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gambogic acid nanocrystals-phospholipid composite drug delivery system, GA-NCs@PL) AHLt, GA-NCs@PL-FA *f HepG2 41 ffd
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Preparation and evaluation of folic acid-modified gambogic acid nanocrystals-
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Abstract: Objective In order to improve the targeting release of gambogic acid, a folic acid-modified gambogic acid nanocrystals-
phospholipid composite drug delivery system (GA-NCs@PL-FA) was designed and prepared, and its prescription process was
optimized. The physicochemical properties, in vitro anti-hepatocarcinoma activity and in vivo tissue distribution characteristics of GA-
NCs@PL-FA were investigated. Methods Gambogic acid nanocrystals (GA-NCs) were prepared by COz-assisted precipitation
method, and then GA-NCs@PL-FA was constructed by thin film hydration method. The prescription process was optimized by single
factor investigation and central composite design-response surface methodology (CCD-RSM). The microscopic morphology was

observed by transmission electron microscopy (TEM), and the particle size, { potential, encapsulation efficiency, drug loading and
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stability were determined. The in vitro release behavior in pH 7.4, 6.5 phosphate buffer (PBS, containing 0.5% Tween 80) was
investigated by dialysis bag method. The effects of different administration groups on the viability and migration ability of HepG2 cells
were evaluated by cell counting kit-8 (CCK-8) method and cell scratch test. The content of gambogic acid in each tissue of tumor-
bearing nude mice was determined by ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS), and
its tissue distribution and tumor tissue enrichment ability were analyzed. Results The GA-NCs@PL-FA was spherical, the particle
size was (183.07 + 0.55) nm, the { potential was (—17.70 £ 0.17) mV, the encapsulation efficiency and drug loading were (84.64 +
0.57)% and (4.33 + 0.07)%, respectively. The properties were stable after 7 d at 4, 25 “C. In both release media, it showed obvious
sustained release effect. In vitro experiments showed that compared with gambogic acid, GA-NCs and folic acid-free gambogic acid
nanocrystals-phospholipid composite drug delivery system (GA-NCs@PL), GA-NCs@PL-FA had a stronger inhibitory effect on the
proliferation and migration of HepG2 cells, and the half inhibitory concentration (ICso) was reduced to 0.50 pg/mL. The tissue
distribution test confirmed that GA-NCs@PL-FA could prolong the retention time of gambogic acid in vivo and promote its enrichment
in tumor tissues, with good targeting. Conclusion The formulation and preparation process of GA-NCs@PL-FA were optimized. The
system had uniform particle size, good drug loading performance, good sustained release effect and in vitro anti-hepatoma activity, and

showed strong tumor tissue enrichment ability. It can provide reference for the development and clinical application of gambogic acid

targeted preparations.
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JREH99.5%) AR E R 4 I 1000 BEIATR
fili ( D-a-tocopherol polyethylene glycol 1000 succinate,
TPGS, #t'5 12227666, WF4h), FighTH T A1k
BHE A G IR AR KEZ 0P8R, #t'S C16684957,
JRE S H>90%, il AR A IR A
Al BOIEMEIZE] (polyvinylpyrrolidone, PVP)
K30, AR T s RN R4 R
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IR (sodium dodecyl sulfate, SDS), ZZ#iliy 24
AR G BR AT IREAN (NaHCOs, it
DO11S234101, JBi& 740 99.8%). MH[EAEE (k5
S18IS226039, Jfi&Es4L 95.0%). FEA G (5
JO2HB179506, Jii f# 70 $1=98.0%), % 1113475 80 (it
5 815020, th2E4l), IR AR A R A A
A NR AL AR L LB -28 £ 1 2000 (DSPE-
mPEGao00, IS5 107191, FiE7%0=95.0%). —fiff
JIE TR S 10 i Ik £ W% -58 20 8% 2000-M-f% (DSPE-

mPEGa000-FA, #It5 109153, Jii & 5%0=90.0%), -
WLHUEM R R AT 4%%2 TR 2l
R Eh 22 (phosphate buffered saline, PBS), Jbii
2EARFIRI AR AE ; DMEM mfilE sk, BiE A
filf . M AT B0R77 -8 (cell counting kit-8, CCK-8),
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YFA[ES SCXK (7)) -2023-0009, & #&iE 5
B202409180338 . ASLIG H A AR K #4555 2%
1R BRZE Gl oAtk iE, SIS EN MG B F L5 IDYXY-
2024001
2 FHEEER
2.1 FREERYIKE (gambogic acid nanocrystals,
GA-NCs) #1 GA-NCs@PL-FA {9 &
2.1.1 GA-NCs BJiil#¢  FREUEEIR 3.0 mg. TPGS
6.0 mg MATHEIR 0.8 mg, MM E, B TGRS
B, N 3mL HEEZR /0GR, T 40 C/KIEBH
WEEZE, R AIER S, MA 0.2 mg/mL
NaHCO3 &) 5 mL, T ekt 78 K % Fit AT /Kb,
EN75 GA-NCs[20-21,
2.1.2 GA-NCs@PL-FA K& M EBR KR
il % GA-NCs@PL-FA . #RHUKZONREAE 35.7 mg.
JH[E B 10.5 mg. DSPE-mPEGag 3.2 mg il DSPE-
PEGa000-FA 1.4 mg, LUER LK LWERME, T
40 C REECIRE NEZERR 5 OB, RIS . H
GA-NCs 7K1k, 120 W #LHE75 5 min 3HT 0 Hdb
., R BORMK UGS 0.45. 0.22 pm FEFLIERE, B
3 GA-NCs@PL-FAR' 21, fEAINERI 2GR4T,
% GA-NCs@PL-FA Wil & J7 ikl &, BIf3=
NCs@PL-FA. LAZE9)5 (1) 5 DSPE-mPEGa0 X%
DSPE-PEGao00-FA , % AH [F] T 25 il 2% T i BE A2 11 1Y)
PEER K m-BEE 2 562 R4t (folic acid-free
gambogic acid nanocrystals-phospholipid composite
drug delivery system, GA-NCs@PL).
2.2 BREER HPLC M th7s AR L
2.2.1 M EIMRBCE K RER  FREUE =R R
XIS, SRR R EIRE, DIREES
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A/nm
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Fig.1 Determination of absorption wavelength of
gambogic acid by UV-Vis
222 MikFKM (iEH Ny Agilent Zorbax Eclipse
XDB Cig (250 mmX 4.6 mm, 5 pum); WiEIHHA
/K (931 7); HE 35 C; AP K 361 nm;
AR E 1 mL/min; #EFEE 20 pl.
223 ARSIV B RS R B PR USRS R X
MR, FIREE AR E 2, BOH R 2 1 mg/mL
(1) TR B SRV, B IR AT
224 M AERH % EH GA-NCs@PL-FA
1.0mL, & 10mL &, Hoids R AL s
TR B, VENEER IR - B2 A NCs@PL-FA
AR ot YA VR T ) g ) 8% I XS B
225 LREMEEL 4R — e B 1 5 IR
FRA . I IR AN S VAT, e
JEIRSY, AR “2.2.27 WUR IR AR AU E
ScEIBE. SR E 2 s, B RO I OR B N
()2 8.74 min, [IPEXTHRIS A HIURFEE, 45
REPELHEIA TGV R RN E, &7k %
JE M B
22,6 ZMERRFH K B DU TR S
W, AW RGBS, BOH R Sl B nl e 1.
5. 10+ 30 50, 70. 100 pug/mL FHH B XT R S AW
DL IR FE AR AR FR (XD, TR NN AR (1) 3t
TR, A EIEFE Y=30.453 X+0.124,
r=0.999 9, ZiRFTWHIEMAE 1~100 pg/mL 2k
KRR
227 FEERAL IEUIK. L s E IR
(5. 30, 70 pg/mL) F e B0 VA, & TR
WEETATHI 3 0. %] “2.2.27 TR ik %1%,
5] 1d &R B e 5 Ik, EESEIIE 5 d,

RS RR
A
o BB
B
C
o 6 1

t/min
El2 BRABRMYBMABR (A GA-NCs@PL-FA i fiF
i (B). PAMMERIAER (C) B HPLC
Fig.2 HPLC chromatograms of gambogic acid reference
substance solution (A), GA-NCs@PL-FA test solution (B),
blank test solution (C)

THEH PR H RS % B o 45 5 H RS %5 B2 (1) RSD 4
SN 0.37%- 0.11%- 0.02%, H B % ¥ RSD 43
AN 1.46%. 1.69%. 1.49%, 45 FK %7005
FE R A4F.

228 fEME HERIUREKREN 30
ng/mL PR T, F8 “2.2.27 TUN ik 24 4F,
SR THIZRSE 00 24 4. 8. 12 h HERRINE I i R 04
AR, THHE I RSD N 1.23%, 4553 4tk s
7E 12 h AR e MR

229 =HEMWHRE PATHIS 6 7 GA-NCs@PL-
FA AR, SMsE AR 022 um MFLEE
JEE, 5l “2.2.27 TUR AR AFERAG I, 155
R TR ST R P2 1) RSD 2K 0.17%, 25 R 1% 7772
HEEMRLT.

22,10 nFERIERRLS R OGS B O AR
R & &) GA-NCs@PL-FA, 43 BN\ S & 43 7))
95 300 70 pg/mL AR B R0 IE VARG B,
ITHI4 3 4o 3218 “2.2.27 TR a3 Stk gL 2,
THEBE S ER IR BRI o R B BR 1P 30 IE (=1 i
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F4 99.30%, RSD N 0.65%, 45538 W1% J7 i HEH
PR
23 BEAFRERE GANCsUHFILE

GA-NCs NJF 483 GA-NCs@PL-FA {1254
PR RGN A% O, AT T EMMAL I E S e T3R5
RAREUN . o3 Ass — Har s RiFria & . R,
ASEERAE GA-NCs HLR R E LM B, LURLE 1 PDI
YERNFEZHEIR

HU GA-NCs i& &, #a/KmBERE ke, |
SlEE TR, SREYORR BT 25 C
ME A2 PDL - M- PATIE 3 K.
231 FRERIBRRESS R AR B T 25 A
I, PEACTHGK ), i i e el (A Az E
VE R A SR AN B AR, T B8 40K i 1
SyEckaE . [EE “2.1.17 BN T TR HAR &R
A, FEEAEMEIEN CKE . PVP K30,
HPMC. SDS. TPGS) 7£ 0. 48 h %} GA-NCs fifz
A1 PDI (5, g5 1. FE FIAEXT GA-
NCs [WiEtE REA 20, LL TPGS Mt e 7 i
%1 GA-NCs kit s/ Anies, HIgCE 48h 5
KEAZAN PDI RIS, A DL IR S P veE Bl 2, 0
TPGS A 4ERF GA-NCs [ 0 BUIRAS, %
J& 8215 TPGS A28 1% GA-NCs.
Fz1 FREFIFPEI GA-NCs KI1ZF1 PDI BIENE (X £ s,

n=3)
Table 1 Effects of stabilizer type on particle size and PDI
of GA-NCs (Xt s, n=3)

0h 48 h
$if%/nm PDI Fif%/mm PDI
KT BERENE 220.3748.40 0.272+0.011 258.29+2.67 0.331+0.009

FEREFFR

PVPK30  309.00+5.85 0.25340.010 325.02+3.82 0.28740.008
HPMC 542.87£5.85 0.419+0.007 567.65+4.82 0.531£0.023
SDS 149.37£0.65 0.225+0.002 178.52+1.63 0.292+0.016
TPGS 127.10£0.72 0.205£0.008 128.3410.95 0.209+0.012

232 ZYHESSE [ “2.1.17 NI
MR, R A& (1. 2 3. 4mg)
X} GA-NCs ¥if2F1 PDI g2, 258 W3R 2. BEAE
iR, GA-NCs FIRLAR A PDI ¥ 556 5
NJEHERHIES  IX AT AR R N A
IV BURZRENS, hRFE R WAyt &
B (>3mg), AR &, 551K MmiARE K
R, [AWHEN 3 mg i, K2 PDI ¥k
ME, JEEHERAYIHE 3 mg Ak,

*2 TYIREX GA-NCs K12 PDI BIFME (X +5,n=3)
Table 2 Effects of drug dosage on particle size and PDI of
GA-NCs (Xts,n=3)

25 FH B /mg $i42/mm PDI
1 283.67+£2.19 0.32340.019
2 183.13%2.14 0.267+0.011
3 123.83+1.77 0.218+0.011
4 140.00+0.92 0.242+0.008

233 BHIRE TPGS JELILEE [E “2.1.17
TR b T7 th A SRR, B TEIR S TPGS i
I (41,2010 10101220 1:23) % GA-NCs
KIA2 A PDI HIEEME, S5 R WK 3. B bR L),
FLA2 A PDI AR NI, 2R 1 2 FHEVN,
GA-NCs [JRi42 A PDI AR ANK, W i€ It i
EEv1 2.
234 HHPUAEFIRSES e “2.0.17 BNy
AR AR, HEAE AT oK R,
LBk HEE &4 b GA-NCs FiAZ2 A1 PDI fI52m,
ZER WA 4. EHAFEA BRI % GA-NCs kL
2R AR TN KiA2 A PDI /), H
% 18BN S AR 2 R ok, A EAE
NEIE. HLLZT, R AR AR 25 S Ak
HEABARSE S, T RhesRE. Bk, %
FIB B eV SR, R EAE A ILE
7% GA-NCs.
FR3 BEMRS TPGS FELE3 GA-NCs fIf2F PDI 9%
M (X+s,n=3)
Table 3 Effects of mass ratio of gambogic acid to TPGS on
particle size and PDI of GA-NCs (X +s,n=3)

ZE Hi4%/nm PDI
4:1 245.43+6.22 0.212+0.022
2:1 219.63+5.18 0.307+0.027
1:1 179.03 +0.42 0.197+0.007
1:2 120.27+0.15 0.166+0.010
1:3 117.60+0.92 0.164+0.036

=4 BHLBFMLERT GA-NCs fi12F1 PDI RS20

(Xts,n=3)

Table 4 Effects of organic solvents type on particle size

and PDI of GA-NCs (X +s,n=3)

EUIRGRIES $i4%/nm PDI
TeK B 129.30+£2.31 0.206+0.003
LTk 124.93+4.12 0.189+0.062
FR 120.134+0.67 0.183+0.005
i 113.73£1.50 0.164+0.006
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235 AHAFIMESS  BE “2.0.17 TRy
hEAMRAEAR, HEFEEME (1. 3. 5. 7mL)
Xt GA-NCs Fif2 A1 PDI 1520, 45 R WE 5. 24
FEH &0y 3 mL I, KifeM PDI R, H/E%E
% B & 3 mL 4% GA-NCs.
x5 BHBAFIAEN GA-NCs K125 PDI f920
(X+s,n=3)
Table 5 Effects of organic solvent dosage on particle size
and PDI of GA-NCs (X +s,n=3)

HHLE A E/mL $i4%/nm PDI
1 143.76 +2.55 0.316-0.036
3 125.86+4.97 0.178+£0.003
5 135.22+3.79 0.270£0.020
7 141.26+0.98 0.2860.009

23.6 FIEBRHESE AR EEEN COMM
IR A IBRIE, 5/KALBT ) NaHCOs K £ BR B
SN FFIRALP A COL T, AT I 5 A4 SR ROV TR
& AR YU S AR RIE S Sy 8, AR Tk 2
2 WA R 40 ) Ao A AR RORE B 2R 1230 ]
E 2017 WURALTT R AR AR, BEITERR
& (0.4. 0.8. 1.2, 1.6 mg) X GA-NCs HifZHl
PDI fi52mi, 5B IEK 6. TR EN 0.8 mg
I, GA-NCs Rifef/h Hofifedss iR &
i, ATRE R B R ER R A pH BN EOR,
WA AR e, SERAANR, FeFdE 20
WATERIR & .

*6 ITEERAEX GA-NCs Kif2F PDI LM (X £,

n=3)
Table 6 Effects of citric acid dosage on particle size and
PDI of GA-NCs (X £ s,n=3)

RT KEFRTT GA-NCs Ki12F1 PDI BIF2ME (X +£5,n=3)
Table 7 Effects of hydration volume on particle size and
PDI of GA-NCs (X £ 5, n=3)

KA /mL HifE/mm PDI
2 141.16+1.07 0.342+0.069
5 124.05+3.36 0.216+0.007
8 129.47+2.58 0.260+0.009
11 138.10+1.92 0.313+0.013

DINBEE 5 K (<1682, =1, 0+ +1. +1.682),
LURLAE (Y1) #PDI (Y) NP fabs, 347 3 &
5 KR H L B A B AL T A 2R,

HT 2 NMEPRIUE BN, R, CRHZRS
H—HPE5E Coverall desirability, OD) ZFEATVEA -
Fift (d) =Yimaxe— Y1)/(Yimax— Yimin); PDI (d2) =
(Yamax— Y2)/(Yamax— Yomin) o ZHs Yimax A Yimin 7377
RIAR ) B RAB A 5B Yamax A1 Yamin 73591 9 PDI
i KAE AR M, OD AN OD=(did2)"?,
SRR 8. W 8 hEIEME, IS 2 IkE ok
JH77#: OD=0.058 5—0.107 8 X;—0.055 9 Xo—
0.068 7 X3—0.044 9 X1.X>—0.045 7 X1.X3+0.004 5
XoX3+0.130 7 X;2+0.086 4 X>>+0.150 1 X32, R*=
0.943 3. Xf[RIATTREREAT T Z 04T, SRR 9. #E

#*8 CCD RHS5#R
Table 8 Arrangement and results of CCD

FriE IR F 2 /mg HFifE/mm PDI
0.4 139.374+0.72 0.218+0.015
0.8 121.00+1.43 0.184+0.017
1.2 129.30+1.44 0.228+0.024
1.6 136.14£1.82 0.246+0.011

237 KALERRES [EE “2.1.17 BURAT R
AR, BERAFEKMAF (2, 5, 8. 11 mL)
Xf GA-NCs Fif2 1 PDI B2, Z5H IR 7. 24K
AR 5 mL BHREAR AT PDI &/, UG Sk #8K
ARF A 5 mL #E—5 001k
2.4 CCD-RSM ffift GA-NCs &5 TE

fERH R L, DZAYHE (XD,
FrERHE (X)) MK (X3 NELERE,

RES  Ximg Xo/mg XsmL  Yinm Y, OD
1 4.00(+1.682) 0.80 (0) 5.00 (0) 133.61 0.246 0.36
2 241 1.04 (+1) 6.78 (+1) 138.18 0.265 0.53
3 3.00(0) 0.80 2.00 (-1.682) 132.22 0.336 0.59
4 241(-1) 0.56 (-1) 6.78 136.49 0.269 0.51
5 3.00 0.80 5.00 124.92 0.218 0.10
6 241 0.56 3.22(-1) 143.59 0.271 0.65
7 3.00 0.80 5.00 124.62 0.215 0.03
8 3.59(+1) 0.56 322 130.78 0.314 0.49
9 359 0.56 6.78 134.30 0.227 0.28

10 3.00 0.80 5.00 125.46 0.218 0.10
11 2.00(-1.682) 0.80 5.00 147.52 0.244 0.55
12 3.00 0.80 5.00 125.08 0.213 0.04
13 3.59 1.04 322 127.42 0.292 0.31
14 3.00 0.80 5.00 124.17 0.22 0.00
15 241 1.04 3.22 141.22 0.256 0.54
16 3.00 0.80 8.00 (+1.682) 133.40 0.264 0.42
17 3.00 0.80 5.00 125.67 0.216 0.08
18 3.00 1.20 (+1.682) 5.00 132.40 0.229 0.26
19 3.59 1.04 6.78 135.92 0.204 0.00
20 3.00 0.40 (-1.682) 5.00 133.31 0.253 0.38
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®9 HESHEGER

Table 9 Analysis of variance results

JiEKIE AME P ¥J5 FE P1a

| 9  0.8785 0.0976 18.49 <0.000 1
Xi 1 0.1598 0.1598 30.28 0.000 3
X 1 0.0423 0.0423 801 0.017 8
X 1 00646 0.0646 1224 0.005 7
XXz 1 00162 00162 3.06 0.110 8
X1X3 1 00167 00167 3.17 0.1056
XXz 1 0.0002 00002 0.0313 0.8630
X2 1 02526 02526 47.84  <0.0001
X2 1 0.1045 0.1045 19.80 0.001 2
X2 1 03268 03268 6190  <0.000 1
s &) 10 0.0528 0.0053

AT 5 0.0440 0.0088 498 0.0513
AR 5 0.0088 0.0018

Sy 19 09313

0.92

2.71

REAW B 2R (F=1849, P<0.0001); Jj
PRI 22 S L Gi i L (F=4.98, P=0.051 3),
FRPABA SRR R, WIS R ZERVN, W HTF
TFIEE GA-NCs 4T MZAE R ] LG
3 MHERMEWEREAZHE (XD >KWER
(X3) >IFERA R (X)) . % FZRAZHAERN OD
W ) i 57 T P R 8 v 5% BT UL I 3

PL OD s KA A H bR, 1E B B R 3 V6
W THUEN AL, R BRI TS %R ERR 3.3
mg, FERE 0.9 mg, KILAEFA 5.5 mL.
2.5 GA-NCs &t HIIE

HR A5 B R K S IG A1 CCD-RSM AL 45 5, 4%
st 77 T2 AT 4% 3 it GA-NCs Il & #i 42 A1 PDI
Fe a3 DARO i 22 = (PO — SEME)/FiifE 1 v
AR ZE, DIV RE M AT S . 45 R WK
10, Kif2 A1 PDI AN i 22 53 718 0.46%F1 0.96%,

3.29 X\/mg

X3/mL

3.29 0.68 0.92

Xl/mg )(z/mg

3 ZHPNEMEFSLE

Fig.3 3D response surface and contour plots

1<5%, UFB AT IR B R AP T, Ak
TR RS

2.6 GA-NCs FO3FN

2.6.1 HMMIEEHELE GA-NCs EFH FKYIEE
JERFFIE R ¥ — R AR RS (B 4.
28 IR R SR T WS B W S 1) TR R RN, BTSN
G, IUE S SR BRE KA o A ¥ 5 HAN 5 5

£, BA RS .

2.6.2 Fift. PDI J¢ C WAl e tiisb sl &
GA-NCs, 5E HFi12, PDI K C Hfr, 4558 kiieN
(126.63£0.42) nm, PDI 4 0.214£0.003, { B4 N
(-10.63+0.31) mV (n=3), GA-NCs ¥ifzt A7l
CRMILE 5. $SHERIE RSN, 1%
TEWE. WARKMW AR, A BT s
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Fx10 WIFKWEER (X+s,n=3)
Table 10 Experimental results are verified (X £+ s, n=3)

LIk Y1/nm Y2
BB 12521 +1.34 0.215+0.031
2t 124.4440.65 0.211+0.004
3 126.17+0.97 0.206+0.012
TRIE 125.81 0.209

4 GA-NCs BI5MIL (A) MTIE/RIEL (B)
Fig. 4 Appearance (A) and Tyndall effect (B) of GA-NCs

A
1 10 100 1 000 10 000
HifE/nm
B
-200 -100 0 100 200
¢ HA/mV

5 GA-NCs R 53 % (A) 1 CEAL (B)
Fig. 5 Particle sizes distribution (A) and { potential (B) of
GA-NCs

JIB5 1L T4, I TIHffR GA-NCs 7E A7 2 i 4
P ENE
2.6.3 QEFFHAEMNE KWL GA-NCs
SmL, BT#EEMEN>THRE (My) 53000 18
JEE T, F 6 000 r/min 2545 N B0 5 min (B0
R 6 cm), WA TR e Ui 725 1k 1 IR 1) o Bk
(Cum)o “FAT 3 K, SHWIEHRZARE (), & AKX
HEARE, 458 GANCs TREMRKAEEN
(95.254+0.39) %.

HER=1—Cyu VIW

Fs B GA-NCs 5 mL, ZEA RS 2644
BEREARTE, WBEREE TR ERE (WD A
SmL FEEFE M EE, T 13 000 r/min 25044 T &0 10
min (BL.0FRN 6em), B EIEREZ 0.22 pm AL

DENRIEL J5 I R B, THERLR TR TR IR

FiE (W), FAT 3 I, HIRAR IR E. &1t

5 GA-NCs TR s R 2 8y (20.4610.42) %.

BAE=WIM

2.7 BEZEEE GA-NCs@PL-FA b5 TE

271 HlRRERFESR [EE “2.1.27 BURATTT

SHAGFAEAAE, FEHLIE 30, 40, 50, 55,

60 ‘CX} GA-NCs@PL-FA ¥ {2 fEL 3R (152, 45

R 11, BB IR TS, GA-NCs@PL-FA

RS S ey, B0 358 T s Ja FAIK, 72 40 °C

I IAF|EAE (80.93+0.44) %. HEFIRGE S MEE

RIS, YIEBHE 30~50 CORFRARIR B,

Ja Bt — LA

F 11 HEFBREN GA-NCs@PL-FA KRB R
(Xts,n=3)

Table 11 Effects of preparation temperature on particle
size and encapsulation efficiency of GA-NCs@PL-FA

(X+s,n=3)

il &R/ C $if%/mm 03 2/%
30 232.43+1.11 68.41+0.57
40 196.93+1.59 80.9310.44
50 202474091 76.53+0.76
55 194.90+0.85 70.6940.70
60 191.47£1.15 66.3310.61

272 JRAHRESE  [FE “2.127 BN LE
Hoph st bAZ, EHMEA 611, 911, 1211,
15 1. 18 1 1 XF GA-NCs@PL-FA Fifz flfds 2 (1)
S, 5 R 12. BEHTRZS LRGN, GA-NCs@
PL-FA FIRIAZIZHIE K, X]RE 58 2N
M EREA K. OERERGH N 12 11 K
Hie LA RERAR AN SRR AR, ¥IP
W MR 9 T 1~15 1 1 T JE gtk
2.7.3 BEMELEIES FE “2.127 BURAT T
HAbSF AR, HRBEALE 21,301,401, 5:

# 12 BE7HLEFT GA-NCs@PL-FA fi2 B RN

(X+s,n=3)

Table 12 Effects of lipid-drug ratio on particle size and

encapsulation efficiency of GA-NCs@PL-FA (X £ s, n=3)

JlEZit RiAE/nm BE %
6:1 163.20+0.87 65.30+0.32
9:1 168.23+3.62 81.060.90
12:1 194.674+0.57 83.96+0.57
15:1 225.67+4.70 77.4840.39
18: 1 221.50%1.11 83.68+0.07
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1. 61 %F GA-NCs@PL-FA 12 Fl4 3 R (15200,
SR IR 13, B REAR 5 [ A L B3 I, GA-
NCs@PL-FA 2 Sk 230 EAEH, R
fE 201 W dReim. 25 RE S H [ A B v v RER
MR BUZ IR, HosBEREEECY 30 1~5 11 Bt
— B,
F 13 BBELEX GA-NCs@PL-FA RIZFMEH RN
(X+s,n=3)
Table 13  Effects of phospholipid-cholesterol ratio on

particle size and encapsulation efficiency of GA-NCs@PL-
FA(Xts,n=3)

AH EE K4t /mm B E/%
201 157.47+£1.46 84.10£0.68
3:1 163.20£0.87 78.78 £0.35
401 195.401+0.44 82.354+0.39
5:1 183.93+1.34 75.91£0.25
6:1 208.30+4.06 77.84+0.06

2.7.4 DSPE-mPEGa0 HHEHE [HE “2.1.27 Il
T T TZ AR A AAE, F%E DSPE-mPEGao00 H
5%~ 7%~ 9% (LA 5 S5 i & LLER 7D X GA-
NCs@PL-FA Fii2FIELE 2 m, 255 W3R 14.
b&7E DSPE-mPEGao00 FH & HI3E N, KAt S/ a1
K, TiELE RN T E K. 24 DSPE-mPEGao00
F &% 7%, GA-NCs@PL-FA I H e/ Mk A%
M EmE R, XTReHTEENRC K
(polyethylene glycol, PEG) 1&1filf5a | & R HIfaE
PR IR TR R, KL, B2 DSPE-mPEGao00
&N 7%
2.7.5 DSPE-PEGao-FA FIEHE  [FH & “2.1.27 i
NabTT TEHAMKAFAAE, %% DSPE-PEGa000-FA
& 1% 3% 5% (HS5EERRE]ERR) X
GA-NCs@PL-FA Fif2 B R 52m, 558 0%
15. % DSPE-PEGao00-FA H &1 I, GA-NCs@
PL-FA [ORLAZIZHIE R, A3 23 ) S T s ) B
TE 3%IB A o D93 iAE () Bc Ak 5 2 2 PERE, e 22
%< 14 DSPE-mPEG2m Fi 2% GA-NCs@PL-FA fi#ZF18
HEMNEM (X+s,n=3)
Table 14 Effects of DSPE-mPEG:2000 dosage on particle

size and encapsulation efficiency of GA-NCs@PL-FA
(Xts,n=3)

# 15 DSPE-PEG2000-FA FiZE%t GA-NCs@PL-FA HifZH0
BEHRHM (X+s,n=3)
Table 15 Effects of DSPE-PEG2000-FA dosage on particle
size and encapsulation efficiency of GA-NCs@PL-FA

(Xts,n=3)
DSPE-PEG2000-FA H /% 4% /nm AR /%
1 188.2740.59  78.0010.87
3 196.43+1.16 81.63%0.56
5 205.03+£2.63  79.5610.32

PN 3% %

27.6 HFEIEREER [ “2.127 WAL TE
HAZRAAAL, HERAEIIR (60, 120, 180 W)
X} GA-NCs@PL-FA Fifa i s, 45580
* 16, & A DIZFIEM, GA-NCs@PL-FA 1)
RLARBHR/D, A3 27E 120 W e, Tfi7E 180
W IR H TR A 7 A Bl e T RE S B 0 S
WK, WERRM T, Za%5EEERE 120W 1F
NI

# 16 BEINEN GA-NCs@PL-FA RIZFMEI RN

(Xxs,n=3)
Table 16 Effects of ultrasonic power on particle size and

encapsulation efficiency of GA-NCs@PL-FA (X £ s, n=3)

S D2 /W Hif%/mm A 2/%
60 229.30+£7.56 71.661+0.54
120 194174131 81.60%0.33
180 184.73+2.90 77.954+0.33

277 HEAEREFES [EE “2.1.27 WM TE
HAh A, HEE R (34 5. 7min) X GA-
NCs@PL-FA FiA2 LB Z g2 . 255 W3k 17,
R I [A]FE 5 min B PERESRR,  HUUS SR IE B
[&] 5 min ] % GA-NCs@PL-FA .
2.8 CCD-RSM i1t GA-NCs@PL-FA &5 T ZE
TR IR 2 S Al B, DAl BE (XD IRZ
e () AR LL (X)) NEHER R, 70lEsE 54
K (—1.682. —1. 0. +1. +1.682), LLkife (¥

R 17 EEREX GA-NCs@PL-FA R 85 AT
(Xts,n=3)
Table 17 Effects of ultrasound time on particle size and
encapsulation efficiency of GA-NCs@PL-FA (X £ s, n=3)

DSPE-mPEGao00 1 #:/% Hf%/mm A3 2/% &8 75 B [A]/min $i42/mm 3 2/%
5 205.50+1.15  78.88+0.59 3 240.4747.81 79.43+£0.42
7 196.07+222  82.76+0.75 5 195.97+3.27 81.41+0.08
9 21020+3.60  70.1640.18 7 171.8340.85 72.50+0.33
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ML EFR (Y2 NI #EFR, FIH Design Expert 13
BAFEAT 3 3R 5 KPR Scie il R 18,
HTRiE&E/N, AiEFER, RHAE—E 2
TR bR AT E BN KifE (d) =YVima— Y1)/
(Yimax— Yimin); BEHZFE (d)) =Y2— Yomin)/(Yomax—
Yomin)s 3F4% OD=(d1d2)"? T+ R L7 & VP50 E. OD {H
B, RIALTT LR AR, S5 R WK 18,
Yy Yimax M1 Yimin 73790 REAR B 5 K AB A B /IMEL
Yomax A1 Yamin 73 51 A0, 45 26 1) fie KA AN B3 /ML

#18 CCD RHS54R
Table 18 Arrangement and results of CCD

wEs  x/C X Xs
40.00 (0) 12.00 (0) 4.00 (0) 196.02 82.66 0.72
40.00 12.00 3.00 (-1.682) 164.54 85.56 1.00

Yi/mm Y2/% OD

-1
-1

—_ o~ o~ =

®19 HESWER

Table 19 Analysis of variance results

TERIE HEE P ¥177 FiE PH

it 9  1.1500 0.1281 276.00 <<0.000 1
Xi 1 02029 02029 43699 <0.000 1
X 1 00611 00611 131.54 <0.000 1
X 1 02809 02809 60494 <0.000 1
XX 1 0.0084 0.0084 18.07  0.0017
XX 1 00469 0.0469 10091 <0.000 1
XoXa 1 0.0550 0.0550 118.38 <<0.000 1
X2 1 04826 04826 1039.47 <0.0001
X2? 1 0.0026 0.0026 556 0.040 1
X3? 1 0.0031 0.0031 6.57  0.0282
B 7 10 0.0046 0.0005

AT 5 0.0023 0.0005 1.00 04987
iR 0.0023 0.000 5

M 19 1.160 0

1

2

3 3405(-1) 13.78 (+1) 341 (-1) 211.73 83.74 0.61
4 34.05 10.22 (-1) 4.59 (+1) 206.87 71.61 0.35
5 40.00 12.00 4.00 194.92 81.07 0.69
6 4595(+1) 13.78 341 191.68 83.53 0.77
7 40.00 12.00 4.00 194.20 81.65 0.71
8 40.00 9.00 (~1.682) 4.00 170.81 80.24 0.81
9 40.00 12.00 5.00 (+1.682) 205.28 76.81 0.52

10 34.05 10.22 341 171.40 74.68 0.62
11 40.00 15.00 (+1.682) 4.00 221.52 85.35 0.54
12 40.00 12.00 4.00 195.65 83.39 0.74
13 4595 13.78 4.59 205.33 75.28 0.48
14 40.00 12.00 4.00 195.14 82.48 0.72
15 4595 10.22 341 174.29 76.11 0.66
16 30.00 (-1.682) 12.00 4.00 234.50 66.65 0.00
17 40.00 12.00 4.00 195.71 80.86 0.68
18 34.05 13.78 4.59 246.63 71.07 0.00
19 4595 10.22 4.59 188.82 79.37 0.69
20 50.00 (+1.682) 12.00 4.00 201.10 72.04 0.40

X 18 FEARILA, P12 IRZ JTEIA 2
OD=0.708 7+0.121 9 X;—0.066 9 Xo—0.143 4 X3+
0.032 4 X1.X>+0.076 5 X1.X3—0.082 9 X2X5—0.183 0
X12—0.013 4 X»240.014 6 X32, R*=0.996 0.

X R RREAT O 22008, R WAR 19, 1A
Atk BEMZER (F=276.00, P<<0.0001); Jifi%k
PR TG #m L (F=1.00, P=0.4987), %
BRI AR R A, IR RN, T 1l
At GA-NCs@PL-FA 4k 77 . iz A Ay A
Eih, 3 MHEERZWREABML (G >H&iR
B (XD >REAE (X)),

F IR A HAR F X OD 5200 f i o7 i P AN 45

LKW 6. L OD s X AL HFR, 1EBE R
IRl 230l N AT B A, 19 B SR AL 7 2% 1 Al
BB 43 C. gyt 125 0 1. BEHLE 3.6 1 1.
2.9 GA-NCs@PL-FA &5 E

fe A T PAT 4 3 it GA-NCs@PL-FA, 5%
WEJTVER] “2.57 Ti. 45K 20, Rife S A3
FIXHWZE T BN 0.67%A1 0.50%, S 5 N
W& R AR ZE 3 <5%), FEIATEE LA
B A RAF N EE J1, IS4k 77 S5 AE |
CIES
2.10 GA-NCs@PL-FA BJiEN
2.10.1 HMUEEFEE ZEMUE T, GANCs@
PL-FA Il 5 GA-NCs fH[FIZi, 1k R1S)EH,
TR AT WPTIEBERER s U ANFHCHRGTIT, nIAgE
FIE M T IA RIS . FIHIE ST BB
(transmission electron microscope, TEM) %% GA-
NCs@PL-FA M LD (B 7), GA-NCs@PL-FA 4}
MERERTE, EUERGE, AR —.
2.10.2 Kiff. PDI K& CHIAIME ik “2.6.2”7
T, 455 GA-NCs@PL-FA #1420 (183.0740.55)
nm, PDI 4 0.29640.006, { 474 (=17.70£0.17)
mV (n=3), GA-NCs K274 ¢ i unfE 8 Fr
7~ GA-NCs@PL-FA I R iFfttla s 2%, Hi
1At th B AN B IR LU oy A1, R IFRIRLAS A0
BN RGN B) R A7 rA A BT R R
()& AR, AN 2 iy HAE AKAH A o A 3
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Xi/C

43

B 6 =HYHEMESLE

Fig. 6 3D response surface and contour plots

=20 IESKHWLER (Xxs,n=3)
Table 20 Results of validation experiments (X £ s, n =3)

HEIK $if%/mm AE /%
EE 181.18+1.21 82.4540.21
%2 183.54+3.75 82.3140.35
534 180.6942.34 80.8740.27
TRIIE 180.59 81.47

]

E7 GA-NCs@PL-FA i TEM BBH
Fig. 7 TEM photos of GA-NCs@PL-FA

2.10.3 GHFMHBARMME HEEREI 1 mL
GA-NCs@PL-FA J— & Jit & TR A, 20 A
HREE A A 10 mL A THEFL, #EJ5H 0.22 um il
FLIEREERL, ESENE e i, AN
TH 5 GA-NCs@PL-FA F SR B T2 &,
ZERAERN (84.6410.57) %, WLEN (433+

A
1 10 100 1000 10 000
HFi4E/mm
B
-200 -100 0 100 200
¢ A7 /mV

E 8 GA-NCs@PL-FA BURIfZ53%6 (A) FACEEAL (B)
Fig. 8 Particle sizes distribution (A) and ¢ potential (B) of
GA-NCs@PL-FA

0.07) % (n=3),

B Ef o = 2 SEBR R 2 I BN B

24 = 24 SR T AR/ R
2.10.4 FEtE#%%  HU GA-NCs. GA-NCs@PL ¢
GA-NCs@PL-FA &=, 70T 4. 25 CEINE,
FE0. 1. 3. 5. 7d HUFE 200 pL, JEkite, 52
AERRE . HEEHIT 4 mL, 5 8 mLPBS (pH
74, & 10%IM3E) RE, T 37 CE, FFERTE
SUURE 200 uL W5 iR, DAVPAN SRR e v, 45
W 21. GA-NCs@PL 1 GA-NCs@PL-FA & 8]
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#=21 TREEHT GA-NCs. GA-NCs@PL X GA-NCs@PL-FA HIFa EMERER (X+s,n=3)
Table 21 Stability investigation results of GA-NCs, GA-NCs@PL and GA-NCs@PL-FA under different conditions (X £ s,
n=3)

4 ‘C FHif%E/mm

25 ‘C FHif&/nm

PBS FHif&/nm

1d GA-NCs@ GA-NCs@

GA-NCs GA-NCs
PL PL-FA

GA-NCs@
PL PL-FA PL

GA-NCs@ GA-NCs@ GA-NCs@

PL-FA

GA-NCs

N L W= O

126.731+1.78 164.80+2.35 184.33+1.12 126.73+£1.78 164.80+2.35 184.33+1.12 127.73£1.07 165.0711.19 183.401+0.76
128.131+4.78 165.171+1.91 185.17+1.85 128.20+£1.59 166.20+3.34 185.13+2.51 133.43£1.91 166.00+0.78 184.43+1.19
132.70+2.07 164.97+3.81 186.03+2.15 134.53+£1.67 165.97+2.73 185.07+1.80 143.77+£3.42 167.6710.55 185.431+0.64
134.63+1.72 164.43+0.85 186.63+1.75 141.10£2.10 167.90+1.32 186.63+2.52 157.97+4.92 168.27+1.01 187.27+1.04
139.03+3.31 164.87+2.60 185.23+1.65 142.371+2.65 166.10+2.56 185.33+1.40 186.50+4.85 172.47+1.00 188.83+0.81

LR FRENE, 7 d WRATRER: T GA-
NCs kit 23 K. X §ES PEG HE7E GA-
NCs RIHTERRI “ S AALE” BAE I, $em T
REGENE. Heoh, HERIEN AR X GA-NCs@PL-FA
(AR M= A AR R
2.11 GA-NCs@PL-FA {£5MNEHE £

K pH 7.4.6.5 [] PBS 1E NFEA B (& 0.5%
FILALEE 800, AHEBRBE BN TR R 2 R 7 2
4, 2 B S o FE AT . pH 7.4 25 IR
AR pH 7.4 BEOFE SR pH 6.5 2 EUREIRY
JF A pH 6.5 BEBORE AT, 1ZIR “2.2.27 TUF i
SAEHERERG I o S5 I 9, 2 Fhas (RN (E R
TR PR B B () A2 R BT 4R, TR TSR it i
B IR (T I U T R, R IR ATk 3
P& R 5

IR, XA ETER N i R R %
. ORERE . e MERUINEE R T R, 4
SR, HEERRTE 0.5~32 pg/mL X R B (>
0.999 0); &I 7L 4abnlt) RSD SHFF & 2R, &
% 7R SR R I A AR e M R AF, 35 T GA-
NCs@PL-FA R HMBEJHORE i o e 5 R 25 8 (R 5

a3 ) B BT 2 R B BRI . GA-NCs. GA-
NCs@PL #1 GA-NCs@PL-FA %t 3 mL (5%
TR R B EEI N 0.6 mg/mL), BT My 14 000 iFEHT
8, KENT S PR E DN 150 mL Y 2 Fh PBS
B i, (37.040.5) °C . 100 r/min 264 R #EY
THEIR . 209 0. 0.5, 1. 2. 4. 6. 8. 12, 24,
48, 72, 96 h {EMIFLEL 1 mL BB, L EPER

LSRRG NS QBB R .

K HPLC 92230 5 45 B 8] A Jo2 o g 3 TR T o
WEE, FEMHE BRI IRA R H J7o0
3.00 mg EEMH 0.2%R H R 458 (CMC-Na)

VT R AR R B IR T B IR 2N 0.6 mg/mL. [
i, F 0.2% CMC-Na &5 I #i B GA-NCs. GA-
NCs@PL H1 GA-NCs@PL-FA, i % 25 B 85 % 1) &%
AR EYIN 0.6 mg/mL.

BEAULIE AR B EE (pH 7.4) KR 99 IR IMA
5 (pH6.5) FHMESMRER L&l 10 Fin, B
BRHAE 12 h WAV BEBRBRINECE (91.60 =
2.73) %, RILH B2 HAE. A2,
GA-NCs. GA-NCs@PL 1 GA-NCs@PL-FA 7£ 2 fi
pH 254 N IR FEI BN 2%, R UDK RS R
il GA-NCs H#t— DB IR S S 1h R )5, AI1E
— BT AR AR

£ pH 7.4 %/ F, GA-NCs@PL 5 GA-NCs@
PL-FA HIREHGEFIIET GA-NCs, XA[HES PEG
A IR RHEGNR SR R THTE B T 5K R HE A K,
TE— R B3I T 23 B R BB 7,
M AE 2% R R RIS, 7 pH 6.5 26#F T, GA-
NCs. GA-NCs@PL #1 GA-NCs@PL-FA ] B
AR T pH 7.4 ZFAF RX R X 96 h R
R B IHEAT G AT 5 KB, 3 Mk RIZEAN R
pH &1 R B 27 . A, GA-NCs@PL-
FA £ 96 h [1 BZARECR N (86.86£2.59) %, T
pH 7.4 %4 T (73.56£1.69) % (P<<0.01), ik
SRR B 0] E— EFEE LRI GA-NCs@PL-FA 1A
RILZ LA E LAY BTN, 4, GA-
NCs@PL 5 GA-NCs@PL-FA 7£ 2 f pH {H 44+ F
(BRSO 2R BE Ak, 3 BH I BRTC AR 1) 51 AR 4K
HIFIRRE AT AR E M (P>0.05), S5HEER
AL, B AK I FIE S G2 ] Y 3R I B R
FE, R B GRERHIE -
2.12 GA-NCs@PL-FA {KSMNRTREE M
2.12.1 HepG2 #iffifI355% ¥4 HepG2 4 & T 37
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SR
A
R
B
SRR
C
J{
D A
E
o 6 1z 1

t/min
9 BREMBMAR (A), pH74. 6.5 BiERIAR
(B, C) 1 pH 7.4, 6.5 =AKKMNE (D, E) B HPLC [
Fig. 9 HPLC of gambogic acid reference substance
solution (A), pH 7.4, 6.5 release sample solution (B, C), pH
7.4, 6.5 blank release medium (D, E)

‘C. 5%CO02 95%HHXTREE I BEFRAE T, KA
B AR TR R . AR T S B A K B R A
80%~90%, KF 0.25%EMHH AL, DO AEK
WI4N M T 5 225

2122 FEHBUEEYVAABIETA  AREES, 5
IRLH 3 MM LRI (8.75~140.00 pg/mL)
()75 1 NCs@PL-FA 708, JIPEXS REZE N S5 4
MR seds, SAAAEMAMME, (UMANFEARM
SEAREFERE, AbHEE 24 h 5, I\ CCK-8 k5, ¥

6315+
80
°
5 601
=
&
40 1
B —— R
—e— GA-NCs
20 —+— GA-NCs@PL
—+— GA-NCs@PL-FA
0+
100 1 pH 6.5
80
°
S 60 1
o
& 40 4
B¥ —— R
—e— GA-NCs
20 —— GA-NCs@PL

—— GA-NCs@PL-FA

B R R
t/h
E 10 ZHIFIZE pH 7.4. 6.5 PBS BN R TRIAEINER
fhzk (Xts,n=3)
Fig. 10 In vitro release curves of each preparation at pH
7.4, 6.5 PBS release media (X + s, n=23)

BaT 450 nm PAANE S ALROEE (4O 8, it
A MRAAIE % . 45 W3R 22, X F#UAXT HepG2 4H
JE 3T W SRR, i i IR AT OREF 90% LA
EAiEAR, HEEREREET &, RS 2B R0
s, YA RS SR IR EEVE I A BAT R
IR E VIR A
MPIAFIEFR=(A s —A =e)/(A i —A 21
2.12.3 MRS HepG2 4HNGEE B2
J» A P TC TG Sk i) 2 IR A Y o B SR - GA-NCs.
GA-NCs@PL il GA-NCs@PL-FA 751l F & 2%Ja 4
£22 ZEHGBT HepG2 MBTEERIEN (X +5,n=5)
Table 22 Effects of blank carrier on viability of HepG2
cells(X£ts,n=5)

FUEIREE,  MEAFRRR | BRI AR R
(pg'mL™") % (pg'mL™") %
8.75 96.53+1.63 70.00 91.0142.78
17.50 92.3942.72 140.00 90.85+2.93
35.00 94.3242.04
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% #) DMEM B: R miRe 5 A& AL, 5203t
e (FaHY BRI, REKREAN 04
pg/mL ) 0 A N SE AR A B 2% in 4 LIS 1
DMEM 1%, T 0. 24, 48h IR RIRIEE, W
BRYRMAF @ AR, MR R0 R EE
IR [ 2 K3 ) R R AL A%, IR X 2 4
Ny T4 24 5 &SRB LRI A 350 52 BIAS R R B
Hil. ZEHR I 23, GA-NCs@PL-FA 417£ 2 /M|
MR AR R & 52, % HepG2 4Lt %
(R E FH 5 A B o DA [ 3] ) Bl e SR mT BA
B, YUK S Bk B IO A AT 1) T A
R BT ns, T BRAZ I X — R — P i
i B I i 3 TG 1 A B8 T o 1) 7] 5 e 400 P
[ (R AH ELAE o

2.12.4 M0 EEPESCES LR B AR AN R ) 700 4 B
MAFAEZE ST, 1 — 5 PPN O HepG2 41 VS /711
oM. B4 T #E TR . GA-NCs. GA-NCs@PL ¢
GA-NCs@PL-FA (BRI R 5T 2 FE N 0.4~6.4 pg/mL)

%23 ATRIAEAX HepG2 MAXIRAAEEM (X £5,
n=3)
Table 23 Effects of different groups on scratch closure
rates of HepG2 cells (X s, n=3)

RIREEH/%
il
24 h 48 h
Xf e 34.14+2.63 57.26+1.76
RS IR 24.69+1.39 39.314+0.50
GA-NCs 13.15+0.21 21.884+0.58
GA-NCs@PL 12.34£3.79 17.83£2.69
GA-NCs@PL-FA 8.52+1.58 11.50+1.34

AEFE 24 h. M CCK-8 3 h J5illsE 4 18, 1540/
1738 2 I o€ 2 B ) WK 2 Chalf inhibitory
concentration, ICso). Z5H W3R 24, HenZjHYHE
0] HepG2 4HR IR, FLIH 45 2 )5 SR FE 1 3
T R R IR ETE 3% . GA-NCs@PL-FA ] 1Cso {8
4 0.50 pg/mL, RILHEARIVGIEA, UL ERIE
MifEE T RN R .

24 TEIZAEXT HepG2 HMTFEFRMFM (X+s,n=5)
Table 24 Effects of different drug groups on viability of HepG2 cells (X £ s, n=15)

i3 AHHIAFTE H /% ICso/

0.4 pg'mL™! 0.8 ug'mL"™! 1.6 pgmL™! 3.2 ugrmL™! 6.4pugmL!  (ugmL™")
R TR R 98.08 £1.48 93.21+2.44 68.001+3.95 35.81%£3.12 19.67£3.33 2.45
GA-NCs 73.11+£3.18™ 53.04+2.12" 42.73+5.61" 30.6913.83 14.33£3.10" 1.12
GA-NCs@PL 66.10+3.59™## 50.28+2.52"" 40.12+2.77" 22.8042.74"# 9.48+3.45"" 0.89

GA-NCs@PL-FA 56.25+1.54""##+ 4035+ 1.82™"##++ 24 8742 91™"##++ 16.89+2.20™"*# 4.61+0.88""* (.50

5EEmAtLi: "P<0.05 P<0.001; 5 GA-NCs 4L #P<<0.01 ##P<<0.001; 5 GA-NCs@PL #HLtE: P<<0.05 *+P<<0.001.
*P<0.05 P <0.001 vs gambogic acid group; #P<0.01 #*P<0.001 vs GA-NCs group; "P <0.05 P <0.001 vs GA-NCs@PL group.

2.13 AL HLE

BT ELS TAIRAE . GA-NCs@PL-FA 5, T
ANTFIR ) s RO RS BB il B RS,
K UPLC-MS/MS 55 % 4H 2 HH i 5 R 7 =,
CLVPAN FHAA 3 2H 2390 A0 18 D 5 S Im)

2.13.1 UPLC-MS/MS 43 #1 J57 VE R 5T

(1) st ik A Hypersil Gold Cis £
(100 mmX 2.1 mm, 1.9 pm); FENHA ZHE-0.1%H
FRZKII (90 2 10); MAFRAE 0.4 mL/min; AR
30 C; AR 2 uLlPol,

(2) ik REHF LR E RN/ S
SEAT OB A A s ARSIy O R AR S
TIRANHEWE 5P DU SRR AN, 1R
R I BRDIEAT 8 B b, A B A T D R
TR m/z 627.3+ FEANG m/z 265.1. ¥ IE 71 3.5

MPa (35 bar), E4E LS5 8+3.5 kv F1-3.2
KV, BV SE 7 1.0 MPa (10 bar); AL ARIR
350 C; BARKEREE 320 CROL,
2.13.2 GA-NCs@PL-FA MIZHZ0 A0 SEI0 24 B
TE4 205 2+ 4 8h SLjkbAE, R4 3 H, REL.
JEs . Bl B R g, 1 g 40N 3mL A
HER K LLBIRR e S 5 212%, 4 C %A N LA 13 000
r/min &0 15 min CE0BEARN 5.9 em), B EIEH
—80 CIRIF& M. TAAMMMR AL, KLk
T AR BIEW, R SRR
HY_EyE W 100 pL 2 250058, I 10 uL NFRIBER
51, I 390 uL HEEPTIE SR A, W€ 1 min, FFE
30min, T 4 ‘C. 13000 r/min %> 15 min, B Fi
K UPLC-MS/MS fr il ige s 18 & f . 4551 (3R 25)
R, ARG 24 5 e B R A & AR rp 1) 40 AT
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*x25 AENESBRARESEAA/ATHIHERL (X+s,n=3)

Table 25 Distribution of gambogic acid in different tissues at different time points (X £ s, 7 =3)

2 h I SRR/ (ngmL )

A Ol AR A i F o
BETR IR 93.024+10.51 473.69+42.31 163.67+16.78 113.08+8.30 342.32+46.45 256.131+23.27
GA-NCs 116.63+10.93 331.43+18.16" 104.33+29.93" 13441+14.32 250.16+21.16° 403.17+20.52""
GA-NCs@PL 132.89+9.08 146.194+26.93" 135.30+16.31 117.65+20.06 144.63+24.65 386.31+21.93"

GA-NCs@PL-FA

143.37+9.11"

137.73+34.15"

145.09417.08

113.304+16.95

156.64+15.94™

418.57+23.28™

il

4 h I SR/ (ng'mL ™)

DI IR JI fi Bk Ji9&
TR 46.391+9.51 390.66+50.88  213.641+24.88 97.261+11.96 330.32+58.15 198.71+16.35
GA-NCs 104.18+9.26™ 262.06+19.92" 92.44+36.21" 157.93+21.57° 232.99+12.62" 287.641+26.24™
GA-NCs@PL 113.43+9.55"" 111.13+18.92™" 159.29+21.90° 88.56+24.20 102.16+16.77" 403.42+17.18"™

GA-NCs@PL-FA 117.44+8.77"" 91.08+14.12""

168.56 +21.97

79.61+19.82  7537+12.56" 455.96+27.10""*

8 h I i s R/ (ugmL ")

A5 N - N
Lol JHE Ji B E i I8
PR 31.37+£10.99  339.711+45.36 155.52+18.15 74.54+1582 268.41£50.79 161.24+11.93
GA-NCs 86.34+9.71"  151.66+15.55"  72.4748.03" 91.64+22.60 142.99+11.75" 205.89+25.68
GA-NCs@PL 7822+ 11.64™ 111.43+£19.68"  93.61+10.13" 37.59+12.56"  46.54+15.58" 313.77+19.74"™

GA-NCs@PL-FA 70.44+10.98" 142.55+16.15"

113.45+7.00™

17.23+15.18"  30.31+12.27" 385.53+17.93""*

M4 *P<0.05 “P<0.01
P<0.05 ™P<0.01

TEAFAER] B2 5

SEHRRAMEIL, GA-NCs. GA-NCs@PL Al
GA-NCs@PL-FA 2 Ji% 5 FRAE JH AN E v (9 40 A
BER (P<0.05), e 2 17 A B 2
W5E (P<<0.001). 2 h i GA-NCs@PL-FA 2198
HA, RS ST GA-NCs@PL 4, H
ZREG I FE L (P>0.05), UERRE —E e
A, X AR H T 2 R 20 TE R ZHZ 1 4y
A EEZ MIBIEFS . LU S gAK R h &
ER R, AT IR e RS2 AR TR S 2 2R
B R R4 KA

BE& I [ ZEK:, GA-NCs@PL-FA 7£ 4. 8 h I
Jib 968 2H 2 PR R TR TR UK P T 3 = T GA-NCs@PL 41
(P<<0.05. 0.01), UtBHMERAEA BT 1 982 K
FFE iR 2 2 Hp (1) s SE RN B, 4 v HEX HepG2 faf
IR0 ZHL 2R 1R ) 3235 RE 7 o AL 4300 A 45 RABAIESZ, GA-
NCs@PL-FA B3 Ezh# M HepG2 AHEl4HIRE
77, [RGB S AMENT . BEEEIERA
LR, NHAE R SR IS IE RS
AL T H I SRR AR .
3 e

FREIR B T B 250, WEREEAR. L

“*P<0.001; 5 GA-NCs@PL 4ltb#: *P<<0.05 *P<0.01.
"*P <0.001 vs gambogic acid group; *P <0.05 *P<0.01 vs GA-NCs@PL group.

PEZE: GUKERE N —RUZY) B B A R AR5
BUA R, Refg R/ HREA & 10 [R5 S 254 4 1k
M, NECE TR AN R S G S 25 R Gik
PEALIERHCS, SR1, PRLAEZGMIYIK ST R 2 A B IR
B AT A AE S AR R EAN A R TR AR R AR N 4y
A B PR i, (R, AR SEE6E 1 % GA-NCs
(At b, 3 — D K A A R T 5T
DSPE-PEGa000-FA , TR 4K fi -1 T 2 A i 2k 2
GA-NCs@PL-FA AN 2 ERIE , Rtz 53 A 28 2 xF
PREUE, 3 XTRVECAE , 1 W BT ) 2% RO 4R oK kLA
¥%J—. TEM MZLFf] GA-NCs@PL-FA ki /T
FLREACI 8 25 5, P REE BT 7E IR I R oK 4 1)
FET SRR T RS . C AR GA-NCs W E %
IR BRI 7R B B A R, AR T iR R R
AR e 1 o

TEf & T20EHE b, AT G i R 35 5
i R E S Y B R A TERERE = . S
IR I By SN TS G S . ANBIF A
(1) CO BT IR IRAT, BEEAT RB Y EL it
P R R PR RN, ARG T R B UK L A2 ) B
IR 7. thAh, FIH COr REFHIBENE S
TN, dh6 8 EH LS CCD-RSM ifk, #4f
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Hh % GA-NCs@PL-FA ¥if%. PDI J Al %5k
B EIRNR, W TS L ZERREOZEER, N
GA-NCs@PL-FA (1l &5 it & PN SR ALK I .

B A A 3 — 2D T T 40 K i 77 3= Bl B 1 1
& 77, M RIEL DSPE-PEGao00-FA R N 11 /2
5T [ R % B TR ER THT, AT A Je 42 5 b Rg 24
I 3 TR T 8 B2 A TR B S2 A A 3 N B B L 4 g B
fill 538 AR MREAAAMLL, TR T4
FATRT B, RROEPERCUT, XFUNKi% 2 RGBT R
SN

AR SN ER K, GA-NCs@PL-FA 5
GA-NCs@PL IR AT RECATER, UL R
TRV E R Z M 52 5k . T R B A R
A EE, H iv A 205 B NN, kg
P98 A7 34 36 M 4 AT T 48 5 24 255OR P AR A I 4 21
T B EIE o ARSG I IR S S 00 K Ak
WLHA A SIS T GA-NCs@PL-FA #8738
KRR, WAL S SR SR - R 52 G 1 S R A
PR E JoE B R T 32 126 i A P R L [ H8 AF A1, 3
[Fi) 1 33 J T TR 32 38 1k B T 5

EUHT, B XF e 3 M v 1 1 o R Al oKt 24 F 7
ZAEP TR BARSEINEEERA RS Fla, &
A FARIE T I R A 1 5 e 2 TR 4 K 225 ) i I
B, FEIQUE T ERAZ U M R AR I 2 R 94120
M TE 5 AR S 357 [l e 7 6 IS VS 1 o 1 B 1]
BRI, VB RR A 5 10 3 S ) SR TR 1% 2R 2
Wik BAT N ANME . AR, BRAEME T 3 AR
I Jo 25 SR Jg B PR HEAT AR, 1T AN SRS L GA-NCs
R, AR RIERFFAUK S 25 o EER D Akl
FEAE R [FIIT, I A0 2 8515 oot 5 T AR e M AR I
1709, Fmid BRI T =3 g 7). R
KA UPLC-MS/MS B 20 7 faf J58 R B %5 2H 2 e
WIRT R, NAWIAR G AL 5T K EiPn
A4 P 0 AT RO R B AR RE T AR T B AR R R
B oRERI AT ISR, 12071 A Bh T S W M oy
3% 5 ) B S 2 A RFE

ST RO e e &5 B A L
S 22 PR RE (0 B R0 T PR AN 22 B S AR ML AR, AL
PR T — Pl B2 B M 5 = sl R A8 1 1 gk
-G A B AR R, AR 20 oy 1)
EPRAL T A RO . B SR R 5 ok gl
K AR K& JE  GA-NCs@PL-FA 1E SZ 38 Fs
VR YT T R I RN AT . SR ERaT it — BT

JRAA N B ERE A, PLESIE GA-NCs@PL-FA 1£
T Ik AL R B 7] B AR Ak RE , AT GA-NCs@PL-FA
A N SRR SR SRR I 1 25
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