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@ E: ZBARIN (Carica papaya Linn.) J&TFABBEARNEL, 20 T . WHGHHLIX , R4 AT AT SE 230,
e AR JRHKFHE R0 E B S0 R R BR (BITC ), &iEiik 99%, HA KK, Joish . 4 &R, BXT 2l
22 ERE TR B ELA B B I RIAE . (AT BITC KiEME 22 . B . D RRM S s, BRI T H . AR50 R A Al L
A 75 VL A5 A RUR RN G5 MG 2k 1K ( BITC-NLC ), AT . R Zeta Wif: . ER | HABL
9 ZRAE B R 22 BB TR YIS, B4R & BITC RYFRE MR B ACR o 7E 5 R 20 Bty [ o iE sl g i it 1
TR KEEFIRR ik (NLC) (il 46 T2 8 BITC-NLC [ab 4l i, 138wl 4 T2 PIFLBEHE 20 min, #7438
15 min (§R#E 80% ); FeAEAL T 4 n: FRAENR AR HhEE 50 mg, ~F28MR = HihlE 50 mg, XMk F188 400 mg, KT ON#ENS
400 mg, BITC 100 mg, ZEif%/K 20 mL, SRAEH BT BMBWEILE, SRR K Zeta BN E SN 2 Witk K Zeta
RAL, R OB B 1 v S B R 2 i . e A5 B A0 BITC-NLC BB, F¥pki4e R 79.13 nm, Zeta LN
H-21.77 mV, ERRK 91.52%, PIEREEREL R R, BITC-NLC 7£ 25 ‘C A7 30 d MRS EME Ry . RAIGE
s T 1 I A5 3 70 0 (363K P I 2 B BE T8 ( Candida albicans ) FAHIRZEEREE (C. tropicalis ) WRARIN R E (MIC)
7 8~32 pg/mL, ELJFUELZY BITC BUSMBEACRES, HOOTH 25kt A MR SCR . 25 L, ARUFITHI & A & AR &0
BRI BITC-NLC Rife/N, REthlr, wERE, RLRAEMSIER-Y, bR 20 5 5 0% AT 1 &
BEIF e FNZE A N R AR 3 o
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Abstract: Carica papaya L. belongs to Caricaceae, Brassicales, which is widely distributed in tropical and subtropical
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areas. In our previous study, the major constituent of C. papaya seeds essential oil was benzyl isothiocyanate (BITC)
with a content of up to 99%. It had many advantages such as natural, non-pollution, high purity and strong antifungal
activity against Candida strain. However, the application of BITC in pharmaceuticals, food industry and other fields is
limited due to its poor aqueous solubility, volatility and easily degradation. In this study, in order to increase the stability
and anti-Candida efficacy of BITC, nanostructured lipid carrier loaded with benzyl isothiocyanate from C. papaya seeds
(BITC-NLC) was prepared by the melting emulsification ultrasonic method. The physicochemical properties such as
morphology, particle size, Zeta potential, encapsulation efficiency, drug loading, etc. were evaluated and its
anti-Candida activity was investigated. On the basis of single factor influence test, the orthogonal design was adopted to
choose the preparation process of nanostructured lipid carrier (NLC) and formulation of BITC-NLC. The best prepara-
tion process was stirring for 20 minutes and ultrasonic dispersion for 15 minutes (amplitude 80%). The best prescription
was composed of 50 mg monostearate, 50 mg octyl capric acid triglyceride, 400 mg poloxamer, 400 mg soybean lecithin,
100 mg BITC and 20 mL ultrapure water. The morphology was observed by a transmission electron microscope, the
particle size and zeta potential were measured by Zetasizer Nano ZSE, and the encapsulation efficiency and drug load-
ing were analyzed by high performance liquid chromatography. The final prepared BITC-NLC was quasi-spherical
shapes and the average particle size, Zeta potential and encapsulation efficiency was 79.13 nm, -21.77 mV and 91.52%,
respectively. The preliminary stability test results showed that BITC-NLC was stable for 30 d kept at 25 ‘C. The mini-
mal inhibitory concentrations (MICs) were determined using the broth dilution method. MICs of the BITC-NLC against
all the selected Candida strains were 8-32 pg/mL, which were better than BITC. In addition, it could inhibit C. albicans
and C. tropicalis that are resistant to the most commonly used antifungal drug - fluconazole. The new prepared formula-
tion BITC-NLC from papaya seeds essential oil in this study has small particle size, good physical stability, high en-
capsulation efficiency and better antifungal effect on C. albicans and C. tropicalis. The results may provide theoretical
and experimental basis for the application of papaya seeds which are abundant and typically discarded and the devel-
opment of natural antifungal drugs.
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TEARIN ( Carica papaya L.) Jg+FAHHFEAR
JORE, TizAkss TG L VX, FEE T
BOMRTENERE . TR )T, fRE. BG5S,
s, HRLGEMH, BAYUME .
YUk LA SR s e, AR AT 2R
SEAN TR, IS8 3 A TIORF 143 B 1 %
A HT K A E A O A R oY
RIL, F AR A0 ) 32 18053 R S 0 U ' e

( benzyl isothiocyanate, BITC ) , & &1k 99%,
BARIK . o5y, s s Erem, BXr 2
WeRET (AR 2576 ) ¥ 5A7 A 2 A £ U,
UTAEAR, LA Z2 TR T S AR 3R 1) 42 28 1 L T J
EIBAE E TS, JUHE X B DI REAR T 1Y R
HRRABCT A5, MR 22 IR TR PR
YT 2510 H g 827, ORI ARG TT 8 MUY
FH AL B L BEE ( Candida albicans,
Ca ) JEn| AR L BERE R R i EZEFPRE, HAETA
WO X, PR 2B ( C. tropicalis,
Ct) C A IUR T PR 22 BERE TR 156 — KA 22 8%
TR, DRI bR B B 25 W A IR RO
HAFEg L Al BITC WET/K. 5

FER . ARRE, BRI T HAEBRZ | A5 A%
IR o GIKREEFIRE B4 ( nanostructured lipid
carriers, NLC ) /£~ — g B i 94 K i 1), 2 DU
WA A IR T R 84, w45 & i e sz b
SR 7R A I I 2 N B R R = R
10~1000 nm 35 Fil 25 W 1536 R Ge, AT nHAR &
PR R e R . BT RAFI R RBE R &
PR, H AR R U R

AT LR A i L Ab R P 43 O il £ T R
JUCKT 32 0 5 6 R T — 490 K &5 4 i o 2k 1A
( BITC-NLC ) , S o 5 R 3R 12l 40 7% S 2 52 i)
il 500 8 T A Al s N &R, FoRHIE
AR I E AT, AT 545 2] BITC-NLC,
PIfgde BITC FEI G o . #4. |
EMEU K G35 R . AROKEHEAEES,, WIBA . KL
RSy A . Zeta AT, BLBPR | #2555y G
Hl0) E AT W) A R AE AR MY, 3F B 9T b AR
BITC-NLC 5 BITC XM EEEERE Ca F1 Ct HLIE
WPER 225, it BITC-NLC iR R 5, 4
BRI B RARPUEL R AL, N3 AR A & BT
K NZEA IR PR K A
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1 #MR5FZE
1.1 ##l

FAAFFER M JAARER A, £
BE 24 BitE 22 Dl B A 8, SR IR 4] $2 1L
BB AIE LM, 24 GC-MS Kl BITC & X
99.4%, 4 C FHEEMELTE

WA BEE R R H R (2454 A b2 )
HIRAF) 5 FRMH A ( L2 ok bR
HARAF, 58=98.0%) ; KG#E ( L
B RAFEEARARAF) 5 RAARREE ( L
Brpr T A LB B A FRA ], Frit > 98.0% ) ;
Kt F188 ( i BAb=H AR AR AT ) 5 wlPE
80 ( REETHT AKX A BR A ) 5 ikl 80( K
A RO AR, tal ) 5 ONF (ki
BR3E) ;5 10 kDa HuEE.OE (HHEEHEARA
A ) 3 LI (DMSO, FEERKHE/RPEA
BT ) 5 FUFEmMe ( gt AR Rk A IR A
95 : YY10480-1g, & =99%) ; RPMI 1640
(Gibco) . SDA BigEst (] ARAYLMA YR
HIRAF ) o SCRFT KR AEK,

B . B EMR Ca ATCC 10231 (J7JH
WIHAEDFRHA R AR, GRS E KA Ca
53, Ca27. Ct68, Ct112, Ct56, £ 1TS HHF
G105 B 5 o

128 5% 45 . Zetasizer Nano ZSE 44 K ki & &
HL A (B[ B R SR A BRA R ) 5 HT-7800
B R e (HARHSL) 5 ZHEE 1260 AR
A (G E AR A RA T ) 5 TY92-1IDN
AT AN MR REBL (7 BB 2 AR R A A B
/NF]) 5 RODI-160B1 #A4li /KA (J& ]88 B 4K
itk H RGBT ) 3 DF-101S £ S e s
Tif e (P TR AT FRAF] ) 5 Centrifuge
5430 HAEOHL (FEESCASE ) 5 Synergy HTX
Z IR (EEMAIBAESABR AR ) .

12 FHik

1.2.1 BITC-NLC ##& SRIERZLILHE L
il % BITC-NLC. 435IFRE 50.0 mg =282 H i
fi, 50.0 mg BALAE 5 2 H I EE 1 100.0 mg BITC,
70 CIMEREE fAE R AH , 430 FREL 400.0 mg K&
SIS FN 400.0 mg B F188, J 20 mL /K T-70 °C
SIRAE KA, FETEIRAE 11 FE (800 r/min) T
PRGNS A AR T, IERFEEHE 20 min B A%
WL K LR L S (RS IR IE 80%, JF 5's,

18 5 s) 15min J5, KAKIBEEE L 2 min, o

0.22 um L FLUEMLRNFS BITC-NLC.

1.2.2 BITC 4 &M & #7503
( high performanceliquid chromatography, HPLC )

M€ BITC-NLC H1f#) BITC % & .

(1) HWECH] . A% HHC BITC-NLC 50 pL
F 10 mL =M A 7 mL ZHE, WiE 30 s B,
FHIMKERZ 10mL, £ 0.22 um GEFLIERLIE,
BIFSEE S A . K% AR BITC 49 10 mg BT
100 mL &, IO MR 2 215, #25),
Pic i ) BITC YA 100 pg/mL FY T BB 5 i 48 Tk

(2) HPLC %M. itk Aglient Ci5 #

(250 mm»4.6 mm, 5 um) , & 30 'C; A
ZNE K (70 230, V/V) 5 T 1.0 mL/min; £
K 245 nm; #EFEE 10 pl,

(3) Rouim AR . WU A r9 28 F il
NLC 1 BITC-NLC, #% 1.2.2- (1) I7iEHI4RE
VSRAFRUEVS I, 5 1.2.2- (2) J7 B RERem It
R A,

(4) ZLMEXRREE, /il HEREIR 1.22-(1)
Hh ] A8 6 R A A VAR 3.2, 1.6, 0.8, 0.4, 0.2,
0.1 mL T 5 mL &, SRR 25,
PEOIVEN RYIGRER I . ¥ 1.2.2- (2) Jrikibke
R, LA BITC WAL (4) NP AER, W (C,
ng/mL ) AREARER, HEATEAERIE 53T .

(5) TR AR E B BR AR B o B P i T
BRSO FR SRR RS, 6 1.2.2- (2) Jrikike
K, sl s SIN=10 & S/N=3, 1%
BITC 1 s 12 PR AR BR .

(6) BAEMMEEMERE . BH &M
BITC-NLC, #% 1.2.2- (1) FiEALFE 6 3FE S
W, il 1.2.2- (2) Jrik b eessin, 115 BITC
B M X AR R 22 ( RSD ) o B & Y
BITC-NLC, #% 1.2.2- (1) JrikAbBee s,
T 0.2, 4. 8. 12, 24 h FEEEKEI, {154 BITC
i RSD fH.

(7) g mifease . il & & A T U7
TR 80%. 100% . 120%F4 BITC X IR &4 ¥k
B H A EVA BITC % 5 () NLC FEAVA TR, &
AVRBE 3y, SRR, THEEAR AR [ R K
RSD 8,

1.2.3 NLC #& T agthte R KE R 2L
Rkl g NLC, T b 77 Ja e & il 4 i
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WL BT 0 R A A A, R AR Rl
FEME MG S T LR E, REERHIEsCR
KAk NLC fefhil 6 T2,
1.2.4 BITC-NLC 4 7 it B eik# BITC-
NLC 47 ig i K e miiddE 7], IR A s Rt
5 2 S GE R R A AL T R R, AR IE S
RIS 1k BITC-NLC A9 S Ak )5 28 i
1.2.5 BITC-NLC # % &M WHl#& 0 BITC-
NLC A8 4l 7K i B8 i v 2l W T 4 0 I, e
H 20 min, FHIEACR TIREW, H 2%BE S m%
W (pH6.5) 714t 1 min, W T)5ETESHTZ
W8T WEE BITC-NLC MBS IR,
1.2.6 BITC-NLC #4425 M & Zeta W41l T
Wl £ 1Y BITC-NLC M4 KRG, RITYK
7 B AN A3 BT ASCRGE I FERE AR 53 A S Zeta HRLAV
SEATINE 3 Wk, BOEYIME.
1.2.7 BITC-NLC &o# FfBE BN L HEE
Bt 50 uL il 4% BITC-NLC T 10 mL & i,
I 7mL 2B, W€ 30s 853, FHIKERE
10 mL, 28 0.22 um fAFLIERSIE S, #2 1.2.2-(2)
Dy HERERI ,  JF U5 25 v B KRR I AR AR 1 o
i, PATINE 3 U RS 1 mL 45 1Y BITC-
NLC T804 4, 8000 r/min B> 20 min )5,
FEAME R % B I 50 pL HEES 25 WA T 10 mL
A, 7 mL CRERIKES, #%1.22-(2)
T RGN, IR SR S 25 Wk B B AH R AR R
PETaE, FATIE 3 R, N ARG RE R
( encapsulation efficiency, EE ) fllzk2j& ( drug
loading, DL ):

EE=Z G iY 25 5/ S 25 5% 100%

DL=F4t P £ 1 25 7/ B H 7 =< 100%
1.2.8 BITC-NLC #& &% % ¥ BITC-NLC &
TR (25°C) FIAFE30d, EARRE (0, 5,
10, 15, 20, 25, 30d) MEHAMIL, W5ERAE
Zeta B A B, PR HR S M
129 BITC-NLC #BRLEHHERAT K
TR B M38-A2 M BITC-NLC 1 BITC
X Ca M Ct (I E AR ( minimum inhibitory
concentration, MIC ) MR FHE ( minimum
fungicidal concentration, MFC ). ¥ Ca Fl Ct $&5 |
A, BUOCH 96 FLF ST 55 584, BL il A [R) ik
JE %) BITC-NLC M1 BITC R &R G, 1
FEMRE T 35 CHEIRA P FE 48 h, ML &
P[RSl 28 1A B4 B 25 bR( LA Ca ATCC 10231

R ), A5 AR T 2 B BB fluconazole,
FLZ ) ) MIC {i{7 FHE M, B 025~
1.0 pg/mL, WIYCHIIGRIHRIER R FiE MIC
{6771 1% 48 h (T2 %) B AL LS i 32 3k
2 50%M F RGP . B 3 KE A, MICfH
WO . MFC (I ARG 3R 72 h I, TIs WG
I F) e a6 AL AN TE 2 % R AL P S T 20 pL
&, WiEALE SDA b I, 553 48 h 5 TG
I, /NF 3 CFU AR 25 9k )% B MFC.,
1.3 #HiEsbE

KH SPSS 17.0 BT IER AR Beit, If
XA RTG530 o

2 HERE5HH
21 HAESESWHENEL
2.1.1 A%i#EAMXIE  BITC FrifERK .
BITC-NLC Fl%s H#i15 NLC ) HPLC a3% & ( 1€
1) AT, 7RIS, BITC g
7.2 min, 5HAWR B REF, 2 AHESTT
T
2,12 &miX¥ UL BITC W (A ) AP ALFR,
W (C, pg/mL) AEAKR, 1510077 .
A=5.076xC+0.052 ( r=0.9997 ), ZEHEF M, BITC
£ 2.0~64.0 pg/mL ¥ 575 I N C R R AT
213 ZA&ZTBRAmRE  $ S/N=10 it,
BITC R E RN 0.2 pg/mL; % S/N=3 i},
BITC [ fIA I FR A 0.08 pg/mL.
2.1.4 FTAMBABTAERXE BFEMERKLED
7N, BITC (1) RSD {HN 1.29%, FHiZ Ik
HEEM R REEilng R ExR, BITC &M
RSD fH M 1.80%, FIMEMTE 24 h NEE S
2.1.5 meAepk FEaRE MY TSR 80%.,
100%. 120%5 . . IR 3 ik B2 nY-F 4 e
[R5 K 98.83% ., 100.34% . 100.47%, RSD
H B 1.15%., 1.63%. 1.73%.
22 NLCHIEIZHEZMEZER

SR M Rl R A LA R 45 NLC, e b7
JgE ZE R H R 100 mg,  BAORE g R H I Mg
100 mg, KEIIHENS 200 mg, ik F188 400 mg,
20 mL KA & T A% %
221 HIEBEARIE IR AR BT A
DL b, DAARE 25 R ARG 5T 7 i 45 4o 7 rh AR e 45
R, HIRESEY HBR, SE0WEE,
EWEE R 70 C



1482 o AE A F AR

%44

BITC

% AE Absorbance/mAU
® o

_2 1 1 1 1 1 1
0 2 4 6 8 10 12

ff[E] Time/min

B BITC

% WfE Absorbance/mAU

0 2 4 6 8 10 12
fiif[E] Time/min

1% Wl Absorbance/mAU

_2 1 1 1 1 1 ]
0 2 4 6 8 10 12
fisf[E] Time/min

A: BITC #rifE¥AW; B: BITC-NLC; C: %51 NLC,
A: BITC standard; B: BITC-NLC; C: Free NLC.
E 1 HPLC &BitE

Fig. 1 HPLC chromatograms

222 WEAHREMmMEE  EWIIE ST R
TR BE LR, BEBUAHFUKAHA BE R MRS
ML B S M BOl, R EE, AT
20 mL ZKAHIE JINEE A4 5 min.

223 HEILHEZRE RAWZLT, Hl
FREELE 70 °C, WIFLE AT 5 min, BEREE
BFE] . B RIE . SRR . BEbERT i 4 NMEER
AT R R G% T4, 4R ER, PEdoR
XF NLC [Bhi A S fe e M sg i e /)N, DR 1 ol B
IHHET R (], 286 78 IR KN SR 45 A
2, ORI E N 800 r/min, YEFESZMHIE T2
(1 HA R B AT Lo3® M IEAS IR, Hirfr A B HERT
B (10, 20, 30 min) ., B #5IRIE (60%. 80%.
100% ) . C #AHfE (5, 10, 15min) , LIS
R NS AR AT S0, IEASIRIG 7 M 4%
RULER 1. MR 1 W EERTUESY, WK C
CEEFRFTR]) ) X 37 AR AR e o e 3, H2:

HZE B ARG ). HZE A (BEPErtE ), it
HE R ABCy, PRI PIBT B) X ] 350 (4 R A2 52 i TG
E 25, HAEHE 20 min F1 30 min A SE kAL 3
A, FEE A G AR, RZOE PR
[ 20 min, PHSLE LRI T 200 wIzLhidek
2R 800 r/min, FEPERTIE] 20 min, S BEAEIR IR
80%, HSHFIE 15 min, #%REEAER& T LFAT
il 3 4t NLC, Haill Hp- ke Ko, P2k
#2°5(75.48+0.68)nm, PDI 24 0.248+0.012,

F1 HEIZEXHKBNFTESN
Tab. 1 ANOVA for experimental response of
preparation proces in the Ly3® matrix

2ot - [K % Factor RSP e
No. A B C Average
size/nm
1 3 3 1 90.54
2 1 2 3 80.03
3 3 1 3 87.39
4 1 3 2 85.66
5 2 3 3 76.65
6 3 2 2 81.12
7 2 2 1 91.67
8 2 1 2 91.15
9 1 1 1 101.83
2 f 15.19 168.48 274.60
Fl B 2 2 2
% 7.60 84.24 137.30
F 3.44 38.19 62.24
Ik B Fo05=5.14, F,.01=10.92
s ok o

T SRR 2R E#F (P<0.01),

Note: ** indicates extremely significant difference (P<0.01).
2.3 BITC-NLC &5k
23,1 fERegsedr [ SR O 98K i R A
AU, AMLREMEAKRL IR AR AE , 3 w] o H AR
S, BB ZRACE, T&E R
TSR AL RE 42 vy i) 79) ) 2k 24 Bt R0 €
AL TR A a2 Bl SR Y ek
5 AR IR R i TR R = 38 0 T ah R A O A
JI§ 5
232 R@EFWAGERFE B RAKEMT-H
{& (hydrophilelipophile balance, HLB ) & 3% [
MR 3 7 SR K MR AR . R, HLB {H7E
3~6 JEHNIE T W/O BIFLI, 1E 8~18 YN
T O/W BIZLW, W58 BLF e HLB {H A K i
PEFIAMIC HLB 8 A T80 35 4 700 525 A P o 4 74
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FM NLC R dr . Rk, AP HE G711k
F (% m/m 1 VIRE ) KOG UI#EAE (HLB=10)
SnkjE 80 (HLB=15), K= UP#ENE (HLB=10)
5%k F188 (HLB=16 ). #l¥f 80 (HLB=4.3) 5
& 80 ( HLB=15), wl¥f 80 ( HLB=4.3 ) 5%
F188 ( HLB=16 ) A4z, &% 5 % Bk K = i
JI§ (HLB=10) 5%/ F188 (HLB=16) {E NIR&
AR BT A5 1 o 550 S VB Y S PR VA R, oA R
FHI AL A EIREW, FIER KRG IEIE S5 R
fit F188 1 MR & FLILH .
233 RFEMRGERE LR 223 k5
PR 4 T2, SEEIR S | AR (#
B AR R H T R A 2R H R ) Ll B AL
A, ZA7AMR (KEIEiE5 Rk F188)
I EL B | 3 & i L 5 AN R R AT B R R
SERE IR, EROIG T L 6 5 50 (0 S 4R AR | Zeta
HL AR AE R BN, B LR L 1
1 (mim) , BEEEHAD 4 A5EmAL Ty T2 H Rt
11 Lo3* MIE SRS, DIEHIRIAR | Zeta HLN . £
BAR N LRI TR AT, R 2 MIERHER
KW, 3 MBI SRR A5 R, £ 4 MIER
RGBT 25

4 B 28R UIER, 4 MHEEX 3
ALY HE B o YR AR S R B A R, R
FEREIF A A>C>D>B, H&E C. D. A X} Zeta
FLAS, PRSI 35 g # B 3 , TRLE B X Zeta FELA UG
S R Y i C>D>A>B,INE A,
B. D X[ IR R R, FHE C XH
R, REEIT h A>SB>D>C, HE A
(BB )Xo -S40 A% L Jat 2R () 5 i 44 e K
HP M 25 5, X HPRLAR 05 e A A i
EARAA L HA 2 AN SRR bR R /N, TR
N, SRR N, (AR, R
RN Zeta HLAOL S22 SEHE KGN, 256
FIER A MEER, BRI Ay HIRFE
B (2 AFUEHI B ) X2k A2 i B 5 i
PR, HEAF R EEBK, REN, 4
B, PFIEESE By; IR C (KEI#HES
Rk F188 ALK ) XF-YPRiAE T Zeta HLA 5 MM
KHE MW B2, MNuBRyme s, 6%
JEIERE C; INE D (FERMMAE ) X 3 A5
PrRsg ek, RIbss &% ik Do mA& AL
i [ERIR G B PR R R H R 50.0 mg Al
SEZETR HMEE 50.0 mg, KEUIBEAE 400.0 mg, R

R2 RAFIZWEXEERKE
Tab. 2 Factors and levels of orthogonal design
of formulation

% Factor

b .o BEA CROEWEHHESEER DL
N T 7Y el i o
Level g AT ik F188 [ LL Ml 5

amount/% Emulsifier  Ratio of lecithin to Volatile oil
amount/% polyether F188 amount/%
1 0.25 2.0 1:1 0.25
2 0.50 3.0 1:2 0.50
3 1.00 4.0 1:3 1.00

£33 LAATIZEXRERABRER

Tab. 3 Orthogonal experiment and results of formulation

# Factor

2 B Result

iy TR Zew bl N
No..A B ¢ D Average Zeta @‘Eij“/i
size/nm  potential/mV o

1 3 2 3 1 90.59 -14.80 90.02
2 3 1 2 92.00 -22.50 99.74
3 2 1 3 2 76.29 -21.40 81.38
4 2 3 2 1 74.84 -19.00 87.63
5 2 2 1 3 100.16 -23.60 93.89
6 1 3 3 3 66.31 —-15.00 88.25
7 1 1 1 1 74.43 -21.80 76.65
8 3 1 2 3 100.16 -17.50 90.87
9 1 2 2 2 71.63 -21.40 81.79

R4 RATIZEZRWHTESN
Tab. 4 ANOVA for experimental response of
formulation in Le3* matrix

i g R A e R SR
Index Factor S5 BEdf MS value gtion
BifAmm A 248640 2 124320 144.95 Foos=3.55,
B 43309 2 21659 2505 Y
C 56510 2 28255 32.94 *x
D 47693 2 23846 27.80 *x
Zetat A 4327 2 2162 672 *x
fi/mv g 9.84 2 492 1.3
C 14145 2 7070 21.97 *x
D 5964 2 2983 927 *x
foEfx A 57623 2 28811 36.90 *x
B 36498 2 18249 23.37 *x
C 7115 2 3557 456 *
D 17540 2 8770 11.23 *x

T R E R BFE(P<0.05); **FRoRn 2 7 B3 (P<0.01 ),
Note: * indicates significant difference (P<0.05); ** indicates
extremely significant difference (P<0.01).
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fit F188 400.0 mg, & 100.0 mg, 7K 20.0 mL,
24 BITC-NLC BEESRIE
FEE ST MR TS BITC-NLC WIEA
(B 2), HE 2 APk R RBKIE , 731145,
JoHH AR R ML

2 BITC-NLC WiESt R FRMHEE (200nm)
Fig. 2 Transmission electron micrographs of
BITC-NLC (200 nm)

25 BITC-NLC BRI R4 % K Zeta BBAL
Eir LU E T I D o el I - S O 111
BITC-NLC, flHAkitesr4 (& 3) K Zeta HL{Z
([l 4), BITC-NLC Wi RIERSM, GKKifE
}9(79.13£1.41)nm, PDI 24 0.248+0.011, i K/
¥i5)—38, Zeta Wi N (-21.77£1.16)mV, PiIH %
74515 811 BITC-NLC ki 43 A d4 4], BB
PEIT, RRERE

R Intensity/%
O NWANRTROCDS

10 100 1000 10000
ki4% Particle size/nm

3 BITC-NLC W57
Fig. 3 Particle size distribution of BITC-NLC
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B4 BITC-NLC HJ Zeta B4}
Fig. 4 Zeta potential distribution of BITC-NLC

26 BITC-NLC WEBHEMFH=

K HPLC il %E 3 4t BITC-NLC By E 3%k
91.52%+0.60%, 754 25 duprife ( ARET 80% )P,
25N 9.15%+0.06%
2.7 BITC-NLC faE M

¥ BITC-NLC B TR (25 C) FI4F 30d,
TEA ]I ) W8 H AR, 45 5 % B BITC-NLC 1
HSNULAE 30 d BER & AR B AR Ak, Kifd | Zeta HLA
FoAud et L3 5, BITC-NLC HEH kA2 A
WK, EFREAE T RO HEOREE N, U
BHAZ % il % 1 ) 390 e B R P v ]

#£5 BITC-NLC A EMIRIEER
Tab. 5 Stabilities results of BITC-NLC

i1 TR DI 4%
Time/d Average size/nm EE/%
0 79.13 0.248 91.52

5 79.18 0.253 91.19

10 79.05 0.254 90.93
15 80.37 0.259 89.87
20 81.12 0.258 87.93
25 83.56 0.261 86.11
30 83.62 0.264 83.20

2.8 BITC-NLC mfR£BESHE &N

K W R B I %2 BITC-NLC Hl BITC Xf
6 tk Ca Fl Ct 1) MIC Fl MFC, Z5R W% 6, H
1 BITC-NLC XJIEIEE AR MIC JEFh 8.0~
32.0 pg/mL, BITC XL B MIC JEH A
32.0~64.0 pg/mL, BITC-NLC %tk Eikkny MIC
Ml MFC KT BITC, 3% 156 B il £ i 357 Hil 7
BITC-NLC HEH 58 BITC HIPUIE 22 BB 3 1R,
HIHEX 25 B kR Ca 27 F1 Ct 56 L HA THI1EH ,
ORI F X IR 25 ) F e (FLZ ),

%6 BITC-NLC # BITC MR LBEFE &M
Tab. 6 Antifungal activity of BITC-NLC and BITC

against Candida strains pg/mL

itk BITC-NLC BITC FLZ

Strain MIC MFC MIC MFC MIC MEFC
Ca ATCC 10231 80 160 320 640 0.1 32.0
Ca 53 80 160 320 640 0.1 32.0
Ca27 16.0  32.0 640 1280 >64.0 >64.0
Ct 68 16.0 320 640 2560 0.3 >64.0
Cr112 16.0 320 640 2560 1.0 >64.0
Ct 56 320 64.0 64.0 256.0 >64.0 >64.0
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3 Wig BARMR R RE TR, R E BRI T

AR, DU 22 B B o N AR IR 28 1
JERL BERAE R, R X B S ) S g
e 1B I SR A = A R R S &2
PEMRE B E . SREBMZ S, HEREMIET
R, ARG ORAR K FIME . LR
(Ca) J&5| R 22 e b e B e 1) A E, (HAE
PO B AT B X, PP R 22 RE R (Cr) Bk
HAURTF Ca W5 KINLESE. Bar, T
DA O A2 1 ik S B L 25 A I R i T
AR, BRI 2R, i wu g
WFSE T RE A 211 913k 2098 A8 3 Hh I 22 T B 1T 1)
RGO, Hodr Cr B GRAUR T Ca, K 22.6%,
o R MR T 25 R ik 14.3% X il PR L 5 Y
i 245 1 8 R BOR YT R, R X e e T e AR
TR A 5 5 SO L B B T B B B AT
i B R Rz — P10 I, A B EL R 2
it 25 PE R, H ET 5T — 7 T BT B R 2
Y= A=t 25U, SR 2 Fhal 2R kG
o7 FH R fift e BRI 24 P A ), 55 — T TR R
BRI B 259 B AT AU AR iy
WG R B, T AR &I 32 18053 S
FRNEE (BITC), &l 99%, HAXRAK. &k
Y. Al AR, AT R R LR R A
A B I E TS E T BITC KiETEZ
¥R . TR, BRI TN

X BITC W bk, EUAEMR P RE
SR R B0 ARG S BE R X BITC 4T
f4, W LT 2RISR ] B-BA0KE 4 BITC BEAT L4,
DISEIH S i B, s e v, I B R
AT 325 28) 2B < JFC B B 0 BT A R RN L 1Y, R
H2LR FHAR R 7 B LA B-BRRRG IO A0 A 4 5 TN 4
-B-EARIPKS M BERA X BITC #EAT AL S T HE K
ISR A VE T o F 5 F P R 2 TN 2820
il BITC #1765 2 RiEH 78% B G
Vil , FELAFETN R4 38R S A8 I A R
AT R R E BT R R EEH
M BITC PYRRIESR, SRR, Wb
UKL, PR R BB . LIU PR
P K B KE 3 S m s R AE (245 BITC)
5 p-MWETE B A, b BITC 5 p-381
WIS ER T BITC %4 i o 2 3R &
MIPLRAE T, 20 A YA B 4 o (0 A A BR 18 1Y)

A5 W A A i PR 1 o 4 (0 R A BR B 1 1
Mo AR M a-BRARS T A 5 S X
BITC #1704, MK THIRAES, Hm T HiA ik
e, AW IR B S R R R AR A
PR PR ity T EL A T & R 8 7 o

DL E R RIS X BITC @A IR KZL X
T F BITC 768 i 0 TR L8 R 7 T 9 T &
HAFAE R B (BEPERT R 3~7 h), HAHEH
HHER 2B, fub RSN B, UPPAL %P
e DL B, SRR D AL 900 s il
2 BRSSO TR 2L -B- 2R WIS 1Y BITC L5 9,
KRG T il &Rl (R4 TR A MLAER . |
A5 PTILK 2% B B 11— s IHE FIEL BV oy 26 1 7%
PRI, LL BITC 5 KEIHRAWIENMA, R
SHmas b HE RSk FL, Bk K BITC
R BATI B R o 1 AR R L
HSE kAR 252 nm, Zeta LV H-27.2 mV, iE
A A i S T AR R R R e, (X
TEX IR BRI R o

AHIF ST R FH Rl LA P 3k U 45 15 31098 >k
7l BITC-NLC, %)y B ARG
BV . AE A VLA . IR R AN
B SR EE M RIS BERSERE T &
TR E K ) FLIE B s i, e RS ] . A
FPRIE . BEPEEUR | BEPERTE 4 AR T RN
2RI R T2, RA&HEE 3 NFEER
FITIER R I T R SR A& T2 Hl&R
& 70 C, WIFLPBFEH R 800 r/min, F5FE T [H]
20 min, BRI 80%, #BAETE] 15 min,
KRR 2404k BITC-NLC B4 540, 156
Xof I o S B TG RS A T O i, BERRAR R
B g BT ( EARE AR R H e A 2SR H i g ) L
B, ZEAEFAR SR, ZAFLR (RGP
53R F188 ) MLkl ¥k HE 5 R R HAT
R ZR IR 5, PR 4 D B R Z TR
5, mAITEN N FEEER IS 50.0 mg,
T AR H9hEs 50.0 mg, SHEFEREER 100.0 mg,
KOG 400.0 mg, Hik F188 400.0 mg, ZEiMH
7K 20.0 mL, XHZHIFIMINE . JEZ . Rtk Zeta
IR VAN 2 2 SN =7y 1 v o i 1732 1
ZHRIFESRIEEY, mds, ki, F
$i45H 79.13 nm, Zeta BV H-21.77 mV, K
E, B, N 91.52%, 30d MR EERL .
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KRR PEBTSE T BITC-NLC #1 BITC %HE
Yo PR HACENERY Ca AT Cr BYINRIVER,
LR BITC-NLC [WHU IR 22 B2 Bk 10 T PR T

BITC, X HES2 P ~i#riil ] BITC-NLC ¥ BITC
Ry e ir TR EM, HAAZEREN, W

UL 458 T BITC A9 4 B 2SR . o8 & 22 2
BITC-NLC Xf Ca F1 Ct Wi 24 B i th EL A 1 il 4
M, BRCRILT X2 e (FLZ ), iX i H
i R P B 2 PR B TR X R FH L A 245 W 1 i 24 (1)
AL TR i 28, o T AR 9 & BT
KRNZEA N B AL T KA

4 Z5ig
AWFFEAE PR R S i 00 SR b, SE T TE

2RI P T 12k SR FH I fl 2L A 7 A sk o 2% 15 2
e A TTHKFHE R I A AR S5 70 B T8 dA, HAA I 28 Ui
FEFIAL T AN R « 2F 28R H i ER 50.0 mg, HLAE SR
HMER 50.0 mg, FAHLF L ~EE 100.0 mg, 7F 70 C
IS R AE AR, K BR B 400.0 mg 2R ik
F188 400.0 mg fill/K & 20.0 mL T [ B F A i fE
SH7KAH, 7E 800 r/min HEFE T K K AHZE 12 A AH
*‘#%*WﬁﬂOmnﬁﬂ@l,m%%EWUE
m%%&m)wmmmeﬁﬂwﬁﬁwﬁo
HlF L RPN G, Rife/N, FoE thar, @ﬁ
i, MR LB L Emﬁaﬁmmﬁﬁﬁ
o AR RN T RRPUEL A BRI B, B
R i v H 224 2 5 10 AR TORE Y 6 B & RN
FHER AL T4
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