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7 E . MR (UA) AR WPETEME, (FKEMEZE . EYFH AR R M BR &1 T G R H . AR5
KK A 2RI R C© W TR - 2R & 8 (PCL-PEG) 1 43 T M B 2 UA A, FI 8 B iR 46 & Box-
Behnken M 17 [ LA il & 45 14, AT H2 55 UA MK R A MR R EE o RAEJOTA UA R RIAE . Zeta
A, OMIESR . R . KM RAMNBEZ . RuetE R etk AT UA BT 4 R U A0 T i 4 o0
BUVRI P B T 4 e €6 ) 4 3K DA R /N BRI TR YT BMOR o 558 UA IR AE R RIK I 2508 T SRtk . 25
R B ARHA UA BREREI KNS A] . REDEHE HERA, Ki4EN 1204 nm, Zeta 7 H-7.8 mV, fH=H
505 80.66% F19.47%, H UA g T 7E AR B K N, KRS 19.11 15, UARH
B4 —EMERERE, 48 h 254 B3HRUE N 76.26%, 1 4°C WA 60d Jo, FaEtERET, MZhaetRir,
2R E WLANFE S B —E YU, H UA BN & 3 (8 AT BR B /N B IR T RCR H UA R 25 T 4T
5 UARZ ML, UA B AR B P9 ARG AE W 1) 2 5 156%,  Cogx $151 1.34 75, BT K 21.38%,
TR A RAR 32.39%. ASHTSE ] Ny UA JB5E 3 A4 I A 7 R A — E BRI AR IR .
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Development, antibacterial activity and pharmacokinetic characteristics of

usnic acid nano-micelles

NIU Shengli, HAN Xiaozhuo , TONG Zhifan , WANG Yanping , HAO Jiahui , WANG Yingyu,
ZHANG Luyao, CUI Cancan, MO Fei’

(College of Animal Science and Veterinary Medicine, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: Usnic acid (UA) has excellent antibacterial activity, but its poor water solubility and low bioavailability
greatly limit its clinical application. In this study, polycaprolactone-polyethylene glycol (PCL-PEG) polymer
material was used to construct UA micelles by film dispersion method. Single-factor test and Box-Behnken
response surface method were used to optimize the preparation conditions, so as to improve the water solubility
and bioavailability of UA. The particle size, Zeta potential, microstructure, embedding effect, water solubility, drug
release in vitro, stability and safety of UA micelles were characterized. The antibacterial activity of UA micelles
against four common bacteria in vitro and the therapeutic effect on Staphylococcus aureus infected mice in vivo
were investigated. The pharmacokinetic characteristics of UA micelles in rats were clarified. The results show that
UA micelles are uniform size and smooth surface spheres with a particle size of 120.4 nm, Zeta potential of -7.8 mV,

encapsulation rate and drug loading of 80.66% and 9.47%, respectively. UA is successfully embedded in the hydro-
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phobic core of the micelles, and the water solubility is increased by 19.11 times. UA micelles have a certain slow-

release performance, and the cumulative drug release rate is 76.26% after 48 h. After 60 d of storage at 4°C, it shows

good stability and good drug safety, and has certain antibacterial activity against many common bacteria. In addi-

tion, the therapeutic effect of UA micelles on Staphylococcus aureus infected mice is better than that of the original

UA drug. Compared with the original UA drug, the relative bioavailability of UA micelles in rats is improved by
156%, Cax of UA micelles is increased by 1.34 times, the half-life of UA micelles is extended by 21.38%, and

clearance rate of UA micelles is decreased by 32.39%. This study can provide a theoretical basis for the clinical

application of UA micelles.

Keywords: usnic acid; nano-micelles; PCL-PEG; antibacterial activity; pharmacokinetics

FA % MR (Usnic acid, UA) J& A % J& 1 9 3 A<
(Usnea lichen) IR AR =4, BA MR By K
FEwkm g™, WESE R UA K H AT AR B L
£ N 11 X o =GN /1 b AN 1 16 SN & B i 7]
O At SR iistE, HUAMBES S, &
Gy e 2, B BRI R 1, B
KT UA Hil R & EEAREIR B A . ok . 2
R TRREAE, XS AR DL B UA £ i
AYIEPE . 2R A T (AEAR R
UA K22, IR A W) 2550 7 5y K R 48
(Biopharmaceutics classification system, BCS) IT 2&
259, TR DY AR R BEARG 350 B R el B )
T BRI R, 1 6T UA A= 4 1) B i F
L, REFOHWETUABIRE G, %
17.5 mg/kg 7 & HE B K BT & 81H A= 9 R H B mT
$& = 150.27%., A BF 5T F R A W) R (Poly-
meric micelle, PM) % & UA i) 7K ¥ P M 4= 9
FHEE

PM J& — B B A S 7K B R 7K B T 5 25 4 1)
PURH BN . B WAER W D ] IE % - e 45 A8 1Y)
BRI, 25 /K Bl 5% 5% T J) BV 70 b A Sy e o Ak
2., SWNZEH KRS, KAWL J7 U
ZOE R PM™, PM i 25 R4 HA BIR A L0B B
RasR 25K YE I 2 ) B ) A 2 A
I RT3 3 37 PR A i 5 B AR AF 2 R R AR 2
Yy ik BVAE 0] WAL . 5 ARG K HI R AH L, PM
AR E M . ZREMERE SR m R Ay, H A RO
%O a7 B 07 AR 25 21 PMI RS WA R
F £ [ (Polyethylene glycol, PEG) f&— i H. %
R K B Bh A MAEERN RS
Py, i F PEG 1 by Jie o v 119 55 7K itk Bt mT R i
B RIIR TS, A TR P A% A B A, DT R
TE B SR R 1P, R, PEG AT LAkt 4 g AL 1A
P IRIR A B ZR GE R, R ARG I R ) L 3R 5 o
FERAVEH, R 25 W 7E i rh A 58 BRI ], 3 R

R, SHAM KRS WAL, L PEGER
KarTolkm, SRR, BS ANE (Poly-
caprolactone, PCL) 45 N ik 5 & 09 %08 o 58 3 |
e AR Jo7 FH AR B ) 9z 42

FIAT 2025 PM 9 il 5 07 05 32 B AT BLHIA A 1
WK G BT S VR TR AR, Hop, B
Bl s n) PM B2 AL, HX 254K B
WA — B 20Kk, Bk S A E R, &
APEAR, B AR AR v O R PR I R A
%, HETH AR Z N . i K A R
PR R VAT HLVE 000 ik 25 Wy AR N 25, 26 R Bk
A PUE R G415 B 2R 25 P 0 IR & #RE, 5
7K AR TR AR A Y 20 25 PML kR A 2D A
B EMEGS . By EOR, AT TR M2 W I
WA AP0, AR SR AR K G 125 1 4 UA PML,

BT UL EE S, AU N UA K2
A Wy ) T R ARG A X A, R P R 3 T A4 BE PCLsgg-
PEGsgg F1 SR W 14 1 UA o, 425 UA 19 /K %
LA, JF WA AT G, O UA KRR
A M PR R FH i it — 5 BB AR o

1 KM BEAE
1.1 E##

UA( 5>98%), 25, LilEEBAyei
AR F s PCL-PEG (5K : 5K), P4 % ke 2L W) B
HAMWRAA; =& WE, g, mEsT R
o AR A BER £h 2% v (Phosphate buffer
solution, PBS) ¥, dtntdhE B BEAYHE A AR
TEAE HEE, s, RiBEh M TAH
FRAF S O, srdral, K Rl
MHB ¥5 373t . MHA K7 3556 . H 88 B S b #h 246 51
Bk, e B R YR ARARTAE LA 1E
STHAEREEK, TTRERMAARAR; 2=
B Fp O R, R FEIA | R A, =
CWe, REm Rzl whie, E254EH
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A RA T KER (%= =298%), AR S
B R A B E] 415 bR UEfR ATCC 29213,
ATCC 19411, ATCC 25922, ATCC 49619, 3 [ B
OO AR r bR, AL E IR KOE
FERFT -

1.2 UARRRHH &

K B K Gk il & UA R F 1 Ak X
4.08 mg UA Fl 30.00 mg PCL-PEG T 7% 1 ke i v,
IAGE = A bE P R, R BN, R AR
HAS 325 T4, fin A 30 mL PBS (pH=7.4),
Ji8EPE kAL 1h 5 B 0.22 pm JE B vk, BIFS UA
W, [ vE & A& UAM S AR T )5 &2
.

1.3 DARREBHEMFHEWNUE

WA AR RHCREEL, 55 BCUA XTI G
WH NG MBS, T 540-01 W2 e 6 1t
(U-T6 APC, UZiEAL a5l (1) A BRA |) #E47
SR . JEH UA XTI W ST bR o 4R
FE43 K (1 pg/mL) . 1 (5pg/mL). 5 (15 pg/mL)
WEE UA W AT B . H RS %5 5 S Il i %
K

B UA B W 2mL, 12000 r/min & .0> 15 min,
B W 1mL, AR N, W OosEEE
WAL bR L, HHE UASE, AN
1.4 UARRE &F&ERMRL

FER R B b, ¥ — 25 R H Box-
Behnken M 17 8 325 35 47 PO R &R (S be © HBE
UA #: 25+ . PBS1ARL. PBSpH {H) =/KF (-1, 0.
DX, DB RSN RN SRR, &4
B 2 UA JBE I S A il 4 251
1.5 UARRMRLES TN
1.5.1 Kifd K HL AL

22 0.22 um JE I I8 UA IR, 1F 25°C,
633 nm /1) He-Ne & & 144 T, F 94 K KL AL (Zeta
sizer 3000 HAS, & [& 5 /R ST gy BH A R 2 =) il
FERLAR KNI Zeta HLAV .

1.5.2 fORIE S

28 0.22 pm JE B U8 10 UA T8 9V 80 i 1 4
K |, 45 FH TEM (HT 77002400306, H 74 H 37
R A WS IE B
1.5.3 AHRUR

# UA JE 25 7% T CDCl;, PCL-PEG ¥ T D,0,

UA i 3 43 5] % F CDCly il D,0, i F #% i 3 9%
% (Bruker-AV-600, & [ 7 4 5o Bl 47 A R 24wl ) i
fT'THNMR W€ . ek, ¥ UAJRZ5 . UA 5 PCL-
PEG WY HIR A Y . UA IR 4 3128 KBr J& Fr, fili
JH FTIR (BrukerTensor-27 spectrometer, i [E 7 &
SRR A PR F)) AT T AN OSOGE I E
1.5.4 KM

43 9 F 500 pL ZE 48 /K Hoin A it i UA B R R
T8 it 5 UA 25k K, 37°C YR % f# 9h,
O W TE W, A AN - AT WL 43 66 B Tl UA
) o A IR S I8 K 290 nm Ak A W' BE (L, AR B A
B b o il e 1T 5T UA MR, BV AT e UA i R
UA JR 25 K A1
1.5.5 RAMREZMRE

SR FH 355 BT 35 00 5 UA 8 SRR 1A A0 B8 24 14 it -
1 UA ISR WM A LG BN 48, A&
1% It ¥ -80 fi4 PBS (pH=7.4) Bt/ i b, T 37°C
PEIRBEFE . 20 90 T A [a] B () RS B i B O
TR 2GR o T A B I S T A B 1% i
15-80 [1) PBS (pH=7.4) 4k ZLi 5K .
1.5.6 WfFfa et

¥ UA R E W 5T 0 8 T 4°C L 25°C kG4
TIWAE, 9z od, 15d. 30d. 45d. 60d ()
FEAR N2 R, DO UA IR I A fe e v .
1.5.7 stk

YEUHT 8 f 1M 7 A 2% 21 40 MR, #F UA ISR
Wk EARIRE, A G RFT 2% 2120 il B
RE¥A), 37°CIHEIELIE I 2h )5, 3000r/min 55
> 10min, B E 3 M 2 540 nm A4 B W G A,
e PR A MR . 2% Triton X-100 F1 4= 3 5 7k
A3 SR Sy BE A ot B R B o B
ODye s — OD g g

WIZE (%)= %100 (1)

ODrriton X-100 = OD g g1k
1.6 UARRHITEE N
1.6.1 # /N B ¥ B (Minimal inhibitory concen-
tration, MIC) Fll &z /)N 2% B ¥k £ (Minimal bacteri-
cidal concentration, MBC) il &

HR H5 5 ]l PR A 52 56 % A5 E Pp 2 (Clinical and
Laboratory Standards Institute, CLSI) 5 F 24 f{ i
RS, SR R A R R AT I Pk
X B8 A U 1Y) 4 0 2 BK R PR AR L TR AP
R 8 € R ) BR AR VEE AR L Al R B0 AT T s T A
Ry Bk« R R TR b AR DA S i 4R % 3K T s
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¥k (M€ FE A 10° CFU/mL) 43 5] #% F & 96 FL AL
(100 pL/fL), $%& A% F FEENE AN IRV B A Ui 2 UA.
UA 3 A 4 L (100 pL/fL), 37°C # & 85 3¢
24h )5, WHR UL FL NG Ol . ¥ 35 LI B
25 W 15 S MIC {HL . 7 A P8 38 L i 1 B R
BC10 pL i A6 F B TR 32 56 1, 37°C i as
It 5 T I A K I B AR 25 W Mk 2 o MBC .
1.6.2 UA Jiit 5T 4 B 0 4 25 BR B B /N B IR 9T
LES

VI bk B I /N BRL (A BT it 18~22 g) B AL 43k 6
ZH (n=10). 4% 20/ BLF% 0.5 mL/ 2 57 42 18 s 1 S
5x10° CFU/mL 4 #{ (% 7 %5 2k 1§ ATCC 29213 4 &
WHEAT I, . 2h 5 4% 20 mg/kg B 7 HE 43 ) ks
47 0.5 mL UA JR 25 1R B . UA B i W S A= 38
ko T 12h, 24 hfil & /N ERIE L R E 4 25
WU E VW, Fhl s D) /o Bl e . g
Uk 2 205 0 K s 08 YRS B S R S IR A T T R
S BRSO B R RO AR I, 37ClE R B IR
(DNP-9082, 1 H 7 52 6 i 5 A BR A Al i B
I, TR TR
1.7 VARRMAR NWEHR
1.7.1 Bh¥ o2 e ik 3

5 i PE SD KB (1R I 12 29 200 g) B AL 43 2
4 (n=8), o % R & bk 7 5 UAJR 251 & W
(4 mg/mL) Fl UA X R , 25257754 20 mg/kg.
MRS, 49T 0.08. 025, 0.5, 0.75. 1.
1.5, 2. 4, 8, 12h HRHE &k Kk AR Il 0.5 mL F 4L
B, 4000r/min 20> 10 min 5 W B W
T-20C UKFEIRAE 55
1.7.2 L3R S T AL 2R

K 0 W SR I R S 200 pL T 2 mL B4,
JImA 50 pL PN FR K 35 E % W (0.6 mg/mL), 8 HETR
4 3min; A 200 uL F EEAE W, RHEIR A 3 min;
JinA 200 pL Z B %W, WIETR A 3min, 4C R
14 000 r/min 2 0> 10 min, K& FEw, &
FomLELEH, EEMWIK, 50C AR T,
5 FH 200 pL i s AHE %, IWHEIR A 5min, 4°C
F 14000r/min & 0> 10min, W b 3% % . H
0.22 pm P8 AL U8, HCIE VR T SO/ R AR
1.7.3 UA 9y HPLC #:i J7 1 ity ~r

HPLC (1260, 3£ EZHERBHABRAA) ik
FE B 1 ODS-C18 (4.6 mmx200 nm, 5pm), 71
R BE VR MR T o R 290 nm, A =
20 pL, ¥ 1.0 mL/min, #:& 30°C.

&1 #EE (UA) B HPLC #ilIKE B A2
Table1 HPLC gradient elution procedure for detection of
usnic acid (UA)

. . 15 mmol/L KH,PO, : Triethylamine=
Time/min Methanol

500 : 1
0 60% 40%
3 70% 30%
75% 25%
15 60% 40%

F 25 [ R B3 P A — 22 & UA X R %
£ W (1.0 mg/mL) £ MK AEAS, 55 BUK RS (Al
I R FIKE S UA 25 R Rm 3, #17 %R
PEE S BUE B KR HIMmY, AR B4
B UA XF R G 4% 45 (1.0 mg/mL), i £5 A [F] e
JEE ) M0 o Vs VR AT Ah B A o DA 25 vk
SRR AR AR, DL UA 06 T FR S R B3R 0 T AR Y LU (E
ol N L i S T R L A
(S/N=3) 1+ 5 UA £ th B, AR 10 £% 15 M 1L
(S/N=10) 1155 UA ¥ 5 1 B o [7] 32 B Rt 3¢ il
K (1 pg/mL), 1 (4 pg/mL). & (16 pg/mL) ¥
JFE UA IR RE S, Rl = Ay . H
()RS 2% B
1.7.4 UATEZS H I AR e 1

MEAR (1 pg/mL). " (4pg/mL). =5 (16 pg/mL)
W BE UA B I AE S s i 1) UA & o JF 4t
AIA-20°C VA7 30d, [RIRINGE UAMRIE . iH5E
AEXT A I 25 (RSD%) .

2 #RE5TR
2.1 I -TTRAHKEERN UA LR

Il 1(a) 24 190~600 nm P 1 ¥ Fl P 58 Hh- 71 L
ST B K AR, W E R UA
£ 290 nm Ab A 5 K W Wi, T A I R 7R
290 nm 2 TEW U, & 1(b) S E N7 1Y UA B2k,
2% 1 [8] 09 J5 #2 N y=0.0563x-0.01, £k 175 Bk 1~
15 pg/mL, PE RE R?=0.9999.

A, K (1pg/mL). 1 (5pg/mL). = (15pg/mL)
W B UA B W /) H RS %5 B RSD% 43 5l 1 0.95%
1.12%. 1.28%, H [A] 45 % & RSD% 43 il 4 1.24% .
0.52%. 1.53%, YJ/NT 2%, [ 5 51 K 99%
97.5%. 99%, RSD% 434ll°h 0.77%. 1.05%. 0.35%,
BIUNT 2%,
2.2 UARCRIREHEES

2% 2 0 3 F 5 R K 50 45 2R 119 Box-Behnken
VAR RN et e s & E S N I i )
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=
A W
T

W
T

Absorbance (a.u.)

0 b

1 b UAreference solution

/A
— N

Absorbance (a.u.)

200

R UA i o A 5 5 R0 38 2 5 5% 0 19 3D M o7
i . M4 Box-Behnken i Jij [ 256 25 5, UA JIK
WA ERAER & =E Wk - HEIAE N

300 400
Wavelength/nm

Table2 Experimental design and results of Box-Behnken response surface methodology

500

600

-1

N W R~ W,
T T

Blank micelles

L

’.‘ \‘
(G

0V

300 400 500
Wavelength/nm

200

R*—Coefficient of determination

600

Absorbance (a.u.)

1 190~600 nm & KFAMLER (a) K UA FRifEIZE (b)

Fig.1 Full wavelength scanning results from 190 to 600 nm (a) and standard curve of UA (b)

% 2 Box-Behnken I 5 EERIR I T R 4R

L (b)

y=0.0563x-0.01
R*=0.9996

2 4 6 8 10 12 14 16
UA concentration/(pg-mL™)

1:1, UA#ZyE N 4.15mg, PBS AFLN 24.38 mL,
PBS pH & & 7.4, Box-Behnken M Ji/ T 2 1 il ) £
B3N 80.66%, HZyH N 9.47%.

Formula PBS volume/mL UA dosage/mg E;E::g;n ethane PBS pH value Efnﬁc;gls::;:jt%on Drug loading/%
1 25 3 1:1 8.0 72.25 8.39
2 25 3 1:2 7.4 68.71 8.03
3 25 5 1:2 7.4 72.35 8.90
4 25 3 1:1 6.5 42.55 6.21
5 25 4 2:1 6.5 47.36 6.33
6 20 4 1:2 7.4 74.54 8.76
7 30 3 1:1 7.4 67.40 7.98
8 25 3 2:1 7.4 72.72 8.43
9 25 5 2:1 7.4 75.48 9.02
10 20 3 1:1 7.4 68.70 8.02
11 25 4 1:2 6.5 48.62 6.66
12 20 4 1:1 8.0 72.01 8.71
13 25 4 1:1 7.4 79.59 9.36
14 30 4 1:1 8.0 66.18 8.44
15 20 5 1:1 7.4 70.37 8.62
16 30 4 1:1 6.5 49.45 6.70
17 30 4 2:1 7.4 70.35 8.56
18 20 4 2:1 7.4 72.16 8.68
19 20 4 1:1 6.5 43.55 6.28

20 25 4 1:1 7.4 78.40 9.25

21 25 5 1:1 6.5 49.92 6.98

22 25 4 1:1 7.4 78.62 9.27

23 25 4 2:1 8.0 73.33 8.69

24 25 5 1:1 8.0 67.67 8.59

25 25 4 1:2 8.0 71.04 8.62

26 30 4 1:2 7.4 72.97 8.72

27 30 5 1:1 7.4 70.26 8.60

28 25 4 1:1 7.4 77.48 9.11

29 25 4 1:1 7.4 78.31 9.24

Note: PBS—Phosphate buffer solution.

2.3 UA BREIRAESTEMN

2.3.1 K. Zeta UL WOUIE S0 K A SR

&l 4(a) N UA R0 A B, 7] UL UA Bl
BB F2 200 120.4nm, Zeta L N -7.8mV, i

R fr, FREPE R AF . Bl 4(b) S UA B 1Y i
WIS, 7T UL UA B S R/ 5] R Tw DG 1)
BRAAR, BEHORLF ZH JCKi % . Kl 4(c) 8 'H NMR
FAEZERL, W] UL UA IR 5 UA JF25 1 1 1% e AiE i
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Fig. 2 Interaction of the influence of four factors on the encapsulation efficiency of UA micelles
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Fig. 3 Interaction of the influence of four factors on the drug loading of UA micelles
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Fig.4 Partial characterization of UA micelles: (a) Particle size distribution of UA micelles; (b) The morphology of UA micelles observed by TEM;

(c) "H NMR results; (d) Infrared spectroscopic results; (&) In vitro release behavior of UA micelles; (f) Hemolysis test results of UA micelles
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Table 3 Encapsulation efficiency and drug loading of UA micelles stored at different temperatures for different time and
away from light

Storage temperature/ C 0d 15d 30d 45d 60d
. . 80.60+0.31 72.88+0.78 68.13+1.76 64.72+2.06 61.11+3.36
Encapsulation efficiency/%
25 80.60+0.31 65.81+1.13 60.06+1.77 58.64+2.31 55.90+2.89
. 4 9.10+0.35 8.43+0.92 7.96x1.12 7.46%1.43 7.17£1.19
Drugloading/%
25 9.10+£0.35 7.53+0.66 7.01£2.02 6.77+0.62 6.60£1.15
UA JEAI I 0 B AR VA 5, 24 h I UAJRZ5 R oKL, UAJRZy 22 S A W3, 1l UA R AE

UA R AR LU A B 25 25 5 0 TR, 541

12h 227 B3, 2ah B2 2WE 3, 24h ) UA
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F4 UABHRHN UA R 4 AR SNMIERE (MIC) Mm/MNRERE (MBC)?
Table 4 Minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) of UA micelles and
original UA against four bacteria

Staphylococcus aureus
ATCC 29213 MRSA-5 MRSA-66 MRSA-70 ATCC 29213 MRSA-5 MRSA-66 MRSA-70
MIC/(ug-mL™) MBC/(pg-mL™)

Free UA 8 4 8 16 64 32 32 64

UA micelles 16 8 8 16 64 32 32 64

Arcanobacterium pyogenes
ATCC 19411 HC-H12 HC-H02-2 BMHO06-3 ATCC 19411 HC-H12 HC-H02-2 BMHO06-3

MIC/(pg-mL™") MBC/(pg-mL™)
Free UA 16 32 32 16 64 128 128 64
UA micelles 16 32 64 32 64 128 256 128
Escherichia coli ATCC 25922 Streptococcus pneumoniae ATCC 49619
MIC/(ug-mL™) MBC/(pg-mL™) MIC/(pg-mL™) MBC/(pg-mL™)
Free UA 256 >512 128 >512
UA micelles 256 >512 128 >512

(b) Spleen

#k (c) Peritoneal

S = NN W ks N
T T T

S = N W A L
T T T T

S = D W kA N
T T T

lg(colony count)/(CFU-mL™)
lg(colony count)/(CFU-mL™)
lg(colony count)/(CFU-mL™")

RO R R SR e W OP A oD e R R R R Ll e
\s%\\‘\. %\0 \cﬁ*\\ \‘*;5\\0. %\0 ‘\c@\\ \s‘b\‘? rz>\\S '\cﬁ\\ \%’b\&. %\\3 '\cﬁ*\\ \‘*;5\\0. %\0 ‘\c@\\ \s“é\\‘? @\\S '\o@\\
I USSR SIEO N PSR\ SO ARSI\
RN RN RN 08 (> PSR RN
PO X\\S o O ‘0\3 PO X\0 R X\\B RO ‘0\3 RS \\0
\zl\\ AN 'lb‘\(\ Ak i \m\\ AR ,lb‘\\ s X \r}‘(\ NN ,Lb(\\ M X
Group Group Group

# denotes a significant diference compared with the normal saline group (0.01 < p < 0.05); ## denotes an extremely significant difference compared with
the normal saline group (p < 0.01); * denotes a significant difference between the two groups (0.01 < p < 0.05); ** denotes an extremely significant
difference between the two groups (p < 0.01)

K5 s @R ERE RS D BURFINES RS

Fig.5 Number of colonies in different organs of mice infected by Staphylococcus aureus
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VAR, 12h. 24h (9 UA 25 UA BORMIHLIA B ok gy pszse . ki N s R 528 45 0] 5 rh
FES . LRL, UA B AT/ AR N 4
CEA BRI, HACRIL T UA JRZ4, Control  Normal saline Control  Normal sali
Pl 6 Ay /N Bl At A % AL A 20 295 3~ B0 1 B o RS o
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SR 1) i Y g, v s TR AR L, B KT
FRAE 1 At M0 00 O R B il , R R SRR T 5
AEBRERK LA IE . UA JEZ5 410 UA JE R 2L /)N Bt
HAUR AR, R0 R 9 >, K W] UA W]

150 pm|

Lung Spleen

Beff = RO LSR5 UAJRZGULATIL 6 sk NLIFIE . DI SR S A
UA fig ;E 4 /J\ LF_L:{‘ ﬂfﬁ 4 é/l:{ ﬁé 'VEE élH H@ {% T E » ’ [1] }}ﬁ; Fig.6 Histopathological changes of lung and spleen in mice infected
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Fig. 7 Determination of UA in plasma by HPLC and plasma drug concentration-time curves: (a) HPLC chromatograms of different plasma samples;

(b) Standard curve; (c) Plasma drug concentration-time curves
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h1/Co # 5 0k AR b7 2 SR AT A0 B 15 3
B 1 F BB, S5RERW, Bk 5
By)a, KU T UA B B I 25 e B - B 1) iy
28 F B B 0.0y (AUC(o.0) M 58.423 mg/(L-h), H
UAJE 25 ) AUC(.. (37.481mg/(L-h))4& i T
1.56 fi5, AHXTA W) A EE 205 1 156%, e KL 24
WIE (Coad) 117 T 134 F%5, FWIERK T 21.38%,
T bR BEAR T 32.39%, 734 3E 8 B 1] MRT g 12
WA

R5 EBHEKEHAARMNREPNAHFSH

Table 5 Pharmacokinetic parameters in plasma after administration by tail vein injection

Sample AUC(O_,]/(mg-(L»h)’l) AUC(Q_M)/(IIlg'(L‘h)fl)

Cmax/(mg’Lil) tl/Z/h

CL/(L(hkg)") V,/(Lkg") MRT(y/h

Original UA  37.481+4.847 43.511+6.764
UA micelles 58.423+4.946 64.375+4.877

24.493+2.848
32.799+2.620

3.807+0.132  0.46+0.013
4.621+1.194 0.311+0.028

3.065+0.067 2.817+0.176
1.707+0.053  2.969+0.295

Notes: AUCq.) is area under the blood concentration time curve from 0 to #; AUC(.,) is area under the blood concentration time curve

from 0 to o; C,,c is maximum blood concentration; ¢/, is plasma half-life of the drug; CL is the volume of drug-containing plasma

eliminated from the body per unit time; V, is apparent volume of distribution; MRT|y_; is mean residence time from 0 to z.
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