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Preparation, characterization and pharmacodynamics of a novel ionic liquid-
nanoemulsion anti-furuncle herbal gel paste
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Abstract: Objective To develop a novel ionic liquid-based nanoemulsion gel paste (IL-NGP) for the transdermal delivery of anti-
furuncle herbal combination (FHC) extracts in the treatment of furunculosis. Methods Isopropyl palmitate was used as the oil phase,
and Tween-80 as the surfactant with propylene glycol as the co-surfactant. The mass ratios of oil, surfactant, and co-surfactant were
considered as factors, while the particle size and polydispersity index (PDI) of the nanoemulsions (NEs) were the evaluation indicators.
The Box-Behnken design-response surface methodology (BBD-RSM) was applied to optimize the formulation of NEs, and the optimal
formulation was validated. Choline bicarbonate-hexenoic acid ionic liquid (IL) was introduced into NEs to form IL-NEs. Sensory
evaluation, initial adhesion, and retention adhesion were used as assessment indices, and the effects of different excipients and IL-NEs
content were studied through single-factor experiments to optimize the best IL-NGP formulation. The IL-NGP was evaluated in vitro

through stability tests, skin permeability tests, and antimicrobial activity assays. In vivo efficacy was assessed through pharmacological
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models, pain models, and mouse ear edema models to evaluate the therapeutic effects on furunculosis. Results The IL-NGP was

successfully prepared with good stability. Compared to traditional gel paste (GP), IL-NGP exhibited a 1.32 times higher antibacterial

effect and a 2.42 times higher bufalin release within 48 h, and showed better inhibition on xylene-induced mouse ear edema, writhing

pain, granuloma formation in mice, and carrageenan-induced rat paw edema. Conclusion The traditional Chinese medicine formula

FHC was developed into a novel transdermal ionic liquid-based NGP, exhibiting excellent skin permeability and significant therapeutic

effects in furunculosis treatment.

Key words: nanoemulsion gel paste; ionic liquid; Box-Behnken design-response surface methodology; transdermal drug delivery;

antifurunculosis; traditional Chinese medicine formula extracts
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Fig.1 Total ion flow chromatogram of FHC in positive (A) and negative (B) ion modes
&1 FHC UFEMDLEHEE
Table 1 Structure identification of chemical components in FHC
. tr/ FEXF iR e T 5 47 o . PubChem
W5 gendrk . TR o - ~ - — WHET Ik
min ThE MHET BB+ FHES 1 WET CID
3 REHE 2.29 CsH/NOS  129.18 130.065 19 130.032 11 70.065 89, 84.04500 M-+H 3032313
5 MR 8.96 C21H20010 432.40 431.098 36 431.098 37 283.061 46,311.056 27 M—H 5280441
6 SKALATEHTT  9.76 CaoH24O00  408.40 409.180 91 409.149 31 247.096 27, 229.085 74 M+H 73191
7 HIEFTR 10.81 CauHuOs  402.50 403.247 31 403.247 90 303.209 05, 349.215 39 M+H 259803
12 fFRR 14.34 Ci5H100s  270.24 271.059 78 271.060 10 153.018 10, 119.049 48 M+H 5280443
13 MEBTR 1580 CaHzeO0s  444.60 445.258 21 445258 46 349215 73, 367.226 20 M+H 12302120
15 MEHR 18.20 C24H3404  386.50 387.252 41 387.252 99 225210 34,81.070 44 M-+H 9547215
16 RIEFREEHE 19.67 CasH3aOs  442.50 443.242 31 443.242 82 105.071 07,365.210 75 M+H 11969542
17 BRMEREACEE 20.19 CaaH3204  384.50 385.236 91 385.237 34 253.194 46, 367.226 23 M+H 6917974
18 HEtEL 20.47 CisH1oN202 262.26 263.081 33 263.081 50 219.091 47, 235.086 32 M+H 10177
19 KER 21.78 CisHi00s ~ 270.24 269.045 81 269.045 55 225.055 15, 106.910 34 M—H 3220
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®2 ESRAEANFIFBIEFIPAGARE (Xts,n=3)
Table 2 Solubility of bufalin in various surfactants and co-

surfactants (X £ s, n=3)

FAGR ERE (g ) | IR R (ugrg D
FILFLAE-80  15.67+0.07 FE 21.25+0.04
H]4%-80 7.9940.01 7 16.11£0.06
R AE B IR 5.53+0.02 = 4.96+0.02

NEs (357l T2 0K 5 ¢ FHC $RBUE Tk 1k
WRE TSR, NN 25 g KA IR S P4 IR v 8 75 VA
BN 30 g W1l ALfE-80 A1 15 g A %, 250 r/min JiE
¥ 10 min, KRS 100 g M H: KA,
A4S NEs.

K H Design Expert ¥ {1 (8.0.6 hit), T3
% 3 /K°F Box-Behnken Wit i AT L2040 . IEEUER
HRR RS (X, A FE. BILELEE-80 (X,
FULH)D FEME E G, ks HEEN
HASE, 730 E 3 K A CHE 10%. 25%-
40%) FLALF (HE 20%. 30%-. 40%) FEhFLL
7 CHE 10%. 15%- 20%). PLGKFLFRIAE (Y1)
M2 rHdas (PDI, Y2) NWNAE, #4FE shA K
17 BB 7 2 o J8 I S 06 5 % ZH 9 K L 1)
KiA2F0 PDIE, FIA A AT AU A 0, EEAr
AR IR A A AR T 15, S EG IR R AT S,
FE TR AL 7 AT il % 3 gk,  Ehishi A
PDI [ F00MME 5 STME R 22, DAl A 284 1) Tl v
e, % 3 B4 THAEAE (XD AT E ()
AEh AL & (X3)3 ML AR X NEs Fif2(Y,)
J% PDI (Y2) FIsEm, 38 Jk v S T 3 B2y 2 — 4
w2 (B 2), EWEIERES V. R E
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&3 NEsEFHEERITSMNESER
Table 3 Experimental design and response results of NEs
BT X% X% X3/% Yi/nm )¢ W X% X% X% Yi/nm )¢
1 40 30 20 33.15+£1.05 0.39£0.01 10 25 30 15 25.45£0.06 0.36%0.00
2 25 30 15 27.17£0.28 0.38%£0.02 11 40 40 15 70.77£190 0.53£0.11
3 10 30 20 29.50£0.29 0.38£0.01 12 40 30 10 41.134+0.07 0.38%0.02
4 25 30 15 23.75%+0.15 0.36%£0.00 13 25 20 10 59.64+0.28 0.44+£0.01
5 10 40 15 48.85£0.79 0.50%0.08 14 10 20 15 64.19+0.13  0.48£0.00
6 40 20 15 23.79£0.16 0.35%+0.02 15 25 30 15 24.03£0.12  0.37%0.00
7 25 20 20 24.55£0.16 0.36%£0.01 16 25 30 15 25.03£0.32 0.37%0.01
8 25 40 10 68.64+0.15 0.50%£0.00 17 25 40 20 49.124+0.18  0.47%0.00
9 10 30 10 64.051£0.18 0.48£0.01
e 80
80T 1 .
. [ ! | o .
E & sor 1+ £ B 60
> | [ | X @ ;
20+ =
T = 40 >
Ny
e
20
20 40 60 80
Y1 i{JH\ME/nm
0.5 | 0.5 . K
I a
0.4+ = *
' =04
0.3 ol
0 0 0 0 03]

& 2

Y, SEMME

s FLAFIFBIFL TR EXT Y1 F Y2 BRI R B S PMES UM ERI L E

Fig. 2 Effect of oil, emulsifier, and co-emulsifier dosage on Y1 and Y2, and a comparison of actual values versus predicted values

Fom . ONIGUERE AL AT S, 2% T NEs k4% & PDI
THRIAE 5 SEE IR DG M 28, 25 BRI AAE
R (AL B A TR A i 1 . 45 A SEIe B,
AR B B AW R ¥1=25.09—4.72
X1+8.15X,—12.14 X5+ 15.58 X1.Xo+6.64 X .X5+3.89
XoX3+9.14 Xi2+17.67 X2 +7.73 X3%2; Y,=037—
0.024 X1+ 0.047 X, —0.025 X3+ 0.04 Xi.X2+0.027
X1X;+0.014 X2X340.03 X;240.066 X224 0.009 06
X32o R 4 T7 BT EE R, AU R B Yy A
Y, AA BRI R I AR . T Y, B2
PERIG R Xiv Xov Xo XiXos XX, XoXa. X2,

X2 H X2 ¥R R (P<0.05), BAARIRIK) F 1Y
N 15441 (P<0.05), RUABEA Gt VS

KNI FAEK 3.40 (P=0.5345), XWUWEFHE

Bl . AR E REL R2 N 0.995 0, IGAE T HAR
SRR ERE, T R2{EN 0.988 5, dE—DAEH
TRARITETIIN Yy B A AE R AR A o X T Yo,
ZEAMERER, 3 AFEK IR FEFEA R
EMESR (FAHN 70.92), Y /¥R 09892, &
RSS2 BR AR A Hb AR S0 AIHE IR ks R AU TR 56
SR PIE TR R ILE R, Boniil
WERESHREML LR EZER.

R BRI, RBERIETIGN Yy A Yo AR
A SRR e . RGBT 5 T2
PEAr00, kiR (Y1) 1E 20~50 nm A4 H FRyu
PDI (Y») 7E 0.35~0.40 A HREE, H Y. Y211
BN 0.5, 01543 H 248 AE (BRIRR = A
BE) 25%- FLAFF CRILALEE-80) 30%F1 B FLALH
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F4 N, ITRRE, IBRRFRFESTREZHOTMEER

Table 4 Results of quadratic model and factor analysis of variance (ANOVA) with significance evaluation for Y1, Y2

Y1 Y2

AR SEM BT F P BEM P ¥107 F P 2
Y 9 520046  577.83 15441 <<0.0001 &  0.0610 6.81X1073 7092 <0.0001 ¥
X 1 17823 17823 47.63  0.0002 F  4.62X1073 4.62X107° 4817  0.0002 £
X> 1 531.54  531.54 142.04 <0.0001 &3  1.80X102 1.80X102 18534 <0.0001 &3
X 1 117928 117928 31513 <0.0001 &3F  4.98X1073 498X103 51.84  0.0002 &3
XX 1 970.95  970.95 25946 <0.0001 &F  631X107 631X1073 6578 <0.0001 &
XX 1 176.62  176.62 4720  0.0002 ZZF  2.87X1073 2.87X107° 2994  0.0009 &3
XX 1 0.61 0.61 1620 00050 &  7.70X10% 7.70X10%  8.02  0.0253 AEE
X2 1 351.80  351.80 94.01 <<0.0001 ¥  3.84X1073 3.84X1073  40.04  0.0004 B
X2 1 131513 131513 35143 <0.0001 &3F  0.0180 0.0180 190.18 <<0.0001 &%
X3? 1 251.48 25148 6720 <0.0001 &3 3.46X107* 3.46X107* 3.60  0.0995 AEFE
k2= 7 26.20 3.74 6.72X10™ 9.60X1075

SAUT 3 18.82 627 340 01340 AREFE 2.62X10% 872X10° 085 05345 AEE
R % 4 0.74 1.84 4.10X10% 1.03X107

(T W) 15%KH)45 NEs I, 28T E R 1E i
=, N 0.83, KIMIERZ T ZNRETZ.

SEWMEN T ESH, FATHIE 3 #iE NEs, fit
b J5 B SZ NEs fRI4E 25.26 nm A1 PDI 0.36 57
ME B, ViR R R ENE 7 FE R R, b7
kYRR SEL
2.3.2 IL-NGP #4547 TEMAL K FHC $2HU4
GBI CHE 25%) 1, B5RL%EE-80
CHHE: 30%) PO = (& 15%) W&, R4
PEASTERE, AW INAifh K, Hidk 1h, BipdsE
N 1000 r/min, A% NEs. 2% Hamadani 25836 /7
RO FRE R AR 10 2 RIPEBARER A SR
MR A-2-CUEIR, 78 40 C/KIBHERE 12h, £ 60 C
FHEZ 2h, 60 CHEZATIE 48h, RIS IL. ¥4 1L AN
NEs (JRELE 110000 JB%A, LA 300 r/min #i#: 3 h,
R145 IL-NEs.

SR KB SCHR M TSI 45 R, e FE A 7 AR
H B Hz 1A i 0.30 g, PVPK900.70 g, #KIKIMA 5.0¢
IL-NEs 7E0 44 LIRA 5, AfEE 0.50 g, 7
B2 0.020 g, % 0.080 g, FHIBEEMEFEY 5] a1
N AM; BLCMC-Na0.25g, A% 4LEE 0.030g, %
PIJ#EREN 0.70 g« EDTA-2Na 5.0 mg, Hi 3.0 g,
B SIERN B M. % B AHIIA A HHHIRE, DA
50 r/min ) EE R 50 FR IR AT o

I8 (FPEZGH) 2020 FRUY, PURE
WIFE DT\ ¥R RV bS5 %54k & IL-NEs 1)
BT BN =R AT A, Bkt

HARNGA W =IBE 0 X04+H1571X0.5+
FrZE71}0.1, ikl IL-NGP Bt Jr . &4
J IL-NEs HF3RE Vo) SFRE VR ~F%]
VR SPIRER J1VE IR 5~13 B
ARG & T2 FREUT hz A ke
0.30 g, PVPK900.70 g A1 IL-NEs 5.0 g, T-Hi /14
HA RGN )E, RN EAEE 0.50 g, 178%
2 0.020 g FIZUEH 0.080 g, 2k SLA% 3 s 1 £ 45
5, FRREMIEN A M. 5HELCMC-Na0.25 g,
ZEME 0.030 g, FHNAERN 0.70 g, EDTA-2Na
x5 PVPKI0 FE(%
Table 5 Investigation on dosage of PVP K90

PVPKOO ~F¥%iG THEE VPHWEL TR

L S ) i)
0.60 62.2 552 72.6 38
0.65 55.6 20.0 84.2 42
0.70 72.3 542 88.6 41
0.75 64.0 27.7 96.2 48
0.80 59.5 13.7 100.0 40

*6 HUHNAELEHE

Table 6 Investigation on dosage of zinc oxide

AR CPRIGE CPRIERE CPRIRIE CPEIREET

Mg P P o P
0.40 55.6 233 85.8 34
0.45 61.7 41.5 82.4 39
0.50 726 64.8 84.8 43
0.55 65.4 23.0 80.4 56
0.60 55.0 133 82.6 84
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%7 IL-NEs HE2£%
Table 7 Investigation on dosage of IL-NEs

®12 ITHERAEEE

Table 12 Investigation on dosage of citric acid

IL-NEs “TFHZa PRy FHEH THFEH

IR THsRE CPEERE CFIE PR

Mg W W W i) M W WS W
4.0 53.1 43.0 64.8 35 0.01 62.6 50.5 752 48
4.5 58.9 47.8 68.4 56 0.02 72.5 64.0 81.0 64
5.0 70.8 56.0 81.2 78 0.03 62.1 51.0 79.4 20
5.5 61.8 45.8 73.2 69 0.04 60.3 41.5 80.6 34
6.0 54.2 38.5 67.2 52 0.05 55.6 31.0 78.0 42

®8 MHARAESE

Table 8 Investigation on dosage of arabic gum

£13 CMC-Na iEZE
Table 13 Investigation on dosage of CMC-Na

BIRifaie ~FRgRe FERE PRSP

CMC-Na ~“FHIZRe FREIRE FRWES PR

Mg W W W W Mg L) o o W
0.1 57.6 42.0 74.8 34 0.10 57.1 39.0 74.4 43
0.2 52.1 24.0 77.2 39 0.15 60.1 46.5 70.4 63
0.3 69.6 52.5 88.6 43 0.20 67.1 58.0 76.6 56
0.4 62.9 27.5 92.8 55 0.25 72.8 56.0 86.4 72
0.5 55.1 13.0 85.2 73 0.35 54.5 21.3 79.2 64

x99 HhmAEEZ

Table 9 Investigation on dosage of glycerol

Hih CFBZRe CPREE PRV CTERE

il W WS WS i)
1.0 524 30.8 70.4 49
2.0 62.7 385 80.6 70
3.0 77.1 62.3 86.4 90
4.0 62.3 44.0 76.4 65
5.0 54.8 38.5 70.6 41

%10 EDTA-2Na E%%
Table 10 Investigation on dosage of EDTA-2Na

EDTA-2Na %G TRIRE FRVIE T TR

T S S [
4.0 62.3 44.0 74.6 74
5.0 55.8 38.0 70.8 52
6.0 64.2 56.8 772 29
7.0 72.5 60.8 84.8 58
8.0 59.7 51.0 70.4 41

Rl BABKRMNAESEE

Table 11 Investigation on dosage of glycerol sodium

polyacrylate
RWIGEIRW PG THRE FERE) FERE
/g W W W W
0.60 63.4 38.0 89.6 34
0.65 57.8 23.7 88.6 40
0.70 72.5 62.2 86.4 44
0.75 63.2 34.0 82.4 84
0.80 55.9 153 79.6 100

5.0mg K H M 3.0g, FHIRES), fE 8B AH. ¥ B AH
ZE NN A AT, 7E 50 r/min 24 NS,
WA, EIfS IL-NGP.

2.4 IL-NGP By3R{F

2.4.1 NEs 5 IL-NEs ) TEM M % ¥ NEs f1 IL-
NEs T4 Jr b, TEM M HITEARHE, 458K 3,
AJ L NEs F1 IL-NEs NI 5Bk . 5 NEs #ftk, 1L-
NEs [FAMRINAT W— 2%, R IL CRINiRE
1F NEs .

3 NEs(A) 1 IL-NEs (B) 9 TEM

Fig. 3 TEM of NEs (A) and IL-NEs (B)
2.4.2 NEs 5 IL-NEs fJkife. £ #4540 (PDD
¢ HAL 4 NEs 5 IL-NEs #5885 5 A
FEm b, W& HORAR AR AN € Hfr, S5 R L 4.
5, NEs [f¥ife R 23.84 nm, ¢ HLA72H-18.73 mV,
I IL-NEs fRi42 2 33.15n0m, ¢ HAEH B2
—6.22 mV.,
243 IL-NGP [FEE  IL-NGP 454 LI 6-A,
IL-NGP 2SR, FIHb R H S A 5k,
STk LW SRR . SEM Mg LI 45,
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il

HL 1I/nm

Fig. 6 Appearance (A) and SEM image (B) of IL-NGP
R WK 6-B, IL-NGP fA/ERZ A3 0R, RUIHA
A IR L .

2.5 IL-NGP HIRREMHE R

1 000

6 IL-NGP R95M W (A) #1 SEM B (B)

R4 EZ580) 2020 4 AR Mﬁ?ﬁ%ﬁ
IL-NGP etk fFERIE (-4 C)H. =i (40 C)

1 000

m/nm FlamY (500~4 500 1x) 644 R0, @it i 30 d
El 4 NEs(A) #1IL-NEs (B) H0kI25 % ke tiRes, #8 IL-NGP [UAMEE. B

Fig. 4 Particle size distribution of NEs (A) and IL-NEs (B) pH G5 EEMN (£ 144 15). Hi, pH 1H 11 {'ﬂJ
SETTE NP1 g BERE, A 100 g K, 785

! Vel AT R, MRS pH fA, ﬁ?ﬁﬁ%
SE JEILR AR, SRS E R 3 IRFECEIAE . B
&R HBIGE, B E U NG R 500
0o ' 0 ' oo ATESCIRBC L, I b SO s o = R
¢ B/mv Ch)s BB & E7K-F-F & b, I 73R T
5 —Hr HHIEAINEE A (SRR 4, I
BRI Sih, DMEREE (V) hishe)Eh,
I SRR 1 ih RSy (F) . S /b EE 3 IR,
HECPIE. TR n R AR n=Fh/Av.
23t 30 d MR EMEIRES, IL-NGP fE& &M T
AR M EE B B2 AR 4E, pH {E AR FR R e HoR KA
I ruma . — BIEIER . KPR (-4 C) T, IL-NGP %
¢ Hifi/mv FEA T T B, AR HAR & TR E PRI A2 B2
5 NEs(A) #IL-NEs (B) 9 ¢ BB 2.6 MELEMENE
Fig. 5 ( potential of NEs (A) and IL-NEs (B) T HE IL-NGP IHBEIEE, KHMENG
#* 14 IL-NGP KEARREMMIKER (X£s,n=3)
Table 14 Long-term stability test results of IL-NGP (Xt s, n=3)
t/d AN E ¥ /(mPa-s) pH 1H o EAE DL
0 WIEEAR, Fys) . HERA 3006.67133.99 6.37%0.01 Koy )2
7 W EEA, R, TS 2 986.67+24.95 6.361+0.01 Roy)=
15 W EEA, RS, RS 2 960.00+28.28 6.37+0.02 Roy)=
23 W OEAR, Fhs). R 2 966.67+18.86 6.36+0.02 Ko E
30 BRI EEE, B s HES s 2973.334+24.94 6.3510.02 N

FReAG I IL. GP. NGP. IL-NGP 2B L & 1 T P8 o SR 96 FLARGE I E BRI B E (minimum
HAHFRERIA S amEEREEE ("D, =& inhibitory concentration, MIC) A% # K &
H A TCHMEE B A, AN E 5 SR ) S2 56 20 38 1 (minimum bactericidal concentration, MBC), IL.
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#*15 IL-NGP IR SRAELMIALER (X+s,n=3)
Table 15 Low temperature, high temperature and high light test results of IL-NGP (X £ 5, n=3)

TS td AMIRRIE FiJ¥ /(mPa-s) pH & sy IR
IR 0 HREOEM A WS 2700.00+32.66 6.3340.01 Koy 2
5 REOEE, Py, WEHS 2 746.67+24.94 6.3540.02 KorE

10 REOEE, Py, WEHS 2 666.67+41.09 6.3410.01 KorE

fibinh 0 REOEE, Py s, WEHS 2926.67+24.94 6.3410.02 KorE
HEOEM A WS 2 846.67+41.09 6.360.01 Koy 2

10 HREOEM A WS 2833.33+24.94 6.370.02 Ko E

i 0 HREOEM b WS 2986.67+41.09 6.3340.01 Ko 2
WEEER, R, HEHs 2926.67+24.94 6.34+0.01 Koz

10 WEEFAR, RS, WYY 2880.00+32.65 6.3740.01 Ky

7 GP. NGP. IL-NGP 20 IL B FARHII R E
Fig. 7 Antibacterial plate images of GP, NGP, IL-NGP

extracts and IL

GP. NGP. IL-NGP #5440 [l B 42 7 oA
(24.99+0.99). (11.65+0.77). (11.79+0.96) .

(15.61+0.46) mm. IL. IL-NGP A1 NGP ] MIC 4}
W4 125.00. 4.00. 62.50 pg/mL, MBC 435K
250.00+ 8.00. 250.00 pg/mL. t4h, NGP il IL-NGP
(1) 2 040 &) 9K B half maximal inhibitory
concentration, ICso) 737y 32.57. 3.41 pg/mL (5§
16). H IL-NGP #IEE B EH/#E (15.61£0.46) mm 5
NGP #lI# P B2 (11.79+0.96) mm 2 ELiGH, IL-
NGP [FFERR L8 NGP [ 1.32 %, £ NGP 4
BB A TL-NGP J5 B4 58 5w i PR i

# 16 IL. NGP #1 IL-NGP FJiESIR (Xts,n=3)
Table 16 Antibacterial effects of IL, NGP and IL-NGP (X £s,n=3)

IL/(ug'mL™1) LEATE% NGP/(ug'mL™") HEATE % IL-NGP/(ug-mL™") A%
0 100.00 0 100.00 0 100.00
7.825 90.24+8.55 7.825 78.04+3.09" 0.500 102.46+4.61
15.625 82.43+8.70" 15.625 81.42+0.56™ 1.000 103.954+4.58
31.250 59.00+10.32* 31.250 51.20+5.01™" 2.000 88.02+7.98
62.500 38.03+4.51™ 62.500 29.9240.31" 4.000 38.64+0.46™
125.000 26.7040.85" 125.000 31.3440.74™ 8.000 39.8040.34"
250.000 27.764+0.17" 250.000 33.0945.03"
SR 0 pgmL 1 AHEE: "P<0.05 *P<<0.01 P<0.001.

"P<0.05 "P<0.01 ""P<0.001 vs mass concentration 0 pg-mL™" group.

27 REBREERNREKNREER

PR BRI, (BT ZBREMER,
b J5 HFAR TR H S — 2 e B M bk, #hR
FEIRTERETCAR o DAK BT 5 R I ads B e, K B
B R E R 2 SO, f 2 S GP. NGP. IL-
NGP B fh, 7€ Franz § §uith 347 B pRiB B 1
R, ZARZEAF N 6.5 mL 50% L EE-AFEE K,
FfEFE 30 min, LR 48 he PEUEIRER
FF 37 Co 7E TS RS TE) [ 5% P9 X 200 uL A 5

HANFFEAARFUB i U, HPLC A [ il 451
K Agilent 1260 Infinity IT 7Y =5 200 AH (1% 2 %5,

B % Agilent Cig RAHEIEFE (250 mm X 4.6 mm, 5
um); PAHEE- K NI AERE e : 0~35 min,

20%~40%H %; 5~10min, 40%~60% H##; 10~
25min, 60%~80%Ff; 25~35min, 80%~100%
HEE; 35~40 min, 100%FEE; FEiE 30 C; &l
K 296 nm; AR E 1.0 mL/min; SRR 10 uL]
Mg B I kB 2500iE 1 7y (B 8-A~C) %



FEH 2025FE58 $£56% B 108 Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10 - 3483 -

1
2 2

!
ﬂ 48h

I NP (U = Y

J~ L 48 h
L A b - M —
05h
0.5h J 05h J
JW

(l) 1I0 2I() 3.() 4.() 0 ( 4. 10 20 3IO 4.0
t/mm
1-WERE R 2-TEE IR, 3-FE R 4.
1-bufalin; 2-cinobufagin; 3-indirubin.
B8 GP(A). NGP(B). IL-NGP (C) 7£ 0.5, 48 h B;£iE 13 FZ BKRO 2B 1E AL 47 80 HPLC Bl
Fig. 8 HPLC profiles of GP (A), NGP (B), IL-NGP (C) permeating skin at 0.5 and 48 h

i) g R R R zEE (B9,
SIS EE W R, W R, IF AR A B ER K .
B J5 45 2 U RN, B 2 mL HEEAE 25 °C FREL
0.5h, REFEMIER, i@ HPLC & e g R
VEE, SRILE 17, RER, IL-NGP A1)k
R Y RBIEEAE 48 h INHZ 0.5 h 36/ T 4.52 i,

M ARSI S AN AL B R A R E . K
bb, JESE 3 AHIFRIN 25 RS E ik PR R
TEbREN)
80 7 —— GP
—e— NGP ok

D
(=)
1

—+— [Ls-NGP

BRI/ %
£
1

33
(=)
1

0 4T+ T T
0 10 20 30 40 50
t/h
5 GP l#&: *P<<0.05 **P<<0.01.
*P<0.05 **P<0.01vs GP.

9 GP. NGP. IL-NGP HiEHR7E 48 h AR Z1 R
BEM% (Xts,n=3)
Fig. 9 Cumulative permeation curves of bufalin in GP,
NGP and IL-NGP within 48 h (Xt s,n=3)
F17 BhiIEFROKKRRE (X£s,n=3)
Table 17 SKin accumulation of bufalin at48 h (X +s,n=3)

Ff i S AR 2/ (pg-em2)
GP 6.06£2.40
NGP 17.08 £3.85™
IL-NGP 21.87+1.89™"
5GP e "P<0.01 **P<0.001.
*P<0.01 "*P<0.001 vs GP.

WKl 9 FR, ¥ GP #il4 M NGP J5, W5# RAE
48 h PRI B FH R 1 27.48% 52 21 40.91%;
2B TAREIE, IL-NGP fhifsd RIE 48 h N
(B HE— 4T3 GP (1) 2.42 % (66.53%)-
AL, IL-NGP i R AE 10 h I FF G B8,
It H BB AR R 48 h LA . i FIRSE AT 40,
AT GP, #1245 FHC $2HU)H 45 B IL-NGP e
il E 2 w2 24 0 TR T T [ I S K 25 0 1 R
] (P<0.01). R Zi)E, WERFEAIFEL
i RAEZF IR (R 17). 4R ER, NGP
ZH A1 TIL-NGP 417E 48 h i} (1) J7 ki 25 R TR S35
FET GP 4 (P<0.01).
2.8 EEEMEKAELFNR

Fo WA SCHR 7 R T O R YT Sh B A 1221, T 1
mL SRR, B AR 0.2%E S M
A& A T8 RN T ECE AL, RS
0.06 mL, PAHIL A EIFFEL, Higa EYTm s
HH R BB B 1~2 mm i B 5 bR e o /N BRER 2R
EERLE 10, B/ 35 H, BEHL 4 x4
FHMEZGEH (UL B 4D, WEhE AL ig 4l (Gavage)
FOMESE ALIEFRLL. (Varnish). GP 4H. NGP 4. IL-
NGP 4, 5 R/#H . ARAEMERE AL VLB P51 2123, %4
2550 E N 5.85 mg/(kg-d), 1 k/d; FEULE BEIE]
BIRESAL, 170Ud; GP 41, NGP 4l IL-NGP

@\
""/‘E_\
“\ O i
IS LENE TE 99 R
—\_//“L«_....»_‘-,-rf ‘ ‘ |
E10 PMRAEBTER

Fig. 10 Schematics of mouse administration
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NEE2 R 1 IE/R, XTHRA g 45 TERA K.
£ 4. 9d HEGEE ARG, AL/ 28 25 10 Bk
K&, SR WK 11-A, K/ AL AL JE 37 RIS PRI

A

EPN
PIEPS

#H9 K

X HEE Mupirocin Gavage

Varnish GP NGP

AR, H 4% 2 K ESRIEE E 24 h f5, 3T

MoK B PR . Jet T b0 B B e R e
HomHEgiy (B 11-B).

- A
IL-NGP

B FRSAHRETNRTMHELRAEE (A) MAEHKKE HEKE £EE (B)
Fig. 11 Maps of furuncle changes in mice with different days of administration (A) and H&E staining of different skin groups (B)

IL-NGP 73 8 /N 5 52 e PR R R 22 45 SR
L 11-A BoR, 54 RES, 5XTIRA R, GP.
NGP F IL-NGP 20175 1352 B H AN [F) R B2 98/ 5
9 Keh#iE g, W4, GP. NGP Ml IL-
NGP 2H 1)/ B 1352 0 A [RIRE B2 ) sk /DS, JHerp
NGP Il IL-NGP H7E5 4 Kt C B @&, 5
9 K, GP Ml NGP AMEIT AR, IL-NGP 41
N LT sE A Gy, mT B SR I AR Ak T o
52, ULHH IL-NGP TEIRYT/IN BRI SR ol B3
HAY) - (B 11-B) TR, XFHATHRA, IL-NGP Af
EER O N L RO i DI TS T e EEaab ] A e
WMEE RIF, RSB ENZEA L B B
R D [ S IE SN I IR BT 20 4155
29 HBHYFEMR

I ARSI A A R A S

TSI LR . — F IR BCH i S B0 R 2 ki i =5
IO EE IL-NGP A G YT RS2, /N BEAL 2>
44, BHSH, R RA. FBEEAGH Cibg
%7 1L B, MSBP). MEE ALIRTALL (Varnish) IL-
NGP 4. £ 18 iR Wox, SXHZHAMHLE, Varnish.
MSBP Fl IL-NGP ZH 35183 10N B AR A B A
(P<<0.05. 0.01) St m#NH|# (P<<0.05. 0.01.
0.001), 3K IL-NGP B R /I B IR
AR ; SXHRALAH L, AN R 2
FRERIEA (P<<0.05. 0.001). — H 25350 ) i3 -l
ik (P<<0.05. 0.01) HAEHMHIEMN, WAL 8 h i,
A TIL-NGP 20} R 51 i K B2 i A BE 2
MHER (P<0.05), FHH IL-NGP Refg A 4dmi
NERPIZERE BRI AR, BRE MK S ki i HLSCR
T A M AL AR AR

®18 FUEBYFERER (X+s,n=3)
Table 18 Pharmacodynamic experimental results of each group (X £ s,n=3)

. e/ FAHR B 1 /s PR 2R AP e S 8 h A2 Bk
(mgkg'-d) 42T Y E Ji 5 /mg HIH1%/% /% ik /%
it B - 7734200 8.03+£230  38.66+8.35 0.00+10.77  107.17£27.50 73.82+22.38
MSBP 5.85 7174228 11.9842.64" 26.19+7.19"%  1638+12.41"  77.83+£11.9944  74.49+21.0444
Varnish 5.85 7974136 13.094£232" 25.63+£5.46™4 21394944  64.83+£22.81"44 78.89+523944
IL-NGP 5.85 7554202 13.5142.08" 1834+4.05™" 25414699  48.17+30.60"  63.65+37.02"

SxtH R "P<<0.05

“P<0.01 *"P<<0.001; 5 IL-NGP 4ltb%s: 24P<<0.01.

*P<0.05 "P<0.01 *P<0.001 vs control group; **P < 0.01 vs IL-NGP group.
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2.10 it

JI 4 %4 ] GraphPad Prism 8.0.2 #4742 &1
Giit o dr, SGERLIX +s FRik. 4L SR H #
ANVOA, P BEERA ¢ 15
3 Wie

28 [ 5 25 0] v e VRS 25 () I e i R,
B 7R NS SRR, A T R AR
PEo AN, SREGHREET LA RS, MR
&, WG ZUEL SREVER] IL 8 HE A —M AL
AN ARIBE R 72, AAAT LA E 99K AL
WnZis g, FE HAT DA o0t 4 €0 2 BK A
(R s AL GG B DR 24 W) T At s e I 3 22
PR T I AR R FH S T 8 VRO o ) M K L i
It DR FL et () Vs i i BOVRI LA IR 4 R M, e g
A R 2D Y R FE D R B I 1, 3SR 25
AR FERY, TG 2B S AR TH
JIANTE, BT Z B PR R AT 5

i3 UPLC-Q-Exactive-MS/MS X} FHC i 4
B AT A3, o R R SR METRY o
DL % 5 T 2145 T A UF BH 2L A7 00 1) 4 0 250 %) BK B
B34, 78 J KB IE R I IL-NGP 4 (1%
isiER L E T HAMA, KRR 5T
WA EA A B, RRUSIEIE B B K AR 02 I
JRALZ A, eI g e S ) (e, AR R R
VSEEEE, IXRR S A 5 R s A A A R T
FERBIKEAER, AR BAUZ R, TS 58254
(10325 B MRS 3ST e I Ak, B IR g e e TR 1 4 g
JIES (B P, el SE T B I DR, T AR
W T H L B UEE AR . BRAR 33K o PRI 5
i, XA RS ()iF i 3R,

ZE LR, AW 70 B URIESEA F I #1 4% 1) FHC
ST I G K L B AL e e 1R T+ 25 1) i3 e
A, I A ik 2 1 5 O 4 B 10 7 48] BR TR R A 28R
Ak, AR —E R RIRME: AT T8
e, BRZNER ST AL AR R S IR AT AT, A
I, AR E OB UE IL-NGP [ iz @ hLHl L,
VRTINS R W S (it B 58 35 1 SR A0 SR

FBAR FAVHEHYFARGEF TR

SE3Hk
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