11 i, AMWE-BBO@PE.
BBO [ AMWE XA &I HA — & M w i
PEo X T o R & BRE, FAN G B BAR KR
S92 > AMWE-BBO>BBO>AMWE, Xl T K
Wt e, AN BB R/ A3 A4 2 >BBO> AMWE-
BBO>AMWE. #i%%HW], AMWE-BBO@PE X 2
PR B ) H A R r4sifER (P<0.0D).
252 MEFENE RHABIEFHOED T AMWE-
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R 11 FREILHAR 2 MEKRONEBEERLLER (X+5,
n=3)
Table 11 Comparison of inhibition zone diamweters of
different experimental groups against two bacterial strains
(Xts,n=3)

biilh=svd I E Bl B 42 /mm
L SEOEEIRE  KpiTE
BRER IR K 3= 20 2245+030  2242+0.34
AMWE-BBO@PE 20  21.3840.82" 18.73+0.22*
BBO 20 18.93+0.19™ 19.02+0.36"
AMWE 20 17.2940.55"* 15.08+£0.55"

4l

SR RERALLE: "P<0.01 ""P<0.001.
P <0.01 "™P<0.001 vs gentamicin sulfate group.

S O E R B
E 11 AMWE-BBO@PE (a). HEARAEZE (b AMWE
(¢) 1 BBO (d) W& HEBHAEKEMAPHTREMEIR
Fig. 11 Antibacterial effects of AMWE-BBO@PE (a),
gentamicin sulfate (b), AMWE (c), and BBO (d) against

Staphylococcus aureus and Escherichia coli

AMWE-BBO@PE 1] {2, 2 1 il] K g B FH 465 8 € 7
ERRE AR, PUEZEDIN 56.9%H1 55.9% (P<
0.001), TiAHELZ N AMWE St KBFFH . &0
HIER A AN EAE F A BT, R AR 31.9%-

BBO@PE B #3337 9 4 N, 900
N 20 pL 5 5 2 A4 T il £ B L, 43 AMWE-
BBO@PE 4. BBO H AT 2%FK LA 80 /KiF
WD AMWE 4 (19.2mg/mL). XFHE (A FEE57K)
H, FIEZY-Z-1 X100 cfu/mL B 1212110
EEBIA 2 mL B0 H, HRETSENEA; %
My 1 1 AWz 18 h 5, HHE
T 37 *C. 220 v/min fHIERERHEEFE 18 h, K
FRCIIE 625 nm PEAAEOCRE (4D {8, TRHL 200
uL BE IR RS 37 CEIFRFEREIE 12h, WiEE
PRI AR KB O, RIE (4 THEIE R, 4R
W 12 A1 12 s, AMWE-BBO@PE 4H 1 V%
& AL T BBO 41 . AMWE 4.LL K 5 A X B 4,

F 12 TEEWAR 2 MEREIIERILE (X£s5,n=3)
Table 12 Comparison of antibacterial rates of different

experimental groups against two bacterial strains (X £ s,

n=3)
5 Fiilbeevs B 2/%
mL  SEEHEKE KGR
pagit - 0 0
AMWE-BBO@PE 1 55.94+2.9™  569+4.1"
BBO 1 524+1.9™  556+3.2™
AMWE 1 12.8£1.8 31.9+5.1™

xR P<0.01 "P<<0.001; F 14, 15 [A.
P <0.01 "™P<0.001 vs control group; same as tables 14, 15.

| sk

AMIWE X
B 12 TELESKT 24 h G EREHEHREMNKGITEEEE

Fig. 12 Colony morphologies of S. aureus and E. coli after 24 h under different treatments

12.8%.

T = (A mwse— A 53/ (A e — A o) (4)
253 g K 0 K ( minimum  inhibitory
concentration, MIC) 5 KA F K EZ (minimum
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bactericidal concentration, MBC) 5 EHAMER
R E AMWE-BBO@PE, 96 FLIR 514 1]
PEXTIE (A7), RIINFHIYEXT IR R+ R,
5 2~11 FLEESH R EA R HILIMA 100
uL AMWE-BBO@PE #ATfELUAMBE R 11 £L, %
FLAMIA 1X 106 cfu/mL B & 100 uL. 37 CH;7% 24
h JGIE 600 nm &k 4 {8, 1% 3 EFLEIE, HT MIC
SERLIRET 30~480 pg/mL FREIREREREA, LLO
ng/mL X B FLIR A 100 pl 4157840 Bt g

PR, 37 CHEFE 20h J5HIE MBC H, PARGFRILIG
A LB TE (R =99.9%) AR AL BRI Bk FEAF
N MBC. 4558877, AMWE-BBO@PE %} KA i
4G 0 T 2 BR R S8 R I B AR, R
2 P R B I MIC B304 120 pg/mL. Wil 13 FisE
13 fiizR, 24 AMWE-BBO@PE [1)J5i S J& 1% 5 240
pg/mL B, BT b AR DL K A B R 4 2 € 7 25
BREAEK, RUNZEIREE NAHE O e aTE R,
A € MBC B/ 240 pg/mL.

120 pg'mL™!

240 pg-mL™!

480 pg'mL™!

60 ng'mL™!

Kt

30 pug'mL™!

13 AMWE-BBO@PE HJ MBC
Fig. 13 MBC of AMWE-BBO@PE

# 13 AMWE-BBO@PE §J MIC #1 MBC
Table 13 MIC and MBC of AMWE-BBO@PE

7S MIC/(ugmL™')  MBC/(ug'mL™")
KIGH 120 240
SO EERE 120 240

2.6 AMWE-BBO@PE ZLi&HI1AMRER IR EI5H1E
SERHAR

2.6.1 K ZRAMHRAL 6% 5280k FH SPF 41
SD K, @ENMHFE3A G, & 7.2% KA (5
ul/g) ip MR, BYEGIITA% 1 em &bEK, JoHM
RHEFBEIOX, FH 75%LFE RS HETEC HX,
RKRBRTHELFRIAEE T 4 cm T30 LUGAE
RN 4 DL 1 em? 42 IR, A
PENUB IR i s Y . IR KRG 2 Fe, R
AT

2.6.2 AR EREIIEEERB L KR A
PR R fa, BENL A 4 20, EPRSRAE B EL
7K~ AMWE (100 pL/d)+ 5 5 41.(0.1 g/d) 1 AMWE-
BBO@PE (100 pL/d) 4. HFAHFAT 2 A KR,
HAPAT 4 AT (n=4), 73358 7. 14 REH
FIRERYI R 7 br. 72 HORRWENIER A, Rk

Y)a, BHENRIBIRERSG S 1 IR, SilFsish
25 7. 14d, &5 AN SR R A i
HEE, FERABG T4 (Image ] THEAIT

R, RIEAR (5 HEAIH &S X,

AT i 3 = (J5 6 0 T 7 A — 900 7 A )/ 4 1 T
IR (5

TESCIREE 7. 14 K, WA HIIE 1 KR,
TR R RAN A LIREAR, SLENRAN 4%Z R
WE[E SEW (pH 7.4) ™ 24 h SERALLE E . kRS
LMK (70%~100% ) — FF 2K 38 W b A7 i i 6
WG, #EL:Y) F, ##17 HE 445 K% Masson 4Lty
Br, R F 65 B A VA% 6 T 2H 2R 45 4 1) e
P SR 14 fRs, BT SEER 23R HELA) F&
e, HICENFET AENL, RHLIOH R E M R IT
SHRER, BAEHE 3R, HHA4. AMWE A K&
AMWE-BBO@PE 77 4 (1 B T — 2 M 41 o A
WA, QAR IR R . R
JG% 14 K, AMWE-BBO@PE #HE|I1) F5E4 1
G QIEEAFEIEE R (K14, BITEE3I K,
ERUAM, A HM AMWE A eI &4
R K (P<<0.001), 17 AMWE-BBO@PE 41
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L pzm
Ty

14d

B WTLRCE

R4 7E3. 7. 4d BHEHNREKEAEELE (X+5,
n=3)
Table 14 Comparison of skin wound healing rates of mice
in different treatment groups at 3, 7, 14 d post-wounding
(Xts,n=3)

3 TE R/ %
3d 7d 14d
i 40.34+1.21%" 45.69+£0.27*** 91.15+£0.34**"
RITANE 34.02£0217" 76.15+0.32  92.484+0.22""*
AMWE 30.960.36" 44.6920.41% 92.2540.36™
AMWE-BBO@PE 50.64-0.89 72.26+1.85 97.0920.07

AEFWERTEAH, £5 7 R g a4y
AMWE-BBO@PE 4 (1) 6] T 1 75 %6 45 i 3 vy T Y
4 (P<<0.001), {H AMWE 41 5 R LTS it
SR, 14K, BRI, HITOH K AMWE 4
(BT & &% 5 AMWE-BBO@PE 41AHEL, 774
BEZER (P<0.001). LA EAEREH, ARWH5TH &
') AMWE-BBO@PE fE1 . 35 {ie 14 K B Rz A% 11 /)
Bh, HEEAZRBRTRMER AMWE Kif
IR A T4,

AMWE

AMWE-BBO@PE
14 £38FFE 0. 3. 7. 11, 14 d BHENPMBEEEGOKRTKEER S

Fig. 14 Representative images of skin wounds in mice from each group at 0, 3, 7, 11, 14 d after treatment

HE Je g% (B 15) SR, BEERITIE R
ZEK:, AMWE-BBO@PE 4H 811 % J 45 #4035 4 3
TR BT TR, SEMA. AMWE 41
kb, AMWE-BBO@PE #H A0 IR IR, H L
EEEMIRELR R, AW B SRR, A
J7 55 14 K, AMWE-BBO@PE 4% j O 3EA K 5 1E
WIS, Bt SESERER T H 5.
Masson He 8 EH T W& 01 [ i R 4R 4 iR S
HFEDL, HAREAHERER, 4558 GR15 H
BoR, BEEBT SR, SHREHANRIELT
Y% B35 5 R G i #s; ok, AMWE-BBO@ PE
HLAEAN 8 30 DX 3 e (5 B AR, R LM SR 4T
P REEERTHMYE ., AMWE AR5 ALK E
4, HA4EHF RN, B,

Gt TR, JRITEE 14 R, SR
R IR T340 74.06% ) FH L, AMWE 20 (81.44% )+
AMWE-BBO@PE 4 (83.73%) [/l JR 25 R4 4435 i
ZFE (P<0.05, % 15), H AMWE-BBO@PE 41
IR VIR BOR e . IR S RAESE, AMWE-BBO@
PE A1 i J5 21 24 )0 AR 5 E 98, A et B2 k)
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: N TN, P

H&E
(100X)

Masson
(400X)

H&E
(100X)

H&E
(400X)

Masson £
(400X)

j £
EH X B

HTLERE

TR

[

14K

AMWE

AMWE-BBO@PE

B 15 S5ESE 7. 14 XEAPMROIE LR HE . Masson R [F

Fig. 15 HE and Masson staining of mouse skin wounds in each group on days 7 and 14 post-injury

FT15 BITET. WREERERRIHE (Xts,n=3)
Table 15 Collagen volume fraction in each group on 7, 14
d of treatment (X £ s, n=3)

51 R 25 5 U %
7d 14d
IE% 84.71+3.88"*  84.71+3.88"
A 54.46%+1.19 74.06+3.35
PEARAR € 67.35+2.18" 75.50+1.04
AMWE 73.934+2.13"  81.44+2.17"
AMWE-BBO@PE  66.35+2.49" 83.73+2.33"

SRR . *P<0.05 *P<0.01 **P<0.001.
*P<0.05 “P<0.01 "P<0.001 vs model group.

e

2.7 GHESH
i8R~ X £s, H¥iRAH GraphPad

Prism 9.5.1 AT Gt b (SRR TR %

3T, P<0.05 FoRZE 5 BA SR L.

3 g

B R ONTHAS S A — AP0 S A G iE . 4HZ 9
LB AT RE, IR A T A RER
T P B G AT B M 16 52 20K R P S 221, T3
e 0T R E RN, 5 BB B R Y
ARSI RORE, FEE SN R BRI RE S M. R
VERNFEGE R 254, BA AN RSB R K
IhAL, HAREYRT AR JE AR RS S A 4
JThfE®), BBO AT S MPTH . pikimtE, &
B AT 4 2 B RS2, {2 BBO IRVATE
i EYFIR AR SR, BRI KRR
O3B B RE 199, BN I HE DA TS 4 R AR AT
EH.

B SR FLIRAE R — Pl B2k 2dd, DA
IR AR e R B A ek eV R, B fesE
T AL AT SEIE M R SRR SR
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o 3E FH - RV 1 K i -5 K P SR O 1 P [ 3
ERS, R, ASZEG DL SPT OAFRET, M fiER
KIEIY 5 BBO B wkFL (AMWE-BBO@
PE), F T Fa 0 Bz kA T A8 SR F o S0 6 e
R TR EIRE . K EEAETR 3
N RBESEON FLRPERE I R2 R, B A& E L T2
ZHONMIKEL 4%. AMWE Jii &K 0.020 g/mL.
R FE T 30 W i /K b BB LR 1 2R 8 S Fa e
PE, T v A B2 3 30 SPT AE T /K S R
AR, ARG RENZ. BB, st B
4% /K LE AT S SPI 789378 i S R0, T8 RiAS €
(LTS, A BE L SR A . B R IR B i
i, HOKEMERNR 25 SPI 58 4K St 45 &AL
ML BER R e, SRR R,
SEPE TR, 1M 0.020 g/mL ()5 SR B AT 7 SRIE R RX
TOREIFN, ASFeu SPI SRR, IMERIE
2R B AR L

PA IR S ROWTE SRR, H— PRk T
Ak 5 AMWE-BBO@PE HIME R AE . FriS Ll
FREEGIA FE, “PRRIAR N (422.242.2) nm, PDI N
0.076£0.019, RIFFAMBRIAAL —M RiF, XRS5
(RTRLAR 2 AT BT ek Joh i [ RO IE 8 SR 4 4R T FLIR
Kifaett. CHAN (-33.954+0.54) mV, Zi6HE
KT 30 mV, Ut BH LU 2 T 7 A7 555k 1) £ FRL AT
UL [E] PR FRHE R VR o RS R B S T, dE
— SRR T LR IR E I - TEM 5% 27 B AR A 5%
SRR, FLBURMRIE AR L FEM, CRE
RIS, UESL SPI Al fEJMIM R I BUELL. 8U%
(IR B, D) d e P R e AR FLVBAR &R

BB ERE RN & I RS H AR
KRR, BRI 45 R Box, AMWE-BBO@PE
48 h RS L ik 4.857 mg, &K HRE BBO 41
L) 6.3 £, RFZILE T BEIEF BBO &S
BRSO . XA AR Z R =Y FEE B4
Fo B, SPIEARRE AT BN K I ALK ,
AL I AR A R BBE EN E RIR . AERT
JiE 5 BBO [I#Eshy 5L, PIKBURLI2IE ROR 5
Kk, SPI 43R )55 /K 5 Hv] oiest LR IR K
P, H9RFAR S KPR T A2, 98D B2 kR B
Xt HgvEPE BBO [ BHASAE FH

Ak, HEECHEE R RTEYE R v RE R T —
EREBER, JEERELA R E N A TS,
N BBO K& R, ki S B ms sk 2 (1

[FliE B idik o 3% R HIARTT AT BBO 5B EGHR
B AE BT =) ik B ROR TR EE, 787 RAEH AT
W AREERIFEER, vESEImEa ¥R E

TEA . ARG ER, ZIBN KATE . &

o (U ) PR B A R MR AR, R EEGR T

BBO "R > (AN e e Jeiss ), TR

Y AR ) SR, SR A YIS, T

U001 4 T 48
G A SLE 25 K, AMWE-BBO@PE 1]

D SR EF AR S, B35 (it /I BB Sk )

Ba, B FHW R RIERY S BBO A HEH

RIS R . — 5T, SR T B PR

HEHTE IV & nl et e e gnfa g ss. 40,

B IR A ASUTR, TR 2 S AR <4 i X1 Y

Rk, NALEPRHEHEDS, 5551, BBO A

0] 61 T JR) P8 OE SONE, b SOE R T ORI, 2%

fEEUIIZLAR . 2 AR, g S AR

G RAF IR R4 . T SPIJE B FLIB 4 5 7T A2

BT R MR — 2 DR APE, b S0 F PR35 08 Gl T

R RN ST 2 PSR G2 RE, SEHAE

I, 3T i B T 8 A A
Zi BRIk, AFUE R AR ) e T

SPI #45E ) AMWE-BBO@PE R e phiLiti, thik)a

FIfI R R A AR —. e R B RACER.

EAN RGeS X WS B S S 2N g R el 1T

B, AREE KRS BBO W ENGITIEM .

T FEAMXN SPI AE B 5 MR FL B 45 A 2 FH 2 3t

TSERSCRE, WO R A JOEIA R G 1R

T2 G B RO M TR R 5T, BA

—E MBI RS PR 7T -

FBAFAR AR FRRELEAZFR

&
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